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Background: Epistaxis is one of the most common otorhinolaryngological emergencies 
affecting the majority of the population in their lifetime, with some of them requiring serious 
medical attention. This study aimed to assess the prevalence and associated factors of 
epistaxis among pre-college students in Wolaita Sodo, Ethiopia.
Methods: An institution-based cross-sectional study was conducted. Data were collected 
using a pre-tested interviewer administered questionnaire. The study participants were 
selected by systematic random sampling technique. A logistic regression analysis was 
employed to assess the presence and strength of association factors with epistaxis. 
An adjusted odds ratio with 95% confidence interval was used to determine the presence 
and strength of the association at 0.05 level of significance.
Results: Of 387 participants, 57.1% of them were male, and the mean age of all participant 
was 18.05±1.401 SD years. The overall epistaxis prevalence was 108 (27.9%). Blood group 
O, which accounted for about 43.4% was more prevalent. Blood group O (AOR=3.96, 95% 
CI=1.5–10.4), participants who drink coffee daily (AOR=2.75, 95% CI=1.0–7.4), and parti
cipants who took a bath frequently with both hot and cold-water (AOR=4.55, 95% 
CI=1.1–18.6) were significantly associated with epistaxis.
Conclusion: The type of blood group, interval of coffee drinking, and type of bathing were 
significantly associated with epistaxis. Working on the identified associated factor and 
increased awareness about epistaxis for the students with effective first aid training is 
mandatory.
Keywords: epistaxis, blood group, southern Ethiopia, pre-college students

Introduction
Epistaxis is a bleeding from the nose due to rupture of tiny, distended vessels in the 
mucous membrane of any area of the nose.1 There are a variety of causes associated 
with epistaxis, which are mainly categorized into an idiopathic and with 
symptoms of an underlying disease.2 The majority of epistaxis are anterior bleeds 
type, which are responsible for about 90–95% of the cases.3,4 In this type the most 
common site of bleeding is the anteroinferior aspect of the nasal septum in the 
anterior nasal cavity plexus vessels.4 In posterior bleeding it is difficult to find the 
bleeding point and it is highly intense in many cases.5 Posterior epistaxis is usually 
rare, it accounts for only 5–10% of cases.6

Although the majority of epistaxis cases are idiopathic,7,8 some causes have been 
identified so far in different studies. Trauma,7–9 hematological disorders,2–4,8–11 ana
tomic deformities,2,4,9 inflammatory reactions,8,9 organ failure,3,4,6,8,12 intranasal 
tumors,2,3 cardiovascular diseases,6,7,9 blood dyscrasias,4,13 low humidity,3,7,9,12 even 
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vigorous nose blowing,1,9 and nose picking2,9,14 have been 
identified associated factors with epistaxis. In adults most 
cases are associated with medications such as non-steroidal 
anti-inflammatory drugs (NSAID)5,6,9,10,12,15 and anti- 
coagulants such as heparin and warfarin.4,6,8,11

The most common inherited bleeding disorders asso
ciated with epistaxis are hemophilia A, hemophilia B, and 
von Willebrand diseases.9,11 Epistaxis is the most common 
symptom in approximately 60% of the patients with von 
Willebrand’s disease.5 Superficial bleeding like epistaxis is 
usually associated with platelet defects or vascular 
disorders.11 Epistaxis is a common bleeding event that 
may be a symptom of coagulopathy.16,17 It is also more 
prevalent in a person with O-blood group. This blood type 
is associated with a lower expression of von Willebrand 
factor compared with non O-blood groups.18 This blood 
group also has a longer bleeding time compared to other 
blood groups, which confers the relative bleeding 
tendency.19 Therefore, this study helps to describe the 
extent of epistaxis and to predict the most likely factors 
associated with epistaxis.

There is limited study and data related to the associated 
factors of the case in the given area need to be identified. To 
the best of our knowledge, there is no study done in our 
setting to identify either the prevalence or associated factors 
on epistaxis. The true prevalence of epistaxis is hard to 
investigate because of the self-limiting characteristics of 
the disease. An episode of self-limiting epistaxis does not 
get reported.12 This makes the problem mostly ignored, and 
results in limited awareness in society on emergency first aid 
management of the disease.25 It is unclear how much the 
level of epistaxis is and which factors locally are associated 
to the case. Basically the distribution of epistaxis is common 
among young adults.5,7 If no efforts are put to determine the 
factors locally influencing epistaxis, it will be difficult to 
manage and treat epistaxis. The aim of this study was to 
assess the prevalence and associated factors of epistaxis 
among pre-college students in southern Ethiopia.

Methods
Study Design and Settings
An institutional-based cross-sectional study was con
ducted. The study was conducted in Wolaita Sodo town, 
the administrative center of the Wolaita Zone of the 
Southern Nations, Nationalities, and Peoples Region, 
Ethiopia. The lowest altitude of the town is 1,600 and 
the highest is 2,222 meters above sea level. And the 

mean annual temperature is 20°C. In this city there are 
four pre-college (preparatory high schools); three of them 
private schools and the other is a public school. The 
estimated number of pre-college students was about 3,718.

Study Population
Students attending a preparatory high school in Wolaita 
Sodo town were used as a source of population. Selected 
students attending in a preparatory high school who ful
filled the inclusion criteria and were willing to participate 
in the study were the study population. Students who were 
on anti-thrombotic drugs and students who feel sick or had 
discomfort were excluded from the study.

Sample Size Determination
Sample size was calculated based on a single population 
proportion formula using the following assumptions. Due 
to the lack of a similar study in the study area, P-value=0.5 
was used with 0.05 degree of freedom. After adding 10% 
potential non-response, the sample size became 422.

Sampling Method
The number and list of students in each school was obtained 
from the school director office of each preparatory high 
school. Based on the obtained information the study popula
tion was proportionally allocated to each preparatory high 
school under the study. For each high school, the allocated 
number of sample size of students was further allocated 
proportionally to each batch. The study subject was selected 
by systematic random sampling method. The first study 
subject was determined by lottery method.

Data Collection Tool and Procedure
Data was collected using a pre-tested and semi-structured 
interviewer administered questionnaire that is developed 
based on a previous study.3,7,14,18–26 The questionnaire 
was first prepared in English and translated to local lan
guage (Amharic) for the data collection. The question was 
back-translated to English to check its consistency. The 
data collection tool contains questions related to socio- 
demographic characteristics of participants, epistaxis sta
tus, health-related factors, behavioral factors, and diet 
habits of the participants. The data were collected by five 
data collectors after receiving training.

Specimen Collection and Processing
The capillary blood from the finger was collected by cleaning 
the skin of the area around the fingertip with 70% isopropyl 
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alcohol in a circular fashion beginning at the site and moving 
out ward. And the blood was collected by piercing the 
fingertip with a sterile lancet. Drops of blood were placed 
onto microscopic slides and a thin blood film wass made on 
the first slide for blood morphology examination and the 
blood grouping was done on the other slides using anti-A, 
anti-B, and anti-D reagents. The prepared thin blood film was 
fixed on the slide using methanol alcohol. Slides were stained 
using Giemsa stain in batch in the laboratory. Finally slides 
were examined under a microscope.

Data Quality Control
Data quality was ensured from data collection up to final 
laboratory results by following the prepared standard operat
ing procedure. The questionnaire was prepared in English then 
it was translated to Amharic for data collection and back- 
translated to English to check for consistency and complete
ness. Cross-checking of completeness of questionnaires was 
done during and after data collection. To ensure the validity 
and reliability of data collection, a pretest was done in Boditi 
secondary and preparatory high school in 5% of the sample 
size. Based on the finding of pre-test, necessary correction and 
modification were done.

Data Analysis and Interpretation
Data was first checked manually for completeness and 
then was coded and entered into Epi-Data version 3.1 
statistical software and cleaned thoroughly before being 
transported to SPSS version 21 for further analysis. 
Descriptive statistics such as mean, frequencies, and per
centages were used to describe and summarize the data. 
Binary logistic regression was used to determine the asso
ciation between outcome variable and independent vari
ables. Variables with a P-value≤0.25 in univariable binary 
logistic regression analysis were candidates for multivari
able analysis and factors with P<0.05 in the final model 
were considered as statistically significant. The degree of 
association between dependent and independent variables 
were assessed using an adjusted odds ratio at 95% CI.

Ethical Approval and Consent to Participate
The study was conducted in accordance with the 
Declaration of Helsinki. Ethical clearance to conduct the 
study was obtained from the institutional ethical review of 
the college of medicine and health science, Arba Minch 
University. The institutional ethical review board was orga
nized from seven committee members from different 
departments. Further permission was obtained from the 

zone education office and school directors before starting 
data collection. We guaranteed confidentiality by excluding 
names or any other personal identifiers from data-collection 
sheets and reports. The identifier for each eligible subject 
was replaced by a code, and no master code exists that 
allows the research data to be linked with the identifiers. 
Participants were informed about the aim of the study, the 
advantages of the study, and their rights even to stop in the 
middle of the procedure. Written and oral consent were 
taken from each participant before data collection. The 
study participants with critical results were attached to 
a clinical setting and all female participants with the Rh- 
negative blood group received information about what 
precautions they should take when they reach child- 
bearing age. All students with the history of epistaxis got 
training on emergency management of nose bleeding.

Results
Socio-Demographic Characteristics of 
Study Participants
A total of 387 students participated in the study, with 
a response rate of 91.7%. The mean age of participants’ 

Table 1 Socio-Demographic Characteristics of the Study 
Participants (n=387)

Variables Category Frequency Percent 
(%)

Age 15–17 133 34.4
18–20 233 60.2

>20 21 5.4

Sex Male 221 57.1
Female 166 42.9

Level of 

education

Grade 11th 211 54.5
Grade 12th 176 45.5

Participants’ 

Fathers Job

Daily laborer 52 13.4
Governmental employee 187 48.3
Merchant 94 24.3

Private worker 45 11.6
Farmer 9

Participants’ 
Mothers Job

Housewife 165 42.6
Governmental employee 121 31.3

Merchant 76 19.6

Private worker 23 5.9
Farmer 2

Family 
Income

≤1,000 birr 12 3.1
1,001–3,000 birr 110 28.4

>3,000 265 68.5
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was 18.05±1.401 SD years. More than half (221, 57.1%) 
of the respondents were male. Regarding the job of the 
respondent’s parent, 187 (48.3%) fathers were govern
mental employees and 165 (42.6%) mothers were house
wifes. The majority of study participants (375, 96.9%) 
family income was above 1,000 birr per month 
(Table 1).

Blood Group Distribution, Health, and 
Behavioral-Related Characteristics of the 
Study Participants
The majority of study participants (43.4%) have blood 
type O, followed by blood type B, while AB was the 
least prevalent type (Figure 1). The majority (345, 
89.1%) of participants had normocytic normochromic 
RBC appearance. Among 108 epistaxis cases, 37 (34.1%) 
of them had a family history of epistaxis and nine (2.3%) 
participants had heart disease. None of the study partici
pants were aware of any coagulation disorder (Table 2).

A few (2.6%) of study participants had a history of 
alcohol consumption and, from those participants, six of 
them took once a week. Almost all (99.5%) participants 
had no history of cigarette smoking. Slightly higher than 
half of the study participant took a bath once a week, 
while nearly 40% of then took one 3-times per week. 
About one third of the participant used only cold water 
for bathing, and almost the same proportion use both 
warm and cold water (Table 2).

Habit of Diet of the Study Participant
More than half (61.8%) of the participants had no habit of 
eating “datta” (spice mainly prepared from chili pepper, 
ginger, and garlic). Half of the participants that had a habit 
of eating “datta” ate only once a day with different foods. 
From all participants, 186 (48.1%) of them had a history of 
drinking coffee. Of these, about one third of them drunk only 
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Figure 1 Blood group distribution of the study participants (n=387).

Table 2 Blood Group Distribution and Health-Related 
Characteristics of the Study Participants

Variables Category Frequency Percent (%)

RBC Morphology Normocytic 

Normochromic

345 89.1

Normocytic 

Hypochromic

27 7.0

Other 15 3.9

Heart Disease Yes 9 2.3

No 378 97.7

Alcohol Yes 10 2.6

No 377 97.4

Cigarette Smoking Yes 2

No 385 99.5

Frequency of 

Bathing

Once a week 199 51.4

Two times a week 30 7.8

Three times a week 153 39.5

Every day 5

Type of bathing Cold shower only 135 34.9

Hot shower only 128 33.1

Both hot and cold shower 124 32.0
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once per week. One hundred and thirty-four (34.6%) of the 
participants reported the habit of drinking ginger tea and the 
majority of them drinking it 2–3 times in a week. Nearly half 
of the participants consumed vegetable as a usual food and 94 
(39.8%) of them ate vegetables 2–3 times in a week. Slightly 
more than half of the participants had the habit of eating fruit 
and 81 (40.3%) of them ate it only once in a week (Table 3).

Prevalence of Epistaxis
The overall epistaxis level in this study was 108 (27.9%) 
(95% CI=23–32%). From all of the epistaxis participants, 
slightly more than half had their last episode within 3–6 
months and 42.6% of them reported their number of 
episodes was between 2–5 periods within a year. The same 

proportion of epistaxis participants reported their bleeding 
time was between 7–10 minutes. About 30% of them 
responded that their cause of bleeding was stress only 
(Table 4).

Factors Associated with Epistaxis
Factors associated with epistaxis were assessed by binary 
logistic regression. In univariable analysis, sex, blood type, 
type and interval of bathing, frequency of “Datta” eating, 
frequency of coffee drinking, habit of drinking ginger tea, 
and fruit consumption had P-values less than 0.25 and the 
variables were selected for multivariable analysis. In multi
variable analysis, the blood type of the students, coffee drink
ing, and type of bathing remained significantly and 
independently associated with epistaxis. Those participants 
with blood group O were about 4-times more likely to be 
affected by epistaxis than participants with non-O blood type 
(AOR=3.96, 95% CI=1.5–10.4). Epistaxis was 2.6-times 
higher in participants who drink coffee daily than those 

Table 3 Habit of Diet of the Study Participants (n=387)

Variables Category Frequency Percent 
(%)

Datta eating Yes 148 38.2
No 239 61.8

Datta eating 

frequency

Daily 105 71.0
Once a week 40 27.0

Sometimes 3 2.0

Coffee drinking Yes 186 48.1
No 201 51.9

Frequency of coffee 

drinking

Daily 62 33.3
Once a week 67 36.0
2–3 times a week 56 30.1

Sometimes 1 0.6

Ginger tea Yes 134 34.6
No 253 65.4

Frequency of ginger 

tea

Daily 14 10.9
Once a week 12 9.0
2–3 times a week 97 72.4

Sometimes 11 8.2

Types of food 

consumed

Vegetables 180 46.5
Meat 51 13.2
Cereals 89 23.0

Vegetables and 

cereals

52 13.4

Cereals and meat 15 3.9

Fruit Consumption Yes 201 51.9
No 186 48.1

Frequency of fruit 
consumption

Daily 50 24.9
Once a week 81 40.3

2–3 times a week 68 33.8

Sometimes 2 1.0

Table 4 Epistaxis-Related Characteristics of the Study 
Participants (n=108)

Variables Category Frequency Percent 
(%)

Last episode of 
epistaxis

Before 1 year 4 3.7
6–12 months 36 33.3

3–6 months 57 52.8

<3 months 11 10.2

Number of 

episodes within 
a year

Once 4 3.7
2–5 46 42.6

6–7 39 36.1

8–10 14 13.0
>10 5 4.6

Nasal bleeding time 2–3 min 42 38.9
4–6 min 19 17.6

7–10 min 46 42.6
>10 min 1 0.9

Cause of nasal 
bleeding

Trauma only 8 7.4
Nose picking 14 13.0

Dry weather only 27 25.0

Stress only 32 29.6
Hot bath 1 0.9

Both dry weather 

and hot bath

3 2.8

Both dry weather 

and stress

11 10.2

Both trauma and 
stress

12 11.1
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participant who do not drink daily (AOR=2.75, 95% 
CI=1.0–7.4). Participants who took baths by both hot and 
cold-water were 4.6-times more likely to develop epistaxis 
than those who took cold showers (AOR=4.55, 95% CI:=1.
1–18.6) (Table 5).

Discussion
The findings from this study showed that 27.9% (95% 
CI=23–32%) of the study participants had epistaxis. This 
finding is in line with the study conducted in Dar es 
Salaam, Tanzania (23.4%).7 In this study the level of epis
taxis is higher compared to the findings of studies conducted 
in India (7.5%) and Nigeria (0.5%).3,28 This discrepancy 
could be because the study finding only represents the result 
from a single hospital and may be due to inadequate 
samples in the Nigerian study. Many studies3,12,15,27 con
ducted on epistaxis are hospital-based, but epistaxis cases 

are mostly self-limiting,12 and only a few seeks medical 
attention;6,7 so that the number of cases that will be presented 
in a health institution are rare.

Contrary with the above findings, the current study 
showed that the level of epistaxis is lower than the studies 
conducted in Saudi Arabia and India, where the level of 
epistaxis were 49% and 45%, respectively.12,15 This might 
be attributable to the fact that the findings of a study con
ducted in Saudi Arabia were due to an incorporated large 
number of participants that were found in the kingdom of 
Saudi Arabia. In the case of India the discrepancy may be due 
to the different study design, which is retrospective, and the 
data collected for a prolonged time.

Out of the 108 participants with epistaxis, 60.2% of them 
were known to have blood type O, which was also signifi
cantly associated with the case. This indicates the prevalence 
of epistaxis is higher in blood type O than in the 

Table 5 Factors Associated with Epistaxis Among the Participants (n=387)

Variables Epistaxis None Epistaxis COR (95% CI) AOR (95% CI) P-value

Sex
Male 77 144 2.33 (1.4–3.8) 2.09 (0.7–5.8) 0.158

Female 31 135 Ref. Ref.

Blood group

Non-O-blood group 43 176 Ref Ref.
O-blood group 65 103 2.58 (1.6–4.1) 3.96 (1.5–10.4) 0.005*

Interval of bathing
Once per week 55 144 1.13 (0.7–1.8) 0.59 (0.2–1.8) 0.364

Twice per week 13 17 2.26 (1.0–5.1) 0.79 (0.2–3.8) 0.766

More than twice per week 40 118 Ref. Ref.

Type of water for Bathing

Cold water 24 111 Ref. Ref.
Hot water 40 88 2.10 (1.2–3.7) 1.98 (0.6–6.4)

Both hot and cold water 44 80 2.54 (1.4–4.5) 4.55 (1.1–18.6) 0.035*

Datta eating interval

Daily 54 51 2.74 (1.3–5.9) 1.13 (0.3–4.7) 0.868

No daily 12 31 Ref. Ref.

Coffee drinking habit

Yes 71 115 2.74 (1.7–4.4) 2.6 (0.9–7.3) 0.064
No 37 164 Ref. Ref.

Coffee drinking frequency
Daily 32 30 2.33 (1.2–4.3) 2.75 (1.0 −7.4) 0.044*

Not Daily 39 85 Ref. Ref.

Drinking Ginger tea

Yes 52 82 2.23 (1.4–3.5) 1.5 (0.5–4.3) 0.416

No 56 197 Ref. Ref.

Note: *Significant association.
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participants with other blood groups. Similar findings were 
observed in studies done in Nepal and India.18,27 The possible 
reason for the observed high association may be that the 
O blood group is known to be associated with a lower expres
sion of von Willebrand factor which plays an important role 
in clotting compared with non-O blood groups. Bleeding time 
is recorded to be slightly longer in blood group O.19

Type of bathing was also found to be significantly 
associated with epistaxis. In the current study participants 
who took a shower frequently by both hot and cold-water 
were more likely to developepistaxis. This may be due to 
the fluctuation in body temperature that affects the blood 
pressure of the participants. A study conducted in China 
showed the hourly temperature had a significant lag effect 
on blood pressure.28 Blood pressure changes with tem
perature based on different temperature and variation in 
blood pressure may induce epistaxis. Some other 
studies3,7,17,26,29 show significant relations between epis
taxis and hypertension. Unlike in our study, ingesting hot 
beverages and taking a hot bath were also highlighted as 
a contributing factor for epistaxis.30 The variation 
observed may be due to the study season and the differ
ence in environmental temperature.

In the current study, the interval of coffee drinking habit 
was associated with epistaxis. Study participants who drink 
coffee daily were more likely to develop epistaxis than their 
counterparts. The findings of another study showed that 
caffeine in energy drinks has a nose bleeding effect.31,32 

One of the most common causes of nose bleeds is dryness 
in the nasal passages, which can occur as a result of caffeine. 
This may be because caffeine dries out the body by pulling 
moisture from the mucous membranes of the nasal passages.

Conclusion
This study revealed that the level of epistaxis among 
preparatory students in Wolaita Sodo is relatively high. 
Blood type O, drinking coffee daily and bathing with 
warm and cold water were significantly associated with 
epistaxis. Working on the identified associated factor is 
important to reduce the effect of the cases. It is better to 
increase awareness about epistaxis for the students and it 
is also better to give first aid training for the school com
munity. Therefore, the health office and health extension 
workers need to better strengthen and maintain the local 
information dissemination network on epistaxis and its 
right time of commencement community-based informa
tion education and communication on epistaxis.
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Purpose: The stability under high-temperature conditions of factor VIII (FVIII) concentrates 
for replacement therapy is of critical importance to patients, particularly those who reside in, or 
travel to, regions with high ambient temperatures. Concerns about product stability may limit or 
prevent access to treatment for patients and may limit their ability to live a close-to-normal life. 
This study evaluated the effect of hot and humid storage conditions on the long-term stability of 
the recombinant FVIII products, turoctocog alfa and turoctocog alfa pegol.
Methods: Turoctocog alfa samples were assessed for stability at 30°C for 9 months or 40°C 
for 3 months following storage at 5°C for 21 or 27 months, respectively, while turoctocog 
alfa pegol samples were assessed at 30°C for 12 months or 40°C for 3 months following 
storage at 5°C for 18 or 27 months, respectively. In addition, turoctocog alfa and turoctocog 
alfa pegol dry powders were evaluated for stability at 5°C/ambient humidity (AH) for 30 
months, 30°C/75% relative humidity (RH) for 12 months and 40°C/75% RH for 6 months. 
Both studies utilized a range of product strengths. Key stability assessments included 
oxidized forms, potency, water content and high molecular weight protein (HMWP).
Results: Both turoctocog alfa and turoctocog alfa pegol remained stable following storage at 
40°C/75% RH for 3 months, and at single temperatures (5°C/AH, 30 and 40°C/75% RH), 
without any major increase in HMWP or any impairment of potency or water content.
Conclusion: Turoctocog alfa and turoctocog alfa pegol offer stability at 40°C for up to 3 
months without jeopardizing the quality of each product. These stability characteristics may 
offer patients flexibility with product storage and daily use.
Keywords: factor VIII, hemophilia A, storage flexibility, temperature stability, turoctocog 
alfa, turoctocog alfa pegol

Plain Language Summary
For patients with hemophilia A and their caregivers, it is crucial that factor VIII (FVIII) 
products used for replacement therapy can be stored under intense heat for long time periods. 
Concerns about whether their FVIII products are affected by intense heat may prevent 
patients from accessing treatment and living a normal life when they are in hot and humid 
regions. This study therefore evaluated the effect of temperatures up to 40°C and humid 
storage conditions on the long-term stability of the FVIII products: turoctocog alfa and 
turoctocog alfa pegol.

Turoctocog alfa samples were assessed for stability at 30°C for 9 months or 40°C for 3 
months following storage at 5°C for 21 or 27 months, respectively, while turoctocog alfa 
pegol samples were assessed at 30°C for 12 months or 40°C for 3 months following storage 
at 5°C for 18 or 27 months, respectively. In addition, turoctocog alfa and turoctocog alfa 
pegol were evaluated for stability at 5°C/ambient humidity (AH) for 30 months, 30°C/75% 
relative humidity (RH) for 12 months and 40°C/75% RH for 6 months.
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We found both FVIII products remained stable following 
storage at 40°C/75% RH for 3 months, and at single temperatures 
(5°C/AH, 30 and 40°C/75% RH), without any major increase in 
protein products or impairment of potency or water content.

Turoctocog alfa and turoctocog alfa pegol offer stability at 
40°C for up to 3 months without jeopardizing the quality of each 
product. These stability characteristics offer patients flexibility 
with product storage and daily use.

Introduction
In patients with hemophilia A, it is recommended to treat 
bleeds with factor VIII (FVIII) within 2 hours,1,2 which 
requires access to replacement factor at all times. 
Furthermore, FVIII prophylaxis—the gold standard of care 
for severe hemophilia A patients—requires patients or their 
caregivers to administer regular intravenous injections of 
FVIII (usually every other day or 3 times a week with 
standard half-life FVIII concentrates2 and once or twice 
weekly with extended half-life [EHL] FVIII products).3

Manufacturers recommend storing both standard and 
EHL FVIII products in a refrigerator (or below 25°C) and 
reconstituting them at room temperature. However, some 
patients are unaware that most FVIII products remain 
stable for a limited time at higher temperatures;4–15 

therefore, their adherence to (and satisfaction with) ther
apy may be adversely affected by the perceived limitations 
of FVIII product storage conditions, particularly when 
patients are traveling.15–17 With reference to product- 
related factors for hemophilia treatment, patients have 
reported a preference for storage-flexible products that 
allow reduced injection times, greater patient adherence, 
less waste, greater ease of handling, and fewer restrictions 
in daily activities such as travel and sports.15

The structural stability of recombinant therapeutic pro
ducts can affect biological activity, clearance, and immuno
genicity, with increasing instability occurring over long-term 
storage.18 While the World Health Organization recommen
dations are that the stability of therapeutic products should 
be assessed based on climatic zones with a maximum tem
perature of 30°C and 75% relative humidity (RH; Figure 1), 
they also recognize that storage conditions often exceed 
these temperatures.19 It is thus crucial to also assess the 
stability of FVIII products at temperatures above 30°C.

Turoctocog alfa (NovoEight®, Novo Nordisk A/S, 
Bagsværd, Denmark) and turoctocog alfa pegol (an extended 
half-life glycoPEGylation of turoctocog alfa, Esperoct®, Novo 
Nordisk A/S, Bagsværd, Denmark) are recombinant FVIII 
(rFVIII) products developed to prevent and treat bleeding 

Figure 1 ICH quality guidelines for pharmaceutical stability storage. (https://q1scientific.com/ich-quality-guidelines/) 
Notes: Long-term testing conditions for: Zone I, 21°C/45% RH (temperate); Zone II, 25°C/60% RH (subtropical and Mediterranean); Zone III, 30°C/35% RH (hot/dry); 
Zone IV, 30°C/75% RH (hot/very humid). Data from WHO.19 

Abbreviations: ICH, International Council on Harmonisation; RH, relative humidity; WHO, World Health Organization.
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episodes in patients with hemophilia A.20–26 The activated 
forms of both products have the same primary structure as 
native activated FVIII.27 The production steps for turoctocog 
alfa are the same as for turoctocog alfa pegol prior to 
PEGylation;27–29 importantly, PEGylation of turoctocog alfa 
does not affect product stability.27 Both products are supplied 
as a dry powder in single-dose vials of 250, 500, 1000, 1500, 
2000, and 3000 IU (turoctocog alfa)7,8 and 500, 1000, 1500, 
2000, and 3000 IU (turoctocog alfa pegol).13,14 The current 
approved storage and shelf life of the dry powder for both 
products is storage at 5°C for up to 30 months, during which 
time the products may be stored at room temperature (≤30°C) 
for ≤12 months or up to 40°C for ≤3 months.7,8,13,14

Patients may live in, or travel to, countries with a hot and 
humid climate. To allow these patients to use turoctocog alfa 
and turoctocog alfa pegol safely, we evaluated the effect of 
high-temperature, high-humidity storage conditions on the 
long-term stability of both products. In the first study, turocto
cog alfa samples were assessed at 30°C for 9 months or 40°C 
for 3 months following storage at 5°C for 21 or 27 months, 
respectively, while turoctocog alfa pegol samples were 
assessed at 30°C for 12 months or 40°C for 3 months follow
ing storage at 5°C for 18 or 27 months, respectively. 
The second study assessed the dry powders of turoctocog 
alfa and turoctocog alfa pegol when stored at 5°C/ambient 
humidity (AH) for 30 months, 30°C/75% RH for 12 months, 
and 40°C/75% RH for 6 months (Figure 2).

Patients and Methods
Product and Sample Preparation
Commercially available turoctocog alfa and turoctocog 
alfa pegol in dry-powder batches were each evaluated at 

their lowest and two highest strengths: 250, 2000, and 
3000 IU for turoctocog alfa, and 500, 2000, and 3000 IU 
for turoctocog alfa pegol (Figure 2).

Long-Term Stability Study
Turoctocog Alfa
The long-term stability of turoctocog alfa dry-powder 
batches was assessed during single temperature storage at 
40°C (±2°C) and 75% RH (±5% RH) for 3 months, and at 
30°C (±2°C) and 75% RH (±5% RH) for 9 months. 
A reference sample for each dose was maintained at 5°C 
(±3°C) in darkness and AH for 3 months. Prior to the start of 
this study, the turoctocog alfa samples had been stored at 5°C 
(±3°C) in darkness and AH for 21 and 27 months (Figure 2).

Turoctocog Alfa Pegol
Dry-powder batches of turoctocog alfa pegol were 
assessed for long-term stability at 40°C (±2°C) in darkness 
and 75% RH (±5% RH) for 3 months, and at 30°C (±2°C) 
and 75% RH (±5% RH) for 12 months. Prior to the start of 
this study, the dry products had been stored at 5°C (±2°C) 
in darkness and AH for 18 and 27 months for consecutive 
temperature storage (Figure 2).

Stability Assessments and Assay Methods
All studies were performed according to current 
International Conference on Harmonisation (ICH) brack
eting design guidelines.30 The key stability parameters 
assessed for both products were those from the drug pro
duct specifications that are susceptible to change during 
storage and/or those that could potentially influence pro
duct quality: namely, oxidized forms, potency, water con
tent, and high-molecular-weight protein (HMWP). For 

Figure 2 Study design. 
Notes: The stability of turoctocog alfa dry powder product was assessed after storage at 5°C for 27 months followed by 40°C for 3 months (reference samples maintained 
at 5°C for 3 months) and after storage at 30°C for 9 months following storage at 5°C for 21 months. The stability of turoctocog alfa pegol dry powder product was also 
assessed after storage at 5°C for 27 months, followed by 40°C for 3 months and after storage at 30°C for 12 months following storage at 5°C for 18 months. 
Abbreviations: AH, ambient humidity; IU, international units; RH, relative humidity.
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oxidized forms, potency, water content, and HMWP, the 
results from all assays were evaluated against predeter
mined acceptance limits and calculated using appropriate 
statistical methods.30 Potency was expressed as % target. 
The specific ranges for each assay are noted within the 
appropriate sections below.

Oxidized Forms
Oxidized forms within the reconstituted turoctocog alfa 
and turoctocog alfa pegol products were assessed using 
reverse-phase-high performance liquid chromatography 
(RP-HPLC). Analysis was performed on an HPLC system 
equipped with processing software and a 4.0 x 250-mm, 
C4 5 μm, 300 Å column (Novo Nordisk Pharmatech A/S, 
Køge, Denmark). The column temperature was set at 40°C 
for turoctocog alfa and 40°C ± 2°C for turoctocog alfa 
pegol, with a detection wavelength of 215 nm. A gradient 
of 35–100% eluent B (0.09% [turoctocog alfa] or 0.14% 
[turoctocog alfa pegol] trifluoroacetic acid [TFA] in 80% 
acetonitrile in purified water) and 65–0% eluent A (0.1% 
[turoctocog alfa] or 0.15% [turoctocog alfa pegol] TFA in 
purified water) was applied over a 40-min period with 
a flow rate of 1 mL/min. The composition of 100% eluent 
B was then maintained for 5 min, before being changed 
back to the initial conditions over 1 min, followed by 
column equilibration for 14 min, resulting in a total run 
time of 60 min. Oxidized forms were calculated as the 
percentage area on the resulting chromatograms. RP- 
HPLC chromatograms showed all components were pre
sent in the drug substances and therefore in the drug 
products (chromatograms not shown).

Potency
The potency of turoctocog alfa and turoctocog alfa pegol 
was investigated using the chromogenic assay 
(Chromogenix Coamatic® Factor VIII) and the SynthASil 
(HemosIL, Instrumentation Laboratory) activated partial 
thromboplastin time reagent.27

Turoctocog alfa and turoctocog alfa pegol product 
samples, calibrator, and blank samples were analyzed in 
triplicate on the ACL® Elite Pro analyzer. Absorbance 
readings for product, reference samples, and calibrator 
were used to calculate potency using slope–ratio analysis 
or parallel line regression (chromogenic assays). Potency 
was expressed as % target (European Pharmacopoeia 
acceptance limits are 80–125% of target).31

Water Content
The water content of turoctocog alfa and turoctocog alfa 
pegol samples was evaluated using near-infrared (NIR) 
spectroscopy for the high-temperature stability samples 
only. NIR spectroscopy was conducted using a Fourier 
transform-NIR Spectrometer (MPA, Bruker, Billerica, 
MA, USA) equipped with an integrating sphere (or 
equivalent). Both products were scanned in the frequency 
ranges of 7502.1–6098.1 and 5450.1–4597.7 nm at 
a resolution of 8 cm–1, with an average of 32 scans 
being recorded for each spectrum. The spectrometer was 
equipped with OPUS software (Bruker) (or equivalent) 
and data were analyzed using a partial least squares fit 
method. Turoctocog alfa and turoctocog alfa pegol sam
ples were analyzed without any pretreatment; however, 
NIR spectroscopy data were pretreated using vector nor
malization and a first derivative to enhance spectral infor
mation and correct interferences from the analyzed 
material that might otherwise induce baseline drift and 
changes in maximum absorbance.32 Karl–Fischer coulo
metry was used as the reference method for determining 
the calibration function and to analyze samples in cases 
where NIR results were not accepted (for example, due to 
persistent outliers).31

High Molecular Weight Protein
Size exclusion-HPLC (SE-HPLC) was used to determine the 
presence of protein aggregates in the turoctocog alfa and 
turoctocog alfa pegol samples. Prior to SE-HPLC analysis, 
the samples were reconstituted in either 1.0 mL (250-IU 
samples [turoctocog alfa] and 500-IU samples [turoctocog 
alfa pegol]) or 4.3 mL (2000- and 3000-IU samples, both 
products) of 0.9% sodium chloride solution. SE-HPLC mea
surements for turoctocog alfa were performed using an 
HPLC system equipped with a Shodex PROTEIN KW-803, 
8 × 300-mm column (Shodex), or equivalent. For turoctocog 
alfa pegol, SE-HPLC measurements were performed using 
a Sepax Technologies SRT SEC-500, 7.8 × 300-mm, 5-µm, 
500 Å column (Sepax Technologies, Newark, DE, USA). An 
elution flow rate of 0.4 mL/min was employed for turoctocog 
alfa, using a column temperature of 30°C and excitation and 
emission detection wavelengths of 285 and 335 nm, respec
tively. For turoctocog alfa pegol, an elution flow rate of 
0.3 mL/min was used, with a column temperature of 23°C, 
an excitation detection wavelength of 285 nm, and an emis
sion detection wavelength of 345 nm. The eluent buffer 
consisted of 10-mM TRIS, 10-mM CaCl2, 300-mM NaCl, 
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and 5% 2-propanol at pH 7.0 (turoctocog alfa) or 10-M BIS- 
TRIS propanol, 10-mM calcium acetate hydrate, 
0.5-M sodium chloride, and 10% isopropanol at a pH 
adjusted to 6.8 with acetic acid (turoctocog alfa pegol). The 
injection load volume was within the validated range of the 
method (0.95–7.8 µg). Run times for products reconstituted 
in 4.3- and 1.0-mL 0.9% sodium chloride solutions were ≥70 
and ≥80 min, respectively, for turoctocog alfa, and 60 min for 
turoctocog alfa pegol. HMWP content was determined by 
calculating the area percentage of the HMWP peak on the 
resulting chromatogram.

Results
Oxidized Forms
Oxidized forms, which are inactive forms of rFVIII that 
can reduce potency,33 are the stability-limiting factor. 
Oxidized forms increased as a function of time and tem
perature following an Arrhenius correlation for both pro
ducts (Figure 3A). Results for turoctocog alfa samples 
stored at consecutive temperatures of 30°C/75% RH for 
9 months (Figure 3B) or 40°C/75% RH for 3 months 
(Figure 3C), following storage at 5°C for 21 or 27 months, 
respectively, showed that levels of oxidized forms were 
within the predetermined acceptance limits for all batches. 
Similar results were seen for turoctocog alfa pegol samples 
stored at consecutive temperatures of 30°C/75% RH for 12 
months (Figure 3G) or 40°C/75% RH for 3 months 
(Figure 3H), following storage at 5°C for 18 or 27 months, 
respectively. There was a small increase in the occurrence 
of oxidized forms of both turoctocog alfa and turoctocog 
alfa pegol following storage at single temperatures of 5°C, 
30°C/75% RH, and 40°C/75% RH for 30, 12, and 6 
months, respectively (Figure 3D–F and Figure 3I–K, 
respectively). For both products, oxidized forms were 
close to 5% after storage at 30°C/75% RH for 12 months 
(Figures 3E and J) and approaching 7% after storage at 40° 
C/75% RH for 6 months (Figures 3F and K).

Potency
As potency is used as the basis for dosage calculations and 
treatment strategies,34 it is important to determine whether 
potency is affected by hot and humid storage conditions. 
Changes in potency were within the limits for all turocto
cog alfa batches when stored at consecutive temperature 
conditions for 9 months (Figure 4A) or 3 months (Figure 
4B), respectively. Potency was also within the limits for all 
turoctocog alfa pegol batches when stored at consecutive 

temperature conditions for 12 months (Figure 4F) or 3 
months (Figure 4G), respectively. These limits are also in 
line with the European Pharmacopoeia acceptance criteria 
of –20% to +125% from target.31 The results of the 
potency test of dry turoctocog alfa and turoctocog alfa 
pegol samples stored at single temperatures for 30, 12, 
and 6 months, respectively, are shown in Figure 4C– 
E and Figure 4H–J, respectively. Potency was maintained 
within the limits for all turoctocog alfa and turoctocog alfa 
pegol sample strengths tested.

Water Content
Excessive water content can increase degradation and 
reduce the stability of a therapeutic product.35 When tur
octocog alfa batches were stored at consecutive tempera
ture conditions for 9 months (Figure 5A) or 3 months 
(Figure 5B), respectively, water content for all batches 
was within the range of 1–2%, corresponding to the 
observed ranges in stability studies. Likewise, water con
tent was also within this upper range for all turoctocog alfa 
pegol batches when stored at consecutive temperature 
conditions for 12 months (Figure 5F) or 3 months 
(Figure 5G), respectively. There was a small increase in 
the water content with increasing temperature for both 
turoctocog alfa and turoctocog alfa pegol samples follow
ing storage at single temperatures for 30, 12, and 6 
months, respectively (Figure 5C–E and Figure 5H–J, 
respectively). Water content was approximately 1% after 
storage at 30°C/75% RH for 12 months (Figure 5D and I) 
and <2% after storage at 40°C/75% RH for 6 months 
(Figure 5E and J).

High Molecular Weight Protein
Protein product aggregates, including HMWP, are 
described as potent inducers of immune responses to ther
apeutic protein products.36 When turoctocog alfa batches 
were stored at consecutive temperature conditions for 9 
months (Figure 6A) or 3 months (Figure 6B), respectively, 
HMWP for all batches was within the range of 2–4%. 
Similarly, HMWP was also within this upper range for 
all turoctocog alfa pegol batches when stored at consecu
tive temperature conditions for 12 months (Figure 6F) or 3 
months (Figure 6G), respectively. Small increases in 
HMWP were observed for both turoctocog alfa and tur
octocog alfa pegol samples following storage at single 
temperatures for 30, 12, and 6 months, respectively 
(Figure 6C–E and Figure 6H–J, respectively); for both 
products, HMWP levels were ≤3% after storage at 30°C/ 
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Figure 3 Oxidized forms of turoctocog alfa dry powder samples as the rate of oxidation (Arrhenius correlation) (A), when stored at 5°C for 21 months followed by 
storage at 30°C for 9 months (B), 5°C for 27 months followed by storage at 40°C for 3 months (C), and when stored at 5°C for 30 months (D), 30°C for 12 months (E), 
and 40°C for 6 months (F). Oxidized forms of turoctocog alfa pegol dry powder samples when stored at 5°C for 18 months followed by storage at 30°C for 12 months (G), 
5°C for 27 months followed by storage at 40°C for 3 months (H), and when stored at 5°C for 30 months (I), 30°C for 12 months (J), and 40°C for 6 months (K). Shelf-life 
limits for both products are shown by the horizontal dotted lines. 
Abbreviations: IU, international units; T, temperature (in degrees Kelvin).
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Figure 4 Potency of turoctocog alfa dry powder samples when stored at 5°C for 21 months followed by storage at 30°C for 9 months (A), 5°C for 27 months followed by 
storage at 40°C for 3 months (B), 5°C for 30 months (C), 30°C for 12 months (D), and 40°C for 6 months (E). Potency of turoctocog alfa pegol dry powder samples when 
stored at 5°C for 18 months followed by storage at 30°C for 12 months (F), 5°C for 27 months followed by storage at 40°C for 3 months (G), 5°C for 30 months (H), 30° 
C for 12 months (I), and 40°C for 6 months (J). Upper and lower shelf-life limits for both products are shown by the horizontal dotted lines. 
Abbreviation: IU, international units.
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Figure 5 Water content of turoctocog alfa dry powder samples when stored at 5°C for 21 months followed by storage at 30°C for 9 months (A), 5°C for 27 months 
followed by storage at 40°C for 3 months (B), 5°C for 30 months (C), 30°C for 12 months (D), and 40°C for 6 months (E). Water content of turoctocog alfa pegol dry 
powder samples when stored at 5°C for 18 months followed by storage at 30°C for 12 months (F), 5°C for 27 months followed by storage at 40°C for 3 months (G), 5°C 
for 30 months (H), 30°C for 12 months (I), and 40°C for 6 months (J). Shelf-life limits for both products are shown by the horizontal dotted lines. 
Abbreviation: IU, international units.
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Figure 6 HMWP of turoctocog alfa dry powder samples when stored at 5°C for 21 months followed by storage at 30°C for 9 months (A), 5°C for 27 months followed by 
storage at 40°C for 3 months (B), 5°C for 30 months (C), 30°C for 12 months (D), and 40°C for 6 months (E). HMWP of turoctocog alfa pegol dry powder samples when 
stored at 5°C for 18 months followed by storage at 30°C for 12 months (F), 5°C for 27 months followed by storage at 40°C for 3 months (G), 5°C for 30 months (H), 30° 
C for 12 months (I), and 40°C for 6 months (J). Shelf-life limits for both products are shown by the horizontal dotted lines. 
Abbreviations: HMWP, high molecular weight protein; IU, international units.
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75% RH for 12 months (Figure 6D and I) and, for all but 
one batch (turoctocog alfa pegol at 500 IU), <4% after 
storage at 40°C/75% RH for 6 months (Figure 6E and J).

It was noted that there was some variability in HMWP 
for both turoctocog alfa and turoctocog alfa pegol due to 
analytical issues encountered at low concentrations. 
HMWP is oligomeric forms of the monomer of turoctocog 
alfa and turoctocog alfa pegol, eluting ahead of the mono
mer in SE-HPLC.

Discussion
The ICH guidelines state that well-defined stability studies 
should be developed to confirm product stability during 
the intended storage period.30 We assessed key stability 
parameters for both turoctocog alfa and turoctocog alfa 
pegol; these parameters are susceptible to change during 
storage and/or could potentially influence product quality, 
namely oxidized forms, potency, water content, and 
HMWP. There were no major increases in oxidized 
forms or HMWP and no impairment in potency or water 
content for either product; most results were within each 
product’s range. Although FVIII activity (potency) and 
protein aggregates (HMWP) were largely unaffected, 
a small increase in oxidized forms was observed after 
storage at 30°C/75% RH for 12 months and after storage 
at 40°C/75% RH for 6 months. However, the changes in 
oxidized forms for both turoctocog alfa and turoctocog 
alfa pegol at high temperatures up to 40°C did not affect 
the quality of either product. Oxidized forms are inactive 
forms of rFVIII and a correlation between potency and 
oxidized forms can be expected.33 For example, oxidation 
of FVIII has been reported to correlate with the oxidation 
of free Cys and disulfide bonds, leading to structural 
change and loss of potency.33

Interestingly, turoctocog alfa can be subjected to vari
able storage conditions, including cycling between 5°C 
and ≤40°C, and subsequent storage for 3 months up to 
40°C, without loss of stability.37 As of yet, no temperature 
cycling data are available for turoctocog alfa pegol. 
However, among commercially available EHL-rFVIII pro
ducts, turoctocog alfa pegol is the only one that has shown 
stability at 40°C.13 Thus, the current stability data should 
reassure patients who are receiving turoctocog alfa and 
considering switching to turoctocog alfa pegol. 
Furthermore, as the current study shows that both products 
can be safely stored at temperatures up to 40°C/75% RH 
for 3 months without compromising product potency, 
patients can also be reassured that the dose on the vial 

label is unaffected—and therefore dose adjustments are 
not required—when either product is stored outside the 
refrigerator for several months. Patients should note the 
date when turoctocog alfa and turoctocog alfa pegol are 
taken out of the fridge so they can ensure that the duration 
of room-temperature storage does not exceed 3 months.

Home treatment of hemophilia is necessary and recom
mended: the World Federation of Hemophilia recommends 
acute bleeds should be treated as quickly as possible, pre
ferably within 2 hrs.2 Patients/caregivers of those with hemo
philia A have reported preferences for FVIII products that 
can be stored at higher temperatures for long periods of time, 
both overall and when travelling.15,16 However, in one small 
study, only 13% of patients and caregivers were aware of 
their product’s storage conditions,38 while another study 
showed that 80% of patients/caregivers who stored FVIII in 
the refrigerator did not know that their product may be safely 
stored at room temperature for a limited number of months.15 

Therefore, it is important for patients to know if there is 
a meaningful, clinical difference between an FVIII product 
kept outside of the fridge for 48 hrs (for example) compared 
with one kept in the fridge for 3 months. Our study shows 
that both turoctocog alfa and turoctocog alfa pegol remained 
stable when stored at a relatively high ambient room tem
perature and humidity (40°C/75% RH) for up to 3 months 
following an extended storage period at 5°C. Two other 
rFVIII products (Advate® and Recombinate® [Takeda, 
Lexington, MA]) are thermostable at 30°C–40°C;39,40 how
ever, at the time of writing and to the best of our knowledge, 
turoctocog alfa and turoctocog alfa pegol are the only FVIII 
and EHL FVIII products, respectively, licensed for storage at 
temperatures up to 40°C.

These data are of clinical importance, as they demon
strate that the stability of both products may offer flex
ibility and greater convenience in product storage and 
daily use. Benefits of increased storage flexibility and 
portability include the ability to keep more FVIII product 
at home, the ability to travel more easily, reduced daily 
disruption15,16 and, potentially, lead a more active lifestyle. 
The resulting improvement in convenience may also con
tribute to better treatment outcomes and quality of life by 
facilitating early treatment of bleeds15,17 and improving 
adherence to the recommended prophylaxis schedules. 
These benefits would be particularly relevant for patients 
who live in, or who travel to, countries where daytime 
temperatures are consistently or transiently above 30°C, 
and even up to 40°C. It is therefore crucial for hemophilia 
care providers to clearly explain to patients and/or 

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                                           

Journal of Blood Medicine 2021:12 18

Napolitano et al                                                                                                                                                     Dovepress

http://www.dovepress.com
http://www.dovepress.com


caregivers that FVIII products such as turoctocog alfa and 
turoctocog alfa pegol can be kept at room temperature for 
extended periods (assuming no higher than 40°C) while 
remaining clinically effective to use.

Conclusion
Turoctocog alfa and turoctocog alfa pegol offer stability at 
40°C/75% RH for up to 3 months without jeopardizing the 
quality of either product. These stability characteristics 
may be beneficial to patients by allowing flexibility in 
product storage and daily use.
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Abstract: Relapse rates following allogeneic stem cell transplantation for acute myeloid 
leukemia remain unacceptably high and a major cause of death. Maintenance therapies post- 
transplant administered either to patients with impending relapse or at high risk of relapse 
could present a strategy to improve survival and overall outcomes. With the increasing use of 
molecular and genomic characterization of the disease, more novel therapies became avail
able as maintenance strategies. These options were, however, hindered by excessive toxi
cities, mostly hematologic, especially with the use of myeloablative conditioning regimens. 
Several key questions have also emerged including the efficacy of these therapies, the 
duration of maintenance, as well as the potential modulation of the graft and the immune 
microenvironment. These issues are further complicated by the paucity of well-designed 
prospective randomized clinical trials evaluating these agents. Future directions in this field 
should include better risk stratification and patient selection based on assays of minimal 
residual disease, as well as the incorporation of novel targets and pathways of leukemogen
esis. In this article, we highlight the current evidence behind the use of post-transplant 
maintenance therapy, the optimal patient and disease selection, as well as the challenges 
faced by these strategies in an area that remains quite controversial. We will focus on 
therapies targeting leukemia stem cells that directly or indirectly modulate the allografted 
immune microenvironment and augment the graft-versus-leukemia impact. 
Keywords: AML, maintenance, relapse, target, MRD

Background
Acute myeloid leukemia (AML) remains the most common acute leukemia in 
adults with an incidence of 3–4 per 100,000 person per year. AML is 
a genetically and phenotypically heterogeneous and biologically dynamic spectrum 
of diseases.1 Indeed, the clinical outcomes are largely determined by the patient’s 
characteristics such as age, performance status and comoridities, as well as the 
leukemia features including the subtype (de novo versus secondary) and most 
importantly the genomic profile.2 The recent advances in defining the molecular 
landscape of AML and its role in leukemogenesis have paved the way for the 
development and adaptation of novel targeted agents.

Following induction chemotherapy, patients achieving a morphologic leukemia- 
free state (complete remission (CR)) are mandated to receive a form of consolida
tion therapy aimed at the residual leukemic stem cells (LSCs) to prevent relapse and 
improve overall survival (OS).3 A risk-adapted approach for relatively young or fit 
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AML patients in first CR (CR1) involves the assessment of 
this risk of relapse, leading to either chemotherapy con
tinuation or allogeneic stem cell transplantation (ASCT), 
taking into account the presence of comorbidities, the 
donor type as well as the genetic characteristics of the 
disease.4 In addition to pre-treatment risk stratification, 
the estimation of the leukemic burden while on therapy 
has recently emerged as a strong, independent and 
dynamic tool for individualizing post-induction treatment 
approaches. Either polymerase chain reaction (PCR), mul
tiparameter flow cytometry (MFC) or the novel next- 
generation sequencing (NGS) can evaluate this measurable 
residual disease (MRD)5–7

Allogeneic Stem Cell 
Transplantation: Rationale and 
Nuances
Up to the current date, ASCT in first CR remains the most 
powerful antileukemic post-remission therapy. ASCT is 
generally recommended upfront for properly selected 
patients with high-risk cytogenetic features, those with 
intermediate and adverse-risk molecular findings, and 
patients with secondary AML. Patients with induction fail
ure, post-induction residual disease and following salvage 
therapy are also referred for ASCT. In addition to poten
tially life-threatening complications of ASCT such as 
graft-versus-host disease (GVHD) and opportunistic infec
tions, survival benefits recorded with ASCT are crippled 
by unacceptably high disease relapse rates,8–10 hence the 
need for strategies to maintain remission and prevent 
relapses post-ASCT. Such interventions aim at reinforcing 
the graft-versus-leukemia (GVL) effect and/or eradicating 
persistent MRD, especially with the increasing availability 
of more sensitive techniques to detect any residual disease. 
Nevertheless, these maintenance therapies may represent 
over-treatment for patients with intermediate-risk disease, 
further subjecting them to long-term toxicities and dis
turbed quality of life (QoL), thereby reinforcing the need 
for a better selection of patients as well as strict and 
continuous MRD monitoring.

The transplantation field has tremendously evolved 
over the last two decades with refinements of indications 
as well as improvement in the safety profile of condition
ing regimens and supportive care strategies. Nonetheless, 
risk factors for increasing mortality after relapse in an 
allografted patient still include, among others, a shorter 
time to recurrence and occurrence of GVHD prior to 

relapse11 with significant improvement of overall survival 
(OS) for young patients relapsing in recent years 
(Bazarbachi et al, 2020).12 Furthermore, a deeper under
standing of factors facilitating disease relapse, such as 
molecular profile and role of MRD, has enabled more 
high-risk patients to receive post-transplant therapies to 
treat and even prevent relapses. Indeed, pharmacological 
intervention and manipulation of the disease kinetics in the 
early post-transplant phase could potentially collaborate 
with other strategies to improve overall outcomes,13 pos
sibly through up-regulation of tumor-associated antigens 
(TAA),14 expansion of regulatory T-cells,15 or acceleration 
of T-cell reconstitution.16 With the availability of a wide 
array of novel and less toxic agents such as epigenetic 
modifiers, tyrosine kinase inhibitors (TKIs), BCL2 inhibi
tors and immune checkpoint inhibitors (ICPIs) among 
others, an intriguing strategy would be to preemptively 
use such molecules in an attempt to prevent relapses post- 
ASCT in specific subsets of high-risk patients. 
Nevertheless, we currently only have few randomized 
trials that offered a survival advantage for maintenance 
therapy in AML.

Selection of Optimal Candidates
Conducting either retrospective studies or prospective ran
domized trials to construct therapeutic strategies aiming at 
reducing post-ASCT relapse rates has been historically 
hampered by the depth of remission achieved as well as 
the intrinsic biologic apparatus of the disease. Cytogenetic 
abnormalities of AML knowingly dictate both the general 
outcomes of standard therapies and those following 
ASCT.17 In view of the granular advances in the field of 
myeloid malignancies, considering specific subsets of 
AML patients for post-ASCT maintenance should there
fore depend on the molecular and genomic characteristics 
of the disease itself at diagnosis.18 Indeed, the presence of 
actionable or targetable mutations such as FLT3-ITD and 
IDH1/2 is a valuable opportunity to incorporate the 
approved corresponding inhibitors in the post-ASCT main
tenance strategies. Novel molecular and MRD diagnostics 
are therefore of utmost importance to determine those who 
would benefit the most from personalized therapy options. 
As such, MRD status in the pre-transplant phase and more 
importantly detection of MRD early post-ASCT are crucial 
factors to implement therapy as they largely impact the 
likelihood and pace of disease relapse.19,20

In this setting, other variables including the donor 
source, intensity of conditioning regimen and GVHD 
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prophylaxis protocols (T-cell depletion and post-ASCT 
cyclophosphamide) might influence the risk of disease 
relapse.21 While the implementation of reduced-intensity 
conditioning (RIC) has allowed more patients to receive 
ASCT,22 it could potentially increase the rate of post- 
transplant relapse, as demonstrated by the large prospec
tive randomized Phase III trial conducted by the Bone 
Marrow Transplant Clinical Trials Network.23 Well- 
designed trials are eagerly needed to appropriately answer 
these challenging situations.

Challenges to Conduct Clinical Trials
In the presence of few prospective randomized trials, the 
decision to initiate post-ASCT maintenance therapy 
remains ambivalent in many situations. Early-phase stu
dies assessing novel agents in the relapsed setting often 
exclude patients with prior history of ASCT given the 
plethora of complications they might experience, therefore 
resorting to agents previously approved for different indi
cations or settings. This dilemma largely provides 
a protective blanket to access these drugs on an off-label 
indication, which could impede recruitment for prospec
tive studies. Additionally, most currently ongoing mainte
nance trials using hypomethylating agents (HMA), 
targeted therapies and other molecules still demand rigor
ous eligibility criteria, thereby interfering with enrollment 
rate.

Optimal Timing and Duration of 
Maintenance Initiation
Starting maintenance therapy in the early post-ASCT 
phase should take into account the concomitant use of 
immunosuppressive drugs and their potential heightened 
hematological and organ toxicities, the risk of opportunis
tic infections and GVHD, as well as the possible drug– 
drug interactions (such as with calcineurin inhibitors), 
even when the acute toxicities of ASCT have seemingly 
resolved. An optimal maintenance approach is therefore 
difficult to be intercalated within the conditioning regimen 
itself and is reserved for a post-ASCT phase, mostly 
started between days 30 and 100 following transplantation. 
In this setting, pre- and post-ASCT MRD status could be 
valuable in planning and timing maintenance therapy. For 
those patients with impending signs of relapse by MRD 
testing or falling donor chimerism, a preemptive mainte
nance therapy could be started early post-ASCT, before 
overt morphological relapse.

Finally, the optimal duration of maintenance therapy 
has not been established for most cases, thereby affecting 
the QoL of these patients.

Available Maintenance Options: The 
Current Evidence
Targeting Epigenetics Pathways of 
Leukemia Cells
Hypomethylating Agents
The use of HMAs such as azacitidine and decitabine 
remains the most commonly adopted non-targeted strategy 
for the prevention of post-ASCT relapse owing in part to 
their acceptable safety profile.24 The mechanism of action 
of HMAs post-ASCT is unclear, but they appear to silence 
tumor suppressor genes through epigenetic modification. 
At the preclinical level, these agents could also induce 
a GVL effect through stimulation of CD8+ T-cell 
responses to overexpressed tumor-associated antigens 
(TAAs) such as MAGE antigens.25 This activity has led 
to the investigation of HMAs in a series of small trials, 
especially with the advancing field of MRD detection by 
sensitive techniques.

For example, AML patients with imminent relapse due 
to decreasing CD34 chimerism received pre-emptive aza
citidine that delayed disease progression according to two 
studies.26,27 The concurrent administration of donor lym
phocyte infusion (DLI) did not, however, improve 
response rates or OS27 and the majority of patients even
tually experienced overt disease relapse.26 In another 
study, azacitidine was also given sequentially with DLI 
and showed a low relapse rate and encouraging OS despite 
the presence of acute and chronic GVHD.28

In a Phase I dose-finding trial, azacitidine as mono
therapy was given between on day +42 post-ASCT to 45 
patients with AML (82%) and MDS, for up to four cycles 
at different dose levels 8, 16, 24, 32, and 40 mg/m2.29 

Interestingly, two-thirds of AML patients were not in CR 
at the time of transplant. The recommended dose of aza
citidine was reported to be 32 mg/m2 for 5 days in 30-day 
cycles because of dose-limiting but reversible thrombocy
topenia. At 1-year follow-up, the median disease-free sur
vival (DFS) was 58% for all enrolled patients and the 
1-year OS rate was 77%. In another phase I/II study of 
27 AML patients who received a RIC regimen followed by 
ASCT later showed that the subcutaneous administration 
of up to 10 cycles of azacitidine at 36 mg/m2 for 5 days in 
28-day cycles beginning at day 42 post-ASCT resulted in 

Journal of Blood Medicine 2021:12                                                                                         submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                          
23

Dovepress                                                                                                                                                              Assi et al

http://www.dovepress.com
http://www.dovepress.com


the expansion of circulating regulatory T-cells with subse
quent GVL response and no significant GVHD.15 In 
a retrospective study of 18 allografted patients (13 AML 
and 5 MDS), including 50% of patients with a high or very 
high disease risk index, low-dose azacitidine started at 
a median of 60 days post-transplant was well tolerated 
and resulted in one-year disease-free survival (DFS) and 
OS of 63% and 70%, respectively.30 A subsequent rando
mized phase III trial comparing azacitidine at 32 mg/m2 
subcutaneously for 5 days in up to 12, 28-day cycles to no 
intervention in 87 patients with AML, myelodysplastic 
syndromes (MDS) or chronic myelomonocytic leukemia 
in remission was terminated early because of slow 
accrual.31 At a median follow-up of 4.6 years in the 
azacitidine arm, available data suggest no significant effect 
of the HMA on relapse-free survival (RFS), except for 
a non-statistically significant trend for improvement in 
those who received at least 9 cycles of therapy.

The importance of MRD-adapted therapy is high
lighted in the ongoing Phase II study (RELAZA2) 
whereby preemptive treatment with at least 6 cycles of 
azacitidine (75 mg/m2 × 7 days) and for up to 18 addi
tional months was evaluated.32 The study enrolled patients 
in CR but with detectable MRD either after conventional 
chemotherapy or following ASCT. This preemptive MRD 
risk-adapted strategy was found to prevent or significantly 
delay disease relapse in 58% of patients who remained in 
CR after 6 months (95% CI: 44–72; p < 0.001). These 
results are encouraging and warrant further follow-up.

More recently, an oral azacitidine formulation CC-486 
with extended dosing to prolong activity of azacitidine 
with sustained DNA hypomethylation showed promising 
results as maintenance therapy in a randomized trial fol
lowing induction chemotherapy for AML.33 CC-486 was 
then evaluated in a phase I/II trial of 30 patients (26 with 
AML and 4 MDS) who had undergone ASCT, given at 
200–300 mg orally for 7 days or 150–200 mg orally for 14 
days in up to 12, 28-day cycles.34 The study resulted in 
1-year RFS rates of 54% with the 7-day protocol and 72% 
with the 14-day regimen in the 28 evaluable patients, 
leading to estimated 1-year survival rates of 86% and 
81%, respectively. The most common grade 3–4 treat
ment-related toxicities were gastrointestinal and hematolo
gic toxicities, and two patients experienced severe chronic 
GVHD. A randomized, phase III trial evaluating CC-486 
at the 200 mg 14-day dosing regimen as maintenance 
therapy post-ASCT for high-risk MDS and intermediate- 
or high-risk AML is currently enrolling.

On the other hand, a small study of decitabine admi
nistered at 5–15 mg/m2 intravenously for 5 days starting 
50–100 days post ASCT for up to 8, 6-week cycles also 
exhibited favorable results with 2-year OS of 56% and 
cumulative incidence of relapse reaching 28%.35 

However, the majority (75%) of patients experienced 
grade 3–4 hematologic toxicities during therapy. While 
decitabine did not increase the rate of chronic GVHD, 
there was a trend for increased FOXP3 expression and 
T-reg cells in the lymphocyte environment in 
a correlative study that was not statistically meaningful.

Interpreting the results of these studies remains chal
lenging and controversial, as they are small and mostly 
uncontrolled. As such, the optimal timing of HMA initia
tion post-ASCT and dosing need to be explored further to 
establish efficacy at preventing relapses and avoid unne
cessary toxicities, especially in patients who can be cured 
with ASCT alone. In patients with detectable MRD or 
mixed chimerism, pre-emptive treatment with HMA 
could potentially delay or even prevent relapses in AML 
and MDS patients.36

More recently, there has been a growing interest in 
evaluating HMA as partners to novel promising agents 
such as the BCL2 inhibitor venetoclax, ICPs, FLT3 inhi
bitors, as well as isocitrate dehydrogenase (IDH) inhibitors 
and studies are ongoing (Table 1).

Histone Deacetylase Inhibitors (HDACi)
The class I/II HDACi have presented as potential promis
ing agents in AML/MDS owing to large induction effects 
on cell-cycle arrest and differentiation, as well as pro- 
apoptotic effects on myeloid cells through epigenetic mod
ifications of histones.37 HDACi have also exhibited some 
antileukemic and immunomodulatory roles through the 
control of cytokine secretion. This is further evidenced 
by the panobinostat activity, a potent oral inhibitor of 
class 1, 2, and 4 deacetylases, in the PANOBEST trial.38 

This study enrolled 42 patients with high-risk AML or 
MDS who had received ASCT and panobinostat was 
started at a median of 98 days (60–150) post-ASCT. Two- 
thirds of these patients were transplanted in active disease. 
While only 22 (54%) of the 42 patients completed 1 year 
of therapy because of adverse events, the cumulative inci
dence at relapse remained 21% at 2 years, resulting in 
2-year OS and DFS rates of 88% and 74%. More impor
tantly, panobinostat was found to inhibit the suppressive 
function of T-regs when used at low doses and enhance 
their function at higher doses,39 thereby playing a possible 
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role in reducing GVHD. As these results are intriguing, 
a randomized multicenter phase III trial is currently com
paring panobinostat 20 mg orally three times weekly 
every second week to the standard of care as maintenance 
post-ASCT. Vorinostat, another HDACi, is also being 
combined with low-dose azacytidine for post-ASCT in 
a currently ongoing phase I dose-escalation clinical trial.

Targeting Oncogenic Pathways of 
Leukemia Stem Cells
FLT3 Inhibitors
Treatment of FLT3-ITD mutated AML remains challen
ging due to significant relapse rates and short remissions 
with available therapies despite the common historical use 
of ASCT in first CR.40 Nevertheless, FLT3-mutated AML 
is a heterogeneous disease that entails diversity in the type 
of FLT3 mutations and their insertion site, the FLT3-ITD 

allelic burden, and the presence of concurrent mutations; 
observations that further complicated the decision to pro
ceed to ASCT in the first CR when feasible.41–43 This 
controversy is evidenced by the European LeukemiaNet 
guidelines suggesting, with some controversy, that ASCT 
should not be offered to patients with low-mutant allelic 
ratio.44–46 EBMT guidelines allowed ASCT in this setting 
and recommended it for all patients with FLT3-mutated 
AML (Bazarbachi et al, 2020).47

As such, the use of multi-kinase inhibitors of various 
generations has led to improved outcomes and achievement 
of deeper responses in FLT3-mutated AML. These TKIs, 
together with the incorporation of MRD assessment, have 
enabled the installation of post-transplant therapeutic 
strategies,48 as the 1-year OS of patients who relapse post- 
ASCT drops to less than 20%.11 (Bazarbachi et al, 2020).12

The enthusiasm of using FLT3 TKIs stems not only 
from their direct cytotoxic properties but also involve an 

Table 1 Some of the Ongoing Trials Evaluating Various Targets for Post-Allogeneic Stem Cell Transplantation Strategies

Target Drug(s) Clinical Phase Endpoints Status Identifier

FLT3
Crenolanib II PFS; DFS; OS; GVHD; 100-day TRM Recruiting NCT02400255

Gilteritinib III RFS, OS, GVHD, EFS Active, not recruiting NCT02997202

TP53
APR-246 + Azacytidine II Safety, tolerability, 1-year RFS Recruiting NCT03931291

Hh
Glasdegib III DFS Not yet recruiting NCT04168502

DNMT
Low-dose azacytidine II OS; relapse rate; safety Recruiting NCT01995578
Azacytidine+ valproic acid II OS; time to relapse Recruiting NCT02124174

Oral azacytidine (AMADEUS) III RFS, OS, NRM, GVHD Recruiting NCT04173533

SGI-110+ DLI II DFS, OS Not yet recruiting NCT03454984

BCL-2
Venetoclax+ azacytidine I MTD; OS, RFS; GVHD Recruiting NCT03613532
Venetoclax+ azacytidine II RFS, OS, GVHD Recruiting NCT04128501

Venetoclax+ azacytidine (VIALE-T) III RFS, OS, GVHD, MRD Recruiting NCT04161885

HDAC
Panobinostat III OS, DFS, EFS, NRM, GVHD Recruiting NCT04326764

IDH2
Enasidenib I Safety, tolerability, GVHD, RFS Recruiting NCT03728335

Enasidenib I MTD, DLT, GVHD Recruiting NCT03515512
Enasidenib II OS, RFS, Safety and tolerability Recruiting NCT04522895

IL-15
N-803 II Relapse rate, GVHD, MRD, OS Recruiting NCT02989844

Abbreviations: PFS, progression-free survival; OS, overall survival; RFS, relapse-free survival; EFS, event-free survival; GVHD, graft-versus-host disease; MTD, maximum 
tolerated dose; DLT, dose-limiting toxicity; DLI, donor lymphocyte infusion; MRD, minimal residual disease; NRM, non-relapse mortality; Hh, hedgehog pathway; DNMT, 
DNA methyltransferase; HDAC, histone deacetylase.
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immunomodulatory effect synergizing with allografted 
T-cells. Several murine models have shown that sorafenib 
enhances the production of interleukin-15 (IL-15) produc
tion by leukemic cells, thereby promoting GVL effect.16 

The same experiment showed that sorafenib reduced the 
activating transcription factor (ATF4) expression in leuke
mic cells, a negative regulator of IRF-7 interferon regula
tory factor-7 (IRF-7) activation, which further enhances 
IL-15 transcription when activated. The exact mechanisms 
of FLT3 TKIs immunogenicity remain to be elucidated.

One of the earliest and most promising post-transplant 
maintenance approaches has been the administration of 
FLT3 inhibitors, limited to date to FLT3-ITD mutated 
AML patients. Despite multiple retrospective and prospec
tive randomized trials evaluating the efficacy and safety of 
the use of FLT3 inhibitors as post-transplant maintenance, 
there is still a debate on the best agent to be used (off-label 
use of sorafenib versus potent second-generation FLT3 
inhibitors), dosing and time of initiation. A consensus by 
the EBMT Acute Leukemia Working Party recommended 
the use of sorafenib 400 mg twice daily in the post- 
transplant setting in the absence of active GVHD based 
on available data (Bazarbachi et al, 2020).47 Previous 
retrospective studies have demonstrated a lower risk of 
disease relapse following ASCT in patients with FLT3 
ITD mutated AML who received post-transplant sorafenib 
maintenance (Antar, et al, 2014).49–53

In a phase I study involving 22 patients with FLT3-ITD 
AML receiving sorafenib maintenance post-ASCT, PFS at 
1 year was 85% and OS was 95%.54 Encouraging results 
were subsequently reported in other small trials of sorafe
nib maintenance compared to historical controls, showing 
markedly lower relapse rates, improved RFS and relatively 
tolerable toxicities, while not significantly affecting the 
rates of GVHD.51–53,55–57 This is further supported by 
two registry studies from the European Society for Blood 
and Marrow Transplantation (EBMT) showing that post- 
transplant maintenance with sorafenib improved OS and 
leukemia-free survival (LFS) of allografted patients with 
FLT3-ITD positive AML (Bazarbachi et al, 2019)58 and 
that sorafenib combined with DLI clearly improved OS 
and LFS of relapsed FLT3-ITD positive AML patients 
following ASCT. (Bazarbachi et al, 2019)59

In a prospective phase II controlled randomized trial 
(SORMAIN) of 83 patients with FLT3-ITD mutated AML, 
the administration of sorafenib for up to 24 months 
resulted in superior outcomes for patients in CR and no 
grade ≥2 GVHD compared to placebo. After a long 

median follow-up of 42 months, the 2-year RFS was 
85% in the sorafenib group compared with 53% in the 
placebo group (HR=0.39, p=0.01), in addition to an OS 
benefit for the sorafenib group (HR=0.447; p=0.03).60 

Further follow-up showed that many patients will experi
ence disease relapse when sorafenib is stopped at 24 
months, suggesting a longer exposure to sorafenib might 
be needed to prevent late relapses. While SORMAIN trial 
constitutes the first placebo-controlled evidence that post- 
HSCT maintenance therapy could reduce the risk of 
relapse and death, this study enrolled patients who under
went transplantation in the first hematological CR, as well 
as those in the second or subsequent CR. Finally, the 
Chinese open-label, large randomized phase III trial 
assigned patients to receive sorafenib maintenance 
(n=100) or control (n=102) post-ASCT (Xuan et al 
2020).61 At a median follow-up of 21.3 months, the 
1-year cumulative incidence of relapse was 7.0% (95% 
CI 3.1–13.1) in the sorafenib group and 24.5% (16.6–33.2) 
in the control group (hazard ratio 0.25, 95% CI 0.11–0.57; 
p=0.0010), with no treatment-related deaths and accepta
ble GVHD rates. Based on these available data, sorafenib 
is recommended by many authorities as a maintenance 
strategy to reduce post-ASCT relapses for FLT3-ITD- 
mutated AML (Bazarbachi et al, 2020).47

More recent data from the RATIFY trial that led to the 
US Food and Drug Administration (FDA) approval of 
midostaurin in 2017, proposed that the outcomes of 
patients who received this agent prior to ASCT were 
particularly encouraging.62 In a phase II trial of midos
taurin received as post-consolidation or post-ASCT main
tenance, the 1-year relapse rate was encouragingly low at 
9.2%.63 In this German-Austrian AML Study Group 
16–10, most patients discontinued midostaurin earlier 
than planned because of toxicities. This remains in line 
with prior reports on the drug’s complex pharmacokinetic 
profile and drug–drug interactions that warrant close 
observation and dose adjustments to reduce toxicity.64,65

RADIUS is another phase II randomized study that 
accrued 60 patients with FLT3-ITD AML with stable 
engraftment post-ASCT to receive or not midostaurin for 
twelve 4-week cycles.66 Unsurprisingly, the median RFS 
was not reached for either arm as the trial was not powered 
to detect any statistical difference (p=0.34) between 
subgroups.

The prospective cooperative group international phase 
III randomized trial (BMT-CTN 1506; NCT02997202) is 
seeking to confirm the impact of post-transplant gilteritinib 
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maintenance therapy versus placebo in patients with FLT3- 
mutated AML and has completed accrual at 346 patients. 
Gilteritinib is an effective and tolerable FLT3 inhibitor, 
with potent activity against both FLT3-ITD and FLT3- 
TKD mutations, particularly the kinase domain mutations 
at residue D835 and the gatekeeper mutation at residue 
F691.67 Gilteritinib was recently approved for use in the 
relapsed/refractory setting68 and was chosen for evaluation 
as post-ASCT maintenance owing to its safety profile and 
potent inhibition of FLT3 in vivo. Unfortunately, the use of 
placebo as control arm in this trial will not allow to answer 
the important question of whether Gilteritinib offers an 
additional benefit over sorafenib in that setting.

Quizartinib (AC220), a highly potent selective FLT3- 
ITD inhibitor was also studied in one small phase I trial 
where only 1 of 13 patients relapsed under therapy at the 
last follow-up.69 Furthermore, toxicities were manageable 
and GVHD rate was not increased. However, increasing 
reports about resistance through point-mutant forms have 
been emerging, hence limiting single-agent use.70

Crenolanib, like gilteritinib, is another potent oral type 
1 FLT3 TKI with extended activity against FLT3-ITD and 
resistance-conferring FLT3-D835 TKD mutants.71 It is 
also under evaluation as a post-ASCT maintenance in 
a phase II trial (NCT02400255), in a cohort of patients 
transplanted in CR and in another group allografted with 
the residual disease with ≤10% bone marrow blasts. 
Crenolanib is started between days 45 to 90 after ASCT 
and for up to 2 years. It is important to note that phase II/ 
III trials of post-ASCT maintenance involving the novel 
FLT3 TKIs do not use a first-generation inhibitor control, 
making it difficult to establish their superior efficacy in 
this setting.

Some unanswered questions remain regarding the use 
of FLT3 TKIs as maintenance post-ASCT. FLT3-ITD 
mutations, unlike BCR-ABL1 fusions,72 are not founding 
mutations but rather an important final step and one of 
many mutations found in leukemogenesis.73,74 These 
include WT1, IDH1, DNMT3A, as well as NUP98/NSD1 
fusions, which are currently known to affect outcomes and 
response to therapy. Furthermore, FLT3 measuring assays 
are not cross-validated within trials along with consider
able variability in the FLT3-ITD cut-off used (0.5 in the 
ELN recommendations, 0.7 in the RATIFY study) for 
treatment, as well as the dynamic changes that happen to 
this ratio over time. Until standardization of definitions, 
the indication of ASCT remains itself controversial in 
patients with low (<0.5) allelic ratio FLT3-ITD who have 

a concomitant NPM1 mutation and achieve MRD negative 
status on therapy (Bazarbachi et al, 2020).47

IDH1/IDH2 Inhibitors
Ivosidenib and enasidenib have been recently approved for 
the treatment of IDH1 and IDH2-mutated AML, 
respectively.75,76 Owing to the natural history of this subtype 
of AML and the relative safety of these agents, they could 
present as a promising option for maintenance therapy post- 
ASCT. Some trials (NCT03515512, NCT03564821) are 
currently evaluating the significance of these mutations and 
their role in post-ASCT relapses, as well as the safety of the 
corresponding targeted agents in this setting.

BCL2 Inhibitors
Venetoclax is a BCL2 inhibitor that competitively binds to 
the BH3 domain of BCL2, an anti-apoptotic protein, 
releases BH3-only proteins and induces apoptosis of 
hematologic malignant cells.77 Venetoclax has been eval
uated and is currently approved in combination with low- 
dose cytarabine and azacitidine or decitabine.78,79 These 
studies have included only a few patients who relapsed 
after ASCT and still achieved CR with the combination. 
Two prospective trials investigating the efficacy of vene
toclax in combination with azacitidine at improving RFS 
are currently enrolling AML patients for maintenance or 
preemptive therapy post-ASCT.

Hedgehog (Hh) Pathway Signaling Inhibitors
Anomalous hedgehog (Hh) pathway signaling is involved 
in the survival and proliferation of leukemia stem cells,80 

especially those resistant to chemotherapy.81 Glasdegib, an 
oral small Hh inhibitor, has been recently FDA approved 
in combination with low-dose cytarabine for the treatment 
of AML patients not eligible for intensive therapy, after 
showing OS benefit.82 Based on these findings, glasdegib 
is currently being evaluated in a phase II study for post- 
ASCT maintenance for AML patients at high-risk of 
relapse (NCT01841333).

Agents Targeting Mutated P53
AML and MDS with abnormal 17p or mutated p53 are 
known to portend dismal outcomes with the highest risk of 
relapse even in the post-ASCT phase.83 APR-246 is an agent 
that targets p53 mutation in an attempt to restore its function 
and showed up to 80% CR rate in an early trial of patients 
with myeloid malignancies.84 Based on this concept, a phase 
II trial studying the combination of azacytidine and APR-246 
is currently enrolling allografted patients with MDS and 
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AML and mutated p53 (NCT03931291) with a primary end
point being 1-year RFS.

Targeting Leukemic Surface Receptors
Monoclonal Antibodies
The use of antibody-drug conjugates (ADC) could achieve 
target specificity through inhibition of certain surface mar
kers, such as CD33, expressed on the majority of myelo
blasts. Gemtuzumab ozogamicin (GO) is a MoAb against 
CD33 conjugated to the toxin calicheamicin. In a small 
study of 10 relatively young patients allografted for high- 
risk AML, GO was administered with azacitidine as main
tenance post-ASCT.85 After a median number of 1.5 cycles 
only complicated by reversible hematological toxicities, 
40% of patients relapsed.

Another newer generation anti-CD33 ADC 
Vadastuximab talirine (SGN33a) conjugated to 
a pyrrolobenzodiazepine dimer was studied as mainte
nance in the post-ASCT setting (NCT02326584), but the 
phase I/II trial was terminated early because of neutrope
nia and thrombocytopenia.

Immune-Mediated Therapies
Maintenance therapy with immune checkpoint inhibitors, 
such as nivolumab, is being investigated in clinical trials 
for patients with high-risk AML in remission post- 
consolidation, who are not candidates for ASCT.86 For 
instance, using this selective immune modulation for post- 
ASCT maintenance may provide similar benefits and mer
its investigation owing to their inherent activity in AML. 
Nonetheless, issues related to acute GVHD are likely to 
emerge, as seen with previous studies of lenalidomide in 
this setting,87 thereby limiting the wide adoption of these 
agents.88–90

Other agents on the outlook in this setting include anti- 
chemokine (C-X-C motif) receptor 4 (CXCR4) as well as 
CAR T-cell therapy.

Our Personalized Approach for 
Post-ASCT Maintenance
AML has increasingly presented itself as a poster child for 
personalized treatment approaches. ASCT by itself should 
not be regarded as an ultimate definitive therapy for all 
patients and with established poor outcomes for post- 
ASCT relapses, preventing one remains more beneficial 
than treating it. Nonetheless, we still have no simple 
algorithm or strategy to address post-ASCT relapses or 

maintenance approaches. As delineated above, most avail
able information is derived from phase II trials of HMAs 
and FTL3-ITD TKIs and few randomized data. Recent 
development of targeted agents made their use in the post- 
transplant setting more exciting taking into consideration 
the potential risks on GVHD and immune reconstitution 
post-ASCT. Furthermore, better MRD assessments facili
tated the optimal selection of high-risk candidates who 
would benefit from such strategies.

Any treatment decision should therefore involve the 
patient’s performance status, the pre-transplant disease 
course, the presence of actionable mutations, and the use 
of concurrent immunosuppressive medications as well as 
GVHD. Prognostication of high-risk AML patients has 
been recently refined, especially with the introduction of 
various MRD assays. These include MFC5,91 and NGS- 
MRD monitoring, both shown to be predictive for post- 
transplant relapse and survival.92,93

In our clinical practice, we utilize patient and disease 
characteristics coupled with pre- and post-transplant MRD 
assays as metrics to counsel patients about their risk of 
relapse. Awaiting further validation, we believe these are 
useful parameters, especially when conjugated to risk- 
stratified maintenance approaches. Nonetheless, we 
recommend the use of off-label FLT3-TKIs such as sor
afenib because of our favorable experience and the accu
mulating data with this regard, which led to the EBMT 
recommendations (Bazarbachi et al, 2020).47 HMAs still 
represent a cornerstone maneuver to upregulate neoanti
gens and modulate immune responses post-ASCT when 
used alone or in various upcoming combinations (HMA+ 
DLI or venetoclax, etc.). One would, however, ask if pre- 
transplant therapy matters in this setting and whether 
responding favorably or not to azacitidine as initial therapy 
could affect the outcomes of post-ASCT maintenance. 
Novel agents such as ADCs and BCL2-inhibitors may 
provide a favorable approach despite little knowledge 
about the effect of these molecules on the graft and their 
potential toxicities. Immune stimulation with agents such 
as ICPs currently remains investigational awaiting well- 
designed clinical trials. Additionally, we must continue to 
explore the genetic profiling of AML and its ramifications.

Future Challenges and Directions
Disease relapse remains a paramount endpoint to treating 
physicians and patients, far beyond the use of survival end
points alone based on small single-center trials. With the 
recent surge of therapeutic opportunities, the priority should 
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be to tailor randomized trials with refined conditioning regi
mens to post-transplant strategies while routinely incorporat
ing MRD and genomic assays. This will require a solid 
partnership between the transplant community, academia 
and the pharmaceutical institutions for innovative and well- 
integrated approaches. A model trial in this setting also needs 
to assess the activity of a certain approach and its effect on 
GVHD. There is a steadily increasing number of novel 
agents, mostly of oral bioavailability, which could be pre
ferred for maintenance therapy owing to their activity, dosing 
schedules, as well as minimal hematological toxicities. Other 
areas of interest include the use of MoAbs, ICP inhibitors and 
possibly products of cellular engineering (vaccines, modified 
chimeric antigen receptor T-cells, etc.). As a reflection of 
toxicities, we strongly support the integration of quality-of- 
life (QoL) metrics and patient-reported outcomes as infor
mative endpoints in the design of these prospective rando
mized trials.
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Background: Diabetes is a heterogeneous group of metabolic disorders characterized by 
hyperglycemia. The disease is highly associated with micro-vascular and macro-vascular 
complications. Thus, the main aim of this study was to compare basic coagulation profiles 
and platelet parameters among type 1 diabetes mellitus (T1DM), type 2 diabetes mellitus 
(T2DM), and healthy controls.
Methods: A comparative cross-sectional study was conducted at Dessie Referral Hospital 
from February to April 2019. A total of 180 study participants consisting of (60 T1DM, 60 
T2DM, and 60 healthy controls) were enrolled using a systematic random sampling techni
que. Basic coagulation profiles and platelet parameters were determined using the 
HUMACLOT JUNIOR coagulometer and DIRUI BF 6500 automated hematology analy
zer respectively. Non-parametric Kruskal–Wallis test supplemented with Dunn-Bonferroni 
correction and Spearman rank-order correlation test were used to compare basic coagulation 
profiles and platelet parameters among the groups. The test result was expressed in median 
and interquartile range and presented in texts and tables. P-value < 0.05 was considered to be 
statistically significant.
Results: Prothrombin time (PT) and international normalization ratio (INR) were 
significantly reduced in T2DM as compared to T1DM and healthy controls (p <0.05). 
Platelet distribution width (PDW) and mean platelet volume (MPV) were significantly 
increased in both T1DM and T2DM as compared to healthy controls (p <0.05). 
Moreover, PT and INR were negatively correlated with fasting blood glucose (FBG) 
among T1DM and PT, INR and activated partial thromboplastin time (APTT) were 
negatively correlated with FBG among T2DM.
Conclusion: Basic coagulation profiles and platelet parameters were significantly different 
between diabetes and controls where PT and INR in T2DM were significantly reduced as 
compared to T1DM and controls. However, PDW and MPV were significantly elevated in 
both T1DM and T2DM as compared to controls. Moreover, FBG was significantly nega
tively correlated with PT and INR among T1DM and FBG was significantly negatively 
correlated with PT, INR, and APTT among T2DM. Therefore, T2DM may be related to 
increased risk of thrombosis indicated by reduced PT and INR and high PDW and MPV than 
T1DM and controls. Basic coagulation profiles and platelet parameters should be regularly 
tested for early diagnosis and proper management of diabetes-related thrombosis.
Keywords: diabetes mellitus, basic coagulation profiles, platelet parameters, Dessie, 
Ethiopia
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Background
Diabetes mellitus (DM) is a heterogeneous group of meta
bolic disorders characterized by hyperglycemia due to 
defects in insulin secretion, insulin action, or both. The 
disease is highly associated with micro-vascular and 
macro-vascular complications.1,2 Diabetes can be diag
nosed using laboratory test if one or more of the following 
criteria are met: If fasting plasma glucose level ≥7.0 
mmol/l (126 mg/dl) or two-hour plasma glucose level 
≥11.1 mmol/l (200 mg/dl) following a 75g oral glucose 
load or a random glucose level > 11.1 mmol/l (200 mg/dl) 
or HbA1c ≥ 48 mmol/l (equivalent to 6.5%).1 Moreover, 
both T1DM and T2DM may be related to multiple con
sequences as glucose levels are associated with many 
physiological processes including lipid metabolism, the 
regulation of inflammation, vasodilatation, basic cell 
growth, and replication in uncontrolled diabetes.3

Diabetes is a risk factor for cardiovascular disease 
(CVD). Besides, some antecedent environmental and 
genetic factors precede the development of both diabetes 
and CVD. Independent risk factors including obesity, 
hypertension, toxins, and other genetic factors may be 
the possible risk factor and significantly related to glucose 
intolerance, hyperinsulinemia, dyslipidemia, insulin resis
tance syndrome, inflammation, thrombophilia, dysglyce
mia, oxidative stress, inflammation, endothelial 
dysfunction, and the generation of procoagulant and 
atherogenic lipoproteins which might be the common pos
sible risk factors for both DM and CVD.4–6

The incidence and prevalence of DM rise quickly and 
becoming one of the most prevalent and costly chronic 
diseases worldwide.1 International Diabetes Federation 
(IDF) reported in 2017, the number of people with DM 
was 424.9 million with an overall prevalence of 8.8%. In 
the same year, IDF reported an estimated 15.5 million 
adults aged 20–79 years were living with DM in the 
Africa region representing a regional prevalence of 
3.3%.1 Accelerated micro and macrovascular complica
tions occurred in both types of diabetes. Moreover, both 
T1DM and T2DM are considered to be the risk factors for 
increased cardiovascular disease and stroke in unmanaged 
and poor glycemic control conditions.7,8 Acute complica
tions such as diabetic ketoacidosis, and hyperosmolar 
hyperglycemic state (HHS) and cardiovascular disease, 
stroke, chronic kidney failure, foot ulcers, impotence, 
and damage to the eyes commonly manifested as chronic 
complications of diabetes.9

Diabetes is significantly associated with metabolic 
and vascular disturbances.10 An atherothrombotic disease 
that can affect the coronary, cerebral circulation and 
peripheral arteries are accelerated among T1DM and 
T2DM patient.11,12 Atherothrombosis is the leading 
cause of morbidity and mortality in diabetes as it 
increases the risk of coronary heart disease, stroke, and 
peripheral arterial disease by 2- to 4-folds.12 Eighty per
cent of the patient with DM  died due to thrombotic 
complications and 75% of these death being due to car
diovascular complications.11–14 The pathophysiological 
mechanisms related to the diabetic pro-thrombotic state 
are endothelial dysfunction, platelet hyperactivation, and 
increased activation of pro-thrombotic coagulation fac
tors coupled with decreased fibrinolysis. Hyperglycemia 
and insulin deficiency in T1DM and hyperglycemia, IR, 
dyslipidemia, low-grade inflammation, oxidative stress, 
and other metabolic disorder in T2DM are the main 
contributors to the occurrence of diabetic pro- 
thrombotic conditions.15

Hyperglycemia, IR, dyslipidemia, hypertension, and 
the presence of excess free fatty acids may cause endothe
lial dysfunction through multiple mechanisms.11 In most 
cases, hyperglycemia can directly influence the vulnerabil
ity of vascular endothelium by changing its glycocalyx 
layers thereby this process enhances platelet-endothelial 
cell adhesion and release of coagulation factors and there
fore, triggers occlusive thrombus formation.16,17 Besides, 
hyperglycemia and IR increase the accumulation of reac
tive oxygen species and reactive nitrogen species through 
the process of oxidative stress that can change the struc
ture and functional activity of vascular endothelium. In 
general, hyperglycemia and IR could cause the disturbance 
between vasodilators and vasoconstrictors which increases 
the risk of atherosclerosis and thrombus formation.11,18

Hyperglycemia and IR in diabetes can change and 
up-regulate the gene expression pathway involving the 
coagulation protein as it may increase the generation of 
oxidative stress. Therefore, this process increases the 
synthesis of pro-thrombotic coagulation factors such as 
fibrinogen, tissue factor (TF) and factor VII (FVII), 
plasminogen activator inhibitor-1 (PAI-1), and other 
pathological pro-inflammatory cytokines. Moreover, 
hyperglycemia can trigger the formation of glycated 
fibrinogen through the glycation process resulted in the 
formation of fibrin clot which is dense in structure and 
resistant to fibrinolysis. Therefore, this change may 
increase the risk of atherothrombosis and CVD.11,12,18
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In diabetes, hyperglycemia, insulin resistance, insulin 
deficiency, cellular abnormalities, metabolic disorder, 
inflammation, and oxidative stress are involved in dysre
gulation of several signaling pathways stimulating platelet 
enhanced adhesion, activation, and aggregation.15 It is 
found that hyperglycemia causes platelet to become large 
and hyperactivated. Therefore, larger platelets release 
more prothrombotic factors such as thromboxane A2.19 

In addition, markers of fibrinolysis are abnormal in people 
with metabolic syndrome, and fibrinolytic dysfunction is 
markedly increased.20

Different studies involved coagulation profiles and pla
telet parameters among diabetic patient-reported contrast
ing findings. Some studies reported that normal APTT and 
PT,21,22 and some other studies reported that significantly 
prolonged APTT and PT among patients with T2DM23,24 

and some other related studies also reported that shortened 
APTT and PT among T2DM patient.25,26 Activated partial 
thromboplastin time is a screening test for intrinsic and 
common pathways of coagulation and PT is a screening 
test for extrinsic and common pathways of coagulation 
systems standardized by using INR to normalize for the 
variable responsiveness of thromboplastin reagents.27 

Platelet count and platelet indices are important para
meters that can reflect the number, size, and activity of 
platelets.28 Basic coagulation tests and platelet parameters 
serve as important biomarkers to assess the coagulation 
factors and platelet parameters to predict the progression 
of cardiovascular and thrombosis complications among 
diabetic patients.

Methods and Materials
Study Design, Period, and Area
A comparative cross-sectional study was conducted from 
February to April 2019 at Dessie Referral Hospital, 
Northeast Ethiopia. The hospital provides emergency, anti
retroviral therapy services, chronic care, surgical, dental, 
medical, pediatric, gynecologic, obstetric, and other ser
vices for more than 4 million clients.

Study Participants
The study was conducted on a total of 180 study partici
pants. Study participants who had a history of known 
inherited bleeding disorders, hypertension, chronic renal 
disease, chronic liver disease, any history of malignancy, 
infectious diseases (human immunodeficiency virus (HIV), 
hepatitis B virus (HBV) and hepatitis C virus (HCV)), 

those with the habit of smoking, regular chat chewing 
and alcohol drinker were excluded from the study. 
Moreover, pregnant and lactating mothers, patients receiv
ing anticoagulant and antiplatelet agent therapy, and oral 
contraceptive users were also excluded from the study.

Sample Size Determination and Sampling 
Techniques
The rule of thumb that has been recommended by van 
Voorhis and Morgan, has been applied to determine the 
sample size.29 Thus, a total of 180 study participants (60 
T1DM, 60 T2DM, and 60 age and gender-matched con
trols) were enrolled in the study. A systematic random 
sampling technique was employed to recruit diabetic 
cases from Dessie referral hospital chronic care clinics 
and controls from Dessie Blood Bank.

Data Collection and Laboratory Analysis
Socio-demographic characteristics and clinical information 
of study participants were collected using a structured ques
tionnaire. Blood sample was collected from the study parti
cipants following standard operating procedures (SOPs) by 
qualified laboratory personnel after informed consent has 
been obtained. Following an aseptic vein puncture, about 
5.7 mL of fasting blood sample was collected with a sterile 
disposable syringe then; about 2.7 mL of the collected blood 
sample was dispensed into the test tube containing 0.3 mL of 
3.2% trisodium citrate. Platelet-poor plasma (PPP) was 
obtained by centrifuging at 1500 g for 15 minutes. APTT, 
PT, and INR were determined using the HUMAN CLOT 
JUNIOR coagulation analyzer (Wiesbaden, Germany). First, 
50 microliters (μL) of test PPP were warmed at 37°C for 5 
minutes. At the same time, the APTT reagent and calcium 
chloride buffer solution were simultaneously incubated then, 
50 μL of APTT reagents were added to the warmed platelet- 
poor plasma and then incubated at 37°C for 3 minutes 
followed by the addition of 50 μL pre-warmed calcium 
chloride buffer solution. Therefore, the analyzer read the 
clotting time of APTT and displayed the result in seconds. 
The PT reagent which contains lyophilized thromboplastin 
of rabbit brain was reconstituted by mixing one vial of 
thromboplastin reagent and one vial calcium chloride buffer 
solution followed by the vial stand undistributed for 30 
minutes at room temperature then, the mixture incubated at 
37°C for 10 minutes. One hundred μL of the test PPP was 
added into the test cuvette followed by incubation at 37°C 
for 3 minutes. Subsequently, 200 μL of the pre-warmed PT 
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reagent rapidly added and the time is taken for clot forma
tion (in seconds) was recorded and at the same time, INR 
was calculated and displayed from PT output. For platelet 
analysis, about 3 mL of whole blood was dispensed into 
EDTA test tube and properly mixed. Platelet parameters 
were determined using DIRUI BF 6500 automated hematol
ogy analyzer (DIRUI INDUSTRIAL CO. LTD., P.R., 
CHINA).

Data Quality Management
Blood sample was collected and processed according to 
the SOPs. Samples were properly mixed and homogenized 
by inverting 8–10 times and safety procedures and speci
men handling procedures were strictly followed. The per
formance of automated instruments was maintained by 
daily running of two-level controls (Normal and patholo
gical) for coagulometer and daily background checking for 
hematology analyzer was conducted. Daily cleaning of 
automated analyzers and other equipment before leaving 
the laboratory was conducted. Training was given and 
daily regular supervision was conducted for data 
collectors.

Data Management and Analysis
Data were coded, entered, and cleaned using Epi Data 3.1 
version and then exported to statistical package for social 
sciences (SPSS) version 21.0 (IBM Corporation, Armonk, 
NY, USA). The Kolmogorov–Smirnov test was conducted 
to check the normality of continuous variables. Levene’s 
tests were conducted to check the homogeneity of var
iance. Kruskal–Wallis test supplemented with Dun- 
Bonferroni correction was used to compare the median 
of continuous variables. Spearman rank-order correlation 
test was used to determine the correlation between fasting 
blood glucose (FBG), PT, INR, APTT, platelet count, 
PDW, and MPV. The results were summarized using med
ian and interquartile range (IQR) and presented using 
tables and texts. P-value < 0.05 was considered as statis
tically significant.

Results
Socio-Demographic Characteristics of 
Study Participants
In this study, a total of 180 adult study participants were 
included. The study participants were categorized into 
three groups; T1DM, T2DM, and healthy blood donors 
as a control, and 60 adult individuals were involved in 

each study group. The median age of the study partici
pants were 30, 34.5, and 31.0 years for the respective 
T1DM, T2DM, and control groups. From the total study 
participants, 95 of them (52.8%) were males (Table 1).

Clinical Characteristics of Study 
Participants on Diabetes
A total of 120 DM study participants comprised of 38 
(63.3%) of T1DM and 33 (55%) of T2DM were below 5 
years based on the duration of treatment (Table 2).

Basic coagulation abnormality was high in T2DM in 
which 11.7% of T1DM and 16.7% of T2DM had shor
tened PT whereas 53.3% of T1DM and 63.3% of T2DM 
had shortened APTT (Table 3).

Table 1 Socio-Demographic Distribution of Study Participants at 
Dessie Referral Hospital, Northeast Ethiopia from February to 
April 2019 (N=180)

Variables Category T1DM; 
N=60 
n (%)

T2DM; 
N=60 
n (%)

Controls; 
N=60  
n (%)

Age 18–24 18 (30.0) 13 (21.7) 17 (28.3)

25–34 17 (28.3) 17 (28.3) 21 (35.0)
35–44 15 (25.0) 14 (23.3) 13 (21.7)

≥45 10 (16.7) 16 (26.7) 9 (15.0)

Gender Male 35 (58.3) 29 (48.3) 31 (51.7)

Female 25 (41.7) 31 (51.7) 29 (48.3)

Residence Urban 37 (61.7) 38 (63.3) 49 (81.7)

Rural 23 (38.3) 22 (37.7) 11 (18.3)

Religion Orthodox 12 (20.0) 20 (33.3) 20 (33.3)

Muslim 46 (76.7) 37 (61.7) 34 (56.7)

Protestant 2 (3.3) 3 (5.0) 6 (10.0)

Educational 

level

Illiterate 11(18.3) 16 (26.7) 4 (6.7)

Primary 

school

22 (36.7) 14 (23.3) 4 (6.7)

Secondary 
school

12 (20.0) 15 (25) 10 (16.7)

Diploma 12 (20.0) 11 (18.3) 23 (38.2)

Degree 
and above

3 (5.0) 4 (6.7) 19 (31.7)

Marital 
status

Single 22 (36.7) 14 (23.3) 24 (40.0)
Married 36 (60.0) 42 (70.0) 33 (55.0)

Divorced 2 (3.3) 4 (6.7) 3 (5.0)

Abbreviations: T1DM, type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus.
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Comparison of Basic Coagulation Profiles 
and Platelet Parameters Among T1DM, 
T2DM, and Healthy Controls
The non-parametric Kruskal–Wallis test was used to com
pare the median value among the groups. The finding of the 
Kruskal–Wallis test for PT, INR, PDW, and MPV showed 
a statistically significant median (IQR) difference among 
T1DM, T2DM, and healthy controls (p <0.05) (Table 4).

Multiple Comparisons of Basic Coagulation 
Profiles and Platelet Parameters Among 
T1DM, T2DM, and Healthy Controls
Dunn-Bonferroni correction was conducted for multiple 
comparisons between the groups. In multiple pairwise 

comparisons with Dunn-Bonferroni correction, the median 
and IQR of PT and INR among T2DM were the statisti
cally significant difference as compared to T1DM and 
healthy controls (p<0.05). The median and IQR of PDW 
and MPV in both T1DM and T2DM showed a statistically 
significant difference as compared to healthy controls (p 
<0.05) (Table 5).

Correlation of FBG with Basic 
Coagulation Profiles and Platelet 
Parameters Among T1DM and T2DM
In this study, Spearman rank order correlation showed that 
there were statistically significant negative correlation 
between FBG, PT and INR in T1DM (rho= - 0.260, 
p =0.045), rho = −0.273, p =0.035)) respectively and 
there were statistically significant negative correlation 
between FBG, PT, INR and APTT in T2DM (rho = 
−0.399, P=0.002), rho =0.392, p=0.002), rho=−0.303, 
p=0.019)) (Table 6).

Discussion
Atherothrombotic disease is the leading cause of morbidity 
and mortality in patients with diabetes which is usually 
associated with both metabolic and vascular 
abnormalities.10 Diabetes considered to be the independent 
risk factor for the development of atherosclerosis. 
Therefore, atherosclerosis is the main cause of macrovas
cular complications,1,24 and therefore, causes increased 
platelet activation, activation of coagulation factors, and 
hypo fibrinolysis significantly associated with an increased 
risk of cardiovascular disease.1,24–26

In this study, PT and INR were significantly reduced in 
T2DM patients as compared to T1DM and healthy con
trols. This result was similar to the finding reported in 
India and Nigeria30,31 where PT was reduced among 
T2DM and in Gahanna26 PT and INR was found signifi
cantly reduced among T2DM as compared to controls 
(p<0.05). The possible reason for this might be due to 
the presence of different factors associated with hypergly
cemia, IR, dyslipidemia, low-grade inflammation, and oxi
dative stress possibly the common contributors for 
endothelial dysfunction, platelet hyperactivation, and 
increased activation of prothrombotic coagulation 
factors.15,18

On contrary, a study conducted in Egypt10 and 
Sudan32 showed that PT between T2DM and controls 
had no significant difference. The reason for this 

Table 2 Clinical Characteristics of T1DM and T2DM Study 
Participants at Dessie Referral Hospital, Northeast Ethiopia 
from February to April 2019 (N=120)

Variables Category T1DM; 
N=60 
n (%)

T2DM; 
N=60 
n (%)

Medication Regimen Insulin 60(100) –

Metformin - 37 (61.6)

Glibenclamide - 7 (11.7)
Metformin and 

Glibenclamide

- 12 (20.0)

Insulin and Oral 
hypoglycaemic 

Agents

- 4 (6.7)

Diabetic Ketoacidosis Yes 4 (6.7) -

No 56 (93.3) 60 (100)

HHS Yes 1 (1.7) 1 (1.7)

No 59 (98.3) 59 (98.3)

Foot ulcer Yes - 3 (5.0)

No 60 (100) 57 (95.0)

Visual Disturbance Yes - 4 (6.7)

No 60 (100) 56 (93.3)

Neuropathy Yes 1 (1.7) 2 (3.3)

No 59 (98.3) 58 (96.7)

Duration of Treatment 0–5 years 38 (63.3) 33 (55.0)

6–10 years 17 (28.3) 7 (28.3)
> 10 years 5 (8.3) 10 (16.7)

Duration of DM 0–5 years 38 (63.3) 33 (55.0)
6–10 years 17 (28.3) 7 (28.3)

> 10 years 5 (8.3) 10 (16.7)

Abbreviations: IQR, interquartile range; HHS, hyperglycemic hyperosmolar state; 
FBG, fasting blood glucose.
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variation might be due to sample size variation, variation 
in study design, and the variation in the study population. 
On the other hand, a study finding in Nigeria showed PT 
was significantly elevated in T2DM as compared to 
controls.23 This variation might be due to the presence of 
elevated levels of in vitro inhibitor of coagulation such as 
D-dimer, thrombin-antithrombin complex, and prothrombin 
activation fragment 1+2 which are markers of coagulation 
activation that may cause prolonged PT.23 In this study, PT 

and INR revealed a statistically significant difference 
between T1DM and T2DM individuals. This variation 
might be due to T2DM have elevated levels of free fatty 
acids, elevated insulin levels accompanied with insulin 
resistance, and elevated levels of PAI-1 but reduced in 
T1DM, which can affect the regulation of many physiolo
gical processes, including alterations in fibrin clot para
meters, endothelial dysfunction, atherosclerotic plaque 
formation and cardiac lipotoxicity.3

Table 3 Basic Coagulation Profiles and Platelet Parameters of Study Participants at Dessie Referral Hospital, Northeast Ethiopia from 
February to April 2019 (N=180)

Variables Category T1DM T2DM Controls Reference Range
n (%) n (%) n (%)

PT (sec.) Shortened 7 (11.7) 10 (16.7) 2 (3.3) 14–16 sec

Normal 32 (53.3) 40 (66.7) 32 (53.3)
prolonged 21 (35) 10 (16.7) 26 (43.3)

INR shortened 5 (8.3) 5 (8.3) 0 (0) 0.8–1.2
Normal 38 (63.3) 47 (78.3) 40 (66.7)

prolonged 17 (28.3) 8 (13.3) 20 (33.3)

APTT (sec.) shortened 32 (53.3) 38 (63.3) 32 (53.3) 24–36 sec

Normal 28 (46.7) 21 (35) 28 (46.7)

prolonged 0 1 (1.7) 0

Platelet count (×103/ul) Low 2 (3.3) 3 (5) 0 150–400×103/ul

Normal 56 (93.3) 56 (93.3) 60 (100)
high 2 (3.3) 1 (1.7) 0

PDW (%) Low 8 (13.3) 12 (20) 17 (28.3) 15–18 fl
Normal 29 (48.3) 33 (55) 41(68.3)

high 23 (38.3) 15 (25) 2 (3.3)

MPV (fl) Low 0 1 (1.7) 0 7–13 fl

Normal 59 (98.3) 58 (96.7) 60 (100)
high 1(1.7) 1 (1.7) 0

Abbreviations: PT, prothrombin time; APTT, activated partial thromboplastin time; INR, international normalization ratio; PDW, platelet distribution width; MPV, mean 
platelet volume; ul, microliter; fl, femtoliter.

Table 4 Comparison of Coagulation Profiles (PT, INR, and APTT) and Platelet Parameters (Platelet Count, PDW, and MPV) 
Among Study Groups at Dessie Referral Hospital, Northeast Ethiopia from February to April 2019 (Kruskal–Wallis Test)

Variables T1DM N=60 T2DM N=60 Controls N=60 P-value

Median [IQR] Median [IQR] Median [IQR]

PT (sec.) 13.2 (2.9) 12.5 (2.9) 13.9 (1.7) 0.001*

INR 1.13 (0.25) 1.03 (0.25) 1.15 (0.14) 0.001*

APTT (sec.) 24.4 (5.3) 23.1 (4.0) 23.4 (5.1) 0.212
Platelet count (×103/ul) 242.0 (109) 264.5 (109) 277.0 (75) 0.127

PDW (%) 17.1 (2.5) 17.0 (2.5) 15.6 (1.0) 0.004*

MPV (fl) 10.2 (1.5) 10.3 (1.6) 9.7 (1.2) <0.001*
FBG (mg/dl) 200 (200) 239.5 (149) 88.5 (12)

Notes: *Significant at p<0.05, p-value <0.05 considered to statistically significant.
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In this study, platelet parameters (PDW and MPV) 
showed that there was a statistically significant increase 
among T1DM and T2DM as compared to healthy controls 
(P<0.05). This finding was in agreement with the studies 
done in India and Ethiopia which reported an increased in 
PDW and MPV in T2DM than controls, respectively.32,33 

Similarly, other studies conducted in Turkey and Nigeria 
reported that MPV was significantly increased in T2DM as 
compared to controls.34–36 Moreover, this study was in 
concurrent finding in Poland reported that increased 

MPV and PDW in T1DM as compared to controls,37 and 
a similar finding was reported in Nigeria where high MPV 
in T1DM as compared to controls.38 The reason might be 
since hyperglycemia causes non-enzymatic glycation of 
proteins on the surface of the platelet thereby reduces 
membrane fluidity and its elasticity and increases its reac
tivity through direct osmotic effects on platelets. This 
results in osmotic swelling of platelets and may cause an 
increased rate of platelet turnover.39 On the other hand, 
discordance finding was reported in China found that no 
significant PDW difference between T2DM and controls.40 

The reason for this variation might be due to variation in 
sample size and variation in a population.

The present study finding showed that FBG in T1DM was 
statistically negatively correlated with PT and INR and FBG 
in T2DM was negatively correlated with PT, INR, and APTT. 
This finding was in agreement with a study done in Indonesia 
that revealed a negative correlation between FBG and PT 
among T2DM.41 The reason might be since hyperglycemia 
exerted a procoagulant effect indicated by the elevation of 
thrombin-antithrombin complexes,soluble tissue factor, 
increased levels of thromboxane A2, VWF, FVIII, tissue 
plasminogen activator (TPA), fibrinogen, and increased the 
level of PAI. The differential effects of hyperglycemia and IR 
suggested that patients with hyperglycemia due to IR are 
especially susceptible to thrombotic events by concurrent 
insulin-induced impairment of fibrinolysis and glucose- 
induced activation of coagulation.11,16 On the other hand, 
Nnenna et al, and Fadairo et al, in Nigeria reported that 
a positive correlation existed between FBG and APTT, PT, 
and INR in DM patients.23,42 The reason for this variation 
might be due to variation in sample size and coagulation 
analyzer.

The present study showed that no significant correla
tion between FBG and APTT, platelet count, PDW, and 
MPV in T1DM and no significant correlation between 
FBG and platelet count, PDW, and MPV in T2DM. 
A similar finding was reported in Iran which found that 
no statistically significant correlation between FBG and 
platelet count in DM patients.43 The contrary finding was 
reported in China which found a significant positive cor
relation between FBG and platelet count, PDW, and MPV 
in T2DM patients,40 and in Nigeria reported a significant 
positive correlation between FBG and platelet count in 
T1DM.38 The reason for this variation might be due to 
variation in the population, variation sample size, and 
variation in automated hematology analyzer.

Table 5 Post Hoc Test with Dunn-Bonferroni Correction for 
Multiple Comparisons Among Study Groups at Dessie Referral 
Hospital, Northeast Ethiopia from February to April 2019 
(Pairwise Multiple Comparisons)

Variables Pairwise Multiple Comparisons (Dunn- 
Bonferroni Correction)

T1DM vs 
T2DM

T1DM vs 
Controls

T2DM vs 
Controls

PT (sec.) 0.033* 0.910 0.001*

INR 0.025* 0.982 0.001*

PDW (%) 0.711 <0.001* <0.001*
MPV (fl) 1.00 0.007* 0.026*

FBG (mg/dl) 0.338 <0.001* <0.001*

Notes: N=120, *significant at p<0.05, P-value <0.05 considered statistically signifi
cant.F

Table 6 Correlation of FBG with Basic Coagulation Profiles and 
Platelet Parameters Among T1DM and T2DM at Dessie Referral 
Hospital, Northeast Ethiopia from February to April 2019 
(Spearman Rank-Order Correlation Test)

Group of 
Study 
Participant

Variables Correlation 
Coefficient 
(Spearman 
Rho)

p-value

T1DM PT − 0.260 0.045*

INR −0.273 0.035*

APTT −0.158 0.227
Platelet count −0.086 0.512

PDW 0.112 0.395

MPV 0.156 0.234

T2DM PT −0.399 0.002*

INR −0.392 0.002*
APTT −0.303 0.019*

Platelet count −0.161 0.218

PDW 0.150 0.252
MPV 0.015 0.910

Notes: N=120, *significant at p<0.05, P-value <0.05 considered statistically 
significant.
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Conclusion
In this study, basic coagulation profiles and platelet parameters 
were significantly different between diabetes and controls 
where PT and INR in T2DM were significantly reduced as 
compared to T1DM and controls. However, PDW and MPV 
were significantly elevated in both T1DM and T2DM as 
compared to controls. Moreover,FBG was significantly nega
tively correlated with PT and INR among T1DM and FBG was 
significantly negatively correlated with PT, INR, and APTT 
among T2DM. Therefore, T2DM may be related to increased 
risk of thrombosis indicated by reduced PT and INR and high 
PDW and MPV than T1DM and controls. Basic coagulation 
profiles and platelet parameters should be regularly tested for 
early diagnosis and proper management of diabetes-related 
thrombosis. A longitudinal study should be conducted to estab
lish the cause-effect relationship between DM, coagulation 
profiles, and platelet parameters. Further study will be required 
to determine the association between   diabetes-related com
plications, coagulation profiles, and platelet parameters.

Abbreviations
APTT, activated partial thromboplastin time; CVD, cardi
ovascular disorder; DM, diabetes mellitus; FBG, fasting 
blood glucose; FVII, factor VII; IDF, International 
Diabetes Federation; INR, international normalization 
ratio; IR, insulin resistance; MPV, mean platelet volume; 
PAI-1, plasminogen activator inhibitor-1; PDW, platelet 
distribution width; PT, prothrombin time; SOP, standard 
operating procedure; T1DM, type 1 diabetes mellitus; 
T2DM, type 2 diabetes mellitus; TF, tissue factor.
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Introduction: Blood transfusion is a basic and an emergency intervention in health care 
facilities which has a great role in reducing significant morbidity and mortality. However, 
there is a major shortage of blood and blood products in developing countries including 
Ethiopia. This study aimed to assess practice of blood donation and associated factors among 
health science college students in Dessie town, northeast Ethiopia.
Methods: An institution-based cross-sectional study was conducted among health science 
college students from May to June 2019. A pre-tested and self-administered structured 
questionnaire was used for data collection. Multivariable logistic regression analysis model 
was applied to identify independent predictors of blood donation practice at the level of 
significance below 0.05.
Results: Overall, 12.4% (95% CI: 9.5–15.5) of participants had been donated blood at least 
once in their lifetime. However, 59.2% of participants have willingness to donate blood in 
the future. In this study, older age (≥25years) (AOR=2.30, 95% CI: 1.18–4.46), had family 
history of blood transfusion (AOR=3.55, 95% CI: 1.71–7.36), had knowledge (AOR=2.09, 
95% CI: 1.04–4.17) and favorable attitude (AOR=2.41, 95% CI: 1.01–5.75) about blood 
donation were significantly associated with practice of donating blood.
Conclusion: In this study, blood donation practice of health sciences college students was 
found to be low. Age, family history of blood transfusion, knowledge and attitude towards 
blood donation were independent predictors of blood donation practice. Therefore, Red 
Cross societies, Dessie town health office, health science colleges and other stakeholders 
should enhance the awareness of college students regarding the importance of donating 
blood.
Keywords: blood donation, college students, northeast Ethiopia

Introduction
Blood transfusions help to save millions of lives every year and support complex 
medical and surgical procedures.1 It is a basic and an emergency intervention in 
health care facilities which has a significant role in reducing morbidity and mor
tality. In addition, blood has an essential life-saving role in maternal and childcare 
interventions that could occur in human made and natural disasters. However, in 
many countries there is no adequate supply of blood available to fulfill the 
demand.2

There was a marked difference in the accessibility of blood between high and 
low income countries. The average annual collection of blood per blood center was 
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30,000 units of blood in high-income countries as com
pared to 3,700 in low-income countries.3 In principle, 
there are three types of blood donors. These are; replace
ment, paid, and voluntary donors.4 The World Health 
Organization (WHO) is recommending all countries 
should obtain their blood supplies from voluntary donors 
by the year 2020. But the majority of blood donation 
practices are replacement type of donation.5

From the 92 million units of blood collected annually, 
almost half was collected in high-income countries.3 

Similarly, more than 34 million peoples were donated 
blood from 189 national societies.6 Collected bloods 
could be discarded due to different reasons. The WHO's 
global database on blood safety indicated that, about 
1.6 million units of collected blood was discarded annually 
due to the presence of infections like HIV, hepatitis virus 
and syphilis.7

In developing countries, the habit of blood donation 
was much lower than that of high income countries.6 In 
sub-Saharan Africa, blood helps to reduce morbidity and 
mortality of young children and pregnant women in 
particular. However, many deaths could be prevented if 
national blood services and hospitals have adequate 
supplies of blood.8 From 2011 to 2014, the overall 
blood collections were increased by 19% among 14 
African countries, and in Ethiopia the services was 
increased by 73.8%.9 The Ethiopian Red Cross Society 
(ERCS) is the first organization in establishing blood 
bank service in the country. After the federal ministry 
of health has taken over the service from ERCS in 2012, 
the rate of national blood collection was increased from 
40,000 units of blood in 2011 to 88,000 in 2014 and the 
involvement of voluntary blood donors had been 
increased from 10% in 2011 to 70% in 2014.10 

According to WHO, countries’ blood transfusion service 
was recommended to be based on voluntary blood 
donors by 2020.11

The global burden of injuries and death from road traffic 
accidents was increased, particularly in Africa.12 The majority 
of deaths after traumatic injuries is as a result of hemorrhage.2 

In addition, hemorrhage has been identified as the leading 
cause of maternal mortality worldwide and in Ethiopia.13–18 

Generally, 50–80% of all blood transfusions were given to treat 
patients with severe anemia as a result of hemorrhage and 
trauma.19 Thus, timely access to blood transfusion has a great 
role to reduce significant morbidity and mortality in health care 
facilities. Although the global need of blood supply has been 
increased progressively, there is still evidence of a shortage of 

blood and blood products in developing countries including 
Ethiopia. In low income countries, lack of knowledge and poor 
attitude about donating blood were the major factors affecting 
blood donation practice.20 To what extent eligible segments of 
the population in Ethiopia have donated blood is vital to 
enhance community awareness interventions which are essen
tial to meet the demand for blood. In Ethiopia, numerous 
studies have been conducted regarding blood donation at com
munity level. However, there are few studies about the practice 
of blood donation among health science college students.

This study aimed to assess blood donation practices of 
health science college students and any associated factors 
in Dessie town, northeast Ethiopia.

Methods and Materials
Study Design, Period and Setting
An institution-based cross-sectional study was conducted 
among health science college students in Dessie town, 
northeast Ethiopia from May to June 2019. Dessie town 
is located 523 kilometers (KM) far from Bahir Dar 
(Regional city of Amhara) and 401 KM northeast of 
Addis Ababa (the capital city of Ethiopia). The town has 
one public referral hospital and three private hospitals. The 
referral hospital is designed to serve up to 5,000,000 
populations. There is one blood bank in the town that 
works in conjunction with the Red Cross society. There 
are four health science colleges in the town, with a total of 
3,560 students. Nursing, midwifery, public health officers 
and medical laboratory were the main programs executed 
in those colleges.

Population
The source populations were all health science college 
students founded in Dessie town and the study populations 
were randomly selected health science college students 
during data collection period.

Sample Size
A single population proportion formula [n = (Z a/2)2 P 
(1-P)/d2] was used to estimate the sample size by consid
ering the following assumptions: Proportion of 50%, 95% 
confidence level, 5% margin of error, and 10% non- 
response rate.21 Therefore, the final sample size was 423.

Sampling Technique and Procedure
From the four health science colleges found in Dessie 
town, the total number of students in each college was 
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determined. Proportional allocation was made at the level 
of college and year of entry to select students. Finally, 

a simple random sampling technique was used to select 
study participants (Figure 1).

Figure 1 Sampling procedures on the practice of blood donation among health science college students of Dessie town, northeast Ethiopia, 2019. 
Abbreviation: HSC, health science college.
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Data Collection Tool and Procedures
For data collection, self-administered structured question
naire was used which was adopted from previous 
studies.21–24 Socio-demographic variables, questions 
assessing the knowledge, attitude and practice of students 
about blood donation were included in the questionnaire. 
In addition, participants’ willingness to donate blood was 
also assessed (Supplementary material).

Data Quality Management
To maintain the quality of the data, four nurse data collec
tors and two public health officers as a supervisor were 
recruited and trained for two days regarding the objective 
of the study and other ethical issue. In addition, the data 
collection tool was pre-tested by assumption of 5% of the 
total sample size within one week prior to the actual data 
collection period in Wollo University health science stu
dents. Based on pre-test evaluation, the tool was modified 
and the necessary corrections were made. Finally, an orga
nized and valuable tool was made ready and used for the 
actual data collection.

Operational Definitions
Practice of blood donation: Students who had donated 
blood at least once in his or her lifetime.

Knowledgeable about blood donation: Among 
knowledge assessing questions, students who score was 
greater than or equal to a mean value of 0.5 were 
considered knowledgeable. Whereas, those who scored 
less than the mean value 0.5 were not considered to be 
knowledgeable.

Favorable attitude towards blood donation: Those 
respondents who scored the mean value of 0.3 and above 
among attitude assessing questions.

Unfavorable attitude towards blood donation: Those 
respondents who had scored below the mean value of 0.3 
answering attitude assessing questions.

Data Analysis
Data was entered using Epi-info version 7 and analyzed 
by SPSS (statistical package for social science) version 
20. Data were reported using mean for continuous vari
ables and proportions and tables were used to describe 
categorical variables. Bivariable and multivariable logis
tic analyses model were used with odds ratio and 95% 
confidence interval. In bivariable analysis, variables 
with p-value of 0.2 and below were entered into 

multivariable analysis model. In multivariable analysis 
model, variables with p-value < 0.05 were considered 
statistically significant.

Results
Socio-Demographic Characteristics of 
Study Participants
In this study, 412 students were participated with response 
rate of 97.4%. The mean age of participant was 19.5 years 
and 62.6% were in the age group of 18–24 years. Overall, 
55.6% of the participants were male, 64.8% were from an 
urban area, 36.9% were students of public health, and 
28.9% were second year students (Table 1).

Table 1 Socio-Demographic Characteristics of Respondents for 
Practice of Blood Donation Among Health Science College 
Students in Dessie Town, 2019 (n = 412)

Variables Frequency Percent (%)

Age category in completed year
18–24 258 62.6

≥25 154 37.4

Sex
Male 229 55.6

Female 183 44.4

Religion
Orthodox 186 45.2
Muslim 127 30.8

Protestant 99 24.0

Ethnicity
Amhara 357 86.7
Oromo 28 6.8

Tigray 19 4.6

Others b 8 1.9

Original Residence
Urban 267 64.8
Rural 145 35.2

Type of department
Nursing 80 19.4

Public Health Officer 152 36.9

Medical Laboratory 101 24.5
Midwifery 79 19.2

Student’s study Year
First 107 26.0

Second 119 28.9

Third 96 23.3
Forth 90 21.8

Note: bAfar, Benishangul-Gumuz.
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Respondents’ Practice of Blood Donation 
and Related Factors
Among all participants, 5.6% had been transfused with 
blood and 23% had family history of blood transfusion. 
Of all respondents, 40.5% and 67.2% had knowledge and 
favorable attitude about blood donation, respectively. 
Overall, 12.4% (95% CI: 9.5–15.5) of participants had 
donated blood at least once in their lifetime, of which, 
62.7% were donated voluntarily. Fear of health 

problems after screening (39.3%) and lack of information 
(31.5%) were the main reasons identified by non-blood 
donors. In this study, 59.2% of students are willingto 
donate blood voluntarily in the future (Table 2).

Factors Associated with Practice of Blood 
Donation
A total of eleven independent variables were included in the 
bivariable logistic regression analysis. Those variables asso
ciated with the dependent variable at p-value of less than 0.2 
were subjected into multivariable logistic analysis. Thus, 
after adjusted for confounding variables in multivariable 
analysis; older age (≥25 year) (AOR=2.30, 95% CI: 1.18–
4.46), those who had a family history of blood transfusion 
(AOR=3.55, 95% CI: 1.71–7.36), knowledge (AOR=2.09, 
95% CI: 1.04–4.17), and a favorable attitude (AOR=2.41, 
95% CI: 1.01–5.75) about blood donation were significantly 
associated with the practice of donating blood (Table 3).

Discussion
Blood transfusion is a basic and vital tool in emergency 
lifesaving interventions. Globally, the need for blood 
and blood products has been increasing and evidence 
showed that the habit of donating blood in the popula
tion was not satisfactory. In our study, 12.4% of students 
had been donated blood at least once in their lifetime. 
This finding was comparable with a previously reported 
study done in Nigeria (15%).25 However, it was higher 
compared to a study done in India (1.4%)26 and it was 
lower compared to studies conducted in three settings of 
Ethiopia Ambo (23.6%),27 Arsi (27.2%),28 and Addis 
Ababa university students (24.3%).29

It was also lower compared to studies done in Africa; 
Tanzania (30%),30 Sudan (27%),31 Malaysia (29.7%),32 

Nigeria (59.5%),33 Nepal (28.5%)34 as well as in three 
setting of India (38.4%),35 (17.3%),36 (23%),37 and Saudi 
Arabia (19%).38 This discrepancy could be due to differ
ence in socio demography and economical characteristics 
of study participants and the study period.

WHO is recommending all countries should obtain their 
blood from voluntary blood donors.11 In this study, of the 
total respondents who had been donated blood, about 62.7% 
were donated voluntarily. In Ethiopia, voluntary blood dona
tion showed a significant increase in the past decade.10 

Although the proportion of voluntary blood donors were 
moderate in the country, it is still not enough to meet the 
need required amount of blood so as to prevent the morbidity 

Table 2 Respondents’ Practice of Blood Donation and Related 
Factors Among Health Science College Students in Dessie Town, 
2019 (n = 412)

Variables Frequency Percent 
(%)

History of being transfused with 
blood

Yes 23 5.6
No 389 94.4

History of blood transfusion in the 
family

Yes 95 23.1

No 317 76.9

Attitude towards blood donation
Favorable 277 67.2
Unfavorable 135 32.8

Knowledge about blood donation
Yes 167 40.5

No 245 59.5

Had donated blood previously
Yes 51 12.4

No 361 87.6

Type of blood donation(n=51)
Voluntary 32 62.7
Replacement 19 37.3

Reasons for not donated blood 
(n=361)?

Fear of health problem after screening 142 39.3

Lack of information 114 31.5
Fear of pain 56 15.5

Fear of weight loss 33 9.1

Others* 16 4.6

Willingness to donate blood 
voluntarily in the future

Yes 244 59.2

No 168 40.8

Note: *Lack of time, non-remuneration, I do not think I am fit to donate.
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Table 3 Bivariable and Multivariable Analysis for the Practice of Blood Donation Among Health Science College Students in Dessie 
Town, 2019 (n = 412)

Variables Practice of Blood Donation COR (95% CI) AOR (95% CI)

No (%) Yes (%)

Age (year)
18–24 234(90.7) 24(9.3) 1 1

≥25 127(82.5) 27(17.5) 2.07(1.15–3.74)* 2.30(1.18–4.46)*

Sex
Male 192(83.8) 37(16.2) 2.32(1.21–4.45)* 1.36(0.67–2.79)

Female 169(92.3) 14(7.7) 1 1

Residence
Rural 136(93.8) 9(6.2) 1.000 1
Urban 225(84.3) 42(15.7) 2.82(1.33–5.97)** 1.34(0.55–3.26)

Ethnicity
Amhara 313(87.7) 44(12.3) 0.98(0.12–8.19)

Oromo 26(92.9) 2(7.1) 1.86(0.17–19.9)

Tigray 15(78.9) 4(21.1) 0.53(0.04–6.83)
Others 7(87.5) 1(12.5) 1.000 –

Religion
Orthodox 160(86.0) 26(14.0) 2.13(0.89–5.11)

Muslim 109(85.8) 18(14.2) 2.17(0.86–5.42)
Protestant 92(92.9) 7(7.1) 1.000 1

Type of department
Nursing 70(87.5) 10(12.5) 1.000 1

Health Officer 126(82.9) 26(17.1) 1.44(0.65–3.16) 1.05(0.55–3.79)

Medical laboratory 92(91.1) 9(8.9) 0.68(0.26–1.77) 0.47(0.25–2.83)
Midwifery 73(92.4) 6(7.6) 0.57(0.19–1.66) 0.16(0.45–5.94)

Year of study
First 97(90.7) 10(9.3) 1.000 1

Second 99(83.2) 20(16.8) 1.96(0.87–4.40)

Third 84(87.5) 12(12.5) 1.38(0.57–3.37)
Forth 81(90.0) 9(10.0) 1.07(0.41–2.78)

History of being transfused with blood
Yes 16(69.6) 7(30.4) 3.43(1.33–8.79)* 2.51(0.81–7.79)

No 345(88.7) 44(11.3) 1 1

Family history of blood transfusion in the family
Yes 68(71.6) 27(28.4) 4.87(2.63–8.92)*** 3.55(1.71–7.36)**

No 293(92.4) 24(7.6) 1 1

Attitude towards VBD
Favorable 233(84.1) 44(15.9) 3.43(1.51–7.88)** 2.41(1.01–5.75)*
Unfavorable 128(94.8) 7(5.2) 1 1

Knowledge about blood donation
Yes 133(79.6) 34(20.4) 3.42(1.84–6.37)*** 2.09(1.04–4.17)*

No 228(93.1) 17(6.9) 1 1

Notes: Asterisk shows significant associations at different P-value: 0.05–0.01*, 0.01–0.001**and < 0.001***.
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and mortality of children and women, in particular. The most 
significant increases in the percentage of voluntary blood 
donation were reported in India, Bulgaria, Afghanistan, 
Belarus, Algeria, and Costa Rica.3

In our study, participants aged ≥ 25 years were 2.3 times 
more likely donated blood as compared to those who were 
found between 18 and 24 years. It was in line with the study 
done in Addis Ababa, Ethiopia.29 The odds of blood donation 
practice was higher in those students who had family history 
of blood transfusion compared to those who had not family 
history. This was in line with the study done in Ambo, 
Ethiopia.27 This could be explained by people voluntarily 
donating blood after experiencing a family member's health 
problems which required a blood transfusion. Furthermore, 
students who had knowledge about blood donation were 
twice as likely to donate blood compared to those who had 
no knowledge, which was similar to the studies done in 
Ambo, Ethiopia27 and Ghana.20 Students who had favorable 
attitudes towards blood donation were 2.4 times more likely 
to donate blood compared to their counterparts. In this study, 
87.6% of participants had never donated blood and fear of 
health problems after screening and lack of information were 
the main reasons identified for not donating. However, 
a significant proportion of students are willingto donate 
blood in the future, which is an opportunity to increase the 
number of blood donors in the country.

A strength of this study is that we have assessed blood 
donation practices of health science college students who 
would be involved in direct patient care. The possible 
limitations of this study could be related to the nature of 
the cross-sectional study design used and there could be 
social desirability and recall bias. Additionally, since this 
study was carried out on selected health science college 
students of Dessie town, our findings may not be general
ized to the overall college students of the town.

Conclusion
In this study, blood donation practices of health science 
college students was found to be low. Age, family history 
of blood transfusion, knowledge, and attitude towards 
blood donation were independent predictors of blood 
donation practice. Therefore, Red Cross societies, Dessie 
town health office, health science colleges and other sta
keholders should enhance the awareness of college stu
dents regarding the importance of donating blood. 
Furthermore, frequent promotional campaigns should be 
conducted by media and health care providers.
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Purpose: Guidelines for managing neonatal hemolytic disease of the newborn (HDN) 
recommend a selective approach in the use of direct antiglobulin test (DAT). In Saudi 
Arabia, many hospitals still perform routine DAT for all newborns. This study assessed the 
need for phototherapy in relation to DAT results in full-term healthy newborns.
Patients and Methods: A retrospective analysis of all healthy newborns admitted during 
2018 was performed. The primary outcome was the association of positive DAT results with 
phototherapy.
Results: There were 1463 newborns born during the study period. The DAT was positive at 
4.4%. The 24-hour bilirubin levels were higher in DAT-positive cases (P=0.06); however, 
peak bilirubin levels were not correlated with the DAT results (P=0.717). Thirty-six neonates 
(2.46%) required phototherapy, and the need was similar among DAT-positive and DAT- 
negative cases (P=0.271). The most common indication for phototherapy was clinical 
jaundice in 22 neonates (61.1%), followed by DAT positivity in 12 (33.3%) and hospital 
protocol in 2 patients (5.6%) (P <0.01 by chi-square overall comparison).
Conclusion: Our results indicate that factors other than DAT positivity are important in 
assessing the need for phototherapy in newborns. Clinical signs of jaundice were indicators 
of high serum bilirubin levels and subsequent phototherapy, further indicating that the DAT 
test was overused in predicting the need for phototherapy.
Keywords: hemolytic disease of the newborn, neonatal jaundice, neonatology, screening

Plain Language Summary
The direct antiglobulin test (DAT) is still used in many centers as a screening test to assess 
for the risk of hemolytic disease of the newborn. In this retrospective study of all healthy 
neonates admitted over a one-year period in a university teaching hospital, we correlated, in 
maternal-neonate pairs, the positive DAT results with the need for phototherapy in the 
neonates. The results of the study showed that the clinical evaluation of jaundice is more 
indicative of a need for phototherapy than the DAT result. In a multivariate analysis, only 
peak bilirubin and 24-hour bilirubin values were statistically significant for phototherapy. We 
suggest using American and European guidelines, which call for selective use of the DAT for 
the management of neonatal jaundice. Eliminating overuse will also result in considerable 
cost savings.

Introduction
The direct antiglobulin test (DAT), also known as the direct Coombs test, is 
a screening test used primarily to assess whether antibodies are attached to the 
patient’s red blood cells (RBCs), which can lead to destruction of the cell and 
subsequent immune hemolytic anemia.1 The predominant causes of positive DAT 
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results in neonates are fetal-maternal ABO incompatibility, 
maternal alloimmunization and, less frequently, maternal 
autoimmune hemolytic anemia.2 Hemolytic disease of the 
newborn (HDN) arises when the mother is exposed to for
eign antigens present on fetal RBCs. The mother’s immune 
system recognizes them as foreign antigens and starts pro
ducing immunoglobulin G (IgG) antibodies that are able to 
cross the placenta. Consequently, these antibodies can 
destroy and shorten the lifespan of fetal RBCs, resulting in 
clinical consequences.3 The clinical manifestations of hemo
lysis in newborns can range from mild anemia and hyperbi
lirubinemia to severe hemolysis and severe 
hyperbilirubinemia.4 Although neonatal jaundice is common 
and usually harmless, high levels of unconjugated bilirubin 
may place the infant at risk of developing a form of neuro
toxicity known as kernicterus.4

For many years, blood typing and DAT testing of cord 
blood samples were considered standard procedures and 
performed in many hospitals for all infants. A positive 
DAT result has been considered a component of the diag
nosis of HDN for many years.5 However, Levine and 
Meyer6 found that DAT was not diagnostic and did not 
predict the severity of hemolytic disease and was therefore 
unwarranted for routine screening. Madlon-Kay7 con
cluded that a selective approach limited to significantly 
jaundiced infants might be preferable in infants not dis
charged early. Dinesh8 reported that clinical jaundice, 
rather than a positive DAT result, alerted the physician to 
the possible need for phototherapy. Early onset and the 
rapid progression of bilirubinemia are the clearest indica
tions of potential HDN and the need for phototherapy.5

Given the evidence in favor of a more selective 
approach to screening, our objective was to determine 
the need for DAT screening in full-term healthy newborns 
by correlating clinical signs and DAT results with the need 
for phototherapy. We also intended to describe the current 
practices at our institution with the goal of assessing 
whether changes should be instituted to reduce the costs 
of newborn screening. We determined the one-year inci
dence of DAT positivity and studied the relationships 
between risk factors and the need for phototherapy. We 
also evaluated the indications for starting phototherapy 
within the first 48 hours of life and prior to discharge.

Patients and Methods
This study was a retrospective cohort chart review of all 
newborns admitted to the nursery between January 1 and 
December 31, 2018, at King Fahad Hospital of the 

University, Al-Khobar, Saudi Arabia. The study was 
approved by the University Institutional Review Board 
(lRB) Committee (lRB UGS-2019-01-349). Data were 
obtained for both the mothers and newborns from electronic 
medical records as well as blood bank records. The ABO/Rh 
status evaluation, DAT results and strength, and antibody 
identification were performed by the DiaMed gel testing 
method (Bio-Rad Laboratories, Cressier, Switzerland).

The data extracted for the mothers were age, parity, 
ABO group, and Rh status. The data collected for the 
newborns included gender, gestational age in weeks, birth
weight in kilograms, ABO group, Rh status, and DAT 
results. The ABO/Rh type and DAT were determined 
from the cord blood for all babies and when a sample 
was clotted from the serum. Bilirubin levels were deter
mined from the serum for all DAT-positive infants, or as 
per hospital protocol, which requires serum bilirubin to be 
assessed in infants of diabetic mothers and in infants small 
for gestational age, regardless of their clinical condition. In 
addition, the serum bilirubin level may have been assessed 
for clinical jaundice.

We compared the blood types of the mother with that 
of the neonate to determine ABO and RhD compatibil
ity. In the newborns with a positive DAT result, we 
further determined the strength of DAT positivity. The 
strength of DAT positivity is graded on a scale from 
0 to 4+ depending on the degree of agglutination, where 
0 indicates no agglutination and 4+ indicates solid 
agglutination.

The bilirubin levels were determined from the serum in 
neonates at 3 hours of age if they were DAT positive, at 24 
hours of age as per the hospital protocol for infants small 
for gestational age and infants of diabetic mothers, and at 
various ages as part of the evaluation for clinical jaundice. 
The neonates with clinical jaundice were included in ana
lysis if the first bilirubin level was done at an age less than 
48 hours and prior to discharge from the nursery. 
Additional bilirubin level assessments were performed as 
needed in follow-ups. We plotted bilirubin levels with 
neonatal age in hours. The need for phototherapy and the 
selection of the type (single phototherapy, double photo
therapy, exchange transfusion) were decided after plotting 
the bilirubin levels according to an hour-specific bilirubin 
nomogram based on the National Institute for Health and 
Clinical Excellence (NICE) guidelines.9 The assessment of 
the need for phototherapy was limited to that subset of 
patients.
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Statistical Analysis
Categorical variables are expressed as frequencies and 
percentages. Continuous variables are summarized as the 
mean (standard deviation) or median (interquartile range), 
as appropriate, depending on the normality of the data 
distribution. Cross tabulation and statistical significance 
of variables were assessed by independent t-test or chi- 
square test. A separate multivariate logistic regression with 
possible phototherapy requirement as the dependent vari
able was performed to explore which variables were asso
ciated with the need for phototherapy. A p value of <0.05 
was considered to indicate statistical significance. The 
software package used in the multivariate analysis was 
jamovi, version 1.1.9.0 (retrieved from https://www. 
jamovi.org). The data were plotted with the R package 
ggplot2 3.2.1.

Results
Sixty-five neonates (65/1463, 4.4%) were DAT positive 
and 59 of those (90.8%) were born to mothers with 
blood group O. ABO incompatibility was more frequent 
in cases with a positive DAT result (P <0.001), but there 
was no difference in relation to Rh incompatibility 
(P=0.239). The serum bilirubin level was assessed in 251 
neonates for the following reasons: 65 (25.9%) due to 
DAT positivity, 106 (42.2%) due to hospital protocol, 
and 80 (31.9%) due to clinical jaundice. The median 
(25th percentile, 75th percentile, range) maternal age of 
the 251 mothers was 32.0 (28.0, 36.0, 19–49) years. The 
mean parity was 3.0.

The bilirubin levels in neonates with clinical jaundice 
were more commonly obtained after 24 hours of age, 
which was likely related to the timing of discharge exam
ination. The 24-hour bilirubin levels were higher in DAT- 
positive cases (P=0.06); however, peak bilirubin levels 
were not correlated with the DAT results (P=0.717). The 
median age for the first bilirubin level for neonates with 
DAT positive results was 3.5 hours, while neonates 
assessed due to hospital protocol and neonates with clin
ical jaundice were tested at a median of 24 and 36 hours, 
respectively. The 24-hour bilirubin level was measured in 
170 patients for the following reasons: 61 (35.9%) neo
nates were DAT positive, 10 (5.9%) neonates had clinical 
jaundice, and 99 (58.2%) neonates were assessed per hos
pital protocol. There were 4 patients who were DAT posi
tive without 24-hour serum bilirubin data, as the treating 
physician deemed it not necessary to obtain these data 

because the 3-hour serum bilirubin level was <59.85 
µmol/L, and there were 9 patients in the hospital protocol 
group for whom testing was performed at variable times 
by request of the treating physician. The bilirubin levels in 
neonates with clinical jaundice were more commonly 
obtained after 24 hours of age, which was likely related 
to the timing of discharge examination.

Phototherapy was initiated in 36 (14.3%) of the 251 
neonates in whom the need was assessed. The assessment 
was based on serum bilirubin levels and the hospital 
nomogram (based on the NICE guidelines) (Table 1). 
The most common indication for phototherapy was clin
ical jaundice in 22 neonates (61.1%), followed by DAT 
positivity in 12 (33.3%) and hospital protocol in 2 patients 
(5.6%) (P <0.01 by chi-square overall comparison). There 
was no difference in gender, gestational age, or birth
weight between the groups (Table 1). There was also no 
difference in ABO/Rh incompatibility between the groups 
(Table 2). The need for phototherapy was similar in the 
DAT-positive cases and DAT-negative cases (P=0.271), 
with a sensitivity of 33.3% (95% CI 19.1–51.0) and posi
tive predictive value of 18.5% (95% CI 10.3–30.4) for 
predicting phototherapy need. Phototherapy requirement 
did not differ in relation to the strength of DAT positivity 
(P=0.333) (Table 3). The lack of statistical significance 
emphasizes that DAT should not guide clinicians in their 
evaluation for the need of obtaining bilirubin levels to 
evaluate the need of phototherapy.

The 24-hour and first serum bilirubin levels were sig
nificantly higher in infants who were deemed to require 
phototherapy (Table 3) (P <0.001 for both comparisons). 
There were only two babies in which serum bilirubin was 
assessed for hospital protocol reasons and required photo
therapy, indicating the possibility that the bilirubin level is 
assessed excessively per our hospital protocols.

The type of phototherapy was single in most cases 
(91.7%, n=33), and none required exchange transfusion. 
In the comparisons of the peak bilirubin level by age at 
sampling, the serum bilirubin values for neonates who 
underwent phototherapy clearly clustered among the neo
nates with higher peak bilirubin levels, regardless of the 
DAT results (Figure 1). Figure 1 reflects the difference in 
bilirubin levels by phototherapy requirement in Table 3. 
When neonates with a gestational age less than 38 weeks 
were compared with the others, the peak bilirubin levels 
for the neonates who underwent phototherapy were gen
erally higher than in those who did not undergo photo
therapy (Figure 2) (P=0.947).
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Table 1 Demographics of the Patients Assessed for the Need for Phototherapy (n=251)

No Phototherapy 
(n=215)

Required Phototherapy 
(n=36)

P value Overall 
(n=251)

Gender 0.625

Male 111 (51.6%) 17 (47.2%) 128 (51.0%)

Female 104 (48.4%) 19 (52.8%) 123 (49.0%)

Birthweight (kg)

Median [25th, 75th percentile] 3.10 [2.80, 3.40] 2.90 [2.60, 3.30] 0.196 3.02 [1.40, 4.70]

Missing 27 (12.6%) 3 (8.3%) 30 (12.0%)

Gestational age (categorical) 0.782

≤38+6 103 (51.0%) 19 (55.9%) 122 (51.7%)

39 to 40+6 84 (41.6%) 12 (35.3%) 96 (40.7%)

>41 15 (7.4%) 3 (8.8%) 18 (7.6%)

Gestational age (days)

Mean (SD) 271 (10.3) 269 (11.6) 0.216 271 (10.5)

Missing 24 (11.2%) 2 (5.6%) 26 (10.4%)

Note: Comparisons of the mean (independent t-test) for the normally distributed data and the median (chi-square test) for the nonnormally distributed data.

Table 2 Maternal and Neonatal ABO Blood Groups of the Patients Assessed for the Need for Phototherapy (n=251)

No Phototherapy 

(n=215)

Required Phototherapy 

(n=36)

P value Overall 

(n=251)

Maternal blood group 0.441

Blood group O 121 (56.3%) 22 (61.1%) 143 (57.0%)

Blood group A 46 (21.4%) 5 (13.9%) 51 (20.3%)

Blood group B 41 (19.1%) 9 (25.0%) 50 (19.9%)

Blood group AB 7 (3.3%) 0 (0%) 7 (2.8%)

Neonate blood group 0.082

Blood group O 86 (40.0%) 9 (25.0%) 95 (37.8%)

Blood group A 52 (24.2%) 8 (22.2%) 60 (23.9%)

Blood group B 63 (29.3%) 18 (50.0%) 81 (32.2%)

Blood group AB 14 (6.5%) 1 (2.8%) 15 (6.0%)

Maternal/neonatal ABO blood compatibility 0.292

Compatible 110 (51.2%) 15 (41.7%) 125 (49.8%)

Incompatible 105 (48.8%) 21 (58.3%) 126 (50.2%)

Maternal/neonatal Rh blood compatibility 0.5

Compatible 193 (89.8%) 33 (91.7%) 226 (90%)

Incompatible 22 (10.2%) 3 (8.3%) 25 (10%)

Note: Comparisons of the mean (independent t-test) for the normally distributed data and the median (chi-square test) for the nonnormally distributed data.
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Several factors were assessed to explore relationships 
with the need for phototherapy. In the univariate analyses, 
the serum bilirubin values were the only statistically sig
nificant variables. Other variables, such as ABO compat
ibility, gestational age, birthweight, and DAT results, were 
included in the multivariate analysis for clinical reasons or 
because of known or suspected associations with the need 
for phototherapy. However, only the peak bilirubin and 24- 
hour bilirubin values were statistically significant.

A total of 64 eluates were detected in the DAT-positive 
neonates. The most commonly detected antibodies were anti- 
B (45.3%) followed by anti-A (32.8%). There were 13 DAT- 
positive neonates with a positive maternal antibody screen. 
The most common maternal antibody detected was anti-D in 5 
mothers (38.5%). The remaining antibodies detected included 
anti-E (n=3), anti-M (n=1), and anti-c (n=1) antibodies. There 

was no antibody titer reported for the mothers or newborns. 
Eleven (84.6%) of the neonatal eluates had antibodies that 
were the same as in the mothers. The two newborns that had 
different eluates than the mothers were a nonspecific antibody 
in a neonate born to a mother with anti-D antibody, and anti-B 
antibody detected in a mother with anti-M.

Discussion
Our results indicate that factors other than a positive DAT 
are important in assessing the need for phototherapy in 
Saudi newborns potentially at risk for HDN. As expected, 
clinical signs of jaundice were found to be an indicator of 
high serum bilirubin levels. The neonates with positive 
DAT results did not have higher peak bilirubin levels or 
any other indication for phototherapy requirement com
pared to those with a negative DAT.

Table 3 The DAT Results and Bilirubin Levels in Patients Assessed for Phototherapy (n=251)

No Phototherapy 
(n=215)

Required Phototherapy 
(n=36)

P value Overall 
(n=251)

DAT results 0.271

Negative 162 (75.3%) 24 (66.7%) 186 (74.1%)

Positive 53 (24.7%) 12 (33.3%) 65 (25.9%)

DAT strength (In DAT-positive patients, n=65) 0.333

1+ 25 (47.2%) 3 (25%) 28 (43.1%)

2+ 25 (47.2%) 8 (66.67%) 33 (50.8%)

3+ 3 (5.6%) 0 (0%) 3 (4.6%)

4+ 0 0 0

Missing 0 1 (8.3%) 1 (1.5%)

Total 53 (81.5%) 12 (18.46%) 65

First serum bilirubin level (µmol/L)

Median [25th, 75th percentile] 88.9 [65.0, 118.0] 130 [94.05, 191.52] <0.001

Age at first serum bilirubin level (hours)

Median [25th, 75th percentile] 24.0 [13.0, 25.0] 23.0 [4.75, 33.8] 0.629

24-hour serum bilirubin level (µmol/L)

Median [25th, 75th percentile] 88.9 [75.8, 110.6] 149.6 [115.9, 186.4] <0.001

Peak bilirubin level

Median [25th, 75th percentile] 104.31 [85.5, 141.9] 210.3 [181.3, 239.4] <0.001

Age at peak serum bilirubin level (hours)

Median [25th, 75th percentile] 25.0 [24.0, 48.0] 58.5 [48.0, 72.0] <0.001 31.0 [24.0, 52.0]

Note: Comparisons of the mean (independent t-test) for the normally distributed data and the median (chi-square test) for the nonnormally distributed data.
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Figure 1 Peak serum bilirubin by age at sampling in neonates by DAT results. Neonates that underwent phototherapy are red points and neonates that did not undergo 
phototherapy are blue points (n=251) by DAT results.

Figure 2 Peak serum bilirubin by age at sampling and gestational age in weeks < 38 weeks and > 38 weeks in neonates who underwent phototherapy and were DAT positive 
(red) or DAT negative (blue) (n=225).
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Our results are consistent with other reports in the litera
ture. As noted by Keir et al1, hyperbilirubinemia alone does 
not indicate a need for the DAT in the absence of anemia, 
reticulocytosis, or other signs of hemolysis. The positive pre
dictive value of the test for significant hyperbilirubinemia was 
poor, ranging from 12 to 53%, as shown in our results.8,10,11 

A third of neonates of ABO incompatible mothers may have 
a positive DAT result, but few develop HDN.12

Studies have shown that unselective DAT testing for all 
infants is not cost-effective.12,13 The authors of these stu
dies concluded that selective newborn cord testing of 
neonates born to mothers with blood group O is feasible 
and can decrease hospital costs without increasing the risk 
of HDN. Resources and costs, as a result, would be saved 
without increasing the risk of clinically significant 
hyperbilirubinemia.12 Such selective testing in fact has 
been implemented in many institutions, and many recom
mendations advocate for testing according to the clinical 
evaluations of newborns.14,15 In Saudi Arabia, there is no 
unified approach in screening for HDN. While some cen
ters are performing routine DAT testing for all neonates, 
others perform only selective testing for blood group O or 
testing of symptomatic neonates only.

In our study, we examined the issue in terms of the 
need for phototherapy and found that the decision to use 
phototherapy in neonates did not differ between DAT- 
positive and DAT-negative infants. As expected, serum 
bilirubin levels, regardless of the age of testing, were 
significantly higher in neonates who required phototherapy 
and unrelated to DAT results. In the plot of the peak serum 
bilirubin levels as a function of the DAT results, the 
bilirubin levels are similar in the infants who did and did 
not undergo phototherapy. In the DAT-negative neonates, 
clinical signs of jaundice were indicators of high serum 
bilirubin levels, further indicating that the DAT test is not 
of value in predicting which infants might be in need of 
phototherapy. The neonates requiring phototherapy were 
more commonly identified by clinical evaluations, empha
sizing the importance of clinical assessments and the like
lihood that serum bilirubin assessments and the DAT are 
being overused in our institution.

Studies that evaluated the effectiveness of the DAT in 
predicting hyperbilirubinemia demonstrated sensitivity 
values ranging from 15% to 64%, which is consistent 
with our results.8,10,11 Maisels and Watchko16 suggested 
in 2013 that routine testing for blood type and the DAT in 
infants of blood group O mothers “can safely be aban
doned”. The recommendations of the American Academy 

of Pediatrics (AAP) published in 2004 considered the tests 
optionally provided optimal follow-up.14 In multivariable 
analyses,17,18 bilirubin levels were the one factor most 
predictive of the need for phototherapy and future devel
opment of hyperbilirubinemia. Our multiple logistic 
regression results were consistent with these findings.

There are some limitations in our studies that warrant 
future follow-up investigations. Although we included all 
maternal-neonate pairs over one year, the size of the sample 
was relatively small, being from one institution. However, 
we had sufficient data to evaluate the important variables in 
univariate analyses, namely, the serum bilirubin levels in the 
early ages of life, and associate those data with the need for 
phototherapy to prevent potential severe hyperbilirubinemia. 
We were not able to evaluate other factors that may cause an 
increased risk of HDN, such as hemoglobin H disease or 
glucose-6-dehydrogenase deficiency, as they are not 
assessed as part of neonatal screening and not routinely 
evaluated in neonates started on phototherapy. In addition, 
one aspect we were unable to evaluate was the strength of 
DAT positivity in relation to the need for phototherapy. 
Strength was measured in only 58 patients (89.2% of DAT- 
positive neonates), and of those patients, high values for 
strength were observed in only two patients who had DAT 
strength values of 3+, and neither required phototherapy. We 
did not observe any patients with DAT values of 4+, which 
has been reported to be strongly associated with the need for 
a prolonged duration of phototherapy.8,19 The NICE guide
lines recommend that when the DAT is performed in infants 
who undergo a formal assessment for significant hyperbilir
ubinemia, the strength of the reaction is considered.9 The 
results should be interpreted with consideration of whether 
the mother has received anti-D prophylaxis during preg
nancy, as maternal anti-D is associated with positive DAT 
in neonates.20 Furthermore, there may have been selection 
bias regarding the infants from whom a serum bilirubin 
sample was taken after clinical evaluation, since the practice 
was to assess the bilirubin level in all DAT-positive infants. 
As the results show, clinical jaundice rather than DAT posi
tivity was indicative of the need for phototherapy. We also 
do not have the complete records of the post discharge 
follow-ups of babies who may have later required photo
therapy since some neonates may have gone to other hospi
tals. Of the 27 babies that presented to our emergency 
department for the assessment of clinical jaundice, all of 
them were DAT negative, and five (18.5%) required 
phototherapy.
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Despite these shortcomings, our study supports the notion 
that unselective DAT testing in newborns should not be the 
standard care for HDN prevention and management. In this 
regard, the NICE guidelines also recommend against the use 
of DAT and provide a set of nomograms and guidance for 
initiating phototherapy based solely on the serum bilirubin 
level.9 For neonates of gestational age 38 weeks or more, 
they recommend that phototherapy be considered when bilir
ubin levels are higher than 250 µmol/L at 24 hours of age. In 
many cases, this recommendation is followed but is not uni
versally applied in our institution. All newborns in our study 
underwent direct antiglobulin testing. We recommend 
a change from this unselective use of the DAT to a policy 
that follows the American and European guidelines for mana
ging neonatal jaundice to avoid the costs of routine DAT 
testing for all full-term healthy newborns. A prospective 
study evaluating selective DAT and bilirubin testing in cases 
of clinical jaundice in our center is warranted, and follow-ups 
post discharge are necessary to study the risk factors that may 
indicate an increased risk of readmission for neonatal jaundice.

Conclusions
Our paper confirmed that the DAT is not useful alone for 
screening for HDN, and there are other factors important in 
assessing the need for phototherapy. The test is overused in 
our center due to unselective testing. The most useful indi
cator for the need for phototherapy is clinical jaundice. 
A clinical evaluation of neonates is essential and will likely 
provide the first indication for the need for phototherapy.

Abbreviations
DAT, direct antiglobulin test; NICE, National Institute for 
Health and Clinical Excellence; HDN, hemolytic disease of 
the newborn; RBC, red blood cells; NICU, neonatal intensive 
care.
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Abstract: Autoimmune acquired factor XIII (FXIII) deficiency is a rare disorder character
ized by severe spontaneous hematomas and autoantibodies against FXIII. High mortality 
rates have been reported (18% within a year of diagnosis). We present a 70-year-old patient 
with recurrent muscular hematomas. The basic hemostasis study and the coagulation factors 
were within normal ranges. The aggregation platelet study was also normal and von 
Willebrand disease was excluded. Bearing in mind the recurrent bleeding history and the 
described laboratory results, we considered a FXIII deficiency, that was confirmed 
(FXIII<10%). In addition, we suspected an acquired FXIII deficiency since the patient did 
not report a personal or family history of bleeding and FXIII gene sequencing study was 
normal. Non-immune causes were ruled out, and plasma autoantibodies against FXIII were 
detected. Immunosuppression was rapidly initiated to eradicate inhibitor as was hemostatic 
treatment to obtain bleeding control. Currently, the patient is asymptomatic, but a low level 
of FXIII inhibitor remains. 
Keywords: acquired disease, autoantibodies, factor XIII deficiency, hematoma, spontaneous

Introduction
Coagulation factor XIII (FXIII) is a hetero-tetrameric zymogen that plays a key role 
in clot stabilization. FXIII is comprised of two A and two B subunits and is 
activated by thrombin and calcium.1 However, other additional functions have 
been described. Although FXIII-B is generated in the liver, FXIII-A is produced 
by hematopoietic cells. Therefore, FXIII contributes to pregnancy maintenance, 
bone and cartilage growth and wound healing.1

FXIII deficiency is characterized by variable bleeding episodes depending on FXIII 
levels. Congenital FXIII deficiency is an autosomal recessive rare disease with an 
incidence of 1.5 cases per 2 million people. It is characterized by severe and sponta
neous bleeding, including umbilical and intracranial hemorrhage at birth, usually in 
case of severe deficiency (FXIII<1%). Other symptoms include soft tissue bleeding, 
recurrent miscarriages, bruising and hemarthroses.2 Inhibitor development against 
FXIII in inherited FXIII deficiency in patients receiving FXIII replacement therapy is 
also infrequent but may induce severe bleeding.3 However, acquired FXIII deficiency 
is more common and can be classified as immune and non-immune disease. Acquired 
immune-mediated FXIII deficiency implies the presence of an autoantibody targeting 
FXIII epitopes which may lead to severe bleeding. The clinical presentation is variable 
from mucocutaneous and intramuscular bleedings to life-threatening hemorrhages such 
as intracranial, intra-thoracic or intra-peritoneal.4 In addition, clinical bleeding in any 
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acquired immune factor deficiency does not correlate with 
factor level or inhibitor titer.5 Ichinose et al described the 
largest series in the literature, including 93 patients with 
a large proportion of patients from Japan (59).6 Around 
20% died within the first year of diagnosis. Non-immune 
causes are more common but rarely cause bleeding and are 
related to excessive consumption or decreased production of 
FXIII.7

An early diagnosis is essential, as acquired immune 
FXIII deficiency can be fatal if proper treatment is not 
rapidly provided.

Case Report
A 70-year-old male was admitted to our clinic for assess
ment of a spontaneous hematoma in the lower right extre
mity. Antiplatelet and anticoagulant treatment was not 
reported. The ultrasound revealed a 14 cm quadriceps 
hematoma. The patient also referred the presence of pro
voked hematomas in upper and lower extremities in the 
last 6 months, which evolved adequately with tranexamic 
acid. The initial blood test including a basic hemostasis 
study and a complete blood count was within normal 
ranges. The platelet function study and the von 
Willebrand profile were also normal. All coagulation fac
tors were normal, except for the FXIII antigen of 9% 
confirmed in 2 different samples. Fibrinogen and alfa2- 
antiplasmin were in the range of normality. Factor activity 
assays (extrinsic and intrinsic pathways) were performed 
with a one-stage coagulant assay using factor-deficient 
plasma in automated coagulometer (ACL-Top, IL, 
Bedford, USA). Von Willebrand factor antigen and risto
cetin cofactor activity were performed by chemilumines
cence (HemosIL AcuStar, IL, Bedford, USA) in automated 
coagulometer (ACL-AcuStar, IL, Bedford, USA) in poor 
platelet plasma. Fibrinogen was measured using the coa
gulative Clauss method (STA-Liquid-Fib, Diagnostica 
Stago, Paris, France) in poor platelet plasma (STA-Rac, 
Diagnostica Stago, Paris, France) in automated coagul
ometer and alfa2-antiplasmin was determined by chromo
genic assay (ACL-Top, IL, Bedford, USA) in poor platelet 
plasma, following the manufacturer´s recommendations. 
FXIII antigen was determined using the automated latex 
immunoassay (FXIII antigen latex reagent, IL, Bedford, 
USA) in automated coagulometer (ACL-Top, IL, Bedford, 
USA), following the manufacturer´s instructions.

We considered an acquired immune FXIII deficiency, 
confirmed by Bethesda assay (inhibitor titer of 12 BU) and 
absence of mutation in FXIII gene sequencing study. The 

Bethesda assay quantifies the amount of inhibitor that 
neutralizes 50% residual factor in an equal mixture of 
normal plasma and patient plasma in 2 hours at 37º.8

We also excluded any underlying disease and immune 
dysregulation. Initial weight-adjusted treatment (weight of 
70 Kg) with prednisone 1 mg/kg/day (70 mg daily) for 
15 days and immunoglobulins 1g/kg/day (70 g daily) for 
2 days was prescribed. The patient presented an appropri
ate clinical and analytical improvement, with a remarkable 
decrease in the autoantibody titer. We monitored FXIII 
levels and performed the thrombin generation test before 
starting steroids, 1 week and 2 weeks after. The patient had 
an increase in FXIII levels throughout the scheduled visits 
associated with an enlargement in the endogenous throm
bin potential and a higher thrombin peak (Figure 1). This 
improvement was confirmed by the thromboelastometry, 
which showed an increase in clot firmness and a shortened 
clot formation time (Figure 2). Thrombin generation was 
determined by the fluorometric method described by 
Hemker,9 modified and automated (STA Genesia, 
Diagnostica Stago, Paris, France) in poor platelet plasma. 
We used the STG-Bleedscreen reagent (Diagnostica Stago, 
Paris, France) that contains a mixture of phospholipids and 
a low recombinant tissue factor concentration. Thrombin 
generation assay provides information on the lag time of 
thrombin generation, the endogenous thrombin potential, 
the peak of thrombin concentration, the time to reach the 
maximum peak of thrombin and the time to thrombin 
neutralization. Rotational thromboelastometry (ROTEM®, 
IL, Bedford, USA) provides global information about the 
dynamics of clot development, stabilization and dissolu
tion using citrated whole blood. The following ROTEM® 

parameters were measured in EXTEM (provides similar 
information to prothrombin time) and FIBTEM (analyzes 
the functional fibrinogen component): clotting time, clot 
formation time and maximum clot firmness. EXTEM and 
FIBTEM are fibrinogen and FXIII dependent.

However, the patient had poor tolerance to corticoster
oids with hypertension and anxiety, so we decided their 
discontinuation. No new bleeding episodes were reported. 
Due to persistence of the inhibitor, rituximab was then 
proposed, but since the patient refused, immunosuppres
sive therapy was changed to azathioprine 50 mg daily. One 
week later the patient referred vomiting and diarrhea, so 
azathioprine was discontinued. The patient remained clini
cally stable. One month after discontinuation of immuno
suppression, the patient was admitted to the emergency 
department with thoracic oppressive pain and minimal 
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Figure 1 Changes in thrombin generation depending on FXIII antigen. (A) Before starting steroids. Baseline FXIII of 5%. (B) The patient received steroids for 1 week. 
Baseline FXIII of 34%. (C) The patient received steroids for 2 weeks. Baseline FXIII of 45%. Reference within normal parameters is shown in green and patient´s sample 
in blue.

Figure 2 Changes in thromboelastography. (A) The patient received corticosteroids for 1 week. (B) The patient received steroids for 2 weeks. 
Abbreviations: CT, clotting time; CFT, clot formation time; MCF, maximum clot firmness.
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effort dyspnea for 24 hours. The blood count revealed mild 
leukocytosis with neutrophilia (12.27 x103/µL leukocytes 
and 10.53 x103/µL neutrophils), hemoglobin of 14 gr/dl 
(previous was 16 gr/dl) and platelets of 248 x103/µL. The 
basic hemostatic study was normal, the baseline FXIII 
level was 20% and the inhibitor titer was 3 BU. The 
chest x-ray and CT scan objectified the presence of 
a mediastinal hematoma. Hemostatic treatment with fresh 
frozen plasma (15 mL/kg) and tranexamic acid (500 mg/8 
hours) as well as immunosuppressive therapy with ritux
imab (375 mg/m2 weekly for 4 weeks, 678 mg weekly) 
were administered (body surface of 1.81 m2). Factor XIII 
concentrate was not necessary, due to clinical stability. No 
further bleedings were reported. The patient is currently 
receiving corticosteroids at low doses (20 mg daily), with 
an excellent clinical evolution. The patient is asympto
matic with no relevant side effects. The last blood sample 
(5 months after initial diagnosis) was taken 1 month after 
corticosteroids 20 mg daily were initiated and revealed 
a FXIII of 55% and an antibody titer of 1 BU. Changes 
in hemostatic parameters are shown in Table 1.

Discussion
Acquired immune FXIII deficiency is a rare disease caused 
by the presence of an autoantibody which targets FXIII 
epitopes and may cause severe and life-threatening bleed
ing. About 50% of the cases are idiopathic. Autoimmune 
diseases and malignancies are the most prevalent under
lying conditions. Intramuscular and subcutaneous bleeding 
events are the most frequently reported.4

Evaluating differential diagnosis, congenital FXIII defi
ciency was ruled out, as the patient referred a negative personal 
and familiar bleeding tendency and no mutation in FXIII gene 
sequencing study was detected. Non-immune-mediated causes 
of acquired FXIII deficiency including increased consumption 

or decreased production like recent surgery, liver disease, 
cancer, sepsis or interfering medication were also discarded. 
In these cases, life-threatening bleeding events rarely appear, 
FXIII levels normally range between 20% and 70% and anti
bodies against FXIII are not detected. Here we report a major 
bleeding with FXIII level below 10% and presence of anti
bodies against FXIII. Finally, other autoimmune coagulation 
factor deficiencies such as acquired hemophilia or acquired 
Von Willebrand disease were not considered because all coa
gulation factors and von Willebrand factor (antigen and activ
ity) were within normal range except for FXIII.

Our patient met the diagnostic criteria for immune- 
mediated acquired FXIII deficiency proposed by the 
ISTH.4 He referred no previous personal or family bleeding 
history and was not receiving anticoagulant or antiplatelet 
treatment. In our laboratory, the identification of neutraliz
ing autoantibodies was confirmed using a 1:1 mixing test of 
patient plasma and normal control plasma, with quantifica
tion of the inhibitor by the Bethesda assay. Most inhibitors 
against FXIII are directed against A subunit.4,10 In our 
patient, it was not possible to identify the inhibitor specifi
city although the reagent to determine FXIII antigen is 
based on an antibody highly specific for A subunit.

The sequencing study of FXIII gene detected no muta
tion, supporting the final diagnosis of acquired immune 
FXIII deficiency.

Thrombin generation and thromboelastometry could be 
useful global hemostasis tests for monitoring clinical and 
biological evolution. To our knowledge, these global tests 
in acquired immune FXIII deficiency have not been pre
viously reported. Our patient presented a significant decrease 
in thrombin generation compared with normal reference 
plasma at diagnosis that improved as FXIII increased and 
inhibitor titer decreased (Figure 1). In agreement with Gosh 
et al, we described a reduction in the peak height of thrombin 

Table 1 Changes in Hemostatic Parameters Throughout Time

FXIII 
Antigen 
(%)

VWF 
Antigen 
(%)

VWF 
Activity 
(%)

Fibrinogen 
(mg/dl)

Bethesda Units 
(Inhibitor Titer, BU)

APTT 
Ratio

INR

At diagnosis 9 116 127 240 12 1.25 1.2

Corticosteroids discontinuation 35 145 130 290 1.4 1.15 1.3

Admission for mediastinal hematoma 20 180 160 270 3 1.28 1.2

Last blood sample 55 190 200 310 1 1.12 1.1

Notes: References values: FXIII>60%, VWF antigen:45–150%, VWF activity:45–150%, Fibrinogen:200–450 mg/dl, Bethesda Units<0.6 BU, APTT R: 0.8–1.25, INR: 0.8–1.30. 
Abbreviations: VWF, Von Willebrand factor; APTT, activated partial thromboplastin time; INR, international normalized ratio.
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and endogenous thrombin potential at diagnosis although 
they only determine basal Factor XIII levels in patients 
with inherited FXIII deficiencies.11 We suggest that as 
FXIII levels increase, more thrombin is generated that 
binds to FXIII, promoting a positive feedback and activation 
of the coagulation cascade.12 These results were endorsed by 
the thromboelastography that showed an increase in max
imum clot firmness and a shortened clot formation time 
(Figure 2A and B). Theusinger et al obtained similar results 
in critical patients in the postoperative period of a major 
surgery (acquired non-immune FXIII deficiencies).13

Regarding the management of these patients, hemostatic 
and antibody eradication therapy should be rapidly initiated. 
However, given the rarity of this disease, evidence-based 
recommendations are lacking.14 High-dose FXIII concentrates 
(50–100 IU/kg) or FXIII-containing blood products like fresh 
frozen plasma or cryoprecipitate could be an optimal approach 
to achieve hemostatic control. However, they could show no 
effectiveness in the presence of high titer inhibitor.14 Other 
hemostatic treatments including antifibrinolytics like tranexa
mic acid together with FXIII administration have been asso
ciated with favorable effects.14 Recombinant factor VII has 
been rarely reported probably due to effectiveness of FXIII 
concentrates or fresh frozen plasma. However, it should be 
considered in severe bleedings with no response to FXIII- 
containing products.15 Immunosuppressive treatments include 
corticosteroids alone or in combination with cyclophospha
mide. Rituximab, ciclosporin or immunoglobulins have also 
presented successful results.15,16 Our patient received first-line 
immunosuppressive treatment with corticosteroids and immu
noglobulins and hemostatic treatment with tranexamic acid. 
Although immunosuppression was initially effective, steroids 
were discontinued due to side effects. Although no new bleed
ing events appeared, a second-line immunosuppression treat
ment with azathioprine was initiated, that was also 
discontinued due to side effects. Four weeks later, the patient 
developed a mediastinal hematoma that evolved favorably 
with rituximab and hemostatic treatment with fresh frozen 
plasma and tranexamic acid.

A fatal intracranial hemorrhage in an adult patient with 
comorbidities diagnosed of an acquired FXIII deficiency 
has been recently published. This patient received ritux
imab as immunosuppression and hemostatic treatment 
with fresh frozen plasma and rFVIIa.17

Our patient developed a major bleeding episode. 
Neither a triggering disease nor an underlying drug was 
identified. However, the patient evolved favorably with an 
appropriate response to immunosuppression and 

hemostatic treatment. Generally speaking, even with this 
atypical favorable presentation, we suggest, in agreement 
with the literature, an early diagnosis and management to 
prevent further morbidity and mortality.

Long-term outcomes are variable. Around 50–68% 
achieved antibody eradication without bleeding 
recurrence.14,18 If no bleeding episodes are reported, there is 
no evidence to support the administration of FXIII prophylaxis 
in patients with recurrent or persistent antibodies. A long-term 
follow-up is necessary, as this is a chronic disease and relapse 
may occur.7,14 Our patient currently receives corticosteroids 
20 mg daily and remains asymptomatic with a low inhibitor 
titer.
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Background: Since the outbreak of novel coronavirus SARS-CoV2 around the world, great 
attention has been paid to the effects of such antithrombotic drugs as heparinoids, because 
they have antiviral action in vitro and antithrombotic actions in vivo. We conducted a 
retrospective analysis in inpatients with confirmed COVID-19 on the anti-inflammatory 
and antithrombotic effects of enoxaparin and fondaparinux at prophylactic doses.
Methods: This retrospective cohort study used patients with confirmed COVID-19 during the 
first months of the Italian outbreak from February 18 to April 30, 2020. Our aim was to compare 
clinical characteristics, prophylactic treatment, markers of inflammation, and thrombotic out
comes in inpatients positive for SARS-CoV2 during hospitalization associated with thrombo
prophylaxis with enoxaparin (40 mg or 60 mg once daily) or fondaparinux (2.5 mg once daily). 
Statistical analysis was conducted with using MatLab R2016B and ad hoc functions.
Results: There were no significatant differences in clinical characteristics between patients 
that used enoxaparin or fondaparinux as thromboprophylaxis for SARS-CoV2. No differ
ences were found in D-dimer and fibrinogen levels either, which were used as markers of 
inflammation during the infection at testing on admission and after 3 weeks.Significant 
differences in CRP, IL6, and LDH were found in patients after 21 days’ treatment.
Discussion: Increased levels of fibrinogen and D-dimer in patients with confirmed COVID- 
19 have been reported in several studies. Our results showed that anti-inflammatory effects of 
fondaparinux and enoxaparin after 3 weeks of prophylactic treatment were similar when 
levels of fibrinogen and D-dimer were considered. Furthermore, levels of CRP showed a 
decrease in patients treated with enoxaparin and fondaparinux, although the decrease in the 
fondaparinux group seems to be more relevant.
Keywords: venous thromboembolism, fibrinogen, D-dimer, COVID-19, SARS-CoV2, 
fondaparinux, enoxaparin

Introduction
Following the COVID-19 outbreak,1 which has spread rapidly from China to other 
countries in the world with alarming morbidity and mortality,2 several therapeutic 
strategies have been reported, including oxygen support3 and experimental antiviral 
therapies.4 Based on the coexistence of inflammation and hypercoagulable state5 

leading to increased risk of venous thromboembolism events (VTEs),6–8 the use of 
low–molecular weight heparins (LMWHs) is recommended as part of standard 
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therapy in hospitalized COVID-19 patients.9,10 LMWHs, 
such as enoxaparin, seem to act with a specific antithrom
botic action and also with additional anti-inflammatory 
and antiviral activities in vitro against SARS-CoV2.11,12

Despite the antithrombotic role of enoxaparin and also 
fondaparinux in preventing VTEs in COVID-19 patients,
13–15 few data are available on their antithrombotic and 
anti-inflammatory effects in vivo. The aim of our study 
was to evaluate the antithrombotic and anti-inflammatory 
effects of fondaparinux and enoxaparin among COVID-19 
patients according to selected laboratory markers found in 
the FONDENOXAVID study.

Methods
FONDENOXAVID Study
Inclusion Criteria
Clinical data of selected patients with symptomatic, con
firmed COVID-19 were analyzed by a retrospective ana
lysis in order to understand incidence and mortality for 
VTEs and also to understand trends of inflammatory and 
clotting markers.

Selected clinical records of these patients were chosen 
according to their thromboprophylaxis with fondaparinux 
or enoxaparin at doses suggested by international guide
lines for VTE prevention.

Oral or written informed consent were arranged in 
agreement with the Ethical Committee of the University 
of Campania and in accordance with the Declaration of 
Helsinki and given to each patient for participation in this 
retrospective analysis — FONDENOXAVID. The ethical 
committee approved the registry on anticoagulant treat
ments (751/2019).

Physicians participating in the FONDENOXAVID ret
rospective analysis made all efforts to select consecutive 
patients.

Data were recorded onto a computer-based report at 
each participating hospital and sent to a centralized coor
dinating center through a secure system.

Several Italian Hospitals agreed to perform this analy
sis: Ospedale Ramazzini di Carpi, Italy; Moscati Hospital, 
Avellino, Italy, Ospedale Fatebenefratelli di Napoli, Italy, 
Thrombosis Center, IRCCS Humanitas Clinical and 
Research Center, Rozzano, Italy, and Presidio 
Ospedaliero Frangipane di Ariano Irpino, Italy.

All hospital provided clinical data derived from records 
from specialistic nonintensive and subintensive COVID 
wards.

FONDENOXAVID also used electronic data monitor
ing to detect inconsistencies or errors, and attempted to 
resolve discrepancies by contacting the local coordinators.

Exclusion Criteria
Patients aged <18 years were excluded from the retro
spective analysis, as were those anticoagulants at thera
peutic doses before SARS-CoV2 diagnosis for any 
medical reason patients positive for SARS-CoV2, but 
with recent bleeding (ie, within 30 days of hospital 
admission).

Patients were also excluded if they were currently partici
pating in any clinical trials regarding COVID-19 or VTEs.

Design
This retrospective cohort study used patients with SARS- 
CoV2 during the Italian outbreak from February 18 to 
April 30, 2020.

Our aim was to compare clinical characteristics, 
laboratory markers, prophylactic treatment, and rate of 
VTEs in inpatients positive for SARS-CoV2 on primary 
thromboprophylaxis with enoxaparin (40 mg or 60 mg 
once daily) or fondaparinux (2.5 mg once daily).

Inflammatory markers to detect progression of pro
thrombotic state were recorded: levels of fibrinogen, D- 
dimer, LDH, IL6, and CRP were sequentially tested. In 
particular, D-dimer testing was performed at admission, 
day 21 after admission, or in cases of worsening of lung 
performance. In order to monitor lung performance in 
COVID-19, SIRS criteria were adopted.16

Main outcomes were rate of VTEs (ie, deep-vein 
thrombosis DVT, superficial VT, pulmonary embolism), 
mortality for VTEs, and levels of fibrinogen, IL6, CRP, 
LDH, and D-dimer as markers of inflammatory and pro
thrombotic state during the disease.

Study Population
In total, 100 consecutive symptomatic patients with 
laboratory-proven COVID-19 admitted to internal medi
cine units of five Italian hospitals from February 18 to 
April 30, 2020 were selected for this retrospective analy
sis. All selected COVID-19 patients were receiving VTE 
prophylaxis according to the current international 
guidelines.9

The institutional ethical committee (FBGD-90320) 
approved the study, and patients gave standard written 
consent to the use of their data.
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Serum levels of fibrinogen, D-dimer, LDH, IL6, and 
CRP were evaluated at admission and after 3 weeks to 
evaluate changes in inflammatory and prothrombotic clot
ting markers during treatment.

All VTEs of the lower limbs with or without associated 
pulmonary embolism diagnosed with objective methods 
were recorded.

Statistical Analysis
The Anderson–Darling test was used to analyze data nor
mality. Continuous variables are reported using median 
and IQRs. Categorical variables are expressed as fre
quency counts and percentages. Differences between 
unpaired data were evaluated using two-tailed Fligner– 
Policello and Fligner–Killeen tests and paired data using 
the one-tailed Wilcoxon test and Hodges–Lehmann esti
mator of mean difference. Differences among three groups 
were evaluated using the two-tailed Dunn multiple-com
parison test with Bonferroni correction. Categorical data 

were evaluated using Barnard’s or Fisher’s test. Statistical 
comparisons were performed using MatLab R2018a.

Results
Baseline clinical and laboratory characteristics of the study 
population are shown in Table 1. No significant differences 
between enoxaparin and fondaparinux group has been shown.

Table 2 reports all categories of drug used to treat 
SARS-CoV2 in our cohort, in which heparinoids (ie, enox
aparin and fondaparinux) were the only drugs to reach 
100% of patients.

In Table 3, all VTEs that we detected with objective 
methods during the analysis are reported. VT of the lower 
limbs was detected in five patients in the enoxaparin group 
vs two patients in the fondaparinux group: three DVT, one 
isolated distal VT, and one superficial VT for the enoxaparin 
group and two DVTs for the fondaparinux group. Pulmonary 
embolism was detected in 4 patients in the enoxaparin group 
while no pulmonary embolism was found in the fondapar
inux group. Three events of proximal symptomatic DVT 
were found in the group on enoxaparin, and two events of 
symptomatic proximal DVT were found in the groupon 
fondaparinux. Furthermore two asymptomatic VTs were 
found in the patients on enoxaparin: one superficial VT of 
the lower limbs and one isolated distal DVT. In the enox
aparin group, four thrombotic events were associated with 
pulmonary embolisms. pPulmonary embolisms were 
detected with lung CT scans. Data on distribution of throm
botic eventsaere summarized in Tables 1 and 3. No statistical 
differences were found between groups.

In Table 4, differences in of D-dimer, fibrinogen, CRP, 
and IL6 levels at hospital admission and after 3 weeks of 
treatment are reported.

Table 1 Demographic, clinical, and laboratory characteristics of the study population

Enoxaparin, n=62 Fondaparinux, n=38 p-value

Male, n (%) 40 (65%) 23 (61%) 0.76

Age <40 years, n (%) 3 (5%) 6 (16%) 0.09

Age 40–60 years, n (%) 34 (34%) 17 (45%)

Age ≥60 years, n (%) 38 (61%) 15 (39%)

VT 5 (8%) 2 (5%) 0.76

PE 4 (6%) 0 0.12

Deaths 6 (9%) 4 (10%) 0.82

Note: All variables were analyzed with Barnard’s test, except age (Fisher’s test). 
Abbreviations: VT, vein thrombosis; PE, pulmonary embolism.

Table 2 Classes of drugs used in the described cohort of 
patients treated for SARS-CoV2

Patients (n=100) n

Antibiotics 64

Biologics (tocilizumab or others) 12
Antivirals 21

Steroids 55

Immunomodulants (hydroxychloroquine or others) 65
Heparinoids (enoxaparin or fondaparinux) 100

NSAIDs, daily use 20

Acetaminophen 68

Abbreviations: NSAIDs, nonsteroidal anti-inflammatory drugs.
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Table 3 Different doses of enoxaparin and fondaparinux in patients with COVID-19 at baseline with occurrence of vein-thrombosis 
events (VTEs)

n Type of VTE Clinical signs of suspected VTE

Enoxaparin twice daily after VTE 

diagnosis

5 Three proximal DVT, one IDVT, one SVT, four f 

them with PE

Twosymptomatic DVT, two asymptomatic 

IDVT and SVT

Fondaparinux therapeutic dosage after 

VTE diagnosis

2 2 proximal DVT Two symptomatic DVT

Abbreviations: DVT, deep-vein thrombosis; IDVT, isolated DVT; SVT, superficial VT; PE, pulmonary embolism.

Table 4 Distributions of inflammatory markers between enoxaparin and fondaparinux groups at baseline and after 3 weeks

D-dimer, µg/dL Enoxaparin, n=62 Fondaparinux, n=38 FP test p-value FK test p-value

Admission 710.5 (520–1,208) 643.5 (502–919) 0.0972 0.1362

3 weeks later 602 (428–1,230) 606 (450–810) 0.3783 0.2059

HL mean difference –151 (–292.5 to 16.5) –42.75 (–210.75 to 133)

Wilcoxon test p-value 0.015217 0.21036

Fibrinogen, mg/dL

Admission 600 (478–734.5) 569.5 (503–632) 0.1501 0.0758

3 weeks later 631 (497–722.5) 535 (450–630) 0.0114 0.0695

HL mean difference 14.8 (–37.0 to 59.5) –16.5 (–67 to 38)

Wilcoxon test p-value 0.28607 0.28219

CRP, mg/dL

Admission 11.5 (3.6–22) 44 (15–52) 0.000004 0.0011

3 weeks later 13 (5–40.5) 15 (9–21) 0.3051 0.1652

HL mean difference 6 (0.5–13.8) –22.5 (–34.5 to 11)

Wilcoxon test p-value 0.0063151 0.00050565

LDH, U/L

Admission 252.5 (209–343) 301 (232–349) 0.2085 0.7407

3 weeks later 212.5 (202–255) 239 (203–264) 0.0889 0.2446

HL mean difference –62 (–88.5 to 38) –55 (–140 to 4)

Wilcoxon test p-value 0.0000002 0.0128

IL6, pg/mL

Admission 16 (13.2–20) 15 (13–20) 0.4891 0.9692

3 weeks later 6 (4–9.8) 6 (4–9.8) 0.4946 0.9692

HL mean difference –9 (–11.0 to 6.5) –9 (–11.0 to 6.5)

Wilcoxon test p-value 0.0000002 0.00007

Abbreviations: FP, Fligner–Policello; FK, Fligner–Killeen; HL, Hodges–Lehmann.
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No differences in medians or IQRs for unmatched D-dimer 
were found. Hodges–Lehmann mean-difference estimators 
were not significant (95% CIs including 0) for fondaparinux 
or enoxaparin, and the one-tailed Wilcoxon test showed the 
same results. We can conclude that fondaparinux is not effec
tive in reducing D-dimer, but enoxaparin is effective.

No differences in medians or IQRs on unmatched fibrino
gen distributions were found. Hodges–Lehmann mean-differ
ence estimators were not significant (95% CIs including 0), 
and the one-tailed Wilcoxon test did not revealdifferences 
between groups. As such, we can conclude that neither drug 
had a significant effect on fibrinogen.

Data on CRP distributions were found to be different: 
the fondaparinux group showed a higher median and IQR 
(maybe more severe cases were treated with fondaparinux) 
than the enoxaparin group. However, 3 weeks later, both 
groups had reached the same median and IQR. In the 
enoxaparin group, the Hodges–Lehmann estimator was 
>0 while in the fondaparinux group it was <0. We can 
conclude (from the IQR too) that enoxaparin is not effec
tive in reducing CRP, while fondaparinux is effective.

No differences in medians or IQRs on unmatched LDH 
distributions were found Hodges–Lehmann mean-differ
ence estimators and one-tailed Wilcoxon test results were 
found to be significant in both groups. As such, we can 
conclude that both drugs were effective in reducing LDH.

Finally, no differences in medians or IQRs for 
unmatched IL6 were found. Hodges–Lehmann mean-dif
ference estimators and one-tailed Wilcoxon test results 
were found to be significant in both groups. Therefore, 
we can conclude that both drugs were effective in redu
cing IL6.

Discussion
Previous reports on the COVID-19 outbreak have focused 
on the prognostic roles of laboratory markers regarding 
their involvement in the pathophysiology of infectious or 
inflammatory disease. The prognostic roles of D-dimer, 
fibrinogen, CRP, LDH, IL6, and other tests during 
COVID-19 outbreak have been underlined.2,5

D-dimer testing is one of the laboratory procedures 
used to investigate or exclude venous thromboembolism,17 

and its levels may also have prognostic value after con
firmation of a VTE.18 Usually, D-dimer ha negative pre
dictive value, because an increase may also be present in 
other diseases, such as inflammations and/or infections.
19,20 COVID-19 is in fact a specific infection that is 
associated with increased D-dimer levels per se.4,5

In the same way, increased fibrinogen levels have been 
associated with increased rates of VTEs and severe infec
tions due to SARS-CoV2.4,5

On the other hand, CRP is one of the most used 
inflammatory markers to screen acute and chronic infec
tions and inflammation, and LDH is one of the most 
common markers of chronic disease associated with cyto
lysis. Retrospective analysis of COVID-19 cohort has 
confirmed these roles.21

Also, IL6 levels have been associated with differing 
evolution of lung inflammation21,22 in patients with con
firmed COVID-19.

The main objective and findings of our study were the 
reduction of inflammatory markers after thromboprophy
laxis with enoxaparin or fondaparinux. The findings point 
to the ancillary properties of these drugs in vivo.

Anti-inflammatory effects of heparins have been 
reported in vitro and in vivo, and are based on their role 
as a coadjuvant of serpins.23 Reductions in inflammatory 
markers during administration of enoxaparin has also been 
reported in animal models.24 These mechanisms also have 
a role in reduction of IL6 levels during inflammation 
induced by SARS-CoV2.10,25–27

Standard treatment for COVID-19 in fact is based on the 
administration of several kind of drugs with multiple actions, in 
order to reduce inflammatory damage (ie, antivirals, immuno
modulants, antibiotics, steroids, antithrombotics). Due to their 
pharmacological properties, heparinoids can fight SARS- 
CoV2 in multiple ways: a specific antiviral action of heparin 
toward SARS-CoV2 has been found in vitro and in vivo,10,23– 

27 as well a specific anti-inflammatory action of heparinoids 
and fondaparinux.28,29 Of course, these additional properties 
should be added to the well-known antithrombotic actions of 
both drugs. As the specific action of heparin is due to the 
pentasaccharide sequence present in heparins and 
fondaparinux,30 we postulated that all therapeutic actions 
exerted by enoxaparin could also be achieved by fondaparinux.

We found anti-inflammatory effects for enoxaparin and 
fondaparinux in levels of D-dimer, fibrinogen, CRP, LDH, 
and IL6 at admission and after 3weeks of treatment.

A progressive reduction in all values was recorded in both 
groups for D-dimer, fibrinogen, CRP, LDH, and IL6 levels.

Reduction in D-dimer levels after 3 weeks of prophy
laxis with heparinoids was similar for patients treated with 
enoxaparin or fondaparinux, although enoxaparin seems to 
be more effective in reducing D-dimer levels.

Both drugs were also effective in reducing median 
LDH and IL6 levels.
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On the contrary, neither drug seemed to be effective for 
fibrinogen reduction, though the fondaparinux group 
showed a lower median.

As such, we can assume that the use of such heparinoids as 
enoxaparin or fondaparinux has multiple clinical advantages 
for patients with confirmed COVID-19, based on the reduc
tions in inflammatory markers and VTE rate found.

Interestingly, as shown in Table 2, heparinoids were the 
only drugs used in all patients, so we can postulate that 
results from the clinical and laboratory points of view are 
also associated with their use. In particular, their anti- 
inflammatory effects contributed to improvements in 
levels of inflammatory markers. Based on these data, we 
can speculate on specific actions of enoxaparin or fonda
parinux on specific inflammatory markers, but this topic 
would be better investigated on a large population and 
include a composite clinical evaluation (eg, clinical per
formance, laboratory evaluation, and specific outcomes). 
We also emphasize that prolonged administration of enox
aparin or fondaparinux in inpatients with COVID-19 may 
be associated with ancillary anti-inflammatory responses 
to the known antithrombotic action of these drugs.

We found that the incidence of VTEs in our cohort was 
lower than other studies (nearly 10%), although abnormal and 
increased values of D-dimer were present in >75% of patients. 
This could be related to the difficulty in investigating DVT in 
patients with COVID-19.31 In this clinical setting, the inci
dence of thrombotic events was similar in both groups, con
firming that both pharmacological approaches were valid in 
terms of support for these patients.

Therefore, in this specific field we have added to and 
enlarged the knowledge base concerning the use of enox
aparin and fondaparinux in this clinical setting. Studies 
have provided more data on the use of enoxaparin or 
other heparins than fondaparinux in VTE prevention of 
COVID-19 patients and reduction of anti-inflammatory 
markers.

Study Limitations
Our study has several limitations. First of all, of patient 
selection was retrospective. The number of patients that 
received thromboprophylaxis with fondaparinux 2.5 mg 
daily in the hospitals involved was very low. 
Furthermore, the fondaparinux has a unique dosage for 
thromboprophylaxis, while different dosages are available 
for enoxaparin. We selected only patients that received the 
standard dosage of 4,000 U daily.

The small number of thrombotic events that we noted 
in the retrospective analysis could be related to the fact 
that ultrasound scans for VT were performed between days 
5 and 8 of hospitalization. The best timing for ultrasound 
scans for VT in these patients is still a matter of discussion 
in daily clinical management.

Another limitation could be related to the minority of 
patients that developed VTEs, because in these patients 
heparinoid dose was changed. However, the number of 
patients with VTEs was very small, and statistical analysis 
did not reflect this limitation.

Last but not least, outcomes of events were limited to 4 
weeks. More detailed and prolonged studies should 
improve on this first study in thise field.

Conclusion
This retrospective analysis on inpatients with confirmed 
COVID-19 was based on the ancillary properties of the 
heparinoids enoxaparin and fondaparinux, which have 
anti-inflammatory effects in vitro and in vivo and antith
rombotic effects.

We performed a combined analysis on the incidence of 
VTEs confirmed by objective methods and anti-inflamma
tory actions in patients treated with prophylactic doses of 
enoxaparin or fondaparinux.

Both drugs were able to exert anti-inflammatory 
effects, as shown by reduction in all markers. Although 
fondaparinux showed little advantage in reducing CRP 
levels, enoxaparin did with regard to D-dimer levels. 
These additional aspects that we found in our analysis 
should always be joined to clinical aspects.
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Background: Helicobacter pylori (H. pylori) infection is a global public health problem, 
a higher burden of the infection was reported in developing countries including Ethiopia. It 
has been associated with several gastrointestinal diseases, and recently implicated in some 
hematological abnormalities. Despite the high prevalence of H. pylori infection in Ethiopia, 
there was limited data regarding the relationship between hematological parameters with 
H. pylori infection. Therefore, this study aimed to evaluate selected hematological para
meters of H. pylori-infected patients attending Wachemo University Nigist Eleni Mohammed 
Memorial Referral Hospital (WUNEMMRH), Hosanna, Southern, Ethiopia.
Methods and Materials: A comparative cross-sectional study was conducted from January to 
May 2019 among 374 (187 H. pylori-infected patients and 187controls) study participants. Data on 
socio-demographic characteristics were collected using a structured questionnaire. A five-milliliter 
venous blood sample was collected for hematological parameter analysis. Approximately two gram 
of stool specimen was collected to assess the presence of H. pylori antigen. Data were entered and 
analyzed by using SPSS version 21. Pearson correlation analysis and independent sample T-test was 
performed, and P-value < 0.05 was considered statistically significant.
Results: Mean value of Hgb (p<0.001), RBC count (p<0.001), HCT (p<0.001), MCV 
(p=0.003), MCH (p=0.008), and MCHC (p=0.006) of H. pylori-infected patients were 
significantly lower than control group. However, the mean value of RDW (p=0.003) in 
H. pylori-infected patients was significantly higher than in the control group. About 13.3%, 
7%, 6.4%, and 18.2% of H. pylori-infected patients showed reduced Hgb concentration, RBC 
count, HCT, and MCV values, respectively.
Conclusion: The study showed a statistically significant difference in the mean value of Hgb, 
RBC count, HCT, MCV, MCH, MCHC, and RDW of H. pylori-infected patients and controls. Thus, 
hematological parameters should be considered for proper diagnosis and management of H. pylori- 
infected patients and eradication of this microorganism from infected patients, determination of 
hematological parameters for H. pylori-infected patients were recommended.
Keywords: hematological parameters, H. pylori infection, southern, Ethiopia

Introduction
Helicobacter pylori (H. pylori) infection is a global public health problem affecting 
both developed and developing countries,1,2 with a higher burden reported from 
developing countries; a study showed 50.8% in developing countries as compared to 
34.7% in developed countries.3 In Ethiopia,52.2% of the population were suffering 
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from this infection.4 Besides, different studies reported 
52.4%, 36.8% 60.5%, and 83.3% burden of H. pylori infec
tion in Butajira,5 Addis Abebe,6 Dessie,7 and Hawwassa,8 

respectively.
H. pylori infection is one of the most common bacterial 

infections in humans and possesses several mechanisms to 
colonize the host; flagella-mediated motility, surviving in 
an acidic stomach environment, attaching to host receptors 
by adhesions, and causing tissue damage by releasing 
toxin.9,10 It causes gastritis, peptic ulcer disease, gastro
duodenal ulcer, atrophic gastritis, gastric cancers, and dys
peptic symptom.11,12 A study conducted in Addis Ababa, 
Ethiopia, reported a significant number of gastric cancer 
cases in Ethiopia.13 Furthermore, H. pylori infection has 
been implicated in some hematological manifestations 
such as anemia and micronutrient deficiency (iron, and 
vitamin B12).14,15

Red blood cell synthesis is regulated by many factors, 
like erythropoietin, iron, vitamin B12, folic acid, and vita
min C. Iron and vitamin B12 are especially important for 
hemoglobin synthesis and maturation of red blood cells, 
lack of any of the nutrients resulted in alteration of RBC 
parameter.16–18 However, different studies indicated 
H. pylori infection was independently associated with 
vitamin B12 deficiency,17,19 iron deficiency,20,21 and iron- 
deficiency anemia,22 and the presence of H. pylori infec
tion is associated with a poorer response to oral iron 
therapy.23,24 It has been suggested that H. pylori eradica
tion therapy in addition to iron therapy, might show 
improvements in ferritin and hemoglobin levels in infected 
patients.23,25

H. pylori infection is related to iron deficiency and 
iron-deficiency anemia by impairing iron absorption as 
a result of chronic gastritis which causes gastric hypo
chlorhydria, leading to impair reduction of the dietary 
iron from the ferric to ferrous form.26 Because most diet
ary iron is in the ferric form, needs acidic intra-gastric pH 
and ascorbic acid to reduce into ferrous form for 
absorption.27 Hence, H. pylori is a major cause of chronic 
superficial gastritis leading to atrophy of gastric glands, 
resulting in reducing gastric acid secretion.28,29

H. pylori impair iron uptake which can compete with 
the host,30 and increased hepcidin production secondary to 
H. pylori infection decreases the release of iron from 
macrophages of the reticuloendothelial system and entre
cote, which impairs hemoglobin synthesis.26 Because hep
cidin acts as an acute phase reactant in response to the 
inflammation produced in the gastric mucosa.14 

Hemorrhagic gastritis and active bleeding peptic ulcers 
were other possible ways for iron loss.31

Also, H. pylori infection causes the deficiency of vita
min B12 by producing chronic gastritis and atrophic 
gastritis;32 H. pylori infection causes hypochlorhydria, 
which leads to increased bacterial colonization. Bacteria 
compete with the host for vitamin B12. Gastric acid in the 
stomach and pepsin was required to release protein 
bounded vitamin B12 from food; thereby vitamin B12 
cannot bind to R-protein and then with intrinsic factor, 
lead to malabsorption of vitamin B12. Also, decreased 
production of an intrinsic factor due to atrophic gastritis 
may result in vitamin B12 deficiency and anemia.31–33

H. pylori infection diagnosis was performed by inva
sive (rapid urease test, culture, endoscopy, and endoscopic 
biopsy for histopathology) and non-invasive (urea breath 
tests, stool antigen test, and serological tests) methods.34 

However, the choice of diagnostic methods general 
depends on population prevalence of infection, differences 
in test performance, availability, affordability, and clinical 
situation.35

Several epidemiological studies reported a higher bur
den of H.pylori infection in Africa including Ethiopia.1,4 

Despite the high prevalence of H.pylori infection in 
Ethiopia, data regarding the association of hematological 
parameters with H.pylori infection is scarce, evaluating the 
relationship between hematological parameters with H. 
pylori infection was important to aid effective intervention 
measures to reduce its public health burden and related 
complication in adult patients. Also, it aids in the proper 
diagnosis and management of H. pylori-infected patients. 
Therefore, this study aimed to determine the effect of 
H. pylori infection on selected hematological parameters 
in Southern Ethiopia.

Methods and Materials
Study Design, Period, and Area
A comparative cross-sectional study was conducted among 
adults patient from January 1, to May 30, 2019, at 
Wachemo University Nigist Eleni Mohammed Memorial 
Referral Hospital (WUNEMMRH), Hosanna town, Hadiya 
Zone, Southern Ethiopia. The town is located about 
232 km far from the capital city of Ethiopia, Addis 
Ababa. WUNEMMRH is the largest public referral hospi
tal in the Hadiya Zone, as a teaching hospital, it plays an 
important role in providing teaching, research, and com
munity service and provides services for more than 
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3.2 million inhabitants. All adult patients (≥18years) who 
visited the hospital with signs and symptoms suggestive of 
H.pylori infections were considered as a source population 
for the H. pylori-infected group.

Study Participants
A total of 374 study participants; 187 H. pylori-infected 
patients (94 females and 93 males) and 187 control groups 
(94 females and 93 males) were included in the study. Control 
groups were age and sex-matched healthy individuals who had 
no previous history of chronic diseases that affect hematolo
gical parameters. Also, the control groups were negative for H. 
pylori infection. Control groups were WUNEMMRH staff, 
patient’s relatives or guardians, and Wachemo University 
students.

From those patients with presumptive signs and symp
toms suggestive of H.pylori infections, stool antigen con
firmed consecutive H.pylori infected patients were taken 
as H. pylori-infected groups. H. pylori-infected patients 
who took treatment within the last three months, who 
had previous stomach or small bowel surgery, donate 
blood within the last three months and on treatment for 
anemia before data collection, bleeding manifestations, 
pregnant women, severely ill and who had other chronic 
diseases were excluded from the study.

Sample Size Determination and Sampling 
Technique
Two population mean formulae were used to calculate the 
sample size using G-power, version 3.1, by considering the 
following assumptions: 95% confidence interval (two- 
sided), 80% power and the ratio of cases to control 
group was 1:1. Taking the mean and standard deviation 
(SD) of RBC for H.pylori infected patients and control 
group from the previous study,5 4.63 and 0.59 for H.pylori 
infected patients and 4.83 and 0.72 for the control group. 
We got a total sample size of 374 with 187 for each group. 
All consecutively identified controls and H. pylori-infected 
cases were included in the study.

Data Collection and Laboratory Method
Data on socio-demographic characteristics were collected 
using a structured questionnaire by trained nurses.

Blood Sample Collection and Analysis
A five-milliliter venous blood sample was collected from 
each study participant by laboratory technologists for 

hematological parameter analysis. Hematological para
meters (RBC, Hgb, HCT, MCV, MCH, MCHC, and 
RDW) were determined using Mindray BC-3000 plus 
(Shenzhen Mindray Bio-Medical Electronics, China) auto
mated blood analyzer. Hematological parameters (RBC, 
Hgb, HCT, MCV, MCH, MCHC, and RDW) were cate
gorized into low, normal, and high based on the hemato
logical reference range conducted in adults in Ethiopia.36

Stool Specimen Collection and Analysis
After explaining how to collect representative stool speci
mens clean cupped plastic container was given to the 
participants. Approximately two gram of stool specimen 
was collected from each study participant and checked for 
the presence of H. pylori antigen by wondfo one step 
H. pylori feces test (Guangzhou Wondfo Biotech, China).

From all study participants; (height, weight, and blood 
pressure) were measured and body mass index (BMI) was 
calculated as weight in kilogram divided by the square of 
height in meter and categorized into four groups; 
BMI<18.5 kg/m2 as underweight, BMI = 18.5–24.9 kg/ 
m2 as normal weight, BMI = 25–29.9 kg/m2 as over
weight, and BMI ≥ 30 kg/m 2as obese.

Data Management and Quality Assurance
To ensure the quality of data, all laboratory tests were 
done by following the standard operating procedures 
and manufacturer instructions, reagents and test kits 
were checked for their expiry date, half-day training 
was given to data collectors and completeness of each 
questionnaire was checked regularly. The performance 
of the hematology analyzer was checked before running 
the patients’ samples by performing normal, low, and 
high blood controls.

Data Analysis and Interpretation
Data were entered and analyzed by using SPSS version 21 
(SPSS, Chicago, IL, USA). Frequency tables and descrip
tive summaries like mean and standard deviation (SD) 
were used to describe the study variables. Data were tested 
for the normality of its distribution by Kolmogorov– 
Smirnov test. The difference in the mean (SD) values of 
RBC parameters between H. pylori-infected and control 
groups were explored using an independent sample T-test. 
Pearson correlation analysis was performed. A P-value, < 
0.05 was considered statistically significant.
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Results
Socio-Demographic Characteristics of 
Study Participants
A total of 374 study participants; 187 H. pylori-infected 
patients and 187 control groups were included in this study. 
The mean age of H. pylori-infected patients was 31.89 with 
a standard deviation of ±7.8 years. There was no statistically 
significant difference between the mean age (p=0.29) of the 
H. pylori-infected patient and the control group. Among the 
study participants, 93 (49.7%) and 94 (50.3%) were males 
and females in both groups respectively. More than half of 
the study participants; 109 (58.3%) in the H. pylori-infected 
group and 107 (57.2%) in the control group were rural 
dwellers (Table 1). Among H. pylori-infected study partici
pants 7(3.5%),151 (80.7%), and 29 (15.5%) had under
weight, normal weight and overweight, respectively.

Comparisons of RBC Parameters in Study 
Participants
The mean (SD) of the parameters related to red blood cells 
were also compared between H.pylori infected and the 
control group. Accordingly statistically significant lower 
mean value of Hgb (p<0.001), RBC (p<0.001), HCT 
(p<0.001), MCV (p=0.003), MCH (p=0.008), and MCHC 
(p=0.006) were observed in H. pylori-infected patients 
compared to control group. However, the mean value of 
RDW in H. pylori-infected patients was higher than the 

control group, which was also statistically significant 
(p=0.003) (Table 2).

Hematologic Abnormalities in H. 
pylori-Infected Patients
Among 187 H.pylori infected patients; about 13.3%, 7%, 
6.4% and 18.2% of patients showed reduced Hgb concen
tration, RBC count, HCT, and MCV values, respectively 
(Table 3).

Correlation Analysis of RBC Parameters 
with Predictors Among H. pylori-Infected 
Patients
Haemoglobin concentration showed statistically positive 
correlation with systolic blood pressure (r: 0.14, p: 
0.006), and negative correlation with residence (r: −0.12, 
p=0.01). In addition HCT shows negative correlation with 
residence (r: −0.11, p: 0.002) and positive correlation with 
gender (r: 0.15, p: 0.003) (Table 4).

Discussion
H. pylori infection is a major cause of morbidity and 
mortality worldwide2. More than 50% of the global popu
lation is estimated to be infected.1,37 It causes chronic 
gastritis, peptic ulcer, gastric adenocarcinoma, and 
mucosa-associated lymphoid tissue lymphoma.12 

Table 1 Socio-Demographic Variables Distribution of H. pylori- 
Infected Patients and Controls at Wachemo University Nigist 
Eleni Mohammed Memorial Referral Hospital, 2019

Variables Categories H. pylori-Infected 
Group

Controls 
Group

Gender Female 94(50.3%) 94(50.3%)
Male 93(49.7%) 93(49.7%)

Age in years 18–27 62(33.2%) 76(40.6%)
28–37 72(38.5%) 66(35.3%)
38–47 49(26.2%) 42(22.5%)

≥48 4(2.1%) 3(1.6%)

Residence Urban 78(41.7%) 80(42.8%)
Rural 109(58.3%) 107(57.2%)

Educational 

status

Illiterate 56(29.9%) 44(23.5%)
Primary 31(16.6%) 24(12.8%)
Secondary 54(28.9%) 65(34.8%)

Higher level 46(24.6%) 54(28.9%)

Abbreviation: H. pylori, Helicobacter pylori.

Table 2 Comparisons of Mean Values of RBC Parameters of 
H. pylori-Infected Patients and Controls at Wachemo University 
Nigist Eleni Mohammed Memorial Referral Hospital, 2019

RBC 
Parameters

H. pylori- 
Infected Group  
Mean ±SD

Control Group 
Mean ±SD

p-value

Hgb g/dl 13.32 ±1.56 14.25 ±1.89 <0.001

RBCx106/µL 4.39 ±0.46 4.79 ±0.61 <0.001

HCT (%) 40.38 ±4.40 45.71 ±5.31 <0.001

MCV(fl) 88.03 ±5.44 89.64±4.84 0.003

MCH(pg) 28.33 ±2.18 28.94 ±2.19 0.008

MCHC g/dl 31.99 ±1.30 32.38 ±1.45 0.006

RDW (%) 14.31±1.45 13.92±1.12 0.003

Note: P-value <0.05 is considered statistically significant. 
Abbreviations: fl, femtoliters; g/dl, gram per deciliter; Hgb, hemoglobin; H. pylori, 
Helicobacter pylori, RBC, red blood cell; HCT, hematocrit; MCV, mean cell volume; 
MCH, mean cell hemoglobin; MCHC, mean cell hemoglobin concentration; µL, 
microliters; %, percentage; pg, pictogram; RDW, red blood cell distribution width; 
SD, standard deviation.
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Different studies suggested that H. pylori infection was 
associated with some hematological abnormalities.17 

Therefore, the current study aimed to assess the relation 
between RBC parameters and H. pylori infection in adult 
patients at WUNEMMRH.

Alteration of RBC parameters in H. pylori-infected 
adult patients associated with different mechanisms; con
sumption of iron by the H. pylori30 decreased iron 

absorption secondary to chronic gastritis,20 iron loss via 
hemorrhagic gastritis, and active bleeding peptic ulcers, 
deficiency of iron and vitamin B12 secondary to chronic 
and atrophic gastritis,27 which might contribute to the 
alteration of RBC parameters in H. pylori-infected patients 
as compared to control.

Besides, H. pylori infection is associated with defi
ciency of iron and vitaminB12,20,21,30 which was 

Table 3 The Proportion of H. pylori-Infected Patients (n=187) with Low, Normal, and High Values of RBC Parameters at Wachemo 
University Nigist Eleni Mohammed Memorial Referral Hospital, 2019

RBC Parameters Categories Frequency (%) Reference Range

Hgb (g/dl) Low 26(13.9%) Male 11.5–18
Normal 161(86.1%) Female 11–16.7

RBCx106/µL Low 13(7%) Male 3.53–6.93
Normal 174(93%) Female 3.45–6.25

HCT (%) Low 12(6.4%) Male 36.2–58.6
Normal 175(93.6%) Female 32.1–56.6

MCV(fl) Low 34(18.2%) Male 85–100
Normal 148(79.1%) Female 85–100

High 5(2.7%)

MCH(pg) Low 27(14.4%) Male 26.6–33.3
Normal 159(85%) Female 25.8–32.8
High 1(0.5)

MCHC g/dl Low 4(2.1%) Male 29.5–34.4
Normal 179(95.7%) Female 28.5–34.4

High 4(2.1%)

RDW (%) Low 1(0.5%) Male 12–17

Normal 180(96.3%) Female 12–17
High 6(3.2%)

Abbreviations: fl, femtoliters; g/dl, gram per deciliter; Hgb, hemoglobin; RBC, red blood cell; HCT, hematocrit; MCV, mean cell volume; MCH, mean cell hemoglobin; 
MCHC, mean cell hemoglobin concentration; µL, microliters; %, percentage; pg, pictogram; RDW, red blood cell distribution width.

Table 4 Correlation Analysis of RBC Parameters with Predictors Among H. pylori-Infected Patients at Wachemo University Nigist 
Eleni Mohammed Memorial Referral Hospital, 2019

Predictors RBC Hgb HCT MCV MCH MCHC RDW

r p R p R p r p r p r p r p

Age 0.01 0.8 0.05 0.26 0.02 0.6 0.02 0.6 0.02 0.5 0.2 0.6 0.05 0.3

Gender 0.01 0.9 0.06 0.18 0.15 0.003 −0.1 0.01 0.07 0.1 0.5 0.2 0.1 0.04

Residence 0.08 0.1 −0.12 0.01 −0.11 0.02 0.05 0.2 0.08 0.1 0.1 0.5 0.1 0.04

BMI 0.03 0.4 0.08 0.1 0.03 0.5 0.04 0.4 0.11 0.02 0.1 0.03 0.02 0.5

SBP 0.13 0.01 0.14 0.006 0.07 0.14 0.02 0.6 −0.1 0.02 0.7 0.1 0.03 0.4

DBP 0.001 0.9 0.02 0.6 0.02 0.6 0.01 0.7 0.01 0.8 0.7 0.1 −0.1 0.04

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; Hgb, hemoglobin; RBC, red blood cell; HCT, hematocrit; MCV, mean cell volume; MCH, mean cell 
hemoglobin; MCHC, mean cell hemoglobin concentration; p, the p-value for correlation; RDW, red blood cell distribution width; r, Pearson correlation coefficient.
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important micronutrients for hemoglobin synthesis and 
maturation of red blood cells; their deficiency may result 
in variation in size and shapes of RBC, and defects in 
hemoglobin maturation. Consequently may contribute to 
the alteration of RBC parameters.

This study revealed a significant decrement of mean 
hemoglobin concentration (p<0.001) of H. pylori-infected 
patients as compared to the control. This finding was in 
line with other similar studies conducted in Palestine in 
adult H. pylori-infected patients,17 in Egypt22 and 
Karachi.38 Consumption of iron by the H. pylori,30 

decreased iron absorption secondary to chronic 
gastritis,20 iron loss via hemorrhagic gastritis, and active 
bleeding peptic ulcers,27 which might contribute to decre
ment of blood hemoglobin concentration in H. pylori- 
infected patients. Several studies reported that depletion 
of iron in H. pylori-infected patients,30 and eradication of 
H. pylori infection shows improvements in blood hemo
globin concentration.22,23 However, our finding contradicts 
the study conducted in Dhaka, Bangladesh,39 which 
reported there was no significant difference in hemoglobin 
concentration between the two groups. This might be due 
to a difference in sample size and methodology.

The mean values of RBC count were lower in 
H. pylori-infected patients compared to the control group 
in our study, which was statistically significant. This find
ing is supported by previous studies conducted in 
Turkey,40 Palestine17 and Sudan.41 The decrement of 
RBC count among H. pylori-infected patients might be 
because of blood loss due to chronic erosive gastritis and 
active bleeding peptic ulcers.

In the current study, the mean level of HCT was 
showed a statistically significant difference between 
H. pylori-infected patients and control groups. A similar 
observation was reported from Butajira, Ethiopia,5 

Sudan,41 and Turkey.40 Change in hematological para
meters might be due to H. pylori infection. Different 
studies also reported that eradication of H. pylori infection 
shows improvements in hematological parameters.22,25

The mean cell volume value was significantly lower in 
H. pylori-infected patients as compared to the control 
group in this study. This finding is supported by a study 
conducted in Sudan,16 Turkey,40 Dhaka, Bangladesh,39 

Butajira, Ethiopia.5 Whereas, another similar study done 
in Palestine17 and Sudan41 was reported no significant 
difference in MCV value between H. pylori-infected 
patients and the control group. The observed difference 

may be due to the variation in the sample size between 
studies.

Statistically, a significant mean difference in MCH 
value was observed between H. pylori-infected patients 
and the control group in our study. This finding is in 
agreement with a study conducted in Butajira, Ethiopia,5 

Kosti Teaching Hospital, Sudan,16 and Bangladesh.39 

However, a study conducted in Palestine17 and Sudan41 

reported no significant differences were found in the MCH 
value, which was contradicting our finding. Several studies 
indicated that H. pylori infection was associated with 
impairments of micronutrients essential for hemoglobin 
synthesis,17,22,30 which may contribute to the observed 
difference.

In the current study, the mean level of MCHC was 
showed a statistically significant difference between 
H. pylori-infected patients and control groups. Contrary 
results were reported from Sudan,16,41 but the supporting 
observation was reported from Ethiopia.5

H. pylori infection is associated with deficiency of iron 
and vitaminB12,20,21,30 which was important micronutrients 
for hemoglobin synthesis and maturation of red blood cells; 
their deficiency may result in variation in size and shapes of 
RBC. A significantly higher mean value of RDW was found 
in H. pylori-infected patients as compared to the control 
group in this study. This finding is supported by a study 
conducted in Palestine.17 This is might be due to fact that 
high RDW indicates impairment of erythropoiesis, reflecting 
chronic inflammation and deficiency of micronutrients, both 
of which are significant signs of H. pylori infection that 
result in the RBC size variation.

In the current study about 13.3%, 7%, 6.4%, and 
18.2% of H. pylori-infected patients showed reduced 
blood Hgb concentration, RBC count, HCT, and MCV 
values respectively. Reduction in hematological indices 
might be due to blood loss via hemorrhagic gastritis and 
active bleeding peptic ulcers, impairing iron absorption as 
a result of chronic gastritis, deficiency of iron and vitamin 
B12 secondary to chronic and atrophic gastritis.

Concerning the correlation of hematological indices, RBC 
count and hemoglobin level showed a statistically positive 
correlation with systolic blood pressure. A similar observa
tion was reported from Ethiopia,42 China,43 and Netherland.44

Conclusion
In this study, the mean value of Hgb, RBC count, HCT, 
MCV, MCH, and MCHC were showed significant decre
ments in H. pylori-infected patients compared to the 
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control group. However, the mean value of RDW in 
H. pylori-infected patients was significantly higher than 
in the control group. Therefore, hematological parameters 
showed a significant difference should be considered for 
proper diagnosis and management of H. pylori-infected 
patients, and eradication of this microorganism from 
infected patients, determination of hematological para
meters for the patients who had H. pylori infection, pre
vention and control of this infection, and performing large 
longitudinal community-based studies were recommended.

Limitation of the Study
The limitation of this study is it does not show a cause- 
effect relationship between variables and H. pylori infec
tion because of the cross-sectional nature of the study 
design. We had not assessed micronutrient level and neu
trophil-lymphocyte ratio and platelet lymphocyte ratio due 
to logistic constraints.

Data Sharing Statements
The original data for this study is available from the 
corresponding author on a reasonable request.

Ethical Considerations
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study was carried out following the Declaration of Helsinki.
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Background: Malaria screening for blood derived from any donors prior to transfusions is 
a standard procedure that should be performed; but, in fact, it is not routinely conducted. In 
case of the blood is infected with Plasmodium spp., the survival of parasites may be 
depending on, or even influencing, the profile of red blood cells (RBCs).
Methods: This observational longitudinal study was conducted upon 55 bags of donor blood 
that randomly selected. Malaria infections were detected using Rapid Diagnostic Test/RDT 
with thin and thick blood smear confirmation. The changes of Plasmodium spp. viability and 
RBCs profiles, as well as other hematological parameters, were observed from the results of 
routine hematological examinations which were performed on days 1,7,14 and 21 of storage.
Results: Among 55 blood samples, there were 17 and 38 bags, respectively, positive and 
negative for malaria, then used for analysis as the case and control groups. There were 
significant decreasing values (p<0.05) of all routine blood examination parameters of donor 
blood, started from days 1, 7, 14, 21, and 28. There were no differences in decreasing profiles 
between those infected and non-infected donor blood (p>0.05). On days 21 and 28 none of 
the positive samples still contained parasites.
Conclusion: Erythrocytes profiles of donor blood significantly decreased with the duration 
of storage, but were not influenced by the presence of Plasmodium spp.
Keywords: donor blood, Plasmodium viability, erythrocyte profile, storage

Introduction
Malaria is one of the leading life-threatening infectious diseases, especially in 
endemic regions, such as Sub Sahara, South and Central America, and some regions 
in Asia. Besides the natural cases, transfusion-transmitted malaria (TTM) may 
commonly occur in an endemic area, through the transfusion of blood from 
asymptomatic donors. WHO has already recommended following the procedure 
of blood screening for malaria as well as for HIV, hepatitis, and VDRL, but in fact, 
those were not routinely conducted,1,2 even in Indonesia as well.3

The bloods derived from the donors are collected in the bags containing antic
oagulant, and if not immediately given to the recipients, they will be stored in 
certain conditions, such as a temperature of −4°C.4 In those specific conditions, the 
anticoagulant is needed to maintain the viability of blood, together with its contain
ing components, before the transfusion.5

In normal condition, the viability of blood especially red blood cells, as long as 
they are still in the circulation, is around 120 days, before they then are metabolized 
by the hematopoietic system. But if the RBCs are infected by Plasmodium spp., 
their viability will be shorter, as they will be damaged by the parasite inside the 
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RBCs. The rate of RBC damage will be relevant to the 
species of Plasmodium, and therefore will influence the 
RBC profiles also.6

There are several hematological parameters routinely 
used to express the quality of blood components, espe
cially the RBCs profiles; ie, the level of hemoglobin (Hb), 
hematocrit (HCT), Mean Corpuscular Volume (MCV), 
Mean Corpuscular Hemoglobin (MCH), and Mean 
Corpuscular Hemoglobin Concentration (MCHC).7 The 
quality of the RBCs will also affect the growth of the 
parasites and indirectly the rate of transfusion-transmitted 
malaria. For that reason, this study was conducted in order 
to observe the influence of duration of blood storage prior 
to transfusion on RBCs profiles, in the blood infected and 
not infected by Plasmodium spp., as well as the viability of 
parasites in the infected blood.

Research Design
This study is an observational longitudinal study using 
blood from the donation as samples. The bloods were 
examined for the presence or absence of Plasmodium 
spp., and divided into two groups Plasmodium spp. (+) 
and Plasmodium spp. (-). Donor blood had been analyzed 
for erythrocyte profiles using a hematology analyzer for 
six parameters. This study was conducted in accordance 
with the Declaration of Helsinki and approved by the 
ethics committee of Health Research Faculty of 
Medicine, Lambung Mangkurat University, through the 
issuance of an ethical clearance no. 521/KPK-FK 
UNLAM/EC/X/2017. The donors were informed about 
the possibility that their blood would not be given to 
recipients, instead to be used as a research sample, and 
they understood about it. If they agreed, they must sign an 
informed consent.

Materials and Methods
After receiving ethical approval from the Ethics 
Committee, blood samples were collected at the same 
time as blood donor activities on Blood Bank, Banjar 
District and Blood Bank, Tanah Laut District and Blood 
Bank, from October 2017 to February 2018. We collected 
1281 bags of donor blood. Results of malaria screening 
using RDT and blood smear examinations showed that 17 
were positive. As sample size calculation needed 55 sam
ples, we randomly determined 38 malaria negative sam
ples as control with the consideration of matching of sex 
and age. Prior to the blood donation activity, hemoglobin 
level, blood pressure examination and a brief interview 

about donor history were conducted to select donors 
based on exclusion criteria, such as the age over 60 
years, suffering from Diabetes Mellitus, hypertension, 
asthma, heart disease and congenital blood disorders. The 
bloods in the bags were taken from donors who were 
positive and negative for malaria, sent in a cooler box, 
and then stored at −4°C until they were used for further 
examinations and analysis, as study and control groups, 
respectively.

When examining hemoglobin, the residual blood at the 
fingertips was immediately screened for malaria using 
blood smear (thin and thick blood smear preparations) 
and using Rapid Diagnostic Test (Pakar Biomedika 
Indonesia, catalog number: AUC-01D07) to identify the 
presence of Plasmodium falciparum histidine-rich protein- 
2 (PfHRP-2) and all species of pan lactate dehydrogenase. 
The donor blood bags that were used to collect samples 
contained CPDA-1 anticoagulant (JMS Single Blood Bag 
350 mL Catalog Number 901396401). During the experi
mental study, the blood was stored at −4°C in the faculty 
refrigerator and checked daily to ensure the consistency of 
the temperature. Furthermore, screening for HIV/AIDS, 
syphilis, and hepatitis was carried out on blood transfu
sions as a routine screening in accordance with 
Government Regulation No.7 of 2011.3 The changes of 
erythrocytes (RBCs) profile and other hematological para
meters were observed from the results of routine hemato
logical examinations using a hematological analyzer 
(Rayto Web lab, Type WP-330, catalog no. 42000000- 
AKS-000458665) which were performed on days 1,7,14, 
and 21 of storage. The viability of Plasmodium spp. was 
observed using standard Giemsa stain and was determined 
based on the morphology of the parasite that still con
tained nucleus and cytoplasm without any form of crisis 
form.

Erythrocyte profile examination results were tabulated 
and then calculated for the average and their distribution. 
Statistical analyses utilized to evaluate the erythrocyte 
profiles based on the day of observation were the 
Repeated ANOVA test and post-hoc Paired Wise 
Comparison test for RBC, HCT and MCH, and Friedman 
test and post-hoc Wilcoxon test for Hb, MCV and MCHC 
with a significance level of p<0.05, while erythrocyte 
profiles based on groups infected with Plasmodium spp. 
and not infected with Plasmodium spp. were analyzed 
using the Independent T-test for RBC, Hb, HCT, and 
MCH and Mann–Whitney test for MCV and MCHC with 
significance level p<0.05.
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Results
The characteristics of the research subjects are based on 
age, gender, education, employment and the blood group 
classification as mention in Table 1.

The mean value of all parameters of erythrocyte blood 
profile in all donor blood tended to decrease through the 
days of observation (Table 2). The statistical results 
showed that there were significant differences in the pro
file of RBCs among five different days of observations 
(p=0.000, using Repeated ANOVA test and Friedman test).

Observations of the presence and the survival of the 
parasite in the donor blood based on the morphology of 
Plasmodium spp. were carried out using thin and thick 
blood smear preparations. Three species of Plasmodium 
vivax, Plasmodium falciparum, Plasmodium ovale and 
mixed infections of Plasmodium vivax, Plasmodium falci
parum, were identified as shown in Figures 1 and 2.

Until day 14, Plasmodium falciparum, Plasmodium 
vivax and mix infection still can be detected as immature 
and mature trophozoite stage with normal morphology 
containing a regular nucleus and clear cytoplasm without 
any form of crisis form. Unfortunately, the longer storage 

makes reduction in the presence of the parasites 
(Figure 3).

During storage, a decrease in the number of RBCs from 
donor blood containing Plasmodium spp. was compared to 
those in the RBCs from donor blood that did not contain 
Plasmodium spp. There was no significant difference in the 
results (Independent T-test showed the first day, p= 0.226; 
seventh day, p= 0.066; fourteenth day, p= 0.067; twenty-first 
day, p= 0.050; twenty-eighth day, p= 0.375). The mean of 
RBCs numbers decreased significantly with storage time 
based on day observation (7th day lower than those at 
1st day, 14th day lower than those at 7th day, 21st day lower 
than those at 14th day, 28th day lower than those at 21st day, 
all p value = 0.000; Repeated ANOVA test and post-hoc 
Paired Wise Comparison test). The longer storage led to 
more erythrocyte lysis, causing more decrease in RBCs num
ber in the two groups. Figure 4 shows there were more than 
50% of RBCs lysis on the 21st day of observation in both 
donor blood groups.

The following graph shows a hemoglobin level in 
serial observations of both groups (Figure 5). There was 
no significant different about the results (the first day, p= 

Table 1 Demographic Characteristics of Research Subjects

Characteristics Category Plasmodium spp. (+) (N = 17) Plasmodium spp. (-) (N = 38)

∑ Percentage ∑ Percentage

Sex Man 8 47,06% 17 44,74%

Women 9 52,94% 21 55,26%

Age < 30 years 3 17,65% 14 36,84%

30–40 years 9 52,94% 14 36,84%

41–50 years 4 23,53% 4 10,53%
51–60 years 1 5,88% 6 15,79%

Employment Traders/Seller 1 5,88% 3 7,89%
The farmers 11 64,7% 7 18,42%

The miners 3 17,65% 1 2,63%

Company employees - 19 50%
Government employees - 2 5,26%

Not work or students 2 11,76% 6 15,79%

Education No school 6 35,29% 2 5,26%

Primary school 6 35,29% 5 13,16%
junior high school 4 23,53% 13 34,21%

Senior high school - 16 42,11%

University 1 5,88% 2 5,26%

Blood group A 5 29,41% 13 34,21%

B 4 23,53% 6 15,79%
AB - 3 7,89%

O 8 47,06% 15 39,47%
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0.402; seventh day, p= 0.061; fourteenth day, p= 0.081; 
twenty-first day, p= 0.098; twenty-eighth day, p= 0.178; 
Independent T-test). From the observation that was carried 
out from the first day to the twenty-eighth day of storage, 
the Hb levels were significantly different between day 
observations with all p value = 0.000 (Friedman test and 
Post-hoc Wilcoxon test) both in two groups.

The following graph shows a hematocrit level in 
serial observation of both groups (Figure 6). Both hema
tocrit levels from donor blood containing Plasmodium 
spp. and did not contain Plasmodium spp. decreased 
over a long period of storage. The trend was similar to 
that in Figure 4 which shows the decrease of erythrocyte 

number. Statistical analysis showed there was no differ
ence in the level of hematocrit between the two donor 
blood groups (p = > 0.05). Independent T- test showed 
the first day, p = 0.525; seventh day, p = 0.105; 
fourteenth day, p = 0.118; twenty-first day, p = 0.127; 
twenty-eighth day, p = 0.127. The longer storage caused 
more decrease in all of the hematocrit levels in the two 
groups, which showed there was a difference (all 
p value = 0.000, Repeated ANOVA test and post-hoc 
Paired Wise Comparison test).

All-day observations of MCV levels from donor blood 
containing Plasmodium spp. and that not containing 
Plasmodium spp. were similar and there was no difference 

Table 2 Erythrocyte Profiles (Mean, Median, Standard Deviation, Minimum–Maximum)

Parameters Day of Observation Plasmodium spp. (+) (N=17) Plasmodium spp. (-) (N = 38)

Median 
(Minimum-Maximum)

Mean ± SD Median 
(Minimum-Maximum)

Mean ± SD

RBC (× 10^6/ul) 1st day 5.31 (4.08–6.85) 5.35 ± 0.78a 4.90 (3.86–6.86) 5.08 ± 0.73a

7th day 3.63 (2.90–5.14) 3.73 ± 0.59b 3.31 (2.62–4.66) 3.41 ± 0.51b

14th day 2.27 (1.74–3.34) 2.34 ± 0.41c 2.09 (1.64–2.94) 2.12 ± 0.33c

21st day 1.24 (0.00–2.00) 1.29 ± 0.42d 1.20 (0.00–1.71) 1.03 ± 0.52d

28th day 0.00 (0.00–1.10) 0.13 ± 0.35e 0.00 (0.00–1.09) 0.42 ± 0.19e

Hb (g/dl) 1st day 14.20 (11.40–16.40) 14.20 ± 1.09a 14.30 (9.30–16.30) 13.80 ± 1.78a

7th day 9.90 (8.60–12.30) 9.89 ± 0.95b 9.60 (6.00–11.10) 9.31 ± 1.24b

14th day 5.90 (5.20–8.00) 6.20 ± 0.76c 5.90 (3.60–7.00) 5.79 ± 0.81c

21st day 3.40 (2.80–4.80) 3.58 ± 0.55d 3.40 (2.00–4.10) 3.31 ± 0.50d

28th day 1.80 (0.00–2.60) 1.81 ± 0.58e 1.80 (0.00–2.20) 1.56 ± 0.66e

HCT (%) 1st day 42.90 (36.50–49.60) 43.06 ± 3.35a 42.75 (29.20–51.80) 42.31 ± 5.25a

7th day 29.70 (24.20–37.20) 30.04 ± 3.17b 29.05 (19.00–35.20) 28.41 ± 3.68b

14th day 18.40 (14.50–24.20) 18.85 ± 2.56c 18.05 (11.40–22.20) 17.67 ± 2.45c

21st day 10.70 (8.00–14.50) 10.92 ± 1.86d 10.40 (6.30–12.90) 10.11 ± 1.5 2d

28th day 5.70 (4.00–8.00) 5.79 ± 1.21e 5.50 (3.10–6.80) 5.28 ± 0.88e

MCV (fL) 1st day 79.30 (56.90–89.10) 77.77 ± 9.00a 84.00 (55.80–89.40) 80.74 ± 9.05a

7th day 54.30 (42.70–66.00) 54.19 ± 7.24b 56.4 (37.90–60.80) 54.18 ± 6.19b

14th day 34.30 (25.00–42.90) 34.03 ± 5.35c 34.65 (23.00–38.30) 33.82 ± 4.09c

21st day 18.90 (13.30–25.70) 19.71 ± 3.67d 19.95 (12.70–22.20) 19.35 ± 2.53d

28th day 9.40 (6.40–14.20) 10.44 ± 2.32e 10.55 (6.30–11.80) 10.09 ± 1.48e

MCH (pg) 1st day 6.70 (5.20–8.60) 6.69 ± 1.00a 7.05 (4.50–10.80) 7.09 ± 1.24a

7th day 4.70 (3.50–5.80) 4.66 ± 0.70b 4.60 (2.90–6.70) 4.68 ± 0.79b

14th day 2.90 (2.10–3.80) 2.94 ± 0.49c 2.90 (1.70–4.20) 2.96 ± 0.55c

21st day 1.70 (1.20–2.30) 1.71 ± 0.32d 1.70 (0.90–2.40) 1.69 ± 0.33d

28th day 0.90 (0.60–1.30) 0.90 ± 0.21e 0.90 (0.50–1.30) 0.89 ± 0.19e

MCHC (g/dl) 1st day 32.40 (27.30–35.40) 32.49 ± 1.84a 32.85 (28.90–45.20) 33.51 ± 2.65a

7th day 22.80 (17.70–26.60) 22.66 ± 2.11b 22.25 (19.70–30.70) 22.49 ± 1.87b

14th day 13.80 (10.60–17.30) 14.24 ± 1.77c 13.95 (12.00–19.40) 13.99 ± 1.30c

21st day 7.90 (5.80–10.40) 8.25 ± 1.32d 8.10 (6.60–11.30) 8.00 ± 0.87d

28th day 4.20 (2.90–5.70) 4.36 ± 0.88e 4.30 (3.30–6.00) 4.18 ± 0.53e

Note: Different notations in superscript letters mean significant difference (p< 0.05).
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Figure 2 The presence of Plasmodium spp. identified using Giemsa stain on day 1, 7 and 14. (A) Several ring form of Plasmodium falciparum characteristic by acole form 
from day 1; (B) Amoeboid form of Plasmodium vivax from day 7; (C) Viable trophozoite of Plasmodium falciparum characteristic by ring form with tick cytoplasm and Maurer’s 
dot from day 14; (D) On day 21 no parasite was found. All the parasites show normal morphology characterized by regular nucleus, normal cytoplasmic volume and no halo 
formation representing live parasite.

Figure 1 Species of Plasmodium identified using Giemsa stain on the day of blood collection. (A) Plasmodium vivax; (B) Plasmodium falciparum; (C) Plasmodium ovale; (D) mix 
infection (Plasmodium falciparum and Plasmodium vivax) were identified in donor blood samples. All the parasites show normal morphology characterized by regular ring form, 
normal volume of cytoplasm and no halo formation both in trophozoite and gametocyte stages.
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between the two groups (Figure 7). Mann–Whitney test 
showed the p-value from the first day was 0.178, the 
seventh day was 0.942, the fourteenth day was 0.920, the 
twenty-first day was 0.792 and, the twenty-eighth day was 
0.566, respectively. However, based on statistics, there was 
a difference in the average level of MCV in serial observa
tions of both groups (all p value = 0.000, Friedman test 
and post-hoc Wilcoxon test).

Figure 8 shows, from all days of observation, the MCH 
of erythrocytes from donor blood containing Plasmodium 
spp., and those that did not contain Plasmodium spp. were 
not different. Statistical analysis using Independent T-test 
showed on the first day p= 0.211; on seventh day p= 0.935, 
on fourteenth day p= 0.881, on twenty-first day p= 0.814; 
and on twenty-eighth day p= 0.858. However, based on the 
Repeated ANOVA test and post-hoc Paired Wise 

Figure 3 The number of positive samples in blood smears preparations from day 1 until day 28. The presence of parasites was reduced through the day observations.

Figure 4 The number of red blood cells (RBCs) based on days of observation. In serial day observations, there was no significant difference in the decrease of number of 
RBCs between donor blood containing Plasmodium spp. and those of donor blood that did not contain Plasmodium spp. (p> 0.05; Independent T-test). However, the means of 
RBCs number through the day observations were reduced significantly with all p value = 0.000; Repeated ANOVA test and post-hoc Paired Wise Comparison test) in both 
groups. Different notations mean significant difference (p< 0.05).
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Figure 5 The level hemoglobin (Hb) levels based on day of observation. The decrease in the level of hemoglobin in donor blood containing Plasmodium spp. compared to 
that of donor blood did not contain Plasmodium spp. was not significantly different (p value > 0.05 Independent T-test). However, statistical results showed that there was 
a significant difference in the Hb profile at the five-day observation (p value <0.000, Friedman test and post-hoc Wilcoxon test) between the two groups. Different notations 
mean significant difference (p< 0.05).

Figure 6 The percentage of Hematocrit (HCT) based on days of observation. Decreases in the percentage of hematocrit in donor blood containing Plasmodium spp. was not 
significantly different to those of donor blood that did not contain Plasmodium spp. (p> 0.05; Independent T-test). Among day observations, the level of hematocrit 
percentage were significantly different (all p value= 0.000, Repeated ANOVA test and post-hoc Paired Wise Comparison test) both in two groups. Different notations mean 
significant difference (p< 0.05).

Journal of Blood Medicine 2021:12                                                                                         submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                          
93

Dovepress                                                                                                                                                      Al Audhah et al

http://www.dovepress.com
http://www.dovepress.com


Figure 7 The level of Mean Corpuscular Volume (MCV) based on day of observation. The average level of MCV in donor blood containing Plasmodium spp. showed no 
significant difference compared to those in donor blood that did not contain Plasmodium spp. (p> 0.05; Mann–Whitney test). However, observation carried out from the 
first day to the twenty-eighth day of storage of level MCV showed a significant difference (all p value= 0.000, Friedman test and post-hoc Wilcoxon test) both in two groups. 
Different notations mean significant difference (p< 0.05).

Figure 8 The level of Mean Corpuscular Hemoglobin (MCH) based on days of observation. The MCH of erythrocytes from donor blood containing Plasmodium spp. 
and those did not containing Plasmodium spp. was not different (all p value > 0.05; Independent T-test), but analysis on the level of MCH based on storage time 
showed a significant difference (all p value < 0.05; Repeated ANOVA test and post-hoc Paired Wise Comparison test) both in two groups. Different notations mean 
significant difference (p< 0.05).
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Comparison test, there was a difference in the average 
level of MCH based on storage time (7th day lower than 
those at 1st day, 14th day lower than those at 7th day, 
21st day lower than those at 14th day, 28th day lower than 
those at 21st day).

The decrease of the MCHC levels from donor blood 
that did not contain Plasmodium spp. was not different 
from those in donor blood that contained Plasmodium spp. 
(Figure 9). However, in the twenty-first day to twenty- 
eighth day examination, the decrease in the MCHC level 
of this group was very rapid, using Mann–Whitney test 
there were no significant differences in the results (the 
first day, p= 0.229; seventh day, p= 0.477; 
fourteenth day, p= 0.548; twenty-first day, p= 0.449; 
twenty-eighth day, p= 0.499). Statistical analysis showed 
MCHC levels were different based on longer storage, 
7th day was lower than at 1st day, 14th day was lower 
than the 7th day, 21st day was lower than the 14th day, 
28th day was lower than the 21st day (all p value = 0.000, 
Friedman test and post-hoc Wilcoxon test).

Discussion
Banjar Regency and Tanah Laut Regency are parts of 
malaria-endemic districts in South Kalimantan Province 

(Routine Data from the Malaria Sub Directorate, Ministry 
of Health, Republic of Indonesia, 2017).8 However, malaria 
screening through microscopic examination and RDT has 
never been carried out during donor blood activities.

Donors who had a history of suffering from malaria but 
during donation activities showed no symptoms of malaria 
and met the criteria as a donor were allowed to donate 
blood. This might be the possible causes of malaria trans
mission through blood transfusions because although they 
felt healthy, their blood still had a risk to harbor 
Plasmodium parasites.

In this study, some of Plasmodium spp. was still found 
in RBCs until 14 days of storage. A Previous study 
revealed that cold storage of RBCs was able to support 
the growth of P. falciparum. The study also showed 
a decrease in the number of blood smear slides containing 
Plasmodium spp. during the sequential days of observa
tion. It was assumed that the parasites have the capability 
to survive with minimal energy sources, such as in blood 
in the transfusion bags containing anticoagulant and stored 
at a certain temperature for many days. The limitation of 
cold storage environment might affect the parasite growth 
because some parasites are more likely to infect young 
RBCs.9 In the early days, Plasmodium in the blood may be 

Figure 9 The levels of Mean Corpuscular Hemoglobin Concentration (MCHC) based on days of observation. There was no difference in the reduction of MCHC levels in 
donor blood containing Plasmodium spp. and those in donor blood that did not contain Plasmodiumspp. However, levels of MCHC based on storage time showed significant 
difference (all p value < 0.05, Repeated ANOVA test and post-hoc Wilcoxon test). Different notations mean significant difference (p<0.05).
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arrested for replication in terms of cold storage but after 
that, it was very likely it will die and disappear because of 
the microenvironment that did not support it. The survival 
mechanism of Plasmodium in infected donor blood during 
14 days storage might be closely related to the regulation 
of the redox system by the Plasmodium through perform
ing a new permeation pathway to obtain nutrient, anti- 
oxidant, and glucose from outside. However, it might be 
possible that Plasmodium is trying to maintain its viability 
in RBCs, a condition that later is suspected of potentially 
transmitting malaria.10

The profile of erythrocytes and the presence of para
sites change starting at the first day of storage and 
decreased based on observation on the following day. 
Various factors cause a decrease in the level of erythrocyte 
profile parameters of the blood donor during storage times. 
According to Gregory et al, 2018, in addition to the 
decreased RBCs count, the leukocytes, the neutrophils, 
and lymphocytes count also decreased significantly 
(p<0.05). During storage, there will be biochemical 
changes, biomechanical damage and immunological reac
tions occur and cause hemolysis.11,12

Cooling stimulates the formation of sodium and the 
release of potassium so that there is a buildup of sodium 
and a decrease of potassium in RBCs. The mechanism of 
hemolysis begins with the metabolism of glucose into 
lactate with minimal energy sources, causing a decrease 
in the pH. The RBCs surface becomes fragile and par
tially destroyed (lysis). The concentration of hemoglobin 
in the plasma increases while the Adenosine Tri 
Phosphate (ATP) concentration and 2,3 
Diphosphoglycerides (2,3 DPG) levels decrease progres
sively. Erythrocytes (RBCs) lose their ability to synthe
size amino acids and red blood cell fatty acids,13 

hemoglobin (Hb) is released directly into the liquid, 
causing the loss of lipid-containing micro-vesicles into 
the plasma,14 and making hemoglobin levels low.15 In 
fact, hemoglobin serves as the main source of nutrients 
in the form of amino acids for Plasmodium spp. in 
maintaining its survival, especially in hypotonic 
solutions.16

Transfused blood storage is usually done for up to 35 
days, depending on the anticoagulant used.4 According to 
observation in this study, we recommend donor blood is 
not feasible to be given to the recipient after the 21st day 
of storage. However, a number of factors influence this 
event, including the storage temperature, the length of 

transportation (ie, when moving places from blood banks 
to laboratories), and the kind of anticoagulant.

During storage, ionized calcium levels increase causes 
blood to clot quickly. Anticoagulants in blood transfusions 
will slow the occurrence of storage lesions. The anticoagu
lant that is often used in transfusion is Citrate Phosphate 
Dextrose Adenine 1 (CPDA 1). The components in CPDA 
1 (citrate, phosphate, dextrose, and adenine) are formulated 
to maintain the viability of blood cells and to minimize 
storage lesions that can happen because the mechanism of 
hemopoiesis does not occur outside the body.17,18

Citrate will work by inhibiting the activation of coagu
lation by binding to the calcium in the transfused blood, 
preventing cascade coagulation activation by inducing 
local hypocalcaemia.19,20 The calcium content of the 
donor most probably gives a part of the explanation for 
this interesting observation. It is thought that citrate func
tioned as an antioxidant, but in research by Erman et.al, 
(2016), citrate does not have a direct effect on oxidative 
stress.21 Citrate promotes and exacerbates the formation of 
ROS caused by the formation of hydrogen peroxide in 
cells.22

Similarly, organic phosphate works by maintaining 
levels of 2,3 DPG so that the production of ATP as an 
energy source continues and blood cell viability is main
tained, resulting in blood cell damage go slow.23 Dextrose 
is useful as an additional source of energy for blood cells 
during storage, which allows RBCs to be able to carry out 
glycolysis so that ATP is produced. Glycolysis can be 
slowed down by storing transfused blood at temperatures 
of 2–4°C, while adenine will save the use of other sub
strates needed during ATP synthesis.19 The buffer function 
in anticoagulants can overcome the decrease in hydrogen 
levels due to temperatures that are too cold so that the pH 
is maintained.24,25

In blood donors, whole blood and plasma, when stored 
at −4°C, Plasmodium spp. was found to survive up to 18 
days, and detectable parasites can present even up to 28 
days when frozen.16 This study has shown the RBCs count 
from donor blood both containing or did not contain 
Plasmodium spp. decreased on the first day until the 
21st day of examination and was not a significant differ
ence between them in all day observation. This shows that 
there is damage to RBCs that immediately occur when 
outside the blood vessels. These changes result in hemo
lysis resulting in nitric oxide [NO] reduced bioactivity due 
to scavenging, morphological changes, accumulation of 
lactic acid and potassium/calcium, a decrease in 2,3-DPG 
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and ATP, decrease in pH and glycolysis rate, and an 
accumulation of shed bioactive proteins, lipids, and RBC- 
derived micro-particles or micro-vesicles.26 

Anticoagulants and storing in hypothermic conditions are 
expected to slow down cell metabolism, so biochemical 
reactions and accumulation of the remaining metabolism 
do not cause blood cell death. It is suspected that 
Plasmodium spp. maintains its host cell (RBCs) so that it 
does not quickly damage (lysis)27 possibly by regulating 
its redox system.

Unlike the case with RBCs that are not infected with 
Plasmodium spp. oxidative stress in infected RBCs 
increases when outside the lumen of the blood vessels 
resulting in their eventual damage by hemolysis.28 

However, the infected RBCs increase more in their perme
ability to obtain substantial low-molecular-weight solutes 
(glucose, anti-oxidant compared to the uninfected 
erythrocyte.29,30 The forming of new permeation pathways 
(NPP), an increase in permeability can be attributed to 
a single type of permeation pathway with characteristics 
quite distinct from those of the host.31,32 A channel on the 
parasitophorous vacuole membrane (PVM) has been 
described33,34 and projections from the PVM, called the 
tubulo-vesicular membrane network (TVM), have been 
implicated in the acquisition of nutrients.34,35 These 
mechanisms proposed a direct connection of the 
Plasmodium spp. to the plasma during prolonged storage.

Erythrocyte (RBCs) contains a conjugate protein 
derived from hemoglobin. The main function of hemoglo
bin is to bind and release oxygen and carbon dioxide. 
Plasmodium spp. in the intraerythrocytic stage will digest 
the host cell cytosol which has a large amount of hemo
globin. This hemoglobin is the main generator of ROS.25 

The functional role of red blood cells (RBCs) is the trans
port of oxygen from the lungs to the tissues providing the 
oxygen required by all cells and tissues. Hemoglobin (Hb) 
accounts for 95–97% of the cytosolic proteins inside the 
RBC, and bind to oxygen reversibly. Extracellular hemo
globin can be a major source of oxidative stress. Under 
normal conditions, this potential source of oxidative stress 
is minimized by haptoglobin and hemopexin, which bind 
Hb and free heme, respectively. They inhibit the oxidative 
reactions of Hb and heme and facilitate their removal from 
circulation. Elevated levels of free extracellular Hb and 
heme are caused by the failure of neutralized reaction by 
hap- to globin and hemopexin.36

Hemoglobin is a source of energy for Plasmodium 
spp., whereas as long as blood transfusions are stored, 

there is no formation of hemoglobin even though antic
oagulants have been given. Hemolysis that occurs during 
storage causes the release of hemoglobin directly into the 
liquid through lipid-containing micro-vesicles, resulting in 
lost hemoglobin from intact RBCs entering the plasma 
supernatant.26 In this study, hemoglobin levels from trans
fused blood containing Plasmodium spp. decreased from 
the first day, although the results of data analysis did not 
show differences between hemoglobin levels from trans
fused blood containing Plasmodium spp. and those from 
transfused blood that did not contain Plasmodium spp.

Hematocrit is the ratio of the number of RBCs to blood 
volume in percent units that shows the density of the blood 
with the amount of oxygen it carries. A decrease in hematocrit 
levels indicates that the invasion and rupture of red blood cells 
are more influential than the hemoglobin value as indicated by 
an increase in MCHC levels.37 The results showed that there 
was a significant difference between the storage time and 
blood temperature of the donors on the hematocrit levels, 
although there was no significant difference between the 
hematocrit levels in the blood of infected and non-infected 
donors.

From the data of Figures 7-9, it could be assumed that 
there was a change of osmotic fragility of RBCs from 
transfused blood containing Plasmodium spp. and that 
which did not contain Plasmodium spp. Osmotic fragility 
begins with changes in the size of RBCs which can be 
seen from the erythrocyte index, containing MCV levels, 
MCH levels, and MCHC levels.38−42 This shows that 
RBCs damage starts from the ability of the RBCs mem
brane and its ligands. Blood cells that come out of the 
vascular system and undergo the storage process release 
phospholipids from the hematocrit RBCs, and cause osmo
tic damage to form schistocytes and speroecinocytes. 
Finally, most RBCs are increased osmotic fragility.38–40

This study requires further exploration to see the effect 
of Plasmodium invasion on the viability of red blood cells 
or vice versa. From this study, it was suspected that there 
was a Plasmodium defense mechanism to keep the survi
val of erythrocyte through redox balance. A research using 
Plasmodium subculture method and analyzing of redox 
status in infected erythrocytes would answer the question 
about both the mechanism of erythrocytes and parasite 
viability during transfusion storage.

Conclusions
From this study, there is no significant difference in the 
profiles of erythrocytes between donor blood that is infected 
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by Plasmodium spp. and that which is not infected. This 
observational study showed that there were trends in signifi
cantly reducing all parameters of erythrocyte profile in the 
bags of donor blood relevant to the duration of storage, as 
well as the presence of malaria parasites in the blood. The 
transfusion transmission of the malaria parasite will still 
potentially occur as long as the erythrocytes are still viable.
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Abstract: Sickle cell disease results in numerous complications that can lead to significant 
morbidity and mortality. Amongst them, acute chest syndrome is the leading cause of 
mortality. As a result, most providers are in tune with this complication and well versed 
with management. As sickle cell patients now live longer, they face a multitude of other 
complications that if left unattended, can lead to significant morbidity and mortality as well. 
It is critical to look beyond acute chest syndrome and adopt a more comprehensive approach 
to the management of the sickle cell patient. 
Keywords: sickle cell disease, acute chest syndrome, complications

Introduction
Sickle cell disease (SCD), an inheritable blood disorder due to a point mutation in 
the beta-globin gene resulting in the substitution of valine for glutamic acid at the 
6th amino acid, was first described over 100 years ago.1–3 Since then, the complex 
pathophysiology has been elucidated from simply the red blood cell to 
a multicellular event to include the blood vessel itself.3–5 This hemoglobin (Hb) 
gene defect is responsible for serious and life-threatening complications of hemo
lytic anemia, inflammation, an impaired immunity to encapsulated organisms and 
vascular occlusion (Figure 1).6 Secondary complications to these include stroke, 
skin ulceration, priapism, acute and chronic organ damage, and a shortened 
lifespan.7 SCD complications are elusive due to the underestimation of the impact 
of social barriers, the inability to measure pain, and the failure to look beyond the 
underlying pathology during painful events. In fact, 22% of deaths associated with 
SCD complications are preceded by a painful crisis.8 More specifically, acute chest 
syndrome (ACS) has been one of the most devastating SCD complications with 
a high mortality rate if there is a delay in diagnosis or mismanagement across all 
age groups. As such, there is a heightened awareness of ACS among healthcare 
providers, specifically those in the acute care/emergency setting. We want to help 
providers shift beyond ACS to a more comprehensive management approach by 
highlighting the social barriers to quality of care and the other complex, yet elusive, 
severe and potentially life-threatening complications of SCD.

The management of SCD is finally transforming into a more comprehensive 
and diverse approach. Blood therapy and pain treatment were the mainstay of 
support therapy until 1998 when Hydroxyurea (HU) became the only Food and 
Drug Administration (FDA) approved drug that targeted the molecular 
pathogenesis.
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Elucidation of new pathophysiology has resulted in the 
evolution of new targeted drugs for SCD management.1,2 

There is now a transition from having one FDA approved 
drug over the past 110 years to a robust new arsenal of targeted 
drug development. Currently, there are over 30 novel pharma
ceutical agents being studied and 3 have recently been FDA 
approved.1,3,9–11 New targets for drug development in SCD 
include adhesion, antioxidation, inflammation, fetal Hb induc
tion beyond HU, anti-sickling, anticoagulation, and opiate 
sparing drugs. In addition, we have expanded our approach 
from supportive care to curative procedures such as bone 
marrow transplant, gene therapy, and gene editing.

Until recently, the management of SCD has focused on 
the pathophysiology of the disease with less emphasis on 
addressing the complex social hardships which ultimately 
exists as barriers to quality care and management. 

Individuals with sickle cell disease navigate their lives 
through the hardships of associated complications such as 
acute chest syndrome and painful vaso-occlusive events 
while also facing a barrage of social barriers to quality care 
such as the transition from pediatric to adult care and health 
disparities. Now is the time to recognize that there is a need 
for a national movement to eliminate these barriers in order 
to truly ensure that the unmet social and medical needs are 
being addressed in the sickle cell population. Our goal is to 
review the management of the systemic complications of 
SCD beyond acute chest syndrome, pipeline novel agents, 
and health disparity gaps in order to help the health care 
system have a more heightened awareness of the underlying 
and elusive complications that if remain overlooked in the 
shadows of ACS may cause harm to individuals living with 
sickle cell disease.

Figure 1 Pathophysiology of sickle cell disease. 
Notes: Reprinted from Rees DC, Williams TN, Gladwin MT. Sickle-cell disease. Lancet. 2010;376(9757):2018–2031, Copyright © 2010 Elsevier Ltd. Licensed under CC BY- 
NC-ND.6 

Abbreviations: HbS, sickle hemoglobin; NO, nitric oxide; VCAM, vascular cell-adhesion molecule.

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                                           

Journal of Blood Medicine 2021:12 102

Ogu et al                                                                                                                                                              Dovepress

http://www.dovepress.com
http://www.dovepress.com


Health Disparities
This is a time in which America is becoming more socially 
and consciously aware of the apparent unresolved conse
quences of systemic racism. A recent article in the New 
England Journal of Medicine (NEJM) highlighted racism 
and solutions in the US and its effect on SCD.12 In the 
United States (US), the majority of people with sickle cell 
disease have a 30-year gap in life expectancy compared to 
the general population and are of African heritage, while 
on the other hand, there is a lower incidence in people of 
Hispanic, South Asian, South European, and Middle 
Eastern descent who are also affected.7 These statistics 
play an important factor in the way those living with 
SCD experience real-life consequences of the health dis
parities that exist in our healthcare system.

The lack of national awareness, funding for research, 
therapeutic development, and social services for SCD in 
comparison to other conditions that are prevalent to a more 
universal racial demographic such as asthma, heart dis
ease, breast cancer, colon cancer, and diabetes supports 
systemic racism as an underlying issue.13 In fact, even 
among rare diseases this is true. The genetically acquired, 
life-threatening impact that SCD has on African 
Americans is similar to the impact that Cystic Fibrosis 
(CF) has on Caucasian Americans. Although SCD is 
more common than CF as it affects three times more 
Americans, it has been in its shadows with approximately 
ten times less funding, and has only one quarter of the 
number of FDA approved therapeutic agents.14–16 Those 
living with SCD suffer barriers to quality care as there are 
profound healthcare gaps of socioeconomic status, racial 
discrimination, lack of sufficient federal funding, lack of 
consistent disease-specific access to quality care, and pro
vider discord especially for pain management.17–19 The 
long-standing history of stereotyping as opioid drug seek
ing fakers of true pain, mistreatment, neglect, and lack of 
quality care of individuals living with SCD, without 
a doubt illuminates how racial biases fundamentally 
obstruct justice in the form of human rights, the rights to 
proper healthcare, and quality of life.12

We must work together to put in place realistic policies 
and training to ensure that racial discrimination within the 
healthcare system, especially as it relates to the barriers to 
adequate healthcare for those living with SCD, is consid
ered a reportable adverse event and given as much priority 
to prevent, as medication or surgical errors are given.20–22 

Our hope is to see all healthcare settings transform from 

a place of injustice, fear, and suffering into a place of 
holistic disease-specific, patient-centered care that pro
vides safety, hope, and healing for those living with SCD.

Approach to Children and 
Transition to Adult Care
Central Nervous System (CNS) 
Complications
In children, cerebral vasculopathy is the most common 
CNS complication resulting from progressive inflamma
tion and oxidative endothelial damage within intracranial 
vessels, leading to increased risk of transient ischemic 
events and infarctive strokes.23,24 Long-term sequelae 
can range from mild cognitive or behavioral impairment 
to devastating neurologic effects or death. Screening for 
vasculopathy beginning at age two is recommended,25 as 
well as early initiation of disease modifying therapy to 
mitigate anemia and endothelial damage.

Another less-common complication that can present 
with acute neurologic symptoms is acute cranial bony 
infarction associated with intracranial hemorrhage and/or 
thrombosis. Cranial bony infarcts are believed to result 
from diploic vascular disruption due to extramedullary 
hemopoiesis.26,27 In addition, periosteal elevation follow
ing an infarctive episode may result in bleeding and hema
toma formation. This constellation of complications is 
uncommon but should remain on the differential even 
when an acute stroke is suspected, as acute neurosurgical 
intervention may be required to prevent significant mor
bidity or mortality.

Cardiovascular Complications
Many children may present with clinical murmurs due to 
hyperdynamic blood flow and mild to moderate left ven
tricular hypertrophy. Pulmonary hypertension and cardio
myopathy due to iron overload may not be clinically 
apparent until adulthood. Screening echocardiograms are 
not routinely recommended in children unless new symp
toms or new clinical findings are noted on exam.28

Aplastic Crisis
Parvovirus –B19 is an erythrotropic virus that selectively 
targets human red blood cells and their precursors.29 In 
patients with SCD, this can lead to life-threatening anemia 
due to abrupt cessation of erythropoiesis. Features are new 
or worsening signs of anemia, with an acute drop in 
hemoglobin and reticulocytopenia in the absence of 
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blood loss or sequestration. Urgent recognition and trans
fusion are necessary to prevent circulatory failure and 
death.

Splenic Complications
Splenic complications in children can include impaired immu
nity to encapsulated organisms such as Streptococcus pneumo
niae, Neisseria meningitides and Salmonella species, leaving 
patients prone to life-threatening infections such as pneumo
nia, meningitis, osteomyelitis and sepsis. As a result, all febrile 
illnesses are considered medical emergencies until proven 
otherwise in infants and under-immunized children. Routine 
childhood vaccines are monitored and usually administered 
through primary care providers, with the addition of extended 
pneumococcal and meningococcal vaccines as standard of 
care. The initiation of prophylactic antibiotics in early infancy 
has significantly decreased the morbidity and mortality histori
cally associated with these infections.

Acute splenic sequestration of red cells and/or platelets 
is another potentially fatal complication in children. Auto- 
splenectomy is less common in children who are initiated 
on disease-modifying therapy early in life, and therefore 
this complication may be seen in older children and teen
agers. Reviewing splenic palpation and signs of anemia 
are an important component of anticipatory guidance for 
parents, with the need for urgent red cell transfusion if 
signs of circulatory failure.

Gastrointestinal Complications
Vaso-occlusion can occur in intra-abdominal vessels lead
ing to acute abdominal pain as a presenting sign. 
A thorough evaluation for other causes of acute abdomen 
may be unrevealing in these patients. These vaso-occlusive 
episodes are managed appropriately with pain control and 
hydration.

Sickle hepatopathy is a broad term for a range of 
hepatic complications from mild liver dysfunction to 
chronic liver failure and cirrhosis. Acute vaso-occlusive 
events within hepatic parenchyma may present with fever, 
jaundice, transaminitis and intense abdominal pain similar 
to the acute abdominal presentation above.30 Management 
is supportive with hydration and pain control. Intrahepatic 
sequestration, or trapping of red cells within the liver, can 
also lead to intense pain and transaminitis. A large, tender 
liver may be felt on examination or noted on ultrasound, in 
addition to an acute drop in hemoglobin. Management is 
also supportive with transfusion as needed for sympto
matic anemia.

Secondary hemochromatosis may be seen in transfused 
patients with poorly managed transfusional iron overload with 
occasional transaminitis noted. However, chronic hepatic or 
cirrhotic changes are an uncommon presentation in childhood.

Other differentials for acute abdominal pain and jaun
dice with or without fever in SCD are cholelithiasis and/or 
cholecystitis resulting from pigmented gall stones due to 
chronic hemolysis leading to obstruction of hepatobiliary 
bile flow.30 Obstructive gall stones may also lead to intra
hepatic cholestasis or extra-hepatic obstruction and acute 
pancreatitis. Elevated inflammatory markers, transami
nases and bilirubin beyond baseline are suggestive of this 
diagnosis. While a focused abdominal ultrasound may 
identify inflammation and/or stones, magnetic resonance 
or endoscopic cholangiopancreatography are more sensi
tive in making a diagnosis. Urgent evaluations by gastro
intestinal and surgical teams will help determine the need 
for urgent cholecystectomy vs antibiotics and conservative 
management with endoscopic stone removal.

Peptic ulcers are not uncommon in children with SCD, 
especially given frequency of non-steroidal anti- 
inflammatory drug use. Chronic central to upper abdom
inal pain that may be relieved by antacids or food, may 
require evaluation and treatment by a gastroenterologist.

Constipation is another frequent complaint in children, 
usually as a side effect of narcotic pain medication use. An 
age-appropriate bowel regimen is recommended for use at 
home and inpatient, although an aggressive bowel cleanout 
may occasionally be required.

Genitourinary Complications
Sickle nephropathy results from hypoxia and ischemia within 
renal medullary vasculature, resulting in micro-infarction and 
papillary necrosis. In addition, intravascular hemolysis pro
duces free hemoglobin which can lead to oxidative damage 
in renal tubular cells. Nephropathy can vary in presentation 
from microalbuminuria and proteinuria to significant renal 
dysfunction and renal failure. Patients at higher risk are those 
with significant anemia and hemolysis. Annual screening start
ing at age 10 can identify microalbuminuria as an early sign of 
nephropathy. The use of angiotensin-converting enzyme 
(ACE) inhibitors, in addition to SCD-modifying therapy has 
been shown to minimize progression of nephropathy.28

In male patients, priapism represents an unwanted persis
tent painful erection that can present at any age. Conservative 
measures to redirect penile blood flow such as exercise, dis
traction, or warm baths are recommended as first line. 
Pseudoephedrine is an α-adrenergic agonist that may be used 
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as needed at home for intermittent episodes. Painful episodes 
lasting more than 4 hours are considered an urologic 
emergency.31

Musculoskeletal
Osteonecrosis can occur in anywhere including cranial 
bones as described above but are frequently found at the 
ends of long bones in patients with SCD. These may 
present as persistent localized pain beyond a typical vaso- 
occlusive episode with or without fever. Magnetic reso
nance imaging can aid in the diagnosis, although necrotic 
bone may be difficult to distinguish from osteomyelitis. 
Conversely, necrotic bone can serve as a nidus for bacter
ial overgrowth and osteomyelitis. Management is usually 
conservative with pain medications, unless associated with 
osteomyelitis or bone abscess requiring debridement.

Avascular necrosis (AVN) is most often located within 
the femoral head and can be a source of chronic debilitat
ing pain in teenagers and young adults. Management is 
usually conservative in growing patients, although this 
complication continues to be a reason for frequent emer
gency room visits, impaired mobility and diminished qual
ity of life. Long-term pain management is individualized, 
and often involves a combination of narcotics, non- 
steroidal anti-inflammatories and other adjunct medica
tions. Unfortunately, optimal pain control may be difficult 
to achieve in some patients. Conservative surgical techni
ques such as core decompression and stem cell injection 
into the joints have had variable results, and many of these 
patients inevitably require hip-replacement surgery.32

Transition to Adult Care
There are many significant challenges that are unique to 
the teenage and young adult population as they transition 
from pediatric to adult care models. Transition in itself is 
a complication of SCD that requires specific attention and 
should not be overlooked. It represents yet another exam
ple of an important social component that is not only in the 
shadows of ACS but also exists as a barrier to quality care. 
Individuals living with SCD are vulnerable to the concept 
of “falling through the cracks” within the healthcare sys
tem, as they transition from pediatric to adult care. Young 
adults (aged 18–30 years) account for the highest health
care utilization compared to other age groups (greater than 
twice the amount of emergency room visits per year, 
higher inpatient stays and highest frequency of acute care 
visits).33

Many recurrent childhood complications as described 
above will persist through the transition years. In addition, 
early presentations of significant organ damage may start to 
manifest such as cardiomegaly, pulmonary hypertension, 
sickle nephropathy and proteinuria, avascular necrosis and 
chronic pain syndromes. In addition, young adults with 
a history of strokes in childhood, may present with cognitive 
deficits that become more notable as the need for health inde
pendence and self-efficacy increase. Young patients on chronic 
transfusions may have difficulty with continuation of transfu
sion as they transition, if significant iron overload or red cell 
alloimmunization have developed. Other undesirable out
comes of an unsuccessful transition to adult care include loss 
of health insurance coverage, limited availability of adult 
hematologists experienced in SCD, and inability to attend 
appointments due to transportation issues. The management 
of SCD beyond ACS must include transition to adult care in 
order to achieve a truly comprehensive approach to caring for 
those living with SCD.

Approach to Adults
Sickle cell disease is no longer a disease of childhood, as 
patients now live well into adulthood. As they progress into 
adulthood, they are faced with more challenges – increasing 
rate of comorbidities in the setting of a paucity of skilled and 
willing adult providers to care for them.34 Acute complications 
in adulthood include vaso-occlusive crisis (VOC), acute chest 
syndrome, acute splenic sequestration, aplastic crisis, acute 
osteomyelitis, cerebrovascular disorders, hepatobiliary issues, 
acute kidney injury (AKI), priapism, venous thromboembo
lism (VTE) and multi-system organ failure. Chronic complica
tions include avascular necrosis (AVN), chronic pain, leg 
ulcers, ocular issues, renal complications and cardiac compli
cations (pulmonary hypertension, diastolic dysfunction). It is 
important to note that the aging sickle cell population may also 
experience the typical complications of adulthood and aging 
(mental health issues, diabetes, gout, hypertension, degenera
tive joint disease, autoimmune diseases such as rheumatoid 
arthritis and systemic lupus erythematosus). These are mana
ged similar to the general population.

Acute chest syndrome is a life-threatening complication in 
patients suffering from SCD, and the leading cause of mortal
ity. It is usually present at a higher incidence in patients with 
homozygous SCD, triggers hospital admissions and can have 
catastrophic consequences.35 Defined by an expert panel as an 
acute illness characterized by fever and/or respiratory symp
toms, accompanied by a new pulmonary infiltrate on chest 
x-ray, it could also present with multiple infiltrates, hypoxemia 
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conducive to respiratory failure with or without pain syndrome 
and associated organ failures due to hyper hemolysis, seques
tration and/or microvascular occlusions.36 Pneumonia or sys
temic infections, fat embolism and pulmonary infarction 
represent the most common mechanisms, with atypical bacter
ial or viral infections accounting for most cases.37

The standard management for ACS is the use of broad- 
spectrum antibiotics as well as supportive care such as ade
quate oxygenation, incentive spirometry, pain control and 
reduction of abnormal hemoglobin concentration. Decreased 
concentration can be achieved with transfusions (simple) or 
with emergent red cell exchange for severe cases. Oxygenation 
should satisfy patient’s needs and provide symptoms relief 
with adequate oxygen saturation. Progressive delivery should 
be started with nasal canula, venturi mask or High Flow 
Oxygen vs noninvasive ventilation systems. If these options 
do not achieve desirable effects medical care should proceed to 
mechanical ventilation with endotracheal tube intubation for 
support. Patients requiring mechanical ventilation have usually 
bilateral alveolar infiltrates consistent with pulmonary edema 
which can be cardiogenic; related to fluid overload conse
quence of the aggressive hydration to control hemoglobin 
S concentration; or non-cardiogenic with Acute Respiratory 
Distress Syndrome (ARDS) physiology secondary to sepsis or 
Transfusion Associated Lung Injury (TRALI).

Acute pain/VOC is the hallmark of SCD and the most 
common reason that the sickle cell patient seeks medical 
attention. Triggers include hypoxia, dehydration, extremes 
of temperature, acidosis and infection. It is largely mana
ged with pain medications and supportive care.

Pain can also be chronic which is usually multifactor
ial, ranging from actual tissue/organ damage (due to AVN, 
leg ulcers) to neuropathic and idiopathic pain. Chronic 
pain is defined as ongoing pain that is present on most 
days for over 6 months.38 Opioids are most commonly 
used. However, use of non-opioid and non- 
pharmacological modalities such as meditation, massage, 
acupuncture, etc are garnering more attention.39,40

VTE defined as a deep vein thrombosis or pulmonary 
embolism (PE), has a high incidence in SCD patients. Up 
to 12% of patients have a VTE by age 40 years.41 

Diagnosis and treatment are as in the general population.
Multisystem organ failure is an acute, fatal complica

tion of SCD, defined as acute decompensation of 2 or 
more of the following organs: lungs, kidney, liver. It is 
usually associated with VOC, fever, and an acute drop in 
Hb and/or platelets. An urgent exchange transfusion is 
indicated, as well as supportive care such as supplemental 

oxygen/mechanical ventilation and renal replacement ther
apy if warranted.

Leg ulcers are an uncommon complication in children 
and rare under 10 years of age.42,43 However, they pose 
a significant source of pain and distress in the adult with 
SCD. Risk factors include hemoglobin SS genotype, 
severe anemia and increased hemolysis. Leg ulcers usually 
present initially in the second decade of life and may be 
present for several years.44 They may arise following 
a traumatic event to the skin, or spontaneously.45 The 
most common site is around the medial and lateral mal
leoli of the ankle. Management is via a multidisciplinary 
approach which includes wound debridement and dres
sings, pain management and infection control.44

Ocular manifestations in SCD include proliferative and 
non-proliferative sickle retinopathy, hyphema, vitreous hemor
rhage and central retinal artery occlusion (CRAO). 
Retinopathy screening is conducted by annual dilated eye 
exams from age 10 years. Management of proliferative retino
pathy involves laser photocoagulation. CRAO is a medical 
emergency and requires an urgent exchange transfusion.

Splenic complications, aplastic crisis, acute osteomye
litis, acute cerebrovascular events, hepatobiliary issues, 
renal complications, priapism, AVN, and cardiac compli
cations are covered in detail in a previous section.

Reproductive Health and Pregnancy in 
Sickle Cell Disease
In men with SCD, reproductive issues include sperm 
abnormalities, hypogonadism and erectile dysfunction 
(ED). Up to 91% of males with SCD experience sperm 
abnormalities manifesting as low sperm count and density, 
poor motility, and increased abnormal morphology.46 

Puberty in general is delayed in SCD. Hypogonadism is 
present in up to 24% of males with SCD and may manifest 
as poor testosterone production, infertility, ED and poor 
libido.47 There remains a debate as to whether it is of 
primary or secondary etiology. Current therapies include 
testosterone injections and clomiphene.

ED may result from repeated episodes of priapism. 
One study demonstrated a 21.4% prevalence of priapism, 
and 22.2% prevalence of ED within that cohort, 92.3% of 
the cohort experiencing repeated episodes of priapism.48 

Management options include penile implants/prostheses.
In women with SCD, reproductive issues include delayed 

puberty, choice of contraception and pregnancy-related com
plications. Puberty in SCD females is delayed by up to 2.4 
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years compared to the normal population.49 The menstrual 
cycle is also associated with increase in pain. Choice of contra
ception remains a source of debate. Due to the theoretical risk 
of clot predisposition with the estrogen-containing products, 
providers usually opt for progestin only pills/injectable and 
IUD. Depo-Provera which also decreases the number of cycles 
has been helpful for those patients who experience a crisis with 
their cycles.

Pregnancy in SCD is associated with increased risk of 
VTE, pre-eclampsia/eclampsia, increased pain crisis, preterm 
labor, prematurity, intra-uterine growth retardation (IUGR), 
small for gestational age (SGA) babies and fetal demise.50 

Pregnancy in SCD is considered high risk and a multi- 
disciplinary approach inclusive of a sickle cell expert and 
a knowledgeable maternal fetal medicine provider is recom
mended for close monitoring during this delicate period. The 
decision to prophylactically transfuse or not is usually provider 
dependent. Management of acute and chronic pain also poses 
a challenge with pregnancy in SCD. A retrospective study 
demonstrated that compared to non-SCD pregnant mothers 
who are on methadone for opioid dependence, neonatal absti
nence syndrome (NAS) occurs at a similar rate in SCD preg
nant mothers on daily opioids, and at a significantly lower rate 
in those treated episodically with opioids.51 However, opioids 
must be used judiciously in pregnancy to mitigate these 
adverse effects on the fetus/newborn.

Sickle Cell Disease in the Age of 
COVID-19
Severe acute respiratory syndrome coronavirus 2 (SARS CoV- 
2), also known as COVID-19 has now affected over 38 million 
patients worldwide.52 Our knowledge base is rapidly evolving, 
but this virus poses a significant concern in our patient popula
tion. Sickle cell disease is an immunocompromised condition 
which puts patients at risk of complications from respiratory 
infections. Our experience of this particular complication is 
currently limited and a standard of care has not been estab
lished; however, there have been several collaborative groups 
that have aimed to identify patterns and suggest management 
options for our patients.53,54

Early publications have suggested increased morbidity in 
SCD patients. A recent French case series described outcomes 
of eighty-three inpatient individuals.55 The experience 
reported an ICU admission rate of 20%, fifty-three percent of 
which required mechanical ventilation, including two patients 
which required extracorporeal membrane oxygenation, and 
two patients who died in the ICU with COVID-19 

pneumopathy. This underscores the importance of early iden
tification and intervention in our patients. The challenge is that 
there is significant overlap in presenting signs and symptoms 
of patients with ACS and COVID-19 infection. Fever, short
ness of breath, cough, and myalgias are all overlapping symp
toms of ACS, pulmonary embolus, vaso-occlusive crisis, and 
SARS-CoV-2.

The Medical College of Wisconsin has developed 
a voluntary international registry of patients with SCD 
and COVID-19 infection in the hopes to better understand 
its pathophysiology.54 Interestingly, the most common pre
senting sign, in the approximately 350 patients registered, 
is pain, with less than 30% of patients presenting with 
pneumonia. This highlights the importance of looking 
beyond ACS and becoming hypervigilant of possible 
COVID-19 infection in patients without respiratory com
plaints. Recent case reports also support VOC and fever as 
the most common reported symptoms in patients with 
SCD and COVID-19 infection.56 Other respiratory viral 
infections often trigger “sickle cell crisis”, and COVID-19 
appears to have a similar effect. It is imperative that we 
obtain SARS-CoV-2 PCR testing in any patient with SCD 
presenting with ACS and/or VOC symptoms.

The lack of large published studies investigating this 
disease also poses a challenge in the management of 
known COVID-19 infected patients. A recent review of 
the literature of nineteen SCD patients with COVID-19 
reported from December 2019 to May 2020 described 
a varied combination of management all similar to those 
used in the treatment of ACS.57 Their approach included 
supportive care with hydration, analgesics, empirical 
broad-spectrum antibiotics, red blood cell exchange, and 
simple blood transfusions. Oxygen-support ranged from 
low flow (2 L/min) to high flow, non-invasive and 
mechanical ventilation in critically ill patients. A single 
dose of tocilizumab (8 mg/kg) was reported in 2 cases 
(adult and pediatric) with success.

The American Society of Hematology has provided 
community resources as guidance for the management of 
suspected COVID-19 in patients with SCD.58 A useful 
checklist has been developed in collaboration with ED 
physicians. Suggested interventions include supplemental 
oxygen to raise pO2 >94%, judicious fluid replacement 
and avoidance of fluid bolus as this may exacerbate pul
monary edema, broad-spectrum antibiotics after blood cul
tures if febrile, macrolide in addition to a third-generation 
cephalosporin in the event of pneumonia, vancomycin if 
there is concern for line or skin infection. Any patient with 
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COVID-19 who develops respiratory symptoms should 
have a type and cross available. Transfusion recommenda
tions include simple transfusions if hemoglobin drops by 
more than 2 g/dL from baseline, or for patients with 
respiratory compromise with a goal hemoglobin of 
approximately 10 g/dL. If the hemoglobin is greater than 
10 g/dl admissions should be transferred to an institution 
where exchange transfusion is available due to the risk of 
hyperviscosity with further simple transfusions. If patients 
are discharged home, close follow up is needed with tele
medicine or in person visits within 24 hours. Patients 
should have a low threshold to return to the ED, especially 
if dyspnea worsens and should be provided with a pulse 
oximeter if possible.

Further management to consider during the age of COVID- 
19 includes the use of bronchodilators. The most common 
comorbidity reported in patients with SCD and COVID-19 is 
asthma.54 Many institutions have suspended the use of nebuli
zers due to the risk of aerosolizing virus particles, however 
metered-dose inhalers should be used as replacement when 
appropriate. Additional management should also follow insti
tutional standards of care for managing SCD and fever. These 
may include evaluation for typical seasonal viral infections and 
empiric oseltamivir, until influenza is ruled out; adequate pul
monary toileting, which includes ambulation as tolerated as 
well as incentive spirometry. Good pain control is also espe
cially important to reduce atelectasis.

Lastly, it is of particular importance to address COVID-19- 
associated coagulopathy. Patients with sickle cell disease exhi
bit a baseline hypercoagulable state and are at an increased risk 
for venous thrombosis and pulmonary embolism. Some symp
tomatic patients may benefit from a PE protocol spiral com
puted tomography (CT) scan during work up. All children and 
adults hospitalized with SCD and COVID-19 should receive 
prophylactic anticoagulation dosing or “intermediate inten
sity” dosing (enoxaparin 0.5mg/kg twice daily), unless the 
risk of bleeding outweighs the risk of thrombosis. Inpatients 
should also have close monitoring of disseminated intravascu
lar coagulation (DIC) markers (PT, aPTT, PTT, hepzyme, 
thrombin time, fibrinogen, D dimer) and inflammatory markers 
(CRP, ferritin, fibrinogen, IL-6, factor 8) to address throm
boembolic risk throughout hospitalization.58

Sickle cell disease is a chronic medical condition requiring 
a multidisciplinary approach with continued “maintenance 
care” and constant education. It is of utmost importance that 
these interactions and collaboration continue during this glo
bal pandemic. Telemedicine has become an excellent tool to 
continue chronic sickle cell maintenance while aiming to 

avoid exposure. It is important to provide virtual appoint
ments when possible rather than canceling regular mainte
nance appointments. It is also imperative to educate our 
patients on the importance of physical distancing, masking, 
and proper handwashing for the prevention of further spread.

Old and New Therapies
Blood Transfusion
Blood transfusion was the first therapy used in SCD, even at 
a time when the pathophysiology was still poorly 
understood.59 Transfusions (simple and exchange transfu
sions) have remained a critical therapeutic and prophylactic 
intervention in sickle cell disease to date. Transfusion exerts its 
effect by dilution of Hb-S containing red blood cells (thereby 
decreasing the percentage of the abnormal Hb S), and increas
ing the oxygen carrying capacity of blood.60 Therapeutic blood 
transfusions have been used for several indications such as: 
ACS, stroke, acute symptomatic anemia, aplastic crisis, splenic 
and hepatic sequestration, sickle hepatopathy, central retinal 
artery occlusion, and multisystem organ failure. Several ran
domized clinical trials have demonstrated the efficacy of pro
phylactic/chronic blood transfusions in primary and secondary 
stroke prevention, pre-operative management, and 
pregnancy.61–67

In addition to the above indications, providers have 
also utilized blood transfusions to alleviate other sickle 
cell disease complications, though not supported by con
crete evidence. Before embarking on a chronic blood 
transfusion regimen with a patient, the potential benefits 
must be weighed against risks such as iron overload, red 
cell alloimmunization, transfusion reactions, and blood- 
borne viral infections.

FDA Approved Drugs
There are currently 4 FDA approved drugs for sickle cell 
disease, most gaining approval since 2017.

Hydroxyurea
Hydroxyurea, approved in 1998, was the first FDA- 
approved drug for sickle cell disease. It gained approval 
based on the randomized clinical trial that demonstrated 
decreased rates of vaso-occlusive crises, increased median 
time to first and second crises, and decreased rates of acute 
chest syndrome.68 Initially approved for adults >18 years 
with sickle cell anemia, in 2017 it gained approval for 
children >2 years of age, based on an open-label trial 
conducted with pediatric patients.69
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Hydroxyurea is a ribonucleotide reductase inhibitor 
that inhibits DNA replication. Its mechanism of action is 
not completely understood, but it is known to induce fetal 
hemoglobin (Hb F), which in turn inhibits intracellular Hb 
S polymerization and prevents sickling within the red 
blood cells.70 In addition to increased Hb F synthesis and 
decreased Hb S polymerization, effects include increased 
Hb synthesis, decreased neutrophil count, hemolysis, RBC 
membrane damage, endothelial cell activation and adhe
sion, to mention a few.71

Endari (l-Glutamine)
L-glutamine is a conditionally essential amino acid; during 
periods of stress and severe illness, the body’s production 
becomes insufficient. It is required for the synthesis of 
nicotinamide adenine dinucleotide (NAD) and nicotina
mide adenine dinucleotide phosphate (NADP), and indir
ectly regulates the metabolism of glutathione. NAD and its 
reduced form, NADH are involved in maintaining redox 
balance and sickle red cells have a low redox ratio com
pared to normal red cells.72 The mechanism of action of 
l-glutamine in SCD is not fully understood but it has been 
shown to increase NADH in sickle RBCs, which is 
believed to reduce oxidative stress.72 L-glutamine gained 
FDA approval in 2017 based on a randomized trial that 
demonstrated significantly reduced pain crises and hospi
talizations in the drug group.72 It is approved for sickle 
cell patients of all genotypes, age 5 years and above. This 
was hailed as the first SCD drug approval in almost 20 
years since Hydroxyurea. However, concerns about patient 
accessibility and adherence have been reported.73

Adakveo (Crizanlizumab)
Crizanlizumab is a monoclonal antibody against the adhesion 
molecule P-selectin. P-selectin, expressed on the surface of 
endothelial cells mediates abnormal adhesion of sickle RBCs 
to the endothelium, and this process is implicated in the painful 
vaso-occlusion in SCD.74 A randomized trial demonstrated 
significantly decreased rate of vaso-occlusive crises, and pro
longed time to first and second crises on Crizanlizumab.75 This 
led to its FDA approval in 2019 for sickle cell patients of all 
genotypes, age 16 years and above.

Oxbryta (Voxelotor)
Voxelotor is a small molecule that binds to the alpha chain 
of hemoglobin, increasing Hb S affinity for oxygen, delay
ing Hb S polymerization and preventing RBC sickling.76 

In essence, it is an HbS polymerization inhibitor.77 

A randomized trial demonstrated significantly higher 

percentage of participants with a Hb response (>1 g/dl 
from baseline), fewer instances of worsening anemia and 
significant reduction in baseline markers of hemolysis with 
the drug.77 This led to its FDA approval in 2019 for sickle 
cell patients of all genotypes, age 12 years and above.

Curative Modalities
Bone Marrow Transplant
Bone marrow transplant (BMT) works by replacing the faulty 
“machinery” in the sickle cell patient: the marrow which 
produces abnormal sickle RBCs is replaced with 
a functioning marrow that produces normal RBCs that do not 
sickle. The first successful BMT as a cure for SCD was 
serendipitous. A young pediatric patient with both leukemia 
and sickle cell anemia underwent transplant as treatment for 
her leukemia, with resultant cure of her sickle cell disease as 
well.78 This was followed by a quick succession of other 
institutional reports of their experience with BMT as a cure 
for SCD.79–83 Outcomes have been impressive with overall 
and event free survival well above 90% with HLA-matched 
sibling donors.84,85 Expanded donor pools such as matched 
unrelated donors and haploidentical donors have been 
explored, albeit at an increased risk of graft rejection and 
increased mortality.86

Gene Therapy
Gene therapy portends a potential for cure for SCD but is still 
in its nascent stages. Viral vectors are employed as vehicles to 
introduce a therapeutic anti-sickling coding gene (gene addi
tion), to induce Hb F via silencing of repressors of the gamma- 
globin gene (Hb F induction), or to correct the sickle mutation 
via genomic engineering tools such as Clustered Regularly 
Interspaced Short Palindromic Repeats (CRISPR)/Cas9 (gene 
correction).87 The first successful gene therapy for SCD was 
reported in 2017, using a lentiviral vector-mediated addition of 
an anti-sickling beta-globin gene into the subject’s hemato
poietic stem cells.88 Currently, multiple other clinical trials are 
in progress to investigate the efficacy of gene therapy in SCD. 
Anecdotal reports of successful gene therapy have been 
highlighted.88–90 However, caution must be exercised, because 
as with every thorough clinical research, the ongoing trials 
need to be concluded to determine the efficacy of the 
intervention.

Pipeline Agents
In contrast to a few decades ago, there now exists numer
ous ongoing clinical trials with novel agents for the treat
ment of sickle cell disease in the pipeline.91 Table 1 
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Table 1 Ongoing Clinical Trials of Novel Agents in Sickle Cell Disease

Drug Mechanism NCT Number (Study 
Acronym)

Clinical Trial 
Phase

Anti-sickling agents

Nicotinamide with oral THU and Decitabine Hb F induction NCT04055818 Phase I

Panobinostat NCT01245179 Phase I

Metformin NCT02981329 Phase I

Gum Arabic NCT04191213 Phase II/III

Voxelotor (formerly GBT-440) Allosteric modifier (to the R-state) NCT04247594 Phase II

NCT04335721 Phase I/II

NCT04188509 Phase III

NCT03573882 Phase III

NCT04400487 Phase IV

NCT02850406 (HOPE Kids) Phase II

NCT04218084 (HOPE Kids 2) Phase III

AG-348 (Mitapivat sulfate) Allosteric activator of RBC pyruvate 

kinase-R

NCT04000165 Phase I

FT-4202 NCT03815695 Phase I

SCD-101 RBC ion transport channels NCT02380079 Phase Ib

Memantine (NMDAR antagonist) NCT03247218 Phase IIa/IIb

Anti-adhesion agents

Crizanlizumab (formerly SEG-101) P-selectin antagonist NCT03814746 (STAND) Phase III

NCT03938454 (SPARTAN) Phase II

NCT04053764 (STEADFAST) Phase II

NCT03264989 Phase II

NCT03474965 Phase II

Isoquercetin NCT04474626 Phase II

IVIG Blockade of fcγrIII receptors NCT01757418 Phase I/II

Imatinib Tyrosine kinase inhibitor NCT03997903 (IMPACT) Phase I

SHP655 (recombinant ADAMTS13) ADAMTS13 protein replacement NCT03997760 (RAISE-UP) Phase I/II

CSL889 Hemopexin replacement NCT04285827 Phase I

Anti-inflammatory agents and nitric oxide-related drugs

Defibrotide Antithrombotic, anti-inflammatory NCT03805581 Phase II

Mometasone Anti-inflammatory NCT03758950 (IMPROVE2) Phase II

Docosahexaenoic acid (SC411) NCT02973360 (SCOT) Phase II

(Continued)
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reviews this information. Completed or terminated trials, 
as well as trials in gene therapy are omitted.

Conclusion
The complications and comorbidities of sickle cell disease are 
numerous. Acute chest syndrome remains the leading cause of 
mortality and must be taken keenly. However, various other 
sickle cell complications deserve attention, in order to ensure 
the wellbeing of the patient as a whole and improve their 
quality of life. Other complications that may lead to long- 
term comorbidities should not be overlooked. Whether it is 
acute chest syndrome, pain, or a social challenge like reduced 
quality of care due to racial discrimination, there is a need to 
look beyond the usual, and shift focus to a more comprehen
sive approach to the patient.

Multidisciplinary management as with management of 
leg ulcers or the pregnant sickle cell patient should be 
emphasized, so as to attain more favorable outcomes. 
Reproductive counseling can generate a profound impact 
on the burden of sickle cell disease. Interventions as sim
ple as a routine annual ophthalmologic exam to rule out 
sickle cell retinopathy can have grave consequences if 
neglected in a subgroup of patients. Cerebrovascular 
events should be promptly followed up with intense reha
bilitation to preserve residual gross and fine motor func
tioning. Updated vaccinations, to provide added protection 
against encapsulated organisms should be ensured. 
Routine health maintenance as in the general population, 

such as yearly flu vaccines, colonoscopies, and mammo
grams should be highly encouraged as well.

It is refreshing that several novel agents are in the 
pipeline, to deal with the underlying cause of sickle cell 
disease. Experimental gene therapy also promises 
a potential cure, if successful. However, true success in 
the clinical trials realm will entail successful implementa
tion of their significant findings beyond the developed 
world – in low- and middle-income countries, where 
most of the world’s sickle cell population reside. As dis
cussed with the complications of sickle cell disease, the 
race to the cure must be attained on a global level.

Finally, sickle cell disease is a clear example of the fact 
that systemic racism is an unfortunate truth in American 
society. Therefore, we as healthcare providers should serve 
as role models to the rest of the country by dedicating 
ourselves to eradicating racially motivated healthcare dis
parities such as inadequate access to healthcare, subopti
mal patient care, limited funding for research and therapy 
development, and poor quality of life in order to truly go 
beyond to new heights in the management of SCD.
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Table 1 (Continued). 

Drug Mechanism NCT Number (Study 
Acronym)

Clinical Trial 
Phase

Arginine Increased NO production NCT02447874 Phase I/II

NCT02536170 Phase II

Sodium Nitrite (topical) NCT02863068 Phase II

Riociguat (soluble guanylate cyclase 

stimulator)

Vasodilator NCT02633397 Phase II

IMR-687 (selective phosphodiesterase-9 

inhibitor)

NCT03401112 Phase II

NCT04474314 Phase II

NCT04053803 Phase II

Notes: Adapted from Rai P and Ataga KI. Drug Therapies for the Management of Sickle Cell Disease [version 1; peer review: 2 approved]. F1000Research 2020, 9(F1000 
Faculty Rev):592 (https://doi.org/10.12688/f1000research.22433.1), licensed under CC-BY 4.0 (https://creativecommons.org/licenses/by/4.0/).91 

Abbreviations: THU, tetrahydrouridine; NMDAR, N-methyl-D-aspartate receptor; IVIG, intravenous gammaglobulin; ADAMTS13, a disintegrin and metalloproteinase with 
a thrombospondin type 1 motif, member 13.
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Purpose: Primary prophylaxis, using factor VIII replacement, is the recognized standard of care 
for severe hemophilia A. Recombinant factor VIII-Fc fusion protein (rFVIIIFc) and emicizumab, 
a humanized, bispecific antibody, are approved for routine prophylaxis of bleeding episodes in 
severe hemophilia A. These products have different mechanisms of action, methods of admin
istration and treatment schedules. In the absence of head-to-head trials, indirect treatment 
comparisons can provide informative evidence on the relative efficacy of the two treatments. 
The aim of the study was to compare the approved dosing regimens for each product, rFVIIIFc 
individualized prophylaxis and emicizumab administered once every week (Q1W), every 
2 weeks (Q2W) or every 4 weeks (Q4W), based on clinical trial evidence.
Patients and Methods: The comparison was conducted using matching-adjusted indirect 
comparison since clinical evidence did not form a connected network. Individual patient data for 
rFVIIIFc (A-LONG) were compared with data for emicizumab (HAVEN trial program) for mean 
annualized bleeding rate (ABR) and proportion of patients with zero bleeds. Safety data reported 
across the analyzed treatment arms were tabularized but not formally compared.
Results: After matching, no significant differences were observed between mean ABR for 
rFVIIIFc and emicizumab administered Q1W, Q2W or Q4W. The proportion of patients with 
zero bleeds was significantly higher with rFVIIIFc compared with emicizumab administered 
Q4W (51.2% versus 29.3%, respectively; odds ratio 2.53; 95% confidence interval 1.09–
5.89); no significant differences noted when rFVIIIFc was compared with emicizumab 
administered Q1W or Q2W. The mean number of adverse events expressed per participant 
was 1.9 for individualized prophylaxis with rFVIIIFc and 3.7–4.0, 4.1 and 3.6 for emicizu
mab administered Q1W, Q2W or Q4W, respectively.
Conclusion: This indirect treatment comparison suggests that rFVIIIFc individualized 
prophylaxis is more efficacious than emicizumab Q4W, and at least as effective as more 
frequent emicizumab regimens, for the management of hemophilia A.
Keywords: annualized bleeding rate, antibodies, bispecific, comparative effectiveness 
research, efmoroctocog alfa, factor VIII deficiency, treatment outcome

Introduction
Factor replacement products are the mainstay of treatment for individuals with 
hemophilia A,1 a serious bleeding disorder characterized by frequent and sponta
neous bleeding into joints and muscles.2 Recurrent joint bleeding is a hallmark of 
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severe hemophilia and a major cause of morbidity, leading 
to progressive irreversible joint damage and the develop
ment of hemophilic arthropathy.3

Primary prophylaxis, using replacement factor VIII 
(FVIII), is the recognized standard of care for individuals 
with severe hemophilia A, and, initiated early in life, it can 
prevent joint damage and reduce the frequency of joint and 
other hemorrhages.4,5 Significant heterogeneity exists 
between patients with hemophilia with respect to bleeding 
phenotype and response to treatment; therefore, to opti
mize outcomes, treatment schedules should be flexible and 
tailored to individual patient’s needs.6

Recombinant factor VIII-Fc fusion protein (rFVIIIFc) 
is approved for on-demand treatment and control of bleed
ing episodes, routine prophylaxis to reduce the frequency 
of bleeding episodes, and perioperative management of 
bleeding in pediatric, adolescent and adult patients with 
hemophilia A.7,8 The recommended dose for long-term 
prophylaxis according to the European label is 50 IU/kg 
every 3–5 days, which can be adjusted based on a patient’s 
response in the range 25–65 IU/kg,8 thus providing an 
opportunity for adjusting dosing to the requirements of 
each individual patient.

The safety and efficacy of rFVIIIFc was established in 
two Phase 3 studies of previously treated pediatric (Kids 
A-LONG) and adult/adolescent (A-LONG) patients with 
severe hemophilia A.9,10 An individualized prophylaxis 
regimen, which aimed for trough levels of 1–3 IU/dL in 
adults/adolescents, provided clinically meaningful reduc
tions in annualized bleeding rates (ABRs) compared with 
on-demand treatment.9 These results were confirmed in an 
extension study (ASPIRE), with low ABRs and extended 
dosing intervals sustained for up to 5.9 years of 
treatment.11

Emicizumab is a recombinant humanized, bispecific, 
monoclonal antibody that mimics the function of activated 
FVIII by bridging activated factors IX and X to induce 
coagulation at the site of bleeding.12 Emicizumab is 
approved for routine prophylaxis of bleeding episodes in 
patients with severe hemophilia A with or without FVIII 
inhibitors.13,14 It is administered as a subcutaneous injec
tion at the recommended dose of 3 mg/kg once weekly for 
the first 4 weeks (loading dose), followed by 
a maintenance dose of 1.5 mg/kg once weekly, 3 mg/kg 
every 2 weeks, or 6 mg/kg every 4 weeks. The safety and 
efficacy of emicizumab was investigated in the HAVEN 
clinical trial program.15–18

rFVIIIFc and emicizumab have different modes of 
action, methods of administration and treatment schedules, 
and despite the lack of head-to-head clinical trial evidence, 
a comparison of these therapeutic strategies would be 
beneficial. In this regard, the aim of this study was to 
compare the efficacy of rFVIIIFc individualized prophy
laxis versus emicizumab for the treatment of patients with 
hemophilia A, based on clinical trial evidence.

Patients and Methods
Data Sources and Sample Selection
The pivotal trials, which provided efficacy and safety data 
for market authorization, were used as source data for com
parison of the approved dosing regimens for each product 
(rFVIIIFc individualized prophylaxis;7,8 and emicizumab 
administered once every week [Q1W], every 2 weeks 
[Q2W] or every 4 weeks [Q4W])13,14, in the target popula
tion of adult/adolescents (≥12 years) with hemophilia 
A without inhibitors. Methodology and findings of these 
trials (A-LONG for rFVIIIFc; HAVEN clinical trial program 
for emicizumab) have been described previously.9,16,17

Briefly, A-LONG was a phase 3 open-label, multicenter, 
partially randomized study of rFVIIIFc in patients aged ≥12 
years of age with severe hemophilia A.9 Enrolled patients 
were assigned to one of the three treatment arms: individua
lized prophylaxis (25–65 IU/kg every 3–5 days; n=118), 
weekly prophylaxis (65 IU/kg; n=24), or episodic treatment 
(10–50 IU/kg; n=23). Prior to enrollment, patients in the 
individualized prophylaxis arm could have received FVIII 
as prophylaxis or on-demand, while those recruited to the 
other two arms could only have received on-demand treat
ment. In the individualized prophylaxis arm, to maintain 
good control of breakthrough bleeding, each patient’s phar
macokinetic (PK) parameters were used to guide individual 
adjustments to dosing interval (down to 3 days or up to 
5 days) and/or dose (up to 65 IU/kg) to target a steady-state 
FVIII trough level of 1–3 IU/dL. Adjustments were also 
made if a patient experienced two spontaneous bleeding 
episodes within an 8-week period.

For emicizumab, data were included from both 
HAVEN 3 and HAVEN 4. HAVEN 3 was a partially 
randomized study of emicizumab in patients aged ≥12 
years of age with severe hemophilia A without current 
FVIII inhibitors (<0.6 Bethesda units per mL).16 

Participants receiving episodic therapy with FVIII were 
randomly assigned in a 2:2:1 ratio to receive emicizumab 
Q1W (1.5 mg/kg; group A; n=36) or Q2W (3.0 mg/kg 
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group B; n=35), or to continue on-demand therapy with 
FVIII (group C, n=18). An additional 63 patients who 
received FVIII prophylaxis before study entry were allo
cated to group D and received prophylaxis with emicizu
mab Q1W (1.5 mg/kg). HAVEN 4 was a non-randomized, 
single-arm study of emicizumab in patients aged ≥12 years 
of age with severe hemophilia A (n=41), which included 
five patients with hemophilia A with inhibitors undergoing 
treatment with FVIII concentrates or bypassing agents.17 

All patients received a subcutaneous loading dose of emi
cizumab of 3 mg/kg Q1W for the initial 4 weeks, followed 
by emicizumab prophylaxis Q4W (6.0 mg/kg) for at least 
24 weeks. Data from all prophylaxis arms of both studies 
were used in the analysis, which included patients treated 
with 1.5 mg/kg Q1W, 3.0 mg/kg Q2W and 6.0 mg/kg 
Q4W.16,17 HAVEN 1 and HAVEN 2 included patients 
with hemophilia A with inhibitors aged ≥12 years or <12 
years of age, respectively, and were excluded from the 
analysis.15,18

Methodology of Indirect Comparisons
The pivotal trials included in the analysis had some simi
larities in their design. Both A-LONG and HAVEN 3 
comprised randomized and non-randomized arms, while 
HAVEN 4 was a non-comparative, single-arm study. In 
both A-LONG and HAVEN 3, on-demand treatment was 
assessed as a reference regimen within the randomized 
arms of each study. Despite this, a network meta-analysis 
including the on-demand arms was considered unfeasible, 
since rFVIIIFc individualized prophylaxis was assessed 
within a separate, non-randomized arm of A-LONG and 
could not be assessed in relation to on-demand treatment. 
In the absence of head-to-head trials and/or a connected 
network of clinical evidence, the matching-adjusted indir
ect comparison (MAIC), which adjusts for differences in 
baseline characteristics between treatments, was selected 
as the most suitable method to compare rFVIIIFc with 
emicizumab for the prophylactic treatment of hemophilia 
and was performed according to guidelines developed by 
the National Institute for Health and Care Excellence 
Decision Support Unit.19 Individual patient data (IPD), 
including baseline characteristics and effects observed in 
the individualized prophylaxis arm, were available for 
rFVIIIFc from the A-LONG trial. Data were anonymized 
and no information allowing individual patients to be 
identified was included. Each individual patient was 
assigned a weight calculated from the logistic regression 
model (see equation presented below), so that weighted 

mean baseline characteristics of the study population 
match the baseline characteristics reported for the com
parator trial.20

ln witð Þ ¼ α0 þ αT
1 Xit 

Where:
Xit = the covariate vector for the i-th individual receiving 

treatment t
Wit = weight assigned to the i-th individual receiving 

treatment t
The weights assigned to each patient individually can be 

interpreted as the estimated odds (relative propensity) of 
being in the comparator trials relative to the original study 
(A-LONG) and the weighted baseline characteristics of the 
A-LONG trial match the characteristics of the comparator 
population. The weights were used to recalculate the effect 
of the treatment in order to allow for the population- 
adjusted comparison with the estimates observed for the 
comparator.

Safety data reported across the analyzed treatment 
arms in the identified studies were tabularized but not 
formally compared using MAIC methodology since there 
was no unequivocal evidence for the interaction between 
baseline variables and the risk of adverse events (AEs).

Outcome Assessments
Efficacy outcomes assessed were mean ABR and propor
tion of patients with zero bleeds. These outcomes are 
clinically relevant and frequently reported treatment out
comes in clinical trials of hemophilia. The A-LONG pro
tocol stipulated all bleeding events required administration 
of FVIII, regardless of severity; therefore, the estimates for 
the incidence of bleeding episodes reported for the 
A-LONG trial refer to all bleeding episodes. In the 
HAVEN 3 and HAVEN 4 trials, data were collected for 
all bleeds (treated and untreated) and treated bleeds; the 
clear algorithm defining which events qualified for FVIII 
treatment in the HAVEN program was not provided. For 
consistency with A-LONG, data for all bleeds were used 
in this analysis.

Data Analysis
IPD for rFVIIIFc from the A-LONG trial were weighted 
and matched to aggregated corresponding baseline char
acteristics for emicizumab in the comparator trials. 
Baseline variables included for adjustment were: age 
(mean, (standard deviation [SD]); target joint, including 
mean (SD) number of target joints (when available), or 
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proportion of patients with 1 or ≥2 target joint(s); propor
tion of patients with prior prophylaxis; ethnicity (propor
tion of white patients); and treatment duration (mean, SD). 
Outcomes were recalculated using assigned weights; mean 
ABR was estimated using weighted negative binomial 
regression model (using R software v.3.5.5 with MASS 
package), which was consistent with the analysis in 
HAVEN trials. Odds of zero bleeds were calculated by 
dividing the reweighted number of patients with and with
out bleeding episodes. Weighted outcomes from A-LONG 
were statistically compared with observed values for 
emicizumab.

For each adjustment, the matched baseline characteris
tics are presented with the corresponding estimates of 
effective sample size for patients receiving rFVIIIFc. 
Recalculated ABR and the odds of patients with zero 
bleeds were compared with the estimates related to emici
zumab. The odds ratio (OR) was calculated using the 
standard formula.21 Relative treatment effects are pre
sented as incidence rate ratios (IRR) with 95% confidence 
intervals (CI) for ABR, and ORs with 95% CI for the 
proportion of patients with zero bleeds. The IRR, together 
with the associated 95% CI, was calculated as the expo
nent of the difference between the log values of ABRs for 
rFVIIIFc and emicizumab.21 A difference in IRR or OR 
was considered statistically significant when the associated 
95% CI did not include 1.0. Statistical comparisons were 
conducted in R (R v.3.5.5 [https://www.r-project.org/]).

Results
Baseline Characteristics Before Matching
The analysis included 117 patients who received rFVIIIFc 
individualized prophylaxis in A-LONG, and 99 and 41 
patients from HAVEN 3 and HAVEN 4, respectively, 
who received emicizumab. Median age was 29 years in 
A-LONG and ranged from 36 to 41 years in the two 
HAVEN trials. Across the trials, the length of treatment 
varied; in A-LONG median duration of rFVIIIFc treatment 
in the individualized prophylaxis arm was 32.1 weeks; the 
median duration of the efficacy period ranged from 29.6 to 
33.7 weeks in HAVEN 3 and was 25.6 weeks in 
HAVEN 4.

Prior to study entry, the treatment regimen was pro
phylaxis in 73.7% of patients in the individualized pro
phylaxis arm in A-LONG, and 41.4% and 73.0% in 
HAVEN 3 and HAVEN 4, respectively. At baseline, the 
proportion of patients with ≥1 target joint was 68.5% in 

A-LONG. Overall, in HAVEN 3 and HAVEN 4, the 
proportion of patients with ≥1 target joint across the 
treatment arms was 41.3–94.4% and 61.0–86.0%, respec
tively. In A-LONG, the median number of bleeding 
events in the 12 months prior to study entry was 6.0 
and 27.0 in patients receiving a prior prophylaxis or 
prior episodic regimen, respectively. In the HAVEN pro
gram, the proportion of bleeding events was reported for 
the prior 24 weeks only. In HAVEN 3 the proportion of 
patients with <9 bleeding events in the 24 weeks before 
trial entry was 25.0%, 14.3%, 22.2% and 84.1% in treat
ments arms A to D, respectively. The median number of 
bleeding events in the 24 weeks before study entry was 
5.0 in HAVEN 4.

Matching of Baseline Characteristics
IPD for rFVIIIFc from the individualized prophylaxis arm 
of A-LONG were matched to the baseline characteristics 
of emicizumab Q1W (n=99; Supplementary Table 1), 
Q2W (n=35; Supplementary Table 2) and Q4W (n=41; 
Supplementary Table 3). The effective sample size (ESS) 
for rFVIIIFc for each comparison after matching was n=94 
(Q1W), n=19 (Q2W) and n=36 (Q4W), respectively.

Annualized Bleeding Rate, All Bleeds
After matching, the mean ABR was 2.73 for individua
lized prophylaxis with rFVIIIFc and 2.93 for emicizumab 
administered Q1W. The difference in ABR between the 
two treatments was not statistically significant (IRR 0.93; 
95% CI 0.63–1.39; Figure 1). Similarly, there was no 
statistically significant difference between mean ABR for 
individualized prophylaxis with rFVIIIFc and emicizumab 
administered Q2W (1.49 versus 2.60; IRR 0.57; 95% CI 
0.28–1.17) and Q4W (2.75 versus 4.50; IRR 0.61; 95% CI 
0.37–1.02).

Proportion of Patients With Zero Bleeds
The proportion of patients with zero bleeds was signifi
cantly higher with individualized prophylaxis with 
rFVIIIFc compared with emicizumab administered Q4W 
(51.2% versus 29.3%, respectively; OR 2.53; 95% CI 1.
09–5.89; Figure 2). There were no statistically significant 
differences in the proportion of patients with zero bleeds 
between rFVIIIFc and emicizumab administered Q1W 
(47.6% versus 46.5%; OR 1.05; 95% CI 0.60–1.82) or 
Q2W (54.2% versus 40.0%; OR 1.78; 95% CI 0.62–5.11).

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                                           

Journal of Blood Medicine 2021:12 118

Klamroth et al                                                                                                                                                       Dovepress

https://www.r-project.org/
https://www.dovepress.com/get_supplementary_file.php?f=288283.docx
https://www.dovepress.com/get_supplementary_file.php?f=288283.docx
https://www.dovepress.com/get_supplementary_file.php?f=288283.docx
http://www.dovepress.com
http://www.dovepress.com


Safety
A summary of safety data from the individualized prophy
laxis arm of A-LONG and all prophylaxis arms from 
HAVEN 3 and HAVEN 4 is presented in Supplementary 
Table 4. The mean number of AEs expressed per participant 
was 1.9 for individualized prophylaxis with rFVIIIFc, and 
3.7–4.0, 4.1 and 3.6 for emicizumab administered Q1W, 
Q2W and Q4W, respectively. Injection site reactions were 
reported in 20–32% of patients receiving respective regimens 
of emicizumab prophylaxis, and thus were among the most 
frequently reported events. Injection site reactions were not 
reported among AEs in patients receiving individualized 
prophylaxis with rFVIIIFc in A-LONG. The proportions of 
patients reporting arthralgia, headache and upper respiratory 
tract infection were numerically lower with rFVIIIIFc indi
vidualized prophylaxis than those observed in the respective 

emicizumab arms. There was no evidence of differences 
regarding serious AEs between treatments.

Discussion
The results of this MAIC analysis indicate that rFVIIIFc is 
more efficacious than emicizumab Q4W and at least as 
efficacious as more frequent emicizumab regimens, for the 
management of patients with hemophilia A. Individualized 
prophylaxis with rFVIIIFc, the approved dosing regimen,7,8 

was shown to be associated with a significantly greater 
proportion of patients with zero bleeds than emicizumab 
administered Q4W, while no statistically significant differ
ences were observed in the proportion of patients with zero 
bleeds when rFVIIIFc was compared with emicizumab 
administered Q1W or Q2W. In addition, there were no sta
tistically significant differences for mean ABR with 
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individualized prophylaxis with rFVIIIFc and emicizumab 
administered Q1W, Q2W or Q4W. Although five of the six 
comparisons of bleeding events did not achieve statistical 
significance, clear trends in favor of rFVIIIFc were observed.

In the A-LONG study, the prophylactic dosing regimen 
of rFVIIIFc was not designed to optimize the prevention 
of bleeds; the protocol prescribed a PK-tailored dosing 
regimen aimed at targeting FVIII trough levels between 
1 and 3 IU/dL. This relatively modest treatment target may 
make a comparison with emicizumab unfavorable for 
rFVIIIFc, as emicizumab more than likely reached its 
ceiling limit for optimal prophylactic efficacy with the 
published dosing regimens.

The results of the current study contrast with the pub
lication by Reyes et al, the results of which suggested the 
superiority of prophylaxis with emicizumab over FVIII 
prophylaxis (combined comparator of four different 
FVIII concentrates, including rFVIIIFc) in patients with 
hemophilia A without inhibitors.22 Importantly, the Reyes 
analysis included data from the weekly prophylaxis arm of 
A-LONG, which is not aligned to the approved dosing 
regimens of rFVIIIFc, and may have led to the overesti
mation of ABRs for rFVIIIFc, thus boosting the relative 
efficacy of emicizumab in comparison. Detailed analysis 
of the Reyes study has been described elsewhere.23

For the current analysis, several methodologies were 
considered, including a network meta-analysis as utilized 
by Reyes et al,22 a meta-analysis using the Bucher 
method and MAIC. Patients were not randomly assigned 
to the individualized prophylaxis arm with rFVIIIFc in 
A-LONG, and therefore, a connected network of evi
dence could not be formed between the rFVIIIFc indivi
dualized prophylaxis and emicizumab prophylaxis arms. 
As such, the standard meta- and network meta-analyses 
were considered not appropriate for these trial data. 
However, an indirect treatment comparison was still fea
sible, and it was important to adjust for differences in 
baseline characteristics between studies. MAIC is 
a validated method for the comparison of outcomes of 
interventions, which can overcome methodological lim
itations of indirect comparisons and network meta- 
analyses.24 IPD from studies of one treatment are 
matched with aggregate data from published studies of 
another treatment, allowing treatment outcomes to be 
compared across balanced trial populations; thus, redu
cing observed cross-trial differences.20 In the absence of 
head-to-head studies, we propose MAIC as the most 

robust method to compare treatments and the most appro
priate for the current analysis.

Prophylaxis with FVIII replacement products is the 
standard of care for the management of hemophilia A; 
treatment has evolved and is focused on increasing protec
tion by raising factor levels above previous targets. This has 
the potential to allow a more active lifestyle with improved 
outcomes, including prevention of bleeding and joint dis
ease progression and thus, potentially a better quality of 
life.25 The HAVEN trial program demonstrated the efficacy 
of emicizumab for the treatment of patients with hemophilia 
A both with and without inhibitors.16,17 However, long-term 
data are not currently available and there are some safety 
concerns associated with a risk of thrombosis in combina
tion with other procoagulant drugs.1 Of note, during the 
HAVEN 4 study, 61% of patients received at least one 
concomitant dose of FVIII concentrates or bypassing agents 
and 39% received these treatments prior to activities that 
may lead to bleeding.17 This indicates that the ABR with 
emicizumab prophylaxis alone is likely to be underesti
mated. A pre-specified sub-group analysis of HAVEN 4 
concluded that emicizumab efficacy (6 mg/kg Q4W) was 
unaffected by FVIII inhibitor status, presence of target 
joints, or type of previous FVIII or bypassing agent treat
ment regimen (episodic versus prophylactic).17 This rein
forces the validity of the current analysis, as based on this 
conclusion, the ABRs in patients treated with emicizumab 
are not influenced by the presence of inhibitors, although 
the number of patients with inhibitors in HAVEN 4 is very 
low (expansion cohort, n=5).

The study has the following limitations. The outcomes 
assessed in our analysis were restricted to mean ABR and 
proportion of patients with zero bleeds. It would have been 
interesting to compare both interventions in terms of addi
tional outcomes, such as FVIII utilisation to prevent bleeds 
before physical activity; however, relevant information 
was not provided in the HAVEN trials. In addition, there 
was a loss of sample size when comparing rFVIIIFc with 
emicizumab Q2W (ESS=19) and Q4W (ESS=36), which 
was largely due to the discrepancies in the proportion of 
patients with previous prophylaxis (73.5% versus 0%) and 
treatment duration (32.6 weeks versus 26.6 weeks), 
respectively. Furthermore, the adjustment for other con
founding factors, eg weight, geographic region, FVIII 
genotype, which may also have an influence on the find
ings reported here, were considered; unfortunately, this 
was not possible as relevant information was not provided 
in the HAVEN trials. Safety outcomes reported across the 
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treatment arms included in this analysis are presented; the 
mean number of AEs reported per participant was numeri
cally lower for rFVIIIFc than for emicizumab (1.9 versus 
3.6–4.1). Emicizumab was also associated with frequent 
injection site reactions, which were not reported for 
patients receiving individualized prophylaxis with 
rFVIIIFc in A-LONG. The proportions of patients report
ing arthralgia, headache and upper respiratory tract infec
tion were also numerically lower with rFVIIIFc than for 
those observed in the respective emicizumab arms. These 
AEs can potentially increase the burden associated with 
long-term emicizumab prophylaxis. However, no formal 
statistical analysis was carried out and this should be 
considered when interpreting these data. In addition, safety 
outcomes from the long-term follow-up studies should be 
considered for the full characterization of safety profiles.

Conclusion
This indirect treatment comparison indicates that rFVIIIFc 
individualized prophylaxis is more efficacious than emici
zumab administered Q4W for the proportion of patients 
with zero bleeds. Similar efficacy was observed for mean 
ABR with rFVIIIFc individualized prophylaxis compared 
with emicizumab administered Q1W, Q2W and Q4W, with 
trends in favor of rFVIIIFc.

Abbreviation
ABR, annualized bleeding rate; CI, confidence interval; ESS, 
effective sample size; FVIII, factor VIII; IPD, Individual 
patient data; IRR, incidence rate ratio; rFVIIIFc, 
Recombinant factor VIII-Fc fusion protein; MAIC, match
ing-adjusted indirect comparison; OR, odds ratio; PK, phar
macokinetic; Q1W, once every week; Q2W, every 2 weeks; 
Q4W, every 4 weeks; SD, standard deviation.
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Background: Due to the chronic nature of sickle cell disease (SCD), affected individuals 
may seek help from diverse places thus raising the need to understand their health-seeking 
behavior (HSB) in order to design an appropriate management policy for them.
Aim: The aim of this study was to evaluate the HSB among pediatric SCD patients relative 
to their non-SCD counterparts attending a tertiary facility in Southwest Nigeria and identified 
predictors of poor HSB among SCD patients.
Methods: A total of 110 children with SCD were recruited and studied for their HSPs which 
were compared with 110 non-SCD patients with other chronic medical conditions. 
Questionnaires were used to obtain self-reported information on participants’ socio- 
demographic data and HSB. Logistic regression was used to determine the predictors of 
poor HSB among the SCD cohort.
Results: More SCD patients received treatments at private hospitals, patent medicine stores 
and faith-based centers compared to their non-SCD counterparts (p=0.0052; 0.006; and 
0.007), respectively. No difference was observed in the patronage of traditional care centres 
10 (9.1%) vs 6 (5.5%). More SCD patients 61 (55.5%) vs 35 (31.8%) exhibited poor HSB 
(p=0.0004). SCD patients who were not enrolled on health insurance scheme were 18 times 
more likely to have poor HSB (OR=18.38, 95% CI (4.41–76.57), p value= <0.0001) while 
absence of VOC within the preceding year reduces the risk of poor HSB by 91.5% 
(OR=0.085, 95% CI (0.028–0.258), p value= <0.0001).
Conclusion: SCD patients in the study locality had poor HSB. This raises the need for their 
education on proper HSB. More enrollment into health insurance scheme and the prevention 
of VOC will lessen the burden of poor HSB. The high patronage of non-hospital care 
facilities in this study raises the need for stakeholders to monitor activities and train the 
operators at these informal care centres.
Keywords: sickle cell disease, health-seeking behavior, non-orthodox care, Nigeria

Introduction
Sickle cell disease (SCD) is an inherited blood disorder characterized by chronic 
anemia, acute painful episodes, and chronic organs damage.1,2 It is associated 
with a significant reduction in life expectancy especially in resource-poor coun
tries with low quality of health care and weak health systems.1,2 Individuals 
homozygous for the sickle hemoglobin (HbS) have sickle cell anemia (SCA), 
which is the most severe form of the disease spectrum. It is the most common 
genetic disease in sub-Saharan Africa.1–3 Globally, about 312,000 neonates are 
born with SCA annually, 75% of which occur in Africa.3 Nigeria has the highest 
burden of the disease where between 1% and 2% of newborns are born annually 
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with the medical condition.2 It is also an important 
cause of childhood morbidity and mortality in the 
country.2

The clinical manifestations of the disease are many and 
these include serious chronic and debilitating 
conditions.3,4,5–7 Due to the genetic nature and complex
ities of its pathophysiology, the management of SCD is 
also still evolving and this includes supportive and poten
tially curative interventions.4,5,7 However, in developing 
countries like Nigeria, the management and care available 
are still largely supportive and suboptimal.2,8 Hence, indi
viduals affected with SCD may be left to worry about how 
to get help for their medical condition.

Health-seeking behavior (HSB) is defined as an action 
undertaken by individuals who perceive themselves as 
having a health problem or to be ill, for the purpose of 
finding an appropriate remedy or simply put, the varied 
response of individuals to states of ill-health, depending on 
their knowledge and perceptions of health, socioeconomic 
constraints, adequacy of available health services and atti
tude of healthcare providers.9,10

Being sick or having ill health is a major life event that 
may disrupt basic activities of life10 and what people do 
when they are ill has major implications for morbidity, 
progression and outcome of the illness.10 These include 
places where people seek health care and the kind of 
treatments sought for some of which may be inimical 
and harmful. Furthermore, it has been noted that people 
take decisions based on their respective socio-cultural, 
economic, demographic circumstances, disease pattern, 
perceived severity of the illness, attitude of health provider 
and organization of the health-care system.10–13

Studies have reported the involvement of non-qualified 
and alternative caregivers in the management of chronic 
diseases especially in rural areas and resource-poor 
countries.14–18 Similar patterns have been observed in the 
care of patients with SCD.17,19–21 These observations 
reflect that many people in Nigeria and other developing 
countries have strong beliefs in religious institutions and 
non-orthodox care centres for healing and healthcare ser
vices as people in these communities sometimes refer to 
children suffering from chronic medical conditions like 
SCD as being afflicted by spirits/devils because of the 
nature and clinical presentation of these diseases and as 
such, believe that these children need spiritual and other 
non-orthodox care.18,20 They may, therefore, seek mira
cles, and healing at some faith-based centers and other 
non-orthodox facilities. These findings raise the need to 

understand the health-seeking behavior of any target popu
lation before one can design effective and acceptable 
health-care services for the care of such population or 
group of patients.

This study examined the healthcare-seeking behavior 
and treatment practices of children with SCD in compar
ison with children with other chronic medical conditions 
that are not SCD attending a tertiary hospital in 
Southwestern Nigeria. Information from this study may 
assist policy makers in formulating rational policies to 
provide efficient, effective, acceptable, affordable and 
accessible healthcare services targeted at improving the 
health of the pediatrics sickle cell population.

Patients and Methods
Study Design and Setting
This study was conducted at the pediatric hematology unit 
and children out-patient clinics of the Ekiti State 
University Teaching Hospital (EKSUTH), Ado Ekiti 
which is a tertiary government-owned hospital in Nigeria 
between March and August 2018. EKSUTH is a tertiary 
referral hospital for all the Primary and Secondary Health 
facilities in Ekiti State and neighboring towns in other 
adjoining States. Children with SCD alongside their coun
terparts with other chronic medical disease conditions/ill
nesses were purposively recruited serially over a 6-month 
period. At the EKSUTH, the pediatric hematology unit is 
co-joined with the pediatric oncology unit and attends to 
all hemato-oncological-related illnesses in which pediatric 
SCD cases predominate while children with other illnesses 
are seen in the outpatients’ and other specialist clinics. The 
pediatric hemato-oncology unit of the hospital is headed 
by a pediatrician (the lead researcher) and supported by 
the complements of resident doctors, nurses, other medical 
staffs and specialists. It runs a weekly specialist clinic 
where predominantly SCD patients and a few other pedia
tric hemato-oncology cases are referred and seen. The unit 
also admits and treats SCD patients presenting with com
plications/emergencies like bone pain crisis, severe ane
mia, infections, stroke, etc. The pediatric hematology unit 
offers routine malaria prophylaxis and multivitamins sup
plementation. It also offers hydroxyurea therapy and 
chronic blood transfusion to eligible SCD patients. 
However, compliances with the latter two protocols are 
poor. There is no routine penicillin prophylaxis or tran
scranial doppler ultrasound screening as these are done on 
a case-by-case basis and only when indicated.
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Sampling Method
Purposive sampling was used to select the participants and 
the minimum sample size was arrived at for either group 
using the formula for calculating sample size for compar
ison of proportions n = (Zα/2+Zβ)2 * (p1(1-p1)+p2 
(1-p2))/(p1-p2)2, where n = minimum sample size per 
group.22 Given the 56.6% prevalence (P1) of use of non- 
orthodox care for children with epilepsy in Ibadan, 
Nigeria23 and 36% prevalence (P2) of use of non- 
orthodox care for children SCD in Lagos, Nigeria24 and 
β = 0.20, at 95% confidence level Zα/2 is 1.96 for a two- 
tailed test, the estimated sample size was 88 per group. To 
compensate for non-response, assuming a 10% non- 
response, the sample size per group was further calculated 
using the following formula:

Nnr¼n=1� nnr 

n = calculated sample size for each group =88
nnr = non-response rate =10%=0.1

Nnr = sample size per comparison group, compensated for 
non-response rate.25

Nnr¼n=1 � 0:1 

Nnr = n/0.9. = 88/0.9 = 97. Hence, the minimum sample 
size required per group was 97. However, 110 participants 
were studied per group.

Study Population
All consecutive SCD patients who attended the pediatric 
hematology SCD clinic and whose parents gave consent to 
participate in the study were recruited. The controls were 
non-SCD children whose parents gave consent to partici
pate in the study and attended the children hemato- 
oncology unit, out-patient clinics and other specialist 
clinics of the hospital within the same period for follow 
up of their wards chronic illnesses (diabetes-3, asthma-25, 
hepatitis-2, chronic kidney diseases-5, tuberculosis-5, 
active HIV disease-5, recurrent seizures 51 (non-febrile 
-31, and febrile-20), Down syndrome-6, and childhood 
cancer-8). The Hb genotypes of the participants in both 
arms were determined by Hb electrophoresis.

However, the SCD patients also had earlier had their 
SCD status further confirmed by high-performance liquid 
chromatography (HPLC), Biorad, USA Variant II, using 
the Beta thalassemia short program and DNA Polymerase 
Chain Reaction (PCR).26

Study Procedure and Data Collection
The purpose of the study was explained to the children and 
their parents/caregivers after which the consents of the 
caregivers were obtained as appropriate. Also, patients’ 
assents were obtained for participants aged 7 years 
and above as applicable. Information on each 
participant’s health-seeking behavior was obtained with 
a pre-tested questionnaire. The study instrument was 
revised by community physicians after the pretest at the 
medical outpatients’ clinic of the hospital to improve its 
quality and incorporate observations made during the pre
liminary study. The questionnaire was translated into 
Yoruba language which is the main spoken language in 
the locality by an expert and was administered with the 
assistant of resident doctors who were fluent in both the 
English language and the indigenous language. 
Information obtained through the questionnaire included 
the participants’ socio-demographic characteristics, occu
pation of the parents, parents’ highest level of formal 
education, history of previous treatments/interventions 
(both hospital and non-hospital based), where such treat
ments were given and this was used to ascertain their 
health-seeking behavior in the preceding 1 year prior to 
recruitment. For the purpose of this study, health-seeking 
behavior was defined as actions undertaken by caregivers/ 
parents for the purpose of finding a remedy to their wards’ 
ill health or health problems.9,10 The type of place/setting, 
ie whether health facility (private or public hospitals) 
which was considered as standard orthodox care or other 
non-standard or non-orthodox care centres where parents/ 
caregivers sought treatment(s) for their wards were noted. 
The health-seeking behavior was considered good when 
treatment was received at a hospital (private or public) and 
poor when treatment was received at non-orthodox, ie 
(non-hospital setting). In addition, the medical records of 
the SCD patients were retrieved manually and examined to 
establish the clinical evolution of the patients’ disease 
condition vis a vis the occurrence of acute and chronic 
lifetime disease complications for which admissions were 
offered, the number of admissions, as well as other details 
of the treatment they received at the pediatric hematology 
unit within the preceding year prior recruitment. The clin
ical evolution record and typing of disease evolution/com
plications such as the occurrence of vaso-occlusive crisis 
(VOC), ie number of severe bone pain crises that disrupt 
daily activities, required hospital admission and use of 
opioids analgesics within the preceding 1 year prior to 
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recruitment, as well as other details of their disease evolu
tion/complications were as earlier described.26 The social 
classes of the parents were determined according to the 
Oyedeji classification system using their formal educa
tional attainment and occupation as previously 
described.27

Ethical Consideration
This study was performed according to the Declaration of 
Helsinki on research involving human subjects. Ethical 
approval was obtained from the Ethics and Research 
Committee of the EKSUTH and written informed consent 
was obtained from the guardians/parents of the children 
(patients and controls) as well as patients' assents where 
applicable and they were assured of the confidentiality of 
their responses. Willingness to participate or not did not 
affect the care given to participants as all received the 
same standard care. Data were stored on a computer after 
personal identifiers had been removed and were only 
accessible to the research team with a password.

Data Analysis
Data were analyzed using the Statistical Package for Social 
Sciences (SPSS) version 25.0. Frequencies and proportions 
were used to summarize categorical variables. Quantitative 
variables were summarized using mean and standard devia
tion. Chi-square test and Fisher’s Exact Test were used to 
compare health-seeking behavior between the SCD patients 
and their non-SCD counterparts. Furthermore, binary logistic 
regression was fitted to identify the determinants of poor 
health-seeking behavior among the SCD cohort. The deter
minants/predictors were selected based on the 
literature.17,24,28 Both the Omnibus Tests of Model 
Coefficients and the Hosmer-Lemeshow goodness-of-fit 
test were used to assess the fitness of the final model and 
both tests indicate the model was well fitted with the 
Omnibus Tests of Model Coefficients being (χ2=35.3, 
p<0.0001) and the Hosmer-Lemeshow goodness-of-fit test 
at (χ2=5.74, p=0.57) respectively. The significance level was 
set at p-value < 0.05 for all tests.

Results
The study involved 110 SCD patients (107 hemoglobin SS 
and 3 hemoglobin SC) and 110 non-SCD (84 Hb AA and 26 
Hb AS) patients age- and sex-matched controls. The mean 
ages of the SCD patients and their non-SCD counterparts 
were 8.39 ± 4.49 and 8.85 ± 3.22 years, respectively.

Sociodemographic Characteristics of the 
Study Participants
There is no difference between SCD patients and controls 
with regards to socioeconomic class (Table 1).

Pattern of Past Treatments/Care-Seeking 
Practices
More SCD patients compared to their non-SCD counterparts 
66 (60.0%) vs 35 (31.8%) (p<0.0001) received treatments at 
some other places in addition to treatments given at our 
tertiary facility. Also, more SCD patients received care at 
private hospitals, patent medicine stores and faith-based 
centers than the controls (p<0.05) Table 2. In addition, 
more SCD patients compared to their non-SCD counterparts 
had received blood transfusion (p=0.0002). Although more 
SCD patients tended to patronize traditional centres and 
received diverse treatments 10 (9.1%) vs 6 (5.5%); p=0.43, 
both groups tended to have an equal rate of therapeutic 
scarifications at non-orthodox traditional places 8/10 (80%) 
vs 5/6 (83.3%). Nevertheless, the majority of the 13 partici
pants 8/13 (62%) who had scarifications, were SCD patients. 
There were no differences with respect to other non- 
orthodox interventions received by the participants (Table 2).

In general, more SCD patients compared to their non- 
SCD counterparts 61 (55.5%) vs 35 (31.8%) (p=0.0004) 
exhibited poor health-seeking behavior.

Admission Pattern and Rate of the SCD 
Cohort
A total of 72 (65%) SCD patients were admitted for various 
comorbidities and complications of their disease in the pre
ceding 1 year. The number of admissions ranged between 1 

Table 1 Sociodemographic Characteristics of the Study 
Participants

Characteristics SCD 
Patient 
N=110 
n (%)

Control 
N=110 
n (%)

P value

Gender Male 71(64.5) 70(63.6) 0.88*

Female 39(35.5) 40(36.4)

Social class Low 64(58.2) 63(57.3) 0.94*

Middle 42(38.2) 42(38.2)

Upper 4(3.6) 5(4.5)

Note: Test statistics = *Chi-Square test. 
Abbreviation: SCD, sickle cell disease.

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                                           

Journal of Blood Medicine 2021:12 126

Olatunya et al                                                                                                                                                        Dovepress

http://www.dovepress.com
http://www.dovepress.com


and 4 with a median of 2 (mean 1.8±0.8). The commonest 
reason for admission was for VOC (severe bone pains) and 
this was among 51 (70.8%) of the admitted group. Other 
comorbidities/complications for which the SCD cohort 
members were admitted are as shown in Table 3.

Association Between SCD Cohort 
Characteristics and Their Health-Seeking 
Behavior
As shown in Table 4, lack of health insurance (p<0.0001), 
belonging to low social class (p=0.012) and presence of 
VOC (p<0.0001) in the preceding year were all associated 
with poor health-seeking behavior on Chi-Square analysis.

Determinants/Predictors of Poor 
Health-Seeking Behavior Among SCD 
Patients
As shown in Table 5, SCD patients who were not enrolled 
in a health insurance scheme were 18 times more likely to 
have poor health-seeking behavior (OR=18.38, 95% CI 
(4.41–76.57), p value= <0.0001). Also, the absence of 
VOC within the preceding year reduces the risk of poor 
health-seeking behavior among SCD patients by 91.5% 
(OR=0.085, 95% CI (0.028–0.258), p value= <0.0001). 
No other determinants/predictors of poor HSB were iden
tified (Table 5).

Table 2 Pattern of Past Treatments and Care-Seeking Practices 
of Participants

Characteristics SCD Patients  
N=110  
n (%)

Controls  
N=110  
n (%)

P value

General pattern of how treatment was received

Our Hospital: Yes 110.0 (100.0) 110.0 

(100.0)

Other places alongside 

our hospital: Yes

66 (60.0) 35 (31.8) <0.0001*

No 44 (40.0) 75 (68.2)

Sites where treatment was received outside our hospital

aPrivate hospital: Yes 32 (29.1) 15 (13.7) 0.0052*

No 78 (70.9) 95 (86.3)

aPatent Medicine shop: 

Yes

55 (50.0) 35 (31.8) 0.006*

No 55 (50.0) 75 (68.2)

aTraditional care: Yes 10 (9.1) 6 (5.5) 0.437†

No 100 (90.9) 104 (94.5)

aFaith-based centers: Yes 27 (24.5) 11 (9.0) 0.007†

No 83 (75.5) 99 (90.0)

Type of treatment/care received aside drugs (orthodox and non- 
orthodox) within past 1year

Blood transfusions: Yes 51 (46.4) 25 (22.7) 0.0002*

No 59 (53.6) 85 (77.3)

Surgical operations: Yes 1 (0.9) 2 (1.8) 1.000†

No 109 (99.1) 108 (98.2)

Prayer at faith based 

(religious) centres: Yes

27 (24.5) 25 (22.7) 0.751*

No 83 (75.5) 85 (77.3)

Use of biologic products 

(herbal medicines at 

traditional healing center): 

Yes

10 (9.1) 6 (5.5) 0.437†

No 100(90.9) 104(94.5)

Scarifications (at 

traditional healing center): 

Yes

8(7.3) 5(4.5) 0.284†

No 102(92.7) 105(95.5)

Notes: Test statistics = †Fisher’s exact test, *Chi-Square test. aMany individual 
patients received treatments at multiple places, P values in bold fonts indicate 
statistical significance. 
Abbreviation: SCD, sickle cell disease.

Table 3 Associated Admissions’ Comorbidities/Complications 
Among the SCD Patients

Comorbidities Number of Patients 
Admitted (N=72) n(%)

VOC 51(70.8)

Malaria 33 (45.8)

Severe anemia 33 (45.8)

Stroke 10 (13.9)

Sepsis 5 (6.9)

Osteomyelitis 5 (6.9)

Priapism 3 (4.2)

Infected Leg ulcer 2 (2.8)

Pneumonia 2 (2.8)

Note: Some patients had multiple comorbidities/complications. 
Abbreviation: VOC, vaso-occlusive crisis.
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Discussion
The cause and nature of a disease condition as well as 
local culture, accessibility of affordable orthodox health 
care and experiences/pieces of advice from locals who 
have suffered similar disease are factors that tend to 
influence the health-seeking behavior of the affected 
individual. In this study, both the SCD and non-SCD 
patients received treatment outside orthodox care. 
However, SCD patients were more affected when com
pared to their non-SCD counterparts. This may be due 
to the nature of SCD being more frequently associated 
with recurrent complications. Also, the fact that SCD 
standard-of-care management is relatively expensive and 
borne out-of-pocket in our environment may be 
a factor.29,30

Patent medicine shops ranked highest among the 
places where our study participants sought treatment, 
accounting for 50% amongst the SCD patients and 32% 
amongst the non-SCD patients. The participation of 
patent medicine vendors (PMV) in healthcare delivery 
especially in low middle-income countries such as 
Nigeria is well documented.31–34 The implications of 
this for the care of SCD patients may include delay 
before presentation at the hospital as the time taken to 
consult the PMVs and waiting time to see the effect of 
care provided by the PMVs add up to time taken before 
presentation at the hospital. In addition, some might have 
received interventions that could worsen their clinical 
condition as many of the operators of these PMVs have 
limited knowledge on the care for SCD patients. It might 
also add up to the economic burden on the family as 
some of them who had visited the PMVs might need to 
still visit the hospitals for the same condition, thus 
increasing the cost of healthcare with the possibility of 
tilting them to catastrophic health expenditure.29,30

Looking at it from another perspective, the high 
patronage of PMVs suggests that there is a need to educate 
and train the operators of the PMVs appropriately on 
knowing their limitations. Also, the government needs to 
enforce regulations guiding their operation.

Table 4 Relationship Between Sociodemographic, Clinical 
Attributes and Types of Health-Seeking Behavior Among SCD 
Patients

Variables Good 
Health- 
Seeking 
Behavior 
N=49 n(%)

Poor Health- 
Seeking 
Behavior 
N=61 n(%)

P value

Sex Male (N=71) 30 (61.2) 41 (67.2) 0.376*

Female (N=39) 19 (38.8) 20 (32.8)

Social class 0.012*

Upper (N=4) 3 (6.2) 1 (1.6)

Middle (N=42) 23 (46.9) 19 (31.2)

Lower (N=64) 23 (46.9) 41 (67.2)

NHIS insured <0.0001†

Yes (N=21) 16 (32.6) 5 (8.2)

No (N=89) 33 (67.4) 56 (91.8)

Admitted within 
past 1 year

0.53*

Yes (N=72) 31 (63.3) 41 (67.2)

No (N=38) 18 (36.7) 20 (32.8)

VOC within past 
1 year

<0.0001*

Yes (N=51) 16 (32.6) 35 (57.4)

No (N=59) 33 (67.4) 26 (42.6)

Notes: Test statistics †Fisher’s exact test, *Chi-Square test. P values in bold fonts 
indicate statistical significance. 
Abbreviations: VOC, vaso-occlusive crisis; NHIS, National Health Insurance 
Scheme; SCD, sickle cell disease.

Table 5 Binary Logistic Regression for Predictors/Determinants 
of Poor Health-Seeking Behavior Among SCD Patients

Predictor Variables Odds Ratio 95% CI P value

Enrolled on NHIS

NO 18.384 4.414 −76.571 <0.0001

YES

Social Class

Lower 1.488 0.601–3.683 0.39

Middle and upper

VOC within past 1 year

NO 0.085 0.028–0.258 <0.0001

YES

Sex

Male 0.720 0.289–1.793 0.480

Female

Note: P values in bold fonts indicate statistical significance. 
Abbreviations: CI, confidence interval; NHIS, National Health Insurance Scheme; 
SCD, sickle cell disease; VOC, vaso-occlusive crisis.
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Our finding of more SCD patients patronizing faith- 
based centers is supported by finding by previous authors 
who reported that prayers, herbal medicine and spiritual 
sources and other mind-body therapies were commonly 
used healthcare services employed by caregivers of SCD 
patients and other chronic diseases across 
Nigeria10,18,24,28,35 and other parts of Africa.17,20,36,37 

These findings may be because of the chronic nature of 
SCD and the need for lifelong treatments/repeated visits to 
the hospital for follow-up hence, the desire for the cure of 
the disease condition. They may, therefore, seek miracles, 
at some faith-based centers and other non-orthodox facil
ities. Furthermore, it may also reflect that many people in 
Nigeria and some African countries have strong beliefs in 
religious institutions for healing and healthcare services as 
previously reported.17,24,28,35 This, therefore, suggests the 
need for community awareness on appropriate care for 
common clinical manifestations of SCD as some of the 
people in the community often term children suffering 
from SCD as afflicted by spirits/devils because of the 
nature and clinical presentation of SCD and as such, 
believe that these children need spiritual and other non- 
orthodox care. Religious leaders may therefore have a role 
to play in counseling SCD patients with regards to effec
tive care as earlier suggested given their possible prime 
roles in SCD control in Nigeria.38

The observation that more SCD patients received blood 
transfusion is not surprising given the chronic hemolytic 
nature of SCD and its commonly associated crises, parti
cularly pain and anemic crises, which often involve the use 
of several therapeutic approaches including blood transfu
sion in their management.1–5,39,40

Although both groups tended to have an equal rate of 
therapeutic scarifications at non-orthodox traditional 
places (80%) vs (83.3%). Nevertheless, the majority of 
the 13 participants 8/13 (62%) who had scarifications, 
were SCD patients. The higher preponderance of body 
scarifications among the SCD patients is not surprising, 
given that the practice is used by traditional healers to 
introduce herbs and other substances into different parts 
of the patient’s body through incisions, thus producing 
scars after healing. These scars are found usually over 
the limbs and abdomen, which are the common sites of 
SCD-related pain crisis. Despite the wide acceptability of 
complementary therapies in the SSA,14 some of the prac
tices at these alternative care centres are inimical to health 
and pose an increased risk of contracting other serious 
diseases such as human immunodeficiency virus, hepatitis 

and tetanus that could be transmitted by the use of con
taminated instruments.41,42 This further suggests the need 
for more collaboration between the formal sector (ortho
dox care) and the informal healthcare providers so as to 
educate the latter group and discourage them from harmful 
practices to SCD patients and their any other clients. The 
recent recognition being accorded traditional and comple
mentary medicine in Nigeria is a welcome development 
and steps taken in the right direction43 and should there
fore be given all the needed supports.

That the lack of a health insurance predicted poor HSB 
among the SCD patients is not surprising given the obser
vation by previous authors that the high rate of affordabil
ity, ease of access, perceived good healthcare and good 
response to treatment are key reasons while Nigerians 
patronize non-orthodox health care.17,28,44 These are ben
efits that clients enrolled in the health insurance scheme 
are expected to enjoy. Also, most healthcare cost for SCD 
in Nigeria is usually borne out-of-pocket with the tendency 
towards financial catastrophe which previous studies have 
hinted that could push caregivers of SCD patients who are 
not protected by health insurance to poverty.29,30 

Therefore, the SCD patients in this study, might have 
taken advantage of these factors to patronize non- 
orthodox health care and practiced poor HSB. These 
observations as found may be a reflection of the roles of 
poverty in the overall outlook of SCD in Nigeria.45

Our findings raise the need for universal health cover
age for SCD patients as previously canvased.29,30 Doing so 
will further alleviate the burden of care for the disease and 
help fulfill the call for more efforts and actions to scale up 
SCD care in the study location and other parts of the world 
where the condition is quite prevalent.46

Nevertheless, our observation of the association of 
VOC with poor HSB in this study contrasts with findings 
by Busari et al28 who observed that VOC did not discri
minate regarding whether or not their study participants 
patronized non-orthodox care in Lagos, Nigeria. Possible 
explanations for this disparity could stem from the fact 
that, while their study involved a mixed population of both 
adults and pediatric age group, ours was purely among the 
latter group with the likelihood that caregivers of children 
with SCD in this study could not probably able to bear the 
repeated sights of seeing their young wards suffering 
repeated bouts of severe VOC without taking actions to 
ameliorate their sufferings and such actions could involve 
seeking help from diverse places. Hence, the possibility of 
seeking helps from complementary care centres in order to 
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find succor for their wards. More so, VOC was the most 
common reason for which our study participants were 
hospitalized.

Limitations
This study is limited by its being both hospital and ques
tionnaire based, with the possibility of recall bias, not 
totally reflecting the entire community practice. Also, 
some respondents might not have volunteered the whole 
information more so, because of the face-to-face contact 
with the research assistants which could put subtle pres
sure on the caregivers (respondents). Despite these limita
tions, the study is the first from the study location and it 
established that the health-seeking behavior for children 
with SCD was suboptimal and proposed several possibili
ties for the findings as well as suggesting some approaches 
towards addressing the situation.

Conclusion
This study revealed that the majority of SCD patients in 
our study locality exhibited poor HSB by seeking care 
from non-hospital and unorthodox sources including 
patent medicine shops, faith-based centers and traditional 
healers. Some practices at these places included the use of 
scarifications and other non-orthodox care methods which 
have huge implications for grave health consequences. 
Guardians of SCD patients need to be made aware of the 
risks associated with poor HSB so as to discourage such 
a practice. More enrollment into health insurance scheme 
and the prevention of VOC will lessen the burden of poor 
HSB among SCD patients. Finally, there is a need to 
recognize other non-orthodox care facilities in the study 
locality and possibly, most parts of the SSA in order to 
allow for policy makers and stakeholders to train and 
monitor their activities for effective healthcare delivery.
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VOC, vaso-occlusive crisis; PMV, patent medicine vendor.
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Background: Hemophilic arthropathy is a major complication in patients with severe 
hemophilia. A plastic knee model has been developed for the therapeutic education of 
patients to promote improved care management and self-treatment skills. The objective of 
this study was to evaluate the impact of this hemarthrosis-simulating artificial knee (HSAK) 
on patients’ knowledge of their disease and its treatment.
Methods: In this observational study, the impact of HSAK was assessed during individua
lized education in patients with severe/moderately severe hemophilia A or B at seven 
hemophilia treatment centers in France. Participants provided written informed consent and 
completed questionnaires to assess knowledge of their disease (score range: 0–7) and knowl
edge of their treatment (score range: 0–4). Questionnaires were completed before, immedi
ately after and 6 months after HSAK use. The scores obtained before and after the use of the 
HSAK were compared.
Results: The participants comprised 32 children, 29 teenagers, and 31 adults. The mean 
(SD) disease knowledge score increased significantly in all age groups of patients from 4.5 
(2.0) to 5.9 (1.5; p<0.001) immediately after the training and remained unchanged at 6 
months. Mean (SD) treatment knowledge scores were unchanged, but Wilcoxon signed rank 
testing showed a significant increase after the training course that was maintained at 6 
months in children and teenagers.
Conclusion: These findings suggest that an individualized training course can enhance the 
understanding of hemophilia in patients of all ages, especially in children and teenagers, and 
that the HSAK may assist in improving patients’ management of their disease.
Keywords: hemarthrosis, hemophilia, knee joint, patient education as topic, therapeutic 
education

Introduction
One of the major complications of hemophilia, especially in patients with severe or 
moderate disease, is recurrent joint bleeding leading to musculoskeletal 
complications.1,2 If intra-articular bleeding is poorly controlled it can lead to the 
development of chronic synovitis and multi-articular arthropathy.3,4 Diagnosis and 
treatment of these bleeding episodes must be delivered as early as possible and 
intensive treatment should be performed until the resolution of symptoms.5–10 Early 
prophylactic treatment could avoid the development of hemophilic arthropathy.11–14 

Low compliance with prophylaxis may limit the effectiveness of treatment.15 

Education of patients with hemophilia and their families helps reduce mortality 
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and morbidity and may boost their quality of life.16,17 This 
education should include information about the nature of 
the disease and its complications as well as the therapeutic 
products available and home treatment strategies, includ
ing self-administered intravenous infusions and self- 
management. Lifelong supervision of patients is essential 
to reinforce self-treatment, self-management, adherence 
and coping strategies.18,19

The hemophilia treatment center (HTC) at the Hôpital 
de Versailles, France, has developed a novel hemarthrosis- 
simulating artificial knee model (HSAK) (Figure 1) for use 
as a therapeutic education (TE) tool. The knee model was 
initially tested on a small group of patients at the Versailles 
HTC. After reports of improvements in the management of 
care and patients’ self-treatment skills, an observational 
study was designed to evaluate the impact of this tool on 
patients’ knowledge. This study was called GEFACET, the 
French acronym for “Artificial Knee and Therapeutic 
Education.”

Materials and Methods
The study was conducted between May 2015 and 
February 2017 at seven hemophilia treatment centers in 
France: (1) Hôpital de Versailles, Versailles, (2) Regional 
Hemophilia Centre, Hôpital de Bicêtre (AP-HP), Kremlin- 
Bicêtre, (3) Regional Hemophilia Treatment Centre, 
Hôpital Cochin (AP-HP), Paris, (4) Haemophilia 
Treatment Centre, Hôpital de Brabois, Vandoeuvre-Les- 
Nancy, (5) Regional Hemophilia Treatment Centre, 
Centre Hospitalier Universitaire de Rouen, Rouen, (6) 
Hospices Civils de Lyon – Unité d’Hémostase Clinique, 
Hôpital Cardiologique Louis Pradel, Bron, and (7) 
Haemophilia Treatment Centre, Hôpital Pontchaillou, 
Centre Hospitalier Universitaire de Rennes, Rennes. 
Investigators (physicians, physiotherapists, psychologists, 
nurses) invited all patients with severe or moderately 
severe hemophilia A or B who were receiving therapeutic 
education with the HSAK to participate in the study. All 

participants (patients or their legal representatives) pro
vided written informed consent to take part in the study, 
which was undertaken in accordance with the Declaration 
of Helsinki. This project on educational intervention with 
the HSAK was strictly observational. Only questionnaires 
were used during the study and no clinical or biological 
data were recorded. The CCTIRS (French Advisory Board 
on Data Processing and Methodology) granted a favorable 
opinion. Authorization from CNIL (French Data Privacy 
Regulatory Agency) was obtained on 16th February 2015: 
authorization number 914,637.

The knee model was initially developed for healthcare 
staff training to visualize synovial fluid aspiration. It was 
then adapted to provide a visual effect of hemarthrosis on 
the anatomy of the knee joint and the impact of treatment 
(Figure 1). The model includes a pouch that can be filled 
with red liquid representing blood, thereby simulating 
hemarthrosis. When the red liquid is injected, the external 
aspect of the knee swells and the accumulation of blood in 
the joint is visible. A second pouch filled with a clear 
liquid is then used, showing the effect of treatment with 
coagulation factor concentrate on hemarthrosis. When this 
clear liquid is injected, the red liquid is progressively 
removed and the knee recovers a normal aspect. The pre
sentation was standardized for all sites and is described in 
the Supplementary Section.

Participants were asked to complete three question
naires specifically developed for the study. Two question
naires were completed on the day of enrollment (D0). The 
first collected biometric data (age and sex). The second 
assessed knowledge of hemophilia and management of 
hemarthrosis; it was completed before the use of the 
HSAK. Immediately after completing the training course 
with the HSAK, patients or relatives were asked to com
plete the second questionnaire with an additional question 
on the HSAK. Six (±1) months later (M6 visit), partici
pants were invited to complete a third questionnaire, 
which was identical to that used just after the education 

Figure 1 HSAK overview: the outer view (A), inner view (B), and fillable artificial joint capsule (C) of the hemarthrosis-simulating artificial knee.
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session with HSAK at enrollment but included a new 
question relating to possible treatment stoppage since 
inclusion. The M6 questionnaire was completed whenever 
possible at the HTC or at home.

It was left to the discretion of the investigator or 
patient’s legal representative to determine whether minors 
were able to complete the questionnaires alone. However, 
all three questionnaires had to be completed by the same 
person during the study. Patient responses were coded by 
investigators taking into account age differences.

The primary endpoint of the survey was the score that 
assessed patient knowledge of the disease. Unanswered 
questions or incorrect answers scored 0; correct answers 
scored 1. Disease knowledge was calculated on the basis 
of four questions, with a possible total mark of 7 points. 
This score was calculated at D0 pre-TE, then at D0 post- 
TE, and finally at M6.

Another score (graded from 0 to 4) was calculated for the 
secondary endpoint, which assessed patients’ knowledge of 
their treatment. This covered patient appreciation of HSAK 
use as well as patient understanding of the disease and treat
ment of bleeding episodes. Information on treatment stop
page was provided at M6. Questionnaires and score 
assessment are detailed in the Supplementary Section.

To ensure the quality of results, data were double entered 
and data management consistency tests were conducted on 
the clinical database. Before analysis, a data entry quality 
control was performed on a representative number of case 

report forms. Statistical analyses were performed using 
SASR software (Version 9.4, SAS Institute, North Carolina 
State University, United States). Quantitative data were 
described by their numbers, mean, standard deviation (SD), 
median and extreme values. Qualitative data were described 
by their numbers and percentage. 95% bilateral confidence 
intervals (CI) were provided when deemed relevant. The 
significance threshold (Type I error) was set to α = 5%. The 
pre-education and post-education scores and sub-scores as 
well as scores and sub-scores found at D0 and M6 were 
compared using appropriate statistical tests: Wilcoxon signed 
rank test (for questions with at least 3 answers) or MacNemar 
test (for binary questions).

Results
Thirty-two children (<12 years of age), 29 teenagers (12–18 
years), and 31 adults (>18 years) met the enrollment criteria 
and were eligible for the study. All 92 patients were male; 
median age was 14 years, ranging from 6 to 68 years. Most 
patients (81.5%) had severe hemophilia A. Eight dropouts 
were observed, either at the patient’s request (n=6) or lost to 
follow-up (n=2). The M6 visit was therefore completed by 
91.3% of enrolled patients.

At baseline, the median (mean ± SD) score for disease 
knowledge in all patients was 5 (4.5±2.0). This signifi
cantly increased after the TE session to 7 (5.9±1.5) 
(p<0.001), and remained unchanged at M6: 7 (5.9±1.4) 
(Table 1). The change in disease knowledge score was 

Table 1 Scores of Knowledge of Disease and Its Treatment Before and After HSAK Use

Age Group Score of Knowledge of Disease Score of Knowledge of Treatment

D0 Before TE D0 After TE M6 D0 Before TE D0 After TE M6

Children

N 32 32 31 32 32 31

Mean ± SD 3.4 ± 2.1 5.4 ± 1.8 a* 5.7 ± 1.4 b* 2.2 ± 0.8 3.0 ± 0.7 a* 3.0 ± 0.8 b*

Teenagers

N 29 29 26 29 29 26
Mean ± SD 4.6 ± 1.7 6.3 ± 1.3 a* 5.9 ± 1.5 b* 2.7 ± 0.6 3.2 ± 0.6 a* 3 ± 0.6

Adults
N 31 31 27 31 31 27

Mean ± SD 5.5 ± 1.7 6.1±1.2 a* 6 ± 1.3 2.8 ± 0.5 2.9 ± 0.5 3 ± 0.5

All

N 92 92 84 92 92 84

Mean ± SD 4.5 ± 2 5.9 ± 1.5 a* 5.9 ± 1.4 b* 2.6 ± 0.7 3 ± 0.6 a* 3 ± 0.7 b*

Notes: Changes in mean disease- and treatment-related knowledge scores abetween D0 pre-TE and D0 post-TE and bbetween D0 pre-TE and the M6 visit. *p<0.001 as 
determined by Wilcoxon signed rank test (nonparametric intraindividual data comparison). 
Abbreviations: D0, day of enrollment; M6, 6 (±1) months after enrollment; TE, therapeutic education.
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significant (p<0.001) in all groups of patients: children, 
teenagers and adults at D0 after TE (Table 1). For all 
patients, the disease awareness score had significantly 
improved at the M6 visit compared with the D0 pre-TE 
score (p<0.001), with a median increase (mean ± SD) of 1 
(1.3±2.0). Sub-group analysis revealed that the change in 
disease knowledge score at the M6 visit was significant 
only in children and teenagers (Table 1).

At baseline, the median (mean ± SD) score for treat
ment knowledge was 3 (2.6±0.7). This remained at 3 (3.0 
±0.6) after the TE session and at M6 (3.0±0.7) (Table 1). 
A Wilcoxon signed rank test revealed that the score had 
significantly increased after TE (p<0.001), and that this 
increase was maintained at M6 (p<0.001). Sub-group ana
lysis revealed that this increase was significant only in 
children and teenagers at D0 after TE and in children at 
M6 (Table 1).

In addition, 61 (66.3%) and 48 (52.2%) patients com
mented on D0 and at the M6 visit, respectively, that the 
HSAK helped them “a lot” to understand hemarthrosis 
after receiving TE. Similarly, most patients (64.1%) con
sidered that the HSAK helped them “a lot” to understand 
explanations provided by healthcare providers on D0 after 
TE; this figure was 47% at the M6 visit. However, patients 
expressed mixed opinions about whether their disease 
knowledge or understanding of how hemarthrosis is trea
ted had been improved through training.

Of the 84 patients who completed the M6 visit, only 
one patient (1.2%) stopped prophylaxis in the 6 months 
prior to the M6 visit.

Discussion
This study aimed to assess the impact of using the HSAK 
on disease- and treatment-related knowledge in male 
patients, most of whom had severe hemophilia A. The 
HSAK used in this TE program for children, adolescents, 
and adults improved the knowledge of the disease among 
these patients and their caregivers. Overall, this improve
ment was maintained 6 months after TE compared with 
the baseline (ie, before using the HSAK), although this 
improvement was significant only in children and teen
agers at M6 compared with D0 before the educational 
intervention. Interestingly, age group analysis also showed 
that improvement of the knowledge of treatment at D0 
after TE was statistically significant for children and teen
agers but not for adults. These findings suggest that an 
individualized program provided at any age can enhance 
the understanding of hemophilia, especially in children 

and teenagers. In addition, our results suggest that the 
HSAK, as a novel educational device, could enable 
patients to be more effective in looking after themselves.20

This study also showed that most patients had a high 
level of knowledge regarding their treatment and were 
aware of the value of prophylaxis, even when joint pain 
and swelling had subsided. Educating patients and their 
caregivers about the disease and treatments to prevent 
bleeding damage is essential for ensuring treatment adher
ence: caregiver acceptance, infrequent bleeds, venous 
access, and treatment compliance have been reported to 
be possible obstacles to adherence in pediatric patients 
with hemophilia.21–24 Alternatively, educational efforts 
could specifically focus on patients entering the transi
tional period from childhood to adolescence, because ado
lescents appear to be more reluctant to use treatment than 
younger patients.25 Interestingly in the present study, 
improvements of disease and treatment knowledge were 
generally greater in young patients than in adults.

This study is limited owing to several biases inherent 
in the way the data were collected: patient questionnaires 
can be interpreted differently and are sometimes com
pleted indifferently by patients (because they have to 
reply three times to the same questions). However, few 
studies have reported evaluation of educational materials 
and educational intervention is usually evaluated on 
patient questionnaires.20,26,27 The interval between TE 
and the M6 visit (±1) also differed between patients, and 
might have affected how their knowledge levels were 
assessed 6 months after training. In addition, there was 
no standard method for dealing with dropouts in this study. 
Some patients who did not attend their M6 visit when the 
clinical research associate (CRA) monitored the study sites 
were excluded from the study, whereas data were collected 
from some patients who returned their questionnaire more 
than 7 months after the baseline visit but prior to the CRA 
monitoring visit. Furthermore, no comparison was made 
between TE without the HSAK and TE with the HSAK, 
although this could be done in a further study. Finally, the 
small sample size included in each sub-group was 
a limitation although this size may be relevant given that 
hemophilia is a rare disease.

Despite these limitations it is noteworthy that about 
two-thirds of patients said they appreciated the use of 
this device; the HSAK was especially appreciated by 
younger patients because its visual nature allowed them 
to understand more easily. These findings should be 
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confirmed by further studies, and it may be possible to 
develop similar models for other joints.

Conclusions
The results of the GEFACET study, based on the comple
tion of questionnaires after training performed by health
care providers using the HSAK, showed a significant 
improvement in patient knowledge concerning hemophilia 
and its treatment, especially in children and teenagers. 
They suggest that the HSAK could be used as a support 
tool for TE, and might be valuable for helping patients 
with hemophilia to improve their disease management in 
an everyday setting. These findings should be confirmed 
by further studies.

Abbreviations
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[in French]; HSAK, hemarthrosis-simulating artificial 
knee; HTC, hemophilia treatment center; M6, 6-month 
visit; TE, therapeutic education.
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Purpose: Blood transfusion is a conventional therapeutic procedure; however, the perceptions 
of general public and healthcare professionals (HCPs), especially physicians and nurses, remain 
unclear, although the insights of HSPs may affect the treatment decision. This study aimed to 
assess the awareness of HCPs and the public about blood transfusion risks and consent in Qassim 
region of Saudi Arabia, to uncover the factors that may influence such perceptions.
Patients and Methods: This study used two different closed questionnaires that were 
distributed electronically between February and March 2018 among the population and 
HCPs in Qassim region.
Results: A total of 400 general public participants and 135 HCPs completed the survey. 
Among the surveyed participants, 70% believed that blood transfusion therapy was safe. The 
perceived risk of human immunodeficiency virus (HIV)/acquired immunodeficiency syn
drome (AIDS) was the highest among all complications (74%). Furthermore, 88.2% of 
respondents were willing to accept a blood transfusion as a therapeutic measure, primarily 
from a first-degree relative, although the remaining 11.8% rejected the idea of a transfusion 
due to fear of medical error. From the HCP survey, 80% were previously involved in a blood 
transfusion therapy consent process. HCPs typically reported explaining the benefits, risks, 
and alternatives described in the consent form (74.1%, 67.4%, and 53.3%, respectively).
Conclusion: Our results indicated that despite the current high level of acceptance and 
knowledge regarding blood transfusions, additional educational efforts remain necessary to 
increase public awareness of blood transfusion therapy.
Keywords: consent, blood therapy, alternative therapy, blood bank, adverse reaction

Introduction
Blood transfusion is a therapeutic intervention often used in the hospital for a variety of 
purposes and typically saves lives.1 Blood transfusion therapy is a complex treatment 
that should be performed under the supervision of healthcare professionals (HCPs), 
particularly physicians and nurses. Blood transfusion therapy may include health risks; 
therefore, the blood transfusion treatment must be monitored, starting from the begin
ning of the process, with the selection of a blood donor, and includes immunohematol
ogy, serology testing of blood units, and post-process evaluations.

Although blood transfusion is a commonly used therapeutic procedure, it is not 
a risk-free intervention.2 Many risks may be associated with a blood transfusion, such 
as transfusion-transmitted infections, transfusing an incorrect blood product, hyperka
lemia, hemolytic reactions, transfusion-related circulatory overload (TACO), 
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transfusion-related acute lung injury (TRALI), volume and 
iron overload, and acute allergic reactions.3,4 The transfusion 
of incorrect blood components represents the largest cause of 
adverse incidents associated with blood transfusion therapy. 
The United States Food and Drug Administration considers 
TACO to be the second-most common cause of death asso
ciated with blood transfusion therapy.4 Bolton-Maggs and 
Cohen (2013) estimated the risk of infection from transfusion 
and found that 1 in 1.3 million transfusions was associated 
with the reciprocal expression of hepatitis B virus (HBV).4 

Similarly, 1 in 28 million transfusions are associated with 
hepatitis C virus (HCV) transmission, and 1 in 6.7 million 
transfusions have been associated with the transmission of 
human immunodeficiency virus/acquired immune deficiency 
syndrome (AIDS/HIV).5

The purposes of blood transfusions, the anticipated 
benefits, and the expected outcomes should be explained 
and clarified to the patient before transfusion. Patient con
sent must be obtained by qualified HCPs who must clarify 
and be aware of all possible serious hazards of transfusion 
(SHOTs), in addition to the therapeutic benefits. 
Subsequently, the consent form should be signed by the 
patient before the transfusion procedure is initiated.6 All 
HCPs should be aware of the detailed procedures, the 
associated risks, and the requirements for performing 
blood transfusions and be able to explain these concepts 
to patients prior to obtaining consent form signatures. 
HCPs should be able to address any doubts expressed by 
the patient, which will increase patient safety and 
awareness.

A study performed in Pakistan found that 56 (16%), 
out of the 350 surveyed patients, were aware of the possi
bility of HIV, HBV, and HCV infection associated with 
transfusion. However, only 2% of the patients in the study 
reported being asked for their consent, whereas the 
remaining 98% percent were neither asked nor provided 
with information regarding consent. In contrast, 236 (67%) 
of the patients believed that receiving a transfusion from 
a close friend was associated with lower infection risk than 
receiving blood from a blood bank.7

Locally, Al-Drees conducted a similar study in Riyadh, 
Saudi Arabia, and found that infection is the primary 
reason given by the 20% of 609 participants who stated 
that they would reject a blood transfusion even if they 
need one. Furthermore, 84.5% of participants stated 
a preference for receiving blood from a relative or 
a friend. Moreover, 11.5% believed that blood transfusion 
was a serious medical procedure, could be harmful, and 

carried risks of infection, whereas only 55.1% agreed that 
blood banks provide contamination-free blood.8

The current study aimed to assess the perception and 
awareness among the general public and among HCPs 
regarding the risks, associated diseases, and necessity of 
blood transfusions in Qassim region of Saudi Arabia and 
to identify the factors that influence these perceptions. 
This knowledge could enable HCPs to better understand 
their patients and allow them to better guide their patients 
through the decision-making process when faced with the 
decision to accept blood transfusion therapy, in addition to 
preventing the risks associated with the procedure.

Patients and Methods
Study Design, Sample Size, and Inclusion 
Data
A descriptive, exploratory, cross-sectional study with 
a quantitative, comparative design was conducted in 
Qassim region of Saudi Arabia. The study was conducted 
over four weeks, from 25 February to 25 March 2018. The 
minimum sample size for the study was calculated as 384, 
based on the population of Qassim region in 2016.9 We 
collected 400 responses to account for the possibility of 
missing data from some of the survey responses. We 
recruited both males and females with ages ranging from 
20 to 60 years. Informed consent was obtained from all 
participants. We limited study participation to residents of 
Qassim region of Saudi Arabia. We received 135 HCPs 
(physicians and nurses) responses after informed consent 
was obtained. This study was conducted in accordance 
with the Declaration of Helsinki. Ethical approval for the 
study was obtained from the subcommittee of Health 
Research Ethics in Qassim University, Buraidah, Saudi 
Arabia.

Data Collection Tool
Two structured surveys were designed based on an exten
sive literature review. The surveys were distributed online 
to the public and to HCPs (physicians and nurses).2,3,10 

The questionnaires were originally written in English, but 
we translated them into Arabic prior to distribution to 
ensure better understanding by the respondents. The ques
tionnaires were distributed electronically and containing 
close-ended questions. Questionnaires have many advan
tages over other data collection tools, such as being inex
pensive, easy to perform, and able to collect many findings 
and outcomes for analysis in a single format.
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The general public survey included 24 questions on demo
graphic data, educational level, and their willingness to accept 
a blood transfusion from a blood bank, expected risks, infor
mation regarding transfusion alternatives, and awareness of 
consent.

Another survey assessed the HCPs’ impressions with 
15 questions about the importance of the transfusion con
sent process, blood transfusion risks, the importance of the 
patient’s acceptance of blood transfusion therapy, and the 
benefits and alternatives to blood transfusion.

Statistical Analysis
The questionnaire responses were analyzed using the 
Statistical Package for the Social Science (SPSS Inc. 
Chicago, IL, USA), version 23. Categorical variables are 
described as frequencies and percentages. Descriptive ana
lyses were performed using the Chi-square test to test the 
significance of associations between categorical variables. 
The level of significance was set to P < 0.05.

Results
Participants Characteristics
This study aimed to identify community perceptions, aware
ness, and knowledge regarding blood transfusion therapy. Our 
community-aimed survey obtained a total of 400 responses, 
and the population characteristics are described in Table 1.

Participants’ Knowledge of Blood 
Transfusion Therapy Safety
The majority of participants thought that blood transfusion 
was safe [283 (70.8%)], although 117 (29.2%) participants 
expressed the perception that transfusions were not safe. 
More than half of the participants [237 (59.2%)] thought 
that the blood groups of the donor and recipient were 
required to be matched for blood transfusion, whereas the 
remaining participants either thought that type-matching was 
not mandatory [135 (33.8%)] or indicated a lack of knowl
edge [28 (7%)]. Nearly half of the participants did not know 
whether alternatives to blood transfusion existed [202 
(50.5%)], and nearly a third of them thought that no alter
natives to blood transfusion were available [129 (32.3%)]; 
only a few participants stated that they believed alternatives 
to blood transfusion existed [69 (17.2%)].

Awareness Regarding Blood Transfusion 
Complications
Participants were more aware of the risks of chronic post- 
transfusion complications than the risks of acute compli
cations. Nearly three-fourths of participants [296 (74%)] 
were aware of the possibility of transmission of or infec
tion by HIV/AIDS, and nearly two-thirds [249 (62.3%)] 
were aware of the risks of transmission of or infection by 
HBV and HCV. However, knowledge of acute post- 
transfusion complications was poor, and only one-third 
of participants knew that allergic reactions, fever, and 
hemolysis were potential acute post-transfusion complica
tions and only one-fifth of them [85 (21.3%)] knew that 
electrolyte imbalance was a potential acute post- 
transfusion complication.

Table 1 Demographic Characteristics of Participants

General Public Characteristics (n = 400) n (%)

Sex Female 268 (67%)
Male 132 (33%)

Age 20 to 29 years 215 (53.8%)
30 to 39 years 58 (14.5%)

40 to 49 years 50 (12.5%)
50 to 60 years 77 (19.2%)

Education Basic education (Primary/intermediate) 8 (2%)
Secondary 66 (16.5%)

Bachelor’s 294 (73.5%)
Post-graduate education 32 (8%)

HCP characteristics (n = 135) n (%)

Sex Female 77 (57%)
Male 58 (43%)

Profession Physician 73 (54.1%)
Nurse 62 (45.9%)

Specialty Hematology 19 (14.1%)
Internal medicine 18 (13.3%)

Surgery 18 (13.3%)
Obstetrics and Gynecology 7 (5.2%)

Pediatrics 5 (3.7%)

Anesthesiology 6 (4.4%)
Others 62 (45.9%)

Seniority Consultants 25 (24%)
Specialists 35 (33.7%)

Residents 44 (42.3%)

Abbreviation: HCP, healthcare provider.
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Acceptance and Awareness of 
Participants Towards Blood Transfusion 
Therapy Consent Forms
The majority of participants believed that the provision of 
consent prior to blood transfusion therapy was mandatory 
[335 (83.8%)], whereas only a few indicated that consent was 
not mandatory [65 (16.2%)]. The aspects that the participants 
emphasized that HCPs should discuss during the written 
consent process, represented in terms of the frequency and 
percentage of responses and multiple answer was allowed, 
were as follows: possible side effects [262 (65.5%)], medical 
benefits [257 (64.2%)], possible risks [244 (61%)], and alter
native treatments [185 (46.2%)].

Acceptance of Participants Toward Blood 
Transfusion Therapy
The majority of participants stated that they would accept 
a blood transfusion if their doctor recommended a blood 
transfusion or informed them that they required 
a transfusion [353 (88.2%)], whereas the remaining respon
dents [47 (11.8%)] stated that they would refuse 
a transfusion, even if told a transfusion was necessary. 
Among those who were willing to accept a transfusion 
(n = 353), when asked who they would prefer to be the 
donors, their preferred donors, represented by frequencies 
and percentages, were as follows: first-degree relatives [206 
(58.4%)]; any person, it does not matter [130 (36.8%)]; and 
husband/wife [92 (26.1%)]. Among those who stated that 
they would refuse a transfusion (n = 47), the following 

barriers were noted: fear of medical errors during the transfu
sion process [24 (51.1%)]; fear of transmission of or infec
tion by HBV, HCV, and HIV [14 (29.8%)]; and insufficient 
alternatives [9 (19.1%)] (Table 2).

Participants’ Education Levels and Awareness 
of Post-Transfusion Complications
We asked the participants about their awareness of various 
complications that may occur after blood transfusion therapy 
(allergic reactions, such as itching, erythema, skin rash, 
shortness of breath, and anaphylaxis; fever and hemolysis 
(red blood cell destruction); disturbance and imbalance of 
electrolytes in the body). Most participants had a low level of 
awareness regarding the potential complications following 
blood transfusion therapy, which did not differ significantly 
across different education levels (Table 3).

Consent Perception and Experiences of 
HCPs
Among the surveyed HCPs, 108 (80%) were involved in or 
attended a blood transfusion consent process, whereas 27 
(20%) had not. Among the 135 HCPs, 129 (95.6%) agreed 
that the consent process for blood transfusion was necessary, 
whereas the remaining 6 (4.4%) thought that consent was not 
necessary. A total of 120 (88.9%) HCPs thought that obtaining 
the patient’s consent before performing a blood transfusion 
should be mandatory, whereas 15 (11.1%) thought that consent 
should not be mandatory. In addition, 119 (88.1%) HCPs 
thought that all hospitals should adopt and apply 

Table 2 Acceptance Among Participants of Blood Transfusion Therapy (n = 400)

Attitude n (%)

If your doctor suggested blood transfusion therapy, and he informed you that you required this blood transfusion, would you accept it?

Accepted 353 (88.2%)

Refused 47 (11.8%)

Those who accepted blood transfusions preferred the following donors (n = 353)

First-degree relatives 206 (58.4%)
Any person, it does not matter 130 (36.8%)

Husband/Wife 92 (26.1%)

Second-degree relatives 57 (16.1%)
Friends 11 (3.1%)

Far relatives (such as tribe members) 2 (0.5%)

Those who refused blood transfusions reported the following barriers (n = 47)

Fear of medical errors during a blood transfusion 24 (51.1%)

Fear of HBV/HCV/HIV and other blood-borne infections 14 (29.8%)
Insufficient alternatives 9 (19.1%)

Abbreviations: HBV, hepatitis B virus; HCV, hepatitis C virus; HIV, human immunodeficiency virus.
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a transfusion consent policy, whereas 7 (5.2%) thought that 
such policies should not be adopted, and 9 (6.7%) did not 
know. More than three-fourths of HCPs [102 (78.5%)] were 
satisfied with the transfusion consent process used for blood 
transfusion therapy at the hospital, whereas the remaining 
respondents [28 (21.5%)] were unsatisfied.

HCPs who believed that the transfusion consent 
procedure form adds knowledge to the patients were 
among the majority [119 (88.1%)], and only a few 
expressed the opinion that the consent process did not 
provide knowledge to the patients [16 (11.9%)]. A total 
of 100 (74.1%) of the HCPs who reported being 
involved in or attending a transfusion consent process 
stated that they explained the benefits of blood transfu
sion when they obtained the transfusion consent, 
whereas the remaining [8 (5.9%)] HCPs involved in 
or attending a transfusion consent process and did not 

fully explain the benefits of blood transfusions when 
they obtained transfusion consent, and 27 (20%) were 
not involved in or never attended a transfusion consent 
process. Among HCPs who were involved in or 
attended a transfusion consent process, the majority 
stated that they explained the risks of blood transfusion 
when they obtained transfusion consent [90 (66.6%)], 
whereas the 18 (13.3%) did not explain the risks of 
blood transfusion, and 27 (20%) were not involved in 
the transfusion consent process. In addition, 72 
(53.3%) of HCPs who were involved in or attended 
a transfusion consent process reported explaining the 
alternatives to blood transfusions, whereas 36 (26.7%) 
of those involved in the transfusion consent process did 
not explain alternatives to blood transfusion, and 27 
(20%) were not involved in the transfusion consent 
process (Table 4).

Table 3 Relationship Between Education Level and the Potential for Acute Allergic Reaction to Blood Transfusion Therapy (n = 400)

Character Education n (%) p-value

Basic 
n = 8

Secondary 
n = 66

Bachelor’s 
n = 294

Post-Graduate 
n = 32

Awareness of allergic reaction as a complication of 
blood transfusion

Yes 0 (0%) 18 (27.3%) 108 (36.7%) 10 (31.2%) 0.021
No 4 (50%) 13 (19.7%) 34 (11.6%) 4 (12.5%)

Did not know 4 (50%) 35 (53%) 152 (51.7%) 18 (56.3%)

Table 4 HCPs Practice of Blood Transfusion Therapy Consent (n = 135)

Character n (%)

Transfusion consent procedure form provides knowledge to patients who will undergo the consent process

Yes 119 (88.1%)

No 16 (11.9%)

Do you explain the benefits of blood transfusion when obtaining transfusion consent?

Yes 100 (74.1%)
No 8 (5.9%)

Not involved in the consent process 27 (20%)

Do you explain the risks of blood transfusion when obtaining transfusion consent?

Yes 90 (66.6%)

No 18 (13.3%)
Not involved in the consent process 27 (20%)

Do you explain alternatives to blood transfusion when obtaining transfusion consent?
Yes 72 (53.3%)

No 36 (26.7%)

Not involved in the consent process 27 (20%)

Abbreviation: HCP, healthcare provider.
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Discussion
Over recent years, identifying the variables that affect the 
awareness and perceptions of Saudis regarding blood 
transfusion therapy has become crucial, as World Health 
organization, stated an increase in voluntary blood dona
tions from 2013 to 2018.11 The present study strengthens 
our understanding and knowledge of the perceptions and 
knowledge of both the general public and HCPs in terms 
of blood transfusion therapy.

The demand for blood transfusion therapy is increasing 
due to the growing population of Saudi Arabia and the 
increasing number of healthcare facilities; therefore, main
taining the safety of blood transfusion therapy has become 
essential. HIV/AIDS and HBV/HCV were the highest 
perceived complications in our study, with 74% and 
62.3% of respondents indicating that they perceived the 
transmission of these viruses to be risks of blood transfu
sion, respectively. Locally, a study was conducted to mea
sure the prevalence of HBV markers among blood donors 
between 2013 and 2015 in Qassim regional hospitals, 
which found identified 0.42% positive units.12

Blood transfusion therapy has many known risks and 
side effects, including allergic reactions.3 Post-transfusion 
allergies are the result of several plasma proteins, which 
can cause an anaphylactic reaction.13

Hemolytic transfusion reactions can cause the lysis of 
transfused red blood cells due to immunological 
incompatibility.14 Approximately one-third of our partici
pants believed that blood transfusion therapy might cause 
fever and hemolysis.

Hyperkalemia related to transfusion depends not only 
on the potassium concentration in the red blood cell unit 
but also on the volume and rate of red blood cell 
administration.15 However, only 21.3% of our participants 
were aware of the possibility of electrolyte disturbance 
caused by blood transfusion therapy. Raza et al, in their 
study, reported that 4% of 125 patients suffered from 
hyperkalemia after receiving blood transfusion therapy.16

After the donation process, donated blood goes through 
an extensive screening procedure to identify a variety of 
viruses and parasites at the blood banks in Saudi Arabia. 
In 2008, Aldrees’s results stated that 55.1% of patients 
believed that blood transfusion therapy was a safe 
procedure.8 Furthermore, Vetter et al, in 2014, found that 
only 15% of surgical patients rated blood transfusion ther
apy as a very risky procedure.3 In our study, only 17.2% of 
our participants were aware of blood transfusion therapy 

alternatives. Similarly, 18.4% of 294 surgical patients in 
the study reported by Vetter et al were aware of blood 
transfusion therapy alternatives.3

HCPs’ opinions and attitudes towards blood transfu
sion are vital for assessing the credibility of the obtained 
consent. Our study highlighted their perceptions of trans
fusion consent and their consent-associated practices. The 
majority of the HCPs were previously involved in a blood 
transfusion therapy consent process (80%). In Oman, 77% 
of the physicians declared their previous involvement in 
blood transfusion consent.6 Locally, at Buraidah Central 
Hospital, emergency blood transfusion therapy consent is 
mandatory prior to blood component release from the 
blood bank.

A study by Cheung et al found that all surveyed 
patients reported having a conversation regarding the rea
son for receiving blood transfusion therapy. Although 85% 
of participants agreed that the benefits of the procedure 
were discussed, only one-third of the patients stated that 
the risks of infection transmission were discussed. Only 
24% stated that HCPs discussed alternatives prior to blood 
transfusion therapy procedures.17

The consent form contains information regarding blood 
transfusion therapy benefits, risks, and alternatives. 
Similar results to ours were found in a study by Al- 
Riyami et al, in which 80% of the surveyed physicians 
thought that the process of obtaining blood transfusion 
consent provides the patient with knowledge prior to the 
blood transfusion therapy.6 However, in Davis et al, the 
majority of HCPs (83 out of 123) felt that the information 
provided during the consent process regarding blood trans
fusion therapy procedures was insufficient.18

A study by Freidman et al showed that all surveyed 
residents primarily discuss the improvement of anemia dur
ing the consent process.2 In contrast, in Ohio, United States, 
patients interviewed after blood transfusion therapy reported 
that pre-transfusion written consent was not sufficient to 
explain the benefits and risks of the procedure, and they 
reported concerns about the safety of the blood supply.19

Conclusion
Most of the surveyed general public thought that blood 
transfusion was safe, and we found that the general aware
ness of allergic reactions as potential blood transfusion 
complications increased with education level. The major 
reason stated for refusing blood transfusion therapy was 
fear of blood-borne infections. The survey responses indi
cated that the participants were aware of the possible risks 
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associated with the blood transfusion process. HCPs’ 
responses suggested the need to modify the current con
sent process by including more information about the 
benefits and risks to ensure that patients are provided 
with a full understanding of the procedure and to minimize 
the chances that HCPs will omit any information.

The major limitation of this study was the paucity of 
time. As we distributed the survey to approximately 600 
HCPs but only received 135 HCP, which is less than the 
one-third that was expected. The response rate of the study 
survey was 22.5%. This low response rate is considered 
a result of the short data collection time and is a significant 
limitation and may contribute to non-response bias.

The present study reflects a positive attitude among 
general public towards the safety of blood transfusion. 
Our results also indicated the need for additional educa
tional efforts to increase public awareness of blood trans
fusion therapy.

Disclosure
The authors report no conflicts of interest in this work.
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Background: CD105 (Endoglin) is a receptor of the transforming growth factor-Beta (TGF- 
β) superfamily. It is expressed in angiogenic endothelial cells and is considered a powerful 
marker of angiogenesis and a potential main player in the pathogenesis of vascular diseases 
as well as tumor progression. CD105 expression was correlated with poor prognosis in many 
types of solid malignancies, however, its influence on hematological neoplasms is still an 
area of interest.
Purpose: To assess the flow-cytometric expression of CD105 in childhood B-acute lym
phoblastic leukemia (B-ALL) and its relation to disease response after the induction 
chemotherapy.
Subjects and Methods: Eighty children newly diagnosed with B-ALL were screened for 
flow-cytometric expression of CD105 at time of diagnosis, then they were followed up to 
detect their response to induction therapy.
Results: CD105 was expressed in 41.2% of B-ALL patients. Higher expression of CD105 
was observed in high and very high-risk groups. The multivariate analysis considered CD105 
positivity as an independent prognostic marker for response to induction therapy. Values 
higher than 2.5 Specific fluorescence indices (SFIs) and 35% expression were sensitive 
predictors to induction failure.
Conclusion: CD105 can be considered as a potential prognostic marker for the detection of 
response to induction therapy in childhood B-ALL, and it can serve to optimize treatment 
decisions.
Keywords: B-acute lymphoblastic leukemia, endoglin, CD105

Introduction
Acute lymphoblastic leukemia (ALL) is a malignant disorder representing clonal 
expansion and arrest of maturation of lymphoid progenitor cells in the bone 
marrow, blood, and extramedullary sites.1 The incidence of ALL generally follows 
a bimodal distribution, with its first peak occurring in childhood and the second 
around the age of 50.2

With proper risk stratification, ALL responds well to chemotherapy, yet early 
mortality during the induction phase of chemotherapy is not uncommon. Besides, 
the high relapse rate remains a major problem.3 Therefore, identification of new 
prognostic markers will not only aid in increasing the accuracy of patients’ risk 
stratification but also will minimize the chances of relapse by optimizing therapy at 
the early stages of treatment.4

Flow-cytometry immunophenotyping is considered a potent technology used to 
identify cell membrane antigens.5 The identification of surface antigens on 
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leukemic cells is essential for the assignment of the proper 
treatment plan and is also valuable for assessing prognosis 
and searching for applicable markers to detect minimal 
residual disease.6

CD105 (Endoglin) is a homodimeric transmembrane 
co-receptor that interacts with transforming growth factor- 
Beta (TGF-β) receptors type I and III, consequently adjust
ing angiogenesis by regulating proliferation, differentia
tion, and endothelial cell migration.7 It is expressed on 
the surface of endothelial cells, stromal cells, melanocytes, 
and different hematopoietic cells.8–10 It is highly expressed 
as well on the surface of activated vascular endothelial 
cells but not or weakly expressed on the normal quiescent 
vessels. Therefore, it has been proposed as a marker of 
angiogenesis.9 In contrast, lack of CD105 expression is 
diagnostic for hereditary hemorrhagic telangiectasia type 
−1, a disease characterized by multiple vascular 
malformations.11

Buhring et al12 reported that CD105 was not detectable 
on normal bone marrow CD34 positive hemopoietic pre
cursor cells, mature T, B, natural killer, and myeloid cells, 
but was instead present on a subset of glycophorin 
A-positive mononuclear cells. In a subsequent study, 
Rokhlin et al13 demonstrated the existence of two CD105 
positive populations in bone marrow: B-lineage precursor 
cells and pro-erythroblasts. The expression of CD105 on 
hemopoietic precursor cells serves as a mediator affecting 
quiescence and enables long-term repopulation.14

Regarding hematological malignancies, CD105 expres
sion was reported in myelodysplastic syndrome,15 

ALL,16,17 and acute myeloid leukemia (AML).16–19 

CD105 positive blast cells exhibit higher leukemogenic 
activity when compared to their negative counterpart.20

Cosimato, and his colleagues,16 extensively studied the 
expression of CD105 on blast cells of acute leukemia 
patients and reported that CD105 was expressed in the 
majority of B-ALL cases, and only the most immature 
types expressed this antigen, as it was consistently absent 
in “Burkitt-like” mature B-ALL without referring to its 
effect on patient’s prognosis. Also, Poręba et al17 reported 
that CD105 expression in patients with ALL was limited 
to a small group of patients and needs to be confirmed on 
a larger group. So, adequate information about its prog
nostic impact in B-ALL is still worth further evaluation.

The current work aimed to assess the CD105 flow- 
cytometric expression in B-ALL pediatric patients and its 
relation to disease response after the induction phase of 
chemotherapy.

Subjects and Methods
The current study was carried out on 80 children newly 
diagnosed with B-ALL referred to Hematology/Oncology 
Unit, Pediatric Department, Tanta University Hospitals, 
and Pediatric Oncology Unit, Tanta Cancer Center from 
June 2017 to August 2020.

Cases were diagnosed based on clinical presentation, 
complete blood count (CBC), bone marrow (BM) exam
ination, morphological and cytochemical smears as well as 
immunophenotyping.

Risk stratification was done according to Children’s 
Oncology Group (COG) protocols.21 Cases were classified 
into three groups; standard-risk group (54 cases, 67.5%), 
high-risk group (17 cases, 21.25%), and very high-risk 
group (9 cases, 11.25%).

Initial investigations included; automated CBC on ERMA 
PCE-210N cell counter (Tokyo, Japan) with an examination 
of Giemsa-stained smears, Liver and renal function tests, and 
lactate dehydrogenase enzyme (LDH) on a fully automated 
chemistry analyzer (Konelab Prime 60i, Thermo-scientific, 
Vantaa, Finland), erythrocyte sedimentation rate (ESR), and 
cerebrospinal fluid (CSF) cytological examination. BM 
aspiration samples were evaluated through Giemsa-stained 
smears, and acute leukemia was diagnosed by the presence 
of ≥20% blast cells. Philadelphia (Ph) chromosome was 
detected by fluorescence in-situ hybridization (FISH).

Immunophenotyping analysis was done on BM sam
ples collected into EDTA-containing tubes using the four- 
color flow cytometry Becton Dickinson (BD) FACS 
Calibur instrument (Becton Dickinson, San Diego, 
California, USA), using the Cell Quest software (Becton 
Dickinson, version 3, verify software House Topsham, 
ME, USA). Before each run, calibrated beads provided 
by the manufacture were used to adjust the compensation 
of different fluorochromes. Mouse isotopic controls were 
used as negative controls to exclude autofluorescence. At 
least 10.000 events/tubes were acquired for each analysis. 
Blast cells were identified based on dim/intermediate 
CD45 Peridinin Chlorophyll Protein Complex (Per-CP) 
expression versus log side scatter characteristics (CD45/ 
SSC gating strategy). The gated fluorescence dot plot was 
evaluated for positive cells using cursor position from the 
dot plot of isotypic controls. The internal negative control 
was checked using normal cells in the sample that lacked 
the antigen, while the internal positive control was 
checked using the normal cells in the sample that 
expressed the antigen.
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B-ALL was diagnosed using the acute leukemia panel 
that included the following combinations of surface mar
kers: CD45/CD14/CD117/CD34, CD45/HLA-DR/CD10/ 
CD38, CD45/CD64/CD19/CD20, CD45/CD7/CD33, 
CD45/CD2/CD13, and the cytoplasmic markers anti 
TDT/anti MPO, anti CD79a and anti cyt µ, markers were 
supplied by Becton Dickinson (BD biosciences, Mountain 
View, California). B-ALL blast cells were identified by 
positive expression of CD19 in addition to CD10 and/or 
CD79a.

Immunophenotyping analysis of CD105 using CD105 
fluorescein isothiocyanate (FITC) labeled monoclonal 
antibody, supplied by BD biosciences, Catalog number 
561443 Clone 266 (RUO). The total leucocytic count 
(TLC) was adjusted to 106 cells/tube. Cells were incubated 
with 5µ of CD45 Per-CP, and 10 µ of CD105 FITC in the 
dark, at room temperature, for 25 min. Red blood cells 
were then lysed with 1 mL of BD FACS lysing solution for 
20 min before centrifugation, the cells were then washed 
twice with 0.5 mL of phosphate buffer saline (PBS), and 
suspended in 300 μL of PBS to be ready for the flow 
cytometer acquisition. Blast cells were selectively gated 
using CD45/SSC strategy, and the percent of blast cells 
expressing CD105 was determined within this population 
using a cutoff value for positivity >5%.17 Specific fluores
cence indices (SFIs) were calculated by dividing median 
fluorescence intensity (MFI) of CD105 by MFI of negative 
isotype control, positive expression was defined as SFIs 
>1.519 (Figures 1 and 2).

After being fully investigated at diagnosis, all the 
patients received induction chemotherapy, according to 
the protocol adopted by the treating centers; the Modified 
St Jude Children’s Research Hospital (SJCRH) Total 
Therapy XV Protocol.22 At the end of induction therapy 
on day 28, all patients were reevaluated by CBC and BM 
samples. Remission was identified by the absence of per
ipheral blood blasts and BM blast cells less than 5%. 
Refractoriness to therapy was defined by the presence of 
greater than 5% BM blasts and/or CNS infiltration by 
leukemic cells. Those who did not achieve complete 
remission were reassigned to more intensified treatment 
protocols.22

Statistical Analysis
Data were analyzed using IBM SPSS software package 
version 20.0. (Armonk, NY: IBM Corp). The 
Kolmogorov–Smirnov test was used to verify the nor
mality of the distribution of variables. Comparisons 

between groups for categorical variables were assessed 
using the Chi-square test [Fisher or Monte Carlo (MC)]. 
Student’s t-test was used to compare two groups of 
normally distributed quantitative variables while the 
Mann Whitney test was used to compare two groups of 
non-normally distributed quantitative variables. For non- 
normally distributed quantitative variables more than two 
groups Kruskal Wallis test was used and followed by the 
Post Hoc test (Dunn’s for multiple comparisons test). 
Pairwise comparison Spearman coefficient was used to 
correlate between quantitative variables. Univariate and 
multivariate logistic regression analyses were used to 
determine the related co-variables associated with poor 
response to induction therapy. The Receiver operating 
characteristic curve (ROC) was used to determine the 
diagnostic characteristics of the marker. The optimal 
cutoff value was assessed via the Youden index. The 
significance of obtained results was judged at the ≤0.05 
level.23

Results
This prospective study was conducted on eighty children 
newly diagnosed with B-ALL. They were 50 boys (62.5%) 
and 30 girls (37.5%) with a male to female ratio of 1.6:1, 
their ages ranged from 1 to 15 years with a median value 
7.3 years.

At diagnosis, the mean and standard deviation (SD) of 
the hemoglobin (Hb) level was 7.9±1.8 (gm/dl), blast 
percentage in peripheral blood (P.B) 38±23.3 (%), and 
ESR 82±15.3 (m/h). The median and range for the TLC 
was 20 (1–110) x103/cmm, platelets count 65 (10–260) 
x103/cmm, blast percentage in bone marrow 82.5 (50–98) 
%, LDH level 822 (340–3200) IU/L.

As regard immunophenotyping results, CD19 was 
expressed in all cases 80/80 (100%) of B-ALL, CD10 in 
66/80 (82.5%) cases, CD34 in 71/80 (88.7%) cases, cyto
plasmic μ in 12/80 (15%) cases, CD20 in 9/80 (11.2%) 
cases, with aberrant expression of CD33 and CD13 in 6/80 
(7.5%) and 15/80 (18.7%) cases respectively. Based on 
these data, patients were classified according to EGIL 
classification as follows: pro-B-ALL (5 cases), common 
B-ALL (63 cases), pre-B-ALL (3 cases), and mature 
B-ALL (9 cases).

Positive expression of CD105 on BM samples was 
detected in 33/80 (41.2%) patients, and it ranged from 
8–90%, 2–8 SFIs with a median value of 36% and 3 
SFIs respectively, while negative expression was detected 
in 47/80 (58.8%) patients, and ranged from 0.5–5%, 

Journal of Blood Medicine 2021:12                                                                                         submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                         
149

Dovepress                                                                                                                                                          Elkholy et al

http://www.dovepress.com
http://www.dovepress.com


0.5–1.4 SFIs with a median value of 3% and 1 SFIs 
respectively.

CD105 expression in B-ALL subtypes was positive in 
(3/5) Pro B-ALL, (29/63) common B-ALL, (1/3) Pre 
B-ALL, while it was absent (0/9) in all cases of “Burkitt- 
like” mature B-ALL.

We found variations between CD105 percentage, SFIs 
and the patients’ risk stratification, with statistically sig
nificant difference between the standard-risk and the very 
high-risk groups (P-value=0.045, and 0.035 respectively) 
as shown in (Table 1). No statistically significant differ
ence was observed between the CD105 positive and the 

Figure 1 Flow cytometry analysis of CD105 positive case. (A) Dot plot showed gating using CD45/SSC strategy, blast cells (R1), normal lymphocytes (R2) and granulocytes 
(R3). (B) Scatter dot plot showing blast cells positive for CD105 expression in combination with normal lymphocytes and granulocytes negative for CD105 expression. (C) 
Dot plot showing the mouse IgG1 isotypic negative control. (D) Dot plot showing positive CD105 expression on gated blast cells. (E) Histogram showing positive CD105 
(solid violet curve) versus negative control (green colored curve).
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negative groups as regard clinical and laboratory para
meters (P-value > 0.05) (Table 2).

CD105 expression had a weak positive correlation (<0.3) 
with age and TLC, LDH, and a weak negative correlation 
(<0.3) with CD20 as presented in (Table 3).

At follow up, 15 out of 80 patients were excluded from 
the statistical analysis (9 patients chose to complete induction 
at other centers, 3 of them were among the mature B-ALL 
group, the other 6 mature B-ALL patients were intentionally 
excluded as they received a different treatment protocol).

Figure 2 Flow cytometry of analysis of CD105 negative case. (A) Dot plot showed gating using CD45/SSC strategy, blast cells (R1), normal lymphocytes (R2) and 
granulocytes (R3). (B) Scatter dot plot showing blast cells, normal lymphocytes and granulocytes all negative for CD105 expression. (C) Dot plot showing the mouse IgG1 
isotypic negative control. (D) Dot plot showing negative CD105 expression on gated blast cells. (E) Histogram showing negative CD105 (solid violet curve) versus negative 
control (green colored curve).
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The remaining 65 cases were followed till the end of 
induction. Remission was achieved by 51/65 (78.4%) 
cases; 36 of them had a negative expression of CD105 

and 15 had CD105 positive expression. 10/65 cases 
(15.4%) were refractory to the first induction cycle, one 
of them was CD105 negative while and 9 were CD105 

Table 1 The Pattern and Range of CD105 Expression in B-ALL Cases as Regards Risk Stratification

Standard Risk (54 Patients) High Risk (17 Patients) Very-High (9 Patients) P-value Post Hoc Test

CD105 SFIs

Median (Min. – Max.) 1.2 (0.5–6) 1.3 (0.5–6) 6 (1–8) 0.035* P1:0.239, P2:0.013*, P3:0.168

CD105%

Median (Min. – Max.) 4 (0.5–60) 4 (2–60) 50 (1–90) 0.045* P1:0.169, P2:0.022*, P3:0.282

Notes: *Significant at P ≤ 0.05. P1: p-value for comparing between standard and high risk. P2: p-value for the association between standard and very high. P3: p-value for the 
association between high risk and very high. 
Abbreviation: SFIs, specific fluorescence indices.

Table 2 The Impact of CD105 Expression Pattern on B-ALL Patient’s Characteristics

Parameters CD105 Negative Group (47 Patients) CD105 Positive Group (33 Patients) P-value

Age (years)
0.109Median (Min. – Max.) 6.5 (1.5–14) 8.5 (1–15)

Hemoglobin (gm/dl)
0.394Mean ± SD. 8.1 ± 1.6 7.7 ± 2

Total leucocytic count (×103/cmm)
0.052Median (Min. – Max.) 18 (1–110) 30 (1.7–96)

Platelets count (×103/cmm)
0.384Median (Min. – Max.) 57 (10–260) 70 (15–185)

Peripheral blood blasts (%)
0.324Mean ± SD. 36.2 ± 20.8 40.6 ± 26.7

Bone marrow blasts (%)
Median (Min. – Max.) 80 (50–98) 90 (59–98) 0.634

Lactate dehydrogenase (IU/L)
0.095Median (Min. – Max.) 787 (340–2300) 900 (444–3200)

Erythrocyte sedimentation rate (m/h)
0.667Mean ± SD. 82.6 ± 15.4 81.1 ± 15.3

Sex
FEp= 0.218Male 32 (68.1%) 18 (54.5%)

Female 15 (31.9%) 15 (45.5%)

Central nervous system infiltration
FEp= 0.644Absent 45 (95.7%) 30 (90.9%)

Present 2 (4.3%) 3 (9.1%)

Philadelphia chromosome
FEp= 0.077Negative 46 (97.9%) 28 (84.8%)

Positive 1 (2.1%) 5 (15.2%)

Testicular infiltration
FEp= 0. 224Present 2 (4.3%) 4 (12.1%)

Absent 45 (95.7%) 29 (87.9%)

Abbreviation: FE, Fisher exact.
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positive expression. Four children died during the induc
tion stage, one of them was CD105 negative and the other 
three were CD105 positive. Deaths were due to be sepsis 
with severe neutropenia in three children and intracranial 
hemorrhage with severe thrombocytopenia in one child.

The difference between the CD105 positive and the 
negative group regarding the response to therapy was 
highly significant (X2 14.383*MCP-value <0.001).

To establish the effect of CD105 expression on 
response to induction therapy, logistic regression analyses 
were performed to detect the related covariables that can 
be associated with poor response to induction therapy. In 
univariate analysis, Ph chromosome positivity, and CD105 
positivity were significantly associated with poor response 

to therapy (P-value ≤0.05). In multivariate analysis, 
CD105 positivity remained the only significant indepen
dent factor associated with poor response to induction 
therapy (P-value ≤0.05). (Table 4).

As CD105 positivity was significantly correlated to 
poor response to induction therapy, we used the Receiver- 
operating characteristic (ROC) curve analysis to establish 
the most suitable cutoff value after exclusion of mature 
B-ALL cases, missed cases, and deaths. ROC curve ana
lysis showed that CD105 expression >35% and SFIs 
>2.5% is highly significant to differentiate between good 
and poor responders to induction therapy with high diag
nostic efficacy (AUROC 0.948 and 0.928 respectively) 
(Table 5) and (Figure 3).

Table 3 Correlation Between CD105 SFIs and CD105% with Different Parameters

CD105 SFIs CD105%

rs P-value rs P-value

Age (years) 0.298 0.007* 0.293 0.008*

Hemoglobin (gm/dl) −0.151 0.181 −0.105 0.354
Total leucocytic count (×103/cmm) 0.261 0.019* 0.230 0.040*

Platelets count (×103/cmm) −0.039 0.731 −0.025 0.824

Peripheral blood blasts (%) 0.059 0.606 0.081 0.473
Bone marrow blasts (%) 0.113 0.320 0.189 0.092

Lactate dehydrogenase (IU/L) 0.236 0.035* 0.199 0.077

Erythrocyte sedimentation rate (m/h) 0.018 0.871 −0.036 0.754
CD19 (%) 0.041 0.721 0.018 0.874

CD20 (%) −0.232 0.038* −0.179 0.113

Notes: *Significant at P ≤ 0.05. rs: Spearman coefficient. 
Abbreviation: SFIs, specific fluorescence indices.

Table 4 Univariate and Multivariate Analysis for the Parameters Affecting Response to Induction Therapy

Univariate Multivariate

P-value OR (95% C.I) P-value OR (95% C.I)

Age (>8 versus. ≤8 years) 0.232 2.325 (0.582–9.283)

Sex (female versus. male) 0.213 2.400 (0.605–9.522)

Hemoglobin (>7.8 gm/dl versus. ≤7.8 gm/dl) 0.195 0.381 (0.088–1.640)
Total leucocytic count (>20×103/cmm versus. ≤20×103/cmm) 0.280 2.143 (0.538–8.540)

Platelets count (>65×103/cmm versus ≤65×103/cmm) 0.865 1.125 (0.290–4.366)

Peripheral blood blasts (>40% versus. ≤40%) 0.385 1.833 (0.468–7.187)
Bone marrow blasts (>89% versus. ≤89%) 0.161 2.841 (0.659–12.239)

Lactate dehydrogenase (>856 IU/L versus. ≤856 IU/L) 0.998 –

Erythrocyte sedimentation rate (>85 m/h versus. ≤85 m/h) 0.683 0.750 (0.189–2.980)
Central nervous system infiltration (present versus. absent) 0.635 1.778 (0.166–19.065)

Philadelphia chromosome (positive versus. negative) 0.049* 12.500 (1.012–154.397) 0.110 14.820 (0.54–405.82)

CD105 (positive versus negative) 0.005* 21.600 (2.511–185.80) 0.007* 22.807 (2.34–221.84)

Notes: *Significant at P ≤ 0.05. The number between brackets in columns 1 represent cutoff used was the median of the cases included. 
Abbreviations: OR, odds ratio; C.I, confidence interval.
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Discussion
The TGF-β co-receptor CD105 plays a major role in fetal, 
adult, and malignant angiogenesis. Previous studies 
reported the CD105 expression on tumor vessels of 
a variety of neoplasms.8 Although, CD105 is now well 
known to be expressed on malignant cells in various 
hematopoietic malignancies, data on its prognostic rele
vance in especially leukemias are still not adequate.19

CD105 positivity in the current study was present in 
41.2% of cases diagnosed with B-ALL, this is lower than 
the values presented by Cosimato et al16 who reported 
positive CD105 expression in 68.4% of B-ALL cases, 
this difference can be attributed to the relatively small 
number of cases involved in our study. They also found 
that CD105 was absent in all cases of mature B-ALL, and 
expression levels were higher among the high and the very 
high-risk groups compared to the standard group, which is 
similar to our findings.

Although the study of Poręba et al17 reported that no 
statistically significant correlation was present between 
CD105 expression and age, gender, LDH level, blast percen
tage in P.B or BM, we were able to detect a weak positive 
correlation with age, TLC, and LDH level and a weak nega
tive correlation between CD105 SFIs and CD20 expression.

Patients with positive CD105 expression showed 
a higher rate of induction failure. Moreover, the multi
variate analysis showed that CD105 positivity is an inde
pendent factor that associated with poor outcome to 
induction therapy. This highlights the importance of 
CD105 as a prognostic marker in B-ALL. This is compar
able to what Kauer et al19 found in their study of CD105 in 
AML, where they correlated it to poor outcome and failure 
of response to chemotherapy, and they recommended the 
use of CD105 expression as a prognostic marker in AML, 
which can help optimize follow up and treatment decisions 
for AML patients. They attempted to explain the inferior 
outcome in CD105 positive AML patients by suggesting 
that CD105 contributes to dysregulation of TGF- β depen
dent and TGF- β independent signaling pathways and 
enhances angiogenesis which gives a better chance for 
survival of malignant cells with increasing the risk of 
minimal residual disease (MDR). Also, Xu et al24 sug
gested that resistance to intensive therapy might be 
explained by the presence of hypoxia inducible factor 1 
alpha induced multi-drug resistance transporters in CD 
105 high AML blast cells.

To our knowledge, this is the first study that reported 
the impact of CD105 flow-cytometric expression on the 
response to induction therapy in B-ALL. Therefore, we 
established a cutoff value of > 35% and >2.5 SFIs as 
calculated by the ROC curve to identify patients who are 
at risk for induction failure that may require intensive 
therapy from the start to improve outcome.

Novel therapeutic targets for acute leukemia are 
urgently needed and successful treatment of acute leuke
mia remains a clinical challenge.25 For ALL, although 
significant progress has been made in the last decade, in 

Table 5 Performance (AUC, Sensitivity, Specificity) for CD105 SFIs and CD 105% to Discriminate Between Poor Responder (n=10) 
and Good Responder (n=51)

AUC P-value 95% C.I Cutoff Sensitivity Specificity PPV NPV

CD105 SFIs 0.928 <0.001* 0.800–1.057 >2.5 90.0 92.16 69.2 97.9

CD105% 0.948 <0.001* 0.867–1.029 >35 90.0 94.12 75.0 98.0

Note: *Significant at P ≤0.05. 
Abbreviations: AUC, area under the curve; C.I, confidence interval; NPV, negative predictive value; PPV, positive predictive value.

Figure 3 ROC curve for CD105 SFIs and CD105%to discriminate between poor 
and good responder.
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cases of refractory or relapsed ALL, second-line che
motherapy has shown a poor effect, rarely resulting in 
long-term survival.26 Thus, there is a critical need for 
new therapeutic options. Monoclonal antibodies are pro
mising agents because they deliver their therapeutic effects 
with minimal toxicity.27

CD105 is a promising target that can be used for tumor 
imaging and prognosis and it has therapeutic potential in 
patients with solid tumors and other neoplastic diseases 
with increased angiogenesis.18 Dourado and his 
colleagues,21 studied the use of monoclonal antibody 
TRC105 to prevent the engraftment of primary AML 
blasts and inhibit leukemia progression following disease 
establishment, but in B-ALL, TRC105 alone was ineffec
tive due to the shedding of soluble CD105. However, in 
both B-ALL and AML, TRC105 synergized with reduced 
intensity myeloablation to inhibit leukemogenesis, indicat
ing that TRC105 may represent a novel therapeutic option 
for B-ALL and AML. So, measurement of CD105 may be 
of great value not only to assess the prognosis but also in 
targeted therapy for B-ALL.

The results of our study support the important role of 
CD105 in leukemia progression and response to induction 
therapy which is one of the major contributors of B-ALL 
risk stratification.

The limitations of the present study included the rela
tively small number of patients included in this study, and 
the association between CD105 flow-cytometric expres
sion and its soluble level was not investigated. Therefore, 
it is recommended to extend this research on a large 
patients cohort, investigate the coupled measurement of 
CD105 on blast cells and its soluble form in serum. Also, 
extend the follow-up duration to assess the impact of 
CD105 expression on the overall survival and disease- 
free survival, as well as studying the stability of the 
marker after therapy.

Conclusion
CD105 can be considered a potential marker for the prog
nosis of pediatric patients with B-ALL, as patients who 
showed expression higher than 35% and 2.5 SFIs were at 
higher risk for induction failure. So, CD105 may serve to 
optimize treatment decisions for B-ALL patients.
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Background: We investigated the utility of an automated chemiluminescent SARS-CoV-2 
IgG antibody assay platform in quantifying the amount of binding antibodies present in 
donated convalescent plasma.
Methods: A total of 179 convalescent plasma units were analyzed for the presence of 
SARS-CoV-2 IgG antibodies using the Beckman-Coulter chemiluminescent immunoassay 
(CLIA) platform. The equipment-derived numerical values (S/Co ratio) were recorded. 
Aliquots from the same units were subjected to enzyme-linked immunosorbent assay 
(ELISA) that detects IgG antibodies against the receptor-binding domain (RBD) of the 
SARS-CoV-2 S1 protein. The relationship between ELISA titers and CLIA S/Co values 
was analyzed using linear regression and receiver operating characteristics (ROC) curve.
Results: Twenty-one samples (11.7%) had S/Co values of less than 1.0 and were deemed 
negative for antibodies and convalescent plasma had S/Co values between >1.0 and 5.0 (70/ 
179, 39.1%). Fifteen units (8.4%) had negative ELISA titer. The majority of the units (95/ 
179. 53.1%) had titers ≥1:1024. The sensitivities of ELISA to CLIA were comparable (90.5% 
vs 88.3%, respectively; p=0.18). There was positive linear correlation between CLIA S/Co 
values and ELISA IgG titer (Rho = 0.75; Spearman’s rank = 0.82, p-value = <0.0001). The 
agreement between the two methods was fair, with a κ index of 0.2741. Using the ROC 
analysis, we identified a CLIA S/Co cutoff value of 8.2, which gives a sensitivity of 90% and 
a specificity of 82% in predicting a titer dilution of ≥1:1024.
Conclusion: The utility of automated antibody detection systems can be extended from 
simply a screening method to a semi-quantitative and quantitative functional antibody 
analysis. CLIA S/Co values can be used to reliably estimate the ELISA antibody titer. 
Incorporation of chemiluminescent-based methods can provide rapid, cost-effective means 
of identifying anti-SARS-CoV-2 antibody titers in donated plasma for use in the treatment of 
COVID-19 infection.
Keywords: COVID-19, ELISA, chemiluminescence, antibody, titers

Introduction
Coronavirus disease 2019 (COVID-19), caused by a novel coronavirus, severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), is the cause of 
a pandemic that has infected over 49.7 million people worldwide with a mortality 
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of 2.4% to date.1 Due to the record-breaking economic and 
social impact of COVID-19, there is a need to optimize all 
resources to improve outcome and minimize the spread of 
the virus. A key goal is to increase the availability of 
treatment options for the severely ill COVID-19 patients, 
one of which is convalescent plasma.

Initial case reports from China have shown immediate 
beneficial clinical results in COVID-19 patients transfused 
with convalescent plasma.2–4 The viral loads were 
decreased after transfusion, coinciding with increased 
levels of neutralizing COVID-19 antibody. In a match- 
controlled study done in the United States,5 patients who 
received COVID-19 convalescent plasma (CCP) were 
more likely to have improved oxygen requirement 
by day 14 post-transfusion as compared to those who did 
not receive CCP. The recipients also had significantly 
longer survival, especially non-intubated patients.5 

Another study involving approximately 5000 patients 
observed better survival among recipients who were 
given CCP units that contain high antibody levels based 
on chemiluminescent intensity value.6

Recent investigations on recovered COVID-19 patients 
revealed low antibody levels among those with mild symp
toms, especially among the healthy and younger 
individuals.7,8 Healthy and younger individuals are most 
likely to be eligible for blood product donation. Another 
study observed rapid decline in IgG antibodies among 
recovered COVID-19 patients with mild symptoms from 
the time they were screened for donation up to 
plasmapheresis.9 Although the FDA has issued emergency 
use authorization (EUA) for the use of convalescent 
plasma, it does not strictly implement antibody testing 
prior to transfusion of the blood product.10 This has great 
implication on the quality of convalescent plasma units 
that are available in blood centers.

Neutralizing antibody assays, considered as the gold 
standard for detection of anti-COVID function, are 
assessed using native or pseudotype virus in cellular 
assay.11 The disadvantages of this analysis include the 
limited number of facilities that have the capacity and 
expertise to perform this assay, lengthy turn-around time 
and high cost.12,13 However, antibody levels can also be 
estimated using an antibody binding assay such as an 
enzyme-linked immunoassay (ELISA). A study on 
COVID-19 patients showed good correlation between 
ELISA antibody titer and neutralizing antibody levels.14 

In particular, the linear correlation with neutralizing anti
body levels was seen in ELISA assays that detected 

immunoglobulins (IgG) antibodies against the receptor- 
binding domain (RBD) of the viral spike protein S1.14 

Although easier to perform than neutralization assays, 
ELISA assays are limited by long turn-around time and 
higher costs.

Chemiluminescent immunoassay (CLIA) is considered 
as a qualitative antibody assay that detects binding antibo
dies to viral antigens, similar to the principle of an ELISA. 
The test relies on mixing patient samples with a known viral 
protein, buffer reagents, and specific enzyme-labeled anti
bodies that allow a light-based, luminescent read-out.15–17 

The amount of light (radiance) emitted from each sample is 
relative to the number of antibodies present in a patient 
sample.17 This type of assay can assess the presence of 
multiple types of antibodies, including IgG, IgM, and IgA, 
is automated, has a short turn-around time (~45 minutes) and 
can be implemented with minimal cost in already existing 
clinical laboratory platforms.18 However, this method has 
not been optimized to quantify the amount of antibodies. 
Currently, FDA has not authorized the use of automated 
chemiluminescent assays for screening of antibodies in 
potential donors of COVID-19 convalescent plasma.

At Maimonides Medical Center, antibody testing is per
formed using a Beckman Coulter platform that utilizes 
CLIA that detects IgG antibodies against the SARS-CoV-2 
RBD. The intensity value retrieved from the platform, based 
on the sample-to-cut-off (S/Co) ratio, reflects the amount of 
anti-SARS-CoV-2 antibodies present in the sample. Since 
this platform utilizes the RBD of the virus, there is a good 
chance that the results of this assay may correlate with the 
number of neutralizing antibodies. However, to date, no 
study has been published correlating the S/Co value with 
an ELISA or neutralization titer in the setting of COVID-19. 
Such a correlation would be crucial to provide a more cost- 
efficient and rapid antibody testing process that is readily 
available and can be utilized for convalescent plasma donor 
screening.

Methods
Plasma Collection
Convalescent plasma was obtained from the Blood Donation 
Service at Maimonides Medical Center. Convalescent 
plasma was donated by recovered COVID-19 patients with 
confirmed diagnosis via clinical laboratory test and were 
symptom free for at least 28 days. Some CCP donors were 
initially screened for the presence of antibodies via Dynex 
AgilityTM instrument through a reference laboratory (Table 
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1). An aliquot of plasma or serum was collected and stored 
at −20oC for subsequent antibody testing at the time of 
plasma donation. This study was approved by the IRB/ 
Research Committee at Maimonides Medical Center. The 
requirement to obtain informed consent from the subjects 
has been waived by the IRB in accordance with 45 C.F.R. § 
46.116(d) and the guidelines outlined in the Declaration of 
Helsinki were followed.

The plasma or serum samples were analyzed for anti- 
SARS-CoV-2 RBD IgG antibodies using the Beckman 
Coulter chemiluminescent immunoassay (CLIA) in accor
dance with manufacturer instructions (https://www.beckman 
coulter.com/en/products/immunoassay/access-sars-cov 
-2-igg-antibody-test). This CLIA test utilizes a recombinant 
SARS-CoV-2 protein specific for the receptor-binding 
domain (RBD) of the S1 protein. Results of this assay are 
based on the sample signal-to-cut-off (S/Co) ratio, with 
values <1.0 and >/= 1.0 corresponding to negative and posi
tive results, respectively. The S/Co values reflect relative 
levels of anti-SARS-CoV-2 IgG antibodies.

ELISA IgG
Assay controls and serum samples were diluted to 1:64 
followed by 2-fold dilution up to 1:32,768 and added to a 96- 
well microtiter plate (Thermo Scientific Immulon, Waltham, 
MA, USA) that was coated with SARS-CoV-2 recombinant 
RBD (Mount Sinai Medical Center, New York, NY, USA). 
A secondary anti-human IgG (Fab specific) antibody labeled 
with horse radish peroxidase (Sigma-Aldrich, St. Louis, MO, 
USA) was added to each well to form a specific complex of 
antigen-antibody bound to the plate surface. The binding 
reaction was then enhanced visually with SIGMAFASTTM 

OPD (Sigma-Aldrich, St. Louis, MO, USA) substrate gen
erating a yellow color for positive specimens. After applica
tion of the stop solution (3M Hydrochloric acid), the color 
changed from yellow to orange and optical density was 
measured at 490 nm. When the absorbance value was greater 
than the cut-off value (OD490 = 0.15) at a minimum dilution 
of 1:64, the specimen was reported as a positive result and the 
corresponding titer reported.

Statistical Analysis
The analysis population included COVID-19 convalescent 
plasma samples collected at the Blood Donation Service, 
therefore, no sample size calculations were performed. 
Correlation between CLIA and ELISA titer was analyzed 
using Spearman’s rank, R square and κ index. The sensitiv
ity and specificity of the two methods were analyzed using 
a 2x2 table. Linear relationship between the two assays was 
also assessed using a linear regression model, though due to 
violation of model assumptions, both CLIA and ELISA 
values were transformed to maintain the normality of resi
duals. The square-root of the CLIA assay was used to predict 
the log-transformed ELISA. The outputs of this model were 
then transformed back into raw units to show the relation
ship between the assays. A logistic regression model was 
created, as well, to predict the probability of a positive 
ELISA result (titer ≥ 1:1024). A CLIA S/Co cut-off value 
of 8.2 was determined using the ROC curve to meet 90% 
sensitivity and 82% specificity.

A two-sided P value of less than 0.05 was considered 
to indicate statistical significance. Statistical analyses were 
performed using SAS version 9.4 (Cary, NC) and 
GraphPad Prism 8 (GraphPad Software, La Jolla, CA).

Results
A total of 179 donated convalescent plasma units were 
included in this study. The inclusion criteria were mild 

Table 1 Characteristics of Volunteer Donors and Their Donated 
Plasma

Characteristics Median (IQR)/N (%)

Age, years 39.9 (30.3–49.7)

Antibody test prior to donation
Performed 91 (50.8)

Not performed 88 (49.2)

Antibody test result prior to donation (S/Co) 2.3 (1.7–3.1)

CCP chemiluminescent results

0.02 to 1 21 (11.7)

>1-5 71 (39.1)
>5-10 32 (17.9)

>10-20 27 (15.1)

>20 29 (16.2)

Donated plasma ELISA titers

Negative 15 (8.4)
1:32 2 (1.1)

1:64 7 (3.9)

1:128 10 (5.6)
1:256 19 (10.6)

1:512 31(17.3)

1:1024 35 (19.6)
1:2048 22 (12.3)

1:4096 22 (12.3)

1:8192 5 (2.8)
1:16,384 8 (4.5)

1:32,768 3 (1.9)
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COVID-19 symptoms and positive RT-qPCR tests on 
nasopharyngeal swab samples. Females and those younger 
than 18 years of age were excluded. The characteristics of 
the donors are summarized in Table 1.

Aliquots of all units were analyzed using the 
Beckman Coulter CLIA platform and the relative 
amount of antibodies as measured by the S/Co value 
was recorded. Twenty-one samples (21/179; 11.7%) had 
S/Co values of less than 1.0 and were deemed negative 
for antibodies. Fifteen units that had S/Co values >1.0 
(15/179; 8.4%) had negative ELISA titers. The majority 
of the units had a titer of ≥1:1024 (95/179, 53.1%). The 
sensitivity of ELISA was comparable to the sensitivity 
of CLIA (90.5% vs 88.3%, respectively; p-value = 0.18; 
Table 2). Table 3 shows the distribution of CLIA S/Co 
values and ELISA IgG antibody titers of all donated 
convalescent plasma. Samples with S/Co values of less 
than 10 had ELISA IgG titers ranging from 0 (negative) 
to 1:4096. Those with S/Co values of 10–20 had titers 
varying from 1:128 to 1:4096. Samples with CLIA S/Co 
value higher than 20 had titers of 1:2048 to 1:32,768.

Using linear regression, there is positive linear correlation 
between CLIA S/Co values and ELISA IgG titer (Rho = 0.75; 
Spearman’s rank = 0.82, p-value = <0.0001; Figure 1). The 
agreement between the two methods was fair, with a κ index of 
0.2741. A linear regression model was developed using the 
square root of the S/Co value and logarithmic transformation 
of the equivalent ELISA IgG titer (Table 4). Using this linear 
regression model, an estimate of the equivalent ELISA IgG 
titer when given a CLIA S/Co value can be computed using 
the following formula:

Raw Titer Dilution ¼ e4:8949þ0:70612
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
CLIA S

Co value
p

Table 5 provides correlation of representative CLIA 
intensity to its expected titer concentration. Further, 
a predictive statistical file was created using this formula 
for more exact conversions from CLIA values to expected 
titer determinations (Supplementary Table). This file 
enables the user to enter any CLIA S/Co value and will 

automatically generate the equivalent ELISA IgG titer 
with 95% confidence intervals.

A receiver operating characteristic (ROC) curve analy
sis was utilized to determine the optimal CLIA S/Co value 
that will reliably correspond to a high ELISA IgG titer 
(>1:1024). This analysis identified that a CLIA S/Co cut
off value of 8.2 gives a sensitivity of 90% and a specificity 
of 82% in predicting a titer dilution of more than 1:1024 
(Figure 2).

Discussion
Our results showed significant linear correlation 
between the CLIA S/Co values and ELISA IgG titers. 
This indicates that comparable antibody quantification 
can be reliably derived from the results of an auto
mated antibody detection system. This observation 
agrees with the conclusion of a similar study that 
analyzed the quantification capability of 8 commer
cially available immunoassays, two of which were 
CLIA-based.19 They found that the automated systems 
provided the highest sensitivities (up to 98%), and one 
of the CLIA platforms had the best overall quantitative 
correlation to the neutralization titer (Rho=0.729).

Neutralization assays are the gold standard for 
assessing specific immunity and a benchmark for 

Table 2 Sensitivity of the Antibody Tests Compared to SARS- 
CoV-2 Viral RNA RT PCR

Chemiluminescent Assay ELISA

Sensitivity 88.3% 90.5%
No. 158/179 162/179

95% CI 82.5–91.8% 83.6–92.6%

Table 3 CLIA S/Co Values and ELISA Titers of Donated 
Convalescent Plasma

CLIA S/Co Values N (%) ELISA IgG Titer Equivalent

0.02 to 1 21 (11.7) Neg to 1:512

>1 to 5 70 (39.1) Neg to 1:4096

>5 to 10 32 (17.9) Neg to 1:4096
>10 to 20 27 (15.1) 1:128 to 1:4096

>20 29 (16.2) 1:2048 to 1:32,768

ELISA IgG Titer N (%) CLIA S/Co Value Equivalent

Neg 15 (8.4) 0.02 to 6.25

1:32 2 (1.1) 0.37 to 0.5

1:64 7 (3.9) 0.09 to 9.71
1:128 10 (5.6) 0.25 to 11.51

1:256 19 (10.6) 0.05 to 7.66

1:512 31 (17.3) 0.81 to 19.65
1:1024 35 (19.6) 1.2 to 15.52

1:2048 22 (12.3) 2.32 to 26.62

1:4096 22 (12.3) 1.92 to 44.12
1:8192 5 (2.8) 23.48 to 34.26

1:16,384 8 (4.5) 28.08 to 63.4

1:32,768 3 (1.9) 28.82 to 52.64

Abbreviations: CLIA, chemiluminescent immunoassay, S/Co, sample to control 
intensity ratio, ELISA, enzyme-linked immunosorbent assay, Neg, negative, “0.
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other antibody assays. These tests are very complex, 
require incubation times of 5–7 days and a biosafety 
level 3 laboratory, limiting the routine use of these 
assays on a large scale.20,21 Previous studies have 
shown positive correlation between neutralizing titer 
and ELISA that detects IgG antibodies against the 
SARS-CoV-2 S1 protein19 or IgG antibodies against 
the receptor-binding domain of the S1 protein.14 

Similar studies correlating CLIA S/CO with ELISA 
assessment have been reported in other infectious dis
ease spaces such as hepatitis,22 measles23 

mycoplasma24 and HIV25 for diagnosis as well as 
donor infectious disease screening, where applicable. 
In a similar manner, the results of this study demon
strated correlation between ELISA antibody titer and 
CLIA S/Co values. Since ELISA titers correlate with 
the amount of neutralizing antibody, our results extend 

this association to support the use of automated CLIA- 
based systems as a fast and convenient method of 
estimating neutralizing antibody quantities in convales
cent plasma.

Only about a third of convalescent plasma units col
lected at our center had S/Co values of at least 8.2 and 
antibody titers of more than 1:1024. Preliminary evidence 
with COVID-19 suggests that patients with mild symp
toms may develop very low titer antibodies.14,26,27 One 
study observed that 18% of convalescent COVID-19 
donors had undetectable neutralizing titers in their plasma 
samples collected an average of 30 days after the onset of 
symptoms.28 A larger study performed by NYBC showed 
that more than half of plasma donors had low neutralizing 
titers and that there was a large variation in antibody titers 
among donors.29 There is an existing challenge to screen 
convalescent plasma donors for antibody titers, as 

Figure 1 Linear regression analysis on the relationship of CLIA S/Co values and ELISA IgG titers.

Table 4 Linear Regression Model of the Root of Intensity as a Predictor of the Logarithmic Value of ELISA IgG Titer

Parameter Estimates

Variable DF Parameter Standard t Value Pr > |t| 95% Confidence Limits

Estimate Error

Intercept 1 4.89496 0.12611 38.82 <0.0001 4.64593 5.14399

Root of CLIA S/Co 1 0.70612 0.03826 18.45 <0.0001 0.63056 0.78168
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evidence shows that the majority of mild COVID-19 
patients may not develop an adequate level of anti-SARS 
- CoV-2 antibodies to provide a therapeutic benefit. 
Screening of donated convalescent plasma units for anti
body is, therefore, an essential step to ensure the efficacy 
of convalescent plasma as a therapeutic product with viral- 
neutralizing capacity.

Testing for antibodies should be performed to first 
confirm the presence of antibodies. Subsequent identi
fication of CCP units that provide higher concentra
tions of anti-COVID (neutralizing) antibodies may 
provide a more appropriate logic of selecting optimal 
CCP units for patient administration. The utility of 
automated antibody detection systems can be extended 

from simply a screening method to a semi-quantitative 
and quantitative functional antibody analysis. CLIA 
S/Co values can be used to estimate the ELISA anti
body titer, and this can immediately provide crucial 
information on dosing of convalescent plasma. As 
a semi-quantitative method, a CLIA S/Co cut-off 
value of 8.2 can be used to reliably detect convalescent 
plasma donors or units with more than 1:1024 IgG 
antibody titer (90% sensitivity; 82% specificity); this 
value is well above the recently published FDA gui
dance of S/Co) ≥3.3 indicative of high titer CCP 
further relating the values to functional anti-viral titer- 
based activity using alternative instrumentation and/or 
methodologies.30

Application of additional approaches to assess the anti- 
COVID antibody concentration in CCP is paramount. In addi
tion, methodological differences can introduce differences in 
results. For example, chemiluminescence methodology is able 
to determine total Ig (IgM, IgG, IgA) whereas ELISA deter
mines only IgG. This may very well contribute towards the 
observed differences when a sample may have high percen
tage of IgM (giving high CLIA number), and low IgG (low 
titer) and vice versa. Although certain instruments have been 
promoted and approved to serve this need, many institutions 
and blood centers lack access to such instruments thereby 
causing a bottleneck in reference lab identification of 

Table 5 Representative CLIA Intensity to Expected Titer 
Concentrations

CLIA 
S/Co 
Values

Estimated ELISA IgG Antibody Titer

Estimated ELISA IgG 
Antibody Titer, Mean

Lower 
95%

Upper 
95%

0 1:133.6 1:104.2 1:171.4

1 1:270.7 1:195.7 1:374.5

2 1:362.7 1:254.1 1:517.7

3 1:454.0 1:310.5 1:663.7

4 1:548.5 1:367.6 1:818.4

5 1:648.0 1:426.6 1:984.2

6 1:753.4 1:488.1 1:1162.9

7 1:865.4 1:552.4 1:1355.8

8 1:984.5 1:619.8 1:1563.9

9 1:1111.3 1:690.6 1:1788.3

10 1:1246.3 1:765.0 1:2030.2

15 1:2058.5 1:1197.6 1:3538.4

20 1:3142.7 1:1747.4 1:5652.0

25 1:4562.2 1:2437.5 1:8538.9

30 1:6390.3 1:3293.3 1:12,399.7

35 1:8711.7 1:4343.2 1:17,474.0

50 1:19,692.3 1:8997.1 1:43,101.0

60 1:31,714.9 1:13,769.7 1:73,046.9

70 1:49,157.5 1:20,365.0 1:118,657.2

Abbreviations: CLIA, chemiluminescent immunoassay, S/Co, sample to control 
intensity ratio, ELISA, enzyme-linked immunosorbent assay.

Figure 2 Receiver operating characteristic (ROC) curve showing an area under the 
curve (AUC) of 0.9143. The orange line denotes a CLIA S/Co cutoff value of 8.2.
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appropriate products for transfusion. Expansion to additional 
CLIA instrumentation can reduce the strain of CCP assess
ment and offer the ideal plasma product for patients who 
require such.

Furthermore, the methodology employed by CLIA 
instrumentation could be used to examine response to 
COVID-19 vaccination and, depending on target, 
provide distinction between immune response to 
COVID-19 infection from the immune response to 
vaccination.

The rapid turnover and cost benefit of such a CLIA 
based screening approach provides additional value. The 
testing can be easily implemented into existing chemilu
minescent systems and provides opportunity costs for run 
time and personal skill set allocation. For example, in 
certain cases, time to result can be reduced from 180 
minutes (ELISA) to 30 minutes (CLIA). In addition, adap
tation can be automated in a CLIA setting and may require 
a lower degree of operator expertise (particularly if auto
mated) than with ELISA.22 This can beneficially impact 
the operational logic of the clinical laboratory to optimize 
efficiency of motion, human capital as well as resource 
allocation.
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Abstract: Von Willebrand disease (VWD), the most common inherited bleeding disorder, 
is highly heterogeneous, and its early diagnosis may be difficult, especially for mild cases 
and in qualitative von Willebrand factor (VWF) defects. Appropriate VWD diagnosis 
requires the combination of personal and/or family history of bleeding and abnormal 
VWF laboratory testing. The use of bleeding assessment tools has been helpful in 
standardizing bleeding history collection and quantification of bleeding symptoms to 
select patients who may benefit of further hemostatic testing. Type 1 and 3 VWD 
which represent quantitative VWD variants are relatively easy to diagnose. The diagnosis 
of type 2 VWD requires multiple assessments to evaluate the effects induced by the 
responsible abnormality on the heterogeneous functions of VWF. Sensitive and reprodu
cible tests are needed to evaluate different VWF activities, starting from measuring 
VWF-platelet interaction. In the recent years, several increasingly sensitive, rapid and 
automated assays have been developed, but they are not widely available so far. Genetic 
testing for VWD diagnosis is not a common practice because VWF gene is very large 
and highly polymorphic and therefore it is used only in specific cases. It is evident that 
the early and correct VWD diagnosis allows optimal management of bleeding and 
situations at risk. Tranexamic acid, desmopressin, replacement therapy with plasma- 
derived concentrates with a variable content of VWF and FVIII, or the new recombinant 
VWF are the different therapeutic options available. Careful VWD classification guides 
treatment because desmopressin is widely used in type 1 while replacement therapy is the 
cornerstone of treatment for type 2 and 3 variants. 
Keywords: von Willebrand disease, von Willebrand factor, bleeding history, laboratory 
assays, desmopressin, replacement therapy

Introduction
Von Willebrand disease (VWD) is the most common inherited bleeding disorder, 
characterized by an extreme variability of clinical manifestations and laboratory 
phenotypes. The clinical spectrum varies from subjects with dubious, mild symp
toms to patients with spontaneous, severe, sometimes life-threatening bleeds. Due 
to the complexities of clinical and laboratory assessment, the diagnosis can be 
difficult, especially in mild forms, so that the disease may be under-diagnosed also 
among symptomatic patients.

In this paper, we analyze the actual obstacles to early diagnosis and subsequent 
treatment of VWD.
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VWD
VWD is a bleeding disorder characterized by a deficiency 
and/or an abnormality of von Willebrand factor (VWF), an 
adhesive glycoprotein that plays an essential function in 
both primary and secondary hemostasis. VWF is required 
for platelet adhesion to the subendothelium exposed by 
a vascular injury and also in mediating platelet–platelet 
interactions together with fibrinogen, thus enhancing the 
hemostatic process. Furthermore, VWF is the carrier of 
coagulation factor VIII (FVIII), driving it to the site of 
vascular damage and modulating its proteolytic 
degradation.1,2 VWD is extremely heterogeneous from 
a genetic and clinical point of view. The inheritance can 
be autosomal dominant or recessive, although VWD 
usually presents with an autosomal dominant inheritance. 
Thus, patients often report other relatives with a history of 
bleeding, although severity may differ among affected 
members belonging to same family. In epidemiological 
studies, VWF deficiency is identified in about 1% of the 
general population, but only about 0.01% has clinically 
significant bleeding symptoms.3,4 The actual prevalence is 
probably between these two extreme values and some 
people could have undiagnosed VWD-related bleeding.

Biology of VWF
VWF is a large multimeric adhesive plasma glycoprotein 
synthesized in megakaryocytes and endothelial cells.5–7 

The biosynthesis and organization of VWF involves 
a complex intracellular pathway and defects at any step 
of which may cause a decreased plasma VWF level or 
dysfunction. The gene coding for VWF is located on the 
short arm of chromosome 12 (12p13.2) and it includes 52 
exons.8 VWF has a partial pseudogene located on chromo
some 22 with 97% homology with the authentic VWF 
gene.9 The presence of this pseudogene can complicate 
genetic analysis and contribute to a pathophysiological 
mechanism of gene conversion.

The primary translation protein contains 2813 amino 
acids, composed by a prepeptide of 22 amino acid, 
a propeptide 741 amino acid long and the mature VWF 
subunit of 2050 amino acids. The different binding abil
ities of VWF are scattered over four repeated domains 
(D1, D2, D’, D3, A1, A2, A3, D4, C1-C6, CK).10,11 The 
D’-D3 domains are essential for binding to FVIII. The 
VWF A1 domain is important in binding VWF to platelets 
through the platelet receptor glycoprotein, GPIb, and con
tains binding sites for heparin and collagen. The A2 

domain contains the cleavage site which regulates post- 
secretion processing of VWF size by the VWF-cleaving 
protease, ADAMTS13. The A3 domain contains a binding 
site for collagen. The C1 domain contains a unique RGDS 
(Arg-Gly-Asp-Ser) sequence responsible for binding to the 
glycoprotein GPIIb/IIIa complex on platelet surface.

The cleavage of the signal peptide prompts the VWF 
subunits to dimerize at the C-terminal region through 
intermolecular disulfide bridges in the endoplasmic reticu
lum. Then, the acidic pH and high calcium concentration 
in the Golgi induce the building of VWF multimers 
through bridging through disulfide residues between D3 
domains. The propeptide remains non-covalently bound to 
the VWF multimer inside the cell until fully cleavage 
allows for the separate release into plasma. VWF is stored 
in α-granules of platelets or endothelial Weibel-Palade 
bodies11 and secreted in plasma or abluminally to suben
dothelium through a constitutive and a regulated pathway. 
The subsequent proteolysis by ADAMTS13 produces vari
ably sized multimers,12 whose clearance occurs later by 
macrophages in the liver and spleen.13

VWD Clinical Manifestations and 
Classification
The quantitative deficiency and/or qualitative abnormality 
of VWF lead to a variable risk of bleeding, depending on 
severity of the deficiency of VWF and FVIII. VWD clin
ical manifestations include predominantly mucosal bleed
ing (epistaxis, menorrhagia, gastrointestinal bleeds), 
surgery or trauma-related bleeding and joint bleeding, 
especially for patients with more severe FVIII deficiency.

VWD is classified into three main types categorizing 
quantitative (type 1 and 3) or qualitative (type 2) VWF 
abnormalities (Table 1).14,15

Unlike type 3, type 1 VWD (60–70% of cases) presents 
milder VWF deficiency (10–30 U/dL), with normal or 
slightly reduced FVIII levels. The inheritance transmission 
is autosomal dominant and missense amino acid changes 
represent the majority of causative mutations. Bleeding 
manifestations are mild. VWF is virtually absent in 
patients with type 3 (1–2% of cases), and FVIII levels 
are usually very low. Most of these patients are homozy
gous or compound heterozygous for null alleles in the 
VWF gene.16 The remaining 20–25% of patients have 
Type 2VWD, further divided into four subtypes which 
take into account distinct pathophysiological mechanisms 
and laboratory features.14,17
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Typically, type 2A is caused by mutations resulting in 
a decreased binding to platelets caused by the absence of 
significant reduction of high and intermediate-molecular- 
weight VWF multimers and. In type 2B, the mutant VWF 
shows an increased affinity for GpIb on platelet surface, 
which induces a rapid clearance of VWF. Type 2M is 
characterized by a decreased in or absent binding to 
GpIb, with an apparently intact VWF multimer structure. 
Type 2N (Normandy) VWF presents variable binding abil
ity for FVIII with a shortened FVIII half-life. Most type 2 
are usually inherited as a dominant trait with high pene
trance and expressivity apart from type 2N which is trans
mitted in a recessive manner.

VWD Treatment
The correction of the dual hemostatic defect represents the 
aim of treatment in VWD. Bleeding history together with 
FVIII and VWF and levels in plasma allow to define the 
bleeding risk in each patient. When FVIII level is greater 
than 40–50 U/dL, the risk of serious bleeding is limited 
and tranexamic acid alone may allow to control most 
minor bleeds. In patients with a more severe defect or 
VWF as in qualitative variants, VWF and FVIII plasma 
levels must be corrected to allow for effective hemostasis. 
The available therapeutic strategies are based on increas
ing VWF and FVIII by releasing VWF from stores in 
endothelial cells triggered with desmopressin (DDAVP) 

or replacing missing VWF with plasma-derived (pd) coa
gulation factor concentrates containing FVIII and VWF.

DDAVP (1-deamino-8-D-arginine-vasopressin) is 
a synthetic analog of the antidiuretic hormone 
vasopressin18,19 which can be given by intravenous, sub
cutaneous, or intra-nasal route. In responsive patients, 
a peak of the released FVIII and VWF > 50 U/dL is 
usually obtained 60 minutes after its administration. 
Usually, 0.3 µg/kg is used for intravenous or subcutaneous 
administration, and 300 µg in adults and 150 µg in chil
dren with intranasal spray. DDAVP is cheap and carries no 
risk of viral transmission; however, progressive reduction 
in magnitude of response (tachyphylaxis) is observed after 
repeated closely spaced doses due to the cellular depletion 
of VWF/FVIII. DDAVP is mostly efficacious in patients 
with type 1 VWD with normal VWF content in cells and 
baseline VWF and FVIII levels >10 U/dL.20 In type 2B, 
DDAVP causes a transient occurrence or aggravation of 
thrombocytopenia and is considered contraindicated21 

while heterogeneous patterns are observed in other type 
2 varieties.14,22 Type 3 patients do not show any significant 
increase post-administration.

Plasma-derived VWF-FVIII (pd-VWF/FVIII) concen
trates are the treatment of choice when DDAVP is not 
useful.14,22 Several intermediate and high-purity pd-VWF 
/FVIII concentrates are available (Table 2). All these con
centrates proved effective and safe in VWD although they 
have different VWF and FVIII content and show variable 
lack of high molecular weight (HMW) multimers.23 There 
are several national or international guidelines on the 
dosages to be used according to different clinical 
situations.14,24,25 A significant accumulation of FVIII 
may occur after repeated infusions of pd-VWF/FVIII 
since FVIII endogenously synthesized is stabilized by the 
infused VWF thus adding to that exogenously 
provided.26,27 This phenomenon may lead to the risk of 
deep vein thrombosis or cardiovascular complications, 
especially if other pro-thrombotic risk factors are 
present.28 Thus, daily monitoring of FVIII:C to maintain 
plasma levels below 150 U/dL is recommended to prevent 
thrombotic risk especially during major surgery. Also, 
a pd-VWF high purity concentrate containing little FVIII 
(Wilfactin ®; LBF, Les Ulis, France) could be chosen in 
patients with mild FVIII reduction. In this case, the co- 
administration of a priming dose of FVIII is recommended 
in patients with basal FVIII:C levels <30 U/dL, when 
immediate hemostasis is required, since 6–8 hours are 
necessary for endogenous FVIII to reach levels higher 

Table 1 Classification of Von Willebrand Disease

Quantitative Deficiency of VWF
Type 1 Partial quantitative deficiency of VWF- autosomal 

dominant transmission (~60–70% of all cases)

Type 3 Virtually complete deficiency of VWF - autosomal 

recessive transmission (~ 1–2% of all cases)

Qualitative Deficiency of VWF
Type 2 Qualitative deficiency of VWF (~ 25–30% of all cases)
Type 2A Qualitative variants with decreased platelet-dependent 

function associated with the absence of high and 

intermediate-molecular–weight VWF multimers
Type 2B Qualitative variants with increased affinity for platelet 

GpIb

Type 2M Qualitative variants with decreased platelet-dependent 
function not caused by the absence of high- 

molecular–weight VWF multimers

Type 2N Qualitative variants with markedly decreased affinity 
for FVIII

Note: Adapted with permission from Sadler JE, Budde U, Eikenboom JC, et al. 
Update on the pathophysiology and classification of von Willebrand disease: a 
report of the subcommittee on von Willebrand factor. J Thromb Haemost. 
2006;4:2103–2114.15.
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than 50–60 U/dL after infusion.29 Recently, a human 
recombinant VWF (r-VWF) Vonicog alpha has been pro
duced by using a genetically engineered Chinese Hamster 
Ovary (CHO) cell line co-expressing VWF and FVIII 
genes and purified by immune-affinity chromatography 
and approved in some countries.30 Vonicog alpha is 
a >99% pure r-VWF molecule with the full range of 
VWF multimers because ADAMTS13 is not present dur
ing the manufacturing process. Therefore, also the ultra- 
large multimers (ULMs) are present, which are the most 
active forms,31 similarly to those observed after release in 
plasma from Weibel-Palade bodies of endothelial cells. 
These ULMs are however rapidly cleaved by ADAMTS- 
13 when infused for treatment. Several studies in VWD 
patients have demonstrated the efficacy and safety for 
treating spontaneous bleeding and during surgery.32–34 

Two Phase III studies are assessing its safety and efficacy 
in children and for prophylaxis.

VWD Diagnosis
The diagnosis of VWD may be complex, especially in mild 
form, due to the extreme clinical variability, the difficult 
standardization of diagnostic tests, the presence of physio
logical and pathological variables influencing the plasma 
level of VWF. VWF plasma levels vary with age, increase 
during pregnancy, physical activity, inflammation, infections 
and cancer. Furthermore, plasma VWF levels are influenced 
by blood group with VWF levels 25–30% lower in type-0 

individuals than in those with other blood groups.35 Subjects 
with blood group 0 show a VWF accelerated clearance36 and 
an enhanced ADAMTS13-mediated proteolysis.37 Thus, 
low VWF level alone does not suggest the presence of 
VWD and the cut-off for the diagnosis especially in type 1 
is still discussed.38 However, it has been proposed as 
a diagnostic threshold the presence of VWF level <30 U/ 
dL14,24 because an increased risk of bleeding is evident39 

and the chance of detecting a causative mutation is very 
high.40 Subjects with levels between 30 and 50 U/dL may 
represent a difficult challenge.41,42 These subjects, and espe
cially the females, may have increased bleeding scores, but 
inconsistent linkage to VWF locus and mutations identified 
roughly in 50% only and they have mostly blood group 
0.41,42 The category “Low VWF” has been designed for 
these very frequent individuals.41 From the therapeutic 
point of view, these patients can be safely and effectively 
managed by using antifibrinolytics and/or DDAVP.43

Therefore, the definite diagnosis of VWD requires the 
combination of personal history of bleeding, family history 
of bleeding or diagnosed VWD and abnormal laboratory 
testing for VWD.

Bleeding Assessment Tools
Mild bleeding events may frequently occur also in subjects 
without a specific bleeding disorder. Furthermore, report
ing and interpreting bleeding episodes may be subjective. 
The development of bleeding assessment tools (BATs) has 

Table 2 Pd-VWF/FVIII Concentrates Licensed in Europe

Product Brand Purification Viral Inactivation VWF:RCo/Ag 
(Ratio)

VWF:RCo/FVIII 
(Ratio)

Alphanate Grifols Heparin ligand chromatography S/D + dry heat (80°, 72h) 0.47 ± 0.1 0.91 ± 0.2

Fanhdi Grifols Heparin ligand chromatography S/D + dry heat (80°, 72h) 0.47 ± 0.1 1.04 ± 0.1

Haemate P CSL Behring Multiple precipitation Pasteurization (60°, 10h) 0.59 ± 0.1 2.45 ± 0.3

Immunate Baxter Ion exchange chromatography S/D + vapor heat (60°, 10h) 0.47 1.1

Wilate Octapharma Ion exchange + size exclusion 

chromatography

S/D + dry heat (100°, 2h) – 0.9

Wilfactin LFB Ion exchange + affinity S/D, 35 nm filtration, dry 

heat (80°, 72h)

0.95 50

Veyvondi/ 

VonVendi

Shire/ 

Takeda

Chinese Hamster Ovary (CHO) cell line 

co-expressing the VWF and FVIII genes, 

in absence of any animal or other human 
plasma proteins; purified by immune- 

affinity chromatography

None 1.16 ± 0.25 >100

Abbreviations: VWF, von Willebrand factor; RCo, ristocetin co-factor; Ag, antigen; FVIII, factor VIII; S/D, solvent/detergent.
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allowed to standardize bleeding history collection and to 
assign a quantitative score to bleeding symptoms.44 These 
questionnaires generate a cumulative score of different 
bleeding symptoms according to their severity and fre
quency. The ISTH-BAT is designed for both pediatric 
and adult subjects and it evaluates 12 different bleeding 
symptoms, scoring from −1 (eg, no bleeding after invasive 
procedures) to +4 (eg, blood transfusion required after 
invasive procedures) according to the presence and sever
ity of a specific symptom. An ISTH-BAT score ≥3 in 
children, ≥4 in males, ≥6 in females is considered positive 
for the presence of a significant bleeding history.45 BAT is 
an important mean to gather a detailed and standardized 
bleeding history thus selecting patients requiring addi
tional hemostatic evaluation.46

Laboratory Testing for VWD
Among the hemostatic screening tests, the aPTT (activated 
partial thromboplastin time) and PFA-100 (Platelet 
Function Analyzer) may be used as an initial screen for 
possible VWD patients. However, the aPTT may be pro
longed only in those patients in whom FVIII plasma level 
is reduced (Type 3 or Type 2N VWD). The PFA-100 
mimicks in vivo primary hemostasis after small vessel 
wall injury and has a high sensitivity (90%) when VWF 
is significantly reduced (<20–25 U/dL) and thus most 
patients with type 2 are also identified.47 However, PFA- 
100 is normal in type 2N and in many patients with VWF 
levels only slightly reduced. Furthermore, a complete 
blood count is also required to assess the presence of 
thrombocytopenia which may suggest type 2B VWD.

The appropriate VWD diagnosis is based on several 
laboratory assays, which explore the different functions of 
VWF14 (Table 3). Laboratory testing for VWD initially 
includes VWF antigen determination (VWF:Ag), a VWF- 
platelet binding test, usually VWF-ristocetin cofactor 
activity assay (VWF:RCo) or less widely used newer 
tests (VWF:GPIbM, VWF:GPIbR), and the measurement 
of coagulant activity of FVIII (FVIII:C).

Type 1 and 3 VWD are characterized by equally low or 
absent VWF:Ag and VWF-platelet binding activity. The 
qualitative type 2 variants require additional tests to make 
an appropriate diagnosis, like VWF:collagen binding 
activity (VWF:CB), platelet-rich plasma agglutination at 
different ristocetin concentrations (RIPA), VWF-FVIII 
binding (VWF:FVIIIB) and VWF propeptide (VWFpp). 
The assessment of VWF multimer pattern may be also 
needed.48 VWD laboratory diagnosis can therefore be 

complex not only for the number of tests that may be 
necessary, but also for the poor reproducibility for some 
of them. Furthermore, some tests are still limited to a few 
selected laboratories.

VWF:Ag measurement is usually carried out with auto
mated ELISA or latex immunoassays (LIA).49 Although 
these tests have a high reproducibility, they are of limited 
value for type 2 VWD in which sometimes they could be 
normal and must be used with other functional assays.

VWF:RCo activity is the time-honored assay for asses
sing the interaction of VWF with its platelet GpIb receptor. 
Ristocetin induces a conformational change in VWF, thus 
exposing the A1 domain which binds to GpIb and pro
duces platelet agglutination proportional to the function of 
VWF. A VWF:RCo/VWF:Ag ratio <0.6 suggests the pre
sence of a qualitatively abnormal VWF (type 2 VWD).24 

However, traditional VWF:RCo assays using normal fresh 
or formalin-fixed platelets have low inter-laboratories 
reproducibility,50 high coefficient of variation and poor 
sensitivity for very low VWF values. The optimal ristoce
tin concentration may be another limitation of the test,51 as 
well as also the erroneous low levels in presence with p. 
P1467S and p.D1472H VWF polymorphisms.52

The search for assays with less variability and 
increased sensitivity than VWF:RCo has prompted the 
development of new tests. VWF:GPIbR uses recombinant 
GPIbα fragments (rGPIb) adhered to microparticles, elim
inating the use of whole platelets.53 Instead, VWF:GPIbM 
uses recombinant GPIbα fragments containing two gain-of 
-function variants to induce spontaneous binding of VWF 
without ristocetin,54 but introducing a non-physiologic 
mutant GPIb receptor. Both assays have an excellent coef
ficient of variation, a more sensitive lower limit of detec
tion, and excellent correlation with VWF:RCo,55 besides 
not being affected by some common VWF variants.56

FVIII:C assay must also be performed because VWF is 
the carrier for FVIII and usually a reduction of VWF 
causes also a variable reduction of FVIII. FVIII:C/VWF: 
Ag ratio is around 1 in normal subjects while in type 2N it 
is decreased (<0.5). In type 3 patients, FVIII:C is typically 
<10 U/dL.

The VWF multimer pattern analysis is useful to identify 
type 2 cases, although the traditional procedure with agarose 
gel electrophoresis is technically difficult and time 
consuming.57 Recently a semiautomated rapid, and sensitive 
method58 has been made available. All size multimers are 
present in Type 1 VWD, although reduced in concentration, 
while they are absent in type 3. The absence of HMW 
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multimers is observed in type 2A and 2B VWD, while 
a normal pattern is present in type 2M and 2N.59

VWF:CB measures the VWF ability to bind to exposed 
collagen at the site of vascular injury. This ability correlates 
with the presence of HMW multimers, and patients with type 
2A or 2B VWD have reduced VWF:CB.60 In Type 1, VWF: 
CB/VWF:Ag ratio is approximately 1, while a VWF:CB/ 
VWF:Ag ratio <0.6 suggests the deficiency of HMW multi
mers as in type 2A or more rarely a specific collagen binding 
defect without loss of HMW multimers. The ratio is normal 
in type 2 M which has a normal VWF multimer pattern. 

VWF:CB is usually tested by an ELISA but recently an 
automated and rapid chemiluminescence method has become 
available.61 Typically, a mixture of type I or type III collagen 
is used because it increases specificity.62 The A3 VWF 
domain binds type I and type III collagen, while the A1 
domain binds type IV and type VI collagen, but assays testing 
this latter interaction are not widely available.63

The VWF-platelet binding assessed in platelet-rich- 
plasma at different ristocetin concentrations (RIPA) may 
help in distinguishing type 2B from type 2A because in 
type 2 B (and platelet-type VWD) platelet aggregation 

Table 3 Laboratory Pattern in Von Willebrand Disease

Laboratory 
Assay

Type 1 Type 2A Type 2B Type 2M Type 2N Type 3

APTT Prolonged or 

normal

Prolonged or normal Normal or 

prolonged

Normal or prolonged Prolonged 

or normal

Prolonged

Platelet count Normal Normal Low or 

normal

Normal Normal Normal

PFA-100 
(closure time; 
CT)

Prolonged or 

normal

Prolonged, no 

closure

Prolonged, 

no closure

Prolonged, no closure Normal Prolonged, 

no closure

FVIII:C Low or normal Low or normal Low or 
normal

Normal or low Low Low (<10 
U/dL)

VWF:Ag Low (<50 U/ 
dL)

Low or normal Low or 
normal

Normal or low Normal or 
low

Very low 
(<3 U/dL)

VWF:RCo 
VWF:GPIbR 
VWF:GPIbM

Low,rarely 
normal

Low (<30 U/dL) Low,rarely 
normal

Low or normal Normal or 
low

Very low 
(<3 IU/dL)

VWF:CB Low,rarely 

normal

Very low (<15 U/dL) Low (<40 

U/dL)

Low or normal Normal or 

low

Very low 

(<3 U/dL)

VWF:RCo/ 
VWF:Ag ratio

Normal (>0.7) Low (<0.7) Low (<0.7) Low or normal Normal 

(>0.7)

Variable

RIPA using 
patient 
platelets

Reduced or 

normal

Reduced or normal Increased Reduced or normal Normal Absent

VWF 
multimer 
pattern

Normal 

pattern, VWF 
reduced

Large to 

intermediate 
multimers lacking

Large 

multimers 
missing

Normal VWF multimer distribution 

(but with possible abnormal bands)

Normal Multimers 

absent

VWFpp/VWF: 
Ag ratio

Normal, 
Increased in 

type 1C

Normal or increased Increased Normal Normal Absent

Abbreviations: APTT, activated partial thromboplastin time; FVIII:C, factor VIII coagulant; VWF:Ag, VWF antigen; VWF:RCo, VWFristocetin cofactor; VWF:GPIbR, VWF 
recombinant GPIbα fragments; VWF:GPIbM, VWF recombinant GPIbα fragments with two mutations; VWF:CB, VWF collagen binding; RIPA, ristocetin-induced platelet 
agglutination; VWFpp, VWF propeptide.
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occurs even at low-dose ristocetin concentration 
(≤0.6 mg/m).14

The VWF-FVIII binding (VWF:FVIIIB) test is 
required to diagnose type 2N, characterized by an abnor
mal VWF-FVIII binding.64 The ELISA microplate assay 
explores the capacity of patient’s plasma VWF to bind to 
recombinant FVIII.

The VWF propeptide (VWFpp) is in a 1:1 ratio with 
VWF in plasma.65 Its measurement is used as a surrogate 
marker of VWF synthesis and secretion. An increased 
VWFpp/VWF:Ag ratio identifies those patients with 
a shortened VWF half-life from plasma, commonly 
referred as Type 1 C (clearance), like the Vicenza variant. 
VWFpp/VWF:Ag ratio is usually slightly elevated 
increased in type 2A and 2B. The assay is still not widely 
performed.

Finally, genetic analysis for VWD diagnosis is not 
common practice because of the large size of the VWF 

gene and the time required. Furthermore, VWF is highly 
polymorphic.14,66 Therefore, it is used in specific cases, 
where it may have implications for diagnosis, patient’s 
management or counseling.14 Genetic testing in type 1 
VWD is poorly informative, because an average of 62% 
of subjects shows a sequence variant in VWF gene. In 
particular, when VWF is <30 U/dL, the detection rate of 
identifiable sequence variants is around 80%67 and in 
patients with VWF:Ag >30 U/dL, mutations in VWF 
gene are not consistently identified.40,68 Mutations are 
more detectable in type 2 and type 3 VWD. Mutations 
causing type 2A usually are located in A2 domain, near 
the site of ADAMTS13 cleavage, or in the N or C terminal 
multimerization domains.69 In type 2B and 2M, mutations 
are mainly identified in the A1 domain and in type 2N 
mutations are located in the VWF D’ and D3 domains. 
Identifying mutations responsible for type 2 B rule out the 
possible diagnosis of platelet-type VWD. Identifying 

Figure 1 Algorithm for laboratory diagnosis of von Willebrand disease, modified with permission of Nancy International Ltd Subsidiary AME Publishing Company, from Von 
Willebrand disease in the United States: perspective from the Zimmerman program, Flood VH, Abshire TC, Christopherson PA, et al, volume 3,  2018]; permission 
conveyed through Copyright Clearance Center, Inc.54
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mutations responsible for type 2 N is helpful to exclude 
the possible diagnosis of mild/moderate hemophilia 
A. Mutations responsible for type 1 and 3 are scattered 
over the entire VWF gene. In type 3 VWD, genetic ana
lysis may help to determine the risk of alloantibodies 
development with possible anaphylactic reactions upon 
treatment, a complication more common in presence of 
homozygous large gene deletions.70 The online ISTH 
VWF database includes most of the mutations and poly
morphisms so far identified (http://www.vwf.group.shef. 
ac.uk).16

Diagnostic Flow-Chart and 
Therapeutic Management
VWD is a frequent and very heterogeneous bleeding dis
order. Bleeding severity increases from type 1 to 3 and 
treatment differs. Several laboratory assays are available to 
properly diagnose VWD. In clinical practice, a flow-chart 
can be very useful to support a laboratory diagnosis.71 

This algorithm starts with the evaluation of bleeding his
tory in the patient and take advantage of the different 
laboratory assays used in different steps for a possible 
diagnosis of VWD (Figure 1).

When not all laboratory assays are available for 
a definitive VWD diagnosis, minimal diagnostic criteria 
may be considered an increased BS and VWF:RCo <40 U/ 
dL. Based on the significance of these two criteria, an 
adequate VWD management may be provided 
(Figure 2).72

Conclusion
VWD is a common inherited bleeding disorder; however, 
its early diagnosis still may be complex. Several reasons 
are responsible for these diagnostic and consequently ther
apeutic difficulties. The first difficulty lies in understand
ing the significance of the reported bleeding. Mild 
bleeding symptoms may occur also in normal subjects 
and interpretation of hemorrhagic events erratic. For this 

Figure 2 Clinical spectrum of VWD: implications for management. 
Notes: Copyright ©2019. Taylor & Francis Online. Adapted from Castaman G, Linari S. Advances in diagnosis of VWD. Expert Opinion on Orphan Drugs. 2019;7(4):147-155.59
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reason, the use of BATs helps to standardize bleeding 
history collection and to quantify bleeding frequency and 
severity. ISTH-BAT represents a valid tool to identify 
patients for further laboratory evaluation. An important 
issue in early VWD diagnosis is represented by those 
individuals with slightly reduced VWF levels, which may 
vary over time and be significantly influenced by several 
physiological variables. The definition “low VWF” should 
be restricted to subjects with consistent VWF levels ran
ging from 30 to 50 U/dL and personal and/or family 
evidence of bleeding symptoms. Therefore, again 
a careful evaluation of bleeding history is of utmost sig
nificance in the diagnostic and prognostic work-up of 
a patient with suspected VWD or low VWF.

Severe quantitative VWF deficiencies are easy to be 
identified diagnose, while type 2 qualitative abnormalities 
are more challenging from the diagnostic point of view. 
Therefore, several assays s are required to evaluate the 
whole spectrum of VWF activities and interactions with 
specialized cellular receptors. These assays are becoming 
more and more specific, accurate and available also for 
non-specialized laboratories. The first step is to assess the 
ability of VWF to bind platelets. New tests are now 
increasingly available, which improve sensitivity and 
avoid laboratory artifacts. However, all the necessary 
assays are not widely available and VWF:RCo still repre
sents the standard for measuring VWF activity, despite it 
does not reflect the range of physiologic VWF activities.

The correct typing of VWD allows the identification of 
the most appropriate treatment for the patient. For this pur
pose, DDAVP trial is also useful to identify the most suitable 
patient candidates. Type 1 patients are the ideal candidates 
for its use which could be considered also in some type 2 
M and 2 N cases on the basis of the results of the infusion 
test. Type 2 B cases should not be treated with the compound 
because of the risk of thrombocytopenia. Replacement ther
apy is the cornerstone of treatment for type 2 A and B and 3 
patients. Genetic testing is particularly indicated when the 
identification of a specific mutation guides clinical and 
laboratory monitoring after treatment (eg, assessing risk for 
alloantibody with use of factor concentrates), or for genetic 
counseling (eg, discriminating between mild/moderate 
hemophilia A versus type 2N VWD). Laboratory methods 
are being developed to permit rapid testing and more accu
rate measurements improving sensitivity, but some of them 
are still not widely used. Therefore, bleeding history still 
represents the crucial key in order to induce an early diag
nosis and consequent optimal treatment of affected patients.
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Abstract: Sickle cell disease (SCD) is a widely spread inherited hemoglobinopathy that 
includes a group of congenital hemolytic anemias, all characterized by the predominance of 
sickle hemoglobin (HbS). Its features are anemia, predisposal to bacterial infections and 
complications such as vaso-occlusive crisis (VOC) or delayed hemolytic transfusion reaction 
(DHTR), which lead to increased rate of morbidity and mortality even in the era of 
hydroxyurea. The interaction between sickle cells, neutrophils, platelets or endothelial cells 
in small vessels results in hemolysis and has been considered the disease’s main pathophy
siological mechanism. Complement activation has been reported in small cohorts of SCD 
patients, but the governing mechanism has not been fully elucidated. This will be important 
to predict the patient group that would benefit from complement inhibition. Until now, 
eculizumab-mediated complement inhibition has shown beneficial effects in DHTR, with 
limited reports in patients with VOC. In the meantime, several innovative agents are under 
clinical development Our state-of-the-art review summarizes current data on 1) complement 
activation in SCD both in steady state and crisis, 2) underlying mechanisms of complement 
over-activation for the clinician in the context of SCD, 3) actions of hydroxyurea and new 
therapeutic approaches including indirect involvement in complement activation, and 4) 
novel paradigms in complement inhibition. 
Keywords: sickle cell disease, complement system, eculizumab, complement inhibition

Introduction
Sickle cell disease (SCD) still remains a devastating and dire condition with 
subsequent increased rates of morbidity and mortality in the era of hydroxyurea.1 

It is a genetic, autosomal recessive condition caused by a single β-globin gene 
mutation on chromosome 11, leading to an amino-acid substitution (Glutamine -> 
Valine, βΑ -> βs), thus resulting in the formation of the abnormal hemoglobin 
S (HbS) tetramer.2 HbS is a tetramer with abnormal physicochemical properties 
that will polymerize under hypoxic stress, leading into the sickling of circulating 
red blood cells (RBCs).3

Our current understanding of the disease’s pathophysiology has mostly focused 
on the interaction between red blood cells and neutrophils, platelets or endothelial 
cells in small blood vessels.4 More recently, the effects of red blood cell adhesion 
and hemolysis that result in vaso-occlusive crisis (VOC) have also been 
investigated.5 A rather neglected entity in SCD that seems to be a key component 
of this pathophysiological mechanism may be complement activation. In this 
context, increased interest has been shown in the identification of the innate 
immune system’s pivotal role in the promotion of inflammation in SCD.6 The 
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activation of the complement cascade is one of the hall
marks in this inflammatory process.7 In general, systemic 
complement dysregulation induces host tissue damage.8 

Biomarkers of complement activation in the serum of 
SCD patients were revealed in various clinical studies, 
along with increased levels of C5b-9 – which is the defi
nitive marker of complement activation - and other sur
face-bound C3 fragments not only on patients’ 
erythrocytes, but also in skin and kidney biopsies.10–14 

Additionally, further experience about the role of comple
ment activation and inhibition has been gained in the 
context of other disorders. Findings of complement activa
tion in β-thalassemia major, thrombotic microangiopathies 
(TMAs), antiphospholipid antibody syndrome, HELLP 
syndrome and malaria enhance our efforts in understand
ing complement activation and its role in the pathophysiol
ogy of SCD.15–21

Our review originated from the aspiration to provide 
further evidence in the investigation of complement acti
vation in SCD. This regards a summary of current data on 
complement activation both in steady state and crisis, 
probable elemental mechanisms of complement activation 
in the frame of SCD, actions of hydroxyurea, novel ther
apeutic approaches including indirect involvement in com
plement activation and novel endeavours of complement 
inhibition; all under the prism of a clinician’s point of 
view.

Complement Activation in SCD
Scientific effort to explain increased rates of bacterial 
infections and mortality in SCD patients1,22,23 led to the 
investigation of a possible involvement of the complement 
system in the disease’s pathophysiology, with the hypoth
esis that this excessive sensitivity to infections was a result 
of defective opsonization.9,24,25 Complement components, 
such as C3b and iC3b, are key ingredients of innate 
immune system and not only opsonize pathogens but 
also generate sequential adaptive immune responses. As 
a result, the complement system was placed at the center 
of scientific community’s research.

Francis and Womack were the first investigators who 
reported remarkable complement activity in the serum of 
SCD patients in 1967.26 Six years later, Johnston et al 
followed the same hypothesis and confirmed complement 
over-activation through the AP pathway in SCD.27 In 
1976, Wilson et al revealed total AP function (AP50) in 
abnormally low levels, along with significantly depressed 
levels of factor B in serum of SCD patients compared to 

normal controls.28 Generally, initial surveys’ results with 
the depiction of depressed levels of Factor B, functional 
deficiency, and C3 inferred to the assumption that defec
tive AP activation was responsible for defective opsoniza
tion. However, the possible underlying mechanisms were 
not further investigated.27–31

Later studies managed to measure Bb fragments and 
C3, P (properdin) complexes in serum from SCD patients 
in crisis.9 This study revealed elevated concentrations of 
both factors and was consistent with the hypothesis that 
irreversibly sickled red cells, or membrane spicules and 
vesicles are the site of increased AP activation. 
Furthermore, complement over-activation markers such 
as Bb, C5a, soluble sC5b9 were measured in patients’ 
serum or plasma and associated with SCD in steady state 
or in crisis.10,12–14,32 Additional results reported over- 
activation of the AP pathway in painful crisis periods, in 
contrast with asymptomatic circumstances.

On the other hand, more measurable molecules of the 
complement system such as factors D, I and H were found 
to be within normal range or even reduced but not statis
tically significantly in SCD patients who exhibit comple
ment activation.28,32,33 Moreover, a defective regulation 
mechanism of soluble C5b-9 has been correlated to 
a major increase in lysis of sickled cells.34 In addition, 
elevated soluble c5b-9 and sC5b-9 vascular deposition 
were revealed.11,12,14

Other studies showed that regulation of C5b-9 (mem
brane attack complex/MAC) formation in sickle erythro
cytes was defective, especially in the densest cells. The 
defect is characterized by increased binding of C5b-7 and 
of C9 to more dense sickle cells, and as a result, sickle 
cells are more susceptible to C5b-9-mediated (reactive) 
lysis. Among the dense sickle cells, irreversibly sickled 
cells (ISC) are those that are more sensitive to lysis.34 

Interestingly, dense ISC have the ability to directly acti
vate the AP.9 Their density propagates an increased AP 
activation when compared to sickled RBCs or control 
RBCs. Defective modulation from surface-anchored com
plement regulators on dense sickled RBCs, along with an 
increased amount of C3 are potent complement 
activators.10,12

Since C3a and C3b fragments can be produced by 
either pathway, whereas Bb is specific to the AP and 
C4b both to the classical pathway (CP) and the lectin 
pathway (LP), several surveys used additional methods to 
block CP activation, in order to achieve only AP to be 
activated.9,27,32 Collectively, these data are conclusive in 
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that complement activation is a major characteristic of 
SCD and sickled RBC’s death in vivo or in vitro is AP 
mediated. This mechanism of complement over-activation 
needs further exploration. However, numerous observa
tional studies, mouse model data and experiments have 
attempted to shed a light in this obscure area of SCD 
pathophysiology.

Underlying Mechanisms of 
Complement Activation in SCD for 
the Clinician
Complement system and its role in the pathophysiology of 
SCD is considered a complex and vast entity. The key 
aspects that bind complement and SCD are cell-free 
heme and hemolysis-derived molecules, C5a together 
with P-selectin, the surface complement regulatory pro
tein, the hypercoagulant state in SCD, the amendment of 
the bilayer membrane structure in sickle RBCs and the 
very essence of SCD pathobiology: the vicious cycle of 
ischemia/reperfusion (I/R). These mechanisms can for
ward complement activation through different, distinct 
pathways.32,35,36 Circulating microvesicles (MVs) of 
damaged SCD erythrocytes during oxygenation–deoxy
genation sickling cycles have been identified with the 
ability to activate the complement system, and as 
a result, they can be used as biomarkers.35,37,38

AP activation due to alterations in the organization of 
membrane phospholipids of sickled RBCs is a speculated 
adjunctive mechanism. Early studies made reports of 
in vivo AP activation in the circulations of SCD patients 
during painful crisis32 and subsequent studies further evi
denced an abnormal translocation of the sickled RBC 
membrane phospholipids, which transpires as a potential 
locale of AP activation in SCD.14,39

Chronic intravascular hemolysis is identified as an 
essential characteristic of SCD.40 Free extracellular 
heme interacts with toll-like receptor 4 (TLR-4) leading 
to the production of cytokines and adhesion molecules 
that promote inflammatory response and ultimately 
VOC. Endothelial TLR-4 signaling is rather critical for 
SCD VOC and recent data suggest that targeted inhibi
tion of heme-induced TLR-4 signaling can actually 
reduce VOC.41 Moreover, free heme is released in cir
culation due to hemoglobin degradation during hemoly
sis. Counter protective mechanisms are not sufficient to 
prevent hemolysis from accumulating free heme in 
plasma.42 Recent studies exhibit increased plasma free 

heme (PFH), along with MVs, in many SCD patients and 
recognized their devastating effects – most notably 
intense kidney VOC, acute chest syndrome (ACS) not 
only in mouse models but also pediatric population.43–45 

However, a recent single-cell RNA study reported that 
liver macrophages, are turned into “erythrophagocytes” 
that dominate the macrophage population and provide an 
on-demand adaptation to hemolytic driven oxidative 
stress.46 Recent studies report that loss.

C5a anaphylatoxin, an inflammatory molecule, has the 
ability to propagate P-selectin-mediated vaso-occlusion. 
A recent study by Vercelloti et al demonstrated that C5a 
alone when given to SS mice promotes VOC. Another 
finding was that C5a up-regulates P-selectin and vWF 
in vitro and in vivo in the same population, inducing 
P-selectin mediated VOC.36 In line with these findings, 
another study established that AP opsonins, anchored on 
sickled RBCs, serve actually as adhesion sites on vascular 
endothelium, resulting in the irregular trajectory of these 
cells by involvement of P-selectin/Mac-1.14 Other studies 
revealed the capacity of P-selectin to bind C3b and C3 
(H2O)-like, promoting complement activation.47,48

Early evidence suggests that abnormal expression of sur
face complement regulatory proteins is not just a key ele
ment of paroxysmal nocturnal hemoglobinuria (PNH). These 
proteins propagate complement-mediated cell lysis and their 
deficiency or dysfunction has been associated with the 
pathophysiology of other diseases as well.49–53 Most studies 
have focused on surface-bound complement regulators – 
CD55, CD59, CD46 and CR1 -. In the frame of SCD, 
some studies revealed decreased CD55 and CD59 on sickled 
erythrocytes, in comparison with control subjects.34,54 Other 
surveys showed difference in the expression of these regu
lators on dense vs non-dense RBC but not in the total 
population of RBC between controls and SCD patients.12

A growing consensus has been achieved between the 
complement and coagulation/fibrinolysis pathways in the 
context of clinically significant tissue damage and activa
tion of inflammatory process. Thrombin effectively cata
lyzes the cleavage of both C3 and C5 acting as convertase, 
producing active anaphylatoxins and other complement 
sub-products.55 Interestingly, MVs propagate complement 
activation through a thrombin-mediated signal route both 
in vitro and in vivo, independently of CP or AP 
activation.56 Another noteworthy finding was that throm
bin acts as an alternative molecule for C5-convertase in 
the absence of C3.57
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Last but not least, I/R underlies the pathophysiology of 
SCD. The paradox of this cycle is that tissue damage is 
caused not only by ischemia but also by the following 
reperfusion-mediated reentry of oxygen58 I/R results in 
complement activation and neutrophilic stimulation, 
along with rapid oxygen production and ultimately con
tributes to tissue damage in various organs.59 Significant 
interest has been risen for the role of the LP and its role in 
inflammatory responses during I/R injury. There have been 
reports of “bypass” activation events that lead to lectin- 
mediated cleavage of C3, and as a result, I/R tissue 
damage is caused. Moreover, certain deficiencies of man
nose-binding lectin (MBL) have been positively associated 
with better outcomes in experimental models of renal 
reperfusion injury after transplantation.60 More recent 
observations report that inhibition of mannose-binding 
lectin-associated serine protease (MASP2), the effector 
enzyme of LP, may be beneficial in conditions such as 
thrombotic microangiopathy (TMA) post allogeneic hema
topoietic stem cell transplantation (alloHSCT).61

In general, all these proposed mechanisms share in 
common the dominant role of complement activation – 
especially through the AP pathway – in the pathophysiol
ogy of SCD. Some studies revealed elevated biomarkers of 
complement activation in both steady state and crisis of 
SCD patients or mouse models. In other cases, despite 
preliminary data, no complement activation was reported 
in association with the factors studied. Nevertheless, there 
are still many elements of complement deregulation that 
have yet to be explored. Importantly, new therapeutic 
perspective is needed, since despite the fact that SCD is 
the first genetic disease described, treatment evolution 
seems to be stuck in the era of hydroxyurea.

Hydroxyurea and New Therapeutic 
Approaches
Hydroxyurea was the first drug approved by the Food and 
Drug Administration (FDA) to be administered in adult 
SCD patients and it remains the main therapeutic choice 
for more than 30 years.62 It has many features that make it 
an ideal drug for SCD and can provide multiple benefits 
through several mechanisms of action. Over the past 30 
years, substantial experience has been earned in matters of 
safety and efficacy for SCD patients.

Its main effect – through a mechanism still not fully 
understood – is the induction of fetal hemoglobin (HbF), 
high levels of which reduce significantly SCD severity. 

Hydroxyurea improves erythrocyte deformation, decreases 
the population of circulating neutrophils and reticulocytes 
and reduces the expression of adhesion receptors.63 Early 
findings of principle studies were followed by prospective 
Phase 1/2 trials that demonstrated efficacy first in affected 
adults, adolescents and children, and more recently even in 
infants and toddlers.64

In a double-blind, randomized clinical trial, hydro
xyurea was proved to be effective and efficient in reducing 
the frequency of painful crises in adults who had a history 
of three or more such crises per year. A mean follow-up of 
21 months was reported at the end of the trial.65 This study 
reported that patients assigned to hydroxyurea had lower 
annual rates of crises, and fewer of them suffered from 
acute chest syndrome or underwent transfusion in compar
ison with patients that received the placebo.65 

Hydroxyurea treatment did not cause any severe adverse 
effects.

Hydroxyurea has proven its clinical efficacy and 
become acknowledged as the main therapeutic option for 
many SCD patients. It reduces number of painful crises 
and hospitalizations66 and is useful to treat acute VOCs 
both in adults and children. Infants receiving hydroxyurea 
preserve their splenic function.67 Furthermore, hydro
xyurea has been correlated to fine growth and 
development,68 along with no delays on sexual maturation, 
including menarche.69

Interestingly, a recent study by Roumenina et al 
revealed novel evidence of an indirect effect of hydro
xyurea in complement activation. This study revealed 
that although complement activation is a rather common 
event in the pathophysiology of SCD that is associated 
with the development of dense RBCs and hemolysis, treat
ment with hydroxyurea may partly alleviate this effect.12 

More specifically, complement activation was shown by 
sC5b-9 concentration and upregulation of CD46 and it was 
reported substantially reduced in SCD patients treated with 
hydroxyurea.

However, hydroxyurea has many contraindications as 
well. Pregnancy or unwillingness to use contraception, 
history of severe hydroxyurea toxicity or hypersensitivity 
and history of significant non-compliance with recom
mended medical care, deprive patients of the benefits of 
this myelosuppressive agent.70 All in all, despite its multi
ple benefits, an important number of patients do not 
achieve satisfactory clinical response.

Due to the fact that hydroxyurea along with anticoagu
lants remain the sole treatment for SCD for over 30 years, 
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several novel treatments are currently under advanced 
clinical development in SCD. L-Glutamine is 
a fundamental amino acid in the process of pyridine synth
esis of nucleotides, including nicotinamide adenine dinu
cleotide (NAD) and glutathione, as well as glutamate, 
which becomes essential during exposure to oxidative 
stress. Thus, glutamine availability is important in 
SCD.71 Phase II and III randomized, double-blind, con
trolled trials of L-glutamine 0.6 g/kg/day compared with 
placebo in children and adults with SCD and at least 2 
episodes of crisis during the last year provided evidence 
that L-glutamine is safe and associated with a reduction in 
painful episodes and in hospitalizations.72

Another novel agent is voxelotor. It is an orally admi
nistered drug that increases Hb’s affinity to oxygen and 
inhibits the sickling of RBCs. Several clinical trials have 
reported its benefits.73 Crizanlizumab is a new, FDA- 
approved drug for the prevention of VOC. It is 
a humanized IgG2 kappa monoclonal antibody that binds 
to P-selectin and blocks interactions with its ligands 
including P-selectin glycoprotein ligand 1. Binding 
P-selectin on the surface of the activated endothelium 
and platelets blocks interactions between endothelial 
cells, platelets, RBCs, and leukocytes.74 Baseline analysis 
from systematic literature review and network meta- 
analysis proved that this monoclonal antibody can reduce 
crises and hospitalization days in comparison with placebo 
or other therapeutic agents with an acceptable adverse 
event profile in adult and adolescent SCD patients.75 

Furthermore, binding of P-selectin by crizanlizumab also 
inhibits C5-a, which may be beneficial for SCD patients.36

Hematopoietic cell transplantation (HCT) is a potential 
definitive cure for SCD. The goal is to eliminate the sickle 
erythrocyte and its cellular progenitors and replace them 
with donor hematopoietic pluripotent stem cells that will 
produce mature erythrocytes which will not express sickle 
hemoglobin (Hb S), thereby reducing Hb S levels to those 
associated with the trait condition.76 However, the risk of 
post-transplantation severe adverse events must be 
balanced against SCD’s own serious complications which 
are known for causing morbidity and even death.77

Genetic modulation of phenotype may also have cura
tive potential for SCD patients. SCD has different pheno
types due to differences in the genetic makeup of the 
affected patient. Although the exact genes are still under 
extensive study, further advances in our understanding of 
the pathophysiology imply that genes involved in numer
ous mechanisms might have epistatic potential in SCD.78 

This may actually lead to gene therapy with the aim to 
replace the defective gene with a normal one.

Additional novel agents are being tested that target 
abnormal interactions between RBCs and their surround
ing micro-environment (specifically the endothelium, neu
trophils and platelets), as well as the inflammatory and 
prothrombotic setting. Some of these drugs may indirectly 
interact with the complement system. A recent review 
reported 20 Phase 1 studies, 10 Phase 2 and 3 Phase 3.79 

Of all these studies, eight investigate drugs which are 
applied during an acute VOC, while the others are aimed 
at the reduction of VOC or adjustment of biomarkers. 
Table 1 summarizes novel approved and under develop
ment therapies in SCD.

As our understanding in the pathophysiology of sick
ling is constantly improving, many potential novel thera
peutic agents are being in development. This is indeed an 
exciting and optimistic time in SCD research. 
Nevertheless, the multifactorial and vast nature of the 
disease is more likely to require combination therapies, 
and some single agents are doomed to be unsuccessful. 
More studies are needed in this effort to unravel the 
mystery of SCD and its pathophysiology.

Novel Paradigms in Complement 
Inhibition
Complement inhibition has already been tested in 
Paroxysmal Nocturnal Hemoglobinuria (PNH) with two 
FDA-approved drugs: eculizumab since 2007 and ravuli
zumab since 2019. They are both monoclonal antibodies 
that block terminal complement activation.80,81 

Ravulizumab has a longer half-life, thus providing sus
tained C5 inhibition,82,83 while eculizumab has already 
been used in other diseases and was found to be safe and 
have long-term efficacy.84 In order to overcome eculizu
mab’s own limitations, several other novel inhibitors are 
currently in advanced clinical development.49 Novel prox
imal inhibitors are being tested aiming at proteins within 
the early stages of the complement cascade, such as C3, 
factor B and factor D.85,86 Figure 1 summarizes the com
plement cascade, and inhibitors’ target points which could 
provide potential benefits in SCD.

Despite our better knowledge about complement’s role 
in SCD, advanced options for new treatment plans are not 
extensively explored. Eculizumab has been used with suc
cess as a salvage therapy in SCD patients presenting with 
delayed hemolytic transfusion reaction (DHTR), as it has 
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been documented in some case reports.87–91 Patients 
received the monoclonal antibody after multiple lines of 
treatments and after confirmation of complement 

activation by analyses. It managed to overcome and 
reverse complement-mediated hemolysis and its devastat
ing effects.87,89 It has also been found safe to be used 
during pregnancy as revealed in at least one case 
report.92 More recently, a study summarized the results 
of 18 SCD patients with DHTR receiving eculizumab.93 

Most recent guidelines by the American Society of 
Hematology (ASH) recommend complement inhibition in 
patients with DHTR and ongoing hyperhemolysis.94

In addition, eculizumab has also been used in patients 
suffering with SCD crisis. These patients were considerably 
benefited by the reduction of heme-induced thrombo- 
inflammation through C5 inhibition.95 Importantly, eculizu
mab was found to be effective even in one case of bone marrow 
necrosis of a young adult SCD patient, where other lines of 
treatment failed.96 It has also found further use in patients with 
hemoglobinopathies who develop TMA after alloHSCT.97 

Stress factors during transplantation process along with their 
constant underlying hemolytic condition puts these patients at 
high risk for complement-mediated hemolysis. These patients 
seem to benefit from inhibition of complement activation, thus 
keeping TMA activity biomarkers under careful monitoring 
can help establish the right moment for applying treatment 
with eculizumab.98 Moreover, inhibition of proximal comple
ment activators, such as C3 inhibition with Compstatin or its 
analog AMY-101, is currently under investigation. Compstatin 
analogs have been used in preclinical and clinical studies for 
a plethora of disease models, such as age-related macular 
degeneration, sepsis, PNH, hemodialysis-induced inflamma
tion and transplantation.99

Microvascular thrombosis and endothelial dysfunction are 
major characteristics of SCD and its complications. Our 
experience from severe coronavirus/COVID-19 infection 
may prove to be useful in SCD management.100 Undeniably, 
early reports indicate that severe COVID-19 infection bears 
many similarities to complement-mediated TMA.101 We have 
the knowledge from previous studies of other coronaviruses 
that inhibition of C3 activation results in weakening the lung- 
directed proinflammatory conditions. The genetic absence of 
C3 and the blockade of downstream complement effectors as 
well, have given rise to significant optimism.102,103 In line with 
these findings, AMY-101 – a C3 inhibitor – has been success
fully administrated in a patient suffering from severe COVID- 
19 infection.100 Eculizumab was proven to be successful in 
such cases.104 As a matter of fact, such encouraging results led 
to ongoing clinical trials aiming at results that could not only 
shape future COVID-19 management but also affect the rest of 
complement-mediated diseases.

Table 1 Summary of Novel Approved and Under Development 
Therapies in SCD

Mechanism Clinical Trials’ 
Results

Status

1) Selectin inhibitors

Crizalinzumab 

(humanized anti-P 

selectin mAB)

Reduction in number of 

pain crisis

FDA approved

Rivapansel (pan- 
selectin inhibitor)

Reduction in opioid use 
during VOC

Pending

Sevuparin (anti 
P-selectin heparin 

derivative)

Possible preventive use Pending

2) Adenosine and invariant NK T cells

Regadenoson (A2A 
receptor agonist)

Decreased activation of 
invariant NK T Cells

Pending

3) Leukotrienes

Zileuton (5 lipo- 

oxygenase inhibitor)

Well tolerated both in 

children and adults

Pending

Mometasone (ínhaled 

corticosteroid)

Reduction in pain 

scores

Pending

3) Antioxidants

L-Glutamine (NADH 

production)

Reduction in VOC 

events

FDA approved

N-acetylcysteine 

(enhances glutathione, 

weakens oxidative 
stress)

Diary data suggest no 

impact on pain scores - 

lab measures of VWF 
activity under 

evaluation

Pending

4) Enhanced nitric oxide bioavailability

L-Arginine (NO 
substrate)

Reduction in opioid use 
and pain scores

Pending

IMR-687 (PDE9 
inhibitor)

Reduction in VOC and 
opioid use

FDA has granted 
rare pediatric 

disease 

designation

5) Other agents

Voxelotor Inhibition of red cell 

sickling – reduction in 

hemolysis

FDA Approved
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However, special attention should be paid in comple
ment inhibition in the context of SCD. The biggest barrier 
in complement inhibition seems to be the increased risk of 
infections. These patients are prone to infection for 
a number of reasons including splenic dysfunction, defec
tive opsonization and impaired adaptive immunity.105 

Atypical viruses and encapsulated bacteria are at the 
front line. Use of eculizumab is associated with a 1000- 
fold to 2000-fold increased incidence of meningococcal 
disease despite preventive vaccination.106 Therefore, SCD 
patients are even at a higher risk for invasive infections 
because of probable complement inhibition.

Conclusions and Future 
Considerations
Our comprehension of complement activation and its role 
in the pathophysiology of SCD has expanded over the 
course of the past few decades. Of note, complement 

regulation and its mechanisms require further interpreta
tion in the context of the disease. Current results are more 
than encouraging. However, improvements need to be 
made in complement biomarkers monitoring, in order to 
achieve a sufficient, modern approach to SCD 
management.

This review presents data that underline the expanding 
need for supplementary prospective studies – with more 
sensitive biomarkers and clinical assays included – so as to 
evaluate complement activation in SCD and determine 
selection of patients with clinical characteristics that are 
potentially predisposed to complement activation. Strong 
criteria are needed for early recognition of patients that 
may be benefited by complement inhibition. Additionally, 
should complement inhibition utilize in SCD other ques
tions arise about the way they would be administered. 
These inhibitors will probably be able to stop a crisis or 
pain even in VOC; however, more clinical studies are 
needed to determine their place in treatment plans. It 

Figure 1 Complement activation and inhibition. The complement cascade has been traditionally considered to be activated by the classical, alternative and lectin pathway. 
The alternative pathway serves as an amplification loop for the lectin and classical pathway accounting for almost 80% of complement activation products. Spontaneous 
hydrolysis of C3 resulting from different triggers allows propagation of C3 convertase (C3bBb) and as a result the alternative pathway is constantly “on”. C3 convertase 
sustains the amplification loop together with factors B and D. Terminal complement pathway begins with propagation of C5 convertase which in turn cleaves C5 into C5a, 
a potent inflammatory mediator, and C5b; C5b together with C6-9 form C5b-9 (membrane attack complex/MAC), a cytolytic complex. Eculizumab, ravulizumab, ABP959, 
SKY59/RO7112650, tesidolumab, REGN3918, mubodina, coversin, RA101495, cemdisiran and zimura inhibit C5; AMY-101 and APL-2 inhibit C3 and C3 convertase activity; 
mini-FH/AMY-201 inhibits alternative pathway C3 convertase; LPN023 and IONIS-FB-LRx inhibit factor B; danicopan and lampalizumab inhibit factor D; mirococept inhibits 
C3 and C5 convertases; avacopan inhibits C5a receptor and IFX-1 C5a.
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should also not be forgotten that hydroxyurea and other 
novel treatment options may also have beneficial effects 
on the vicious cycle that attenuates complement activation.
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Purpose: To assess the quality of warfarin anticoagulation and its clinical outcomes on 
patients treated with warfarin at the University of Gondar comprehensive specialized hospi
tal, North-west Ethiopia.
Methods: We reviewed medical records of patients treated with warfarin between June 1, 
2016, and May 30, 2018, at the University of Gondar comprehensive specialized hospital. 
The quality of anticoagulation was evaluated using the percentage of time spent in the 
therapeutic range. Data were entered into Statistical Product and Service Solutions (SPSS), 
version 20. Descriptive statistics were used to describe the socio-demographic and clinical 
characteristics of study participants. Multivariable logistic regression analysis was performed 
to identify independent predictors of quality of anticoagulation. Statistical significance was 
declared when the p-value was less than 0.05 at 95% confidence interval (CI).
Results: From a total of 202 patients’ charts reviewed, women accounted for 134 (67.3%). 
The mean participants’ age was 44.33 years (±17.05years SD). The median time spent in the 
therapeutic range was 37.91 with an IQR of (0.00–65.86). More than two-third (143, 
(70.8%)) of participants had poor anticoagulation quality (time spent in the therapeutic 
range is less than 65%). Twenty-seven patients (13.4%) experienced adverse medication 
events of bleeding and thromboembolic events. Logistic regression analysis showed that 
potential medication interaction [p= 0.003 95% CI Adjusted odds ratio (AOR): 0.32 (0.
152–0.689)] and presence of co-morbidity [p= 0.037 95% CI AOR: 0.70 (1.046–4.105)] 
were significantly associated with quality of anticoagulation.
Conclusion: The quality of warfarin anticoagulation at the University of Gondar compre
hensive specialized hospital was poor. A strong effort is needed to improve the quality of 
anticoagulation. Patients who had other co-morbidity conditions and potentially interacting 
medication need special attention.
Keywords: warfarin, anticoagulation, University of Gondar, TTR, Ethiopia

Introduction
Cardiovascular disease (CVD) and stroke produce enormous health and economic 
burdens worldwide.1 CVD is becoming the second common cause of death in most 
African countries following infectious disease, estimated to account for 20% of 
total deaths in 2020.2

Anticoagulants are prescribed for the prevention and treatment of deep vein 
thrombosis, pulmonary embolism, atrial fibrillation, myocardial infarction, unstable 
angina, rheumatic heart disease, etc. They decrease the burden of CVD.3,4
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Warfarin acts as an anticoagulant by reducing the synth
esis of functional vitamin K-dependent clotting factors.5 It is 
thought to interfere with clotting factors by inhibiting the C1 
subunit of the vitamin K epoxide reductase.6

Warfarin is underutilized in clinical care as it is related 
to adverse medication events.7,8 Some medications includ
ing clopidogrelor aspirin may increase the risk of bleeding 
complications if co-administered.9 Food supplements that 
are rich in vitamin k such as garlic, ginger, and ginkgo 
have interactions with warfarin.10,11 Inter-individual dif
ferences in medication response, and its narrow therapeu
tic range makes warfarin a problematic medication.10,12,13

Time in therapeutic range (TTR) is commonly used to 
evaluate the quality of warfarin therapy. It is defined as the 
percentage of time the patients INR was within the target 
range.6 There are three different methods for calculating 
TTR; Percent of INRs in the therapeutic range, the cross- 
section of the file’s method, and the Roosendaal linear 
interpolation method.14 Among these, the Roosendaallinear 
interpolated method has become a widely accepted measure 
of the quality of anticoagulation.7

Assessing TTR allows physicians to estimate the suc
cess of warfarin therapy.15 The quality of warfarin therapy 
is good if the average time of the INR in the therapeutic 
range is high and exceeds 65%.16

A time therapeutic range above 65% has been reported 
to be beneficial against stroke and vascular events among 
patients treated with warfarin. On the other hand, TTRs 
values of less than 40% are not associated with any sig
nificant mortality benefit.16–18 On contrary, patients with 
TTR <65% were found to have a 2.6-fold higher risk of 
stroke, 1.5-fold higher risk of major bleeding, and 2.4-fold 
higher risk of all-cause mortality.19

In general, assessing TTR is important to evaluate the 
current standard of anticoagulation.2 Studies addressing 
the quality of anticoagulation in Ethiopia are scarce. This 
study aimed to evaluate the quality of anticoagulation and 
associated factors among patients treated with warfarin at 
the chronic outpatient department of the University of 
Gondar comprehensive and specialized Hospital 
(UoGCSH), North-West Ethiopia.

Methods
Study Area and Period
The study was conducted at the University of Gondar 
comprehensive specialized hospital (UoGCSH) from 
June 1st to July 30th, 2018. The hospital is located in 

Gondar city, North-West of Ethiopia. It is one of the 
tertiary care hospitals in the Amhara regional state, and it 
is offering outpatient, inpatient, and emergency services. 
The hospital provides services for about seven million 
populations in the catchment areas. The hospital has cur
rently about 2000 medical and non-medical staff and has 
more than 598 beds.

Study Design
A retrospective cross-sectional study was conducted on 
adult patients treated with warfarin at UoGCSH North- 
West Ethiopia.

Population
Source population
All adult patients who were treated with warfarin and had 
follow-up at the chronic outpatient department of UoGCSH.

Study Population
All adult patients who were treated with warfarin and had 
attended their follow-up in the chronic outpatient depart
ment of UoGCSH from June 1st, 2016 to May 30th 2018.

Study Variables
Independent Variables

● Age, Sex, Residence, Duration of anticoagulation, 
Number of concomitant medications, presence of 
potentially interacting Medications, presence of co- 
morbidity, and presence of adverse drug event.

Dependent Variables
● Quality of anticoagulation.

Sampling Technique and Sample Size 
Determination
Sampling Technique
All adult patients who attended the chronic outpatient 
department of UoGCSH and received warfarin from 
June 1st, 2016 to May 30th, 2018, and fulfilled the inclu
sion criteria were included.

Inclusion and Exclusion Criteria
Inclusion Criteria

● All adult patients treated with warfarin for more than 
one month and on follow-up between June 1st, 2016 
and May 30th, 2018 at the chronic outpatient depart
ment of UoGCSH.
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Exclusion Criteria
● Patients with less than 2 INR measurements, INR 

value discrepancy between hematology laboratory 
record and chart data were excluded.

Data Collection Process
Patients’ charts were retrieved from the outpatient record 
office based on chart numbers on the chronic outpatient 
log book. Then, laboratory INR records of included charts 
were reviewed from the hematology laboratory office. 
A pre-designed structured data collection format was uti
lized to extract necessary data from patients’ medical files. 
Information on socio-demographics of participants, indica
tions, and duration of warfarin therapy, comorbidities, 
concomitant medications, and international normalized 
ratio values, and the dates of the tests were extracted. 
Trained nurses who were working at the chronic outpatient 
department at the time of the data collection period filled 
the data abstraction form.

Data Quality Assurance
A pre-test was done on 5% of the sample size in another 
tertiary care hospital in Amhara regional state. Data were 
then collected, reviewed, and checked for completeness 
and relevance by the principal investigator each day.

Data Analysis and Interpretation
The extracted data were entered and analyzed by SPSS 
version 20. We used the Roosendaal linear interpolation 
method to calculate the TTR. The %TTR was calculated 
using excel. Those whose INR records out of range and in 
the range were given a %TTR value of 0% and 100% 
respectively. The predictor variables were checked by the 
chi-square test. Those variables that had full filled the 
assumption underwent bivariate analysis, and variables 
with P-value <0.20 were taken and analyzed using multi
variable logistic regression. P-values less than 0.05 with 
95% CI was taken to be statistically significant.

Ethical Consideration
The study was conducted after getting an ethical clearance 
letter from an ethical review committee of the school of 
pharmacy, University of Gondar. Letter of cooperation was 
obtained from the hospital clinical director and head of 
chronic outpatient department offices. Data were collected 
anonymously and kept confidential. This study was con
ducted in accordance with the Declaration of Helsinki.

Operational Definitions
Good quality anticoagulation: The time spent in the ther
apeutic range (TTR) is greater than or equal to 65%.

Poor quality anticoagulation: The time spent in the 
therapeutic range is less than 65%.

Therapeutic: The time they spent in the therapeutic 
range (INR between 2 & 3 and including them).

Subtherapeutic: The time they spent in the sub- 
therapeutic range (INR<2)

Supra therapeutic: The time they spent in suprathera
peutic range (INR>3)

Definition of Terms
Major bleeding: are non-surgical bleedings that result in 
death, are life-threatening, cause chronic sequelae or con
sume major health care resources. All non-major bleeds 
will be considered minor bleedings.

Thromboembolism: Formation in a blood vessel of 
a clot (thrombus) that breaks loose and is carried by the 
blood stream to plug another vessel.

Results
Socio-Demographic and Clinical 
Characteristics of Participants
A total of 202 patients’ charts fulfilled the inclusion cri
teria and hence studied. Slightly higher than two-third of 
the studied subjects (134, (67.3%)) were females. Most of 
the participants (140, (69.3%)) had taken warfarin for less 
than one-year duration. Hundred and twenty-six (62.67%) 
patients had co-morbid conditions; heart failure (45 
(22.3%)), hyperthyroidism (23, (11.4%)), and hyperten
sion (20 (9.9%)) being the three most frequent co- 
morbidities (see Table 1).

Clinical Outcomes of Participants
Participants’ mean time spent during their anticoagulation 
therapy was 41% in the therapeutic range, 42% of their 
time in the sub-therapeutic range, and 17% of their time in 
the supra-therapeutic range. Twenty-seven patients experi
enced adverse medication events; 9 patients (4.5%) had 
bleeding events, 15 patients (7.4%) had thromboembolic 
events, and 3 (1.5%) had emergency hospital visits (see 
Table 2).

Warfarin Indications
Warfarin was prescribed for treatment ofthe 
following diseases: Atrial fibrillation (131, (39.8%)), 
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valvular heart diseases (127, (38.6%)), deep venous 
thrombosis (49 (14.9%)), and Pulmonary embolism 
(PE) (22, (6.7%))

Number of Concomitant Medications
Most study participants (178 (88.1%)) had at least one 
medication besides warfarin. The mean number of conco
mitant medications was 2.08 (SD ± 1.4), and 53.5% of 
participants had more than four medications (Table 3). 
A total of 703 INR measurements were analyzed. The 
mean INR measurement frequency per patient was 3.48 
±1.26 SD. The median time-frequency of INR measure
ment was 20.875 days IQR (25–16.27). The median time 
spent in the therapeutic range was 37.91 with an IQR of 
(0.00–65.86)

Associated Factor for Quality of 
Anticoagulation
Determinants of poor quality of anticoagulation on multi
variable logistic regression analysis were potential medi
cation interaction (p= 0.003; AOR with 95% CI = 0.32 
(0.15–0.69)) and presence of co-morbidity condition (p= 
0.037; AOR with 95% CI = 0.70 (1.05–4.11)) (see 
Table 4).

Discussion
The current study revealed that warfarin prescription for 
more than two-thirds (70.8%) of participants was of poor 
quality. The mean time spent in the therapeutic range is 
41%. This figure is lower compared to the report from 
South Africa (48.5%) 13, USA (56.7%) 27, Spain (63.8%) 
26, Iran (54.9%) 18, Portugal (60.3%) 19, Sweden (77%) 

Table 1 Socio-Demographic and Clinical Characteristics of 
Participants at UoGCSH from June 2016 to June 2018 (n=202)

Patient Characteristics Frequency (%)

Age

18–30years 65 (32.2)

31–45 years 44 (21.8)
46–60years 58 (28.7)

Above 60years 35 (17.3)

Mean age ± SD 44.33 years ±17.05

Sex
Female 134 (66.3)

Male 68 (33.7)

Residence

Urban 141 (69.8)

Rural 61 (30.2)

Duration of anticoagulation

1–3 month 45 (22.3)
4–12month 95 (47)

>12 month 62 (30.7)

Co morbidities

Congestive heart failure 45 (22.3)

Hypertension 20 (9.9)
Hyperthyroidism 23 (11.4)

Diabetes 18 (8.9)

HIV/AIDS 9 (4.5)
Ischemic heart disease. 4 (2)

Epilepsy 6 (3)

0steomyletis 2 (1)
Others* 8 (4)

Quality of anticoagulation
Good quality (TTR>65%) 59 (29.2)

Poor quality (TTR<65%) 143 (70.8)

Notes: *Asthma 1 (0.5%), chronic pulmonary obstructive disease1 (0.5%), chronic 
liver disease1 (0.5%), chronic kidney disease1 (0.5%), pneumonia1 (0.5%), rheuma
toid heart disease 1 (0.5%), chronic disease 1(0.5%), peripheral arthritis 1 (0.5).

Table 2 Clinical Outcome of Patients on Warfarin in COPD at UoGCSH from June 2016 to June 30th 2018 (N= 202)

Age Classification Clinical Outcome Total

Thromboembolism Emergency Department Visit Bleeding

18–30 years 7 2 0 9

31–45 years 3 0 3 6
46–60 years 4 0 4 8

Above 60 years 1 1 2 4

Total 15 3 9 27

Percentage of TTR ≥65% good quality 4 0 2
<65% poor quality 11 3 7

Sex Male 6 1 1
Female 9 2 8
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21, Finland and Australia%28. The reason behind this 
difference may be their standard of care is much better 
than the current setting.20–22

In the current study, participants spent more than half 
of the time (59%) out of the therapeutic range. They spent 

the majority of their time (42%) in the sub-therapeutic 
range. Time spent in the therapeutics range of patients is 
related to mortality benefit. More than half of study parti
cipants had a TTR of less than 40%. Therefore; they may 
not get mortality benefits from warfarin treatment. This is 
evidenced by a meta-analysis done by Mearns ES et al 
which showed patients having %TTR less than 40% do not 
have mortality benefit.20

The current study showed that male participants had 
a better quality of anticoagulation compared to their 
female counterparts. This finding is supported by findings 
from Sweden and South Africa which reported males to 
have better coagulation outcomes than females. Their food 
habit of eating more green vegetables which have high Vit 
K was indicated as the reason behind the vulnerability of 
females for poor coagulation.12

Table 3 Frequency and Number of Concomitant Medications 
Among Patients on Warfarin COPD at UoGCSH from June 2016 
to June 2018 (N=202)

Number of Concomitant Medication Frequency Percent

0 24 11.9

1 11 5.4
2 27 13.4

3 32 15.8

>4 108 53.5
Total 202 100.0

Table 4 Predictors of Quality of Anticoagulation Among Patients Treated with Warfarin at UoGCSH from June 2016 to June 2018 
(N=202)

Variables Quality of 
Anticoagulation

Crude Odds 
Ratio

P-value 
95% CI

Adjusted Odds 
Ratio

P-value 
95% CI

Poor 
<65%

Good 
≥65%

Patients gender

Female 97 37 0.80 (0.42–1.50) 0.484
Male 46 22 1

Presence of co-morbidity
Yes 73 41 0.46 (0.24–0.87) 0.017* 0.48 (0.24–0.96) 0.037**

No 70 18 1

Residence

Urban 98 43 0.81 (0.41–1.59) 0.541
Rural 45 16 1

Number of medications
0 17 7 1

1 9 2 0.98 (0.37–2.59) 0.964

2 19 8 1.81 (0.37–8.87) 0.463
3 21 11 0.60 (0.38–2.41) 0.924

≥4 77 31 0.77 (0.33–1.78) 0.539

Age of patients

18–30 years 53 12 1

30–45years 29 15 2.30 (0.90–5.89) 0.081* 1.67 (0.62–4.50) 0.310
46–60 years 38 20 1.01 (0.40–2.57) 0.986* 1.01 (0.38–2.67) 0.981

>60 years 23 12 0.99 (0.41–2.40) 0.985* 1.00 (0.40–2.50) 0.998

Presence of potentially interacting medication 

with warfarin

Yes 60 11 3.15 (1.51–6.58) 0.002* 3.09 (1.45–6.59) 0.003**
No 83 48 1

Notes: *p<0.20. **P<0.05.
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The current study revealed the presence of co- 
morbidity to be a predictor of poor quality of anticoagula
tion (p= 0.037), AOR=0.70 (1.05–4.11) which means 
29.8% less chance of getting a good quality of anti- 
coagulation than patients without the co-morbid condition. 
This is in line with the report from Israel,23 and Saudi 
Arabia.24 The study reported by Melamed et al and Khan 
et al also showed that poor quality of anticoagulation had 
been associated with populations affected by co 
morbidities.23,24

More than fifty percent of our patients had greater than 
four medications co-prescribed with warfarin. A study 
done in Iran by Farsad et al identified that the number of 
medications more than four has significant predictors of 
poor quality of anticoagulation this may be due to poor 
adherence.15

The current study also revealed that participants who 
have been prescribed warfarin with another medication(s) 
with the known potential of interaction with warfarin were 
found to have 67.6% less chance of good quality of anti- 
coagulation (p=0.003), AOR =0.32 (0.15–0.69). This find
ing is supported by reports from Canada which showed 
that patients who had taken warfarin with interacting med
ications had spent less time in the therapeutic range com
pared with those without concomitant medications.25 

There are pieces of evidence that the medications com
monly co-prescribed in the current study participants 
including digoxin, Aspirin, and NSAIDs have pharmaco
dynamic interaction with warfarin leading to poor quality 
of anticoagulation. A case report from Britania stated that 
loss of warfarin anticoagulation effect with prolonged INR 
> 10 was recorded on a patient who was on warfarin and 
digoxin.26

In this study, thromboembolic events were the most 
prevalent clinical outcome followed by bleeding events. 
This is in line with the report from the United States of 
America.20 The reason why the thromboembolic event was 
more prevalent in our study might be because the current 
study participants spent most of their time in the sub- 
therapeutic range.

Limitations of the Study
The study design was retrospective crossectional. Due to 
incompleteness of data, variables that may potentially 
affect the quality of anti-coagulation including, educa
tional status, income, diet, use of over-the-counter medica
tions, adherence, and others were not studied. In addition, 
patients might seek health service in other hospital or 

clinic and had other co-morbid conditions and medications 
that were not recorded. Otherwise, the study tried to show 
the quality of anticoagulation in resource limited settings.
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Background and Objectives: Immune thrombocytopenia (ITP) is one of the autoim
mune diseases that presented by thrombocytopenia and increased risk of bleeding. 
Etiology of immune thrombocytopenia (ITP) is very complex. Lymphocyte function 
associated antigen-1 (LFA-1) plays important role in ITP. The aim of this study was 
evaluation of expression of CD11a on lymphocytes to explore its possible role in 
primary ITP patients also, regarding severity and response to immunosuppressive 
treatment.
Patients and Methods: This is a cross-sectional case-control study. Forty adult patients aged 
(18:58) years, 29 females and 11 males were enrolled as newly diagnosed primary ITP. Forty age 
and sex matched control subjects were randomly selected. The expression of CD11a on lym
phocyte subpopulations (CD3+ T cells, CD3+CD4+ T cells and CD19+ B cells) was analyzed by 
flowcytometry at the start of the study and after 6 months of follow-up.
Results: The mean fluorescence intensity (MFI) of CD11a on CD3+ T and CD19+ B lymphocytes 
was significantly highly increased in ITP patients compared to healthy controls while MFI of 
CD11a on CD3+ CD4+Tclls was non-significant. MFI of CD11a on CD3+ and CD19+ B 
lymphocytes showed non-significant elevation with platelet count or bleeding score. MFI of 
CD11a on CD3+ showed significant highly increased level in refractory ITP compared with 
responder cases.
Conclusion: CD11a had possible role in the pathogenesis of ITP. Immunosuppressive 
therapy in ITP did not affect the level of CD11a expression on T and B lymphocytes. 
Levels of CD11a do not reflect the severity of ITP neither platelet count nor bleeding 
score. Increased MFI of CD11a in CD3+T lymphocytes of ITP patients may cause resistance 
to immunosuppressive therapy.
Keywords: Primary immune thrombocytopenia, immunosuppressive therapy, LFA-1, 
CD11a, B cells, T cells

Background
Immune thrombocytopenia (ITP) is an autoimmune disease characterized by throm
bocytopenia with or without mucocutaneous bleeding.1 Antibody coated platelets in 
ITP, are destroyed by macrophages of the reticuloendothelial-system.2

Auto reactive B lymphocytes producing antiplatelet antibodies are the main etiology 
of ITP. Autoantibodies were not found in 30–40% of ITP patients. The antiplatelet 
autoantibodies are under the control of T cells. Although there are multiple drugs used 
in the treatment of ITP, still there are many refractory cases even after splenectomy, so 
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there is a need to understand more about the pathogenesis of 
ITP to find other lines of treatment.3

Immune thrombocytopenia (ITP) is a significant clin
ical problem due to chronicity, treatment cost, occurrence 
mainly in, young, and relatively poorer quality of life than 
in people with other chronic diseases such as hypertension, 
arthritis, and cancer subjects.4 Most of the current thera
peutic agents for ITP do not solve the fundamental pro
blems that are responsible for the beginning and 
progression of the autoimmune process. Treatment strat
egy for ITP has focused on improving platelet life (either 
by immunosuppressive treatment or splenectomy) and 
increase platelet production.5

Abnormalities in the regulation of the immune system 
play an important role in the initiation and perpetuation of 
ITP.6

Lymphocyte function associated antigen-1 (LFA-1) is 
belonging to the integrin family and consists of alpha 
chain CD11a and beta chain CD18 dimers, and expressed 
on the surface of T lymphocytes, B lymphocytes, macro
phages, neutrophils, and monocytes. Its major ligand, 
intercellular adhesion molecule-1 (ICAM-1) is belonging 
to the immunoglobulin superfamily, on the surface of 
antigen-presenting cells (APCs).7

The combination of LFA-1 and ICAM-1 provide a 
coordinated signal and initiates lymphocyte activation, 
proliferation, and differentiation. Interaction of T cells 
with antigen-presenting cells (APCs), LFA-1, and ICAM- 
1 participate in the formation of immunological synapse 
that promotes T cell proliferation and cytotoxicity.8

LFA-1 is similar to receptors such as CD4 and CD8. 
Disruption of LFA-1 activity strongly affects immune 
stability.9 CD11a is important for the generation of lym
phoid progenitors in the BM that is essential to normal 
lymphocyte development.10

Patients and Methods
The current study is a cross-sectional case-control study 
conducted at Assiut University Hospital, Assiut, Egypt, 
from December 2017 to October 2019. Research Ethics 
Medical Review Board of Assiut University has approved 
the protocol (number 17200350). This study was con
ducted in accordance with the Declaration of Helsinki. 
An informed written consent was obtained from all sub
jects who participated in the study.

Forty newly diagnosed primary ITP patients aged 18:58 
years (29 females and 11 males) attended the Clinical 
Hematology unit of Internal Medicine Department, Assiut 

University Hospital, Assiut, Egypt were enrolled in the 
study. Diagnosis was done according to American Society 
of Hematology (ASH) guidelines.11,12

Exclusion criteria including:
1- Secondary cause of ITP as systemic lupus erythe

matous (SLE), viral infections (HIV, hepatitis B or C 
infections)

2-Underlying medical diseases that may cause throm
bocytopenia as malignancy, megaloblastic anemia, aplastic 
anemia, lymphoproliferative disorders, liver disease, renal 
impairment, or pregnancy.

3-Organomegally and/or lymphadenopathy.
All patients in the study had full history taking, clinical 

examination, and assessment of bleeding according to ITP 
bleeding score (IBLS). All investigation for exclusions of 
secondary thrombocytopenia or other autoimmune dis
eases were done including rheumatoid factor, ANA and 
anti-double stranded DNA antibodies, Hepatitis B &C, and 
HIV markers, liver function test, renal function, CMV IgM 
& IgG, and Monospot test for infectious mononucleosis.

Expression of CD11a on lymphocyte subpopulations 
(CD3+ T cells, CD3+CD4+ T cells, and CD19+ B cells) 
were analyzed by flow cytometry at time of diagnosis.

Forty (age and sex matched) control subjects were 
randomly selected; they had no evidence of bleeding or 
autoimmune diseases. Females included in control group 
are non-pregnant. Informed consents were taken from all 
subjects.

All studied patients received initial treatment, dexa
methasone 40 mg/day for 4 days.12

During follow-up 8 patients showed insufficient eleva
tion of platelet count and moderate bleeding continued 
after 4 weeks, we added Azathioprine (150 mg/day).

Five patients using rituximab (375 mg/m2 administered 
once weekly) with stopping steroid due to intolerable side 
effects after 9 weeks of using steroid including stress 
hyperglycemia and uncontrollable elevated blood pressure. 
One patient received cyclosporine (3–5 mg/kg/day) after 
stopping steroid due to patient preference.

After 6 months all patients re-evaluated to detect 
response to therapy. The responders to treatment will 
comprise subjects with complete response (CR) or 
response (R). A platelet count of ≥100×109/L was inter
preted as a complete response (CR), while response (R) 
was interpreted when platelets ranging from 30×109/L to 
less than 100×109/L with the duplication of the pretreat
ment platelet count.13
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Second estimation for The expression of CD11a on 
lymphocyte subpopulations (CD3+ T cells, CD3+CD4+ 
T cells, and CD19+ B cells) were analyzed by flow cyto
metry in patients how showed response to immunosup
pressive therapy.

Flow Cytometry Analysis
The whole peripheral blood samples (anticoagulated with 
EDTA) were stained with the following antibodies; 
Fluorescein isothiocyanate FITC (Exbio) conjugated anti- 
CD11a, CD3 V450, CD19 APC and CD4 PerCP Cy5.5 (B. 
D bioscience). A minimum of 10,000 events were acquired 
and analyzed by BD FACS Canto system (BD, San jose, 
CA). Appropriate isotype-matched controls were included 
in the experiments to identify positive populations. Data 
were analyzed with FASCDIVA software. The B (CD19+) 
and T (CD3+) lymphocytes were gated, expression of 
CD11a was detected on B and T-lymphocytes, total 
T-lymphocytes CD3+CD4+ (T-helper) cells were gated 
and expression of CD11a on them was detected before 
treatment (Figure 1) and after 6 months follow-up in 
those respond to treatment (Figure 2).

Statistical Analysis
Data were analyzed by version 24 of SPSS software 
(Chicago, IL, USA). The Shapiro–Wilk test for continuous 
variables was used as a measure of normality. Mean ± 
standard deviation (SD) was used to express parametric 
variables, independent t-test was used to compare means 
of level of CD11a between patients and control and also 
used to compare means between patients who respond and 
who did not respond to immunosuppressive therapy while 
paired t-test was used to compare means of level of CD11a 
in patients who respond (before and after treatment) and 
Pearson’s correlation coefficients were calculated to 
explore associations between level of CD11a in patients 
and severity of disease at presentation according to platelet 
count and IBLS (ITP bleeding score). P value < 0.05 was 
considered significant.

Results
Ages of included patients ranged from 18 to 58 years with 
a mean ±SD = 31.70 ± 10.96 years. Female patients were 
29 (72.5%) and 11 patients (27.5%) were males.

The platelet count of patients at presentation was 2 
×109/L: 30 ×109/L. All patients showed skin bleeding 
(purpura and ecchymosis), 2 patients (5%) were presented 
by skin bleeding only while 4 patients (10%) were 

presented by skin and nasal bleeding (epistaxis) and 2 
patients (5%) were presented by skin, nasal and oral bleed
ing. Vaginal bleeding was the main presentation, in 20 
patients (50% of all patients (68.96% of female patients)) 
and was associated with other types of bleeding. Vaginal 
bleeding was associated with skin bleeding in 11 patients 
(27.5%) and was associated with skin and oral bleeding in 
4 patients (10%) while associated with skin and nasal 
bleeding in 5 patients (12.5%). Urinary bleeding asso
ciated with skin bleeding in 1 (2.5%) patient and asso
ciated with skin and oral bleeding in 2 patients (5%), while 
rectal bleeding was reported in 2 patients (5%)(Figure 3). 
The severity of bleeding was variable and presented by 
ITP bleeding score ranged between 2 and 11.

All patients in the study received immunosuppressive 
therapy which included steroid alone (26 patients 65%), 
steroid + azathioprine (8 patients 20%), rituximab after 
stopping steroid (5 patients 12.5%) and cyclosporine (1 
patient 2.5%).

Follow-up after 6 months we reported that thirty 
patients respond to immunosuppressive therapy (75%) 
while 10 patients (25%) were refractory for treatment. 
The platelets count follow-up after 6 months in patients 
responding to treatment was 190.50 ±59.19×1109/L. While 
platelets count before treatment was 15.46 ± 8.17×1109/L 
with highly significant (p value= 0.000). Platelets count 
before treatment in Patients non-responder to treatment 
was 19.30± 7.81×1109/L. While, it was 28.88 
±8.94×1109/L after treatment with significant (p value= 
0.02) (Table 1).

Forty healthy control were included in the study, their 
ages were ranged between 18 and 51 years old with a 
mean ± SD =33.92 ± 10.30, Females control were 30 
(75%) and none of them were pregnant at the time of the 
study. Males control were 10 (25%) All control had nor
mal platelet count ranged from 150 to 387 ×1109/L.

The mean fluorescence intensity (MFI) of CD11a was 
detected by flowcytometry in T-lymphocytes (CD3+ cells), 
T helper (CD3+CD4+ cells), and B-lymphocytes (CD19+) 
in patients and control (Table 2). There was a statistically 
highly significant difference between cases and control in 
MFI of CD11a in CD3+ cells (MFI in patients 70.15 
+23.88 while in control 46.85 + 17.50) with more expres
sion in patients than control. Also, there was a statistically 
highly significant difference between cases and control in 
MFI of CD11a in CD19+ cells (MFI in patients 65.20 
±32.36 while in control 44.54 ±21.02 with p value= 
0.001) with more expression in patients than control. 
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Figure 1 The expression of CD11a on lymphocyte subsets in ITP patient before treatment. (A) Lymphocytes were gated by flow cytometry (P1). (B) CD3+ cells gated by 
flow cytometry (P2). (B*) MFI of CD11a gated on CD3+ cells (P3). (C) Expression of CD11a on CD3+CD4+ T cells (P6). (C*) MFI of CD11a gated on CD3+CD4+ T cells 
(P7). (D) Expression of CD11a on CD19+ cells (P4). (D*) MFI of CD11a gated on CD19+ cells (P5).
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Figure 2 The expression of CD11a on lymphocyte subsets after 6 months follow-up in ITP patient whose response to treatment. (A) Lymphocytes were gated by flow 
cytometry (P1). (B) CD3+ cells gated by flow cytometry (P2). (B*) MFI of CD11a gated on CD3+ cells (P3). (C) Expression of CD11a on CD3+CD4+ T cells (P6). (C*) MFI 
of CD11a gated on CD3+CD4+ T cells (P7). (D) Expression of CD11a on CD19+ cells (P4). (D*) MFI of CD11a gated on CD19+ cells (P5).
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There was no significant difference in the MFI of CD11a 
in CD3+CD4+ cells between patients and control (78.56 
±34.04 and 70.13 +22.45, respectively) with p -value 
= 0.19.

At presentation, no significant correlation between MFI 
of CD11a in CD3+ cells with platelet count (p value = 
0.61, r=0.07) or with bleeding score (p =0.79, r=0.02). 
Also there was no significant correlation between MFI of 

CD11a in CD19+ cells with platelet count (p value = 0.54, 
r=17) or with bleeding score (p = 0.71, r=0.04) (Table 3).

All patients in the study received immunosuppressive 
therapy and after follow-up for 6 months we found that 30 
patients respond to immunosuppressive therapy (75%) 
while 10 patients (25%) were refractory for treatment.

There was no statistically significant difference in the 
MFI of CD11a in CD19+ cells between patients who 
responded and not responded to immunosuppressive ther
apy (p=0.50) while there was a highly significant differ
ence in MFI of CD11a in CD3+ cells between patients 
who responded and not responded to therapy (p=0.000) 
with higher MFI in patients who did not respond to immu
nosuppressive therapy (Table 4).

There was no significant difference in the MFI of 
CD11a in CD19+ and CD3+ cells between patients before 
and after response to treatment with p- value = 0.16 and 
0.19, respectively (Table 5).

Discussion
In this study 40 patients diagnosed as primary ITP were 
included after exclusion of secondary causes for 

Figure 3 Pattern of bleeding in ITP patients at presentation.

Table 1 Platelet Count Changes Before and After Treatment

Group Platelet Count Before Treatment 
Mean + SD

Platelet Count After 6 Month of Treatment 
Mean + SD

P value

Responders 15.46 + 8.17 190.50 + 59.19 0.000***

Non-responders 19.30 + 7.81 28.88 + 8.94 0.02**

P value 0.2* 0.000***

Notes: *Non-significant. **Significant. ***Highly significant.

Table 2 Difference Between Mean of CD11a Level in Patients and Control

Case Mean + SD Control Mean + SD Significant (2-Tailed)

CD 11a MFI in CD3+ cells 70.15± 23.88 46.85 ± 17.50 0.000***

CD 11a MFI in CD19+ cells 65.20 ± 32.36 44.54± 21.02 0.001***

CD 11a MFI in CD3+CD4+ cells 78.56 ± 34.04 70.13 ± 22.45 0.19*

Notes: *Non-significant (P value > 0.05). ***Highly significant (P value < 0.005).

Table 3 Correlation of CD11a with Platelet Count and Bleeding Score

Correlation PLT Count Bleeding Score

CD 11a in CD19+ cells P = 0.54* r=0. 17 P = 0.71* r=0.04

CD 11a in CD3+ cells P = 0.61* r=0.07 P = 0.79* r=0.02

Note: *Non-significant (P value > 0.05).
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thrombocytopenia. Most of the patients were females. 
Other studies showed that ITP is more common in 
females.14,15

The bleeding pattern of patients in this study was 
bleeding from different body orifices and skin but without 
dangerous bleeding, this confirming that ITP is rarely 
associated with life-threatening bleeding events as stated 
by Michel and his colleagues.16

The results of the present study provide insight into the 
possible role of (LFA-1) that represented by CD11a in the 
pathogenesis of ITP by comparing its MFI on T and B 
lymphocytes and T-helper cells between newly diagnosed 
ITP patients and healthy control and results showed that 
there was high statistically significant difference between 
cases and control in the MFI of CD11a in T-cells (CD3+ 
cells) (p value=0.000) with more expression in patients 
than control confirming LFA-1 plays an important role 
on T cell activation and increased CD11a expression on 
T cells may induce auto reactivity in ITP. Also there was a 
highly significant difference in the level of CD11a in 
CD19+ cells (p value= 0.001) with more expression in 
patients than control so we suspected that increase expres
sion of CD11a on CD19+ cells in ITP could result in 
sufficient B cell stimulatory signals that lead to activation 
of B cells to produce autoantibodies. Results of this study 
were confirming the theory of Carrasco and his colleagues, 
that LFA-1/ICAMs interaction leads to biochemical sig
nals for T-cell-dependent B cell activation and antibody 
production and decreases the threshold of B cell activation 
caused by facilitating B cell adhesion and synapse 
formation.17

Results of this study were agreed with the study of Sela 
who detect an important role of LFA-1/ICAMs interaction 
in the pathogenesis of SLE. Using LFA-1 monoclonal 
antibodies in lupus mice reduce the production of auto
antibodies; reduce the development of autoimmune reac
tion, and the symptoms of lupus nephritis improved.18

In the current study, there was no significant difference 
between MFI of CD11a on T-helper lymphocytes (CD3 
+CD4+ cells) and this may indicate that T-helper may have 
no role in the pathogenesis of ITP. There was no signifi
cant correlation between level of CD11a in CD3+ and 
CD19+ and platelet count and bleeding score so the 
CD11a expressions on B and T lymphocyte were not 
correlated with the platelet counts or bleeding score in 
ITP, indicating that the expression levels of CD11a on 
lymphocyte cells can not reflect the severity of the disease. 
These previous results agreed with the result Chinese 
study by Liu.19

Patients with primary ITP in this study received immu
nosuppressive therapy including, steroid, azathioprine, 
rituximab, and cyclosporine according to the international 
consensus report and evidence-based practice guideline by 
the American Society of Hematology, the standard therapy 
for primary ITP includes corticosteroids as the first-line 
agent.20

Follow-up after 6months, response achieved in 30 
patients while the other 10 patients were refractory to 
immunosuppressive therapy and need other lines of treat
ment. Comparing means of level of CD11a in CD3+ and 
CD19+ cells between patients according to response to 
immunosuppressive therapy showed no significant 

Table 4 Response of Patients to Immunosuppressive Therapy

N CD 11a in CD3+ Cells CD 11a in CD19+ Cells

Refractory 10 (25%) 79.47 ± 18.25 71.33 ± 32.53

Response 30 (75%) 42.18 ±15.43 63.16 ± 32.60

P value 0.000** 0.50*

Notes: *Non-significant (P value > 0.05). **Highly significant (P value <0.005).

Table 5 Difference Between Level of CD11a Before and After Treatment in Patients Who Respond to Treatment

Group CD 11a in CD3+ Cells Mean + SD CD 11a in CD19+ Cells Mean + SD

Before treatment 79.47 ± 18.25 63.16 ± 32.60

After treatment 69.44 ± 24.55 43.59 ± 21.26

P value 0.19* 0.16*

Note: *Non-significant (P value > 0.05).
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difference between responders and refractory patients in 
the MFI of CD11a in CD19+ cells while there was a 
highly significant difference in expression of CD11a in 
CD3+ cells between patients with more expression in 
patients who could not achieve response to immunosup
pressive therapy, this reflect that excessive expression of 
CD11a in T-lymphocytes can increase the possibility of 
resistance to immunosuppressive therapy so, the level of 
CD11a in T-lymphocytes in ITP patients can be used to 
expect a response to treatment. Within responders to treat
ment, comparing means of level of CD11a in CD3+ and 
CD19+ cells before and after response to immunosuppres
sive therapy showed no significant difference which indi
cates that immunosuppressive therapy did not affect LFA- 
1/ICAM-1 pathway and using LFA-1 monoclonal antibo
dies may provide different mechanism for controlling ITP. 
A study by Sela showed that using LFA-1 monoclonal 
antibodies in lupus mice leading to decrease the produc
tion of autoantibodies and stopping the development of 
autoimmune reaction, and the symptoms of lupus nephritis 
resolved.18 A study by Stephen and his colleagues detected 
the possible role of LFA-1/ICAM-1 interaction in the 
pathophysiology of dry eye disease (DED) as one of the 
autoimmune diseases. LFA-1/ICAM-1 interaction is a 
rational therapeutic target in DED. Inhibition of LFA-1/ 
ICAM-1 interaction represents a rational targeted approach 
in treating DED.21

Conclusions
LFA-1 and ICAM-1 play a role in the pathogenesis of ITP. 
Immunosuppressive therapy in ITP did not affect the level 
of CD11a expression on T and B lymphocytes. Levels of 
CD11a do not reflect the severity of ITP neither platelet 
count nor bleeding score. Increased MFI of CD11a in CD3 
+T-lymphocytes of ITP patients may cause resistance to 
immunosuppressive therapy.
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Abstract: Joint health is a key contributor to quality of life in patients with hemophilia. 
However, variables that impact long-term joint outcomes have not been comprehensively 
defined. A systematic literature search identified publications relating to joint health in 
patients with hemophilia. Studies clearly show that early, sustained prophylaxis with factor 
replacements improves long-term joint outcomes. However, a subset of patients appear to 
develop arthropathy despite maintaining excellent bleeding outcomes, which suggests pos
sible recurrent asymptomatic bleeding into the joints in these patients. Furthermore, limited 
data are available on how long-acting factor VIII and factor IX replacement therapies could 
impact long-term joint outcomes. Many variables were identified as potential indicators that 
a patient may develop hemophilic arthropathy, including genetic mutations, endogenous 
factor VIII and IX levels, bone health, and physical activity levels. Tools for the diagnosis 
and monitoring of hemophilic arthropathy are critical to detect early joint damage, so that 
management can be adjusted accordingly. Imaging techniques, particularly magnetic reso
nance imaging, can detect synovial changes, a strong predictor for the future development of 
hemophilic arthropathy. In addition, several biomarkers associated with cartilage and bone 
formation, vascularization, and angiogenesis could potentially identify the onset and pro
gression of early joint damage. Since the development of hemophilic arthropathy is complex, 
a comprehensive therapeutic approach is necessary for the effective prevention of arthro
pathy in patients with hemophilia. 
Keywords: hemophilia, asymptomatic bleeding, joint disease, hemarthrosis, hemophilic 
arthropathy, hemarthropathy

Introduction
Joint bleeds can lead to inflammation and destruction of the joint, which ultimately 
results in arthropathy, a significant morbidity in patients with hemophilia. Recurrent 
hemarthrosis results in the accumulation of hemosiderin, synovial inflammatory 
changes, cartilage degradation and, in late stages, joint destruction.1,2 Hemophilic 
arthropathy is associated with increased pain, loss of employment, school absentee
ism, and a reduction in physical wellbeing and quality of life.3–7

Effective prevention of joint deterioration is limited by the relatively limited 
knowledge of the pathogenesis of hemophilic arthropathy.1 In addition, although 
commonly associated with severe disease, it is not currently possible to accurately 
predict which patients will develop hemophilic arthropathy as patients may develop 
arthropathy with few or no joint bleeds.8–12 In patients with established joint 
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damage, joint deterioration often progresses even if few or 
no further joint bleeds occur.13 These observations suggest 
the occurrence of bleeding that is not detected by the 
patients, and this recurrent asymptomatic joint bleeding 
might contribute to the development of hemophilic 
arthropathy.9,11,13

Early prophylaxis with factor replacement concentrates 
can prevent joint bleeding, and thus the development of 
arthropathy.12,14 Furthermore, identifying the variables 
that influence the progression of hemophilic arthropathy, 
including asymptomatic joint bleeding, may highlight 
modifiable aspects that could aid patients, or help to iden
tify patients who may benefit from more intensive therapy 
in the future. Here, we firstly present the findings from 
a systematic literature review to identify variables that 
influence joint deterioration in patients with hemophilia. 
Secondly, we discuss methods to help identify patients 
with hemophilia who are at risk of joint deterioration and 
we consider the impact of long-acting factor replacement 
therapies on joint outcomes. We also consider which bio
markers may be associated with bone health in these 
patients. Lastly, we consider future research and practice 
directions for the prevention of arthropathy in patients 
with hemophilia.

Joint Outcomes in Hemophilia: 
A Systematic Literature Review
Methods
A systematic literature search was conducted in both 
EMBASE and PubMed, according to PRISMA 
guidelines,15 on November 2018 and updated in 
July 2020 to identify variables that could influence the 
development of arthropathy, as assessed by joint scores, 
in patients with hemophilia. Search terms were designed to 
select publications according to the patient population, 
treatment administered, and outcomes reported. The search 
was limited to articles published in English, with no spe
cified date range for PubMed and 1947 to present for 
EMBASE.

The following search term was used: Hemophilia AND 
(Magnetic Resonance Imaging OR Diagnostic imaging OR 
Ultrasonography OR Radiography OR Arthroscopy OR 
Synovectomy OR Arthralgia OR Hemarthrosis OR syno
vitis OR Synovial Fluid OR Synovial Membrane OR 
Hyperalgesia OR Brain Infarction OR Cerebral 
Hemorrhage OR Subclinical OR Silent OR Cartilage OR 
Hemochromatosis OR Iron OR Joint OR Articular OR 

Hemosiderin). The search terms were derived from an 
exploded MeSH term analysis that identified related terms.

All publications retrieved by this search strategy were 
individually assessed against pre-defined inclusion and 
exclusion criteria (Table 1). The aim was to identify ori
ginal articles that looked at joint health outcomes assessed 
by joint scores. Publications underwent an initial screen 
based on the title and abstract using these inclusion and 
exclusion criteria. Potentially relevant publications then 
underwent a second screen based on the full text of the 
article. The relevant data from all eligible publications 
were collected and aggregated to allow further analysis.

Results
The initial search identified 5,380 results. Following the initial 
abstract and title screen, 861 articles were identified that met 
the initial screening criteria. The full-text screen identified 256 
publications that measured arthropathy and recorded addi
tional data on patients (Figure 1). Due to the wide variability 
in the outcomes considered, formal study quality assessment 
and meta-analytic evaluation were not performed.

Variables Influencing Joint 
Outcomes
The key variables that may influence joint outcomes high
lighted by the literature search results were disease sever
ity, gene mutations, bone mineral density (BMD), physical 
activity, and prophylaxis with factor replacement 
concentrates.

Table 1 Systematic Literature Review Inclusion and Exclusion 
Criteria

Inclusion Criteria Exclusion Criteria

Original article 

Congenital hemophilia 

Included quantifiable 
information on joint health  

MRI scoring  

HEAD US scoring  
Gilbert  

Pettersson  

ROM  
HJHS/HJHS 2.1  

Arthropathy diagnosis code  

Orthopedic score (WFH)  
Petrini score

Review article or case study 

Duplicate results  

Not in English 

Included joint interventions – such as 

physiotherapy, surgery or 
radiosynovitis 

Non-relevant disease model 

Absence of hemophilia patients

Abbreviations: HEAD US, Hemophilia Early Arthropathy Detection with 
Ultrasound; HJHS, Hemophilia Joint Health Score; MRI, magnetic resonance ima
ging; ROM, range of motion; WFH, World Federation of Hemophilia.
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Disease Severity
Low endogenous FVIII/FIX activity levels (~1 IU/dl, 1% 
of normal) are known to be associated with higher rates of 
arthropathy due to the increased susceptibility to 
bleeding.16–21 Patients with severe hemophilia (<1 IU/dl, 
<1% of normal) are more prone to joint damage than 
patients with mild or moderate hemophilia.17 However, 
patients with moderate (1–5 IU/dl, 1–5% of normal) and 
mild (5–40 IU/dl, 5–40% of normal) hemophilia are still 
susceptible to developing arthropathy.16,20,22,23 Factor 
levels of 1–3 IU/dl are now considered insufficient to 
fully prevent bleeding in all patients with hemophilia.12 

Even though the majority of patients with moderate hemo
philia have fewer joint bleeds than patients with severe 
hemophilia, a subset of these patients (~30% of patients) 
experience bleeding and long-term joint damage.16,22 

Patients with mild hemophilia have a higher likelihood 
of developing chronic arthropathy than the general popu
lation and asymptomatic bleeding has been suggested as 

its potential cause.23 It is also notable that hemophilia 
carriers with factor activity levels >40 IU/dl (40% of 
normal) can experience decreases in joint range of motion 
(ROM) and structural joint changes.18,19,21

Gene Mutations
Several studies have correlated gene mutations with joint 
outcomes in patients with hemophilia (Table 2).24–30 An 
investigation conducted in 14 hemophilia treatment centers 
in the United States found that a total of 613 single nucleo
tide polymorphism (SNP) markers were significantly corre
lated with ROM scores on at least two joint pairs.24 This 
study also identified multiple inflammatory- or immune- 
related genes that were associated with arthropathy; SNPs 
in the NOD2 (associated with musculoskeletal manifesta
tions in inflammatory bowel disease) and TLR10 (role in 
pathogen recognition and activation of innate immunity) 
genes were potentially strongly associated with arthropathy, 
but only a small number of patients carried the variant 

Figure 1 PRISMA systematic literature review flow chart.
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alleles.24 In another study, the underlying factor VIII 
(FVIII) mutation type (missense, nonsense, frameshift, 
intron 22 inversion) was not found to be significantly asso
ciated with joint deterioration in a cohort of hemophilia 
A patients with minimal access to hemostatic treatment.25 

In contrast, a study from India found that severe molecular 
defects of the FVIII or factor IX (FIX) gene were associated 
with disease severity, including poor joint outcomes, as 
patients with inversions, deletions, insertions and nonsense 
mutations had an approximate four-fold increased risk of 
having a severe disease phenotype.26 Additionally, func
tional polymorphisms in the FVIII gene also affect the 

phenotype; for example, patients with an FVII353Q allele 
had an increased risk of a severe phenotype.26 However, 
this study did not identify any significant association with 
inflammatory or immunoregulatory cytokines. Two publica
tions noted that HLA B27 mutations (associated with ser
onegative spondyloarthritis) were correlated with synovitis 
and arthropathy27,28 and another reported that HFE muta
tions (associated with hemochromatosis), resulting in 
reduced iron absorption, contributed to the development of 
arthropathy.29 A small study reported that patients with the 
MTHFR variants MTHFR 677TT or MTHFR 1298AC had 
a higher number of affected joints or a higher degree of 
effusion, respectively, compared to patients with other 
genotypes.30 Furthermore, this study also found a positive 
association between genetic biomarkers related to inflam
mation and number of subchondral cysts.

Prophylaxis
Publications largely agreed that prophylaxis with factor 
replacement therapy reduces the rate of arthropathy devel
opment compared to episodic treatment.8,14,31–38 Several 
publications showed that an early start to prophylaxis 
(before 2–3 years of age) reduces the risk of developing 
arthropathy.33,35,36,39–42 However, it has been reported that 
early prophylaxis is not sufficient to completely prevent 
joint damage.8–10,42 Prophylaxis initiated later in 
a patient’s life has been shown to still provide benefits 
over episodic treatment with lower bleeding rates and 
improved joint health over time.14,34,35 However, no 
reduction in structural arthropathy progression was 
observed, suggesting that pre-existing joint arthropathy 
may be irreversible,14 further emphasizing the importance 
of primary prophylaxis. Continued prophylaxis also 
appears to be important; patients who stopped prophylaxis 
in adulthood showed similar bleeding rates to those on 
prophylaxis but had significantly higher rates of arthropa
thy over time.43,44

Bone Mineral Density and Physical 
Activity
Several studies found that low BMD correlated with 
arthropathy.45–55 It has been suggested that the chronic 
pain associated with arthropathy leads to reduced mobility 
and an avoidance of weight-bearing activity, ultimately 
resulting in decreased BMD.45–53 Overall, studies indi
cated that physical activity did not negatively affect joint 
health and may even improve joint health in patients with 

Table 2 Gene Mutations and Genotypes Associated with Joint 
Health in Patients with Hemophilia

Gene/ 
Genotype

Mutation Type Joint Health

Inflammatory and immune genes

NOD2 Nonsynonymous Increased risk of ROM 

abnormalities24

TLR10 Missense Increased risk of ROM 

abnormalities24

HLA B27 Greater risk of developing 

chronic synovitis27,28

MTHFR 
677TT

Higher number of affected 

joints30

MTHFR 
1298AC

Higher degree of effusion30

TNFα- 
308GA

Increased number of 

subchondral cysts30

Genes encoding coagulation factors

FVIII Missense, nonsense, 

frameshift, intron 22 

inversion

No association with HJHS or 

Gilbert score25

Inversion, deletion, 

insertion, nonsense

Increased risk for a severe 

phenotype (>10 Pettersson 
score)26

FIX Inversion, deletion, 
insertion, nonsense

Increased risk for a severe 
phenotype (>10 Pettersson 

score)26

Gene encoding homeostatic iron regulator protein

HFE C282Y, H63D Increased number of 
hemarthrosis per year and 

number of affected joints29

Abbreviations: HJHS, Hemophilia Joint Health Score; ROM, range of motion.
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hemophilia.56–59 This may be due to improved muscle 
strength, balance and co-ordination seen in patients who 
maintain physical activity.

Identification of Patients with 
Hemophilia at Risk of Joint 
Deterioration
Imaging
Magnetic resonance imaging (MRI) is considered the most 
sensitive measure for joint assessment.13 MRI provides 
detailed joint images and can detect early damage (ie, 
synovial hypertrophy) and soft tissue changes in joints as 
well as bleeds (Table 3).13,60–62 MRI can also identify 
whether bleeds have occurred in a joint by detecting hemo
siderin in the joint.13,60,63,64 However, MRI can be expen
sive, time-consuming and difficult to access, and often 
requires sedation in children.13,60 Ultrasound is less sensi
tive to early joint changes than MRI and is not able to 

discriminate between soft tissue types,60,64 but is 
a cheaper imaging modality, more widely available, and 
easy to access.13,64 Ultrasound can be used to detect syno
vial hypertrophy, and cartilage and bone surface abnormal
ities (Table 3).13,60,61,63,65 In addition, it can also be used to 
rapidly assess multiple joints at once.61 Patients only need 
to remain still for a short timeframe, which can be valuable 
when studying children’s joints, and ultrasound can be 
incorporated into routine check-ups.60,61,63,64 X-rays can 
also be used to assess joint deterioration and have demon
strated a good correlation with ultrasound and physical 
assessments, but low correlation with MRI findings.66–68 

X-rays show only late (ie, osteochondral) joint changes,13 

and when radiographic changes are detected, arthropathy is 
frequently already advanced.13,62,65

Clinical Joint Scores
Physical examination scales such as the Hemophilia Joint 
Health Score (HJHS) have been successfully used to 
assess joint outcomes, without requiring imaging 
techniques.69–72 However, studies have found that the 
HJHS is not as sensitive as MRI or ultrasound, and thus 
assessment methods should be combined to generate 
a more detailed analysis of joints, until more accurate 
methods of assessment and scoring are available.65,67 

Smaller studies have also looked at using thermal imaging 
for inflammation, surface electromyography for muscle 
function and balance analysis for the lower limbs to detect 
early signs of joint deterioration.73–75 These methods are 
not well characterized and are not routinely used for asses
sing joint outcomes.

Importantly, several studies have reported that bleeding 
rates do not or only weakly correlate with other outcomes 
such as MRI or HJHS,8,67,71,76,77 and that joints deemed as 
“normal” according to physical examination or x-ray show 
abnormalities on MRI.65,68,71 Therefore, joints that appear 
normal may be affected by asymptomatic bleeding. MRI is 
highly sensitive and can detect early joint damage, even 
before clinical symptoms manifest, and these MRI changes 
have been shown to strongly predict future development of 
arthropathy.62 However, because MRI is not easily acces
sible, ultrasound may be a good affordable alternative.13 

Imaging techniques used in combination with thorough 
physical examination could provide accurate joint out
comes assessment tools for early diagnosis and subsequent 
monitoring of joint damage. For instance, MRI can be 
used to monitor normal joints in patients with hemophilia, 
including patients with mild hemophilia, in order to detect 

Table 3 Properties of Magnetic Resonance Imaging (MRI) and 
Ultrasound

Properties MRI Ultrasound

Physiology and anatomy
Detection of hemosiderin deposition ✓ ✘
Detection of synovial inflammation ✓ ✓
Detection of synovial hypertrophy and 

hyperplasia

✓ ✓

Detection of soft tissue changes ✓ ✓
Detection of osteochondral changes ✓ ✓
Detection of joint effusions/hemarthrosis ✓ ✓
Detection of cartilage and bone surface 
abnormalities

✓ ✓

Detection of osteopenia ✓ ✓

Methodology

Visualization of internal joint structure and 

soft tissue types

✓ ✘

Detection of different signal intensities ✓ ✘
High spatial resolution ✓ ✘
Not operator-dependent ✓ ✘
Possible to scan multiple joints at once ✘ ✓

Patient perspective
No need for sedation in children ✘ ✓
Fast ✘ ✓

Health care systems

Economical ✘ ✓
Routine use ✘ ✓
Readily available ✘ ✓

Abbreviation: MRI, magnetic resonance imaging.
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early arthropathic changes, which could allow for treat
ment adjustment and potentially prevent further joint dete
rioration, irreversible functional impairment, and future 
need for orthopedic surgery. Similarly, patients with mild 
damage could be monitored by ultrasound and patients 
with established disease could be monitored by joint 
scores and targeted imaging.

Impact of Long-Acting Factor 
Replacement Therapy on Joint 
Outcomes
Prophylaxis with long-acting factor replacement therapies 
in both hemophilia A and B has been associated with 
a reduced number of joint bleeds and resolution of target 
joints during clinical trials.78 Recently, Zanon et al studied 
whether adherence to prophylaxis impacted on joint out
comes (HJHS) and involvement in physical activity.79 The 
study reported a decrease in HJHS and the number of total 
target joints and an increase in physical activity levels in 
patients who had high adherence to prophylaxis compared 
to patients with no or low adherence.79 Since poor adher
ence to prophylaxis might result in worsened joint out
comes, the use of long-acting products may help to avoid 
the low trough levels of FVIII and FIX that put patients at 
higher risk of bleeds (and then lead to joint problems).

The majority of the studies discussed in the systematic 
literature review that specifically investigated joint health 
and prophylaxis used standard-acting products. Recently, 
Malec et al compared joint health (HJHS) in patients with 
severe hemophilia A and B receiving standard-acting and 
long-acting products.80 The study reported no differences 
in mean HJHS for either group of patients receiving stan
dard-acting compared to those receiving long-acting pro
ducts. However, joint health data were collected at a single 
time point, and thus the study did not assess the time of 
switch to long-acting products nor the status of joints over 
time after switching to long-acting products. Further data 
on arthropathy development in patients on long-acting 
products, as well as on patients switching from standard- 
acting to long-acting products, are needed.

Biomarkers and Bone Health in 
Patients with Hemophilia
Recurrent bleeding into the joints causes the synovium to 
hypertrophy in order to clear blood from the joint space, 
the synovium is overwhelmed and iron (hemosiderin) 
accumulates leading to synovial angiogenesis and 

inflammation.1 The synovium produces pro-inflammatory 
cytokines and proteases, and this chronic proliferation of 
inflammatory cells causes the cartilage to breakdown. 
Furthermore, the constant presence of blood in the joint 
leads to bone changes, bone remodeling, loss of BMD and 
osteoporosis.1 Consequently, biomarkers of inflammation, 
and cartilage, bone and synovium changes could provide 
a prospective method to detect and monitor asymptomatic 
joint bleeding as well as early joint damage.

Several studies have identified biomarkers in the blood or 
urine that could be indicative of joint deterioration. Table 4 
provides an overview of these potential biomarkers of bone 
health. Proteins associated with inflammation (CRPM, 
hsCRP), cartilage destruction (C2M, CTX-II, COMP, 
ADAMTS5) and bone turnover (PINP, CTX-I) have been 
detected in hemophilia patients with joint disease.81 Even 
though not all these biomarkers were correlated with radi
ological or physical joint assessments, the combination of 
C2M, CRPM and ADAMTS5 was able to distinguish hemo
philia patients with joint disease from healthy controls with 
high accuracy.81 Another study reported that several biomar
kers of cartilage deterioration (CTX-II, C1,2C, CS-846 and 
COMP) correlated with radiographic joint damage in patients 
with hemophilic arthropathy, but bone biomarkers (CTX-I, 
C1,2C) did not.82 One study found that serum levels of the 
key bone turnover markers sRANKL and OPG were signifi
cantly lower in patients with hemophilia than in healthy 
controls (p<0.05 and p<0.001, respectively), and these had 
an inverse correlation with joint outcomes (MRI and 
ultrasound).83 The levels of serum sclerostin, another key 
regulator of bone formation, were significantly elevated in 
children with hemophilia versus healthy controls (p=0.028) 
and had a positive correlation with joint damage (HJHS); 
elevated levels of serum sclerostin in patients with hemophi
lia might be indicative of a high risk for developing 
osteoporosis.52

In another study, serum levels of the proinflammatory 
cytokine TNF-α were significantly elevated in patients with 
hemophilic arthropathy compared to healthy controls 
(p<0.0001).84 Moreover, TNF-α levels were positively cor
related with the number of joint bleeds, degree of synovial 
hypertrophy, and clinical and ultrasound joint outcomes. The 
authors suggest that TNF-α is involved in the progression of 
hemophilic arthropathy and could be a suitable biomarker to 
detect joint deterioration in patients with hemophilia.84 

However, TNF-α is an acute phase inflammatory marker 
that is elevated in a range of conditions, including rheuma
toid arthritis, and as such is not specific to hemophilic 
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arthropathy.85 Iron accumulation in cartilage is another bio
marker that has been shown to correlate with joint damage 
and progression of hemophilic arthropathy, further it has the 
advantage of being easily detected with MRI T2* 
sequences.86 The development and validation of iron quanti
fication MRI methods could assist in detecting asymptomatic 
joint bleeding, and provide a tool to evaluate and adjust 
treatment in patients with hemophilia.86

Vascularization and angiogenesis have been found to be 
increased in patients with joint damage. One study found that 
proangiogenic factors and proangiogenic macrophage/mono
cyte cells were up-regulated in patients with joint disease and 
expression of VEGFR2/AC133 endothelial progenitor cells 
and CD34/VEGFR1 hematopoietic progenitor cells were 
increased.87 Sera from patients with joint damage induced an 
angiogenic response in endothelial cells, while peripheral 
blood mononuclear cells from these subjects induced synovial 
cell proliferation.87 In another study, microvascular density 
and VEGF expression were significantly increased (p<0.005 
and p=0.02, respectively) in synovial tissue from patients with 
hemophilic arthropathy compared to healthy controls.88

As mentioned above, there is evidence of an associa
tion between hemophilic arthropathy and low BMD. 
Furthermore, it has been shown that FVIII or FIX defi
ciency results in reduced BMD, with a quarter of patients 
with hemophilia having osteoporosis.89 Low vitamin 
D levels have also been associated with decreased BMD, 
physical activity, quality of life and poor joint health.90–92 

These studies suggest that routine assessment of serum 
levels of vitamin D could guide early diagnosis of joint 
damage and treatment in patients with hemophilia, parti
cularly in children. In patients with hemophilia, prevention 
of poor bone health should include primary prophylaxis, 
a diet rich in calcium and vitamin D, physiotherapy, and 
weight-bearing physical activities.52,89–91

Prevention of Arthropathy in 
Patients with Hemophilia: Future 
Directions in Research and Practice
There is robust evidence that prophylaxis with factor 
replacement therapies reduces the number of joint bleeds 

Table 4 Potential Biomarkers of Bone Health

Biomarkers Decreased Levels in Patients with 
Hemophilia vs Healthy Controls

Increased Levels in Patients with 
Hemophilia vs Healthy Controls

Significant 
Correlation with Joint 
Scores

Inflammation CRPM81 hsCRP81 

TNF-α84

TNF-α84

Cartilage 

destruction

ADAMTS581 C2M81 

CTX-II81 

COMP81

CTX-II81,82 

C1,2C82 

CS-84682 

COMP82

Bone turnover PINP81 

sRANKL83 

OPG83

CTX-I81 

Sclerostin52

sRANKL83 

OPG83 

Sclerostin52

Vascularization 
and angiogenesis

Microvascular density88 

VEGF expression87,88 

VEGFA87 

SDF-1α87 

MMP-987 

HIF-1α87 

VEGFR1/CD11b87 

CD34/VEGFR187 

VEGF/CD6887 

VEGFR2/AC13387

Others VitaminD90–92 Iron accumulation in 

cartilage86 

VitaminD90–92
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and rate of arthropathy development; however, the optimal 
trough level to protect patients from joint damage has not 
been determined yet. Furthermore, factor replacement 
alone may not be sufficient to prevent joint damage. 
A recent study by Zhou et al reported that joint bleeding 
events were not associated with time spent below certain 
clotting factor thresholds, and that vascularity changes also 
played a role in joint bleeding.93 Currently, an ongoing 
clinical trial (NCT03358836) is studying whether a long- 
acting FIX product with an intended trough level of >10% 
could provide better joint protection in patients with severe 
hemophilia B than the standard trough of 1% FIX. This 
study will also evaluate the early diagnosis of joint 
damage using ultrasound. The results from this study will 
be important, particularly since recent World Federation of 
Hemophilia guidelines have deemed factor trough levels 
of 1–3% insufficient to fully prevent bleeding in all 
patients with hemophilia.12 However, results are not 
expected until 2027.

As previously discussed, several studies have identified 
potential targets for the prevention and treatment of arthro
pathy in patients with hemophilia, including cartilage iron, 
inflammation, bone remodeling, cartilage regeneration and 
vascular remodeling. Accordingly, a pilot study of the 
safety and efficacy of local anti-VEGF therapy with intra- 
articular bevacizumab (Avastin®) for prevention of recur
rent hemarthroses at target joints is currently ongoing in 
Taiwan in patients with chronic hemophilic synovitis and 
was due for completion in late 2020 (NCT02060305).

Furthermore, it is not yet known what level of joint 
protection emergent non-factor replacement therapies and 
gene therapy may provide. Some of these products are still 
in development and it will be some time until their effects 
on joint health, and prevention and treatment of hemophi
lic arthropathy can be analyzed.

Finally, physiotherapists play a valuable role in asses
sing patients’ joint status and in aiding recovery of func
tion after a joint bleed, but many centers lack a dedicated 
hemophilia physiotherapist. Dedicated hemophilia ‘joint 
assessors’ could play an important role in providing dedi
cated time for thorough physical examination and joint 
scores, and in monitoring the progress of joint deteriora
tion. Currently, home-based physiotherapy programs are 
being evaluated in people with hemophilia as an inexpen
sive accessible intervention with the potential to improve 
joint health.94,95 Individualized home-based exercise pro
grams, with access to online/virtual tools and support from 
physiotherapists, have been positively received with 

encouraging results.94–96 Future randomized controlled 
clinical trials will be able to provide evidence of the 
clinical efficacy of such programs.

Conclusions
Currently, the best treatment option for patients with hemo
philia is prophylaxis, particularly in young patients for 
whom primary prophylaxis is vital for the prevention of 
bleeding and to promote healthy joints. However, maintain
ing factor levels over a certain threshold does not fully 
prevent joint bleeds. Joint abnormalities and reduction of 
ROM have been reported even in patients who started 
prophylaxis early, in patients with mild hemophilia and in 
hemophilia carriers. In these cases, the occurrence of 
asymptomatic joint bleeding might be undetected for 
a significant amount of time before it is identified, and 
intervention can be provided. Therefore, early detection of 
changes in “normal” joints becomes crucial. To this end, 
sensitive diagnostic methods such as MRI or ultrasound are 
critical for early diagnosis of joint damage, monitoring of 
deterioration and treatment guidance, particularly in patients 
with normal physical and x-ray assessments. Although spe
cific biomarkers of joint damage are still lacking, a few 
candidates such as cartilage iron, and inflammatory, carti
lage destruction and bone formation factors have the poten
tial to become novel targets for early diagnosis, prevention 
and treatment of joint damage in patients with hemophilia. 
The future of treatment of patients with hemophilia may be 
a therapeutic approach consisting of primary prophylaxis 
with factor replacement, calcium and vitamin 
D supplementation, physiotherapy and weight-bearing exer
cise programs, together with routine monitoring of cartilage 
iron, vitamin D, and key inflammatory and bone formation 
biomarker levels, as well as joint status with sensitive ima
ging and physical assessment tools.
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Abstract: The rollout of the SARS-CoV-2 vaccine is underway, and millions have already 
been vaccinated. At least 25 reports of “immune thrombocytopenia” (ITP) or “thrombocy
topenia” following the Moderna or Pfizer vaccine have been added to the Vaccine Adverse 
Event Reporting System (VAERS) in the US. ITP is a rare but known complication of several 
vaccinations. SARS-CoV-2 vaccine is new, with a novel mechanism of action, and under
standing the epidemiology, clinical manifestations, treatment success and natural history of 
post-vaccination thrombocytopenia is evolving. We report a 74-year-old man who developed 
refractory thrombocytopenia within one day of receiving the Moderna SARS-CoV-2 vaccine. 
Several hours after vaccination, he developed significant epistaxis and cutaneous purpura. 
Severe thrombocytopenia was documented the following day, and he developed extremity 
weakness and encephalopathy with facial muscle weakness. Over a 14-day period, thrombo
cytopenia was treated first with high dose dexamethasone, intravenous immunoglobulin, 
platelet transfusions, rituximab, plasma exchange (for presumed acute inflammatory demye
linating polyneuropathy (AIDP)), and four daily doses of the thrombopoietin receptor agonist 
(TPO-RA) eltrombopag (Promacta™), without a platelet response. Three days later, he 
received the TPO-RA romiplostim (Nplate™). Five days later, his platelet count began to 
rise and by post-vaccination day 25, his platelet count was in the normal range. 
Thrombocytopenia was refractory to frontline and second-line treatment. The eventual rise 
in his platelet count suggests that one or both TPO-RAs may have impacted platelet recovery. 
Possibly, but less likely given the temporality, the drug-induced thrombocytopenia was 
subsiding. The aggressive use of immunosuppressive treatment may jeopardize the intended 
purpose of the SARS-CoV-2 vaccine, and earlier use of non-immunosuppressive second-line 
treatment for vaccine-related severe thrombocytopenia, such as with TPO-RAs, should be 
considered. While it is imperative to continue the global vaccination program, vigilance to 
the occurrence of post-vaccination severe thrombocytopenia is warranted. 

Keywords: immune thrombocytopenic purpura, platelet, SARS-CoV-2, thrombocytopenia, 
thrombopoietin receptor agonist, vaccine

Introduction
Primary Immune Thrombocytopenic Purpura (ITP) is an autoimmune disorder 
characterized by increased platelet destruction and decreased platelet production.1 

The incidence of ITP is 6 per 100,000 adults/year.1 ITP has been documented as 
a result of viral illnesses or vaccinations that are given for prevention of infectious 
illnesses.2–11 The recent global pandemic of SARS-CoV-2, a novel coronavirus, has 
caused many deaths worldwide and a global vaccination program is imperative to 
achieving herd immunity.12,13 Platelet aggregation and activation appear to be 
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deranged in hospitalized patients with COVID-19, how
ever the effect on the platelet count is not significantly 
correlated, although severe (presumed immune-mediated) 
thrombocytopenia during COVID-19 has been reported in 
a small number of patients.14–17To date, the SARS-CoV-2 
vaccine appears to rarely cause an immune-mediated pla
telet destruction, not unlike that seen with the rubella, 
pneumococcus, and influenza vaccines.2,4,5 The mechan
ism of post-vaccination thrombocytopenia, in both live and 
inactivated vaccines, is presumed to be immune mediated 
and may be similarly related to hyperfunction of B-cells 
observed in ITP.18,19 Tens of millions of people have been 
vaccinated with the new SARS-CoV-2 vaccine. A small 
but growing number of cases of “immune thrombocytope
nia” or “thrombocytopenia” following the administration 
of the SARS-CoV-2 vaccine have been reported to the 
FDA’s VAERS.20 Review of available information regard
ing post SARS-CoV-2 vaccination-related thrombocytope
nia suggests a heterogenous onset, severity, and duration. 
At least one reported patient had a good platelet response 
to frontline treatment with corticosteroids and IVIg.21 

Here we report a case of severe, multi-drug, refractory 
immune thrombocytopenia shortly after the initial dose 
of the Moderna SARS-CoV-2 vaccine. The thrombocyto
penia eventually relented after treatment with the throm
bopoietin receptor agonist (TPO-RA) romiplostim.

Case Report
A 74-year-old male with hypertension, gout, hyperlipidemia 
and nonischemic cardiomyopathy, presented with acute epis
taxis and diffuse cutaneous purpura a few hours after receiv
ing the first dose of the Moderna SARS-CoV2 vaccine. He 
received the influenza and pneumococcal vaccines three 
months and six weeks, respectively, prior to his presentation.

Two months prior to vaccination, the patient had a platelet 
count of 224 x 109/L. The SARS-CoV-2 vaccine was admi
nistered on 19 Jan 2021 and that evening he experienced 
severe epistaxis and diffuse purpura. The next day, he pre
sented to a local emergency department with uncontrolled 
epistaxis, and was noted to have a platelet count of 10 
x 109/L. He was hospitalized for five days and received high- 
dose dexamethasone (40 mg/day), five daily doses of intrave
nous immunoglobulin (400 mg/kg/day), three daily platelet 
transfusions, and two weekly doses of rituximab (375 mg/m2/ 
dose). Immune suppression with dexamethasone (20 mg/day) 
was continued after hospital discharge. (See Figure 1) Due to 
persistent severe thrombocytopenia, platelet count 21 × 109/L, 
the TPO-RA eltrombopag (50 mg/day) was initiated on post- 
vaccination day ten.

On post-vaccination day 13, he again presented to the 
emergency department with severe thrombocytopenia, pla
telet count 12 × 109/L, but now with progressive, general
ized weakness that first involved the left arm and the lower 

Figure 1 Post-vaccination platelet count. 
Abbreviations: Dex, dexamethasone; Methyl, methylprednisolone; PT, platelet transfusion; IVIG, intravenous immunoglobulin; Ritux, rituximab; Eltrom, eltrombopag; Romi, 
romiplostim; PLEX, plasma exchange.
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extremities bilaterally, back pain causing inability to 
ambulate, urinary retention, constipation and encephalopa
thy with dysarthria. These findings, although concurrent 
with the persistent, refractory severe thrombocytopenia, 
were thought to be unrelated. Due to suspicion of acute 
inflammatory demyelinating polyneuropathy (AIDP), 
plasma exchange was initiated on post-vaccination day 
15. Magnetic resonance imaging on post-vaccination day 
16 revealed severe L1-5 stenosis with multi-level disc 
herniation and fluid collections within the lumbar, poster
ior and paraspinal musculature.

On post-vaccination day 14, he received one pheresis 
unit of platelets for a platelet count of 22 × 109/L without 
improvement in his platelet count 1-hour post transfusion, 
and an additional dose of IVIg of 80 grams was given. On 
post-vaccination day 15, he received high dose methyl
prednisolone (1 mg/kg/day) and romiplostim (5 mcg/kg) 
with no increase in the platelet count for the next five days 
(See Figure 1).

Examination of the peripheral blood smear on post- 
vaccination day 14 revealed normal-to-large sized plate
lets. Blood and urine cultures grew methicillin-susceptible 
Staphylococcus aureus (MSSA) on post-vaccination day 
13 that was treated with cefazolin. SARS-CoV-2 by 
a polymerase chain reaction assay was not detected on 
post-vaccination days 13 and 14. Additionally, tests for 
human immunodeficiency virus, Hepatitis B virus (HBV), 
Hepatitis C virus, Epstein-Barr virus, cytomegalovirus, 
and parvovirus B19 were negative.

On post-vaccination day 19, after the third episode of 
plasma exchange, his facial weakness improved. On post- 
vaccination day 22, his platelet count was 72 × 109/L, 
a second dose of romiplostim 5 mcg/kg was administered, 
and a corticosteroid taper was begun. He was transferred 
to a skilled nursing facility on post-vaccination day 25 
with a platelet count of 173 × 109/L.

Discussion
Previous studies have shown that ITP is a rare complica
tion following routine vaccinations, primarily rubella but 
also pneumococcus, Haemophilus influenza type B, HBV, 
human papilloma virus, varicella-zoster, diphtheria, teta
nus, pertussis, and polio.2–11

Our patient presented with severe thrombocytopenia 
within one day of receiving the Moderna SARS-CoV-2 
vaccine with virtually no response to standard ITP treat
ment, suggesting refractoriness or a different pathophysiol
ogy for the severe thrombocytopenia. The patient’s 

refractory thrombocytopenia ultimately responded after 
treatment with romiplostim (Nplate), much like many 
cases of ITP with an onset of action as soon as four days 
after the subcutaneous first dose.22,23 This patient’s poor 
response to frontline and second-line treatments suggests 
that TPO-RA agents may be useful in refractory ITP post 
SARS-CoV-2 vaccination.

Because of the concurrent, suspected AIDP and con
cern for jeopardizing the effect of the SARS-CoV-2 vac
cine, thereafter, nonimmune suppressive treatment for 
severe thrombocytopenia was chosen. The deleterious 
effects of aggressive immunosuppression for thrombocy
topenia should not be overlooked. In prior studies, immu
nosuppressive therapies post vaccination resulted in 
attenuation of the immune response to the administered 
vaccine.24 TPO-RAs are not immunosuppressive and very 
effective for persistent or chronic ITP.25 Knowing that 
TPO-RAs may increase the risk of venous or arterial 
thrombosis in a small proportion of patients, and that 
patients with SARS-CoV-2 infection are at higher risk 
for thrombotic events, patients selected for TPO-RA ther
apy for SARS-CoV-2 related severe thrombocytopenia 
should be chosen judiciously.26,27

Conclusion
Given the SARS-CoV-2 vaccine is new, with a novel 
mechanism of action, there exists the uncertainty of whether 
or not refractory ITP will be a rare adverse event. 
Notwithstanding that post-vaccination induced ITP is a rare 
adverse event, it should not limit the use of vaccines, includ
ing the SARS-CoV-2 vaccine. However, further investigation 
is imperative to explicate the pathological mechanism, epi
demiology, clinical manifestations, and treatment outcomes.
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Written informed consent for publication of their details 
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Introduction: A positive direct antiglobulin test (DAT) with or without autoimmune 
hemolytic anemia is a frequent finding in chronic lymphocytic leukemia (CLL). The hetero
genic clinical course of CLL mainly depends on different pathogenetic mechanisms which 
appears in a form of variable biological and clinical features. These features allow stratifica
tion of patients into subsets with different outcomes.
Patients and Methods: We evaluated the DAT as a prognostic marker in 120 CLL patients 
treated with chemoimmunotherapy. Clinical and laboratory features, treatment response, and 
survival outcomes of CLL patients were assessed in relation to their DAT test status. 
Additionally, the English literature was extensively reviewed regarding the prognostic impact 
of a positive DAT in CLL.
Results: DAT positivity was detected in 36 patients (30%) and was associated advanced 
disease staging (P = 0.03). No correlations were found with other clinical, laboratory, or 
biological factors such as ZAP-70 or CD38. Both a positive DAT and an Eastern Cooperative 
Oncology Group performance status >2 were predictors for non-response to first-line treat
ment in the multivariate analysis (OR = 0.3, 95% CI: 0.12–0.8 and OR = 0.2, 95% CI: 
0.08–0.8, respectively). The five-year progression-free survival was significantly lower in the 
DAT-positive group (P = 0.004). No significant association was found with overall survival 
(P = 0.2). Sixteen reports analyzing more than 11,000 patients were identified in our review.
Conclusion: In conclusion, DAT positivity in CLL patients is associated with poor response 
to treatment and disease progression.
Keywords: autoimmunity, chronic lymphocytic leukemia, direct antiglobulin test, 
autoimmune hemolytic anemia

Introduction
Chronic lymphocytic leukemia (CLL) is the most common type of leukemia; it 
accounts for approximately 30% of all leukemias and primarily affects the elderly.1 

The clinical course is usually indolent, but some patients experience more aggres
sive disease. CLL is frequently associated with immune disturbances. A positive 
direct antiglobulin test (DAT) with or without frank autoimmune hemolytic anemia 
(AIHA) is strongly associated with CLL. Associations with immune thrombocyto
penia (ITP) and pure red cell aplasia (PRCA) have been reported as well. The 
incidence of immune cytopenia has been reported to range from less than 5% 
to 38%.2
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The pathogenesis of autoimmunity in CLL is not well 
known. Different mechanisms have been proposed, includ
ing aberrant antigen presentation that induces IgG auto- 
antibodies coating erythrocytes and platelets with 
consequent antibody-dependent cellular cytotoxicity and 
complement-mediated destruction and the development 
of an autoreactive T-cell repertoire that produces inhibitory 
cytokines.3 The dysregulation of T regulatory cells in CLL 
with an imbalance of the T regulatory/T helper 17-cell 
ratio has also been noted.4,5

AIHA is primarily characterized by the presence of 
a positive DAT and the alteration of other hemolytic mar
kers including the reticulocyte count, lactate dehydrogen
ase (LDH), and haptoglobin.6 The DAT is positive at some 
point during the course of CLL in up to 35% of cases.7 

However, DAT positivity does not necessarily mean that 
AIHA is present, and only one-third of DAT-positive CLL 
cases develop clinically overt hemolysis.8

Regarding prognostic relevance, several reports have 
shown an association of AIHA in CLL patients with other 
clinical and biological prognostic factors.7,9–11 Moreover, 
DAT positivity at diagnosis may provide insights about 
survival in CLL; however, conflicting conclusions have 
been reported.12–14

In this study, we sought to determine the prognostic role 
of the DAT in CLL patients treated with chemoimmunother
apy by evaluating the response rate and survival outcomes. 
An extensive literature review was performed on this subject 
to verify this potential and provide a platform for possible 
use in future prognostic models of CLL.

Patients and Methods
Patients with newly diagnosed CLL between January 2011 
and December 2019 who attended the Clinical 
Hematology Unit, Internal Medicine Department, Assiut 
University Hospital were recruited for this study. Patients 
were eligible if they had a confirmed diagnosis of CLL and 
the treatment was as per the International Workshop on 
Chronic Lymphocytic Leukemia (IWCLL).15 For diagno
sis, peripheral blood smears and bone marrow morphology 
examinations with immunophenotyping by flowcytometry 
(strong expressions of CD5 and CD23, low or absent 
expressions of CD79b, sIgM, and FMC7) were performed. 
All patients were classified according to Rai staging.16 

Any patient with a history of prior systemic autoimmune 
diseases and prior cancer or who had received previous 
chemotherapy and radiotherapy had been ruled out. 
Baseline data of different demographic and clinical 

parameters were collected, including age, sex, perfor
mance status, presence of B-symptoms, Rai stage, hepatitis 
status, and DAT test at diagnosis. The expressions of sur
face CD38 and cytoplasmic ZAP-70 were illustrated as the 
percentage of gated cells and were considered positive 
when ZAP-70 ≥ 20% and CD38 ≥ 30%. 
A flowcytometric analysis was performed by fluorescence- 
activated cell sorter Calibur flow cytometry, and data were 
obtained and analyzed using Cell Quest software (Becton 
Dickinson Biosciences).

The peripheral blood samples were obtained using 
K3EDTA vacutainers for the complete count (CBC), and 
DAT analyses. Another peripheral blood sample was col
lected without anticoagulants, and plain tubes were used 
for the assessments of serum LDH, urea, creatinine, and 
uric acid. Hematological parameters were determined by 
the automated CBC analyzer “Cell Dyne Ruby” (Abbott, 
Diagnostic ®). Biochemical markers were assessed using 
“Hitachi 912” (Japan) by photometric assay. The DAT was 
performed in all cases using microtube column agglutina
tion Gel technique systems for antibody screening 
(Diamed). AIHA was diagnosed based on the presence of 
unexplained anemia; a positive DAT for IgG, C3d, or both; 
and/or an increased reticulocyte count and an increase in 
indirect bilirubin with no other cause for anemia identified 
prior to treatment or any blood product transfusion.

Treatment Course and Outcomes
Indications for treatment in the CLL patients followed the 
IWCLL guidelines.15 The following treatment regimens 
were administered:

● Thirty-five patients received an alkylating agent, 
chlorambucil, at a dose of 6–10 mg/d (0.1–0.2 mg/ 
kg/d) PO for 7–14 days in 28-day cycles until the 
disease stabilized (usually 6–12 cycles).

● Twenty-one patients received a purine analog ther
apy, FCR (fludarabine (25 mg/m2/d intravenously 
(IV) × 5 days q28), cyclophosphamide (250 mg/m2 

IV × 5 days), and rituximab (375 mg/m2 day 1 prior 
to each chemotherapy cycle by slow intravenous 
infusion)).

● Fifty-seven patients received CVP plus rituximab 
treatment on day 1 of a 21-day cycle with cyclopho
sphamide, 750 mg/m2 IV; vincristine, 1.4 mg/m2 

(maximum of 2.0 mg); and prednisone, 100 mg by 
mouth daily for 5 days. Rituximab was administered 
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as 375 mg/m2 one day prior to each chemotherapy 
cycle by slow intravenous infusion.

The response to treatment was classified as complete 
remission,16 which was defined by the disappearance of 
the disease in the clinical and imaging studies; partial 
response, which was defined by a >50% decrease of the 
involved site; progressive disease, which was defined by 
a >50% increase in the size of the involved lesions or the 
appearance of new lesions; or as relapse, which was 
defined by recurrence of the disease after CR. Stable dis
ease was defined as a change of −45% to +45% in size of 
the involved lesions.17 The overall response included both 
CR and PR.

Overall survival (OS) was defined as the duration 
between the date of diagnosis and the last follow-up or 
date of death. Progression-free survival (PFS) is the period 
from the date of first-line therapy to the date of relapse, 
progression, the last follow-up, or death from any cause. 
The study was approved by our Institutional Review Board 
in accordance with the Declaration of Helsinki, and writ
ten informed consent was obtained from all recruited 
patients.

A literature search for relevant studies was performed 
using PubMed, Scopus, and Google Scholar. The follow
ing key words were used: autoimmunity, DAT test, 
Coombs test, AHIA, and CLL. Relevant references in the 
cited studies were also included in the review process. 
Case reports or studies of other autoimmune cytopenias 
such as ITP or PRCA in CLL were excluded.

Statistical Analysis
Comparisons between DAT-positive and -negative groups 
were performed regarding CBC, LDH levels, staging, 
treatment outcomes, and survival analysis. Numeric vari
ables were expressed as the mean ± standard deviation or 
the median (interquartile range) depending on tests of 
normality, and categorical variables were described as 
relative frequencies. The t-test, Wilcoxon Sum-Rank test, 
and the chi-square test were used for comparisons between 
groups. The differences were considered statistically sig
nificant at P < 0.05. The survival curves were determined 
by the Kaplan–Meier method and analyzed by a cox 
regression hazard ratio. The difference between groups 
was calculated by the Log Rank test. Data were analyzed 
using the Statistical Package for Social Science version 24 
(IBM Corp., Armonk, NY).

Results
The baseline data of 120 patients were collected, and two 
patients had completed their treatment and follow-up in 
another center and thus only their baseline data were ana
lyzed. The mean age of the cohort population was 60 ± 12.5 
years, and 56 patients (46.7%) were females. DAT positivity 
was recorded at study entry in 36 patients (30%). The base
line clinical and laboratory parameters of the cohort accord
ing to the DAT test at diagnosis are illustrated in Table 1.

CD38 and ZAP-70 were analyzed for 90 patients at 
diagnosis, and the results indicated that 32 (35.6%) 
patients were positive for ZAP-70 and 25 (27.8%) were 
positive for CD38. The frequencies of the positive CD38 
and ZAP-70 cases within positive and negative DATs 
cases are shown in Table 2.

A total of 113 patients in the cohort required treatment 
with either fludarabine-based chemotherapy or non- 
fludarabine-based chemotherapy (chlorambucil ± R or 
CVP ± R), five patients remained under a wait and see 
protocol throughout the entire recorded follow-up period, 
and there no data were available regarding the therapy 
response in two patients. The percentages of the patients 
treated by the different therapy lines in DAT-positive and 
DAT-negative cases are illustrated in Table 3. The details 
of the response are illustrated in Table 4. The univariate 
logistic regression analysis of the overall response of the 
patients who received first-line treatment was associated 
with a positive DAT at diagnosis (OR = 0.3, 95% CI: 
0.12–0.65), an Eastern Cooperative Oncology Group 
(ECOG) performance score >2 (OR = 0.2, 95% CI: 
0.08–0.5), and older age (OR = 0.96, CI: 0.93–0.99); 
conversely, there was no association with being positive 
for CD38 at diagnosis (OR = 0.5, 95% CI: 0.21–1.4), 
being positive for ZAP-70 (OR = 0.7, 95% CI: 0.3–1.9), 
or advanced Rai stage (OR = 1.2, 95% CI: 0.5–2.6). The 
multivariate model including performance status, age, and 
positive DAT is illustrated in Table 5.

The median follow-up was 35.5 months (range, 2–84 
months). The median survival time of the patients with 
a negative DAT was 84 months, which did not differ signifi
cantly from the group with a positive Coombs test (60 months, 
P = 0.2) (Figure 1). The five-year PFS of patients with positive 
DATs was significantly lower than that of patients with nega
tive Coombs tests (22% vs 60%, P = 0.004) (Figure 2).

We included parameters that were reported as predic
tors of PFS in the univariate cox regression hazards ana
lysis (Table 6) and used them in the multivariate cox 
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regression model. This model indicated that a positive 
DAT (HR = 2.3, 95% CI: 1.1–4.8) and being positive for 
CD38 (HR = 2.5, CI: 1.1–5.1) could serve as predictors.

Only 12 patients with a positive DAT had confirmed 
AHIA, and 24 patients had no obvious anemia. As shown 
in Figure 3, there was no difference in PFS between 
patients who developed AIHA and those who did not 
(median PFS of 36 and 42 months, respectively, P = 0.9).

We thoroughly searched for previous studies performed 
on CLL patients with AIHA or a positive DAT and identi
fied 16 reports with more 11,000 total patients. Table 7 
summarizes the impact of a positive DAT on CLL patient 
outcomes reported by those studies.

Discussion
A positive DAT with or without AIHA is a common find
ing in CLL. Although there are convincing data that the 

Table 1 Clinical and Laboratory Characteristics of Patients with CLL Based on DAT Status

Patient Characteristics DAT-Positive (N = 36) DAT-Negative (N = 84) P-value

Age (years) mean ± SD 60.9 ± 12.2 59.8 ± 12.7 0.7

Male 15 (41.7%) 49 (58.3%) 0.1

Performance stage ECOG (0–1) 23 (63.9%) 67 (79.8%) 0.07

B-symptoms 19 (54.3%) 44 (68.8%) 0.2

Rai stage Stage 0–2 9 (25%) 39 (46.4%) 0.03*
Stage 3–4 27 (75%) 45 (54.8%)

HCV (Positive cases) 8 (22.2%) 13 (15.5%) 0.4

White blood cells × 109/L (median, IQR) 141 (191) 65 (99.5) 0.1

Hemoglobin gm/dl (mean ± SD) 8.4 ± 2.5 9.7 ± 2.4 0.006*

Platelets × 109/L (median, IQR) 137.5 (116.3) 141 (99) 0.8

Lactate dehydrogenase U/L (median, IQR) 529 (402) 391 (233.5) 0.4

Albumin mg/dl (mean ± SD) 36.8 ± 4.7 37.5 ± 5.7 0.3

Notes: *Statistically significant at <0.05; chi-square test was used. 
Abbreviations: SD, standard deviation; ECOG, Eastern cooperative oncology group; HCV, hepatitis C virus; IQR, interquartile range; LDH, lactate dehydrogenase; DAT, 
direct antiglobulin test.

Table 2 Associations of CD38 and ZAP-70 with DAT

DAT-Positive 
(N = 26)

DAT-Negative 
(N = 64)

p-value

CD38 positive 
cases (n, %)

8 (30.8%) 17 (26.6%) 0.7

ZAP-70 positive 

cases (n, %)

9 (34.9%) 23 (35.9%) 0.9

Note: Chi-square test was used. 
Abbreviation: DAT, direct antiglobulin test.

Table 3 Proportions of the Therapy Lines in DAT-Positive and 
DAT-Negative Cases

DAT-Negative 
(n = 79)

DAT-Positive 
(n = 34)

p-value

Chlorambucil 24 (30.4%) 11 (32.4%) 0.6

Fludarabine-based 13 (16.5%) 8 (23.5%)
CVP-R 42 (53.2%) 15 (44.1%)

Abbreviation: CVP-R, cyclophosphamide, vincristine, prednisone, and rituximab.

Table 4 Response Assessment-Based DAT

DAT-Positive 
(N = 34)

DAT-Negative 
(N = 79)

P-value

CR 3 (8.8%) 13 (16.5%) 0.03

PR 13 (38.2%) 47 (59.5%)

Progression 18 (53%) 19 (24%)
Death 5 (14.7%) 8 (10.1%) 0.5

Abbreviations: CR, complete response; PR, partial response.

Table 5 Multivariate Analysis of Overall Response to the First- 
Line Therapy

Regression Coefficient p-value OR

Positive DAT −1.1 0.013 0.3
ECOG >2 −1.4 0.02 0.2

Age in years −0.006 0.9 0.9

Abbreviations: OR, odds ratio; DAT, direct antiglobulin test; ECOG, Eastern 
cooperative oncology group.
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clinical outcome of CLL patients who have a positive DAT 
differs from that of patients with a negative result, the 
conclusions remain inconsistent.

In the present study, the frequency of a positive DAT 
was 30%. This is very similar to previous studies from Asia 
that were conducted in Chinese and Pakistani 
populations.13,18 Reports from western countries had lower 
prevalence.10,19–21 The higher incidence might be explained 
by ethnic background or late patient medical consultation 
resulting in a higher percentage (60%) of advanced disease 
stages at diagnosis, as noted in our cohort.

Among the different baseline clinical and biological fac
tors of CLL, DAT positivity was associated with advanced 
stage CLL. This association between either a positive DAT10 

or AIHA and advanced disease has been consistently 
reported in several studies.12,19 Other studies have reported 
that autoimmune diseases or positive DATs in CLL were 

Figure 1 Kaplan–Meier estimates of overall survival in CLL patients according to DAT status (P = 0.2).

Figure 2 Kaplan–Meier estimates of PFS in CLL patients according to DAT status (P = 0.004). Median PFS of positive and negative cases: 40.9 and 84 months, respectively.

Table 6 Univariate Cox Regression Hazard Analysis of Possible 
Predictors of PFS

Variables HR 95% CI P-value

DAT-positive 2.5 1.3–4.6 0.005

Advanced Rai stage 1 0.5–1.9 0.5

Zap-70 positive 1.9 1–4.3 0.07
CD38 positive 2.5 1.2–5.3 0.02

Age 0.97 0.95–0.99 0.05

Fludarabine-based chemotherapy as 
first-line treatment

1.2 0.5–3.1 0.7

Abbreviations: HR, hazard ratio; CI, confidence interval; DAT, direct antiglobulin.
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associated with older age,13,20 male gender,20 higher lym
phocytic count at presentation,10,20 high serum LDH,18,22 and 
high β2-microglobulin levels.10,14,23

AIHA occurred in 33.3% of the patients with a positive 
DAT, and this accounted for approximately 10% of the 
entire cohort, which is in agreement with other studies.8,12 

This could indicate that a positive DAT without anemia in 
CLL might serve as an early unique prognostication of the 
disease.

In the present study, the subgroup comparison based on 
DAT positivity revealed no differences regarding the pre
sence of other biologic prognostic parameters such as 
ZAP-70 or CD38, and this was partially agreed by Xu 
et al who found no correlation with CD38 despite the 
presence of a correlation with ZAP-70.18 Others reported 
that a positive DAT was associated with ZAP-70 and 
CD38.10 Nevertheless, because such assessments did not 
account for all patients in this study, this finding should be 
interpreted with caution.

Unfortunately, baseline cytogenetic and molecular data 
of our cohort were not recorded and were not included in 
our analysis to verify our assumption; however, several 
reports have shown that DAT positivity was associated 
with poor risk cytogenetics22 and unmutated IgVH 
status.8,18,22

In the response assessment, a positive DAT and worse 
ECOG performance status seemed to be the only indepen
dent predictors for an unfavorable response to the different 

chemo-immunotherapies. Dearden et al reported lower 
overall response rates for positive DATs that reflected 
poor PFS,12 which is quite similar to our findings. The 
outcomes of the DAT-positive patients treated with 
a fludarabine-based regimen were not any better, which 
is consistent with the results of Barcellini et al.9 However, 
the combination of cyclophosphamide with fludarabine 
may have a protective effect against the development of 
AIHA with a better response and PFS compared with 
fludarabine alone. Interestingly, positive DATs have been 
reported to have shorter treatment-free survival in 
untreated CLL.8

Previous reports have shown that anemia caused by 
autoimmune mechanisms results in better survival com
pared with anemia secondary to bone marrow infiltration 
with advanced disease stages.24 Herein, the PFS did not 
differ between the patients who developed AIHA and 
those who did not among the DAT-positive cohort. An 
interesting finding by Dearden et al was that PFS and OS 
were better for DAT-negative patients, even after exclud
ing those who developed AHA.12 This strongly indicates 
that a positive DAT represents a risk factor independently 
from developing anemia for the survival of CLL patients.

A positive DAT was not associated with OS in our 
cohort. This finding is in accordance with previous 
reports;1,10,13,25 however, Quinquenel et al reported that 
a positive DAT was an independent adverse prognostic 
factor for OS.8 In our study, PFS may not be a surrogate 

Figure 3 Kaplan–Meier estimates of PFS in DAT-positive CLL patients according to AIHA development (P = 0.9).
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Table 7 Studies About the Prognostic Impact of a Positive DAT on CLL Outcomes

Study CLL DAT- 
Positive 

N (%)

AIHA 
N (%)

CLL Patients with DAT Positive Characteristics

Atef et al; 

201925

101 28 (27.7%) 20 (19.8) Higher WBC, lower HB, lower PLT
Positive CD38

Positive ZAP-70

Less BM infiltration

Demir and 

Ekinci; 
201728

192 8 (4%) 

+DAT 
(n = 4)

3 (2.5) Older age (P = 0.036),
Advanced disease stage (P = 0.004)

Received more first-line treatments (P = 0.003)

Visentin et al; 
201329

795 27 (3.4%) 27 (3.8) Autoimmune disease more in females, advanced disease stage and 11q deletion by 
FISH
Autoimmune diseases have better survival compared to other CLL complications as 
major infections or secondary cancers

Quinquenel 
et al; 20158

378 56 (14.8%) In Binet stage A correlated only with IgHV unmutated status (p < 0.001)
In Binet stage A, positive DAT had a significantly shorter OS, regardless of their 

IGHV mutational status

By multivariate analysis, a positive DAT was found to be an independent adverse 
prognostic factor for OS.

Abbas et al; 
201513

60 14 (23.3%) 14 (23.3) Advanced Rai stage (P<0.01)
Anemia (P<0.001)

Ricci et al; 
201314

146* 20 (14%) 8 (5.5) # Higher β2-microglobulin
Shorter treatment free survival (TFS)

Shvidel et al; 
201323

1477 93 (6.3%) 80 (5.4)# 66 patients with DAT positive have no clinical or laboratory signs of hemolysis at 
time of CLL diagnosis
Shorter OS compared to DAT negative CLL (P =0.001)

Moreno et al; 

201010

960 49 (5%) 50 (5.2)# Higher WBC, shorter lymphocyte doubling time
Higher β2 microglobulin
Higher CD38

Advanced (Binet stage C) disease 2nd to autoimmune mechanism had better survival 

vs Advanced stage2nd to a massive bone marrow infiltration (P = 0.02).

Xu et al; 
200918

123 34 (27.6%) 12 (9.8)# Advanced Binet stage (p < 0.001),
Higher level of serum lactate dehydrogenase (LDH) (p = 0.003)

Higher β2 microglobulin (p = 0.011),

Higher IgVH un mutated status (p < 0.001),
Positive ZAP-70 (p = 0.012), and

Trisomy 12 cytogenetic aberration (p = 0.004)

Ricci et al; 

200922**

158 42 (26.6%) 8 (5.5)# Higher β2 microglobulin (P=0.011)
Higher IgVH un mutated status (P=0.0014).
Higher LDH (P=0.051).

Positive ZAP-70 (P=0.083) and

More frequency of deletion in 17p13, 11q22 or 6q21 (P=0.064),

Zent et al; 

200824

1750 41 (2.3%) 41 (2.3) Survival from onset of cytopenia was significantly better for patients with 

autoimmune mechanism (median 9.1 years) compared to patients with BM failure 
(median 4.4 years, p < 0.001)

(Continued)
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for OS because this association became weaker in diseases 
with longer survival post progression, and it may require 
a longer follow-up duration to detect it.26

This study has some limitations. It is a retrospective 
cohort study with a relatively short follow-up duration. 
The unavailability of data about cytogenetic parameters 
and other molecular variables such as IgVH status or del 
17 prevented us from conducting further analyses to prove 
our hypothesis. Another limitation was that patients 
receiving novel agents such as Bruton tyrosine kinase 
inhibitors like ibrutinib or BCL2 inhibitors like 
Venetoclax were not included in our study; thus, our con
clusions might not extend to this population.

Conclusion
When assessing CLL, anemia is a cornerstone of Rai 
and Binet staging systems;16,27 however, whether it is 
immune-related has not yet been incorporated in those 
models, which might limit better disease evaluation 
and prognostication. DAT positivity can be considered 
a surrogate marker for advanced clinical stage and 
progression of the disease course in patients with 

CLL, and we suggest incorporating it with other devel
oping molecular stratifying parameters currently being 
investigated to develop a novel risk stratification sys
tem for CLL.

Abbreviations
CLL, Chronic lymphocytic leukemia; CR, Complete 
remission; DAT, Direct antiglobulin test; ECOG, Eastern 
Cooperative Oncology Group; IWCLL, International 
Workshop on Chronic Lymphocytic Leukemia; OR, Or 
advanced Rai; OS, Overall survival; PFS, Progression- 
free survival; PR, Partial response; PRCA, Pure red cell 
aplasia.
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Table 7 (Continued). 

Study CLL DAT- 
Positive 

N (%)

AIHA 
N (%)

CLL Patients with DAT Positive Characteristics

Dearden 
et al; 200812

637 89 (14%) 89 (14) Less Overall response (66% vs 81%, P = 0.004)
Less likely to have had a good (complete or nodular partial) response (18% vs 41%, 

P <0.001)

Lower 5-year PFS (9% vs 18%; P=0.001)

Duek et al; 
200630

964 62 (6.4%) 55 (5.7) Higher atypical prolymphocytes
Higher CD38

Higher β2-microglobulin

Barcellini 

et al; 20069

3150 (18 

center) 194 had 

AIC

126/3150 

(4%)

129 (4) Advanced stage (P<0.001).
Older age (OR 3.43, CI 1.22–9.63)
First line therapy (OR 15.62, CI 5.00–48.82)

Second line therapy (OR 48.64, CI 10.00–239.19)

Multivariate analysis showed that Fludarabine as a second line did not show 
difference in RR

126/194 
(66%)

Kyasa et al; 
200321

132 16 (18%) 6 (4.5)# No CLL/SLL patients had DAT-negative hemolytic anemia
10 DAT positive CLL/SLL patients, did not have AIHA, 2 had ITP.

Mauro et al; 
200020

1203 52 (4.3%) 45 (3.7)# More LC > 60 x 10(9)/L (P <0.00001)
Age above 65 years (P <0.01)

Male gender (P <0.01)

Notes: *Untreated CLL; **Abstract ASH 2009; #studies that not all DAT positive patients suffer from AIHA. 
Abbreviations: WBC, white blood cells; Hb, hemoglobin; PLT, platelet; LC, lymphocytic count; LDH, lactate dehydrogenase; ZAP, zeta-associated protein; IgVH, 
immunoglobulin variable heavy chain; PFS, progression-free survival; OS, overall survival; DAT, direct antiglobulin.
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Introduction: Iron overload is a common feature of thalassemia intermedia due to regular 
blood transfusion and increased gastrointestinal iron absorption. Early detection and adequate 
iron chelator can decrease morbidity and mortality from iron overload. Liver iron concentration 
(LIC) by MRI T2* is the best non-invasive way to measure body iron stores. However, this 
method is expensive and not available nationwide in Indonesia. The aim of this study was to 
identify liver iron overload and correlation of transferrin saturation, serum ferritin, liver MRI T2* 
and LIC with transient liver elastography in adult thalassemia intermedia patients.
Methods: This is a cross-sectional study of 45 patients with thalassemia intermedia with blood 
transfusion and with and without iron chelator therapy. The study was conducted at Cipto 
Mangunkusumo Hospital from August through October 2016. We performed measurements of 
transferrin saturation, serum ferritin level, transient liver elastography and liver MRI T2*. 
Pearson and Spearman correlation tests were used to evaluate the correlation between transient 
liver elastography with transferrin saturation, serum ferritin, liver MRI T2*and LIC.
Results and Discussion: This study showed that 64.4% of study subjects are β-Hb 
E thalassemia intermedia. Furthermore, 84.4% of study subjects have regular transfusion. 
Based on liver MRI T2*all subjects suffered from liver iron overload, 48.9% had severe 
degree. Median value of liver MRI T2* was 1.6 ms. Mean serum ferritin was 2831 ng/mL, 
with median transferrin saturation of 66%. Mean of LIC corresponding to liver MRI T2* and 
mean liver stiffness measurement was 15.36±7.37 mg Fe/gr dry weight and 7.7±3.8 kPa, 
respectively. Liver stiffness correlated with serum ferritin (r=0.651; p=0.000), liver MRI T2* 
(r=−0.357; p=0.016), and LIC (r=0.433; p=0.003). No correlation was found between liver 
elastography and transferrin saturation (r=0.204; p=0.178).
Conclusion: Serum ferritin, liver MRI T2*and LIC correlated with liver elastography. No 
correlation was found between transferrin saturation and liver elastography.
Keywords: liver MRI T2*, LIC, serum ferritin, thalassemia intermedia, transient liver 
elastography

Introduction
Thalassemia is a red blood cells genetic disorder characterized by the abnormality 
formation of globin chain alpha, beta, or both. Thalassemia major (TM) is generally 
characterized by severe anemia and clinically appears in infancy (<2 years), 
requiring red blood cell transfusions on a regular basis for growth and live, while 
thalassemia trait is generally asymptomatic and do not require red blood cell 
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transfusion.1,2 Thalassemia intermedia (TI) is a group of 
thalassemia phenotype spectrum which is between the 
major and trait thalassemia.

Indonesia is one of the countries with the highest pre
valence of thalassemia genetic, called “thalassemia belt”.3 

Based on data from Thalassemia Center in RSCM, there 
are 9031 TM patients in Indonesia,4 and this is expected to 
rise in line with the high number of thalassemia gene 
carriers who are asymptomatic, and generally they have 
not done premarital screening.

Unlike the TM, iron overload is still an important issue 
in TI, and associated with the increase of morbidity and 
mortality.5 Even if thalassemia intermedia patients do not 
get a blood transfusion, they are still at risk for iron over
load, due to increased iron absorption in the gastrointest
inal tract.6 Iron overload can be monitored by serum 
ferritin, which is a very quick, inexpensive, non-invasive, 
and generally widely available examination. But the value 
of this serum ferritin can be elevated in other conditions 
such as infection, inflammation, malignancies, etc. Liver 
iron concentration (LIC) is the gold standard in estimating 
the value of iron body load and can predict accurately total 
body iron.7–9

Liver biopsy is the gold standard in assessing the LIC 
directly. However, it is associated with several side effects 
and disadvantages such as pain, bleeding, infection, exten
sive sampling variability, and inter-observer variability. 
Therefore, a non-invasive examination has been developed 
in assessing LIC, such as magnetic resonance imaging 
(MRI). T2* MRI examination of liver is now a validated 
examination in assessing LIC.10,11 This examination is 
non-invasive, fast, accurate and reproducible.2 But it has 
not been equally distributed across thalassemia service 
center in Indonesia. In thalassemia patients, liver toxicity 
due to iron overload can lead to fibrosis, cirrhosis, and 
even liver cancer.

An accurate assessment of iron load in patients with 
thalassemia during long-term follow-up are essential, not 
only for the prevention of complications due to iron but 
also for monitoring the adequacy of iron chelation treat
ment. Until now, iron chelation adequacy treatment was 
assessed by measurement of serum ferritin and LIC.12 It is 
a serial measurement that makes it a very expensive exam
ination. So far, we have not found yet a publication about 
the correlation between liver elastography and liver 
MRIT2* on IT, transfusion-dependent thalassemia (TDT) 
and non-transfusion-dependent thalassemia (NTDT) 
patients. Liver elastography is used to measure liver 

fibrosis since it is a non-invasive method and correlates 
well with the degree of fibrosis.13–15 This method is a vital 
tool that can be added to the armamentarium of assessing 
chronic liver injury due to iron overload. The examination 
can be performed bedside, using a portable machine, and 
provide instantaneous results. The limitation of this 
method is the inability to assess fibrosis status when 
there is ascites or tumor present. This study is expected 
to assess the correlation of liver elastography and liver 
MRI T2* as standard tests to assess the LIC.

Methods
This cross-sectional study aimed to identify liver and 
blood iron overload in adult patients with TI and the 
correlation between transferrin saturation, serum ferritin, 
MRI T2* liver, and LIC assessed by MRI T2* liver exam
ination with liver elastography value in Hematology– 
Oncology Division of the Internal Medicine Department 
Policlinic General Hospital National Center Cipto 
Mangunkusumo (RSUPNCM) in August 2016 to 
October 2016.

Patients diagnosed with thalassemia (thalassemia α, 
thalassemia β and thalassemia β-Hb E) using the method 
of Hb microcapillary electrophoresis, high-performance 
liquid chromatography (HPLC) or by DNA analysis, 
aged at least 18 years and do not have Hepatitis B or 
hepatitis C, human Immunodeficiency Virus (HIV), severe 
infection, massive ascites, hepatic failure, congestive heart 
failure, BMI>30 kg/m2, total bilirubin>3g/dl, claustropho
bia (phobia of narrow or closed place) and willing to 
participate in this research were included in this study.

We conducted demographic data such as age, gender, 
ethnicity, age of first thalassemia diagnosis and age of first 
transfusion. Clinical data such as splenectomy status, iron 
chelation therapy, and drug inducers of hemoglobin F were 
collected through interviews and medical records. Complete 
physical examination, and venous blood sampling for per
ipheral blood complete test, liver function test (AST, ALT, 
total bilirubin, direct, indirect), the levels of serum ferritin 
and transferrin saturation were conducted in all subjects. On 
the same day, we conducted liver Elastography examination 
using FibroScan® by Echosens™ with M probe in 
Hepatology Procedure Room RSUPNCM, performed by 
two operators (consultants of gastro-entero-hepatology and 
one trainee) who do not have prior knowledge about the 
patient iron status. The elasticity was obtained though multi
ple measurements, averaged by the machine. Normal mea
surement ranges from 2 to 7 kPa. T2* MRI examination of 
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the liver using 1.5 T MRI Siemens™ Avanto Magnetom® 

completed by CMR Tools software, carried out in the 
Department of Radiology RSUPNCM, with the funding 
coming from National Health Insurance (JKN) as routine 
checks, which were analyzed by two consultant radiologists 
who did not know the status of the iron and liver FibroScan 
results, with a maximum distance of 1 month.

This study has obtained proper ethical clearance, 
established by Ethics Committee of The Faculty of 
Medicine, University of Indonesia; Ethical Approval 
Number: 600/UN2.F1/ETIK/2016. Appropriate informed 
consent to participate in this study has been obtained 
from the subjects prior to study commencement. This 
study was conducted in accordance with the Declaration 
of Helsinki. Data were analyzed with SPSS 20 for 
Windows. Pearson’s correlation coefficient (r) was per
formed to analyze the distribution of normal data or 
correlation coefficient.

Results
There were 45 subjects of the study, 28 (62.2%) were women, 
the median age of subjects was 33 (18–84) years (Table 1). 
A total of 42.4% of the subjects were in the range of 18–30 
years age group. β-Thalassemia Hb E showed to be the highest 
proportion of thalassemia (64.4%). A total of 48.9% of the 
subjects diagnosed with thalassemia at the age of 20 years and 
the majority of subjects (71.1%) is TI with regular blood 
transfusions, with the median age of first receiving blood 
transfusion was 19 years old. Almost all subjects (95.6%) 
received iron chelation therapy, iron chelation with deferi
prone is the most used.

Based on the assessment of iron load by checking trans
ferrin saturation and serum ferritin, majority of the subjects 
had complications of iron overload. A total of 66.7% of the 
subjects had a transferrin saturation levels ≥55%, with 
a median value of 66%, with a range of 31–100%. A total of 
93.3% of the research subjects had a mean serum ferritin >800 
ng/mL, with the largest group of >2000 ng/mL, which is about 
60% of the study subjects. T2* MRI examination of the liver 
obtained all the study subjects had hemosiderosis complica
tions (median 1.6 ms) with 48.9% of subjects experienced 
severe hemosiderosis. LIC mean values obtained through 
T2* MRI examination was 15.36±7.37 mg iron/g dry weight 
liver. Elastography mean value and AST liver was 7.7±3.8 kPa 
and 33.3 U/L (Table 2).

Liver Iron Concentration Based on the 
Liver MRI T2*
LIC values obtained from the calculation of MRI T2* 
liver showed as much as 49.9% of the study subjects 
study experienced severe complications of hemosidero
sis (>15 mg iron/g of liver dry weight), and only 11.3% 
of research subjects with a light hemosiderosis 
(Table 3).

Correlation Between Serum Ferritin and 
Liver Elastography Values
Based on Pearson correlation test, there was a positive 
correlation between serum ferritin and liver elastography 
values (r = 0.651; p <0.001; Figure 1). Pearson correlation 
of test results obtained a weak correlation between LIC 
and liver elastography value (r=0.433; p=0.003; Figure 2), 
with a positive direction.

Table 1 Characteristic Data Based on Demographic Research 
Subjects

Characteristics N=45

Gender, n(%)

Female 28(62.2)
Male 17(37.8)

Age, median (IQR) 33(22)

Age group, n(%)

18–30 years 19(42.2)

31–40 years 11(24.4)
41–50 years 10(22.2)

51–60 years 3(6.7)

>60 years 2(4.4)

Thalassemia type, n(%)

Thalassemia α 2(4.4)

Thalassemia β 14(31.1)

Thalassemia βHbE 29(64.4)

Age of thalassemia diagnosis, median (IQR) 20(33)

2–6 years, n(%) 11(24,4)
7–18 years, n(%) 10(22.2)

> 18 years, n(%) 24(53.3)

First transfusion age (years), median (IQR) 19(27)

2–6 years, n(%) 12(26.7)

7–18 years, n(%) 10(22.2)
> 18 years, n(%) 23(52.1)
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Correlation Between Liver Elastography 
with Liver MRI T2*
Spearman correlation test results obtained weak correla
tion between the value of liver elastography and MRI T2* 
of liver (r=−0.357; p=0.016), with a negative direction 
(Figure 3).

Discussion
Gastrointestinal iron absorption is increased due to chronic 
anemia and erythropoiesis, and also repeated blood trans
fusions which render thalassemia intermedia patients at 

high risk for the occurrence of iron overload.16 In the 
study, iron overload was assessed by serum ferritin, trans
ferrin saturation and LIC by MRI T2*. Iron load varies 
greatly with time, depending on the intensity of the trans
fusion, administration of chelating iron and iron absorption 
in the gastrointestinal tract, which is heavily influenced by 
the severity of ineffective erythropoiesis and chronic 
anemia.17–24 Serum ferritin level also changes and varies 
in line with changes in body iron load.25–27 Because of 
that, in this experiment, we used the mean serum ferritin in 
the past year to avoid the presence of other factors that 
affect serum ferritin values such as infection, inflamma
tion, etc.28–30 The mean serum ferritin showed a chronic 
condition compared with serum ferritin levels only. The 
mean ferritin per year was 2831±1828 ng/mL. A total of 
60% of the subjects experienced a severe iron overload in 
ferritin values >2000 ng/mL.

In this study, most of the subjects received blood 
transfusions on a regular basis; hence, the mean serum 
ferritin levels were high. Furthermore, the iron which 
was distributed to the reticuloendothelial system (RES), 
increased ferritin synthesis and was released into the cir
culation, leading to a high serum ferritin.31–35 One out of 
three subjects with serum ferritin <800 ng/mL (229 ng/ 
mL) had LIC 7.81 mg iron/gram dry weight of the liver 
and did not receive iron chelation. This showed the impor
tance for monitoring the serum ferritin level as well as 
charge of excess iron.36 Monitoring of LIC should be done 
regularly if possible, to achieve optimal iron 
chelation.37–39

Based on MRI T2* examination of the liver, we found all 
subjects experienced liver toxicity; 48.9% of the subjects 
experienced severe liver hemosiderosis (MRI T2*<1.8 ms). 
The proportion of subjects experienced severe liver hemosi
derosis (LIC >15 mg iron/g of liver dry weight) was not 

Table 2 Characteristic Thalassemia-Related Data of Study 
Subjects

Characteristics N=45

Transfusion requirement of the year, n (%)

1–3 times a year 7 (15.6)
4–6 times a year 6 (13.3)

> 6 times a year 32 (71.1)

A history of splenectomy, n (%)

Yes 44 (97.8)

No 1 (2.2)

Iron chelation, n (%)

Not getting iron chelating agent 2 (4.4)
Deferiprone 31 (68.9)

Deferasirox 11 (24.4)

Combination deferiprone + deferasirox 1 (2.2)

Pre-transfusion hemoglobin (current 
research), mean (SD)

7.7 (1.5)

<7 g/dl, n (%) 9 (20.0)

7–9 g/dl, n (%) 23 (51.1)

> 9 g/dl, n (%) 13 (28.9)

Mean Hb pre-transfusions per year, median 
(IQR)

8 (1.1)

<7 g/dl, n (%) 9 (20.0)

7–9 g/dl, n (%) 32 (71.1)

> 9 g/dl, n (%) 4 (8.9)

AST U/L mean (SD) 33.3 (19.4)

ALT U/L mean (SD) 28.8 (21.1)

MRI T2* liver ms, median (IQR) 1.6 (1.64)

LIC mg iron/g dry weight liver, mean (SD) 15.36 (7.37)

Liver elastography, kPa mean (SD) 7.7 (3.8)

Abbreviations: AST, aspartate transaminase; ALT, alanine aminotransferase; 
hsCRP, high-sensitive C-reactive protein; MRI, magnetic resonance imaging; LIC, 
liver iron concentration; IQR, inter quartile range; SD, standard deviation.

Table 3 Liver MRI T2* and LIC Result

Variables N (%)

Liver MRI T2* 45
Light hemosiderosis (3,8–11 ms) 5 (11.1)

Moderate hemosiderosis (1,8–3,8 ms) 18 (40.0)

Severe hemosiderosis (<1,8 ms) 22 (48.9)

LIC values based on liver MRI T2* 45
Mild iron overload (2–7 mg/g) 6 (11.3)

Moderate iron overload (7–15 mg/g) 17 (37.8)

Severe iron overload (>15 mg/g) 22 (49.9)

Abbreviations: MRI, magnetic resonance imaging; LIC, liver iron concentration.
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Figure 1 Correlation between serum ferritin and liver elastography.

Figure 2 Correlation between liver iron concentration (LIC) and liver elastography.

Journal of Blood Medicine 2021:12                                                                                         submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                         
239

Dovepress                                                                                                                                            Atmakusuma and Lubis

http://www.dovepress.com
http://www.dovepress.com


much different (49.9%). Clinical spectrum of TI patients was 
very wide and varied, from mild and did not need blood 
transfusions, to severe with regular transfusions such as 
TM. However, non-transfusion-dependent thalassemia 
(NTDT) patients were still at risk of having excess iron 
load. The ineffective erythropoiesis and chronic anemia 
caused reduced hepcidin levels that lead to increase iron 
absorption in the gastrointestinal tract and increase iron 
release from macrophages of the RES.40–47

It must always be remembered that, in contrast to TM, 
serum ferritin can not be used to assess the severity of iron 
overload in thalassemia intermedia, especially IT 
NTDT.8,9 A significant association between serum ferritin 
and LIC has been clear in the TM patients who receive 
regular transfusions. This is similar to the study conducted 
by Taher, et al11 in Lebanon. In this study, where the 
majority of study subjects were IT with regular transfu
sion, with a mean serum ferritin 2831 (1828) ng/mL, we 
found a high iron overload in the liver, with an average 
LIC 15.36 (7.37) gr iron/gr liver dry weight. The high LIC 
value was predicted because of the high requirement for 
blood transfusions.48–58

In this study, a serial transferrin saturation examina
tion was not obtained from medical records, so we could 
not see the trend of transferrin saturation in the 
past year. The other was the use of iron chelation in 
the study subjects, deferiprone was the most used iron- 
chelating agent in this study. It showed a declining 
optimal transferrin saturation within 2 hours after defer
iprone ingestion and increased within 6 hours.59–63 

Deferiprone time lapse between consumption and time 
of blood sampling for the examination, which was not 
uniform in each research subject, could affect transferrin 
saturation values, related to the concentration of iron 
chelation and a half-life in the blood. Severe hepatic 
impairment (liver damage/necrosis of hepatocytes) can 
also lead to an increase in ferritin and transferrin decline 
in production.64–68

In this research, study subjects were IT patients with 
the majority of blood transfusions on a regular basis. In 
this study, serum ferritin used is the mean serum ferritin 
for 1 year, which was considered to represent the trend and 
chronicity of the charge of iron overload. Then, compared 
with the measurements of serum ferritin during the course, 

Figure 3 Correlation between MRI T2* and liver elastography.
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this was different from the previous study using serum 
ferritin at the time of the study. In this study, moderate 
correlations were shown, between the mean serum ferritin 
and elastography. Iron overload and liver iron exposure in 
the long term might cause iron toxicity in liver which 
proceed into fibrosis. Liver elastography was used to 
assess liver fibrosis.69

In this study, the factors that can affect the liver fibrosis 
had been excluded, which were an infection of hepatitis 
B or C, as the long-term complications resulting from 
transfusions in patients with thalassemia. Thalassemia 
patients with excess iron load and hepatitis infection, 
liver fibrosis was not only due to iron toxicity but also 
infection such as hepatitis provided a major 
contribution.55–57 In contrast to the study by Pipaliya et 
al,13 a weak correlation in this study was predicted 
because of difference in MRI methods used. In the study 
by Pipaliya,13 MRI T2* was used. Besides, variation of 
patient populations especially in subjects with TM might 
influence the results.69

Conclusion
The proportion of liver iron overload in adult patients with 
thalassemia intermedia was 100% in General Hospital 
National Center Cipto Mangunkusumo (RSUPNCM) 
assessed by MRI T2* examination 100%. There was no 
correlation between transferrin saturation with a liver elas
tography level. There was a moderate correlation between 
serum ferritin by liver elastography value. Furthermore, it 
showed a weak correlation between LIC based on liver 
T2* MRI examination and liver elastography value. 
Adding to that, there was a weak negative correlation 
between the liver elastography and MRI T2* liver.
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R E V I E W

What Does the Economic Burden of Acute Myeloid 
Leukemia Treatment Look Like for the Next Decade? 
An Analysis of Key Findings, Challenges and 
Recommendations

Anna Forsythe 
Karen Sandman

Purple Squirrel Economics, New York, 
NY, USA 

Abstract: Acute myeloid leukemia (AML) is conventionally treated with chemotherapy in 
eligible patients. Potentially curative regimens are associated with significant toxicity, and 
the major cost drivers in AML historically have been hospitalization and hematopoietic stem 
cell transplantation. The past several years have seen a dramatic increase in the number of 
treatment options, including oral therapies and drugs targeted to biological pathways impli
cated in AML. Major current and future drivers of cost in AML include hospitalization and 
medical costs, stem cell transplantation for eligible patients, and medication costs. It is likely 
that hospitalization and medical costs will decline as more AML treatment moves to the 
outpatient setting. Stem cell transplantation costs may increase, if more patients are eligible 
for improved procedures, although the overall cost of transplantation could decrease if new 
procedures reduce the need for hospitalization. Medication costs are likely to increase, with 
various branded drugs available and in development. From a broader perspective, another 
driver of cost is the proportion of patients with AML who can undergo treatment. Patients 
who may previously have been unable to tolerate chemotherapy are more likely to be treated 
with the range of less intensive, more tolerable options now available. The effectiveness of 
newer AML treatment options also suggests that, overall, there may be more patients staying 
alive and on treatment longer than in the past. While certain advances, such as increased use 
of oral and outpatient therapies, could potentially reduce costs, the overall economic impact 
of AML is likely to increase as more patients are eligible for novel therapies across several 
phases from induction to maintenance to relapsed/refractory disease. While these novel 
therapies have the potential to deliver value in the form of improved efficacy, safety, and 
convenience, payers will need to determine how to cover a longer, more complex AML 
treatment pathway. 
Keywords: AML, leukemia, cost of illness, economic burden

AML: A Rare and Costly Cancer
Acute myeloid leukemia (AML) arises in the bone marrow from the abnormal 
clonal expansion of myeloid blood cell precursors. Leukemic blast cells are found 
in the circulating blood as well as in the bone marrow, where they disrupt normal 
blood cell production, leading to myelosuppression.1 Consequences of AML 
include anemia, with weakness and pallor, thrombocytopenia, resulting in bleeding, 
and leukopenia, leading to fever and infection.
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AML, which accounts for about 30% of all leukemia 
cases, is a relatively rare cancer, accounting for about 
1.1% of all cancers in the US, with about 20,000 new 
cases and 11,000 deaths per year.2 Global incidence of 
AML in 2018 was estimated to be around 130,000.3 

AML tends to affect older individuals, with a median age 
at diagnosis of 68 years.2

Without treatment, acute leukemias can be rapidly 
fatal, but with prompt initiation of intensive treatment, 
survival of several years or more is achievable.1 

Conventional treatment for AML involves aggressive, 
cytotoxic induction chemotherapy, with the goal of allo
geneic hematopoietic stem cell transplant (HSCT) in eli
gible patients. This intensive approach, while successful in 
some patients, has not been feasible in many elderly 
patients due to poor performance status and 
comorbidities.4 Thus, while long-term survival approaches 
50% in patients under age 65, it drops to about 10% in 
patients over 65.5 The 5-year overall survival rate in the 
US from 2010 to 2016 was 28.7%.2

Based on the low overall survival rates in AML, as well 
as the disparities in treatment outcomes for younger and 
older patients, there has been considerable research in recent 
years to develop treatment pathways for different subgroups 
of patients. At the same time, an evolving understanding of 
AML biology has sparked the development of targeted thera
pies that can be tailored to patients based on genetic features 
of their cancer cells.4 The current standard approach is to 
evaluate patients’ fitness for intensive chemotherapy (IC) 
and HSCT. If a patient is an IC candidate, they typically 
receive an induction regimen, such as cytarabine plus dau
norubicin, followed by HSCT if possible. Patients may also 
undergo consolidation therapy with high-dose cytarabine. If 
a patient is a candidate for non-intensive chemotherapy 
(NIC), they may receive a low-dose hypomethylating agent 
(HMA) such as azacitidine or decitabine, or they may receive 
low-dose cytarabine (LDAC). While these NIC options have 
relatively modest efficacy, in recent years there have been 
a series of approvals of new, targeted drugs that can be used 
with or without NIC, providing patients with a range of 
options beyond conventional chemotherapy. Patients who 
achieve complete remission may receive maintenance ther
apy with recently approved oral options (oral azacitidine 
approved by the US Food and Drug Administration [FDA] 
and midostaurin approved by the European Medicines 
Agency [EMA]). Relapsed or refractory (R/R) patients may 
receive an IC or NIC reinduction regimen, with or without 
a targeted agent, or single-agent targeted therapy.1,4,6

Conventional therapies for AML incur considerable 
costs and healthcare resource utilization (HCRU), with 
hospital-based chemotherapy infusions, the need for fre
quent monitoring, and the inevitable need to treat serious 
adverse effects of treatment.7 HSCT, while potentially 
curative, is a costly inpatient procedure. Newer treatments, 
with more manageable safety profiles, may help to limit 
medical and hospitalization costs, but in general these 
novel drugs cost more than conventional chemotherapy. 
Moreover, the higher tolerability of newer treatments 
increases the number of patients who can initiate and 
stay on treatment, potentially expanding the overall budget 
impact of AML on healthcare systems.

In conducting this review, we sought to first character
ize the current landscape of cost and value in AML, 
identifying the major cost drivers and how they have 
evolved in recent years. We then aimed to consider how 
upcoming advances in treatment and care delivery may 
impact the economic impact of AML, so that we could 
identify opportunities for manufacturers, treatment centers, 
and others to deliver value in AML in the coming years.

AML: A Therapeutic Landscape in 
Transition
Historical Cost Drivers in AML
We conducted a systematic review of studies reporting 
economic outcomes in AML. The systematic review was 
performed in accordance with the methodological princi
ples of conduct for systematic reviews as detailed in the 
University of York CRD’s “Guidance for Undertaking 
Reviews in Health Care” and in accordance with metho
dology established in the Preferred Reporting Items for 
Systematic Reviews and Meta-analyses (PRISMA) 
statement.8,9 SLR searches (from database inception to 
December 2020) were conducted in the MEDLINE, 
Embase, EconLit and Cochrane databases. In addition to 
the database searches, keyword searches of the annual 
proceedings of scientific meetings (American Society for 
Clinical Oncology [ASCO], European Haematology 
Association [EHA], European Society for Medical 
Oncology [ESMO] and American Society for 
Hematology [ASH]). A total of 54 records were selected 
from 48 original studies reporting on healthcare resource 
use or costs in AML. Among selected studies, 31 included 
US data, and 14 included EU data.

One of the large retrospective database studies on the 
economic burden of AML in the US before the approval of 
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targeted agents (2008 to 2016) examined HCRU and direct 
costs in AML in a commercial payer database.10 The most 
expensive episodes of care were R/R AML ($439,104), 
HSCT ($329,621), induction IC ($198,657), consolidation 
IC ($73,428), and NIC ($53,081). Across all these groups, 
the main driver of cost was inpatient hospitalization, 
which accounted for about 70% of costs. AML symptoms 
and treatment toxicity were associated with higher costs, 
suggesting that less toxic alternatives to chemotherapy 
may help to control healthcare costs in AML. Several 
other retrospective studies confirmed these findings, noting 
very high costs associated with relapse/disease progres
sion; the largest cost driver was inpatient utilization in 
both private and public healthcare settings.11–13

Outside of the US, the economic picture of AML is 
similar, as demonstrated in a claims database study (1997 
to 2015) covering nearly 40,000 patients with AML in 
Spain.14 With mean annual direct costs of €30,775 per 
patient that increased by 3.7-fold from 1999 to 2011, the 
primary drivers were hospitalization and HSCT. 
A retrospective study in the Netherlands aimed at calculat
ing the cost of initial treatment in AML also concluded 
that hospitalization was the major cost driver.15 A large 
study based on a Swedish registry (N=2954, 2007 to 2015) 
noted that among all AML treatment phases, the total cost 
from date of HSCT to death is the largest, amounting to 
over US$160,000, with inpatient costs accounting for 60% 
of the total.16

These and other database studies exploring AML costs 
prior to the advent of novel therapeutics depict a scenario 
likely to change as less toxic and more effective therapies 
increase in uptake. The remainder of this review explores 
the likely transition of key cost drivers in AML in the 
coming years.

Evolving Clinical and Economic Picture of 
AML
Following the development of the cytarabine + daunoru
bicin regimen and HSCT for AML in the 1970s, there 
were several decades without significant innovation in 
AML treatment.4,17 This situation changed in 2017, and 
the past several years have seen nine new products 
approved in AML. A growing understanding of the genetic 
features of AML cells has allowed many of these new 
therapies to target to specific biological pathways impli
cated in AML development and progression.18 Relevant to 

the HCRU associated with these treatments, seven of the 
nine newly approved drugs are orally administered.

Two are for patients with fms-like tyrosine kinase 3 
positive (FLT3+) cancer: oral midostaurin may be added to 
IC in newly diagnosed patients, and patients with R/R 
AML may receive oral gilteritinib.

Patients with isocitrate dehydrogenase (IDH) mutations 
may receive oral enasidenib for IDH2+ RR AML, while 
elderly patients with IDH1+ AML may receive oral ivosi
denib in the newly diagnosed or relapsed/refractory 
setting.

Patients with newly diagnosed AML eligible for IC 
who have CD33 expression may receive intravenous (IV) 
gemtuzumab ozogamicin in combination with IC.

A liposomal, IV administered combination of cytara
bine and daunorubicin, CPX-351, is available for newly 
diagnosed therapy-related AML or AML with myelodys
plasia-related changes (AML-MRC).

Two targeted therapy options that can be added to NIC 
for newly diagnosed patients are oral venetoclax and oral 
glasdegib.

Lastly, oral azacitidine has been approved as 
a maintenance therapy in patients who achieved first com
plete remission (CR) or complete remission with incom
plete blood count recovery (CRi) following intensive 
induction chemotherapy and who are not able to complete 
intensive curative therapy.

In addition to the rapid growth in treatment options for 
patients with AML, including those eligible for IC or NIC, 
there have been progressive improvements in supportive 
care for patients undergoing AML treatment. While IC 
remains an intensive treatment that can result in serious 
complications or even death, there have been substantial 
advances such as the introduction of broad-spectrum oral 
antifungals and improvements in transfusion medicine. 
These changes, combined with increased emphasis on 
patient and caregiver quality of life and management of 
costs, have allowed many patients to receive a greater 
proportion of AML treatment in the outpatient setting. 
Most recently, the COVID-19 pandemic has accelerated 
the push towards using telehealth and outpatient care when 
appropriate, and it is likely that these new approaches to 
care will influence treatment practices in the long term.7

Major drivers of cost in AML include hospitalization and 
medical costs, stem cell transplantation for eligible patients, 
and medication costs (conventional chemotherapy and novel 
agents). From a broader health plan or societal perspective, 

Journal of Blood Medicine 2021:12                                                                                                 https://doi.org/10.2147/JBM.S279736                                                                                                                                                                                                                       

DovePress                                                                                                                         
247

Dovepress                                                                                                                                             Forsythe and Sandman

https://www.dovepress.com
https://www.dovepress.com


another driver of cost is the proportion of patients with AML 
who undergo treatment. Patients who may previously have 
been unable to tolerate chemotherapy are more likely to be 
treated with the range of NIC options now available. The 
effectiveness of newer AML treatment options also suggests 
that, overall, there may be more patients staying alive and on 
treatment longer than in the past.

Cost Drivers in Transition: Hospitalization and 
Medical Costs
Inpatient hospital care, and medical costs more broadly, 
have historically been major cost drivers in AML. Several 
recent factors are likely to reduce these costs, which in 
principle could reduce the overall economic burden of 
AML. These include the advent of oral AML therapies 
and chemotherapy regimens that can be administered in 
the outpatient setting, as well as improved supportive care 
that may reduce the need for emergency care and pro
longed hospitalizations.7

AML treatments that can be administered in the out
patient setting include the seven recently approved oral 
options. Some of the oral therapies are administered as 
single agents and others as add-on therapy; choice of agent 
and regimen depends on biological features of the patient’s 
AML and the stage of treatment. In addition to the oral 
options, which avoid administration costs, the new liposo
mal formulation of daunorubicin and cytarabine, CPX- 
351, has a simplified dosing schedule19 that allows it to 
be administered to suitable patients in the outpatient set
ting, potentially reducing inpatient costs. In a pilot study, 
14 patients were able to receive induction chemotherapy as 
outpatients, reducing their mean overall hospitalization by 
over 2 days compared with those who received the same 
regimen as inpatients.20 Another pilot study found that 
patients were able to safely receive IC for AML and high- 
risk myelodysplastic syndromes (MDS) as outpatients.21 

Fourteen of 17 patients completed IC without needing 
hospital admission, although most eventually required 
admission for supportive care typical of patients following 
induction. Outpatient administration of induction regimens 
is not expected to prevent hospitalization altogether, but it 
may reduce costs by decreasing the total number of inpa
tient days.

Cost Drivers in Transition: HSCT and Other Cellular 
Therapies
Beyond hospitalization and medical costs, the other major 
historical cost driver in AML has been HSCT. This inten
sive procedure requires specialized care, with patients 

often hospitalized for prolonged periods and requiring 
extensive follow-up care. While many patients with 
AML have historically not been considered candidates 
for HSCT, improved methods for donor selection and 
relaxed requirements for patient fitness have expanded 
the eligible patient population, potentially increasing over
all HSCT costs in AML.

In recent years, the ability to identify patients who are 
likely to benefit from allogeneic HSCT has been improved 
by advances in the cytogenetic and molecular risk stratifi
cation of AML as well as early assessments of measurable 
residual disease (MRD).22,23 Among patients who are con
sidered suitable HSCT candidates, there are increasing 
options even if they do not have a matched sibling 
donor. Over 30 million adults are registered worldwide 
as potential volunteer donors, cryopreserved umbilical 
cord blood is growing in availability, and there is growing 
evidence to support the safe transplantation of haploiden
tical (half-matched) stem cells.24 These factors have led to 
a sharp increase in the number of allogeneic HSCT proce
dures performed in AML in the last decade.

There are several new transplantation technologies that 
potentially expand the donor pool. Despite the promise of 
umbilical cord blood stem cells in increasing the pool of 
potential matched donors, one challenge in using this 
approach in adults has been the relatively low dose of 
stem cells available, which can lead to graft failure and 
delayed bone marrow recovery.25,26 One strategy being 
investigated to address this challenge is UM171, 
a hematopoietic stem cell self-renewal agonist, which 
expands umbilical cord blood stem cells, thus allowing 
for a higher stem cell dose. Initial results in hematologic 
malignancies demonstrate the feasibility of this approach, 
with a potential for low risk of chronic graft-versus-host 
disease and relapse.27 An ongoing study (NCT03913026) 
is assessing the use of UM171-expanded cord blood cells 
in patients with high-risk acute leukemia/myelodysplasia. 
In a pilot UM171 trial (NCT02668315), among 22 patients 
who received a single UM171 cell bank transplant, the rate 
of GVHD (10%) was low, with no moderate-to-severe 
chronic GVHD.27 If methods such as UM171 enter clinical 
practice, there may be an increase in the number of 
patients who undergo transplants, and thus in the asso
ciated costs—both for the new technology as well as for 
the transplant procedure and post-transplant care.

Another possible cellular therapy on the horizon for 
AML is chimeric antigen receptor T-cell (CAR-T) therapy. 
To date, the CAR-T products that have been approved are 
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used in B-cell malignancies, which lend themselves to this 
approach because they express antigens that are unique to 
the B-cell lineage. Myeloid cancers, by contrast, tend to 
express tumor antigens that are also found on various 
healthy cells, including hematopoietic stem or progenitor 
cells, making it challenging to design CAR-T therapy for 
AML.28 The depletion of stem cells by CAR-T cell ther
apy would cause prolonged myeloablation, with conse
quences such as infection and transfusion dependence. 
Despite these significant challenges, there are ongoing 
efforts to develop CAR-T treatments for RR AML, with 
ten ongoing trials identified in a search of clinicaltrials.gov 
on January 31, 2021 (Table 1).

If investigational cellular therapies such as those outlined 
in Table 1 show efficacy with acceptable safety profiles in 
AML, they would likely carry a very high cost. The cur
rently available CAR-T therapies cost in the range of 
$375,000 to $475,000 for a single infusion, in addition to 
the medical costs and management of complications.29 If 
a large number of patients with AML were considered 
candidates for cellular therapy, there could be a significant 
impact on the overall cost burden in AML. There are, how
ever, substantial payer restrictions on coverage for the cur
rently available CAR-T therapies. The actual cost impact 
therefore may be less, if only a small fraction of patients 
with AML are able to access the treatment.

The high cost of CAR-T therapies may be offset by 
their benefits if these approaches are found to be cost- 
effective relative to other options. Our systematic literature 
review did not identify any cost-effectiveness analyses for 
CAR-T treatments in AML. CAR-T therapy was found to 
be cost-effective, with an incremental cost-effectiveness 

ratio (ICER) of $64,600/quality-adjusted life year 
(QALY), in a microsimulation model of pediatric acute 
lymphoblastic leukemia (ALL).30 The authors of the 
pediatric ALL analysis note that longer-term efficacy 
data for CAR-T may change their findings, and it is not 
clear whether comparable findings would apply in adults 
with AML.

Cost Drivers in Transition: Drug Costs
Conventional chemotherapy for AML utilizes largely gen
eric drugs, so that the primary costs are in administration 
and toxicity management rather than in direct drug costs. 
The large number of new AML therapies approved in the 
past several years largely stems from the explosion in 
research into abnormal genetic pathways in cancer cells 
and how to disrupt these pathways.18 The tailoring of 
therapies to specific biological pathways helps to get the 
right treatment to the right patient, but it also requires 
genetic profiling of a patient’s cancer cells to inform 
treatment decisions. The higher demand for genetic testing 
will likely contribute to the economic burden of AML.

The impact of new AML drugs on costs would best be 
assessed by analysing treatment patterns. While currently 
published treatment pattern studies are largely based on data 
from before new drugs became available in 2017, the novel 
therapies are by now fully integrated into prominent treatment 
guidelines, such as the National Comprehensive Cancer 
Network (NCCN) Clinical Practice Guidelines. The NCCN 
guidelines include IC regimens that utilize novel branded 
therapies such as gemtuzumab ozogamicin, midostaurin, 
venetoclax, and CPX-351, alongside conventional chemother
apy options.6 For NIC induction therapy, the NCCN guide
lines include a variety of novel branded therapies, such as 
venetoclax, glasdegib, gemtuzumab ozogamicin, ivosidenib, 
and enasidenib. The guidelines also include most of the novel 
agents as options for post-remission or maintenance therapy, 
as well as for R/R AML, with specific recommendations based 
on patient fitness, biological factors, and prior therapies.

These new targeted therapies, with more on the horizon, 
offer many potential benefits in terms of efficacy, safety, ease 
of administration, and reduced hospital time, but as branded 
drugs and combinations, they are likely to substantially 
increase spending on medications in AML, both for patients 
and payers. In the US, patients with private insurance may 
face substantial out-of-pocket copayments for the self- 
administered drugs, and those on Medicare may have access 
challenges as they may be required to justify the branded 
therapies over established generic options.

Table 1 Ongoing Trials of CAR-T Therapies in AML

Interventions Study 
Phase

Estimated 
N

NCT 
Number

CD19 CAR-T 2/3 10 NCT04257175

CD123/CLL1 CAR- T 2/3 20 NCT03631576

CD123 CAR-T 1/2 45 NCT04265963
CD123 CAR-T 1/2 40 NCT04272125

CD123 CAR-T 1 12 NCT04678336

CD123 CAR-T 1 12 NCT03766126
CD123 UCAR-T 1 59 NCT03190278

CD38 CAR-T 1/2 20 NCT04351022

CD33 CAR-T 1/2 34 NCT03971799
CLL-1 CAR T 1 18 NCT04219163

Notes: Source: ClinicalTrials.gov, accessed 31 January 2021. 
Abbreviations: AML, acute myeloid leukemia; CAR-T, chimeric antigen receptor 
T-cell; NCT, National Clinical Trial; UCAR-T, universal chimeric antigen receptor T-cell.
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In the coming years, the costs of genetic testing and novel 
therapies are likely to grow as more targeted therapies 
become available. As of January 2021, there were 621 
ongoing interventional Phase 1 to Phase 3 studies in AML 
registered on ClinicalTrials.gov, over 450 of which are Phase 
2 or phase 3. Among the ongoing studies, 99 evaluate biolo
gical treatments, 25 are transplantation studies, and the 
remaining 496 are evaluating drug treatments and combina
tions. While many of these studies involve new combinations 
of existing drugs, the innovative pipeline is strong. Table 2 
presents ongoing phase 2 or phase 3 studies of treatments 
targeting specific biologically or genetically defined patient 
subgroups or molecular pathways.

Cost Drivers in Transition: Utilization of AML 
Treatment
The previous three major cost drivers discussed in this 
review—hospitalization/medical costs, HSCT/cellular 
therapies, and drug costs—relate to how advances in 
AML treatment may impact the costs of treating 
a patient with AML. The final category relates to how 
the evolution of AML treatment may impact the overall 
economic burden of AML by making high-cost treatment 
a possibility for a larger proportion of patients with AML.

Despite the availability of NIC options, a recent litera
ture review found that up to one-third of patients in the US 
and Europe receive only best supportive care for AML, 

Table 2 Ongoing Phase 2 and Phase 3 Trials of Therapies Targeting Biologically or Genetically Defined Patient Subgroups or Molecular 
Pathways in AML

Target Sub-Population Treatment AML Treatment 
Phase

NCT Number

FLT-3 Crenolanib Maintenance NCT02400255; NCT03258931

RR AML NCT03250338

Crenolanib, Midostaurin ND AML NCT03258931

Gilteritinib, Midostaurin ND AML NCT03836209; NCT03836209

Gilteritinib ND AML NCT02752035; NCT04293562; 

NCT02997202
Maintenance NCT02927262

Midostaurin ND AML NCT03379727; NCT03280030

Quizartinib ND and maintenance NCT02668653

ND AML NCT04676243; NCT04209725

Ibrutinib RR AML NCT03642236

ASP2215 RR AML NCT03182244; NCT02421939

SKLB1028 RR AML NCT04716114; NCT04015024

IDH-1/IDH-2 Ivosidenib/enasidenib ND IC AML NCT03839771; NCT04493164

Enasidenib RR AML NCT04203316

Ivosidenib ND NIC AML NCT03173248

AG-221 (CC-90007) RR AML NCT02577406

Olaparib RR AML NCT03953898

NPM1 Gemtuzumab ozogamicin ND IC AML NCT00893399

Pembrolizumab RR AML NCT03769532

Oral arsenic trioxide AML NCT04689815

SNDX-5613 RR AML NCT04065399

(Continued)
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with advanced age, comorbidities, and poor performance 
status as major factors in the decision not to administer 
active treatment.31 There is, however, a growing trend to 
use broader criteria to assess fitness for treatment: the 
NCCN guidelines refer to “physiologic age” rather than 
chronological age, to avoid declining treatment to elderly 
patients who are likely to tolerate and benefit from 
treatment.32

New treatment options may increase the likelihood of 
physicians to offer anticancer treatment to older patients. 

Glasdegib and venetoclax, for example, are approved spe
cifically for use in elderly or unfit patients, based on 
pivotal trials in these populations.33,34 CPX-351 is 
approved without age restriction following a pivotal trial 
demonstrating superior efficacy and comparable safety to 
conventional cytarabine + daunorubicin in patients age 60 
to 75.19 With increasing awareness of physiologic over 
chronological age, expanded options for targeted therapy 
with manageable safety profiles, and improved strategies 
for managing adverse effects of treatment, it is likely that 

Table 2 (Continued). 

Target Sub-Population Treatment AML Treatment 
Phase

NCT Number

CEBPA HAD ND IC AML NCT04415008

HOX overexpression Nintedanib ND IC AML NCT02665143

TP53 Decitabine RR AML NCT03063203

Magrolimab ND AML NCT04778397

APR-246 (eprenetapopt) Maintenance NCT03931291

CD33 Gemtuzumab ozogamicin RR AML NCT03839446

CD123+ or BPDCN-IPh-like+ Tagraxofusp RR AML NCT04342962

PD-1 Nivolumab ND and RR AML NCT02397720
AML in remission NCT02275533
Maintenance NCT02532231

NIC RR AML NCT03825367

Visilizumab, azacitidine RR AML NCT04722952

Tislelizumab + HMA ND NIC AML NCT04541277

Pembrolizumab + decitabine ND NIC and RR NCT03969446
Pembrolizumab + azacitidine RR AML NCT02845297

Pembrolizumab + chemo ND AML NCT04214249

Pembrolizumab + azacitidine 
+venetoclax

ND NIC AML NCT04284787

Pembrolizumab AML in remission NCT02771197

Camrelizumab (SHR-1210) RR AML NCT04353479

Visilizumab RR AML NCT04722952

RARA pathway associated 
biomarker

SY-1425 AML NCT02807558

TET2 mutations Azacitidine AML NCT03397173

Note: Source: ClinicalTrials.gov, accessed 31 January 2021. 
Abbreviations: AML, acute myeloid leukemia; BPDCN-IPh, blastic plasmacytoid dendritic cell neoplasm-like phenotype; CEBPA, CCAAT enhancer-binding protein alpha; 
FLT-3, fms-like tyrosine kinase 3; HAD, homoharringtonine + cytarabine + daunorubicin; HMA, hypomethylating agent; HOX, homeobox; IC, intensive chemotherapy; IDH, 
isocitrate dehydrogenase; NCT, National Clinical Trial; ND, newly diagnosed; NIC, non-intensive chemotherapy; NPM1, nucleophosmin-1; PD-1, programmed cell death-1; 
RARA, retinoic acid receptor alpha; RR, relapsed refractory; TET2, Tet methylcytosine dioxygenase 2; TP53, tumor protein 53.
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the proportion of treated patients will increase, leading to 
higher overall costs in AML.

As noted above, the NCCN guidelines include 
a variety of options for maintenance therapy in AML. 
The growing role of maintenance therapy in AML is 
likely to increase the overall number of patients receiv
ing treatment, as patients would continue to be treated 
rather than waiting for relapse before starting treatment 
again. Regimens of IV cytarabine and daunorubicin with 
or without gemtuzumab ozogamicin are recommended 
by the NCCN for patients under 60 years of age who are 
eligible for intensive chemotherapy.32 The EMA, but not 
the FDA, approved oral midostaurin as maintenance 
therapy on the basis of its phase 3 study (RATIFY; 
NCT00651261), which included the use of midostaurin 
in the induction, consolidation and maintenance settings 
(with progressively fewer patients completing each 
phase of treatment).35 Maintenance with the hypomethy
lating agents, IV or oral azacitidine and IV decitabine, 
has also shown efficacy and is recommended by the 
NCCN guidelines.6,36,37 With increasingly effective 
treatments, maintenance therapy may be of long dura
tion: in the phase 3 trial of oral azacitidine, 71% of 
patients stayed on therapy for at least 6 months, while 
49% were exposed for over 1 year.37

Likewise, there has been an expansion in the number of 
options for R/R AML, with the NCCN guidelines for R/R 
AML including oral therapies such as gilteritinib, 

enasidenib, ivosidenib, and venetoclax, and other treat
ments such as gemtuzumab ozogamicin.6 These novel 
therapies have generally manageable toxicity profiles, 
making treatment for R/R AML a feasible option for 
a broader set of patients.

There are likely to be even more options for main
tenance and R/R therapy in AML in upcoming years. As 
of January 2021, there were 14 ongoing studies regis
tered with ClinicalTrials.gov investigating novel targeted 
therapies as maintenance. Furthermore, among the 621 
ongoing interventional studies in AML, 171 were speci
fically in the R/R population; of these, 46 were phase 2 
or phase 3 studies with primary completion dates ranging 
from 2020 to 2029. Table 3 presents a selection of 
studies in R/R AML that are expected to have primary 
results by 2023. With the number of existing and upcom
ing treatment options for R/R disease and maintenance 
therapy, patients plausibly could stay on therapy for 
several years, effectively converting AML to a disease 
that can be managed chronically. Such a scenario would 
have major implications in terms of the typical patient 
journey and associated costs.

Lastly, as life expectancy increases, there has been 
a modest uptick in AML incidence, from 3.4 per 
100,000 persons in the US in 1975 to 4.3 per 100,000 in 
2017.2 Thus, the overall population of patients with AML 
has grown, contributing to the cumulative economic 
impact.

Table 3 Notable Ongoing Phase 2 and Phase 3 Studies in RR AML with Primary Results Expected by 2023

Intervention Study 
Phase

Estimated 
N

Primary Completion 
Date

NCT 
Number

Uproleselan (GMI-1271) + IC 3 380 2022 NCT03616470

Crenolanib + IC 3 322 2021 NCT03250338
131Iapamistamab (Iomab-B) 3 150 2021 NCT02665065

Gilteritinib 3 318 2021 NCT03182244

Ibrutinib + IC ± sorafenib 2/3 122 2022 NCT03642236
Alvocidib 2 134 2022 NCT03969420

Cladribine + idarubicin + cytarabine + quizartinib 2 86 2022 NCT04047641

Isatuximab + IC 2 96 2021 NCT03860844
Liposomal daunorubicin-cytarabine + venetoclax 2 52 2021 NCT03629171

Liposomal daunorubicin-cytarabine + gemtuzumab ozogamicin 2 50 2022 NCT03672539

Nivolumab + azacitidine ± ipilimumab 2 182 2022 NCT02397720
Olaparib 2 94 2022 NCT03953898

Pembrolizumab + azacitidine 2 67 2021 NCT02845297

Venetoclax + decitabine 2 400 2023 NCT03404193

Note: Source: ClinicalTrials.gov, accessed 31 January 2021. 
Abbreviations: AML, acute myeloid leukemia; IC, intensive chemotherapy; NCT, National Clinical Trial.
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Opportunities to Deliver Value in 
AML
The rapid evolution of treatment options for AML leaves 
patients and physicians with notably more decisions than in 
the past, while presenting payers with more costs and offsets 
to consider. Where previously the AML treatment pathway 
hinged on age and fitness, it now must begin with genetic 
profiling followed by consideration of a range of conven
tional and novel regimens based on patient factors and pre
ferences. Patients may choose to undergo induction therapy 
followed by HSCT, or perhaps their initial therapy may 
induce a sufficient response to allow a direct transition to 
maintenance therapy. Those who undergo HSCT may require 
less time in the hospital for the procedure as methods have 
improved, or they may, in the near future, undergo alternative 
forms of stem cell transplant or cellular therapies. Patients 
who eventually develop R/R disease can consider a variety of 
targeted options, many of which can be self-administered at 
home. As the number of drugs with different mechanisms 
increases, there may be an opportunity to sequence treat
ments in AML as patients experience longer-term survival 
even in the absence of cure. These potential survival gains 
and clinical benefits will require investment on the part of 
payers, and it will be incumbent on those developing novel 
treatments to demonstrate the economic value with compel
ling evidence.

Historically, hospitalization has been a major cost dri
ver in AML. While some evolving treatments, such as 
stem cell transplant and cellular therapies, include substan
tial hospital or medical costs, the major driver of costs in 
AML in the next decade is likely to be the rapid uptake of 
a range of novel targeted therapies. The use of these 
therapies in multiple phases of treatment—newly diag
nosed, maintenance, and R/R—will prolong the amount 
of time that patients are able to stay on treatment. With 
survival gains will come increases in the overall cost 
burden of AML. The AML landscape may develop in 
a manner similar to what has been observed in recent 
years in multiple myeloma, where a treatment “desert” 
transformed over two decades into an opportunity to 
sequence patients through multiple lines of therapy while 
maintaining quality of life.

One opportunity to deliver value in AML treatment is 
the use of oral and other self-administered therapies and 
keeping patients in outpatient settings when feasible. 
While these approaches are likely to reduce costs for 
payers, they may shift a greater cost burden to patients, 

particularly in the US where novel oral drugs incur sub
stantial copayments. The advanced age of the typical 
patient with AML means that they are unlikely to be 
employed and may be unable to cover these costs.

Patients receiving outpatient anticancer therapy still 
require substantial healthcare resources due to the toxicity 
profiles of most available treatments. Outpatient regimens 
such as glasdegib + LDAC or venetoclax + azacitidine are 
myelosuppressive, and patients may require transfusions 
and other supportive measures.33,34 Therefore, another 
way to deliver value in AML treatment is to develop 
treatments and regimens with improved safety profiles, 
with the goal of reduced spending on monitoring and 
treatment of adverse events. The targeting of treatments 
based on biological factors, while requiring investment in 
molecular testing, can help to focus spending on treat
ments most likely to be effective.

Despite the opportunities for cost offsets with innova
tive therapies, it would be naïve to imply that novel 
therapies for AML will ultimately reduce healthcare 
costs. The value of most cancer treatments lies in the 
opportunity to prolong survival while maintaining quality 
of life. In undertaking a holistic cost-benefit assessment of 
AML treatments, one must consider whether the costs 
translate into measurable outcomes such as increased sur
vival, diminished symptom burden, reduced need for 
emergency and inpatient treatment, and decreased strain 
on caregivers. Such a value assessment can be used to 
determine the appropriate costs of innovative therapies.

Conclusion
AML is a relatively rare but costly cancer, currently char
acterized by high-cost intensive treatments that often 
require hospitalization, alongside a substantial fraction of 
patients who receive little or no anticancer treatment due 
to age or performance status. The past several years have 
seen a dramatic increase in the number of treatment 
options, and research is ongoing to further expand the 
therapeutic landscape in AML. While certain advances, 
such as increased use of oral and outpatient therapies, 
could potentially reduce costs, the overall economic 
impact of AML is likely to increase as more patients are 
eligible for novel therapies across several phases from 
induction to maintenance to R/R disease. These novel 
therapies have the potential to deliver value in the form 
of improved efficacy, safety, and convenience. In the com
ing years, value assessments will form the basis for price 
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negotiations as payers determine how to cover a longer 
and more complex treatment pathway in AML.
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Background: Primary pancreatic lymphoma (PPL) is a rare disease representing 0.1% of all 
malignant lymphomas, which lacks well-defined diagnostic and therapeutic protocols. We 
conducted a systematic review to analyze demographic, diagnostic and therapeutic features 
of PPL.
Methods: This review identified small series and single case reports. Sources were 
MEDLINE, PubMed, and the Cochrane library from January 2001 to December 2020. 
Data were screened, extracted and the risk of bias analyzed by three independent reviewers.
Results: A total of 107 eligible papers (17 small series, 90 single case reports) describing 
266 patients were identified. Patients had a median age of 53.1 (range 3–86) years and were 
males in 64.6% of cases. Abdominal pain and jaundice were the most common presenting 
symptoms, affecting 75.3% and 41.8% of patients, respectively. PPL had a median size of 
60.6 mm (range 16–200) and it was localized in the pancreatic head in 63.7% of cases. At 
diagnosis most patients underwent ultrasonography followed by computed tomography. PPL 
typically showed low echogenicity, and lower contrast enhancement than solid tumors. 
Histopathological specimens were obtained by percutaneous or endoscopic biopsies in 
47.7% of patients; abdominal surgery was performed in 33.5% of cases. Overall, diffuse 
large B-cell lymphoma was the most frequent histological diagnosis (53.6%). However, 
patients aged <18 years were affected by Burkitt lymphoma in 52.4% of cases. Most patients 
(53.6%) received immunochemotherapy (IC) or IC plus radiotherapy (14%). Demolitive 
surgery appeared to be associated with impaired survival. Central nervous system (CNS) 
relapse or progression was observed in 20% of patients.
Conclusion: PPL is a rare entity, with some peculiar features at modern imaging. For 
diagnostic purposes percutaneous or endoscopic biopsies might be preferable, as opposed to 
surgery. No definite data is available about the optimal treatment, which should be tailored 
on the histological type and associated with CNS prophylaxis.
Keywords: primary pancreatic lymphoma, diffuse large B cell lymphoma, Burkitt 
lymphoma

Introduction
Primary Pancreatic Lymphoma (PPL) is a rare disease representing only 0.1% of 
malignant lymphomas, 0.6% of extranodal lymphomas, and 0.2% of all pancreatic 
tumors.1,2 On the contrary, secondary pancreatic involvement occurs quite com
monly in lymphomas, especially in the presence of widespread nodal or extranodal 
disease, and may be observed in up to 30% of cases.3

Over the years, different definitions of PPL have been suggested.3,4 More 
recently, the World Health Organization (WHO) has provided the following diag
nostic criteria: i) the bulk of disease has to be located in the pancreas, ii) although 
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adjacent lymph nodes involvement and distant spread may 
exist, the primary clinical presentation has to involve the 
pancreatic gland.5

PPL can develop at any age, but usually affects elderly 
patients, with a male prevalence. Immunosuppression, 
related to HIV infection or solid organ transplantation, 
may favor its development.6 From a clinical standpoint, 
the main presenting symptom of PPL is the abdominal 
pain. However, other common clinical findings include 
systemic symptoms (fever, night sweats and weight loss), 
jaundice, pancreatitis and/or gastric or duodenal 
obstruction.2,7,8 Overall, these symptoms resemble those 
of other pancreatic diseases, often resulting in diagnostic 
problems.9,10 PPL can be located in any portion of the 
gland, but it mainly involves the pancreatic head, which 
contains the greatest amount of lymphoid tissue.9 

Histopathological analysis is usually consistent with dif
fuse large B cell lymphoma (DLBCL) not otherwise spe
cified (NOS); nevertheless, other subtypes of lymphomas, 
including marginal zone lymphoma (MZL) or follicular 
lymphoma (FL), may be detected.5,9,10 Anecdotal cases 
of Hodgkin (HL) and T cell non Hodgkin lymphoma 
(T-NHL) have been also described.11,12

A diagnosis of PPL can be obtained through percuta
neous/endoscopic biopsy, exploratory laparotomy or 
demolition surgery.7 With regard to treatment, no definite 
guidelines can be drawn from literature. In fact, most 
reports on PPL are retrospective and describe undersized 
and heterogeneously treated groups of patients.

The aim of this review was to retrieve, analyze and 
summarize data obtained from case collections and single 
case reports published in the last two decades.

The final goal was to identify specific characteristics of 
this rare lymphoma entity in order to provide evidence to 
establish future diagnostic and therapeutic guidelines.

Methods
This systematic review is reported in accordance with the 
Preferred Reporting Items for Systematic reviews and 
Meta-Analysis guidelines.13 We conducted an extensive 
systematic literature search since 01 January 2000 through 
31 December 2020. Sources were PubMed, Medline, and 
Cochrane library. We deemed eligible all types of reports 
(case collections and single cases). This search was limited 
to studies published in English.

The eligibility criteria were (a) adult and pediatric 
population (b) pancreatic lymphomas fulfilling diagnostic 
criteria for PPL according to WHO.5

All titles were downloaded into an Endnote library and 
duplicated removed automatically. Three reviewers (DF, 
EB, CV) screened the titles and abstracts for eligibility. 
Then full text was screened again. A senior reviewer (CT) 
resolved any disagreement. For each article, at least one 
reviewer extracted the following information: demo
graphics, presenting symptoms, diagnostic methods, and 
histological classification. Whenever available data about 
treatment and outcome were also retrieved.

A total of 107 papers reporting on 266 patients were 
deemed eligible.10–12,14–113 Figure 1 provides the PRISMA 
flow diagram.

Percentages regarding each item analyzed were calcu
lated based on the number of available data as specified in 
each table.

Results
Demographics and Clinical 
Characteristics
Among the 266 patients retrieved from literature, 172 
(64.6%) were males, 94 (35.4%) females. The mean age 
was 53.1 (range 3–86) years. Twenty-one (7.9%) patients 
were aged less than 18 years.

As reported in Table 1, abdominal pain (75.4%) was 
the most common presenting symptom, followed by jaun
dice (41.8%), and B symptoms such as fever, night sweats 
and weight loss (31.9%). Acute pancreatitis and gastric or 
duodenal obstruction were the first clinical presentation in 
25.9% and 10.7% of patients, respectively. Two patients 
were immunosuppressed after a simultaneous pancreas- 
kidney transplant.61,107

Laboratory Tests
Pretreatment laboratory tests were available for a minority 
of patients. Serum levels of lactate dehydrogenase (LDH) 
were elevated in 50.4% of patients, carbohydrate antigen 
19–9 (CA 19–9) in 26.9%. The blood count showed ane
mia in 20.9% of patients, leukocytosis (>10.000/mmc) in 
18.3%, and thrombocytopenia in 4.8%. Laboratory tests 
are reported in Table 1.

Imaging
Imaging features were available in 256 patients (Table 2). 
PPL had a mean size of 60.6 mm (range 16–200) and it 
was located in the pancreatic head in 163 (63.7%) cases. 
Early-stage Ann-Arbor disease (I–II) was diagnosed in 
76% of patients, advanced (III–IV) in the remaining 24%.
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Ultrasonography (US) was performed in 214/256 
patients (83.6%) at disease onset. Computed tomography 
(CT) was performed in 249/256 cases (97.3%), often fol
lowing US; multidetector technology and contrast agent 
enhanced protocols were always used.

Magnetic Resonance Imaging (MRI) was performed in 
36/256 cases (14.0%), nuclear medicine, in particular posi
tron emission tomography-CT (PET-CT) with evaluation 

of 18fluoro-2-deoxy-d-glucose (18FDG) intake, in 51/256 
patients (19.9%).

US is extensively used since it enables a rapid evaluation 
of pancreas size, borders, echostructure and vessels.54,92 The 
most common finding is enlargement of the parenchyma, 
focal or diffuse; the affected pancreas presents also lower 
echogenicity, appearing darker than normal. At color- 
Doppler evaluation major vessels can be surrounded by 

Figure 1 PRISMA flow diagram.
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pathological tissue, but always patent (contrary to other solid 
neoplasms like adenocarcinoma).110,114 When a pancreatic 
disease is identified by US a second line radiological exam
ination, usually CT, is mandatory.

At CT, PPL presents as a large solid lesion, potentially 
involving the whole gland; contrast enhancement is lower 
than healthy pancreas. Fat stranding in the peri-pancreatic 
region is typical; dilation of the bile and pancreatic duct is 
not common, contrary to pancreatic adenocarcinoma. 
Vascular encasement can be observed, without irregulari
ties in vessels wall.51,88,114

MRI can be used if CT is inconclusive or to avoid 
radiation exposure in younger patients. Involved parench
yma shows lower signal intensity on T1-weighted images 
and higher signal on T2-weighetd images compared to 
healthy pancreas; diffusion-weighted sequences present 

very high sensitivity to depict lymphomatous tissue and 
lymph nodes.114 PET-CT is indicated to assess the meta
bolic activity of the primary neoplasm and to depict 
involved lymph nodes in the whole body.98

Diagnostic Procedures and Histological 
Assessment
Information about diagnostic procedures was available in 224 
patients (Table 3). Histopathological specimens were obtained 
mostly by percutaneous or endoscopic biopsies in 68 (30.3%) 
and 39 (17.4%) cases, respectively. Fine needle aspiration 
(FNA) was performed in 33 (14.8%) cases, abdominal surgery 
in 75 (33.5%) (26 surgical biopsy, 49 demolition surgery). 
Demolition surgery consisted mainly of Whipple procedure 
and spleno-pancreasectomy. In the remaining 9 (4.0%) 
patients the diagnosis was autoptic. The main histological 
diagnosis was DLBCL in 143 (53.6%) patients, followed by 
FL in 26 (9.8%) and BL in 20 (7.5%). In 31 (11.6%) cases the 
histology was not specified. Overall, this data is in agreement 

Table 1 Patient Characteristics

Characteristics n (%)

Presenting symptoms
Abdominal pain 175/232 (75.4)

Jaundice 100/239 (41.8)

B symptoms 77/241 (31.9)
GI obstruction 24/225 (10.7)

Acute pancreatitis 56/218 (25.9)

Laboratory values

LDH > upper limits 65/129 (50.4)
CA 19–9 > upper limits 32/119 (26.9)

Anemia 19/91 (20.9)

Thrombocytopenia 4/84 (4.8)
WBC > 10.000/mmc 17/93 (18.3)

Abbreviations: GI, gastrointestinal; LDH, lactate dehydrogenase; CA, carbohy
drate antigen; WBC, white blood cells.

Table 2 Imaging Characteristics

Imaging n (%)

Imaging method

US 214/256 (83.6)

CT 249 (97.3)
MRI 36 (14.1)

PET-CT 51 (19.9)

Pancreatic localization

Head 163/256 (63.6)

Body-tail 76 (29.6)
All gland 17 (6.6)

Tumor diameter, mean (range) 60.6 mm (range 16–200 mm)

Abbreviations: US, ultrasonography; CT, computed tomography; MRI, magnetic 
resonance imaging; PET-CT, positron emission tomography-CT.

Table 3 Diagnostic Methods, Histology and Clinical Stage

Diagnosis n (%)

Diagnostic method
Percutaneous biopsy 68/224 (30.3)

Endoscopic biopsy 39 (17.4)
FNA 33 (14.8)

Surgical biopsy 26 (11.6)

Demolition surgery 49 (21.9)
Autopsy 9 (4.0)

Histology
DLBCL 143/266 (53.6)

FL 26 (9.8)

BL 20 (7.5)
High grade B cell lymphoma 14 (5.2)

T-NHL 18 (6.7)

HL 4 (1.5)
LPL 4 (1.5)

MZL 2 (0.7)

SLL 2 (0.7)
PTLD 2 (0.7)

Lymphoblastic lymphoma 1 (0.4)

Unknown 31 (11.6)

Clinical stage (Ann Arbor)

I–II 152/200 (76)
III–IV 48/200 (26)

Abbreviations: FNA, fine needle aspiration; DLBCL, diffuse large B cell lym
phoma; FL, follicular lymphoma; BL, Burkitt lymphoma; NHL, non Hodgkin lym
phoma; HL, Hodgkin lymphoma; LPL, lymphoplasmacytic lymphoma; MZL, marginal 
zone lymphoma; SLL, small lymphocytic lymphoma; PTLD, post-transplant lympho
proliferative disorder.
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with that reported by a recent paper by Mukhija et al115 

evaluating 835 patients affected by pancreatic lymphomas, 
though the analysis was not restricted to the PPLs only.

According to data published in literature, percutaneous or 
endoscopic biopsies are reliable and scarcely invasive. On 
the other hand, despite providing a significant diagnostic 
accuracy for adenocarcinoma (sensitivity of 86.8% [95% CI 
85.5–87.9] and specificity of 95.8% [95% CI 94-6-96.7]),116 

endoscopic ultrasound guided fine needle aspiration (EUS- 
FNA) is a poor diagnostic tool for lymphoma.117 

Immunophenotypic analysis may be useful to integrate 
cytology.118,119 In a study involving 11 patients with PPL, 
cytology alone revealed a correct diagnosis in 28% compared 
to 100% by integrated immunophenotype.118 However, tis
sue architecture in addition to cytomorphology is crucial in 
the diagnosis of lymphoma. Overall, a non-invasive diagnos
tic approach is preferable to demolition surgery, which was 
associated with a higher mortality rate.10,34,51,120 Figure 2 
shows the temporal variation in biopsy techniques.

Treatment and Pattern of Relapse
Information about treatment was available in 207 of the 266 
patients retrieved from literature (Table 4). The initial treat
ment consisted of immunochemotherapy (IC) alone in 111 
patients (53.6%), IC plus radiotherapy (RT) in 29 (14.0%), 
RT alone in 1 case (0.5%), and demolition surgery in 59 
(28.5%). Surgery alone was reserved to 15 patients, it was 
followed by IC in 39, RT in 3 and both IC and RT in 2 cases. 
Seven patients (3.4%) were not treated at all.

There is no consensus on the ideal treatment approach 
for PPL patients; studies from the pre-rituximab era sug
gested an aggressive local management of disease with 
demolition surgery.3,34 In contrast, more recent papers 
suggested a less invasive approach with IC as the corner
stone of treatment.121,122 There is no consensus on the role 
of RT in patients affected by PPL.39

Among 169 patients for whom a follow up was pro
vided, 30 (17.7%) presented a disease relapse after 
a median time of 15 months (range 2–108 
months).10,19,28,33,49,51,53,64,73,101 Interestingly, 6 relapses 
(20%) (2 DLBCL, 2 BL, 1 T-NHL, and 1 high grade 
B cell lymphoma) involved the CNS.

PPL in the Pediatric Population
Our analysis identified 21 cases of PPL in patients under 
18 years of age.15,24,30,35,37,51,55,67,70,81,82,84,87,92,96,99–102 

The mean age was 10.3 (range 3–16) years, with most of 
patients (19, 90.5%) being males (Table 5).

As in adults, the main presenting symptom was abdom
inal pain. The percentage of jaundice was higher than in 
adults (61.9% vs 39.9%), while the number of patients 
aged <18 years with B symptoms was very low (9.5% vs 
34.1%). Interestingly 10 patients (47.6%) had an acute 
pancreatitis at disease onset.

Laboratory tests, compared to adults, showed ele
vated LDH values in the large majority of patients 
(80% vs 47.9%), while CA 19–9 never increased (0% 
vs 27.6%).

Figure 2 Temporal variation in biopsy techniques.
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The mean size was similar (56.6 mm vs 61.1 mm) and 
also the pancreatic location, with a predilection for the 
pancreatic head (61.9% vs 63.8%).

Interestingly, in the pediatric cohort the main histolo
gical diagnosis was BL in 11 (52.4%), DLBCL in 5 
(23.8%) patients.

Ng et al123 reviewed the imaging findings of 80 chil
dren affected by NHL, with pancreatic involvement being 
present in 3 cases (3.75%). Similarly, Vade and Blane124 

reviewed the diagnostic imaging of 19 pediatric patients 
with BL and found 2 children with pancreatic involve
ment (10%).

The initial treatment consisted of IC alone in 16 
patients (88.9%), and chemotherapy after demolition sur
gery in 2 (11.2%). Information about follow-up was avail
able in 15 patients only. Fourteen/15 (93.3) reached 
a complete remission (CR) with first line therapy and 
one patient had a CNS relapse during the observation 
period.101 These 2 patients were rescued with high dose 
chemotherapy plus autologous stem cell transplantation. 
With a median follow-up of 56.43 (range 8–132) months 
all patients were alive and in CR.

Discussion
This study presents data (diagnosis, histology, treatment 
and outcome) retrieved from 107 papers published from 
2000 to 2020 on PPL.

Table 4 Patient Survival According to Treatment and Histology

Alive Deceased

n (%) OS, Months (Range) n (%) TTD, Months (Range)

Treatment*

DS 4 (50) 11 (3–19) 4 (50) 2.5 (1–6)
DS-IC 13 (76.47) 37.8 (4–160) 4 (23.53) 13.5 (8–27)

DS-RT 2 (100) 34 (6–62) / /

DS-IC-RT 2 (100) 44.5 (24–65) / /
IC 26 (74.28) 34.7 (5–192) 9 (25.72) 13.4 (1–88)

IC-RT 15 (78.94) 45.4 (2–128) 4 (21.06) 36.5 (9–67)

Histology**

DLBCL 48 (68.57) 39.3 (2–132) 22 (31.43) 18.9 (1–88)

FL 11 (84.61) 31.4 (6–62) 2 (15.39) 67 (63–72)
T-NHL 3 (23.07) 10.3 (4–15) 10 (76.93) 4.3 (0–8)

BL 8 (66.66) 63.25 (8–192) 4 (33.34) 2.9 (1–7)

HGBCL 3 (50) 34 (3–94) 3 (50) 10.3 (8–12)

Notes: *Data available in 83 patients; **data available in 113 patients. 
Abbreviations: OS, overall survival; TTD, time to death; DS, demolition surgery; IC, Immuno-chemotherapy; RT, radiotherapy; DLBCL, diffuse large B cell lymphoma; FL, 
follicular lymphoma; NHL, non Hodgkin lymphoma; BL, Burkitt lymphoma; HGBCL, high grade B cell lymphoma.

Table 5 PPL Characteristics in Pediatric vs Adult Patients

Characteristics Patients <18 
Year 
n (%)

Patients >18 
Years 
n (%)

Presenting symptoms

Abdominal pain 16/21 (76.2) 159/211 (75.4)
Jaundice 13 (61.9) 87/218 (39.9)

B symptoms 2 (9.52) 75/220 (34.1)

GI obstruction 1 (4.76) 23/204 (11.3)
Acute pancreatitis 10 (47.6) 55/197 (27.9)

Laboratory values
LDH > upper limits 8/10 (80) 57/119 (47.9)

CA 19–9 > upper limits 0/3 (0) 32/116 (27.6)

Pancreatic localization

Head 13/21 (61.9) 150/235 (63.8)
Body-tail 2 (9.5) 74 (31.5)

All gland 6 (28.6) 11 (4.7)

Histology

DLBCL 5/21 (23.8) 138/245 (56.3)

BL 11 (52.4) 9 (3.7)
High grade B cell 

lymphoma

1 (4.8) 13 (5.3)

T-NHL 2 (9.5) 17 (6.9)
Unknown 2 (9.5) 29 (11.8)

Clinical stage (Ann Arbor)
I–II 5/13 (38.5) 147/187 (78.6)

III–IV 8 (61.5) 40/187 (21.4)

Abbreviations: GI, gastrointestinal; LDH, lactate dehydrogenase; CA 19–9, car
bohydrate antigen; WBC, white blood cells; DLBCL, diffuse large B cell lymphoma; 
BL, Burkitt lymphoma; NHL, non Hodgkin lymphoma.
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As compared to pancreatic adenocarcinoma, which 
usually manifests in the 60- to 80-year-old age group,125 

PPL is usually diagnosed in younger adults (mean age 53 
years). As previously described, the presentation of PPL 
may overlap with the onset of other neoplastic or inflam
matory pancreatic diseases.126,127

Interestingly, in spite of symptoms and radiological 
findings (pancreatic head involvement) overlapping those 
of pancreatic ductal adenocarcinoma and autoimmune pan
creatitis, some findings may indicate a diagnosis of PPL. 
For instance, a relatively large tumor size (>60 mm) 
together with the presence of distant lymph nodes at radi
ological assessment may suggest a diagnosis of 
lymphoma.114 Unfortunately, few reports reported labora
tory data, so it is not clear whether a elevate LDH value 
associated with CA 19–9 within the normal range may 
suggest a diagnosis of PPL, as previously indicated by 
our group.51 Concerning the diagnostic approach, in 
more than half of cases reported in literature, tumor sam
ples were collected through a noninvasive procedure: 
transcutaneous biopsy in 30.3%, endoscopic in 17.4% 
and FNA in 14.8%. However, in a significant number of 
patients, a surgical biopsy (11.6%) or a demolition surgery 
(21.9%) were performed. Worth of note, demolitive sur
gery was more frequently performed in the earlier time 
frame of our analysis, while noninvasive methods were 
preferred in most recent years (Figure 2). Finally, in 4.0% 
the diagnosis was obtained post-mortem.

In regard to histology, PPL was mostly classified as 
DLBCL (53.6%), FL (9.8%) and BL (7.5%). However, other 
types of lymphoma were described, including a non-negligible 
number of T-NHL (6.7%) and 5.2% of high-grade B cell 
lymphomas. Therefore, an accurate histological diagnosis 
should be obtained in order to provide patients with the best 
available treatment. It is interesting to note that among the 21 
(7.9%) patients aged <18 years, BL was the prevalent histo
logical type (52.4%). Unfortunately, a detailed histological 
classification according to the new 2016 WHO classification 
of lymphomas128 was difficult to establish based on data 
reported by most of the articles here revised.

The lack of large PPL study series hampers definitive 
conclusion about the optimal treatment, which should rely 
on the histological subtype. According to our revision, 
chemotherapy with or without rituximab was the standard 
of care in most patients (53.6%), sometimes associated to 
RT (14.0%) or following diagnostic debulking surgery 
(18.9%). Overall, 26.1% of patients underwent 
a probably unnecessary surgical treatment.

Similarly to what has been described in the literature 
for other extranodal lymphomas,129 the recurrence rate 
was high, at least according to the larger case series 
(23.52% and 34.21%, respectively).10,51 Extranodal lym
phomas may have different patterns of relapse depending 
on the tissue/organ involved. The CNS-International 
Prognostic Index (IPI) considers some primitive lym
phoma sites (kidney and adrenal gland) as at increased 
risk of CNS relapse without taking into account 
pancreas.130 Importantly, according to this literature 
search, in agreement with our previous findings,51 patients 
affected by PPL had a relatively high incidence of CNS 
relapses (20% of the relapses reported). Obviously, no 
definitive conclusions can be drawn given the relatively 
small number of patients considered, and their heteroge
neity in regard to histology and therapy received.

In conclusion, PPL represents a rare and challenging 
disease with relatively non-specific symptoms. Most PPLs 
are DLBCL in adults, BL in children. According to litera
ture, a noninvasive approach should be the preferred diag
nostic method. The diagnosis of PPL should be suspected 
also in pediatric cases. Because reported studies have been 
retrospective, used undersized patient groups and involved 
heterogenous regimens, no conclusions can be drawn for 
an optimal regimen, that should be tailored on histological 
subtype. The high CNS relapse rate reported in available 
literature, suggests that patients with PPL may benefit 
from a CNS directed prophylaxis.
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Background: Leucopenia is the commonest hematological abnormaly that occurs in 
patients with human immune deficiency virus (HIV) infection. The magnitude and related 
factors of leucopenia during the time of ART are not characterized in Ethiopia. This study 
aimed to assess the prevalence of leucopenia before and after the initiation of ART among 
HIV patients attending Debre Berhan Referral Hospital (DBRH), North East Ethiopia.
Methods: A cross-sectional study was conducted from September to December 2020 in 
DBRH, North-East Ethiopia. A total of 272 patients on ART were selected by simple random 
sampling techniques. Socio-demographic and clinical characteristics of the study participants 
were collected by standard questionnaires. Measurements of leucocyte count and CD4 counts 
were made by Sysmex XT 2000i hematology analyzer and BD FACS count CD4 analyzer, 
respectively. Statistical analysis of data was done by SPSS version 23. Logistic regression 
was done and a P-value<0.05 was taken as statistically significant.
Results: The prevalence of leucopenia, neutropenia, and lymphopenia were 20.9%, 7.0%, 
and 6.6% before initiation of ART and 15.4%, 1.1, and 4.4% after initiation of ART, 
respectively. There was a significant difference in total white blood cell count, absolute 
neutrophil count, and total lymphocyte count between patients on ART and ART naïve 
patients. HIV patients whose cluster of differentiation (CD4) counts were <200 cells/µL 
and patients on a zidovudine (AZT)-based regimen were more likely to have leucopenia than 
HIV patients whose CD4 counts were ≥ 200 cells/µL and on a tenofovir (TDF)-based 
regimen.
Conclusion: In this study, the prevalence of leucopenia, neutropenia, and lymphopenia 
has shown a significant decrement after the initiation of ART. HIV patients with low CD4 
count and on an AZT-based regimen are more likely to have leucopenia, neutropenia, and 
lymphopenia. Based on our findings, we recommend that the health care professional 
routinely investigate and should treat leucopenia.
Keywords: ART, leucopenia, HIV/AIDS, Ethiopia

Background
Hematologic disorders are the most common complications of HIV AIDS, which 
include anemia, leucopenia, and thrombocytopenia.1 Among these hematological 
abnormalities; leucopenia is the common hematological abnormality that occurs in 
patients with HIV infection. The cause of HIV-related leucopenia is multifactorial, 
which includes a direct effect of HIV, autoimmune disease, neoplasm and ART 
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drugs (especially zidovudine-based regimen), cotrimoxa
zole, and opportunistic infection.2–4 The prevalence of 
leucopenia is higher among treatment naïve people than 
treated ones in most studies.3–5 The use of antiretroviral 
therapy (ART) improves total white blood cell count by 
preventing suppression of bone marrow cells from the HIV 
virus and it blocks the interference of virus in the hema
topoiesis process.6 Leucopenia occurs in HIV-infected 
patients. Even though low leukocyte count mainly indi
cates the toxicities of drugs for HIV or associated condi
tions, studies of untreated patients have also shown a high 
magnitude of leucopenia.7 The most common form of 
leucopenia usually encountered is neutropenia, occurring 
in 10–30% of HIV- infected individuals.8 Neutropenia is 
caused by decreased production of cells because HIV 
suppresses the bone marrow by changing the marrow 
microenvironment and by altering the cytokine expression 
and it is also common among HIV-infected patients and 
presents in approximately 10–50% of cases.8,9 In the study 
conducted in different parts of the United States, worsen
ing of HIV disease parameters, like lower CD4 counts and 
higher HIV viral load, was found to be associated with the 
development of neutropenia.10 ART showed a statistically 
significant increment in the mean WBC (White blood 
cells) count in different studies.11–15 On the other hand, 
some studies reported that patients on ART had low WBC 
count compared to treatment naïve patients.16,17 Patients 
on ART showed a significant reduction in the prevalence 
of leucopenia and neutropenia compared to their ART-na 
ïve groups.6,18 The improvement in these hematological 
abnormalities after ART initiation was due to increased 
production of Granulocyte- Macrophage Colony 
Stimulating Factor (GM-CSF) and Granulocyte Colony 
Stimulating Factor (G-CSF), which play an important 
role in the activation of granulocytes.19 Studies indicated 
that low CD4 count, advanced clinical stage of HIV dis
ease, and zidovudine-based regimen are associated with an 
increased risk of leucopenia.8,16,20–22 Although hematolo
gic abnormalities have been widely reported in HIV- 
related infections, there are a few data related with the 
prevalence of leucopenia and associated factors of leuco
penia among HIV-infected patients before and after initia
tion of ART in Ethiopia. This study provides further 
information on HIV-associated leucopenia, and it can 
serve as a baseline for future studies. The aim of this 
study is to determine the prevalence of leucopenia and 
associated factors before and after the initiation of ART 

among HIV patients who attended the ART clinic at 
DBRH, North-East Ethiopia.

Methods and Materials
Study Period and Area
This study was conducted at the ART clinic of DBRH, 
North East Ethiopia from September to December 2020.

Study Design
A hospital-based cross-sectional study was conducted.

Source Population
All adult HIV-1 infected people receiving ART at the 
DBRH.

Study Population
All adult HIV-1 infected people receiving ART for at least 
6 months in the ART clinic of DBRH.

Inclusion and Exclusion Criteria
Age greater or equal to 18-years old HIV-positive 
individuals who received ART for at least 6 months in 
DBRH were included in this study. Pregnant women, 
patients referred from other health institutions, patients 
with hematological disorders, severely sick patients with 
any other medical conditions, and patients who had taken 
other medications were excluded from the study.

Sample Size Determination
The sample size was determined by using a statistical for 
a single population (n=z2 p (1-p)/d2), taking p=19% (pre
valence of leucopenia from previous study 85% level of 
precision (d) with 95% confidence interval plus 15% non- 
response rate were added.

n= (z2 p (1-p)/d2), substitute the value, 
n=1.962*0.19*0.81/0.052=236.48, when we added a 15% 
non-response rate we found approximately 272 sample sizes.

Sampling Procedures and Techniques
The samples of this study were collected by simple ran
dom sampling technique until the desired sample size was 
achieved from the subjects who fulfilled the inclusion 
criteria during the study period.

Study Variables
Dependent Variables
Prevalence of leucopenia, neutropenia, and lymphopenia
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Independent Variables
Age, sex, stage of HIV disease, CD4 count, and type of 
ART regimen.

Data Collection and Procedures
The standard structured questionnaire was adapted after the 
review of different literature, and the data was collected by 
trained ART nurses. Data about socio-demographic, clinical 
characteristics, and pre-ART information of the study partici
pants were collected by face-to-face interview and a review of 
medical registration books. After that, a blood sample was 
collected by laboratory technicians and sent to a hematology 
analyzer. Based on the standard procedures, WBC count and 
CD4 cell counts were determined by using the Sysmex XT 
2000i hematology analyzer and BD FACS count system, 
respectively. In order to keep the quality of data, standard 
procedures were followed in every laboratory aspect of the 
procedures and the quality of CD4 and hematology analyzer 
was checked by running quality control samples along with the 
patient sample. In addition, there was training for data collec
tors, a pretest of the questioner was made and the data collec
tion process was done two times a day by the principal 
investigators.

Leucopenia: Defined as WBC counts <4,000 cells/µL.
Neutropenia: Absolute neutrophil count (ANC) less 

than 1,000 cells/μL.
Lymphopenia: Total lymphocyte count (TLC) of less 

than 800 cells/μL.

Data Processing and Analysis
The data were coded, checked and entered in the EPI data 
software version 3.1, and exported to SPSS software version 
23 for analysis. The results of descriptive statistics were 
expressed as frequency and percentage. Continuous variables 
were presented as mean ± standard deviation. Univariate logis
tic regression was performed to examine the association 
between dependent and independent variables using crude 
odds ratio (COR) with a 95% confidence interval (CI). Those 
independent variables with a P-value<0.2 in univariate analy
sis were included in multivariate logistic regression models. 
A P-value<0.05 on multivariate logistic regression was con
sidered a statistically significant association.

Result
General Characteristics
From the total 272 HIV-positive patients, 110 (40.4%) 
were male and 162 (59.6%) were female. The mean age 

of the study participants was 40.94±10.88 years, ranging 
from 18–78 years. Most of the study participants were 
within the WHO stage one category at the baseline.

The WBC Count, ANC, TLC, and CD4 
Counts of the Study Participants
The mean WBC count, ANC, and TLC at baseline were 
4.65±1.53 X 103/μL, 2.24±0.9 X 103/μL, 1.48±0.6 X 103/ 
μL, and 5.58±1.82 X 103/μL, 2.92±1.38 X 103/μL, 1.81 
±0.72 X 103/μL after initiation of ART (P<0.01). 
Similarly, the mean CD4 counts showed an increment 
from 264.75±184.5 cells/µL at the baseline to 544.0 
±261.3 cells/µL after the initiation of ART (P<0.01). The 
most commonly used ART regimen in the current was 1j 
(TDF-3TC-DTG) (Table 1).

Prevalence of Leucopenia, Neutropenia, 
and Lymphopenia and Associated Factors 
before Initiation of ART
The prevalence of leucopenia, neutropenia, and lymphopenia 
before ART was 20.9%, 7.0%, and 6.6%, respectively. The 
prevalence of leucopenia in males was 24.5% and 17.9% in 
females, whereas the prevalence of neutropenia and lympho
penia were 8.2%, 7.3% and 5.6%, 5.6% in males and 
females, respectively. In this study, most of the leucopenia 
cases (27.12%) were observed in the age groups ≥50 years. 
However, the majority of neutropenia cases were observed in 
the age range between 40–49 years and lymphopenia falls 
between the age group 18–19 years. Patients whose CD4 
counts were <200 were strongly associated with a high pre
valence of leucopenia and lymphopenia with a P-value<0.05. 
Lymphopenia was significantly associated with the advanced 
stage of HIV disease with a P-valve<0.03 (Table 2).

Prevalence of Leucopenia, Neutropenia, 
and Lymphopenia, and Associated Factors 
after the Initiation of ART
The prevalence of leucopenia, neutropenia, and lymphopenia 
after ART was 15.4%, 1.1, and 4.4%, respectively. The pre
valence of leucopenia, neutropenia, and lymphopenia after 
the initiation of ART was decreased by 5.5%, 5.9%, and 
2.2%, respectively. The prevalence of leucopenia, neutrope
nia, and lymphopenia in males was 24.5%, 0.9%, and 6.4% 
and in females 17.9, 1.2, and 3.1, respectively (Table 3). The 
prevalence of leucopenia was higher (21.6%) among patients 
whose age group was ≥50 years. The prevalence of 
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leucopenia, neutropenia, and lymphopenia was high in 
patients with low CD4 count (<200). However, there was 
no significant association observed between the low CD4 
count (<200) and that of leucopenia, neutropenia, and lym
phopenia. HIV patients on an AZT-based regimen are more 
likely to have leucopenia and lymphopenia than HIV patients 
on a TDF-based regimen with a significant association at 
a P-value <0.02 and 0.01, respectively (Table 3).

Discussion
It’s well documented that hematological abnormalities are 
common in HIV-infected patients.1 Leucopenia, for 

instance, occurs in patients with HIV infection. The 
cause of HIV-associated leucopenia is multifactorial, 
including a direct consequence of HIV infection, autoim
mune disorders, malignancies, and drugs used to treat 
HIV.3 This study revealed that the prevalence of leucope
nia, neutropenia, and lymphopenia were 20.9%, 7.0%, and 
6.6% at baseline, and 15.4%, 1.1%, and 4.4% after the 
initiation of ART. A study conducted in Ghana reported 
that the prevalence of leucopenia, neutropenia, and lym
phopenia were 13%, 72.5%, and 6.5% in pre-ART patients 
and 6.5%, 85%, and 18% in post-ART patients.4 Another 
study conducted in Gondar, Ethiopia reported that the 
prevalence of leucopenia, neutropenia, and lymphopenia 
were 35.9%, 28.3, and 2.1 on ART patients and 16.9%, 
14.5, and 2.1 ART naïve patients.16 The difference in 
results seen from the present study might be due to the 
difference in the definition of leucopenia, neutropenia, and 
lymphopenia, study design and size of the study popula
tion. The decrease in the prevalence of leucopenia, neu
tropenia, and lymphopenia after ART initiation might be 
due to; disorders of hematopoiesis, opportunistic infec
tions, and immune causes related to HIV leading to low 
white blood cell count could be reverted after ART 
initiation.23 In the present study the prevalence of leuco
penia was elevated in patients whose age is ≥50 years old, 
which is in agreement with another study.2 The increase in 
the prevalence of leucopenia with age might be due to 
a higher incidence of myelodysplasia in older patients.9 

However, leucopenia did not show a statistically 
significant difference with sex and age. This was in line 
with previous studies.2,21

According to the present study, the prevalence of leu
copenia, neutropenia, and lymphopenia were increased 
with decreasing in CD4 count both before and after the 
initiation of ART. Leucopenia, neutropenia, and lympho
penia were more prevalent among HIV-positive patients 
whose CD4 count was <200 cells/µL. These findings were 
similar to several studies that reported the leucopenia, 
neutropenia, and lymphopenia was more prevalent among 
patients with CD4 count <200 cells/µL.2,3,16 The preva
lence of leucopenia and lymphopenia with decreased CD4 
count was significantly associated before initiation of 
ART, but it did not significantly associate after ART initia
tion, this may be due to ART bringing a statistical incre
ment into the WBC count.11,13 The present study revealed 
that patients on AZT-based ART regimen had a higher 
prevalence of leucopenia, neutropenia, and lymphopenia 
compared to TDF-based ART regimen. Similar to the 

Table 1 Socio-Demographic and Clinical Characteristics of HIV 
Positive Patients Taking ART at DBRH, North East Ethiopia, 2020

Variables Frequency Percentage

Age in years

18–29 34 12.5

30–39 97 35.9
40–49 82 30.0

≥50 59 21.6

Sex

Male 110 40.4
Female 162 59.6

Marital status
Single 23 49.8

Divorced 39 27.5

Married 135 8.4
Widowed 75 14.3

Educational status
Illiterate 74 27.1

Primary school 92 33.7

High school 63 23.1
Certificate and above 44 16.1

WHO clinical stages
Stage I 144 52.9

Stage II 36 13.2

Stage III 87 31.9
Stage IV 5 1.8

Types of ART regimen
1c 14 5.1

1d 10 3.7

1e 75 27.6
1j 130 47.8

2f 19 7.0

2h 18 6.6

Not registered 6 2.2

Notes: 1c=AZT-3TC-NVP, 1d=AZT-3TC-EFV, 1e=TDF-3TC-EFV, 1f=TDF-3TC- 
NVP, 1j=TDF-3TC-DTG, 2f=AZT-3TC-ATV/r, 2h=TDF-3TC-ATV/r
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present study conducted in Ethiopia and Ghana, it revealed 
an increment in the prevalence of leucopenia, neutropenia, 
and lymphopenia after initiation of AZT.2,4 However, neu
tropenia did not show a statistically significant difference 
with the AZT-based ART regimen. The high prevalence of 
leucopenia, neutropenia, and lymphopenia may be due to 
the suppression of bone marrow by Zidovudine-based 
therapy.16

Conclusion
In this study, the prevalence of leucopenia, neutropenia, 
and lymphopenia had shown a significant decrement after 
the initiation of ART. HIV patients with low CD4 count 
and on AZT-based regimen are more likely to have leuco
penia, neutropenia, and lymphopenia. Based on our find
ings, we recommend that health care professionals 
routinely investigate and should treat leucopenia.
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Murine Leukemia-Derived Extracellular Vesicles 
Elicit Antitumor Immune Response
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Anna Chorzalska 
Sicheng Wen
John Reagan

Division of Hematology/Oncology, 
Department of Medicine, Rhode Island 
Hospital and the Warren Alpert School 
of Medicine at Brown University, 
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Background: Extracellular vesicles (EVs) are heterogeneous lipid bilayer particles secreted 
by cells. EVs contain proteins, RNA, DNA and other cargo that can have immunomodulatory 
effects. Cancer-derived EVs have been described as having immunomodulating effects 
in vivo with immunosuppressive and pro-tumor growth capabilities. However, cancer- 
derived EVs have also been harnessed and utilized for anti-cancer potential.
Methods: To assess the immunomodulatory effect of EVs produced by acute myeloid 
leukemia (AML) cells, we isolated vesicles secreted by the murine AML cell line, C1498, 
and investigated their effect on in vitro and in vivo immune responses.
Results: These leukemia-derived EVs were found to induce increased proliferation of CD3+ 
cells and enhanced cytolytic activity of CD3+ cells directed toward leukemic cells in vitro. 
Injection of leukemia-derived EVs into syngeneic naïve mice induced T cell responses 
in vivo and resulted in enhanced immune responses upon T cell re-stimulation in vitro.
Conclusion: These findings indicate that C1498-derived EVs have immunomodulatory 
effects on cell-mediated immune responses that could potentially be utilized to facilitate anti- 
leukemia immune responses.
Keywords: extracellular vesicles, acute myeloid leukemia, immune responses

Introduction
There is an increasing emphasis on harnessing the patient’s immune system to 
achieve anti-cancer responses. A variety of approaches have been tested including 
activating the patient’s immune system directly using various stimuli. Alternative 
adoptive immunotherapy approaches involve removing the patient’s lymphocytes 
and then expanding, activating and modifying the lymphocytes in vitro prior to 
reinfusing them back into the patient. Our group has developed a cellular immu
notherapy approach in which a large number of G-CSF mobilized haploidentical 
donor CD3+ cells (1 −2 x 108 CD3+ cells/kg) are infused into patients who had 
received 100 cGy of total body irradiation prior to the infusion.1 This approach was 
shown to induce responses in about half of patients with refractory hematological 
malignancies (14/26, 5 complete remissions). The course of the treatment following 
infusion included rapid development (a median time of 14 hours) of a cytokine 
storm characterized by very high levels of IL-6 and high fevers. This response 
could be controlled by administration of corticosteroids, if needed. In almost all 
patients, no remaining donor cells could be detected in the patient at two weeks.

While effective, the mechanism(s) responsible for the anti-cancer responses in this 
therapeutic protocol have not been determined. One potential mechanism is that the 
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activation of the alloreactive effector cells responsible for 
eliminating the haploidentical donor cells cross-react with 
tumor cells. A number of studies have shown that alloreac
tive effector cells cross-react with cancer cells.2–7 To explore 
this possibility further, we obtained blood from newly diag
nosed leukemic patients, isolated the CD3+ cells, stimulated 
them with allogeneic stimulator cells and then tested the 
ability of alloreactive effector cells that were generated to 
lyse cells in a syngeneic population of cells containing leu
kemic cells.8 It was observed that about half of the patient’s 
CD3+ cells were able to lyse syngeneic leukemic cell con
taining populations when stimulated with allogeneic cells. In 
trying to identify characteristics of the responders and non
responders, we found that lack of response was associated 
with increased expression of cytolytic CD4+ cells, increased 
expression of CD39 by CD8+ cells and an increased number 
of γδ T cells.

There has been an increased understanding of the 
extracellular vesicles (EVs) and the functional impli
cations of the cargo that is carried by them. EVs are 
nano-sized heterogeneous lipid bilayer particles 
released by almost all cells and secreted at higher 
numbers in cancer cells.9 Initially thought to be cellu
lar debris, over the last decade EVs have been shown 
to be involved in numerous biological processes such 
as intercellular communication, antigen presentation, 
protein secretion, and RNA shuttling.10 EVs carry 
DNA, proteins, RNA, bioactive lipids, and other 
cargo that is typically representative of the parent 
cell.11,12 Depending on the cell of origin, EVs can 
modulate physiological and pathological processes 
including proliferation, differentiation, inhibition, 
quiescence, and/or cellular death. EVs produced by 
cancer cells have been shown to enhance malignancy 
by transmission of regulatory factors to normal cells. 
EVs have also been shown to enhance anti-tumor 
immune responses by inducing immunity to antigens 
that are carried by tumor EVs. This raised the question 
of whether EVs were contributing to responses or lack 
of responses in the cellular immunotherapy protocol. 
To begin to test the role of EVs in this protocol, we 
isolated EVs from C1498, a murine AML cell line, 
and examined their effect on in vivo and in vitro 
immune responses directed toward C1498 cells. The 
results showed that the EVs derived from the C1498 
cell line enhanced in vitro and in vivo anti-tumor 
responses.

Materials and Methods
Mice
C57BL/6J female mice (#000664 Jackson Laboratory, Bar 
Harbor, ME), 7 to 9 weeks of age (20–25g) were housed 
one week before the experiments. Mice were injected 
intraperitoneally with C1498-derived EVs or C1498 cells. 
Control mice were injected with PBS. All studies were 
approved by the Lifespan Institutional Animal Care and 
Use Committee.

Cell Lines and Reagents
The murine AML cell line (C1498) was obtained from 
ATCC. C1498 arose spontaneously in a C57BL/6J 
mouse. C1498 cells grow aggressively in C57BL/6J 
mice, when injected intravenously into syngeneic mice 
resulting in the development of acute leukemia.13 C1498 
cells were cultured at 37°C in 5% CO2 in DMEM (ATCC) 
containing 10%fetal calf serum (FCS, Atlanta Biologicals) 
that had been depleted of extracellular vesicles by 2 cen
trifugation steps at 100,000 x×g for 70 minutes plus 100 
U/mL penicillin/streptomycin (Gibco).

Isolation and Characterization of EVs
EVs were isolated from C1498 culture medium as pre
viously described.14 Conditioned culture medium was 
obtained by expanding the C1498 cells until sixteen 
175 cm2 flasks were obtained each containing 120 mL of 
medium at a cell density of approximately 2×106 cells/mL. 
Briefly, C1498 conditioned cell culture medium was sub
jected to a series of centrifugation steps starting at 3300 
g for 5 minutes and 2000 g for 10 minutes at room 
temperature followed by 10,000 g for 1 hour at 4 °C and 
100,000 g at 4 °C for 70 minutes with collection of the 
1100,000 g pellet. The higher speed centrifugation steps 
were done using a Surespin 630 rotor and a Thermo WX 
ULTRA ultracentrifuge. The EVs pellet was then resus
pended in PBS and centrifuged at 100,000 ×g for 70 
minutes at 4 °C. The freshly prepared C1498 EVs were 
directly used for experiments.

Characterization of mouse C1498 derived EVs was 
carried out by electron microscopy as previously 
described.14 The representative images of C1498-derived 
EVs are shown in Supplemental Figure S.4A. Number and 
size distribution of vesicles was determined on 
a NanoSight NS500 (Malvern Instruments, Malvern, UK) 
(Supplemental Figure S.4B).
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Proliferation and Cytolytic Analyses
C57BL/6J mice were injected ip with 200 uL PBS (i), or PBS 
containing C1498-derived EVs (ii), or C1498 cells (iii). At 7- 
or 14-days post injection, spleens were obtained from these 
mice and a ssingle-cellsuspension was prepared. The cells 
were washed twice with MLC medium (RPMI 1640 contain
ing 4% EV depleted FCS, 2 mg/mL glucose, 2 mM gluta
mine, Pen/Strep and 10μM 2-mercaptoethanol). The 
splenocytes were resuspended in MLC medium and counted, 
and then stimulated with C1498-derived EVs or mitomycin 
C treated C1498 cells. C1498 cells (25 × 106 cells/mL MLC 
medium) and 25ug mitomycin C/mL were incubated for 30 
minutes at 37°C. Following three washes with MLC med
ium, the treated cells were resuspended in MLC medium and 
counted. 1×105 responder splenocytes were co-incubated 
with mitomycin treated C1498 cells (1 × 104 cells), C1498 
derived EVs, or PBS in triplicate wells in a 96 well flat 
bottom plate in a final volume of 200 μL MLC medium. 
High EV in vitro conditions (C1) was defined as 15 µg of EV 
protein added per 1×106 responder cells, and low EV condi
tion (C2) was defined as adding 3 µg of EV protein per 1×106 

responder cells. On the fourth day, 1 μCi of 3H thymidine 
(Perkin Elmer Health Sciences, Shelton, CT, USA) was 
added to each well, incubated for 4 hours at 37° and the 
DNA was collected on filter paper to measure thymidine 
incorporation and assess the proliferation of stimulated 
splenocytes.

To measure cytolytic activity, cultures were set up by 
adding 4×106 responder spleen cells to 1×106 mitomycin 
C treated C1498 cells, or C1498 derived-EVs in a final volume 
of 2 mL of MLC medium per well in a 24 well plate. On day 5 
of culture, the cells were collected, centrifuged, and aliquots of 
the supernatants were stored at −20°C. The cells were then 
resuspended in RHG medium (RPMI 1640, 20 mM HEPES, 
4% FCS and pen/strep). The cells were counted and used as 
effectors against 51Cr labeled target cells (C1498 cells). 51Cr 
labeled cells were prepared by incubating 5×106 target cells 
with 15 μCi 51Cr (Perkin Elmer Health Sciences, Shelton, CT, 
USA) in 200 µL of medium for 45 minutes at 37°C with 
frequent agitation. After three washes with RHG medium the 
cells were counted. Each set of effector cells was added in 
duplicate to wells in 96 well V-bottom plates. Responder cell 
numbers ranged from 1×106 cells per well in 100 µL RHG 
medium in 2-fold serial dilutions to 1.25×105 cells per well. 
51Cr-labeled target cells at 1×104 cells/100 µL were added to 
all wells. Control wells contained 100 µL RHG medium or 
100 µL 1N HCl in addition to the target cells. After four hours 

incubation at 37°C, 100 μL of the supernatant was collected 
from each well and the 51Cr present in each sample measured 
using a gamma counter. Percent specific lysis was determined 
by subtracting the counts obtained from the medium contain
ing wells from the experimental value divided by the counts 
obtained in the wells containing 1 N HCl minus the counts 
obtained from the medium containing wells, and then multi
plied by 100. The results are presented as lytic units/106 cells 
in which 1 lytic unit (LU) is defined as the number of cells 
required to achieve 30% lysis of 1×104 target cells. All experi
ments were replicated four times.

Cytokine Measurements
Aliquots of the supernatants collected on day 5 of the 
mixed lymphocyte cultures were thawed on the same day 
and tested for cytokine levels using a multiplex CBA assay 
measuring IL-2, IL-4, IL-6, TNF-α, IFN-γ, IL-10, and IL- 
17A levels according to manufacturer’s instructions (BD 
Biosciences, San Jose, CA) using the LSRII flow cyt
ometer. FACSARRAY software was used for analysis.

Immunophenotypic Analysis
Cell phenotypes were evaluated by multiparameter flow 
cytometry. Cells were incubated with a panel of labeled 
monoclonal antibodies (mAbs) anti-CD3 AF700, CD4 
BV605, CD8 APC-H7, CD25 BV786, PD-1 APC, TIGIT 
BV421, and LAG3 BV711 (BD Biosciences) in staining 
buffer on ice in the dark for 20 min. Cells were then 
washed in the staining buffer and re-suspended in staining 
buffer and analyzed on an LSRII flow cytometer. Isotype 
controls were used for each experiment. Analysis of the 
results used FlowJo 10 software.

CFSE staining was conducted according to manufac
turer’s instructions (Thermo Fisher Scientific). Briefly, 
cells were labeled with CFSE by adding 1 mL of freshly 
prepared CFSE (2 μM in PBS containing 2% EV free 
FCS) to cells (up to 1×108 cells) in 1 mL of PBS 2% 
EV free FCS. The tube containing this mixture was cov
ered with foil and incubated at 337°Cfor 5 minutes. Cells 
were pelleted, washed twice with 10 mL of PBS 2% EV 
free FCS, resuspended, counted and used for experiments.

Statistical Analysis
Statistical analysis was performed utilizing GraphPad 
Prism 7.0 (GraphPad Software). Student’s t-test, unpaired, 
two-tail testing was applied to populations to determine 
the p values indicated in the figures. p values <0.05 were 

Journal of Blood Medicine 2021:12                                                                                                 https://doi.org/10.2147/JBM.S308861                                                                                                                                                                                                                       

DovePress                                                                                                                         
279

Dovepress                                                                                                                                                           Pando et al

https://www.dovepress.com
https://www.dovepress.com


determined to be statistically significant. All data are 
represented as mean ± SD.

Results
Leukemia-Derived EVs Induce Increased 
Splenocyte Proliferation in vitro
To investigate the immunomodulatory ability of leukemia- 
derived EVs, we assessed the impact of culturing spleno
cytes obtained from naïve C57BL/6J mice with cells from 
the C1498 AML cell line, with two different concentra
tions of purified C1498-derived-EVs or when C1498 cells 
and C1498-EVs were combined. Results showed that the 
addition of C1498 cells or C1498-derived EVs alone to 
splenocytes induced a significant proliferative response 
and that combining C1498 cells and C1498-derived EVs 
provided an additive effect (Figure 1A, Supplemental Fig. 
S.1A). Increased C1498-derived EVs concentrations (C1 
vs C2) trended toward increased proliferative responses 
(Figure 1A, Supplemental Fig. S.1A).

Immunizing Naïve Mice of Leukemia- 
Derived EVs Enhances Immune 
Responses
To assess the effect of immunization on splenocyte 
responses, C57BL/6J mice were injected with, C1498- 
derived EVs, or PBS (Supplemental Fig. S.1B). 
Splenocytes were obtained at 7 days or 14 days post 
injection and cultured with C1498 cells, EVs from 
C1498 cells, or a combination of the two. Results demon
strated overall significantly increased proliferation 
responses from splenocytes isolated from EV immunized 
mice over splenocytes isolated from the naïve mice 
(Figure 1A, Supplemental Fig. S.1).

To investigate which cell sub-populations were under
going proliferation, splenocytes obtained from mice 
injected with PBS, C1498-derived EVs, or C1498 AML 
cells were labeled with CFSE prior to culture, and CFSE 
positive CD3+ cells were assessed on day 4 of culture. 
Gating strategy is found in Supplemental Figure S.2. For 
all three in vitro stimuli, the proliferating splenocytes 
(CFSElo) from PBS injected mice exhibited a preferential 
proliferation of CD3– cells(35.5± 8.6% CD3+ cells) while 
splenocytes from EV immunized mice (59.1 ± 1.1% CD3+ 
cells) or AML cell immunized mice (77.1 ± 14.3% CD3+ 
cell) exhibited preferential proliferation of CD3+ cells 
(Figure 1B and C). To investigate which subpopulations 
of CD3+ cells proliferated in response to EVs, the 

frequencies of CD4+ and CD8+ cells in the CFSElo CD3 
+ cells were determined. CD8+ T cells from all three 
groups of mice comprised a significantly greater fraction 
of the proliferating cells than CD4+ T cells (Figure 2A 
and B).

To investigate the effect of exposure to leukemia-derived 
EVs on cytolytic activity, immune splenocytes were co- 
cultured with either PBS, leukemia-derived EVs, or C1498 
cells for 5 days and then tested for their ability to lyse C1498 
target cells. These immune splenocytes cultured for 5 days in 
medium exhibited the ability to lyse C1498 cells and this 
lytic activity was enhanced by co-culturing the immune 
splenocytes with leukemia-derived EVs or mitomycin 
C treated C1498 cells (Figure 2C). Increased levels of the 
inflammatory cytokines IL-6, IL-10, TNF-α, and IFN-γ were 
observed in the supernatants of immune splenocytes cultured 
in medium (Figure 3A–D). An additional increase in produc
tion of TNF-α and IFN-γ was seen when the splenocytes 
from the immunized mice were cultured with leukemia 
derived EVs and/or C1498 cells.

CD3+ cells from immune mice upregulated the expres
sion of activation induced inhibitory receptors PD-1, 
TIGIT, and LAG3 when analyzed after collection 
(Supplemental Fig. S.3). The increased expression of 
these markers suggests that EVs can induce activation in 
CD3+ cells but the increased expression of these inhibitory 
receptors by these activated CD3+ cells could result in 
inhibited responses if the ligands for these inhibitory 
receptors are present in the environment (Supplemental 
Fig. S.3).

Discussion and Conclusion
Tumor cells secrete increased numbers of extracellular 
vesicles and have the ability to both suppress and 
enhance immune activity depending on the underlying 
pathologic state, parental cell derivation, and absolute 
EV number. These two seemingly juxtaposed notions 
likely depend on the microenvironment context and com
plexity of the interactions amongst the components within 
that environment. In this study, we tested the impact of 
EVs obtained from a murine acute myeloid leukemic cell 
line, C1498, on in vivo and in vitro immune responses. 
Immune responses that were enhanced by immunization 
compared to responses by spleen cells from control unim
munized mice included increased proliferation, increased 
lytic effector function, a bias toward enhanced CD8+ cell 
proliferation and proinflammatory cytokine production. In 
addition, T lymphocytes from these immunized mice 
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exhibited increased expression of activation markers 
including the inhibitory receptors PD-1, TIGIT, and 
Lag3. These findings suggest that EVs may be used 
instead of cells to induce immune responses and raises 
the possibility that EVs could be used as a component of 

immunotherapy protocols.15 Notably, observed increased 
expression of inhibitory receptors could possibly repre
sent an inhibitory hurdle for the responses of these cells 
if the ligands for these receptors are present in the 
environment.

Figure 1 C1498 derived EVs induce splenocyte and CD3+ proliferation. Splenocytes (1 x 105 cells) were cultured with PBS, C1498 cells, different concentrations of C1498 
derived EVs (C1 = high, C2 = low), or both C1498 cells and C1498 derived EVs. (A) Comparison of tritiated thymidine incorporation (mean ± SD) of combined splenocyte 
proliferation activity from splenocytes isolated from naïve mice (control) and splenocytes isolated from EV immunized mice (treated) (mean ± SD). (B) CD3+ splenocytes 
from PBS injected, C1498 derived EV immunized, or C1498 cell immunized mice were labeled with CFSE and co-cultured in vitro with medium, C1498 derived EVs, or 
C1498 cells. On day 4 the splenocytes were analyzed by flow cytometry and the number of CFSE low cells (proliferating cells) were measured as fold difference from PBS 
injected naïve mice cultured with medium (mean ± SD). (C) Representative flow cytometry plots of CFSE labeled splenocytes stained with anti-CD3 after four days of 
culture. CD3+ expression on the vertical axis and CFSE expression on the horizontal axis. Column 1: cells underwent in vivo injection of PBS, column 2 cells underwent 
in vivo injection of C1498 derived EVs, column 3: cells underwent in vivo injection of C1498 cells. Row 1: cells underwent in vitro culture with medium, row 2: cells 
underwent in vitro culture with C1498 derived EVs, row 3: cells underwent in vitro culture with C1498 cells. Left upper quadrant represents CD3+ CFSElo population. Left 
bottom quadrant represents CD3- CFSElo population. Asterisks indicate significant differences (*p < 0.05, **p<0.01).
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Figure 2 C1498 derived EVs preferentially activate CD8+ T cells and C1498 derived EV immunization increases lytic effector function. CFSE labeled splenocytes from 
in vivo PBS injected, C1498 derived EV immunized, or C1498 cell immunized mice were co-cultured in vitro with medium, C1498 derived EVs, or C1498 cells. On day 4 the 
cultures were harvested and stained with a panel of antibodies including anti-CD3, anti-CD8, anti-CD4, and underwent immunophenotypic analysis. (A) Table shows the 
fraction of CD8+ and CD4+ CFSElo population that are CD8+ cells. (B) Flow cytometry bar graphs of measured CD3+ CD8+ proliferation of each condition. Experiment 
repeated at least 3 times. Data is presented as fold difference in CFSE low cells (proliferating cells) from PBS injected naïve mice cultured with medium (mean ± SD). (C) 
Splenocytes isolated from C57BL/6J mice 7- and 14-days following injection with PBS, C1498 derived EVs, or AML cells were co-cultured in vitro with PBS, C1498 derived 
EVs, or AML cells for five days and the responding cells were tested for their ability to lyse 51Cr labeled C1498 cells. Data is presented as LU/106 effector cells and 
represents replicates from 4 experiments. Asterisks indicate significant differences (*p < 0.05, **p<0.01).

https://doi.org/10.2147/JBM.S308861                                                                                                                                                                                                                                   

DovePress                                                                                                                                                            

Journal of Blood Medicine 2021:12 282

Pando et al                                                                                                                                                            Dovepress

https://www.dovepress.com
https://www.dovepress.com


The possibility also exists that the EVs could directly 
present antigen. The ability of EVs to present antigen was 
supported with the findings that EVs express multiple 
different H-2 class I histocompatibility antigen chains 
and MHC class 1b proteins, indicating that EVs are able 
to present antigens to the adaptive immune system. These 
antigens can be recognized by immune cells and elicit 
a proliferative immune response. EVs also expressed the 
antigen CD160 on their plasma membrane which has 
broad specificity for binding to classical and nonclassical 
MHC class I molecules.16 CD160 is a ligand for 
Herpesvirus entry mediator (HVEM), that is considered 
a proposed immune checkpoint inhibitor with anti-tumor 
activity, further suggesting that EVs may harbor antigenic 
presentation potential.17 This may be important if patients 
are infused with haploidentical CD3+ cells. These CD3+ 

cells could respond in a restricted or alloreactive manner 
to EVs circulating in the cancer patient and the responses 
to the EVs could influence whether the hematological 
malignant cells are attacked.

Eliciting effective T cell responses has been a major 
component in producing anti-leukemia responses. 
Therefore, inducing the effective antigen-specific cytolytic 
CD8+ T cell is vital to producing anti-leukemia responses. 
Others demonstrated that leukemia-derived exosomes can 
induce proliferation of CD4+ T cells and suggested that 
tumor-derived EVs can partially suppress T cell 
activation.18,19 One of the components found in EVs pro
duced by AML cells are microRNAs (miRNA).20,21 

Characterization of these EVs have identified a selected 
subset of these miRNAs21 Some of these miRNAs have 
been found to modulate immune responses. MiR21 has 

Figure 3 C1498 derived EVs increase cytokine production. Splenocytes obtained from PBS injected, C1498 derived EV immunized, or C1498 cell immunized mice co- 
cultured in vitro with medium, C1498 derived EVs, or with C1498 cells were incubated for five days at 37°C. Supernatants were then collected and stored at −20°C. These 
supernatants were tested for cytokine levels using the mouse Th1/Th2/Th17A CBA assay. The cytokines shown are as follows: Panel (A), TNFα; Panel (B), IFNγ; Panel (C) 
IL6, Panel (D), IL10. Error bars indicate standard deviation of of triplicate samples from a representative of three independent experiments. Asterisks indicate significant 
differences (*p < 0.05, **p<0.01, ***p<0.001).
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been shown to inhibit immune function by causing pre
mature apoptosis of T lymphocytes while miR145 and 
miR448 have been shown to enhance anti-tumor 
responses.21,22 In our study, we found that leukemia- 
derived EVs produced significant proliferation and activa
tion of CD8+ T cells in mice immunized with EVs. 
Perhaps this is due to preferential expression of specific 
miRNA. Another possibility is the preferential expression 
of MHC class I molecules on EVs relative to the expres
sion of MHC class II molecules. Interestingly, splenocytes 
from mice injected with leukemia derived EVs responded 
to leukemia derived EV re-exposure at a significantly 
higher level than splenocytes exposed to EVs for the first 
time, suggesting that EVs are able to prime murine 
splenocytes.

The finding that EVs isolated from a leukemic cell line 
are able to induce immune responses could suggest 
a potential role of leukemic cell derived EVs for generat
ing anti-leukemic responses in the cellular immunotherapy 
protocol. A study by Lulla et al showed that activating and 
expanding leukemia antigen-specific T cells from stem cell 
donor lymphocytes enhanced anti-leukemic responses and 
minimized graft-versus-host disease when infused into 
recipients following a hematopoietic stem cell 
transplant.23 Because CD3+ cells from a non-tumor bear
ing haploidentical donor are infused into the patient with 
refractory hematological malignancy, one possibility is 
that the circulating EVs isolated from the patient could 
be used to activate leukemia-specific donor CD3+ cells 
prior to infusion. The EVs could induce effector cells 
restricted to peptides presented by syngeneic MHC mole
cules or alloreactive effector cells able to recognize and 
lyse the patient’s leukemic cells. The EVs could also 
potentially be used to test the responses of potential donors 
to identify which donor would generate the strongest anti- 
leukemic responses.

Our study suggests that tumor-derived EVs should be 
considered a component of possible anti-leukemia vac
cines and that modification of them could be a possible 
path to a reproducible personalized medicine. Tumor- 
derived EVs have the advantage of containing unique 
tumor-associated antigens from the parental cell which 
they derive from and also contain immune stimulatory 
proteins. Tumor-derived EVs also have the advantage of 
not containing cell organelles and are highly reproducible 
and storable. Tumor-derived EV effects on target cells 
involve complex interactions, but harnessing these vesicles 

for anti-leukemia purposes is an important possibility war
ranting further studies.
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Introduction: High altitude hypoxia is believed to be experienced at elevations of more 
than 2500 meters above sea level. Several studies have shed light on the biochemical aspects 
of high altitude acclimatization, where participants were sojourners to the high altitude from 
low altitude areas. However, information regarding the difference between the high altitude 
adapted Tibetans living at high altitude and their counterparts who reside at low altitude are 
lacking. To understand this, we have measured various hematological parameters in the 
Tibetan populations, who are residing in both high and low altitudes in India.
Methods: A total of 168 individuals (79 from high altitude (≥4500 meters) and 89 from low 
altitude (~850 meters) were recruited for this study. Hematological parameters such as red 
blood cells (RBC) count, hematocrit (HCT), hemoglobin concentration (Hb), mean corpus
cular volume (MCV), mean corpuscular hemoglobin (MCH) and mean corpuscular hemo
globin concentration (MCHC) were measured from the individuals from high and low 
altitudes. Serum erythropoietin (EPO) was measured by ELISA. Statistical analyses were 
performed to compare data from both of the altitudes. Gender-wise comparison of data was 
reported. Correlation analysis was performed within relevant parameters.
Results: Highly significant differences (p <0.0001) between high and low altitude Tibetans 
were detected in RBC count, HCT, Hb, MCHC in both males and females and in MCV in 
females. In the case of MCHC, however, age and BMI were potential confounders. 
Nominally significant differences (p <0.05) were detected in MCV and MCH within males. 
No significant difference in serum EPO level was found between altitude groups, in any 
gender. No significant correlation was found between serum EPO with Hb as well as serum 
EPO with HCT.
Discussion: Our study explores significantly lower RBC count, HCT, Hb, MCH, MCHC 
and higher MCV in long-term Tibetan residents living at low altitude compared to their high 
altitude counterparts, which is likely due to the outcome of hematological adaptation to 
a relatively hyperoxic environment in low altitude areas.
Keywords: high altitude, low altitude, Tibetans, hematological parameters, erythropoietin

Introduction
High altitude is clinically defined as altitudes ≥2500 meters above sea level, where 
physiological changes start appearing in vulnerable people.1 The distinct environ
mental features of the high altitude area, that are, extreme cold and hypobaric 
hypoxia, solar radiation and aridity, make it difficult for sea-level residents to cope, 
at least for a few days after arrival until they acclimatize sufficiently. Often, 
travelers develop acute mountain sickness (AMS), high-altitude pulmonary edema 
(HAPE) or high-altitude cerebral edema (HACE); in contrast, native high altitude 
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dwellers undergo adaptation and natural selection that give 
them survival benefits in the harsh environment.2 Tibetans, 
Andeans and Ethiopians are among the most studied native 
highlanders; among them, Tibetans are the oldest. Initial 
colonization of the high altitude Tibetan plateau dates back 
25,000–30,000 years.1,3,4 Prolonged exposure allows the 
populations to experience physiological and genetic adap
tations, as revealed by multiple studies.5–15 Compared to 
the Andeans, Tibetans have lower hemoglobin concentra
tion at high altitude.16 The Tibetans have lower hemoglo
bin concentration and hematocrit compared to ethnically 
non-highlander, acclimatized Han migrants at high 
altitude.17,18

Several studies have looked at the genetic aspects of 
high altitude adaptation and physiological changes.5–15 

However, studies on physiological aspects of high altitude 
acclimatization or adaptation performed to date have 
focused on individuals traveling to a high altitude from 
a low altitude or compared high altitude natives with non- 
native residents of high altitude areas to a large 
extent.11,17,19–22 Studies on ethnically high altitude 
adapted populations living at low altitude for a long period 
are also very limited.23,24 Adaptation is a slow process and 
might take thousands of years to integrate genetic changes, 
whereas acclimatization can happen in hours/days to com
bat the stress in an urgent manner. Therefore, if high 
altitude adapted populations reside at low altitude for 
several years, it is likely that they will experience the 
impact of this environmental shift as the partial pressure 
of oxygen is higher at low altitude compared to at high 
altitude.

According to Gustavo Zubieta-Calleja, high altitude resi
dents experience “relative hyperoxia” at sea level, which is 
an apparent aggressive environment to the high altitude 
hypoxia-adapted people.25 This results in their experiencing 
lower ventilation, probably to combat “relative hyperoxia”. 
Zubieta-Calleja et al reported lower hematocrit after descent 
from high altitude to low altitude.26 Decreased hemoglobin 
has been reported in the Andean natives after arrival at sea 
level.27 Studies of people belonging to the same ethnic 
group but inhabiting high and low altitudes could be inter
esting as those are rare and could be insightful to understand 
the impact of the environmental shift. In this study, hence, 
we have included Tibetan people from high and low alti
tudes from India. Migration of ethnically Tibetan popula
tions in India can be classified into two distinct categories: 
(1) migration of the Tibetans to Ladakh (sometimes 
described as “India’s little Tibet”) that started apparently 

during the 9th–10th centuries and continued for centuries 
thereafter (known as native Ladakhis also), and (2) migra
tion of the Tibetans taking shelter in India during or after 
1959 following subdual of the Tibetan uprising in 1959 by 
the People’s Liberation Army of China. The later migrants 
reside in various Tibetan settlements across India, including 
places at high altitude, Ladakh, and low altitude, 
Karnataka.28–31 Therefore, in our study, the high altitude 
group comes from different regions of Ladakh (altitude 
≥4500 meters), and the low altitude group comes from 
Karnataka state (altitude ~850 meters). In the current 
study, we aimed to investigate how hematological para
meters change in response to an extreme environmental 
shift (altitude) in the Tibetan population.

Materials and Methods
Participants and Study Design
Our study includes a total of 79 high altitude Tibetans 
from Samad Rakchan village and adjacent pastures 
(Norchen, Dipling, Kumlung), having an average elevation 
of 4500–4900 meters above sea level (barometric pressure 
<430 mmHg) in the Rupsho valley (part of the Changtang 
region of the Tibetan plateau, extending to Southeastern 
Ladakh) of the union territory of Ladakh, India. Another 
set of samples includes 89 low altitude Tibetans from 
a small town, Bylakuppe, having an average elevation of 
~850 meters above sea level (barometric pressure ~690 
mmHg), in Karnataka state, India, (Figure 1). People of 
non-Tibetan descent were excluded from our study.

High altitude Tibetans in our study belong to semi- 
nomadic and pastoral communities and low altitude 
Tibetans are dependent on agriculture, handicraft and 
trade.32 In Ladakh, we organized health camps during 
July, 2017 and August, 2018 at the above-mentioned 
sites. In Karnataka, camps were organized during 
February−April, 2018. The current study was conducted 
in accordance with the Declaration of Helsinki. Informed 
written consent was obtained from all participants after 
explaining the purpose of the study. Consent was obtained 
from the father of a lone participant who was under the 
age of 18 years. The Institutional Ethical Committee (IEC) 
of the CSIR - Centre for Cellular and Molecular Biology, 
Hyderabad, the Institutional Review Board of the Ladakh 
Institute of Prevention and the District Ethical Committee, 
Leh, Ladakh approved the study.

About 3.0 mL of venous blood was collected in 
EDTA vacutainers (BD, New Jersey, USA) for the 
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assessment of hematological parameters. About 3.0 mL 
of blood was also collected in vacutainer serum tubes 
(BD, New Jersey, USA) and were kept at room tem
perature for half an hour. Clots were removed by 

centrifuging at 2000 x g for 10 minutes. Clear serum 
was immediately transferred into clean polypropylene 
tubes, which were kept in dry ice temporarily and stored 
at −80 °C for further experiments.

Figure 1 India map showing sampled area. The distance between Samad Rakchan and Bylakuppe is ~2320 km. 
Abbreviation: masl, meters above sea level.
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Anthropometric and Hematological Data
Age and gender data were collected from all partici
pants. Height and weight were measured. Body mass 
index (BMI) was calculated by dividing the weight in 
kilograms of the individuals by their height, in meters 
squared. Hematological data were acquired using 
ADVIA 2120i automated hematology analyzer 
(Siemens AG, Erlangen, Germany) for the low altitude 
participants. For high altitude participants, hematologi
cal data were obtained using manual techniques, where 
WBC and RBC were counted by microscopic examina
tion of Leishman-stained blood smears within 3 days of 
sample collection. HCT was measured using Wintrobe 
hematocrit tubes.33 Hemoglobin was measured using 
Sahli’s method on the spot.34 RBC cellular indices 
were calculated accordingly.35 We analyzed WBC, 
RBC, HCT, MCV, MCH, MCHC and Hb parameters. 
A quantikine human erythropoietin kit from R & 
D Systems (Minneapolis, MN, USA) was used to mea
sure serum EPO levels in high and low altitude 
Tibetans.

Data Analysis
GraphPad Prism trial version 8.4.3 (San Diego, CA) was 
utilized for statistical analysis. The distribution of the 
variables was checked using the D’Agostino-Pearson 
omnibus normality test. For comparison between the two 
groups, unpaired t-tests with Welch’s correction were per
formed where residuals followed Gaussian distribution and 
Mann–Whitney tests were performed where residuals did 
not follow Gaussian distribution. Spearman correlation 
coefficients were calculated to assess the correlation 
between parameters. Univariate and multiple linear regres
sion analyses were performed in R (version 3.6.1). 
P-values of less than 0.05 were considered to be 
significant.

Results
Anthropometric and Hematological 
Parameters
Our study includes a total of 168 individuals, of whom 79 
were from high altitude and 89 were from low altitude 
areas, with ages ranging from 24 to 80 years and 17 to 92 
years, respectively. The median age was 58 years. The age 
distribution of participants is provided in Figures 2A and B. 
BMI of the participants was in the range 14.24–34.48 kg/m2 

and median BMI was 23.82 kg/m2. Table 1 shows that high 

altitude participants had lower mean age and BMI com
pared to low altitude participants.

Highly significant differences (p <0.0001) in RBC, HCT 
and hemoglobin concentration were detected between the high 
and low altitude Tibetans (Figures 3A–C). Mean values of 
RBC and HCT were higher in high altitude males and females 
compared to low altitude males and females, respectively. 
Mean values of RBC in males from high altitude and low 
altitude were 6.21 ± 0.74 and 4.45 ± 0.49 million cells/μL, 
respectively. In females, these were 5.4 ± 0.40 and 4.19 ± 0.40 
million cells/μL, respectively. Mean values of HCT in high 
altitude males, low altitude males, high altitude females and 
low altitude females were 59.83 ± 6.89, 44.57 ± 4.56, 50.09 ± 
3.6, 42.5 ± 4.06%, respectively. Hemoglobin concentration 
was significantly (p <0.0001) higher in high altitude indivi
duals, irrespective of gender, compared to low altitude indivi
duals. Mean hemoglobin concentrations in males from high 
and low altitudes were 20.01 ± 1.91 and 13.42 ± 1.75 g/dL, 
respectively. In females, these were 16.97 ± 1.74 and 12.56 ± 
1.19 g/dL, respectively. MCV was significantly (p <0.05 in 
males and p <0.0001 in females) lower in both genders at high 
altitude compared to their low altitude counterparts, with mean 
values of 96.6 ± 8.06 and 100.5 ± 6.97 fL in males and 92.7 ± 
6.17 and 101.5 ± 4.67 fL in females from high and low 
altitudes, respectively (Figure 3D). MCH showed 
a nominally significant difference (p <0.05) only in males, 
with mean values of 32.29 ± 2.51 and 30.27 ± 3.40 pg/cell in 
high altitude and low altitude males, respectively (Figure 3E). 
A significant difference was also detected in MCHC in indi
viduals of both genders; however, age and gender were poten
tial confounders (Figure 3F). Details of the tests performed 
and statistical parameters are given in Tables 2 and 3.

Univariate linear regression analysis was performed 
separately with age, gender, altitude and BMI for each 
blood parameter. Out of these (age, gender, altitude and 
BMI), whichever showed significant association with the 
blood parameter, were considered for multiple linear 
regression analysis as potential confounding factors. 
Complete details of univariate and multiple linear regres
s ion  ana lyses  a re  provided  in  Supplementary  
Tables S1–S6. In multiple regression models, age and 
BMI did not show significant associations with most of 
the blood parameters (p >0.05) except MCHC and hemo
globin concentration. Both age and BMI showed 
a significant association with MCHC (p-values 0.0200 
and 0.0232, respectively). However, only BMI (but not 
age) was significantly associated with hemoglobin con
centration (p-value 0.0386) in the model and had a very 
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small regression coefficient (0.0723), after correcting for 
confounding factors.

Additionally, we categorized our participants (up to 80 
years, maximum age of high altitude participants) into 

three age categories, and checked the differences in hemo
globin concentrations between them. Details of BMI in 
these age categories are provided in Table 4. Hemoglobin 
concentration was significantly different in high altitude 

Table 1 Description of Anthropometric Parameters of the Subjects (n=168); Data is Expressed in Mean ± SD Format

Parameter High Altitude Low Altitude Test, p-value

Age (years) 49.32 ± 13.70 67.15 ± 18.42 Mann-Whitney test, <0.0001

BMI (kg/m2) 22.75 ± 3.67 25.28 ± 4.78 Unpaired t-test with Welch’s correction, 
0.0004

Figure 2 Age distribution among (A) high altitude and (B) low altitude participants. 
Abbreviations: HA, high altitude; LA, low altitude.
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and low altitude participants, after categorization of age as 
well (Figures 4A–C; Table 5). For other parameters, age 
categorization could not be performed, as the number of 
individuals in each age category was very low or absent.

Serum EPO
Serum EPO is one of the prominent outcomes of altitude- 
induced hypoxia that becomes elevated in people traveling 
to high altitudes. We checked serum EPO levels within high 
and low altitude Tibetan males and females. No significant 
difference was observed in either males or females, with 
mean values of 13.3 ± 11.61, 11.32 ± 7.77 mIU/mL in males 
and 13.21 ± 6.98 and 11.31 ± 7.63 mIU/mL in females from 
high and low altitudes, respectively (Figure 5; Table 3).

In an earlier study, serum EPO was shown to be corre
lated with HCT and hemoglobin concentration in children 

and young adults from Ladakh by Yanamandra et al.36 Since 
one group of our study participants is also from Ladakh, we 
checked the correlation of serum EPO with hemoglobin 
concentration and HCT of the participants. Both serum 
EPO and hemoglobin concentration data were available 
from 130 participants and both serum EPO and HCT data 
were available from 107 participants. Interestingly, none of 
these parameters showed any significant correlation 
(Spearman r = −0.03984, p-value = 0.6526 for serum EPO 
and Hb) with serum EPO in our study (Spearman r = 0.1562, 
p-value = 0.1081 for serum EPO and HCT).

Discussion
Change of hematological parameters has been shown to be 
associated with various pathological conditions like myocar
dial infarction, leukemia, coronary heart disease, 

Figure 3 Various hematological parameters of high and low altitude Tibetan males and females: (A) RBC, (B) HCT, (C) Hb, (D) MCV, (E) MCH and (F) MCHC. Blue and 
maroon horizontal lines represent mean ± SD. ****p <0.0001, *p = 0.01–0.05. 
Abbreviations: HA, high altitude; LA, low altitude; RBC, red blood cell; HCT, hematocrit; Hb, hemoglobin concentration; MCV, mean corpuscular volume; MCH, mean 
corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration.
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cardiovascular disease and so on.37–40 Our study shows 
differences in hematological parameters between Tibetans 
residing at high and low altitudes for the first time, to the best 
of our knowledge. We observed significantly higher RBC, 
HCT and hemoglobin concentration and significantly lower 
MCV in high altitude males and females compared to their low 
altitude counterparts. Though BMI showed a significant asso
ciation with hemoglobin concentration (p-value = 0.0386) after 
adjusting for age, gender, BMI and altitude, the coefficient of 
its association was too small (0.0723) to be considered a strong 
confounder, considering apparently small mean BMI 
differences (2.53 kg/m2) and apparently high mean hemoglo
bin concentration differences between high and low altitude 

male (6.59 g/dl) and female (4.41 g/dl) Tibetans. In our regres
sion model for hemoglobin concentration (Hemoglobin con
centration + Age + Gender + BMI + Altitude), the coefficient 
of altitude (low) was −5.5356 (p-value <2.25×10−7), which 
suggests that, on average, hemoglobin concentration is ~5.5 g/ 
dl lower in low altitude individuals compared to high altitude 
individuals. Our observed values of hemoglobin concentration 
were a little higher than some studies conducted with high 
altitude Tibetans; however, it was reported that, at an elevation 
of more than 4500 meters, hemoglobin concentration in 
Tibetans also showed higher mean values.16,18,41–43 The hemo
globin concentration observed in our study for the low altitude 
Tibetans was on a par with another study with Tibetans at sea 

Table 2 Description of Various Hematological Parameters in the Subjects; Data is Expressed in Mean ± SD Format

Parameter HA Male 
(n=23)

LA Male 
(n=46)

HA Female 
(n=23)

LA Female 
(n=43)

Test, p-value (HA Male vs LA Male); Test, p-value (HA Female vs 
LA Female)

WBC (cells/µL) 6957 ± 1788 6744 ± 1682 6743 ± 1938 7277 ± 1472 Mann-Whitney test, 0.7022; Unpaired t-test with Welch’s correction, 
0.2565

RBC (106 cells/µL) 6.21 ± 0.74 4.45 ± 0.49 5.4 ± 0.40 4.19 ± 0.40 Mann-Whitney test, <0.0001; Unpaired t-test with Welch’s correction, 
<0.0001

HCT (%) 59.83 ± 6.89 44.57 ± 4.56 50.09 ± 3.6 42.5 ± 4.06 Unpaired t-test with Welch’s correction, <0.0001; Unpaired t-test with 
Welch’s correction, <0.0001

MCV (fL) 96.6 ± 8.06 100.5 ± 6.97 92.7 ± 6.17 101.5 ± 4.67 Mann-Whitney test, 0.0280; Unpaired t-test with Welch’s correction, 
<0.0001

MCH (pg/cell) 32.29 ± 2.51 30.27 ± 3.40 31.07 ± 1.97 30.04 ± 1.92 Mann-Whitney test, 0.0212; Mann Whitney test, 0.1347

MCHC (g/dL) 33.47 ± 1.92 30.07 ± 2.26 33.47 ± 1.99 29.58 ± 1.23 Mann-Whitney test, <0.0001; Unpaired t-test with Welch’s correction, 
<0.0001

Figure 4 Hemoglobin concentration (Hb) among age-categorized participants: (A) in the age range of 17–40 years, (B) 41–60 years, (C) 61–80 years. ****p <0.0001, ***p = 
0.0001–0.001, **p = 0.001–0.01. Blue and maroon horizontal lines represent mean ± SD. 
Abbreviations: HA, high altitude; LA, low altitude.
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level.44 Since mean hemoglobin concentration was apparently 
high in our high altitude participants, we checked their chronic 
mountain sickness (CMS) scores, which had been recorded 
during the current health camp or a previous health camp 
organized in similar places. Data were available for the CMS 
scores from 41 male and 36 female participants. Among them, 
12 males and 5 females had mild CMS, having scores of 
between 6 to 10 as per the Qinghai scoring system, resulting 
in a 22.07% CMS prevalence (unpublished data, Basak/ 
Norboo et al).45 Earlier studies have reported a CMS preva
lence of 13.73–28.7% in high altitude natives of the neighbor
ing state, Himachal Pradesh.46,47 The Tibetans are known to 
have a lower prevalence of CMS compared to the 

Andeans.48–50 Though our participants had a comparatively 
higher prevalence of CMS, all of them had mild CMS. Though 
RBC, HCT and hemoglobin were significantly higher in the 
high altitude Tibetans, interestingly, serum EPO was only 
insignificantly higher in high altitude individuals; this might 
be because the normal concentration of serum erythropoietin 
has an apparently broad range: 3.3–16.6 mIU/mL.51 A similar 
observation was reported by Winslow et al, whereby HCT and 
hemoglobin were higher in Andean natives compared to 
Sherpas from Nepal living at the same altitude, yet serum 
erythropoietin was not significantly different.52 Moreover, 
serum EPO becomes elevated upon acute hypoxic exposure, 
when low altitude residents visit high altitude areas. Within 
a few days, it returns to almost the pre-exposure level. Both our 
high altitude and low altitude groups comprise long-term resi
dents of the respective altitudes. Our observation of an almost 
similar level of serum EPO in both groups is consistent with 
that as well. A recent study showed that blood cell phenotypes 
are ancestry-dependent and selective pressure can give rise to 
different blood cell traits.53 Our study additionally shows that 
different exposure of the same population to different environ
ments can also alter blood cell traits. These changes of hema
tological parameters are possibly part of the hematological 
adaptation mechanism, to cope with the “relative hyperoxia” 
that is evidently an aggressive environment to the high altitude 
hypoxia-adapted Tibetans when they migrate to low altitude.

It has previously been hypothesized that hemoglo
bin concentration might be modulated by environmen
tal context.54 Our study reveals differences in various 
hematological parameters including hemoglobin con
centration between the high and low altitude Tibetans, 
which fits the hypothesis well. Hemoglobin concentra
tion has been shown to play an important role in 
reproductive fitness among Tibetan women, where 
lower hemoglobin favored reproductive fitness.55 

Similarly, Tibetan men, having lower hemoglobin 
concentrations are known to show better exercise capa
city at high altitude.41 It would be interesting to 

Figure 5 Distribution of serum erythropoietin (EPO) level among participants. 
Abbreviations: HA, high altitude; LA, low altitude.

Table 3 Description of Serum EPO and Hb in the Subjects; Data is Expressed in Mean ± SD Format

Parameter HA Male LA Male HA Female LA Female Test, p-value (HA Male vs LA Male); Test, p-value (HA 
Female vs LA Female)

EPO (mIU/mL) 13.3 ± 11.61 

(n=21)

11.32 ± 7.77 

(n=42)

13.21 ± 6.98 

(n=21)

11.31 ± 7.63 

(n=42)

Mann-Whitney test, 0.4826; Mann-Whitney test, 0.1283

Hb (g/dL) 20.01 ± 1.91 

(n=41)

13.42 ± 1.75 

(n=46)

16.97 ± 1.74 

(n=38)

12.56 ± 1.19 

(n=43)

Unpaired t-test with Welch’s correction, <0.0001; Unpaired 

t-test with Welch’s correction, <0.0001
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investigate those events separately in the low altitude 
Tibetans to check whether the trend is true since hemo
globin concentration was strikingly lower in the 
Tibetans from low altitude areas in our study.

John B. West discussed “Barcroft’s bold assertion” that 
assumes “All dwellers at high altitudes are persons of 
impaired physical and mental powers.” This is 
a provocative statement; nonetheless, it does provide 
scope to study native highlanders at low altitude and to 
assess their health status.56 Our study is a step in that 
direction, which would help to understand the physiologi
cal aspects better when native Tibetans are not present in 
their native high altitude environment. Simultaneously, 
these kinds of studies would help to understand the impact 
of environmental change, knowledge of which could be 
important for tourists and soldiers traveling to high altitude 
areas. It would be interesting to explore the molecular 
driving forces behind these kinds of differences. 
Epigenetic studies, important tools for exploring gene– 
environment interaction, could be fruitful in this context.

A limitation of our study is that we could not measure 
complete blood count (CBC) profiles of the high altitude 

and low altitude individuals using the same method 
because of geographical differences between the sampling 
sites, remote locations and limited resources (at high alti
tude). CBC profiles for the high altitude samples were 
obtained using manual techniques; while for the low alti
tude samples, these were obtained using an automated 
hematology analyzer. However, both of the methods are 
known to be well-correlated.33,57,58 Harris et al reported 
good correlation between ADVIA 2120 (previous version 
of ADVIA 2120i) and the manual method in an interna
tional, multicenter clinical trial. Values reported for WBC 
differentials measured by the ADVIA 2120 analyzer and 
the manual method in that study were close. The within- 
run precision of CBC on the platform was also very 
good.59 We used Sahli’s method, one of the most com
monly used methods for hemoglobin estimation where 
resources are limited, for estimating hemoglobin concen
tration in remote high altitude areas. This method has been 
proven to be efficient, resulting in an absolute difference 
between two measurements of less than 1 g/dl. Another 
study reported that Sahli’s method provides lower values 
of hemoglobin concentration of 0.62gms/dl in capillary 

Table 4 Description of BMI Among Participants Belonging to Three Different Age Categories; Data is Expressed in Mean ± SD 
Format

Age 
Category

BMI Test, p-value (HA Male vs LA Male); Test, p-value (HA 
Female vs LA Female)

HA Male LA Male HA Female LA Female

17–40 years 20.46 ± 2.18 
(n=13)

23.83 ± 7.25 
(n=3)

24.34 ± 3.74 
(n=9)

28.08 ± 5.35 
(n=4)

Mann-Whitney test, 0.5643; Mann-Whitney test, 0.3119

41–60 years 21.66 ± 3.01 
(n=22)

24.44 ± 5.18 
(n=5)

23.83 ± 3.78 
(n=19)

25.98 ± 3.86 
(n=10)

Mann-Whitney test, 0.1413; Mann-Whitney test, 0.0915

61–80 years 24.33 ± 4.89 
(n=6)

23.35 ± 4.50 
(n=22)

23.7 ± 4.08 
(n=10)

28.88 ± 4.24 
(n=8)

Mann-Whitney test, 0.7745; Mann-Whitney test, 0.0143

Table 5 Description of Hemoglobin Concentration Among Participants Belonging to Three Different Age Categories; Data is 
Expressed in Mean ± SD Format

Age Category Hemoglobin Concentration (g/dl) Test, p-value (HA Male vs LA Male); Test, p-value (HA 
Female vs LA Female)

HA Male LA Male HA Female LA Female

17–40 years 19.78 ± 1.7 

(n=13)

13.9 ± 0.49 

(n=4)

16.28 ± 1.39 

(n=9)

12.3 ± 0.44 

(n=4)

Mann-Whitney test, 0.0008; Mann-Whitney test, 0.0028

41–60 years 20.4 ± 1.87 

(n=22)

15.24 ± 1.69 

(n=5)

17.26 ± 1.90 

(n=19)

12.79 ± 1.04 

(n=16)

Mann-Whitney test, <0.0001; Mann-Whitney test, <0.0001

61–80 years 19.08 ± 2.30 

(n=6)

13.34 ± 1.59 

(n=22)

17.05 ± 1.69 

(10)

12.56 ± 1.41 

(14)

Mann-Whitney test, <0.0001; Mann-Whitney test, <0.0001
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blood and 1.1gms/dl in venous blood compared to 
a hemiglobincyanide (HiCN)-based reference method. 
Our observed differences in mean hemoglobin concentra
tion between high and low altitude male and female 
Tibetans were 6.59 g/dl and 4.41 g/dl, respectively, 
which are far above these values. Moreover, Sahli’s 
method was used to measure hemoglobin concentration 
in high altitude individuals, in whom we observed higher 
values than in low altitude individuals. On the other hand, 
technical specifications of ADVIA 2120i show that the 
precision of the instrument is good, with a coefficient of 
variation for MCV, Hb, RBC, WBC in the range of 0.78– 
2.7.60

Considering all these facts, it is highly unlikely that our 
observed differences in hematological parameters in high 
and low altitude individuals are due to artifacts. We 
needed to be a bit careful while selecting the parameters 
for analysis considering the gap between sample collection 
and hematological data collection. As the samples were 
collected from remote areas, due to logistic issues, hema
tological data collection (except hemoglobin measurement 
by Sahli’s method) of the samples could be done within 
48–72 hours after sample collection. A recent meta- 
analysis and systematic review reports that Hb, WBC, 
RBC count, HCT, MCH, MCHC are quite stable within 
the time range in which we collected and measured 
them.61

Conclusion
In conclusion, our study reveals that prolonged residence 
of native Tibetans at a low altitude (over 50 years) results 
in significantly lower RBC count, HCT, Hb, MCH, MCHC 
and higher MCV compared to their high altitude counter
parts, which is likely due to the outcome of hematological 
adaptation to the relatively hyperoxic environment in low 
altitude areas.
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Background: Although it is a public health problem of pregnant women in low, middle and 
high-income countries, the highest prevalence rate of anemia is found among pregnant 
women of low-income countries, particularly in Africa. Therefore, this study has aimed to 
determine the magnitude of the anemia and its associated factors among pregnant women 
admitted to labor wards of public hospitals in eastern Ethiopia.
Methods and Materials: A health facility-based cross-sectional study was conducted among 
405 pregnant women admitted to labor wards in four public hospitals of Harar town and Dire 
Dawa City Administration. A systematic random sampling technique was used to select the study 
participants. Data were collected through an interview using a structured questionnaire. The 
hemoglobin level was measured for each study participant. Binary and multivariable logistic 
regression models were fitted and statistical significance was declared at P<0.05.
Results: The magnitude of anemia was 33.1% (95% CI: 28.4%, 37.8%). Being from rural 
areas (AOR: 3.8; 95% CI: 1.81, 7.94), no antenatal care (ANC) follow-up (AOR: 3.4; 95% 
CI: 1.34, 8.79), a habit of drinking milk with tea after meals (AOR: 2.8; 95% CI: 1.48, 5.61), 
taking a meal only 1–2 times per day (AOR: 3.9; 95% CI: 1.69, 8.97), experiencing no blood 
loss in the current pregnancy (AOR: 0.25; 95% CI: 0.06, 0.96) and a habit of eating leafy 
vegetables (AOR: 0.12; 95% CI: 0.06, 0.24) were significantly associated with anemia.
Conclusion: About one in three pregnant women were anemic and anemia was a moderate 
public health problem in the study settings. Interventions targeting reducing or preventing 
anemia should focus on pregnant women in rural areas, promoting the benefits of ANC 
follow-up, reducing the habit of drinking milk with tea after meals, enhancing the consump
tion of leafy vegetables and increasing meal frequency per day to minimize or prevent 
anemia and its consequences during pregnancy.
Keywords: anemia, pregnant women, eastern Ethiopia

Introduction
Anemia – a pathologic state, in which the number of red blood cells or their oxygen 
carrying capacity is insufficient to meet physiologic needs – is a common medical 
problem during pregnancy. It is a global public health problem with major con
sequences for human health as well as socio-economic development.1

Among 1.62 billion globally anemic people, pregnant women constitute 41.8% and 
thus, anemia remains a significant public health problem. The highest prevalence rate 
(61.3%) is found among pregnant women from  Africa.2 Rates of anemia are highest in 
low-income countries, especially in Central and West Africa (48% of reproductive-age 
women and 56% of pregnant women) and in South Asia (47% of reproductive-age 
women and 52% of pregnant women).3 Overall, in low and middle-income countries, 
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12% of low birth weight, 19% of preterm births and 18% of 
perinatal mortality were attributable to maternal anemia.4

Anemia is associated with morbidity and mortality of 
the growing fetus and neonates.5,6 It leads to premature 
births, low birth weight, fetal cognitive impairment and 
death.7–9 Similarly, maternal anemia increases the risk of 
preterm delivery and low birth weight, and iron-deficiency 
anemia underlies 115,000 maternal deaths and 
591,000 perinatal deaths each year.3 Although anemia is 
a common problem of pregnant women in developing 
countries, pregnancy outcomes vary depending on the 
level of maternal hemoglobin.10

The Ethiopian Demographic and Health Survey (EDHS) 
showed that prevalence of anemia among women aged 
15–49 years declined from 27% in 2005 to 17% in 2011, 
but increased to 24% in 2016 of which pregnant women 
account for 29%. But, due to different socio-economic status, 
behavioral, geographical and methodological differences, the 
national figures from the EDHS could not represent the 
prevalence of anemia among pregnant women in different 
parts of Ethiopia.11

Despite the government’s commitment and various sta
keholders' interventions, the magnitude and the major risk 
factors of anemia remain unabated. Moreover, to the best 
knowledge of the investigators, there are few documented 
studies in eastern Ethiopia in general and no study on anemia 
among pregnant women in the study area. Therefore, this 
study has aimed to determine the magnitude of the anemia 
and its associated factors among pregnant women admitted 
to labor wards of public hospitals in eastern Ethiopia.

Methods and Materials
Study Design, Setting and Period
This hospital-based cross-sectional study was conducted 
from January 20 to February 19, 2018 in four public 
hospitals, of which one is a specialized university hospital, 
two are general hospitals and one is a primary hospital 
located at the Harari region and Dire Dawa City 
Administration in the eastern part of Ethiopia around 526 
and 515 km from Addis Ababa respectively. The Harari 
region has a projected total population of 246,000 
(124,000 males and 122,000 females), whereas the total 
population of Dire Dawa City Administration is projected 
to be 466,000 (234,000 males and 232,000 females).12 In 
all four hospitals, there were trained maternal health care 
providers.

Study Participants
All pregnant women admitted for delivery in those four 
public hospitals were the source population while women 
with singleton pregnancy selected by a systematic random 
sampling technique were the study population. Pregnant 
women with a past history of preterm delivery, who 
neither know LNMP nor had ultrasound diagnosis for 
gestational age, had pregnancy induced hypertension and 
multiple pregnancies, were excluded from the study.

Sample Size and Sampling Procedure
We calculated the sample size by using a single population 
proportion formula with the assumptions of Zα/2=1.96, 
95% confidence level, 5% margin of error, the prevalence 
of anemia, p=39.1% from a study conducted in Woldia 
Hospital,13 12% for the non-response rate, and included 
410 laboring mothers.

We first reviewed monthly clients’ flow to each hospital 
for delivery services in the previous six months from the 
registration book to estimate the expected number of women 
that could come for delivery in a month. Thus, the average 
numbers of women admitted for delivery per month in the 
previous six months were considered and the sample size 
410 was then allocated to each hospital proportional to the 
total number of pregnant women expected to be admitted for 
delivery in each health facility in one-month period. 
A systematic random sampling technique was used to select 
the study participants and the first study subject for each 
hospital was randomly selected by a lottery method followed 
by enrolling every second woman.

Data Collection Tool and Procedure
The data were collected through an interview technique 
using a pretested structured questionnaire developed by 
reviewing the literature.13–20 The questionnaires comprised 
questions about socio-economic and demographic informa
tion, obstetric, health and lifestyle-related variables. Each 
woman was interviewed during the intrapartum period while 
she was relatively in stable condition. Eight midwives and 
four laboratory technicians collected the data after getting 
training on the tools and survey methods.

Measurements
To diagnose anemia, the hemoglobin level of the laboring 
mother was measured using a Hemocue HB 301 analyzer. 
A blood sample was collected through a finger prick by 
sterile lancet and dropped on a micro-cuvette for analysis. 
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Hemoglobin was adjusted for altitude and smoking before 
deciding women’s status of anemia. To define anemia, WHO 
cut-off for hemoglobin values were used and hemoglobin 
<11 g/dL was considered as anemic while hemoglobin levels 
of 10–10.9 g/dL, 7–9.9 g/dL and <7 g/dL were considered as 
mild, moderate and severe anemia respectively.21

Data Quality Control
The questionnaire was initially prepared in English and 
translated to the local languages (Afaan Oromoo, Amharic 
and Somali). It was then translated back to English by 
language experts to check for its consistency. Training on 
the data collection tool and the procedures was provided to 
the data collectors and field supervisors. The questionnaire 
was pretested among 20 pregnant women in similar settings 
before the actual study. Regular supervision was done by 
experienced field research supervisors and the investigators.

Data Processing and Analysis
The collected data were checked for completeness, cleaned, 
coded and entered into EPI DATA version 3.1. Then, the 
data were exported to SPSS version 22 for analysis. 
Descriptive and summary statistics were done and the infor
mation was presented using tables and descriptive 
statements.

The outcome variable was recoded into binary as “ane
mia=1” and “no anemia=0”. A binary logistic regression 
model was fitted to check for association between inde
pendent variables and anemia. The model fitness was 
checked by Hosmer–Lemeshow statistics and Omnibus 
tests. All variables with p<0.25 in the bivariate analysis 
were included in the final multivariate analysis to identify 
the true predictors of anemia. A multi-collinearity test was 
carried out to check the presence of correlation between 
independent variables using the standard error and colli
nearity statistics. The direction and strength statistical 
association was measured by odds ratio (OR) along with 
the 95% confidence interval (CI). P value <0.05 was used 
to declare statistical significance.

Results
Socio-Economic and Demographic 
Characteristics
A total of 405 pregnant women participated in this study 
yielding a response rate of 98.8%. The mean (±SD) age of 
the study participants was 26.6 (±6.15) years. About half, 
206 (50.9%) of the participants, were in the age group of 

25–34 years. Three hundred and twenty-one (79.2%), 248 
(61.2%) and 131 (32.3%) women were married, urban resi
dents and unable to read and write respectively. The majority 
of the participants, 178 (44%), were housewives while only 
19 (4.7%) were daily laborers in their occupation (Table 1).

Obstetric, Health and Lifestyle of 
Participants
Of the total respondents, 327 (80.7%) had antenatal care 
(ANC) follow-up and half of them, 163 (40.2%), had less 
than four ANC visits. The majority of the women, 290 
(71.6%), reported that they received iron/folic acid (IFA) 
in the current pregnancy. One hundred and eighty-two 
(44.9%) participants had history of contraceptive use and 
the birth interval between the current and the previous 
pregnancy was less than two years for 178 (44.0%) 
women. Among the participants, 38 (9.4%) had history 
of blood loss during the current pregnancy. Only 25 
(6.2%) women reported having a habit of smoking cigar
ettes while food intake for the majority, 344 (84.9%), was 
three and above meals per day. About 33% of women 
reported that they have a habit of taking milk with tea 
after meals (Table 2).

Anemia and Its Associated Factors
The overall magnitude of anemia was 33.1% (95% CI: 
28.4–37.8%). Among the anemic women, 10 (2.5%), 58 
(14.3%) and 66 (16.3%) had severe, moderate and mild 
anemia respectively.

In bivariate analysis, participants’ place of residence, 
marital status, ANC visit, birth interval, history of contra
ceptive use, IFA supplementation, blood loss in the current 
pregnancy, drinking alcohol, eating leafy vegetables, 
drinking milk with tea after meals and meal frequency 
per day were significantly associated with anemia among 
pregnant women. But, in the multivariable logistic regres
sion, place of residence, ANC visit, blood loss in the 
current pregnancy, eating leafy vegetables, drinking milk 
with tea after meals and meal frequency per day were 
factors significantly associated with anemia.

Women who were from rural areas (AOR: 3.8; 95% CI: 
1.81, 7.94), who had no ANC visit (AOR: 3.4; 95% CI: 
1.34, 8.79), who had a habit of drinking milk with tea after 
meals (AOR: 2.8; 95% CI: 1.48, 5.61) and who had a meal 
frequency of 1–2 times per day (AOR: 3.9; 95% CI: 1.69, 
8.97) were more likely to be anemic as compared to their 
counterparts. Pregnant women who did not experience 
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blood loss in the current pregnancy were 75% less likely to 
be anemic (AOR: 0.25; 95% CI: 0.06, 0.96) and those who 
had a habit of eating leafy vegetables were 88% less likely 
to be anemic (AOR: 0.12; 95% CI: 0.06, 0.24) than their 
counterparts (Table 3).

Discussion
This study assessed the magnitude of anemia among preg
nant women admitted to labor wards of four public hospi
tals in eastern Ethiopia. It revealed that about one in three 
pregnant women were anemic. Women from rural areas, 
who had no ANC visit, who had a habit of drinking milk 
with tea after meals and who had meal frequency of 1–2 
times per day were more likely to be anemic than their 
counterparts. Pregnant women who did not experience 
blood loss in their current pregnancy and who had 
a habit of eating leafy vegetables were less likely to be 
anemic.

In this study, the magnitude of anemia among pregnant 
women is in harmony with findings from similar studies in 
Arba Minch,17 northwest Tigray20 and Shalla-West Arsi.22 

However, it is higher than reports of other previous 
studies.15,18,23–28 On the contrary, the current magnitude is 

lower than similar previous studies.13,14,19,29,30 These differ
ences might be due to variations in the socio-economic 
characteristics, study settings and periods, dietary habits 
and health seeking behaviors across the towns with 
a community of relatively different lifestyle, feeding prac
tices and social norms.

Pregnant women who lived in rural areas were more likely to 
be anemic as compared to those who lived in urban areas. This is 
in line with the study from Tigray.20 The possible reason for this 
higher burden of anemia among pregnant women from rural 
areas could be related to inaccessibility of health care facilities 
and/or low health seeking behavior of the rural women, lack of 
information about causes of anemia, as well as accessibility and 
affordability of possible methods to prevent the risk factors of 
anemia. Additionally, women who had no ANC follow-up were 
more likely to be anemic than their counterparts. This result is 
consistent with previous findings.18 This might be due to the fact 
that pregnant women who attend ANC follow-up are counseled 
about appropriate feeding practices and supported by the mater
nity care providers to take IFA supplementation to prevent or 
reduce the occurrence of anemia.

Furthermore, pregnant women who have a habit of 
drinking milk with tea after meals had higher likelihood 

Table 1 Socio-Economic and Demographic Characteristics of Pregnant Women Admitted to Labor Wards of Public Hospitals in 
Eastern Ethiopia, 2018 (N=405)

Variables Category Frequency (n) Percent (%)

Age in years 15–24 145 35.8
25–34 206 50.9
35–44 54 13.3

Place of residence Urban 248 61.2
Rural 157 38.8

Marital status Married 321 79.2
Divorced 21 5.2

Single 34 8.4
Separated 29 7.2

Educational status Unable to read and write 131 32.3
Read and write only 24 5.9

Primary 77 19
Secondary 88 21.7

College and above 85 21

Occupation of women Housewife 178 44

Government employee 61 15

Private employee 52 12.8
Daily laborer 19 4.7

Farmer 21 5.2

Merchant 42 10.3
Student 32 8
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Table 2 Obstetric, Health and Lifestyle of Pregnant Women Admitted to Labor Wards of Public Hospitals in Eastern Ethiopia, 2018 
(N=405)

Variables Category Frequency (n) Percent (%)

ANC visits Yes 327 80.7
No 78 19.3

Number of ANC visits <4 163 40.2
≥4 164 40.4

Gravidity 1 135 33.3
2–4 191 47.2

≥5 79 19.5

Parity 1 160 39.5
2–4 181 44.7
≥5 64 15.8

Birth interval in years <2 178 44.0
≥2 227 56.0

History of contraceptive use Yes 182 44.9
No 223 55.1

IFA supplementation in 

current pregnancy

Yes 290 71.6
No 115 28.4

Duration of IFA use in 

months

1–4 232 57.3
≥4 58 14.3

Blood loss in the current 

pregnancy

Yes 38 9.4
No 367 90.6

History of hypertension Yes 11 2.7
No 394 97.3

HIV/AIDS Yes 7 1.7
No 398 98.3

Smoking cigarettes Yes 25 6.2
No 380 93.8

Khat chewing Yes 88 21.7
No 317 78.3

Alcohol drinking Yes 36 8.9
No 369 91.1

Eating leafy vegetables Yes 233 57.5
No 172 42.5

Drinking milk after meals Yes 210 51.9
No 195 48.1

Drinking milk with tea after 

meals

Yes 132 32.6
No 273 67.4

Drinking coffee after meals Yes 136 33.6
No 269 66.4

Meal frequency per day 1–2 times 61 15.1
≥ 3 times 344 84.9

Abbreviations: ANC, antenatal care; HIV/AIDS, human immune virus/acquired immune deficiency syndrome; IFA, iron folic acid.
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of getting anemia than those who did not have such habit. 
This is similar to findings from a study in Addis Ababa18 

and this might be due to the inhibition effect of tea and 
calcium on iron absorption resulting in low bioavailability 
of iron.31–34 The risk of anemia was higher among preg
nant women who had a meal frequency of 1–2 times 
per day than those who had three or more times. This is 
in line with the finding from Tigray20,28 and it might be 
because taking meals frequently helps to meet the 
increased demands for nutrients during pregnancy.

On the other hand, pregnant women who did not experi
ence blood loss in the current pregnancy were 75% less likely 
to be anemic. This might be because blood loss would result in 
lower circulating serum iron with lower hemoglobin level. 
Similarly, women who had a habit of eating leafy vegetables 
were 88% less likely to experience anemia than those who did 
not. The possible reason for this might be feeding on different 
leafy vegetables could increase the folate/folic acid levels that 
are important to produce normal cells including red blood cells 
that aids in increasing the availability of hemoglobin.

Table 3 Factors Associated with Anemia Among Pregnant Women Admitted to Labor Wards of Public Hospitals in Eastern Ethiopia, 
2018 (N=405)

Variables Category Anemia COR (95% CI) AOR (95% CI)

No Yes

n (%) n (%)

Place of residence Urban 196 (79) 52 (21) 1 1
Rural 75 (47.8) 82 (52.2) 4.12 (2.66,6.38) 3.79 (1.81,7.94)***

Marital status Married 228 (71) 93 (29) 1 1
Divorced 13 (61.9) 8 (38.1) 1.50 (0.60,3.76) 1.12 (0.24,5.10)

Single 10 (29.4) 24 (70.6) 5.88 (2.70,12.78) 2.70 (0.78,9.28)

Separated 20 (69) 9 (31) 1.10 (0.48,2.51) 0.73 (0.17,3.15)

ANC visit Yes 248 (75.8) 79 (24.2) 1 1
No 23 (29.5) 55 (70.5) 7.50 (4.33,12.99) 3.43 (1.34,8.79)*

Birth interval in years <2 100 (56.2) 78 (43.8) 1 1
≥2 171 (75.3) 56 (24.7) 0.42 (0.27,0.64) 0.67 (0.32,1.39)

History of contraceptive use Yes 133 (73.1) 49 (26.9) 0.59 (0.39,0.91) 1.37 (0.64,2.95)
No 138 (61.9) 85 (38.1) 1 1

IFA supplementation Yes 208 (71.7) 82 (28.3) 0.47 (0.30,0.74) 0.56 (0.24,1.33)
No 63 (54.8) 52 (45.2) 1 1

History of blood loss Yes 10 (26.3) 28 (73.7) 1 1
No 261 (71.1) 106 (28.9) 0.14 (0.06,0.30) 0.25 (0.06,0.96)*

Smoking cigarettes Yes 8 (32) 17 (68) 1 1
No 263 (69.2) 117 (30.8) 0.20 (0.08,0.49) 1.07 (0.23,4.86)

Alcohol drinking Yes 12 (33.3) 24 (66.7) 4.70 (2.27,9.75)* 1.66 (0.44,6.15)
No 259 (70.2) 110 (29.8) 1 1

Eating leafy vegetables Yes 204 (87.6) 29 (12.4) 0.09 (0.05,0.14) 0.12 (0.06,0.24)***
No 67 (39) 105 (61) 1 1

Drinking milk with tea after meals No 49 (37.1) 83 (62.9) 1 1
Yes 222 (81.3) 51 (18.7) 7.37 (4.62,11.75) 2.88 (1.48,5.61)*

Meal frequency per a day 1–2 19 (31.1) 42 (68.9) 6.05 (3.34,10.94) 3.90 (1.69,8.97)**
≥3 252 (73.3) 92 (26.7) 1 1

Note: *p<0.05, **p<0.001, ***p<0.0000. 
Abbreviations: ANC, antenatal care; IFA, iron folic acid.

https://doi.org/10.2147/JBM.S305567                                                                                                                                                                                                                                   

DovePress                                                                                                                                                            

Journal of Blood Medicine 2021:12 304

Debella et al                                                                                                                                                          Dovepress

https://www.dovepress.com
https://www.dovepress.com


We used standardized medical equipment and procedures 
to measure anemia. But, variables such as meal frequency and 
other lifestyle factors were prone to social desirability bias. In 
addition, the study was cross-sectional study and could not 
establish cause and effect relationship between anemia and the 
associated factors.

Conclusion
This study indicated that about one in three pregnant 
women were anemic and anemia was a moderate public 
health problem in the study settings. Interventions target
ing reduction or prevention of anemia should focus on 
pregnant women in rural areas, promoting the use of 
ANC visits, reducing the habit of drinking milk with tea 
after meals, encouraging the consumption of leafy vegeta
bles and increasing meal frequency per day to minimize 
the risk of anemia and its consequences.
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Introduction: Inherited thrombophilia and venous thromboembolism (VTE) have been 
closely linked to adverse pregnancy outcomes such as preeclampsia/eclampsia contributing 
to increased maternal and perinatal morbidity and mortality. There is, however, little genetic 
data from Africa including Nigeria that explores the prevalence of common VTE genetic risk 
markers such as factor V Leiden mutation (FVL G1691A) and prothrombin gene mutation 
(F2 G20210A) among pregnant women in Nigeria.
Purpose: To determine the prevalence and distribution of FVL G1691A and F2 G20210A in 
pregnant women in Lagos, Nigeria.
Patients and Methods: This hospital-based cross-sectional pilot study was conducted 
among pregnant women between 1 July 2019 and 31 August 2020. The genotype of interest 
was determined through amplification by polymerase chain reaction using G1691A of FV 
and prothrombin A20210G specific primers. Descriptive data were presented using Stata 
version 15 (Stata Corp) statistical software.
Results: Of the 400 recruited participants, 397 and 389 samples were successfully processed 
for FVL G1691A and F2 G20210A mutations, respectively. Three participants had FVL 
heterozygous mutation; thus, the prevalence of heterozygous mutation of FVL among the 
study participants was 0.76%, 95% CI: 0.002–0.023%, n=3/397. There was no F2 G20210A 
mutation detected among the study participants.
Conclusion: This study indicates that screening for factor V Leiden mutation and pro
thrombin gene mutation in pregnancy might not be of any clinical significance among 
Nigerian women. However, carrying out a genome-wide associated study is recommended 
to determine the true impact of these two common inherited thrombophilias in this 
population.
Keywords: factor V Leiden G1691A, prothrombin G20210A gene mutation, factor 2, factor 
V, preeclampsia, venous thromboembolism

Introduction
Pregnant women with inherited thrombophilia have an over 50% increased risk of 
developing venous thromboembolism (VTE);1 VTE has been attributed to 9–14% of 
maternal deaths.2,3 Inherited thrombophilia and VTE have been closely linked to 
various adverse pregnancy outcomes contributing to increased maternal and perinatal 
morbidity and mortality.4,5 One such adverse pregnancy outcome is preeclampsia/ 
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eclampsia (PET), which is responsible for 11% of maternal 
deaths in Nigeria.6 Indeed, PET is one of the five leading 
causes of maternal mortality in Nigeria.7 The most frequent 
inherited thrombophilias evaluated for VTE are notably fac
tor V Leiden mutation (FVL G1691A) and prothrombin gene 
mutation (F2 G20210A). The prevalence of these two muta
tions is 3–15% in Caucasians but is assumed to be rare in 
other ethnic populations. There is, however, little genetic 
data from many parts of Africa, including Nigeria the country 
that contributes the largest proportion (19%) of the burden of 
maternal mortality (MM) worldwide and 29% of the total 
MM from Sub-Saharan African.8,9 This study therefore eval
uated the prevalence of these common VTE genetic risk 
markers among pregnant women in Lagos, Nigeria.

Patients and Methods
Study Setting
This cross-sectional multi-centre pilot study was con
ducted among 400 pregnant women receiving obstetric 
care at the antenatal clinics of the Lagos University 
Teaching Hospital (LUTH) and Randle General Hospital, 
Lagos over a period of 13 months (1 July 2019 to 
31 August 2020).

This study was approved by the College of Medicine, 
University of Lagos Health Research Ethics Committee 
(Approval number: HREC/15/04/2015).

Study Population
Eligible participants were consecutively consenting preg
nant women aged 15–49 years who registered for antenatal 
care in the two participating hospitals. Pregnant women 
below the age of 18 years were regarded as emancipated 
minors. “Emancipated minor” is a person who is not of 
legal age to give consent (below 18 years of age in 
Nigeria) for a research study but who by marriage, preg
nancy, being the mother of a child whether married or not 
or has left home and is self-sufficient can be allowed to 
give consent legally. Written informed consent was 
obtained from each participant following an explanation 
of the nature and purpose of the study and before 
recruitment.

Data Collection
A structured interviewer-administered questionnaire was 
used to collect data on sociodemographic characteristics 
and obstetric history. Whole blood samples were collected 
from each study participant in ethylenediaminetetraacetic 

acid (EDTA) tubes. To improve the deoxyribonucleic acid 
(DNA) yield, white cells were separated from whole blood 
by centrifugation to produce buffy coats following the 
Qiagen protocol.10

Determination of Genotype
Genomic DNA Extraction
The extraction of DNA was performed at the Nigerian 
Institute of Medical Research, Lagos (NIMR) using a 
PrestoTM Well Blood Genomic DNA Extraction kit 
(Geneaid Biotech GB, Taiwan) following the vacuum pro
tocol. Briefly, 20 µL of protease was added to the bottom 
of each microtube and 200 µL of buffy coats were care
fully added without touching the rims of the microtubes. 
To each microtube 200 µL of lysis buffer (GB Buffer) was 
added, mixed thoroughly for 15 seconds, and incubated at 
70°C for 10 minutes. Absolute ethanol (200 µL) was 
added to each sample and carefully mixed by pipetting 
up and down 5 times. Lysates were transferred to the 
PrestoTM gDNA 96-well binding plate. A vacuum pressure 
of 15 inches Hg was applied until the lysates passed 
through the binding plate into the collection tube leaving 
nucleic acids abound to the plate. The binding plate was 
washed twice with 400 and 600 µL of wash buffer succes
sively, with a vacuum pressure of 15 inches Hg applied at 
each wash step. An additional 10 minutes of the vacuum 
pressure was added to the dry binding plate membrane. 
The PrestoTM gDNA 96-well binding plate was removed 
from the assembled manifold, the nozzles were cleaned, 
and it was re-assembled over DNase/RNase free micro
tubes to collect eluted DNA using 200 µL of preheated 
(60°C) elution buffer (10 mM Tris-HCl, 1 mM EDTA, 
pH8.0) from the binding plate. Eluted DNA were quanti
fied using Nano Drop™ 2000 (Thermo Fisher Scientific, 
USA) and stored at −20°C prior to downstream 
applications.

rhAmp SNP Assay Design
Factor 2 (rs1799963) and factor V Leiden single nucleo
tide polymorphisms (SNPs) (rs6025) were selected from 
the dbSNP database and entered into the RNAase 
H amplification (rhAmp) Genotyping Design Tool 
(https://www.idtdna.com/site/order/designtool/index/) for 
biallelic blocked rhAmp primers conjugated with either 
FAM fluorophore (Allele Primer 1) or Yakima Yellow 
(Allele Primer 2), and a non-fluorogenic locus rhAmp 
primer (Table 1). Synthetic gBlocks® Gene Fragments 

https://doi.org/10.2147/JBM.S308997                                                                                                                                                                                                                                   

DovePress                                                                                                                                                            

Journal of Blood Medicine 2021:12 308

John-Olabode et al                                                                                                                                                  Dovepress

https://www.idtdna.com/site/order/designtool/index/
https://www.dovepress.com
https://www.dovepress.com


(Integrated DNA Technologies, https://www.idtdna.com/ 
pages/products/genes/gblocks-gene-fragments) were used 
as known genotype controls (Supplementary Material). 
gBlocks Gene Fragments representing the wild type and 
mutant allele were mixed together in an equal molar ratio, 
representing the heterozygous genotype.

rhAmp SNP Assay
Purified genomic DNA samples were normalized with TE 
(Tris-EDTA) buffer (pH 7.5) to a concentration of 3 ng/µL. 
Synthetic gene templates for the reference (Allele 1) and 
alternate alleles (Allele 2) were diluted to 500 copies/µL, 
while the heterozygous control was a pool of equal volume 
of the controls for each allele. rhAmp Genotyping master
mix and reporter mix were combined at a volume ratio of 
20:1 in a new tube. A 5 µL assay reaction was carried out in 
a tube containing 2.56 µL combined master mix and repor
ter mix, 0.25 µL rhAmp SNP assay, 0.1 µL Nuclease free 
water, and 2 µL (6 ng) of template DNA or 1000 copies of 
synthetic gene controls. Thermal cycling was done on 
a CFX96 Touch Real-Time PCR Detection System (Bio- 
Rad Laboratories 3, Marnes-la-Coquette, France) using the 
cycling profile enzyme activation at 95°C for 10 mins; and 
a 40X repeated cycle of denaturation at 95°C for 10 secs; 
annealing at 60°C for 30 secs, and extension at 68°C for 20 
secs. Signal was captured at the extension step and the FAM 
channel was assigned to the reference allele while the VIC 
channel was assigned to the alternate allele. An allelic dis
crimination plate was set-up and identified using Bio-Rad 
analysis software. Automatic allele calls were reviewed and 
converted into genotypes.

Definition of Study Endpoints
The study endpoint was the prevalence of thrombophilic 
gene mutation among pregnant women within the age 
group, 15 to 49 years. Each single nucleotide polymorph
ism (SNP) result was classified as: homozygous A/A 

(mutant/mutant), heterozygous A/G (mutant/wild type) or 
normal G/G (wild type/wild type).11

Data Analysis
Stata version 15 (Stata Corp) statistical software was used 
for data analysis. The sociodemographic and clinical char
acteristics of the participants were described. Categorical 
variables were presented as frequencies, percentages and 
charts, while normally distributed continuous variables 
were presented as mean ± standard deviation and non- 
normally distributed continuous variables were presented 
as median (interquartile range). Prevalence of thrombophi
lic polymorphisms among the study participants was deter
mined with a 95% confidence interval.

Results
The sociodemographic characteristics of the 400 pregnant 
women who participated in the study are presented in 
Table 2. The mean age and median parity were 31.9 ± 
5.2 years and 1 (0–2), respectively.

Detailed information about the two polymorphisms of 
interest is presented in Table 3.12 Of the 400 samples 
collected from the study participants, 14 (3F5, 11F2) 

Table 1 rhAmp SNP Assay Design

Gene Name SNP ID Primer Name Sequence

F5 rs6025 Allele Primer 1 /rhAmp-F/AAGGACAAAATACCTGTATTCCTCrGCCTG/GT1
Allele Primer 2 /rhAmp-Y/AAGGACAAAATACCTGTATTCCTTrGCCTG/GT1/

Locus Primer GCCCAGTGCTTAACAAGACCATrACTAC/GT4/

F2 rs1799963 Allele Primer 1 /rhAmp-F/CCAATAAAAGTGACTCTCAGCGrAGCCT/GT3/

Allele Primer 2 /rhAmp-Y/CCAATAAAAGTGACTCTCAGCArAGCCT/GT3/
Locus Primer GCAGCTGCCCATGAATAGCArCTGGG/GT4

Table 2 Sociodemographic Characteristics of Study Participants

Characteristics N (%)

Age (Year ±SD) 31.9 ± 5.2

Gestational age (median, IQR) weeks 20 (17–26)

Parity (median, IQR) 1 (0–2)

Primigravidae 110 (27.5)

Multigravida 290 (72.5)

Ethnicity
Igbo 150 (39.6)
Yoruba 225 (59.4)

Hausa 4 (1.1)
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were not amplified successfully. The FVL heterozygous 
mutation was found in 3 of the 397 samples that amplified 
for FVL detection, thus the prevalence of heterozygous 
mutation of FV among the study participants was 0.76%, 
95% CI: 0.002% - 0.023%, n=3/397 (Table 4).

In contrast, F2 G20210A mutation was not recorded in any 
of the 389 samples that amplified for F2 G20210A detection.

The presence of FVL mutation had no clinical signifi
cance in this population as the three participants who 
tested positive for FVL mutation had no prior history of 
adverse pregnancy outcomes and also recorded no com
plications in the index pregnancies (Table 5).

Discussion
Inherited thrombophilia polymorphisms have been linked 
with VTE and placenta mediated pregnancy complications 
that remain one of the major causes of perinatal and maternal 
morbidity and mortality in underdeveloped nations.13–22

There is limited information on the prevalence of 
inherited thrombophilias in Nigeria, and to the best of 
our knowledge this study is the first of its kind to deter
mine the prevalence of rs6025 (FVL) and rs1799963 (F2) 
gene mutations in asymptomatic pregnant women whose 
thrombophilia status is unknown and the significance of 
screening for these inherited thrombophilias to aid clinical 
governance in our population.

Our study has revealed some key findings. First, we 
have shown that the prevalence of rs6025 (FVL) and 
rs1799963 (F2) mutation is very low in our study popula
tion. In this study, rs6025 (FVL) mutation was present in 
0.76% of the study population, while rs1799963 (F2) 

genetic mutation was not detected in any of the study 
participants. This finding is in agreement with previous 
reports that found a low incidence of FVL and F2 mutations 
in Africans.23–26 Despite a paucity of data in the variants of 
rs6025 and rs1799963 in studies involving pregnant women 
in Nigeria, we used information deposited in the 1000 
genome browser of the National Centre for Biotechnology 
Information as a comparative control in investigating allelic 
variants in this study (https://www.ncbi.nlm.nih.gov/varia 
tion/tools/1000genomes). The Yoruba and Esan ethnic 
groups were captured in the 1000 genomes project and the 
minor allele frequencies (MAF) for both rs6025 (FVL) and 
rs1799963 (F2) were reported to be 0%.27 In this study, 
MAF for rs6025 (FVL) was found to be 0.76%, while that 
of rs1799963 remained at 0%.

Another important finding of this study is corrobora
tion of the fact that women who have inherited thrombo
philia can have a problem-free pregnancy, as women who 
had heterozygous FVL mutation in this study had unevent
ful pregnancies with no peripartum complications. 
Similarly, Said et al reported no adverse pregnancy out
comes in the majority of subjects among a cohort of 

Table 3 Targeted Single Nucleotide Polymorphisms

Polymorphism rsSNP Gene Name Symbol Protein Change Gene Consequence

20210G-A rs1799963 Coagulation factor II, thrombin F2 None 3 Prime UTR Variant

FV Leiden rs6025 Coagulation factor V F5 R (Arg) > Q (Gln) Missense Variant

Abbreviations: rs, reference single nucleotide polymorphism; UTR, untranslated region; Arg, arginine; Gln, glutamine.

Table 4 Frequency of Normal and Mutant Genotypes in Study 
Population

Polymorphism Normal 
(%)

Heterozygote 
(%)

Homozygote 
(%)

F2 (n=389) 389 (100) 0 0

FV (n=397) 394 (99.2) 3 (0.76) 0

Abbreviations: F2, factor II; FV, factor V.

Table 5 Characteristics of Participants with FVL Heterozygote 
Mutation

Characteristics Participant A Participant B Participant C

Age (years) 35 27 31

Ethnicity Yoruba Yoruba Igbo

Blood group O Positive AB positive O Positive

Hemoglobin 
Genotype

AA AA AA

Parity 2 1 2

Birth weight (gm) 3420 3100 2200, 2500

Type of Pregnancy Singleton Singleton Multiple

Mode of delivery Normal 
delivery

Caesarean 
section

Caesarean 
section

Perinatal outcome Alive Alive Alive
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nulliparous women with inherited thrombophilia 
polymorphisms.28

The third key finding of this study was the ethnic 
variation in the prevalence of FVL mutation in participants 
who were heterozygotes for FVL mutation, as this muta
tion was found predominantly (66.7%, n=2/3) among 
women from the Yoruba ethnic group in the 
Southwestern part of Nigeria. This may however not be 
out of place as the study was conducted in the 
Southwestern part of Nigeria that is inhabited mainly by 
the Yoruba ethnic population.

Though our data suggest that FVL and F2 gene 
mutations have low prevalence and therefore no risk 
factors that should be considered in our population, 
it is still possible that associations with other specific 
pregnancy complications, such as fetal growth restric
tion, stillbirth, placental abruption and thrombophilias, 
may be seen if a genome-wide associated study (GWAS) 
is conducted in the future. Our study had a few limita
tions. First, it was a hospital-based study, which thus 
limits generalization of the findings to a larger popula
tion. Second, there was limited power to make any 
inference from the findings. However, this is the first 
known attempt in Nigeria to determine the prevalence 
of rs6025 (FVL) and rs1799963 (F2) polymorphisms in 
pregnant women and to examine the possible effects of 
these mutations on pregnancy outcomes.

Conclusion
Our data revealed a very low prevalence of FVL G1691A 
and FII G20210A mutations among pregnant women in 
Lagos, Nigeria and also suggests that these particular 
inherited thrombophilias may be of minimal clinical sig
nificance among heterozygotes in pregnancy. However, 
this study has provided valuable information for conduct
ing large cohort studies on these polymorphisms among 
pregnant women in Nigeria. This could inform future 
policies that might be useful in the prediction and preven
tion of VTE and other related placenta-mediated preg
nancy complications in Nigerian women.

Abbreviations
VTE, venous thromboembolism; PET, preeclampsia; FVL, 
factor V Leiden; EDTA, ethylenediaminetetraacetic acid; 
DNA, deoxyribonucleic acid; rhAmp, RNAse 
H amplification; dbSNP, SNP database.
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Introduction: Patients with deep vein thrombosis (DVT) pose high morbidity and mortality 
risk thus needing fast and accurate diagnosis. Wells clinical prediction scores with D-dimer 
testing are traditionally used to rule out patients with low probability of DVT. However, 
D-dimer testing has a few limitations regarding its relatively low specificity. Neutrophil- 
lymphocyte ratio (NLR), a marker of inflammation, was found to increase in DVT. Hence, 
we aimed to evaluate the role of NLR for DVT diagnosis.
Methods: Data were collected from medical records of patients with suspected DVT at Cipto 
Mangunkusumo National General Hospital during January–December 2014. Diagnosis of DVT 
was conducted using lower limb ultrasonography. Diagnostic values for NLR, D-dimer, and 
NLR + D-dimer were determined by receiver operating characteristic (ROC) analysis to obtain 
area under the curve (AUC), sensitivity, specificity, negative predictive value, and positive 
predictive values. Sensitivity and specificity analyses of NLR and D-dimer were also conducted 
based on Wells score and divided into groups of low and high probability of DVT.
Results: The AUC values for NLR, D-dimer, and NLR + D-dimer were 72.6%, 70.4%, and 
76.1%, respectively. The optimal cut-off value determined for NLR was 5.12 with sensitivity 
of 67.7%, specificity of 67.9%, PPV of 68.85%, and NPV of 64.91% in differentiating 
subjects with and without DVT. This study also found that D-dimer had sensitivity of 
69.4%, specificity of 71.4%, PPV of 72.88%, and NPV of 67.8%. Meanwhile, the NLR + 
D-dimer combination had sensitivity of 66.1% and specificity of 72.6%. Multivariate analy
sis showed that NLR (OR: 2.636; 95% CI: 1.144–6.076; p: 0.023) and D-dimer (OR: 4.175; 
95% CI: 1.810–9.633; p: 0.001) were associated with DVT.
Conclusion: NLR value has wider AUC than D-Dimer and is relatively easier to obtain and 
does not require specific assay, thus enabling rapid evaluation of symptomatic patients 
suspected of having DVT. Adding NLR to D-dimer increased AUC to detect DVT. 
Therefore, NLR could serve as a complementary diagnostic tool for D-dimer to exclude 
DVT, especially in low clinical probability patients.
Keywords: deep vein thrombosis, neutrophils lymphocyte ratio, NLR, inflammation, 
D-dimer

Introduction
Deep vein thrombosis (DVT) is a form of venous thromboembolism, which is the 
third most common cardiovascular disorder.1 DVT is present in about two thirds in 
a group of venous thromboembolism that affects around 300,000–600,000 
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individuals in the US.2 DVT poses a high risk of mortality 
and long-term complications if not treated properly.3 

Therefore, accurate diagnosis is imperative to initiate 
prompt treatment and prevent mortality. However, the 
diagnosis of DVT still remains a challenge for physicians 
due to lack of symptoms’ accuracy.1,4

Venography as the gold standard for DVT diagnosis is 
rarely used nowadays due to its invasive property, high 
cost, and the requirement to use contrast agent.2,5,6 

Currently, venous ultrasonography is the first imaging 
modality choice for DVT diagnosis due to its high sensi
tivity and specificity, although the diagnostic value is 
limited for distal thrombosis.5–9 On the other hand, per
forming ultrasonography for all patients suspected of 
having DVT is not a cost-effective approach as it is time- 
consuming and expensive.10 Finally, not all physicians 
are trained to use venous ultrasonography. Hence, current 
practice implements the use of clinical prediction scores 
to estimate pretest probability of DVT. One of the most 
commonly used scores is Wells score for DVT which has 
been widely validated. Wells score considers clinical 
features and risk factors for DVT to categorize patients 
as high probability (Wells score ≥ 2) and low probability 
(Wells score < 2).4,11

While high probability Wells scores should be fol
lowed by diagnostic imaging to confirm the diagnosis, 
low probability scores are not enough to safely rule out 
suspected DVT inpatients. Therefore, Wells score should 
be used in conjunction with other diagnostic testing such 
as D-dimer.11 D-dimer is a fibrin degradation product 
which may be elevated in DVT and other conditions 
such as pregnancy, infection, malignancy, and trauma. 
D-dimer test is highly sensitive but not specific in diag
nosing DVT. The commonly used threshold for normal 
D-dimer levels is <500 ng/mL.1,4,11 Combination of 
D-dimer and low probability Wells score yields high nega
tive predictive value to rule out DVT in symptomatic 
patients.2,12,13 Despite the important role of D-dimer test
ing in the diagnosis of DVT, it has some pitfalls such as 
high false positive rate.14 D-dimer levels can be assessed 
using various assays with variable sensitivity and specifi
city. D-dimer levels can also be elevated in many condi
tions other than DVT.15,16 Therefore, interpretation of 
D-dimer should be done carefully. D-dimer testing is also 
not available in all health care facilities, limiting its use to 
rule out suspected DVT in patients.2,11

Nowadays, the role of inflammation in the pathogen
esis of DVT has been recognized.17–20 Neutrophil- 

lymphocyte ratio (NLR) is a non-specific marker of 
inflammation which is related to many diseases, including 
venous thromboembolism. Several studies have shown the 
role of NLR as predictor and prognostic factor for mortal
ity in pulmonary embolism and venous 
thromboembolism.21–25 For example, a study by Farah 
et al showed that NLR was associated with acute pulmon
ary embolism (OR 1.2; 95% CI: 1.01-1.4; p: 0.041).22

NLR is obtained by dividing neutrophil count with 
lymphocyte count.17,26,27 The rise of neutrophil count 
represents a systemic inflammatory process, while the 
decrease of lymphocyte shows an ongoing stress inflicted 
by the disease.17 The role of neutrophils in thrombus 
formation has been elucidated. Neutrophils release neutro
phil extracellular traps (NETs) that initiate and propagate 
thrombus formation.28,29

The role of neutrophils in thrombus formation presents 
a possibility to use NLR as a biological marker in DVT. 
Compared with D-dimer, NLR is easy to evaluate and 
widely available in many healthcare facilities since it 
does not require special assays. Therefore, this study 
aimed to evaluate the diagnostic value of NLR compared 
with D-dimer as a marker in DVT.

Methods
Study Design and Subjects
This was a cross-sectional study of secondary data 
obtained from medical records. All medical records were 
obtained from January 1st 2014 to December 31st 2014 
and were looked through for adult patients suspected of 
having DVT presenting with unilateral lower limb edema 
who underwent ultrasonography for diagnosis at Cipto 
Mangunkusumo National General Hospital, Jakarta, 
Indonesia. This study identified a total of 160 subjects 
suspected of having DVT. However, 42 subjects were 
excluded due to lack of USG Doppler examination and/ 
or incomplete laboratory data, resulting in the study size of 
118 patients.

Clinical characteristics of excluded patients were pre
sented in Supplementary File. We excluded patients with
out USG Doppler examination to prevent bias in this study 
and incorrect diagnosis. Another exclusion criterion was 
pregnancy which was not found in any subjects. As this 
was a cross-sectional study from secondary data of medi
cal records, the authors chose total sampling method to 
achieve the minimal sample size.
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Data Collection
Data were collected from medical records which included 
subjects’ baseline characteristics, the presence of comor
bidities, clinical findings, Wells score, complete blood 
count, differential count, D-dimer, and results of ultraso
nography (USG) of the lower limbs.

The Wells score of patients was previously determined, 
evaluated, and recorded by internal medicine specialist in 
Cipto Mangunkusumo National General Hospital. 
Additionally, USG Doppler examination for DVT diagno
sis was also conducted by internal medicine specialist. 
Both total Wells score and USG Doppler examination 
status were obtained directly from medical records.

Wells score of <2 is classified as low probability for 
DVT while score ≥2 is classified as high probability. NLR 
was calculated by dividing absolute neutrophil count with 
absolute lymphocyte count. The presence of uncompressi
ble vein on USG confirmed the diagnosis of DVT.

The presence of comorbidities including diabetes mel
litus, chronic kidney disease, heart disease, infection, cer
ebrovascular disease, hypertension, hematological 
disorders, and malignancy was documented in medical 
records and obtained for this study.

Ethics Approval
Informed consent of the subjects in this study was repre
sented by the ethical approval from Ethics Committee of 
the Faculty of Medicine, Universitas Indonesia number 
0558/UN2.F1/ETIK/2018 with protocol number 18–06- 
0646 due to the study having a cross-sectional design 
using secondary data from medical records. Hence, no 
informed consent from the patients was required. Finally, 
this study complied with Declaration of Helsinki and con
fidentiality of patients’ data was maintained.

Statistical Methods
Baseline characteristics of samples were described as 
mean or median for numerical data and percentage for 
categorical data. Age was categorized as <45 years and 
≥45 years since rate of DVT was found to increase sig
nificantly after the age of 45 years.30 Study subjects were 
classified into two groups based on the presence of DVT 
confirmed by lower limb USG.

Statistical analysis was performed using IBM SPSS 
Statistics 20.0. In all analysis, P value ≤0.05 for the two- 
tailed test was considered significant. The relationship 
between NLR and DVT was analyzed with unpaired 

t-test. Distribution of NLR was skewed, so the data were 
log transformed before being analyzed. Back- 
transformation was then performed to obtain the geometric 
mean which was presented in the results.

Receiver operating characteristic (ROC) curve analysis 
was used to assess the diagnostic value of NLR and 
identify its optimal cut-off value. The area under the 
ROC curve (AUC), sensitivity, specificity, negative pre
dictive value, positive predictive value, and the likelihood 
ratio were presented to describe the diagnostic value 
of NLR.

D-dimer was categorized as positive if the D-dimer 
level was ≥ 500 ng/dL and negative if <500 ng/dL, as 
this is a universal cutoff used in clinical setting. The area 
under the ROC curve (AUC), sensitivity, specificity, nega
tive predictive value, and positive predictive value were 
presented to describe the diagnostic value of NLR.

The diagnostic value of NLR was then compared with 
D-dimer. A model incorporating both NLR and D-dimer 
was analyzed to see if NLR could add diagnostic value to 
D-dimer in diagnosing DVT. The diagnostic value of both 
NLR and D-dimer were also analyzed while subjects were 
divided into low and high probability groups based on 
Wells score. Statistical comparison between AUC of each 
variable was also conducted. Logistic regression was then 
performed to determine the independent association 
between NLR and D-dimer with DVT.

Results
A total of 160 subjects were gathered but 42 subjects were 
excluded from the study. Hence, a total of 118 subjects 
were included in this study. Clinical characteristics of 
excluded patients can be seen in Supplementary Table 1.

The mean age was 54.78 (SD: 13.87) years with 22.1% 
of them younger than 45 years. Half (50%) of the subjects 
were male. The majority of subjects (87.3%) had comor
bidities. Subject baseline characteristics can be viewed in 
Table 1.

Out of 118 subjects, 62 (52.5%) had DVT. Baseline 
characteristic of hematological parameters showed indica
tion of higher leukocyte levels in the DVT-positive group 
when compared with non-DVT group (13,174.52 versus 
10,015.36). Additionally, the comparison revealed higher 
percentage of neutrophil in DVT-positive group (80.2% ver
sus 68.7%) while the percentage for lymphocyte was lower 
in DVT-positive group (10.6% versus 20%). The median 
NLR was higher in DVT-positive group (7.45 versus 3.35).
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The proportion of subjects with high probability of 
DVT (Wells score ≥ 2) were significantly higher in the 
group with DVT. The presence of comorbidities was equal 
between subjects who had and did not have DVT. 
However, subjects who had DVT had higher number of 
malignancies. The main comorbidities in our subjects were 
presence of malignancies with 24 subjects in DVT group 
having malignancies and only 6 subjects in non-DVT 
group having malignancies.

ROC Analysis of NLR
ROC analysis was performed to find out the optimal cut- 
off value for NLR. ROC analysis was conducted using 

NLR as continuous data. The area under ROC curve 
(AUC) for NLR was 72.6% (63.4%–81.8%) with 
p<0.001 (Figure 1) (Table 2). The optimal cut-off value 
for NLR based on sensitivity and specificity curve analysis 
was determined to be 5.12 (Figure 2). This cutoff had 
sensitivity of 67.7%, specificity of 67.9%, negative pre
dictive value (NPV) of 64.91%, and positive predictive 
value (PPV) of 68.85% (Table 2). Coordinates of the curve 
for NLR can be seen in Supplementary Table 2.

ROC Analysis of D-Dimer
ROC analysis for D-dimer with a cut-off value of 500 
showed the area under curve 70.4% (60.8%-80.0%) 

Table 1 Subject Characteristics

Variables Presence of DVT

All Subjects Positive Negative

n = 118 n = 62 (52.5%) n = 56 (47.5%)

Age (years), [mean ± SD] 54.78 ± 13.87 51.85 ± 14.94 58.02 ± 11.89

Age categories, [n (%)]
<45 26 (22.1) 19 (30.6) 7 (12.5)

≥45 92 (77.9) 43 (69.4) 49 (87.5)

Gender, [n (%)]
Male 59 (50) 29 (46.8) 31 (55.5)

Female 59 (50) 33 (53.2) 25 (44.6)

Wells score, [n (%)]
Low Probability 21 (17.8) 3 (4.8) 18 (32.1)
High Probability 97 (82.2) 59 (95.2) 38 (67.9)

D-Dimer, [n (%)]
≥500 ng/dl (positive) 55 (46.6) 43 (69.4) 16 (28.6)

<500 ng/dl (negative) 63 (53.4) 19 (30.6) 40 (71.4)

Complete Blood Count
Hb (mg/dL), mean ± SD 10.53 ± 2.19 10.14 ± 1.94 10.96 ± 2.38

Hematocrit (%), mean ± SD 31.57 ± 6.22 30.501 ± 5.56 32.62 ± 6.71
Leukocyte (cells/μL), median (min-max) 9,330 (1,100–72,100) 13,174.52 ± 9,143.48 10,015.36 ± 9,290.04

Thrombocyte (cells/μL), median (min-max) 267,000 (20,000–121,800) 261,500 (20,000–996,000) 282,000 (51,800–1,218,000)

Basophil (%), median (min-max) 0.20 (0–3) 0.10 (0–3) 0.30 (0–1)
Eosinophil (%), median (min-max) 1.85 (0–16.80) 0.4 (0–11.40) 2.30 (0–16.80)

Neutrophil (%), median (min-max) 76.0 (8.20–96) 80.2 (8.20–96) 68.7 (42.1–95)

Lymphocyte (%), median (min-max) 14.3 (3–184) 10.6 (3–184) 20 (3–47.20)
Monocyte (%), median (min-max) 6.11 ± 2.95 5.81 ± 3.27 6.45 ± 2.53

NLR, median (min-max) 5.20 (0.41–30.67) 7.45 (0.41–30.67) 3.35 (0.89–30.67)

Total Comorbidities, [n (%)] 103 (87.30) 54 (52.40) 49 (47.60)
Malignancy, [n (%)] 30 (29.12) 24 (44.44) 6 (12.24)

Diabetes, [n (%)] 26 (25,24) 11 (20.37) 15 (30.61)

Chronic Kidney Disease, [n (%)] 17 (16.50) 8 (14.81) 9 (18.36)

https://doi.org/10.2147/JBM.S291226                                                                                                                                                                                                                                   

DovePress                                                                                                                                                            

Journal of Blood Medicine 2021:12 316

Rinaldi et al                                                                                                                                                           Dovepress

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com/get_supplementary_file.php?f=291226.docx
https://www.dovepress.com
https://www.dovepress.com


(Figure 3). Analysis showed that D-Dimer with a cut-off 
value of 500 had sensitivity of 69.4%, specificity of 
71.4%, NPV of 67.8%, and PPV of 72.88% (Table 3).

ROC Analysis of NLR + D-Dimer
When NLR and D-dimer were used together, ROC analy
sis showed AUC of 76.1% with a sensitivity of 66.1% and 
specificity of 72.6% (Table 4) (Figure 4). Coordinates of 
the curve for NLR + D-Dimer can be seen in 
Supplementary Table 3.

AUC Difference Analysis
Comparisons of the 3 AUCs were conducted. Lowest AUC 
difference was 2.2% between NLR and D-Dimer. Highest 
AUC difference was 5.7% between D-Dimer and NLR + 

D-Dimer combination. The difference of 5.7% was statisti
cally significant with p value of 0.047. Based on this, addi
tion of NLR to D-Dimer improved AUC significantly.

We also assessed the overall model quality of the 
variables using SPSS Software. The model quality for 
NLR, D-Dimer, and NLR + D-Dimer were 0.63, 0.62, 
and 0.67 respectively (Figure 5). A good model has 
a value of more than 0.5.

Sensitivity and Specificity of NLR + 
D-Dimer Based on Wells Score 
Probability
When the subjects were divided based on DVT probabil
ity, NLR had higher sensitivity compared to D-dimer in 
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Figure 1 Receiver operating characteristic (ROC) analysis of NLR. AUC was 72.6% (63.4%-81.8%). NLR optimal cut-off value was 5.12 (n=118).

Table 2 ROC Analysis of NLR

AUC 
(%)

CI 95% Standard 
Error

Sensitivity 
(%)

Specificity 
(%)

Positive Predictive 
Value

Negative Predictive 
Value

NLR (≥5.12) 72.6 0.634–0.818 0.047 67.7 67.9 68.85 64.91
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Figure 2 Sensitivity and specificity analysis of NLR. NLR optimal cut-off value was determined to be 5.12 (n=118).
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Figure 3 Receiver operating characteristic (ROC) analysis of D-dimer. AUC was 70.4% (60.8%–80.0%).
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subjects with low probability of DVT. However, D-dimer 
was shown to be more specific than NLR to differentiate 
DVT in subjects with low probability (Table 6).

Univariate Analysis
We then conducted univariate analysis of NLR with the cutoff 
value obtained from ROC curve. Result of univariate analysis 
for NLR using cutoff value of 5.12 showed that subjects with 
NLR ≥ 5.12 had higher likelihood of having DVT (OR: 4.089; 

95% CI:1.898–8.813; p: <0.01). Other variables were also 
analyzed for univariate analysis (Table 7). Result of the uni
variate analysis showed that D-Dimer was also significantly 
associated with DVT.

Multivariate Analysis
Variables which had p value of <0.25 were selected for 
multivariate analysis. Those variables were NLR, 
D-Dimer, and age. In the multivariate analysis, interaction 

Table 3 ROC Analysis of D-Dimer

AUC 
(%)

CI 95% Standard 
Error

Sensitivity 
(%)

Specificity 
(%)

Positive Predictive 
Value (%)

Negative Predictive 
Value (%)

Positive D-dimer 
(>500 ng/dL)

70.4 63.4%–81.8% 0.049 69.4 71.4 72.88 67.8

Table 4 ROC Analysis of NLR and D-Dimer

AUC (%) CI 95% Standard Error Sensitivity (%) Specificity (%)

NLR + D-dimer 76.1 67.3%–84.8% 0.045 66.1 72.6
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Figure 4 Receiver operating characteristic (ROC) analysis of NLR and D-dimer. AUC is 76.1% (67.3%–84.8%).
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with each variable was also included. Result of step 1 
multivariate analysis is presented in Table 8.

Step 4 of multivariate analysis showed that NLR, 
D-Dimer, and age had statistically significant associa
tion with DVT (Table 9). However, the variable inter
action between D-Dimer and NLR did not achieve 
statistical significance (p: 0.080). Hence, we conducted 
another multivariate analysis without D-Dimer by NLR 
interaction to obtain the best model.

Final Model of NLR Diagnostic Study for 
DVT
Result of multivariate analysis without D-Dimer by 
NLR interaction showed that NLR (OR: 2.636;95% 
CI: 1.144–6.076); p: 0.023) and D-Dimer (OR: 4.175; 
95% CI: 1.810–9.633; p: 0.001) were associated with 
DVT (Table 10). Hosmer and Lemeshow test for good
ness of fit showed p value of 0.210 which indicated 
that the model was well calibrated (Table 11). Finally, 
the formulae from logistic regression were made 
(Figure 6).

Discussion
The role of inflammation in DVT has been demonstrated in 
many studies. Neutrophils are thought to mediate the patho
genesis of DVT.30,31 The initiation of thrombus formation 
involves an inflammatory process which induces activation 
of endothelial cells, platelets, and leukocytes.18,31 Activated 
endothelial cells express P-selectin, an adhesion molecule 
that mediates the attachment of leukocytes and platelets. 
Additionally, pro-inflammatory cytokines are secreted by 
the endothelium to recruit innate immune cells, particularly 
neutrophils and monocytes. Those cells, especially neutro
phils, are abundantly found in early thrombi, forming clus
ters or layers adjacent to the endothelium.23,25,26 

Attachment of neutrophils to the endothelium is then fol
lowed by platelet adhesion. Finally, neutrophils may propa
gate thrombus formation through neutrophil extracellular 
traps (NETs).26,28,29 NETs are released as a response to 
cellular damage and inflammatory stimuli.29 Other function 
of NETs is to enhance coagulation by recruiting factor XIIa 
and cleave tissue factor pathway inhibitor, an inhibitor of 
coagulation. Additionally, binding of NETs to fibrin and 
von Willebrand Factor (VWF) leads to recruitment of plate
lets and red blood cells to the site of thrombus 
formation.28,29

Neutrophil-lymphocyte ratio (NLR), a non-specific 
inflammatory marker represents the relationship between 
neutrophils and lymphocytes in inflammation.14,28,29 

Higher NLR indicates high neutrophil count and low 

NLR + D-dimer
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A value less than 0.5 indicates the model is no better than 

random prediction

Figure 5 Overall model quality.

Table 5 Statistical Comparison of Obtained AUCs

Test Result Pairs AUC Difference P-value

NLR and D-Dimer 2.2% 0.684

NLR and NLR + D-Dimer Combination 3.5% 0.262

D-Dimer and NLR + D-Dimer Combination 5.7% 0.047
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lymphocyte count. The rise of neutrophil count represents 
a systemic inflammatory process while the decrease of 
lymphocytes shows ongoing stress inflicted by the 
disease.17 Hence, we aimed to evaluate the role of NLR 
to diagnose DVT.

Baseline Characteristics
Baseline characteristics showed that the median of NLR is 
higher in DVT-positive group than in non-DVT group 
(7.45 versus 3.35). Thrombus development is associated 
with inflammation and recruitment of leukocytes.32,33 

Hence, the difference of median NLR in this study is in 
concordance with the pathophysiology described pre
viously, where there is an increase of neutrophils due to 
inflammation. NLR levels therefore correlate with higher 
level of inflammation. The mean age of the patients was 
above 50 years old which is in the age range when DVT 
occurs.

Table 6 Sensitivity and Specificity of NLR and D-Dimer in Low Probability and High Probability Groups

Low Probability High Probability

Sensitivity (%) Specificity (%) Sensitivity (%) Specificity (%)

D-Dimer 60.0 76.7 73.8 53.8

NLR 65.0 67.4 69.0 61.5%

Table 7 Univariate Analysis of Variables

Variables Odds Ratio P value

NLR ≥ 5.12 

NLR <5.12

4.089 (1.898–8.813) 

Reference

0.000

D-Dimer (>500 ng/dL) 

D-Dimer (<500 ng/dL

5.658 (2.562–12.495) 

Reference

0.000

Age > 60 years 

Age ≤ 60 years

0.542 (0.251–1.172) 

Reference

0.120

Male 

Female

0.709 (0.343–1.463) 

Reference

0.352

Malignancies Comorbidity 

No Malignancies Comorbidity

1.500 (0.647–3.480) 

Reference

0.345

Table 8 Step 1 of Multivariate Analysis with Interaction Variable

Variables Odds Ratio Coefficient P value

NLR ≥ 5.12 

NLR <5.12

5.506 (1.367–22.185) 

Reference

1.706 0.016

D-Dimer (>500 ng/dL) 

D-Dimer (<500 ng/dL

9.434 (2.240–39.729) 

Reference

2.244 0.002

Age > 60 years 

Age ≤ 60 years

0.483 (0.103–2.255) 

Reference

−0.728 0.355

D-Dimer by NLR Interaction 0.200 (0.035–1.162) −1.608 0.073

D-Dimer by Age Interaction 1.049 (0.171–6.425) 0.048 0.959

NLR by Age Interaction 1.194 (0.190–7.516) 0.177 0.850

Constant 0.317 −1.150 0.011

Table 9 Step 4 of Multivariate Analysis with Interaction Variable

Variables Odds Ratio Coefficient P value

NLR ≥ 5.12 

NLR <5.12

5.500 (1.664–18.182) 

Reference

1.705 0.001

D-Dimer (>500 ng/dL) 

D-Dimer (<500 ng/dL

9.600 (2.681–35.207) 

Reference

2.262 0.001

D-Dimer by NLR interaction 0.213 (0.023–1.204) −1.544 0.080

Constant 0.250 −1.386 0.000

Table 10 Best Model of Multivariate Analysis

Variables Odds Ratio Coefficient P value

NLR ≥ 5.12 

NLR <5.12

2.636 (1.144–6.076) 

Reference

0.969 0.023

D-Dimer (>500 ng/dL) 

D-Dimer (<500 ng/dL

4.175 (1.810–9.633) 

Reference

1.429 0.001

Constant 0.336 −1.089 0.001

Table 11 Hosmer and Lemeshow Test

Chi-Squared Df P-value

3.120 2 0.210

Figure 6 Logistic regression formulae obtained from best model of multivariate 
analysis for odds ratios of having DVT.
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ROC Curve Analysis
We conducted ROC analysis to obtain the AUC value for 
NLR, D-Dimer, and NLR + D-Dimer with the results of 
72.6%, 70.4%, and 76.1% respectively. AUC value of 
above 70% is considered moderately good for diagnosis. 
As a result, NLR, D-Dimer, and NLR + D-Dimer combi
nation are good modalities to help diagnose DVT. Of 
interest is a similar AUC value of NLR with D-Dimer in 
this study.

D-Dimer is already a well-established marker for 
thrombosis. D-dimer is a fibrin degradation product 
which acts as a marker of endogenous thrombus 
fibrinolysis.16 Therefore, elevated D-dimer levels can indi
cate the presence of thrombus.34 Meanwhile, NLR repre
sents the inflammatory process that initiates and 
propagates thrombus formation.26 Our study showed that 
the addition of NLR to D-Dimer increased the AUC by 
5.7% when compared to D-Dimer only (76.1% versus 
70.4%). This difference is statistically significant as 
shown by AUC difference analysis (Table 5). Hence, the 
addition of NLR increased the diagnostic value of 
D-Dimer, and NLR therefore may be used as a marker to 
supplement D-Dimer in diagnosing DVT. NLR is also 
a laboratory parameter which is easy to obtain in 
a clinical setting. However, despite the promising result, 
this needs to be confirmed and evaluated in a clinical 
setting as the values may be different clinically.

Sensitivity and Specificity Analysis
In our study, the optimal cut-off value for NLR was 5.12. 
This cutoff had sensitivity of 67.7% and specificity of 
67.9% in differentiating subjects with and without DVT. 
Meanwhile, the NPV and PPV for NLR were 64.91% and 
68.85%, respectively. This study also found that D-dimer 
had sensitivity of 69.4%, specificity of 71.4%, PPV of 
72.88%, and NPV of 67.79%. Meanwhile, the NLR + 
D-dimer combination had sensitivity of 66.1% and speci
ficity of 72.6%.

The cutoff of 5.12 for NLR in this study is different to 
other studies. For example, in a study by Ferroni et al, 
which consisted of 810 cancer patients undergoing che
motherapy and aimed to analyze the prognostic value of 
NLR to predict VTE events yielded a cut-off value of >3 
with AUC 55%, sensitivity 59%, and specificity 57%.35 

Using that cut-off value, NLR could predict the occurrence 
of symptomatic VTE with HR 2.5 (95% CI 1.0–6.4, 
p=0,06). The study by Ferroni et al showed lower 

sensitivity and specificity of NLR with lower cut-off 
value compared with the findings in our study.35 Another 
example was shown in a case-control study by Bakirci 
et al, which evaluated the relationship between NLR and 
venous thromboembolism (VTE) consisting of DVT and 
pulmonary embolism (PE).13 The study showed NLR with 
a cut-off value of 1.84 with sensitivity of 88.2% and 
specificity of 67.6%.

These different cutoffs may be explained by several 
factors. The first example of the study by Ferroni et al was 
a prognostic study to predict VTE occurrence which 
differs from this study where the aim was to diagnose 
VTE.35 The other example is the study by Bakirci et al 
which included both DVT and PE, in which PE had a more 
acute setting than DVT which may have produced lower 
NLR ratio and influenced the results.13 Additionally, the 
study excluded subjects with comorbidities such as malig
nancies, inflammatory diseases, rheumatic, antiphospholi
pid syndrome, chronic kidney disease, and liver disease 
while most of the subjects in our study had those 
conditions.13 The inclusion of comorbidities could 
increase inflammatory conditions, thus increasing the all- 
subjects median of NLR value in our study.25,34,36–38

Sensitivity and Specificity of NLR Based 
on DVT Probability
In subjects with low probability of DVT based on Wells 
score, NLR had higher sensitivity than D-Dimer (65% 
versus 60%). In contrast, for subjects with high probability 
of DVT, NLR had higher specificity than D-Dimer (69.2% 
versus 53.8%). Due to better sensitivity of NLR in low 
probability group, NLR may be more effective as addi
tional screening in low probability group. Additionally, 
NLR is easily accessible and does not require specific 
assay, thus enabling rapid evaluation of symptomatic 
patients suspected of having DVT and reducing the need 
to perform USG in low probability patients.37 Therefore, 
NLR might be better than D-dimer to correctly diagnose 
DVT in patients with low probability. Finally, in patients 
with high probability of DVT, the higher specificity of 
NLR can be useful to exclude patients without DVT.

Multivariate Analysis
Various comorbidities presented in this study were asso
ciated with an increase in NLR, resulting in the possibi
lities of comorbidities as a confounding factor.25,34,36–38 

We first conducted univariate logistic regression of 
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malignancies, age, and gender, however, malignancies and 
gender had p value above 0.25 (Table 8). Hence, they were 
not statistically significant and were not selected for multi
variate analysis. Additionally, this also meant that malig
nancies did not affect the relationship of DVT and NLR in 
this study. Other comorbidities beside malignancies were 
not analyzed due to lack of sufficient high number of 
subjects with “non-malignancies” comorbidities.

The lack of correlation between malignancies and DVT 
is in contrast with Wells score where malignancies have 
positive correlation with DVT. The difference can be 
explained due to this study being designed as a diagnostic 
study with the aim to analyze value of NLR and D-Dimer for 
DVT diagnosis instead of finding variables associated with 
DVT. Furthermore, sample size calculations for variables 
such as malignancies were not conducted.

In multivariate analysis, we also included interaction 
between the variables. In the first model, only NLR, 
D-dimer, and D-dimer by NLR interaction were left as 
variables. However, D-dimer by NLR interaction had 
p value above 0.05 and was eliminated from the model 
due to being statistically insignificant. Final model showed 
that only NLR and D-dimer were the significant variables 
in this study (Table 10). Hosmer and Lemeshow test of the 
final model showed p value of 0.210, which concluded that 
the final model had good calibration.

Study Limitations
This study used a relatively small sample size of 118 
patients. Hence, the result of this study requires further 
confirmation from prospective studies with higher sample 
size to evaluate and confirm the diagnostic value of NLR 
in DVT. In addition, the effect of additional comorbidities 
other than malignancies on the results could not be studied 
here. Finally, this study did not specify whether the DVT 
was proximal or distal, while the location of DVT may be 
associated with higher NLR.14,37 Therefore, other factors 
that may influence NLR such as the location of DVT 
should also be considered and analyzed in future studies.

Conclusion
The diagnostic value of NLR was comparable with 
D-dimer in DVT subjects with unilateral limb edema. In 
subjects with low probability of DVT, NLR had higher 
sensitivity compared to D-dimer. NLR value is much 
easier to obtain and does not require specific assay. 
Therefore, NLR was shown to be a useful complementary 

diagnostic tool for D-dimer to exclude DVT, especially in 
low clinical probability patients.

Abbreviations
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Abstract: Daratumumab, a monoclonal antibody therapeutic, is highly efficacious and 
widely used in all stages of multiple myeloma and amyloidosis and has promising activity 
in other hematologic disorders. Daratumumab interacts with red blood cells, interfering with 
pre-transfusion testing. This interference can lead to compromising transfusion safety, 
extensive blood bank work ups and delays in provision of compatible units. Several methods 
have been developed to negate daratumumab interference with indirect antiglobulin testing. 
They are based on i) standard blood bank techniques including dithiothreitol and enzymatic 
treatment of reagent cells, using reagent red blood cells negative for CD38, ii) blocking 
CD38 antigens on reagent or donor cells, iii) neutralization of anti-CD38 antibody in patient 
plasma prior to testing, and iv) extended antigen typing of patient red blood cells in 
conjunction with provision of phenotypically matched units for transfusion. 
Implementation of those methods by the blood bank should be a planned effort coordinated 
with the patient’s clinical team. Timely involvement of blood bank and transfusion services 
and educational efforts by both blood banks and clinical providers can improve the overall 
daratumumab safety profile in regard to blood transfusion. 
Keywords: immunohematology, CD38, drug neutralization, dithiothreitol, incompatible 
crossmatch, indirect antiglobulin testing

Introduction
Pre-transfusion testing is a cornerstone of safe blood transfusion practices.1 Principal 
components of pre-transfusion testing consist of recipient’s and donor’s blood typing, 
detection of red blood cell (RBC) antibodies in recipient’s plasma, selection of 
compatible blood units including extended typing beyond ABO/Rh when clinically 
significant alloantibodies are identified, and finally confirming compatibility by ser
ologic crossmatching. Interference with pre-transfusion testing can lead to compro
mised transfusion safety, extensive blood bank work-ups and delays in the provision of 
compatible RBC units. Drug interference can be observed as a drug-induced immune 
hemolytic anemia, in either a drug-dependent fashion or through drug-independent 
antibodies that are serologically indistinguishable from idiopathic warm autoantibodies 
that can persist after the offending agent is removed or metabolized. A new challenge is 
presented by a new generation of monoclonal antibody therapeutics such as anti-cluster 
differentiation (CD)-38 and Anti-CD47 that target antigens expressed by hematological 
malignancies that are also expressed by RBCs.2,3 Most notable is the Anti-CD38 
monoclonal antibody daratumumab, targeting multiple myeloma, which has gained 
wide attention for its clinical utility and will be further discussed.4,5
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Daratumumab in the Treatment of Plasma 
Cell Neoplasms
Plasma cell neoplasms, mostly myeloma but also closely 
related disorders such as amyloidosis, account for approxi
mately 10% of all hematologic malignancies and remain 
largely incurable. In 2021, the American Cancer Society 
estimates 34,920 newly diagnosed cases and about 12,410 
deaths attributed to MM.6 Daratumumab is a humanized 
IgG1κ monoclonal antibody targeting CD38, a surface 
protein highly expressed in multiple myeloma (MM) 
cells. Human CD38 antigen is a 46 kDa, type II transmem
brane glycoprotein which functions as an ADP-ribosyl 
cyclase. In addition to its expression on plasma cells and 
malignant myeloma cells, CD38 is also expressed at low 
levels on other hematopoietic cells, including RBCs and 
epithelial cells.7 Its expression may be stimulated by 
proinflammatory cytokines in patients with cancer.8

Daratumumab effectively induces antibody dependent 
cellular toxicity (ADCC), complement dependent cytotoxi
city, antibody dependent cellular phagocytosis (ADCP), 
and apoptosis in MM cells9 and has become one of the 
most effective drugs for treatment of myeloma.10 It was 
first approved by the United States Food and Drug 
Administration (FDA) for use in adult patients in late 
2015. Initially approved as monotherapy for multiple mye
loma patients with double-refractory disease who failed at 
least three prior lines of therapy, it has since been incor
porated in front-line treatment and is mostly used in com
bination with other agents such as proteasome inhibitors, 
imids and corticosteroids.11,12 Such triplet or quadruplet 
therapies have dramatically improved response, response 
duration, and life-expectancy of patients with multiple 
myeloma. Daratumumab is also one of the most active 
agents approved for treatment of amyloidosis. It has occa
sionally been used for treatment of delayed RBC engraft
ment occurring after stem cell transplant, and it has shown 
promise in treatment of T-ALL.13,14 Initially daratumumab 
was given intravenously. It frequently causes infusion- 
related toxicity such as fever, rigors, flushing, and in 
extreme cases anaphylactic shock. This is prevented by 
premedication with steroids, antihistamines, and acetami
nophen. A more recent formulation combines daratumu
mab with hyaluronidase (Darzalex Faspro™, Janssen 
Biotech, Horsham, PA) and is administered subcuta
neously with better tolerance. Premedication is still 
required. The half-life of daratumumab, like that of other 
antibody treatments, is measured in weeks. It is dosed 

weekly or every other week during initial treatment. In 
many patients this is followed by monthly maintenance 
treatments so that detectable blood levels are present 
throughout treatment. Several other CD38 antibody thera
pies are in development, including isatuximab and 
MOR202.15

No significant clinically detectable hemolysis has been 
observed to preclude daratumumab therapy in MM 
patients. However, therapy-related anemia may be 
observed requiring RBC transfusion.16,17 Interestingly, 
Schuetz et al. found that daratumumab may be an effective 
therapeutic agent against autoimmune hemolytic anemia 
(AIHA) post-hematopoietic stem cell transplantation 
(HSCT) refractory to established first and second-line 
therapies. The mechanism of action to induce rapid remis
sion of AIHA post-HSCT is now known, and use should 
be confined to those with life-threatening disease unre
sponsive to established therapies.18

Daratumumab interference with serological testing in 
transfusion medicine and other laboratory tests including 
serum protein and immunofixation electrophoresis and 
flow cytometry have been readily observed. Despite pro
mising benefits, concerns have been raised regarding dar
atumumab interference with serological testing and 
transfusion safety, particularly in urgent situations.

Daratumumab Interferes with 
Serological Testing in Transfusion 
Medicine
Daratumumab does not interfere with ABO/RhD typing or 
with immediate-spin crossmatches. Daratumumab is 
known to cause interference with serological testing, 
including red cell antibody screening, antibody identifica
tion and cross-matching based on indirect antiglobulin 
testing (IATs).19 Routine pre-transfusion testing algorithm 
consists of ABO/Rh typing, antibody detection and identi
fication, direct antiglobulin test (DAT), and crossmatching 
whether a patient is on daratumumab or not. ABO typing 
consists of a forward type that identifies antigens present 
on the RBC surface by mixing patient’s RBCs and anti
serum (anti-A and anti-B) and a reverse type to identify 
what antibodies are present in a patient’s plasma/serum by 
mixing patient plasma with reagent RBCs (A and B). Rh 
typing is a forward type only. Antibody screens detect the 
presence of alloantibodies in a patient’s plasma by mixing 
patient plasma with group O red cells of known phenotype 
and observing for agglutination. The DAT identifies 
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antibodies attached to red blood cells. The patient’s red 
cells are screened by mixed with polyspecific DAT reagent 
and confirmed by mixing with monospecific anti-IgG and 
anti-C3b/d reagents. When the DAT is positive for agglu
tination with anti-IgG reagent. Elutions may be performed 
to identify the antibody of interest. Prior to issue of a RBC 
unit, RBC crossmatching is performed to check for blood 
compatibility. When no RBC antibody is detected, pre- 
transfusion testing involves either an electronic crossmatch 
(computer matches compatible units) or immediate spin to 
confirm ABO compatibility. Immediate spin crossmatch
ing mixes patient plasma with RBCs from a selected unit 
at room temperature. However, when an antibody has been 
detected, an antiglobulin (full or Coomb’s) crossmatch is 
performed by incubating patient plasma, donor RBCs, and 
AHG reagent at 37C. CD38 expression on reagent red 
cells will be recognized by daratumumab and will result 
in a panreactivity in vitro. Initially, it was often confused 
with an antibody to a high prevalence antigen. Ficin- 
treated red cells, dilution and adsorption techniques failed 
to eliminate the panreactivity. The direct antiglobulin test 
(DAT) can be positive following daratumumab therapy. 
However, studies of patients on daratumumab, where anti
body screening yielded positive reactions by IATs, had 
negative DATs.20 Acid eluates failed to show agglutination 
with patients’ own RBCs as well as donor RBCs. These 
results were observed for two to six months after the last 
daratumumab infusion. The positivity in IAT testing was 
not unique to daratumumab but was also seen with other 
anti-CD38 clones.

In patients taking daratumumab, the DAT is frequently 
negative and reactivity with the patient’s own RBCs is 
inconsistent, and the auto-control is frequently negative. 
There is some evidence to suggest that daratumumab 
induces loss of CD38 on RBCs over time.16 This confu
sion led to unnecessary testing and significant delays in 
blood provision. In the package insert, the manufacturer 
recommends that patients should be typed and screened 
prior to administration of daratumumab. However, another 
salient point is that blood banks should be consistently 
notified by providers or pharmacy when a patient is 
planned to or has received daratumumab. This is also 
important if daratumumab is used in outpatient setting 
and for off label use in other lymphoid malignancies.21,22 

Unrecognized daratumumab interference with blood bank 
serologic testing can lead not only to unnecessary delays 
in pre-transfusion testing but also in issuing crossmatch 
incompatible RBC units as an emergency release 

procedure. This raises concerns regarding transfusion 
safety due to interference with alloantibody identification 
that can result in an acute or delayed hemolytic transfusion 
reaction, particularly in urgent situations. Thus, methods to 
mitigate daratumumab interference were widely investi
gated and implemented in clinical practice (see Table 1 
and Figure 1). Clinicians taking care of patients receiving 
daratumumab should contact the blood bank to inform 
them of daratumumab use when ordering a pre- 
daratumumab type and screen. Algorithm for clinicians 
managing patients treated with daratumumab is provided 
(see Figure 2.)

Methodologies to Negate 
Daratumumab Interference During 
Pre-Transfusion Testing
RBCs with Destroyed or Lacking CD38 
Antigens Used for Pre-Transfusion Testing
Prior studies investigating the structure and function of 
CD38 revealed that the reducing agent dithiothreitol 
(DTT) can denature CD38, and enzymatic digestion with 
trypsin can cleave CD38 from the cell surface.23 

Interestingly, it has also been reported that samples from 
patients on anti-CD38 therapy can cause false positivity on 
subsequent samples via carryover on solid phase instru
ments such as the TANGO optimo (Bio-Rad Laboratories, 
Hercules, CA).24

To resolve the issue of daratumumab interfering with 
serological testing, Chapuy et al. investigated methods to 
prevent binding of daratumumab to CD38 on reagent 
RBCs.25 As a model they used HL60 cells transduced 
with either CD38 or green fluorescent protein (CD38 
negative control). When exposed to daratumumab spiked 
plasma, there was a dose dependent binding to CD38+ 
HL60 cells but not CD38- and controls. When CD38 
+HL60 cells are incubated with 10 mmol/L DTT and 2% 
trypsin, daratumumab binding decreases by 92% and 40% 
respectively.

The same researchers compared the eluate reactivity of 
untreated and DTT-treated RBCs incubated with daratu
mumab. The eluates of untreated RBCs contained specific 
binding to CD38+HL60 cells and a mini-5 RBC panel. 
Eluates of DTT-treated RBCs had no detectable binding to 
CD38+HL60 cells or the mini-panel of 5 RBCs. DTT- 
sensitive blood groups include Kell, Cartwright, 
Dombrock, Indian, John Milton Hagen, Knops, 
Landsteiner-Weiner, Lutheran, and Raph.26 However, 
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aside from Kell, the majority of clinically significant 
alloantibodies can be ruled out. Thus, Kell negative units 
are administered unless that patient is known to be 
K positive. ABO and Rh typing are not affected.

Chapuy et al. published a 0.2 M DTT validation study 
that investigated the applicability of the DTT method to 
negate daratumumab interference through the Biomedical 
Excellence for Safer Transfusion (BEST) Collaborative.27 

The study included 25 worldwide blood bank laboratories 
in North America, South America, Europe, Australia and 
the Asia Pacific region. The objective was to determine if 
the DTT method could reliably permit alloantibody iden
tification in the presence of daratumumab. Regardless of 
the method of testing, all sites observed daratumumab 
interference using patients sample with the initial antibody 
screen with untreated cells. All sites correctly identified an 
unknown alloantibody in samples spiked with daratumu
mab. In a follow up survey, 84% of the respondents agreed 
that the DTT method fulfills the standard of care when 
evaluating patients on daratumumab and 89% of partici
pants said they plan to use the DTT method to test samples 
of patients on daratumumab.

In order to mitigate destructive effects of 0.2 M DTT 
on the red cell membrane, particularly the destruction of 
the Kell antigen, Hosokawa et al. created the Osaka 
method.28 Their method uses 0.01 M DTT in pH 7.3 

Table 1 Key Features of Methodologies Utilized to Abrogate 
Daratumumab Interference in Pretransfusion Testing

I. RBCs with lacking, diminished or destroyed CD38 antigens 
used in pre-transfusion testing 
Long standing technique 

Highly reliable as a blood bank procedure 
Training and competency of technologists well established

● Dithiothreitol (DTT)
Denatures CD38 antigen 
DTT treated donor cells can be used for a crossmatch 

Caution needed as DTT denatures Kell and other clinically 

significant antigens
● Trypsin/Papain

Cleaves CD38 antigen 

Destroys many other significant RBC antigens 
Less reliable than DTT

● Cord blood cells
Lacking CD38 antigen 
Cord blood cell antigen panels reagent are not routinely 

available
● In (Lu) RBCs

Lacking CD38 antigen 

Rare and not routinely available reagent cells
● Panels from RBC of Daratumumab treated Patients

Not standardized

II. Blocking CD38 antigens on reagent and donor cells 
Not recognized by antihuman globulin (AHG)

● Anti-CD38 F(ab′)2 fragments
Bind and mask CD38 on reagent cells 
Not commercially available.

● Anti-CD38 + monospecific anti-human IgG
Pre-Adsorbed RBCs with Daratumumab blocked with mono
specific anti-human IgG competing out AHG

● Non-human anti-CD38
Not recognized by AHG

III. Neutralization of anti-CD38 antibody in patient plasma 
prior to IAT testing 
Routine blood bank testing providing adequate anti-CD38 antibody 

neutralization with:
● Anti-idiotype antibody

Commercially available 

Not typically available in standard blood bank inventory
● Soluble CD38 antigen

Requires large amounts of soluble CD38 required for neutrali

zation of therapeutic daratumumab levels 

Less efficacious than anti-idiotype 
Method not standardized

● CD38 antigen from myeloma lines lysate/stroma
Difficult to standardize methodology

● Anti-CD38 aptamers

(Continued)

Table 1 (Continued). 

IV. Extended patient antigen typing with phenotypical 
matching of RBC units 
Delays in transfusion if extended-match units difficult to acquire 

Historically a method of choice for patients with known auto- and 

allo-antibodies 
Antibody identification testing not required when matched units 

available 

Serologic Crossmatch will be incompatible due to presence of Anti- 
CD38

● Extended RBC phenotype of recipients
To be performed prior initiating daratumumab therapy

● RBC genotyping
Can be performed at any time 

Universal genotyping is expensive 
Extended matching not necessary if: 

negative antibody screen and no prior history of auto- and allo- 

antibodies

Abbreviations: AHG, antihuman globulin; DTT, dithiothreitol; IAT, indirect anti
globulin test; RBC, red blood cells.
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phosphate-buffered saline (PBS) and an automatic blood 
cell washing centrifuge to negate daratumumab interfer
ence while preserving K antigenicity. In a follow up 
article, the authors validated the Osaka method by 
using commercially available IgM anti-B (or anti-A) 
antibody as a quality control indicator instead of loss 
of Kell.29 They also investigated the ability to detect 
anti-K and anti-Ku in daratumumab treated individuals. 
Anti-K reactivity was detected and daratumumab inter
ference was negated. The authors do note that the Osaka 
method failed to detect low-titer (<4) anti-K. Large 
volumes of antigen typed RBCs can be treated with 
DTT and stored in Alsever’s solution for convenience.30

Reagent red cells treated with trypsin or ficin enzyme 
are frequently used for ancillary testing. Trypsin does not 
degrade Kell antigens, but does destroy a number of other 
clinically significant antigens including M, N, EnaTS, 
Lutheran, Ge2, Ge3, Ge4 and Ch/Rg antigens.26,31 

Papain degrades antigens from Duffy and MNS blood 
group systems, Ge2, Ge4 and Ch/Rg.32

There is a report that use of polybrene, a quaternary 
ammonium polymer, could negate the positive results for 

the IAT using standard PEG-antihuman globulin (PEG- 
AHG) in patients on daratumumab therapy.33 Polybrene 
is used in many laboratories in Taiwan for antibody detec
tion. The main limitation of the manual polybrene (MP) 
test is the lack of adequate sensitivity in the Kell system.

Reagent Cells Lacking CD38 Antigen
Schmidt et al. described testing patients’ plasma against 
cord blood cells.34 No reactivity was observed with all 
cord cells. The group tested the patients’ plasma against 
adult cells with only the “i” antigen and no “I” on the 
surface which showed weak to 1+ reactivity. They con
cluded the cord cells express extremely low to no CD38 on 
their surface. They created a cord RBC panel consisting of 
6–7 antigen typed cord cells and made 3% suspensions 
using Alsever’s solution. Tube testing with low ionic 
strength saline (LISS) was performed, and they report 
they were successful at screening and transfusing 2 dar
atumumab patients 17 times. The method may not be 
feasible in routine laboratories that do not have cord 
blood cells readily available.35

Figure 1 Methodologies utilized to abrogate daratumumab interference in pre-transfusion testing. 
Notes: RBC agglutination due to presence of RBC specific alloantibodies or autoantibodies is not interfered by anti-CD38 after interventions I–III. I. RBCs lacking CD38 
antigens used in pre-transfusion testing; II. Blocking CD38 antigens on reagent and donor cells; III. Neutralization of anti-CD38 antibody in patient plasma prior to IAT 
testing. IV. Extended patient antigen typing with transfusion of phenotypically matched RBC units does not require for RBC specific alloantibodies or autoantibodies to be 
identified (It is not necessary to distinguish if RBC agglutination is due to anti-CD38 or alloantibody or autoantibody presence). 
Abbreviations: AHG, antihuman globulin; IAT, indirect antiglobulin test; RBC, red blood cells.
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Alternatively, red cells that are negative for CD38 (red 
cells from daratumumab patients) or In (Lu) red cells can 
also be used for antibody investigations.36

Blocking CD38 Antigens on Reagent or 
Donor Cells
Another novel solution to daratumumab interference is 
pre-incubation of RBC with F(ab′)2 fragments of 
daratumumab.37 F(ab′)2 fragments of daratumumab are 
created by digestion with pepsin. F(ab′)2 fragments bind 
the same epitope on CD38 and prevent binding of RBCs 
by free daratumumab. Known antibodies in patients’ 
plasma and serum (anti-D, anti-C, anti-E, anti-e, anti-K, 
anti-Fya, anti-Lua, anti-S, or anti-M) were detected with 
reproducible results. According to authors, this is 
a relatively easy to use method but requires commercial 
availability and further validations.

In another attempt to alleviate daratumumab interference 
but maintain the integrity of the red cell structure, Chinoca Ziza 
et al. proposed the blockage monoclonal antibody protocol 
(BMAP).38 Donor RBCs of known phenotype are treated 
with anti-CD38 (titer of anti-CD38 was previously determined 
by dilution resulting in 1+ agglutination). These anti-CD38 
treated RBCs were then blocked with monospecific anti- 

human IgG (Fc specific). Their experiments showed that dar
atumumab interference was eliminated in 20 of 20 patients. 
This method would ideally be performed in parallel to DTT 
treatment to allow detection of alloantibodies to high preva
lence antigens eliminated by DTT. The method has limitations 
which include technical difficulty, unavailability of anti-CD38, 
and need to titrate anti-CD38 prior to testing (to reduce false 
positives associated with heavily coated RBCs). Of note, the 
protocol was validated for noncommercial RBCs collected 
within 7 days. The method has advantages of being inexpen
sive, accurate, and possibly applicable in the future to help 
negate interference by other monoclonal drugs targeting RBC 
antigens. Mouse anti-CD38 neutralized the detection of human 
IgG observed in daratumumab treated patient serum without 
affecting controls. A similar approach can be explored during 
pre-transfusion testing.39

Neutralization of Anti-CD38 Antibody in 
Patient Plasma Sample Prior to IAT 
Testing
Oostendorp et al. successfully blocked interference by daratu
mumab and other similar anti-CD38 monoclonal antibodies 
using an anti-idiotype antibody and recombinant soluble CD38 

Figure 2 Algorithm for clinicians managing patients treated with daratumumab. 
Abbreviations: AHG, antihuman globulin; RBC, red blood cells.

https://doi.org/10.2147/JBM.S213510                                                                                                                                                                                                                                   

DovePress                                                                                                                                                            

Journal of Blood Medicine 2021:12 332

Nedumcheril et al                                                                                                                                                   Dovepress

https://www.dovepress.com
https://www.dovepress.com


extracellular domain protein (sCD38).20 These two solutions 
permitted correct irregular antibody identification. Work by 
Oostendorp et al. is consistent with the work of Chapuy et al. 
documenting inhibited binding of daratumumab to CD38 
+HL60 cells with the addition of sCD38 which reduced dar
atumumab binding in a dose dependent manner.25 

Neutralization with anti-idiotype antibody reduced binding 
by 95%. The neutralization methods are highly effective and 
simpler to perform than DTT treatment of RBCs. Although 
costs are higher and large amounts of sCD38 would be required 
to treat samples from patients on daratumumab, the primary 
obstacle is limited availability of reagents. In contrast, DTT is 
relatively inexpensive and already standardized by blood 
banks.

Another method for overcoming daratumumab inter
ference is the use of Daudi cell stroma generated by 
sonication.40 Daudi B-cell stroma expresses high levels 
of CD38. Adsorbing a sample of plasma with Daudi cell 
stroma led to removal of daratumumab interference while 
allowing detection of alloantibodies such as anti-K, anti- 
Yta, and anti-Gya. According to authors, Daudi cell 
stroma is relatively inexpensive and large quantities can 
be stored and frozen for convenience. Interestingly, 
Tremblay et al. compared the AABB standard 0.2 
M DTT method with the Osaka method, and their own 
Daudi cell stroma method. Treatment with Daudi cell 
stroma did not affect anti-Jsb detection and displayed 
reduced reactivity of anti-K. Although testing with the 
Osaka method reduced daratumumab interference, there 
was still K antigen loss, denaturing of Jsb, and less strong 
reaction with anti-K than without 0.01 M DTT treatment. 
Their findings suggest adsorption with Daudi cell stroma 
cells removes anti-CD38 without compromising antibody 
detection and identification. The main limitation is the 
standardization of the method and the requirement of 
specialized equipment such as an ultrasonic processor 
and centrifuge with performance up to 20,000g.

A high affinity single-stranded DNA oligonucleotides, 
aptamers, specific to daratumumab can also be used to 
neutralize binding to CD38.41

Establishing Baseline Phenotype or 
Genotype Prior to Starting Treatment 
with Daratumumab
Additional blood bank methods include RBC phenotyping 
and genotyping. Antigen phenotyping is a routine serolo
gic procedure and aids in selection of phenotype similar 

RBC units for transfusion.35,42 Extended RBC phenotyp
ing should be performed prior to treatment with daratumu
mab in patients who have not been transfused in the prior 
3 months.

Genotyping can be performed after initiation of anti- 
CD38 treatment but is expensive and can be associated 
with increased turnaround times for results.36 One of the 
benefits to always providing phenotypically similar RBCs 
is the reduced risk of sensitization and future alloantibody 
formation for the red cell antigens that are matched. Anti- 
RBC alloantibodies that may be present will not react 
against matched RBC units. AHG crossmatches with phe
notypically or genotypically matched units will still be 
crossmatch incompatible due to the presence of Anti- 
CD38 in the patient sample.

Transfusion of RBC Units with 
Incompatible Crossmatches
To aid transfusion services, the AABB published a bulletin 
with recommendations for handling daratumumab 
interference.43 Prior to daratumumab therapy, a baseline 
type and screen should be performed; a baseline genotype 
or phenotype is also recommended. After therapy, anti
body screening and identification should be performed 
using DTT treated cells, and K-negative units should be 
issued unless the patient is known to be K-positive. 
Crossmatch should be performed as per standard require
ments. Alternatively, an AHG crossmatch may be per
formed using DTT-treated donor cells. For patients with 
no history of antibodies and a negative antibody screen 
using DTT-treated cells, an electronic or immediate-spin 
crossmatch with ABO/RhD-compatible, K-matched units 
may be performed. If an emergency transfusion is 
required, uncrossmatched ABO/RhD-compatible RBCs 
may be given per local blood bank practices. Current 
evidence shows no increased risk of hemolysis after trans
fusion in patients treated with daratumumab.44 Further, 
a recent article by Ye et al. found no significant daratumu
mab associated difference in alloimmunization risk 
between 45 MM patients receiving transfusions on daratu
mumab and 46 MM patient receiving transfusions but not 
on daratumumab as the control group. The study is limited 
due to the number of patients enrolled. It may be useful to 
study larger cohorts of patients receiving daratumumab to 
investigate if there is a clinically significant increase in 
risk of alloimmunization.45

Journal of Blood Medicine 2021:12                                                                                                 https://doi.org/10.2147/JBM.S213510                                                                                                                                                                                                                       

DovePress                                                                                                                         
333

Dovepress                                                                                                                                                   Nedumcheril et al

https://www.dovepress.com
https://www.dovepress.com


Impact of Daratumumab on 
Transfusion Service Costs
Anani et al retrospectively reviewed 62 patients on daratumu
mab and compared the costs of: DTT method with K-negative 
RBC transfusion, patient phenotyping or genotyping with anti
gen matched transfusion, and combination of genotyping and 
DTT treated RBC investigation with genotype predicted anti
gen-matched RBC transfusion.46 They found that genotyping 
was most cost effective in patients requiring long-term transfu
sion when matching less than 4 antigens. Cushing et al. pub
lished a detailed cost analysis comparing theoretical universal 
genotyping with a provision of phenotypically similar RBC 
transfusions versus implementation of a standardized notifica
tion and testing/transfusion algorithm, an approach combining 
DTT-based testing with selective genotyping and the provision 
of phenotypically similar RBCs only for patients with clini
cally significant antibodies.47 The targeted, standardized 
approach was found to be more cost effective in a cohort of 
patients followed over a year. Cost-related considerations are 
especially important for mitigating daratumumab interference 
in national general blood bank services and for blood banks in 
developing countries where specialized reagent are not readily 
available.48

Conclusion
The prevalence of monoclonal antibody therapies will only 
continue to rise. Daratumumab epitomizes the need for the 
recognition of potential interferences of therapeutic agents 
with pre-transfusion testing, the development of appropri
ate methodologies to overcome these interferences as well 
as good communication between the blood bank and the 
treating physician in order to secure safe blood products 
for the patient. Established blood banking pre-transfusion 
testing standards and practices for the clinical management 
of patients undergoing blood transfusions serve as building 
blocks for creating pre-transfusion testing protocols for 
those patients receiving monoclonal antibody therapies. 
As the clinical use of daratumumab increased, several 
methodologies have been utilized to resolve daratumumab 
interference during pre-transfusion testing, which have 
been discussed in this article. Equally as important is the 
timely communication between the transfusion service and 
clinical teams. Clinical providers should be aware of dar
atumumab interference and should contact the blood bank 
prior to start of Daratumumab therapy to ensure the patient 
has a baseline type and screen, and that blood bank has 
a protocol to negate Daratumumab interference. Emphasis 

on educational efforts by blood banking and clinical pro
fessional societies are also key for continued blood trans
fusion safety.

Abbreviations
DTT, dithiothreitol; AHG, antihuman globulin; IAT, indir
ect antiglobulin test; MM, multiple myeloma; RBC, red 
blood cells.
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Importance: Perioperative anemia is a common comorbid condition associated with 
increased risk of morbidity and mortality in patients undergoing elective surgical procedures.
Objective: We conducted a systematic literature review (SLR) to determine the efficacy and 
safety of the use of intravenous ferric carboxymaltose (FCM) for the treatment of periopera
tive anemia in preoperative, intraoperative, and postoperative elective surgical care.
Evidence Review: Studies meeting inclusion criteria for the SLR reported on treatment 
efficacy in an adult study population randomly allocated to FCM for the treatment of 
perioperative anemia during the perioperative period. After screening, 10 of 181 identified 
studies from searches in MEDLINE and EMBASE databases were identified for inclusion in 
this review.
Findings: Preoperative treatment was reported in six studies, intraoperative treatment in one 
study, postoperative treatment in two studies, and both pre- and postoperative treatment in 
one study. Together, 1975 patients were studied, of whom 943 were randomized to FCM, of 
whom 914 received FCM treatment. The 10 studies reported elective surgical populations for 
colorectal, gastric, orthopedic, abdominal, urologic, plastic, neck, gynecologic, and otolar
yngologic procedures. Given the clinical and methodological heterogeneity of the studies, the 
analyses were limited to qualitative assessments without meta-analyses. All 10 studies 
reported statistically greater changes in hemoglobin concentration, serum ferritin, and/or 
transferrin saturation with FCM treatment compared with comparators (placebo, oral iron, 
standard care, or a combination of these). Two studies reported statistically significant 
differences in transfusion rate and 2 studies reported significant differences in length of 
hospital stay between FCM and its comparator(s).
Conclusions and Relevance: This SLR adds to existing data that administration of FCM 
in preoperative and postoperative settings improves hematologic parameters. Several studies 
in the review supported the beneficial effects of FCM in reducing transfusion rate and length 
of stay. Larger, well-designed, longer-term studies may be needed to further establish the 
efficacy and safety of FCM in elective surgery patients with perioperative anemia.
Keywords: intravenous iron, hemoglobin, elective surgery, patient blood management, iron- 
deficiency anemia

Plain Language Summary
Preoperative and postoperative anemia occur frequently in patients undergoing elective 
surgery.1

Perioperative anemia is associated with an increased risk of morbidity, mortality, and 
other adverse postoperative outcomes.1–4
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Iron deficiency is a common cause of anemia in surgical 
patients, affecting at least 10% of surgical patients during the 
preoperative period and at least 20% during the postoperative 
period.5,6

Blood transfusion is frequently administered as part of the 
standard of care for perioperative anemia7 and may produce 
a temporary increase in hemoglobin levels8 but is associated 
with poor outcomes.9

This systematic review evaluated the effectiveness and safety 
of ferric carboxymaltose in patients with perioperative anemia, 
with a focus on patients’ health states during the preoperative and 
postoperative period.

The 10 identified studies included patient populations under
going elective colorectal, gastric, orthopedic, abdominal, urolo
gic, plastic, neck, gynecologic, and otolaryngologic procedures.

Comparators were placebo, oral iron, standard care, or 
a combination of these interventions.

Overall, this review found that ferric carboxymaltose signifi
cantly increased hemoglobin level, serum ferritin concentrations, 
and transferrin saturation in patients with perioperative anemia 
who were undergoing elective surgery.

Introduction
Perioperative anemia is a common comorbid condition 
associated with increased risk of morbidity and mortality 
in patients undergoing elective surgical procedures. The 
most common etiology of perioperative anemia in adults is 
iron deficiency. Clinical signs and symptoms of iron-defi
ciency anemia (IDA) are protean and vary widely, and 
perioperative health outcomes associated with IDA include 
reduced physical function, prolonged postoperative recov
ery, increased length of hospital stay, and mortality.1–4,10 

Among orthopedic patients, the preoperative prevalence of 
anemia is estimated at 24% to 44%, and postoperative 
estimates are significantly higher.1 Among patients with 
advanced colon cancer undergoing colectomy, the esti
mated prevalence of anemia is reported to be as high as 
75.8%.11

In preoperative evaluation for IDA, diagnostic assess
ment and pre-surgical treatment varies. One recognized 
intervention is blood transfusion, with an estimated 
6.6 million red blood cell (RBC) units administered 
annually to elective surgery patients in the United 
States.4 To assess the use of an intravenous iron in anemic 
perioperative patient populations, a systematic literature 
review (SLR) was conducted and focused on the safety 
and efficacy of ferric carboxymaltose.

Methods
Study Design
The study protocol was designed and executed according 
to the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA).12 All review methods 
were conducted a priori according to the established pro
tocol. Publication screening, selection, and assessments 
of bias were carried out by the authors, with consensus 
for reconciliation. Included studies were conducted in 
adults (≥18 years of age) with anemia (if not IDA) who 
had been identified for elective surgery and randomly 
allocated to receive intravenous (IV) FCM or comparator
(s). Inclusion also required study publication in peer- 
reviewed journals. Studies were excluded if the design 
was nonexperimental, if efficacy was not reported, or if 
the investigative treatment consisted of only IV FCM in 
combination with either erythropoietin or an erythropoi
esis-stimulating agent; animal and pediatric studies were 
also excluded. Conference abstracts and grey literature 
were excluded.

Literature Search
Comprehensive, computer-based literature searches for 
records were performed systematically using the 
MEDLINE (PubMed, US National Library of 
Medicine, National Institutes of Health) and EMBASE 
databases. The electronic search strategy was peer 
reviewed and developed with guidance from 
a university librarian at St. John’s University College 
of Pharmacy and Health Sciences. Databases were 
searched from their inception to January 2021 for abbre
viations and full-phrase versions of keywords and 
Medical Subject Headings combined with Boolean 
operators as outlined in the Supplementary Data, 
Appendix 1. Two reviewers independently and in dupli
cate assessed titles and abstracts of identified records for 
trial eligibility, and a third reviewer resolved any dis
crepancies by discussion or adjudication until consensus 
was reached. Relevant records were further assessed by 
examining the full-text articles. A snowball method 
(using a key manuscript as a starting point and consult
ing the bibliography to find other relevant titles on the 
subject) was used to search the identified literature to 
additional studies. Data were extracted onto 
a standardized extraction form.
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Risk of Bias and Quality Assessment
Internal validity and risk of bias for each study meeting 
final inclusion criteria were assessed in duplicate by 2 
independent reviewers using the Cochrane Risk of Bias 
Tool.13 The key types of bias that were examined were 
selection, performance, detection, attrition, and reporting. 
The overall quality of evidence was assessed using the 
Grading of Recommendations Assessment, Development, 
and Evaluation (GRADE)14 approach to determine the 
strength of the conclusions/recommendations from this 
review.

Outcome Measures
The primary outcomes were the absolute or relative 
change from baseline in hemoglobin (Hb) concentration 
(g/dL), serum ferritin (ng/mL), and% transferrin saturation 
(TSAT). Primary outcomes that were reported in alterna
tive units were converted for consistency across studies for 
ease of interpretability; conversions were quality con
trolled for accuracy. Secondary outcome measures were 
the proportion of patients who received a perioperative 
blood transfusion, the occurrence of adverse events, treat
ment-related adverse events, postoperative mortality, 
length of hospital stay, and any validated measure of 
quality of life (QOL).

Results
Study Selection
We identified 244 citations, 208 through database search
ing and 36 through other sources. The number was 
decreased to 181 after removing duplicates (Figure 1). 
The 181 citations were screened based on title and 
abstract, and 139 were excluded. After screening the full- 
text articles of the remaining 42 citations, 32 were 
excluded. Ultimately, 10 eligible studies were included in 
this systematic review.

Study Characteristics
All 10 studies included in the systematic review were 
randomized clinical trials and were published between 
2014 and 2020.7,15–23 Five studies were conducted in 
Europe (United Kingdom,15,21,23 Spain15,16), 2 studies in 
Oceania (Australia7,17), and 3 studies in Asia (South 
Korea19,20,22).

The design and patient flow of the included studies are 
summarized in Table 1. Studies investigated the use of 
FCM in the following surgical populations: cancer 

(colorectal,18 gastric19), cardiac,21 menorrhagia,20 orthope
dic (hip arthroplasty,16,22 total knee arthroplasty15,22), 
abdominal,17,23 and a combination of orthopedic, abdom
inal, neck, gynecologic, urologic, plastic, and ear, nose, 
and throat (ENT).7 Ferric carboxymaltose was adminis
tered preoperatively in 5 studies,16,18,20,21,23 intraopera
tively in 1 study,22 postoperatively in 3 studies,7,15,19 and 
perioperatively (both preoperatively and postoperatively) 
in 1 study.17 With respect to blinding, 2 studies used 
a double-blind design,16,23 3 were single-blind,15,19,22 and 
5 were open-label.7,17,18,20,21 Follow-up periods for 
patients varied, spanning from 2 weeks post-infusion,20 4 
weeks postoperatively15,17,22 to 2 to 6 months after hospi
tal discharge.7,15,16,19,21,23

In total, 1975 study patients were randomized across the 
10 studies, 943 (48%) of whom were randomized to receive 
IV FCM, and of these, 914 (97%) received their assigned 
treatment. Three studies compared IV FCM with oral ferrous 
sulfate (dose: 100 mg per day15 to 200 mg twice daily15,21), 1 
study compared IV FCM with IV iron sucrose (dose: 200 mg 
iron x 3/week),20 and 2 studies compared IV FCM with 
standard of care (no intervention7 or no treatment, continued 
observations, oral iron recommendations, and allogeneic 
blood transfusion [ABT]).17 The comparator for 3 of the 
remaining 4 studies was IV saline placebo,19,22,23 and the 
comparators for the other remaining study (triple-arm, paral
lel design) were 1 mL subcutaneous (SC) saline placebo with 
250 mL of IV saline placebo and 40,000 IU/1 mL SC 
erythropoietin (EPO) with 1000 mg IV FCM diluted in 
250 mL saline.16 The dosages of IV FCM across studies 
varied in terms of total dose and dosage calculation as well 
as administration time, which spanned 6 to 30 minutes. In 3 
studies, IV FCM was given in a single dose of 1000 mg;7,22,23 

in the 7 others, the dose was determined by the Ganzoni 
formula to correct the total iron deficit,15 manufacturer 
recommendation (15 mg/kg),7,17 weight cutoffs (<50 or 
≥50 kg),19,20 weight cutoffs in combination with inclusion 
Hb values,18,21 or blood loss (5 x 10−7 mcg/L) if blood loss 
was ≥100 mL.17 For 8 of the 10 studies, the maximum single 
dose of IV FCM was 1000 mg;7,15–17,19,22,23 Keeler et al and 
Padmanabhan et al allowed a maximum total dose of up to 
2000 mg (2 doses of 1000 mg administered 7 days apart and 
when required).15,21

The hematologic inclusion criteria varied among the 
studies, with 5 requiring IDA with Hb limits (9–12 g/dL,16 

<11 g/dL [women] or <12 g/dL [men],18 <12 g/dL 
[women] or <13 g/dL [men]21,23 and ≥7–<10 g/dL19); 4 
requiring IDA with specific hematologic profiles (serum 
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ferritin <300 μg/L, transferrin saturation <25%, and Hb 
<12 g/dL [women] or <13 g/dL [men];17 Hb 7–12 g/dL 
with serum ferritin ≤100 µg/L or TSAT ≤20%;7 serum 
ferritin <300 μg/L and Hb <10 g/dL);20,22 and 1 requiring 
anemia and/or IDA with a specific hematologic profile (Hb 
8.5–12 g/dL, TSAT <20%, or both15).

Institution-specific medical care standards specifically 
relating to perioperative blood management (PBM) were 
explicitly stated in 3 of the 10 studies.15–17 The first study 
used thromboprophylaxis with low-molecular-weight 
heparin and prophylaxis with proton pump inhibitors for 
upper gastrointestinal bleeding.16 The second used 

Figure 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses flowchart of the study selection process. 
Note: Adapted from Page MJ, Moher D, Bossuyt PM, et al. PRISMA 2020 explanation and elaboration: updated guidance and exemplars for reporting systematic reviews. 
BMJ. 2021;372:n160.37
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a robust PBM protocol including preoperative treatment 
with iron, SC EPO, or both 1 month before surgery, dis
cretionary tranexamic acid during and after surgery, and 
antithrombotic treatment with SC bemiparin (a low-mole
cular-weight heparin not approved in the United States); 
additionally, shed blood exceeding 400 mL was automati
cally reinfused via an autotransfusion device.15 In the third 
study, patients in the usual care group received periopera
tive anemia management, which did not disallow prescrip
tion or administration of IV iron.17 Five of the 10 studies 
prespecified blood transfusion thresholds; 3 specified Hb 
<7 g/dL,7,15–17,19 and 1 of these set the number of RBC 
transfusions at 3.16 Three of the 5 studies specified Hb <8 
g/dL15,22 or 7.1–8.9 g/dL in the presence of severe 
symptoms.16

Study Populations
Baseline characteristics of patients are provided in Table 2. 
Most of the study populations (9/10) had an average age of 
60 years or older, and 9 of the 10 were generally evenly 
distributed with respect to age across treatment groups. 
The difference in age distribution between the FCM 
group and the comparator arm in the sixth study occurred 
by chance and was not explained by the authors. Eight 
studies had a greater percentage of women.7,15,16,19–22 

Mean weight was lowest among patients undergoing sur
gery for menorrhagia20 and highest among those under
going abdominal surgery.17 The American Society of 
Anesthesiologists (ASA) physical status (grades ranged 
from I [defined as normal and healthy] to VI [declared 
brain-dead, organs to be donated]) varied by surgical 
population in the intervention group; 27–58% of patients 
undergoing abdominal surgery,17,23 45% undergoing color
ectal cancer surgery,18 and 20% undergoing orthopedic 
surgery had ASA Grade III (presence of severe systemic 
disease) or greater.15,24 In each of the studies reporting 
baseline hematopoietic parameters, the patients met cri
teria for IDA (mean baseline Hb <11 g/dL, serum ferritin 
<300 ng/mL, and TSAT <25%).

Risk of Bias Assessment
Overall, the studies were considered to have a high risk of bias, 
largely with regard to the blinding of patients and personnel 
and blinding of outcome assessments (Figures 2 and 3).

Random Sequence Generation
Eight out of 10 studies were considered to have a low risk of 
bias for random sequence generation, as they clearly reported 

appropriate randomization Che techniques.15,17–21,23,25 

However, the random sequence method using Excel in 
Khalafallah et al7 was questionable and not described in 
Park et al,22 making the risk of bias unclear.

Allocation Concealment
Eight out of 10 studies were rated as having low risk of 
bias for allocation concealment.7,15,17,19,22,23,25 The studies 
by Keeler et al18 and Lee et al20 did not adequately 
describe the concealment methods of treatment allocation 
by an independent unit; selection bias was thus deemed 
unclear in the risk of bias for allocation concealment.

Blinding
Five of the 10 studies had an open-label design,7,17,18,20,21 

and 3 were patient-blinded only,15,19,22 leading to a high 
risk of performance bias; the remaining studies had 
a double-blind design, which were assigned a low risk of 
bias.16,23 Three studies had an unclear risk of detection 
bias; neither Keeler et al18 nor Kim et al19 clearly stated 
who performed the outcome assessments, and Bernabeu- 
Wittel et al16 did not describe the study’s blinding mea
sures. Detection bias was low in Bisbe et al15 and Richards 
et al23 but was high in Froessler et al, Lee, Padmanabhan, 
and Park owing to a lack of description of outcome blind
ing measures in these open-label studies17,20–22 and in 
Khalafallah et al owing to the recording of adverse events 
(AEs) by personnel who administered the study drug.7

Incomplete Outcome Data
Risk of attrition bias was considered low in 3 studies, in 
Bernabeu-Wittel et al because losses to follow-up were 
disclosed and the attrition was reasonable and not 
expected to affect results,16 in Froessler et al because 
the rationale was given for study termination17 and 
Richards et al because attrition was described and 
accounted for in statistical analysis.23 Risk of attrition 
bias was deemed unclear for 6 studies because no expla
nations were offered for withdrawal for either treatment 
group,7 for the relevance of incomplete data sets avail
able at the end of the study period,15,21,22 for the impact 
of incomplete adherence―which was assessed in 1 
study―to allocated treatment,18 and for interpolation of 
missing data using linear regression analysis when the 
total sample size is very small.20 The risk of attrition 
bias was high for Kim et al, in which a modified inten
tion-to-treat analysis was used.19
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Selective Reporting
In Keeler et al, the treatment effects for secondary end
points of serum ferritin and TSAT were not reported and 
reported outcomes, including postoperative length of hos
pital stay and 90-day mortality rates, were not 
prespecified,18 suggesting a high risk of reporting bias. 
For the other 9 included studies, all planned outcomes 
were reported.

Other Potential Sources of Bias
One of the 6 studies had a robust institution-specific 
patient blood management program in place that may 
have influenced outcome assessments.15 In 1 study, IV 
iron was not considered part of usual care at the time of 
study commencement, but was nonetheless not 
prohibited.17 A differential number of patients experien
cing protocol deviations was noted in the study groups of 

Figure 2 Risk of bias summary: authors’ judgment about risk of bias for each item for each of the 6 included studies. The symbol “+” indicates low risk of bias, “?” indicates 
unclear risk of bias, and “–” indicates high risk of bias.

Figure 3 Risk of bias: authors’ judgment about risk of bias presented as percentages across all 6 included studies.
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1 study.18 Kim et al elected to examine a binary primary 
outcome measure instead of a continuous outcome mea
sure, which may have skewed response.19 Subjects in the 
Lee et al study who were assigned to iron sucrose returned 
to the study site for three dosing visits, whereas those 
assigned to FCM only had one visit, which may have 
skewed the results in favor of IS.20 A large portion of 
patients in the Padmanabhan et al study did not return to 
receive their second dose of FCM, which may have 
skewed the results against IV iron.21 Lastly, the Park 
et al study was significantly underpowered for the primary 
outcomes selected resulting in potential high risk of 
bias.22

Outcomes
All studies included reported absolute or relative change 
from baseline Hb concentrations. Change from baseline 
Hb concentration ranged from 1.3 g/dL21 to 4.7 g/dL23 

among patients receiving preoperative FCM (including in 
the perioperative study) and 1.7 g/dL15 to 3.2 g/dL7 among 
those receiving postoperative FCM (Table 3). Six of the 10 
studies15,20,21,23 reported this outcome to be statistically 
significant versus comparators.7,16–19,22 A key outcome 
measure was change from baseline in iron stores; findings 
showed that preoperative FCM administration resulted in 
an increase in serum ferritin concentrations of 229 μg/L 
(vs 19 μg/L at baseline)17 to 558 μg/L (levels at randomi
zation not reported)18 and a 15%17 to 35%19 increase in 
TSAT. Postoperative administration resulted in a 1147 to 
571 μg/L15 increase in serum ferritin concentration and 
7.2%15 to 20%17 increase in TSAT. Both Bernabeu-Wittel 
et al16 and Lee et al20 did not report change from baseline 
TSAT.

A secondary efficacy outcome measure was proportion 
of patients who received perioperative ABT (Table 4). 
Two7,17 of the 10 studies found statistically significantly 
lower rates of ABT in patients receiving FCM versus 
comparators in the perioperative surgical settings (absolute 
difference: 18.75%)17 and postoperative (absolute differ
ence: 4%).7 The highest proportion of FCM–treated 
patients who received an ABT was 51.5% (53/103) in 
Bernabeu-Wittel et al, compared with 52% (52/100) in 
the FCM plus EPO group and 54% (54/100) in the placebo 
group;16 in Khalafallah et al, 1% (1/103) of patients 
receiving FCM versus 5% (5/98) receiving standard of 
care received an ABT.7

Outcome measures included the proportion of patients 
who experienced AEs, postoperative mortality rate, and 

hospital length of stay (Table 4). The proportion of 
patients with AEs was 6.8% (15/222) in the FCM group 
and 0.4% (1/223) in the placebo group in the study by Kim 
et al.19 Bisbe et al reported AEs in 33% (20/60) of patients 
in the FCM group and 32% (20/62) in the ferrous glycine 
sulfate comparator group (P=NS);15 this included all AEs 
reported during hospitalization (ie, before initiation of iron 
replacement therapy) and AEs related to surgical compli
cations from initiation to 30 days postoperatively.15 

Five percent of patients experienced AEs in the FCM 
group compared to 2% in the placebo group (risk ratio 
2.20, 95% CI 0.78–6.24).23 Zero AEs among treatment 
groups were reported in both Lee et al20 and Park et al.22 

Postoperative mortality was reported in 6 of the 10 
included studies and ranged from 1% (2/237)23 to 11.7% 
(12/103) among patients receiving FCM16 compared with 
017,20,21 to 10% (10/100) receiving placebo.16 The deaths 
were not attributed to study drug in the 5 studies; 3 studies 
did not discuss the possibility of a relationship between the 
deaths and study drug,17,18,23 1 study stated that the single 
death was due to unrelated causes,21 and 1 study stated 
that the causes of death were similar among the 3 treat
ment groups (IV FCM, IV FCM in combination with EPO, 
and placebo).16

The length of hospital stay ranged from 617,18 to 10.7 
days19 with FCM versus618 to 11.6 days7 with compara
tors (Table 5). Two of the 8 studies reported statistically 
significant differences in transfusion rate7,17 and 2 studies 
reported significant differences in length of hospital stay 
between FCM and its comparators; the absolute difference 
in hospital stay was 3 days in Froessler et al17 and 2.8 days 
in Khalafallah et al.7 The variations in discharge criteria at 
the different institutions may have contributed to the dif
ferences in lengths of stay.

Validated measures of QOL included the Short Form 
Health Survey (SF-36 and SF-12) in 5 studies,7,16,17,20,21 

the EuroQol 5-dimension quality of life scale (EQ-5D) in 
3 studies,15,21,23 the Barthel Index questionnaires in 1 
study,15 the Multidimensional Fatigue Inventory (MFI),23 

and the European Organization for Research and 
Treatment of Cancer Quality of Life Questionnaire-Core 
30 (EORTC QLQ-C30) questionnaire and the QLQ 
Gastric Cancer Module (QLQ-STO22) in 1 study.19 

There were no statistically significant differences between 
IV FCM and comparators in QOL (overall score, change 
in score, or treatment effect) in any of these 7 
studies.7,15–17,19,21,23 Bisbe et al reported no significant 
differences between IV FCM and the comparator (ferrous 
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glycine sulfate) in total EQ-5D and Barthel scores.15 

However, among patients with preoperative iron defi
ciency (serum ferritin <100 ng/mL), the IV FCM group 
had significantly better (ie, lower) mean ± SD EQ-5D 
subscores than the comparator group for “usual activities” 
(1.9 ± 0.3 vs 2.1 ± 0.3; P=0.026) and “anxiety or depres
sion” (1.3 [0.6] vs 1.6 [0.7]; P=0.074) at the end of the 
study.15 In addition, among patients with severe postopera
tive anemia (Hb <10.0 g/dL), the FCM group had signifi
cantly better scores for “usual activities” than the 
comparator group at the end of the study (1.9 vs 2.3 [SD 
not reported]; P=0.04).15

Overall Quality of Evidence
The GRADE criteria were applied to rate the quality of 
evidence for all specified outcomes in this review 
(Supplementary Data, Appendix 2). Evidence quality was 
downgraded for risk of bias, inconsistency, indirectness, 
and imprecision. Across both primary and secondary end
points, the overall quality of evidence was determined to 
be very low (Table 6). Publication bias was not detected. 
The rationale for these judgments are outlined in the 
Supplementary Data, Appendix 3.

Discussion
This SLR supports the use of FCM as treatment for adult 
patients with IDA in the preoperative and postoperative 
health states. In both the preoperative and postoperative 
elective surgery settings, IDA is a modifiable risk factor 
for elective surgical management.26,27 The 10 studies iden
tified for inclusion in this SLR consistently reported 
change from baseline improvement in the three primary 
outcome measures: hemoglobin, ferritin, and TSAT.7,15–19 

For these studies, there was less consistency for the asso
ciation of FCM as treatment for perioperative IDA with 
each of the five secondary outcomes: ABT, adverse events, 
postoperative mortality, hospital length of stay, and QoL 
measures (see Tables 4 and 5).

Current guidelines from the Australian National 
Health and Medical Research Council29 and the 
United Kingdom National Institute for Health and 
Care Excellence30 recommend consideration of alterna
tives to blood transfusions for patients undergoing sur
gery and advise restrictive hemoglobin thresholds (<7.0 
g/dL) for blood transfusions. In this SLR, three of the 
postoperative surgery studies reported either signifi
cantly fewer total ABT events17 or a significantly smal
ler proportion of patients receiving ABT7,19 with FCM 

than with the comparator. In the six preoperative sur
gery studies, the percentage of patients receiving ABT 
was not significantly different between assigned 
groups.16,18–21,23 In one preoperative surgery study, 
FCM was associated with reduced hospital readmission 
for post-surgical complications.23 Nonetheless, addi
tional studies will be needed to fully assess the asso
ciation of perioperative IV iron repletion, averted ABT, 
and associated ABT complications.28,32 Adverse events 
during hospitalization were recorded in three 
studies;15,21,23 as either estimated blood loss,21 number 
of blood transfusions,23 or gastrointestinal AEs.21,33 

Post-operative mortality rates varied across the studies 
and was lowest in the study of benign uterine surgery 
and highest in the study of hip fractures.16,20 Length of 
hospital stay and measures of QoL also varied across 
studies (Table 5). Advanced age, as well as multiple 
comorbidities may have played a role in the lack of 
significance between FCM and comparators in these 
studies.7

While all 10 studies were randomized controlled trials, 
clinical and methodological heterogeneity was evident 
across the studies (Table 1), along with variation in the 
design elements (eg, type of blinding, duration of follow- 
up, timing of preoperative and postoperative assessments, 
comparator used, dosage, treatment schedule), All of these 
factors are important considerations when evaluating the 
utility of the exposure for the reported primary and sec
ondary outcomes. A meta-analysis was not deemed feasi
ble for this SLR, given the heterogeneity across the 
studies. Nonetheless, our findings are consistent with two 
prior quantitative syntheses of  IV iron repletion in surgi
cal patients which reported the efficacy of FCM associated 
with postoperative hemoglobin in elective surgeries.34,36 

Additionally, for this SLR we conducted a thorough sys
tematic qualitative assessment, which permitted a quality 
of evidence GRADE assessment (Table 6) for each of the 
primary and secondary outcomes. Although the overall 
quality of evidence scores were very low, future SLRs 
with GRADE assessments and consensus guideline con
siderations will likely benefit from assessment of iron 
repletion for elective surgeries partitioned as preoperative 
versus postoperative interventions. Together, the totality of 
data from these studies support the beneficial effect of 
FCM for hematological parameters in elective surgery, 
while continuing to inform on the role of iron repletion 
in perioperative patient management.31
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Limitations
Several methodologic limitations in this systematic review 
are noteworthy. Physicians were not blinded in 5 studies (4 
open-label7,18,20,21 and 1 patient-blinded19). In 3 other 
studies, the physician was blinded to treatment allocation, 
but the comparators used in those studies (eg, oral iron15 

or usual care consisting of no treatment, oral iron recom
mendation, and transfusion17,22) might allow the physician 
to distinguish which patients were assigned to receive IV 
FCM vs the comparator in others. Overall, the risks of 
performance and biases were high or uncertain, highlight
ing the need for more effective blinding of patients and 
study personnel involved in the administration of study 
drug or outcome assessments. Blinding in some studies 
may not be feasible, despite the impact of blinding on the 
measurement of study outcomes. For example, a difference 
in route of administration between treatment arms, ethical 
considerations (possibility of exposing study patients to 
risks when blinding with placebo), or logistical hurdles 
(eg, limited economic support or authorization to use or 
access appropriate placebos and masking procedures) may 
be challenging in independent investigator-initiated 
studies.7,35

Other limitations of study heterogeneity may limit gen
eralizability of the findings resulting from differing thresh
olds of Hb level, inclusion criteria, baseline clinical 
characteristics (eg, Hb, serum iron, serum ferritin, TSAT, 
ASA classification), IV FCM dosing and timing of admin
istration, Hb thresholds for intervention (IV iron and trans
fusion). Heterogeneity or absence of reporting of 
secondary outcomes such as duration of follow-up, differ
ences in criteria for hospital discharge (which would affect 
length of stay and may explain differences observed 
between the studies), and QOL instrument used (SF- 
36,7,16 EQ-5D and Barthel questionnaire,15 and EORTC 
QLQ-C30 and QLQ-STO2219) did not allow for a more in- 
depth review. Bias assessments in this review were quali
tative, and meta-analysis was not feasible.

Conclusion
The preoperative correction of anemia and other hemato
logical parameters with IV FCM appears to be a viable 
intervention to mitigate known risks associated with post
surgical anemia and consequent events such as the need 
for transfusion.36 IPostoperative patients with IDA, in 
whom oral iron is contra-indicated who are not able to 
tolerate oral iron or achieve a satisfactory response to oral 

iron may also benefit from FCM administration.7,28 The 
benefits of IV iron suggested by this SLR support the 
recommendations of guidelines that incorporate the use 
of IV iron in patients undergoing elective surgery.
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Determined Through Thromboelastography 
Profile in Controlled Ovarian Stimulation Cycles
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Mulyanusa Amarullah Ritonga
Hartanto Bayuaji
Niswan Helja
Corina Delarosa Khoirunnisa 
Tono Djuwantono

Department of Obstetrics & Gynecology, 
Dr. Hasan Sadikin Hospital, Faculty of 
Medicine, Padjadjaran University, 
Bandung, Indonesia 

Purpose: We aimed to analyze the relationship between estradiol level and thromboelasto
graphy profile.
Patients and Methods: This prospective study with comparative analysis was performed 
on nineteen samples undergoing an IVF procedure in two fertility clinics in Bandung city. 
Blood samples taken on the second and twelfth days of the IVF cycle.
Results: There were significant differences in the value of estradiol, fibrin formation time 
(α), and coagulation index (CI) (p<0.05). Correlation tests showed no relationship and no 
significant correlation between an increased level of estradiol and coagulation index (CI) (rs 

=0.054; p=0.827) and between an increased level of estradiol and fibrinolysis time (LY30) (rs 

=−0.151; p=0.536). A moderate significant relationship was observed between age and 
coagulation index (CI) (rs=−0.430; p=0.033) and between age and maximum amplitude 
(MA) (rs=−0.494; p=0.032).
Conclusion: Supraphysiological estradiol levels in controlled ovarian stimulation cycles 
affect the coagulation index and change mainly the fibrin formation time.
Keywords: estradiol, hemostasis, thromboelastography, controlled ovarian cycles

Introduction
Recent technological advances and cultural conditions have started to cause fertility 
issues. These issues are increasing in number and have become a persistent problem. To 
date, the median prevalence of infertility is 9% worldwide, distributed evenly in both 
developing and developed countries. Statistics have shown recently that there are at 
least 72.4 million infertile couples and approximately 40.5 million were seeking health 
care solutions for infertility problems. Infertility’s current definition refers to 
a condition where couples of reproductive age have not achieved conception after 
one year of marriage and have regular sexual intercourse without contraception.

Data on Indonesia’s overall number of infertility cases are limited, as there has 
not been much literature covering this particular subject. The 2010 Basic Health 
Research Report stated that Indonesia’s infertility cases range from around 5.5 to 
5.9%. Out of 67 million couples during their productive age in Indonesia, 10–15% 
or 8 million couples experienced infertility or had fertility issues that made it 
difficult for them to have children. According to 2013 Indonesia Statistic data, 
the prevalence rate of infertility in the country is increasing every year. In 2013, the 
prevalence rate was 15–25% among all couples.1,2
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The increase in infertility is currently associated with 
the postponement of marriage, an increasing number of 
male-factor infertility, increasing prevalence of obesity, 
and sexual infectious diseases.3 Current advances in med
ical technology, providing a solution for infertility in 
assisted reproductive technology (ART),4,5 include con
trolled ovarian stimulation (COS), followed by intrauterine 
insemination (IUI), or in vitro fertilization (IVF).5,6

Assisted reproductive technology is principally divided 
into three main stages, namely: 1) controlled ovarian sti
mulation; 2) trigger ovulation; and 3) fertilization. At the 
controlled ovarian stimulation stage, many follicles con
taining oocytes are recruited, and estrogen is increased 
supraphysiologically. This process was associated with 
ovarian hyperstimulation syndrome (OHSS).3,7 Recent stu
dies showed that the rapidly increasing plasma levels of 
estradiol due to the IVF cycle might lead to 
a procoagubility state in several hemostasis 
parameters.8–10 These supraphysiological conditions can 
increase the risk of arterial and venous thrombosis 
which, if it persists, is associated with venous thromboem
bolism (VTE), OHSS, implantation failure, or repeated 
abortion.11,12

Hemostasis was measured by several tests such as 
clotting time, bleeding time, prothrombin time (PT), and 
activated partial prothrombin time (aPTT). However, the 
current test is static and takes a long time; and this may 
cause a delay in the administration of the next phase of 
treatment.13 Another weakness of these tests is the fact 
that they have to be repeated to get a precise result. 
Although they provide information on platelet counts, 
they do not accurately describe the platelets’ functional 
aspects.

Thromboelastography (TEG) is a hemostasis examina
tion technique known since 1948 to assess the global 
physiology of hemostasis by examining the components 
of complete blood elasticity. Initially, TEG was used for 
hemostasis assessment in cases of liver transplants, heart 
surgery, and obstetric procedures, especially for assessing 
the volume of blood loss and potential for thrombosis. 
TEG examination can also be used to determine the type 
of blood components needed for transfusion in bleeding. 
The test assesses the fibrin formation time, the strength of 
clots, and coagulation indices, and the results are obtained 
in the form of an overview chart. In interpreting TEG 
examination, experts review whether the patient has hyper
coagulability and whether this was associated with fibrino
gen or platelet factors.14,15

A study by Harnett et al in 200211 and by Westerlund 
in 201212 found that on the IVF cycles, there was 
a tendency toward hypercoagulability on TEG examina
tion, mainly on the decreased time of clot formation. This 
was an interesting finding in terms of TEG use in ART, 
since due to its real-time principle, it can detect more 
quickly and precisely. In this study, we analyzed the rela
tionship and influence of thromboelastography profile and 
estradiol on IVF cycles.

Materials and Methods
This was a comparative prospective analytic study, obser
ving the changes in coagulation index on the second and 
twelfth days of short-protocol IVF due to increased levels 
of estradiol.

This study was conducted on women aged 20–45 years 
undergoing a short-cycle IVF protocol in the Aster 
Infertility Clinic of Hasan Sadikin General Hospital 
Bandung and in Bandung Fertility Centre of Limijati 
Hospital Bandung between October and December 2014. 
The inclusion criteria were women aged 20–45 years, who 
do not smoke, were healthy, able to do daily activities 
independently, can communicate well and have no prior 
history of cardiovascular disease, not taking medications 
that may affect coagulation balance such as vitamin C or 
vitamin K, salicylic acid, tranexamic acid or mefenamic 
acid in the last four weeks, and willing to participate in 
this study after receiving an explanation and signing an 
informed consent. Subjects may resign or withdraw from 
the study at any time for any reason. Subjects who stopped 
undergoing the IVF protocol in the middle of the cycle or 
subjects with incomplete data were excluded from the 
study.

After obtaining approval from Hasan Sadikin General 
Hospital’s ethics committee, the study team recruited nine
teen people as subjects who will undergo the short-cycle 
IVF protocol. Recombinant FSH (Gonal F®, Merck- 
Serono Laboratories) was used for stimulation protocol, 
and Cetrorelix (Cetrotide® Merck-Serono Laboratories) 
was administered on the seventh day of stimulation. 
Around 4–5 mL of blood samples were taken on 
the second day of menstruation and put into Vacutainer® 

with citric acid (Becton Dickinson, Franklin Lakes, NJ, 
USA) to examine the levels of estradiol. For thromboelas
tography examination, 1 mL of sample was transferred 
into a 1% selit vial, and 2.34 mL of samples were then 
inserted into a TEG® analyzer cup (model 5000; 
Haemoscope Corp., Niles, IL, USA). In another cup, we 
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inserted 5 μL ReoPro® (Eli lilly, Indianapolis, IN, USA), 
a platelet glycoprotein IIB/IIIa receptor antagonist. Both 
cups were then warmed at 37 °C and analyzed.

This study used a 5% significance rate (α = 1.65) and 
90% power of test (Z = 1.28). We obtained a sample of 
nineteen subjects. The variables tested in this study were 
the levels of estradiol on the second day, and the depen
dent variables were the level of estradiol on the 
twelfth day, and the assessment of the TEG result in the 
form of the R value (time needed for the formation of 
fibrin), the K value (time needed to maintain the strength 
of the clot), the α angle (the speed of fibrin formation), 
MA value (maximum amplitude, a direct function of fibrin 
bond dynamic component and platelets), coagulation index 
(CI, a mathematical formula describing hemostasis coagu
lation), and LY 30 value (the rates of fibrinolysis after MA 
is reached). Confounding variables include age, basal FSH 
levels, recombinant FSH dose used, and antral follicle 
count (AFC).

Before performing statistical tests, numeric data were 
tested for normality using the Shapiro–Wilk test. Wilcoxon 
tests were performed to determine differences in estradiol 
levels and hemostasis between patients. Spearman 
tests were used to determine the relationship between 
risk factors and the thromboelastography profile. Results 
were confirmed statistically significant if the p-value 
was <0.05.

Results
The baseline characteristics of our nineteen samples can be 
seen in Table 1, and the complete data description can be 
seen in Table 2. The age variable shows that the mean age 
in these data is 33.6 years old, while the median is 33 
years old with a range from 28 to 42 years old. The FSH 
dose variable obtained the mean dose as 202.6 IU, median 
225 IU, ranging from 100 to 300 IU. The basal FSH 
variable mean level is 8.5 IU with median 7.5 IU. The 
range level is 4.5−16.2 IU, and the antral follicle count 
variable obtained mean number is 8.2, the median is 8 with 
range 3–11.

Data obtained from the first and second measurements 
were calculated for their mean, median, standard devia
tion, and range. The results are presented in Table 3. 
Comparison between variables measured in two measure
ments in Table 3 shows the estradiol variable with a mean 
value on the second day of IVF cycle is 39.70 pg/mL and 
the twelfth day of IVF cycle is 2415.99 pg/mL, the median 
value on the second day of IVF cycle is 25 pg/mL and the 

twelfth day of IVF cycle is 2239 pg/mL, and range of 
the second day of IVF cycle is 5–231 pg/mL and the 
twelfth day of IVF cycle is 120–6290 pg/mL. The 
P-value in this variable is 0.001, which is statistically 
significant.

The Rvalue variable obtained the mean value on 
the second day of IVF cycle is 8.59 min and on the 
twelfth day of IVF cycle is 7.34 min, with the median 
value on the second day of IVF cycle is 7.9 min and on the 
twelfth day of IVF cycle is 7.5 min, and the range of 
minutes on the second day of IVF cycle is 4.2–19.4 min 
and the twelfth day of IVF cycle is 4–9.5 min. The P-value 
in this variable is 0.446 means no correlation statistically.

The Kvalue variable obtained the mean value on 
the second day of IVF cycle is 2.6 min and on the 
twelfth day of IVF cycle is 2.13 min, with the median 
value on the second day of IVF cycle is 2.2 min and on the 
twelfth day of IVF cycle is 2.1 min, and the range of the 
value on the second day of IVF cycle is 1.4–5.7 min and 
on the twelfth day of IVF cycle is 1.6–3.3 min. The 
P-value in this variable is 0.107 and not significant 
statistically.

The angle (α) variable obtained the mean value on 
the second day of IVF cycle is 56.07 degrees and on the 
twelfth day of IVF cycle is 60.64 degrees, with the median 
value on the second day of the IVF cycle is 58 degrees and 
on the twelfth day of IVF cycle is 60.6 degrees, and the 
angle range on the second day of IVF cycle is 38.5–70 

Table 1 Characteristic Data

Variable n (%)

Age (years)
Mean (SD) 33.6 (5.2)

Median 33

Range 26–42

FSH doses (IU)
Mean (SD) 202.6 (64)

Median 225

Range 75–300

Basal FSH (IU)

Mean (SD) 8.5 (2.9)
Median 8.3

Range 4.5–16.2

Antral follicle count

Mean (SD) 8.2 (3)

Median 8
Range 3–13
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degrees and on the twelfth day of IVF cycle is 51–70 
degrees. The P-value in this variable is 0.027, which is 
statistically significant.

The MA variable obtained the mean value on 
the second day of IVF cycle is 62.23 mm and on the 
twelfth day of IVF cycle is 64.16 mm, with the median 
value on the second day of IVF cycle is 63.8 mm and the 
twelfth day of IVF cycle is 63.4 mm. The range on 
the second day of IVF cycle is 49.4–70.4 mm and on the 
twelfth day of the IVF cycle is 61.3–69.5 mm. The 
P-value in this variable is 0.136 showing no statistically 
significant correlation.

The G variable obtained the mean value on the second 
day of IVF cycle is 8.47 d/sc and on the twelfth day of IVF 
cycle is 8.68 d/sc, with the median value on the second 
day of IVF cycle is 8.8 d/sc and on the twelfth day of IVF 
cycle is 8.4 d/sc. The range from the second day of IVF 
cycle is 5–11.9 d/sc and the twelfth day of IVF cycle is 
6–11.4 d/sc. The P-value in this variable is 0.589 showing 
no statistical correlation result.

The EPL variable obtained the mean value on 
the second day of IVF cycle is 0.48% and on the 
twelfth day of IVF cycle is 0.33%, with the median 
value on the second day of IVF cycle is 0.1% and 
twelfth day of IVF cycle is 0.1%. The range on 
the second day of the IVF cycle is 0–1.9% and the 

twelfth day of the IVF cycle is 0–1.4%. The P-value in 
this variable is 0.379 resulting in no statistical correlation.

The A variable obtained the mean value on the second 
day of IVF cycle is 58.53 mm and on the twelfth day of IVF 
cycle is 61.39 mm, with the median value on the second day 
of IVF cycle is 59.6 mm and the twelfth day of IVF cycle is 
61.7 mm. The range on the second day of IVF cycle is 
46.2–68.9 mm and on the twelfth day of IVF cycle is 
50.5–68.3 mm. The P-value in this variable is 0.038 showing 
a significant correlation statistically.

The Cl variable obtained the mean value on the second 
day of IVF cycle is 1.85 mm and on the twelfth day of IVF 
cycle is 2.35 mm, with the median value on the second day 
of IVF cycle is 2.2 mm and on the twelfth day of IVF 
cycle is 2.4 mm. The CI range on the second day of IVF 
cycle is –1.2 to 3.8 mm and on the twelfth day of IVF 
cycle is 1.2–3.5 mm. The P-value in this variable is 0.039 
showing a significant correlation statistically.

The LY30 variable obtained the mean value on 
the second day of IVF cycle is 0.39% and on the 
twelfth day of IVF cycle is 0.31%, with the median 
value on the second day of IVF cycle is 0.1% and on the 
twelfth day of IVF cycle is 0.1%, and the range of percen
tage from the second day of IVF cycle is 0–1.9% and the 
twelfth day of IVF cycle is 0–1.8%. The P-value in this 
variable is 0.454 showing no statistical correlation.
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Table 2 Original Data Results

No. Age  

(Years)

FSH  

Dose  

(IU)

Basal  

FSH

AFC 2nd Day of IVF Cycle 12th Day of IVF Cycle

Estradiol R (min) K (min) Angle  

(deg)

MA 

(mm)

G (d/sc) EPL (%) A (mm) CI LY30 (%) Estradiol R (min) K (min) Angle (deg) MA (mm) G (d/sc) EPL (% A (mm) CI LY30 (%)

1 39 300 16.19 4 5 7,7 1,8 64,2 70 11,7 0,1 68,9 3,2 0,1 182,6 9,1 1,6 67 68,4 10,8 0,2 67,3 2,5 0,2

2 35 225 12.5 5 6,09 9,5 3,3 48,5 53 5,6 1,9 47,2 0,3 1,9 120 9,5 1,8 70 65 8,2 0,1 62 1,2 0,1

3 31 150 8.3 11 5 10,5 2,8 53,3 61,4 7,9 0,5 59,5 1,3 0,5 1668 4 1,7 66,7 62,7 8,4 0,1 58,1 2,8 0,1

4 28 100 4.5 10 20,6 14,8 5,1 36,7 49,9 5 1,6 46,2 −1,2 1,6 3534 7,2 2,2 59,5 64,2 9 1 61 2,4 1

5 29 150 9.15 8 61,3 4,6 1,8 65,9 66,7 10 1,6 61,9 3,3 1,6 2242 5,8 1,8 65,1 69,5 11,4 0,1 68,3 3,5 0,1

6 41 225 4.7 6 33,94 4,9 1,4 70 70,4 11,9 0,1 66,5 3,8 0,1 1893 6,2 2,2 60,1 65,6 9,5 0,1 64,3 2,9 0,1

7 42 300 10.6 3 48,74 9,3 2,3 58 65 9,3 0,4 57,5 2,1 0,4 325,3 8,2 2,2 59,5 63,4 8,7 0,4 55,5 2,1 0,4

8 29 225 7.07 8 13,15 7,9 1,8 63,6 65,3 9,4 0,3 59,8 2,3 0,3 2239 6 1,6 67,6 68,2 10,7 0,1 64,5 3,2 0,1

9 30 150 6.31 10 95,85 6,8 2,1 61,3 65 9,3 0 66 2,6 0 3119 7,5 2 62,4 62,3 8,3 0 62 2 0

10 41 300 3.61 9 26,23 7,7 1,8 63,6 64,7 9,2 0 65,7 2,3 0 6290 8,6 2,5 56,2 61,7 6 0 62,9 1,8 0

11 39 225 7.29 13 15,88 7,9 1,9 62,4 64,5 9,1 0,1 51,3 2,2 0,1 3781 7,5 2,3 58,5 64,5 9,1 0 65,4 2,5 0

12 32 225 8.2 12 231 6,9 2,2 59,2 61,5 8 0,1 60,5 2,1 0,1 5650 7,4 3 51 61,3 7,9 0 60,7 2,1 0

13 33 225 7.5 6 25,14 7,4 2,1 51,2 65,8 9,5 0 62,1 2,5 0 3404 7,6 2,1 61,4 65,8 9,5 0,5 64,1 2,5 0,5

14 38 225 7.03 5 34,35 8,3 2,5 55,3 60,6 7,7 0,5 60,9 1,7 0 1363 8,5 2,3 54,1 62,3 7,2 0,4 61,5 1,5 0

15 34 225 9.1 6 5,6 8,7 2,9 52,5 58,9 7,2 0,5 52,8 1,4 0,5 1281 6,2 2,1 60,6 62 8,2 1,4 54,7 2,3 1,4

16 26 150 6.5 10 20,6 10,5 3,4 44,3 59 7,2 0 59,6 1,2 0 2560 8,1 2,7 55 65,1 9,3 0 61,7 2,5 0

17 26 75 6.01 13 28,63 6,3 2 62,7 63,8 8,8 0 54,7 2,5 0 2052 7,1 2,1 61,1 62,8 8,4 0 60,5 2,2 0

18 36 225 10.5 7 15 19,4 5,7 35,8 57,5 6,8 0,1 51,9 −1 0,1 2400 8,5 2,3 54,1 62,3 7,2 0,4 61,5 1,5 0

19 30 150 9.5 10 25 4,2 2,5 56,8 59,5 7,4 1,3 59,1 2,5 0,2 1800 6,5 2 62,3 62 7,2 1,4 50,5 3,2 1,8
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Changes in the level of estradiol, fibrin formation time 
(α), fibrin formation time (Α), and coagulation index (CI) 
were found to be statistically significant (p<0.05), as seen 
in Table 4. Correlation between baseline data and the 
difference among variables measured in Table 4 shows 
that the correlation value is efficient at the variable age, 
shows the coagulation index (CI) is −0.430 with a p-value 
of 0.033, the maximum amplitude (MA) is −0.494 with 
a p-value of 0.032, the time required for clot formation (R) 
is 0.152 with a p-value of 0.534, and the fibrin formation 
time (A) is −0.341 with a p-value of 0.153.

The correlation coefficient value on the estradiol vari
able shows the coagulation index (CI) is 0.054 with 
a p-value of 0.827 and fibrinolysis time (LY30) is −0.151 
with a p-value of 0.536. The correlation coefficient value 
on basal FSH, namely fibrin formation time (A), is 0.351 
with zp-value of 0.141, and clot stabilization time (K) is 
−0.352 with a p-value of 0.139.

The correlation coefficient value on the FSH-r dose 
variable, namely the coagulation index (CI) is −0.352 
with a p-value of 0.140. The correlation coefficient value 
on the AFC variable, namely the coagulation index (CI) is 
0.212 with a p-value of 0.383, and the time required for 
clot (R) is −0.057 with a p-value of 0.817.

After the correlation test, we performed another statis
tical analysis using Guilford Criteria to determine the 

relationship between the two groups and baseline data. 
We found no relationship and no significant correlation 
between the changes in the level of estradiol and coagula
tion index (CI) (rs=0.054; p=0.827) as well as between 
changes in the level of estradiol and fibrinolysis time 
(LY30) (rs=−0.151; p=0.536). Medium, statistically signif
icant correlation was found between age and coagulation 
index (CI) (rs =−0.430; p=0.033) and between age and 
maximum amplitude (MA) (rs=−0.494; p=0.032).

Discussion
It is common knowledge that estrogen has an impact on 
coagulation and fibrinolysis, but knowledge and studies on 
the exact nature of this relationship are limited. Current 
information on this varies for both intrinsic or extrinsic 
estrogen.16,17 Many studies linked the use of hormone 
replacement therapy or contraceptives to coagulation, but 
not many investigate the effects of estrogen alone on the 
physiological changes in the reproductive cycle.16

The mechanism with which estrogen affects hematolo
gical variables can be studied in the cycle of in vitro 
fertilization, especially in the controlled ovarian stimula
tion stage. Although assisted reproductive technique indi
cations through the application of in vitro fertilization vary 
widely, samples were generally nearly homogeneous in 
terms of demographics. Unlike hormone replacement 

Table 2 Original Data Results

No. Age  

(Years)

FSH  

Dose  

(IU)

Basal  

FSH

AFC 2nd Day of IVF Cycle 12th Day of IVF Cycle

Estradiol R (min) K (min) Angle  

(deg)

MA 

(mm)

G (d/sc) EPL (%) A (mm) CI LY30 (%) Estradiol R (min) K (min) Angle (deg) MA (mm) G (d/sc) EPL (% A (mm) CI LY30 (%)

1 39 300 16.19 4 5 7,7 1,8 64,2 70 11,7 0,1 68,9 3,2 0,1 182,6 9,1 1,6 67 68,4 10,8 0,2 67,3 2,5 0,2

2 35 225 12.5 5 6,09 9,5 3,3 48,5 53 5,6 1,9 47,2 0,3 1,9 120 9,5 1,8 70 65 8,2 0,1 62 1,2 0,1

3 31 150 8.3 11 5 10,5 2,8 53,3 61,4 7,9 0,5 59,5 1,3 0,5 1668 4 1,7 66,7 62,7 8,4 0,1 58,1 2,8 0,1

4 28 100 4.5 10 20,6 14,8 5,1 36,7 49,9 5 1,6 46,2 −1,2 1,6 3534 7,2 2,2 59,5 64,2 9 1 61 2,4 1

5 29 150 9.15 8 61,3 4,6 1,8 65,9 66,7 10 1,6 61,9 3,3 1,6 2242 5,8 1,8 65,1 69,5 11,4 0,1 68,3 3,5 0,1

6 41 225 4.7 6 33,94 4,9 1,4 70 70,4 11,9 0,1 66,5 3,8 0,1 1893 6,2 2,2 60,1 65,6 9,5 0,1 64,3 2,9 0,1

7 42 300 10.6 3 48,74 9,3 2,3 58 65 9,3 0,4 57,5 2,1 0,4 325,3 8,2 2,2 59,5 63,4 8,7 0,4 55,5 2,1 0,4

8 29 225 7.07 8 13,15 7,9 1,8 63,6 65,3 9,4 0,3 59,8 2,3 0,3 2239 6 1,6 67,6 68,2 10,7 0,1 64,5 3,2 0,1

9 30 150 6.31 10 95,85 6,8 2,1 61,3 65 9,3 0 66 2,6 0 3119 7,5 2 62,4 62,3 8,3 0 62 2 0

10 41 300 3.61 9 26,23 7,7 1,8 63,6 64,7 9,2 0 65,7 2,3 0 6290 8,6 2,5 56,2 61,7 6 0 62,9 1,8 0

11 39 225 7.29 13 15,88 7,9 1,9 62,4 64,5 9,1 0,1 51,3 2,2 0,1 3781 7,5 2,3 58,5 64,5 9,1 0 65,4 2,5 0

12 32 225 8.2 12 231 6,9 2,2 59,2 61,5 8 0,1 60,5 2,1 0,1 5650 7,4 3 51 61,3 7,9 0 60,7 2,1 0

13 33 225 7.5 6 25,14 7,4 2,1 51,2 65,8 9,5 0 62,1 2,5 0 3404 7,6 2,1 61,4 65,8 9,5 0,5 64,1 2,5 0,5

14 38 225 7.03 5 34,35 8,3 2,5 55,3 60,6 7,7 0,5 60,9 1,7 0 1363 8,5 2,3 54,1 62,3 7,2 0,4 61,5 1,5 0

15 34 225 9.1 6 5,6 8,7 2,9 52,5 58,9 7,2 0,5 52,8 1,4 0,5 1281 6,2 2,1 60,6 62 8,2 1,4 54,7 2,3 1,4

16 26 150 6.5 10 20,6 10,5 3,4 44,3 59 7,2 0 59,6 1,2 0 2560 8,1 2,7 55 65,1 9,3 0 61,7 2,5 0

17 26 75 6.01 13 28,63 6,3 2 62,7 63,8 8,8 0 54,7 2,5 0 2052 7,1 2,1 61,1 62,8 8,4 0 60,5 2,2 0

18 36 225 10.5 7 15 19,4 5,7 35,8 57,5 6,8 0,1 51,9 −1 0,1 2400 8,5 2,3 54,1 62,3 7,2 0,4 61,5 1,5 0

19 30 150 9.5 10 25 4,2 2,5 56,8 59,5 7,4 1,3 59,1 2,5 0,2 1800 6,5 2 62,3 62 7,2 1,4 50,5 3,2 1,8
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therapy and contraceptives, this technique had the advan
tage of measuring the impacts of changes in the concen
tration of estrogen and its effect on coagulation and 
fibrinolysis in the short term.18

The current study found a significant relationship 
between elevated levels of estradiol and thromboelastogra
phy profiles, especially in the fact that the speed of fibrin 
formation was faster on the second measurement com
pared to that on the first measurement (second day of 
stimulation). The hemostasis components cause 
a significant increase in the coagulation index.

These results were consistent with studies on throm
boelastography in the IVF cycle conducted by Harnett et al 
in 200211 and Westerlund et al in 2013.12 In contrast to the 
study by Harnett et al11 who found that significant changes 
occurred in the reduction of clot formation time, we found 
no significant changes in the fibrin formation time. This 
might be related to the characteristics of our subjects. Our 
subjects were younger compared to the subjects in pre
vious studies.11 Age is the most important prognostic 
factor associated with folliculogenesis, successful preg
nancy, and other reproductive functions.19,20 We found in 
this study that age was inversely related to the levels of 

Table 3 Comparison Between Variables Measured in Two 
Measurements

Variables Measurement P-value

Second Day of 
IVF Cycle

Twelfth Day of 
IVF Cycle

Estradiol (pg/mL)

Mean 39.70 2415.99

Median 25 2239 0.001*
Range (5–231) (120–6290)

Rvalue (min)

Mean 8.59 7.34

Median 7.9 7.5 0.446
Range (4.2–19.4) (4–9.5)

Kvalue (min)
Mean 2.6 2.13

Median 2.2 2.1 0.107
Range (1.4–5.7) (1.6–3.3)

α (angle)
Mean 56.07 60.64

Median 58 60.6 0.027
Range (38.5–70) (51–70)

MA (mm)
Mean 62.23 64.16

Median 63.8 2.1 0.136
Range (49.4–70.4) (61.3–69.5)

G (d/sc)

Mean 8.47 8.68
Median 8.8 8.4 0.5829
Range (5–11.9) (6–11.4)

EPL (%)

Mean 0.48 0.33
Median 0.1 0.1 0.379
Range (0–1.9) (0–1.4)

A (mm)

Mean 58.53 61.39

Median 59.6 61.7 0.038
Range (46.2–68.9) (50.5–68.3)

CI (mm)

Mean 1.85 2.35

Median 2.2 2.4 0.039
Range (−1.2 to 3.8) (1.2–3.5)

LY30 (%)

Mean 0.39 0.31

Median 0.1 0.1 0.454
Range (0–1.9) (0–1.8)

Note: *Paired T-test.

Table 4 Correlation Between Baseline Data and the Difference 
Among Variables Measured

Correlation Correlation 
Coefficient  

(rs)

p-value

Age Coagulation index (CI) −0.430 0.033*
Maximum amplitude (MA) −0.494 0.032

Time required for clot 
formation (R)

0.152 0.534

Fibrin formation time (Α) −0.341 0.153

Estradiol Coagulation index (CI) 0.054 0.827
Fibrinolysis time (LY30) −0.151 0.536

Basal FSH Fibrin formation time (Α) 0.351 0.141
Clot stabilization time (K) −0.352 0.139

FSH-r doses Coagulation index (CI) −0.352 0.140

AFC Coagulation index (CI) 0.212 0.383
Time required for clot (R) −0.057 0.817

Note: *rs: Spearman rank correlation coefficient.
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intrinsic estradiol and proportionally related to the levels 
of FSH.

De Graaf follicles (antral follicles) are characterized by 
the formation of pockets of fluid near the oocyte referred to 
as the antrum. Granulose cells and theca cells continue to do 
mitosis along with the increase in antral volume. The growth 
of antral follicle size is influenced by FSH levels in the blood 
and is dependent on FSH. Theca cells will express luteinizing 
hormone (LH) receptors and will start producing androgens, 
predominantly androstenedione, and these will be aroma
tized by the granulose cells to produce estradiol. As 
a consequence of this, the estradiol levels will increase.6,21

This theory is still in line with what was found in this 
study, where we found a moderate and statistically signifi
cant relationship between elevated levels of estradiol and 
the antral follicle count (AFC). On the other hand, there 
was a fairly moderate correlation between age and the 
changes in coagulation index and between age and max
imum amplitude (MA). Both age-related findings are sta
tistically significant. This finding may lead to new 
allegations that age may also have a major impact on 
measurable changes in coagulation as measured through 
thromboelastography.

This is in contrast to Harnett et al’s conclusion, which 
stated that the decrease in clotting time led to the quick 
formation of clots, while fibrinolysis is not affected.11 

Harnett et al’s findings led to the recommendation to use 
thromboelastography as a modality to detect ovarian 
hyperstimulation syndrome as indicated by hypercoagul
ability. This suggested that further study is needed to 
explore the correlation between thromboelastography mea
surement and successful pregnancies and implantation rate 
of the in vitro fertilization cycle.

No previous study mentioned any such hypofibrinolysis 
as found in this study, although in general, changes in coa
gulation index were consistently found. Hypofibrinolysis 
will cause a disruption of the clot dissolution process.22,23 

The formation of antibodies against plasminogen activators 
such as tissue plasminogen activator (tPA) or components 
such as annexin A2 receptor fibrinolysis will result in major 
thrombosis, which may have an even greater impact today 
than ovarian hyperstimulation syndrome. Hypofibrinolysis is 
often found in antiphospholipid syndrome and is known to be 
associated with repeated abortion.10,24 Hypofibrinolysis is 
also usually found in patients with hypothyroidism and alco
holic liver disease.

These findings gave new insights about the physiology 
of reproductive hemostasis. Limited time to conduct 
research has been the main problem in this study, and this 
study was also conducted in a small number of subjects. 
Similar to previous studies, the difficulty in controlling 
other factors that potentially interfered withthe assisted 
reproductive technology also presented as a challenge. 
These factors include the given regimen, the long duration 
of pituitary suppression using GnRH analogues, and the 
individual response as mentioned by Nelson.25

Considering that our findings on the thromboelastogra
phy component or hemostasis profiles differ from previous 
studies, future research may be necessary for successful 
pregnancies and thromboelastography profile associated 
with an ideal dose of FSH-r for the success of an assisted 
reproductive technology program. More extensive research 
about the thromboelastography component or hemostasis 
profiles with a large number of subjects is needed.

Conclusion
In conclusion, this study shows significant differences in 
the change of the estradiol level, the rate of fibrinogen 
formation, and the coagulation index in controlled ovarian 
stimulation cycles.
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Michael J Levitt 
Arif Asif 
Mohammad A Hossain
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Background: Venous thromboembolism is a significant clinical event, with an annual inci
dence of 1–2 per 1000 population. Risk factors include recent surgery, prolonged immobility, 
oral contraceptive use, and active cancer. Inherited risks include protein C and S deficiencies, 
antithrombin deficiency, factor V Leiden mutation and prothrombin. These factors can be tested 
to guide therapy, but current evidence suggests that testing for inherited thrombophilia is not 
recommended in most inpatient settings. In the era of high value care, hypercoagulable testing for 
VTE creates a financial burden for the hospital and patients. We performed a retrospective chart 
review of hypercoagulable orders on VTE patients at our institution.
Methods: Institutional Review Board approval was obtained. A total of 287 adult patients 
admitted over a 3-month period with the diagnosis of VTE were included. Patients were 
identified via ICD-10 codes and data were collected from electronic medical records. Patient 
characteristics, provoked versus unprovoked VTE, and relative contraindications for hyper
coagulability work-up were analyzed. Our primary outcome was to assess the appropriate
ness of thrombophilia testing in VTE patients based on screening guidelines. Our secondary 
outcome was to analyze the cost burden of ordering these tests.
Results: A total of 287 patients were included in our data analysis. Patient risk factors for 
VTE were malignancy, previous DVT, immobilization, surgery 3 months prior, and central 
line placement. Fifty-seven of 287 patients had at least one hypercoagulable test ordered 
during hospitalization which did not adhere to guidelines. Misuse of testing occurred during 
active thrombosis, active anticoagulation, presence of risk factors, first episode of VTE, and 
malignancy. The cost of ordering these 5 thrombophilia tests totaled over $40,000.
Conclusion: In our study, numerous patients were tested without compliance to standard 
recommendations, which created financial and value-based burdens on our health care 
system. Increased awareness among clinicians is thus warranted to ensure high value care.
Keywords: venous thromboembolism, VTE, hypercoagulability, thrombophilia

Introduction
Venous thromboembolism (VTE) is an increasingly significant clinical event, with 
an annual incidence rate of approximately 1–2 per 1000 population.1 Along with 
the choice of treatment for VTE, clinicians must also plan the duration of treatment 
by identifying whether the incident was provoked or unprovoked by known risk 
factors for VTE, such as recent surgery, prolonged immobility, oral contraceptive 
use, and active cancer.2,3 Inherited risk factors include protein C deficiency, protein 
S deficiency, antithrombin deficiency, factor V Leiden (FVL) mutation, and pro
thrombin gene mutation G20210.4 Testing for inherited risk factors can be used for 
guidance on therapy; however, improper timing of these tests can affect 
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thrombophilia results, leading to inappropriate anticoagu
lation therapy. The evidence currently available suggests 
that testing for inherited thrombophilia is not recom
mended in most clinical settings. In the era of high value 
care, it places a financial burden on both the hospital and 
its patients.4 Given this, we performed a retrospective 
review of hypercoagulable testing that was ordered on 
patients admitted for VTE at our institution, Jersey Shore 
University Medical Center (JSUMC).

Methods
After receiving Institutional Review Board (IRB) 
approval, a retrospective chart review was conducted for 
287 adult patients (aged 18 years and older) admitted to 
JSUMC between May 2018 and August 2018. All clinical 
and laboratory data were compiled from the EMR. Our 
inclusion criteria included any adult patient presenting to 
the emergency department with a diagnosis of VTE. 
Patients were identified using ICD-10 codes for VTE.

Baseline clinical characteristics were gathered for each 
patient (Table 1), including gender, BMI, medical history, 
and family history of various thrombophilias. Furthermore, 
information was collected on the presence or absence of 
VTE risk factors, site of VTE, and thrombophilia test 
results. The patterns for ordering thrombophilia testing 
were reviewed for the following inherited conditions:

1. APC resistance/factor V Leiden mutation
2. Prothrombin gene mutation
3. Protein S deficiency
4. Protein C deficiency
5. Antithrombin deficiency

In the absence of definitive guidelines for thrombophi
lia testing, we reviewed the literature and, in conjunction 
with the JSUMC hematology-oncology department, cre
ated our own guidelines for this study.5–9 From this, we 
formulated contraindications for work-up (Table 2). Our 
guidelines for relative indications for hypercoagulability 
work-up are listed in Table 3. Our primary outcome was to 
assess the appropriateness of thrombophilia testing in 
patients with VTE in the inpatient setting based on pub
lished thrombophilia screening guidelines. Our secondary 
outcome was to analyze the cost burden of ordering these 
tests. In order to properly assess the financial impact of 
eliminating unwarranted thrombophilia testing, current 
market prices for thrombophilia tests were obtained from 
the inpatient laboratory department of the hospital. Simple 

statistical analysis was performed for this study. We con
sidered ordering the work-up untimely if it was ordered for 
a patient with a provoked VTE, if ordered while the 
patient was on anticoagulation medication, or if ordered 
during an acute VTE, as detailed in Figure 1.

Results
Included in this review were 287 patients with a diagnosis 
of VTE. The following risk factors for VTE were analyzed 
in the selected patients: malignancy (20.6%), previous 
DVT (19.9%), immobilization (19.2%), surgery in the 
past 3 months (10.8%), and central line placement (1%) 
(Table 1).

For 57 of the 287 patients, one or more type of hyper
coagulable testing was performed (19.86%). All 57 patients 
for whom the thrombophilia work-up was performed were 
found to have been unnecessarily tested as per our compiled 
guidelines (Table 2). Reasons for non-adherence were found 
to be: active thrombosis (57/57), active anticoagulation (47/ 
57), presence of risk factors/provoked VTE (22/57), first 
episode of VTE (17/57), and malignancy (2/57) (Figure 2). 
We also evaluated the number of relative indications in 
these tested patients (Figure 3). These findings indirectly 
suggest the reasons for non-adherence to guidelines by the 
ordering physicians. Upon analyzing the financial burden 
related to improper testing, we calculated the total cost of 
ordering these five tests based on current market prices 
(Table 4). Based on current market prices, we found that 
the overall cost of ordering these five common tests – APC 
resistance/factor V Leiden mutation, prothrombin gene 
mutation, protein S deficiency, protein C deficiency, and 
antithrombin deficiency – totaled more than $40,000.

Discussion
Thrombophilia is a condition that predisposes an indivi
dual to experience clot formation in the circulatory system. 
The etiology of thrombosis may be multifactorial, and the 
presence of a nidus causing thrombophilia is only one of 
many elements that may determine the risk of recurrence. 
Thrombophilia can be acquired or inherited. Inherited 
thrombophilia refers to conditions in which a genetic 
mutation affects the amount or function of a protein in 
the coagulation system. These factors include deficiencies 
of natural anticoagulants, such as protein S, protein C, 
antithrombin, and the two-point mutations – factor 
V Leiden and the prothrombin gene.9 Activated protein 
C resistance (APCR) due to FVL mutation is the most 
common hereditary thrombophilia among the Caucasian 
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population.10 Acquired thrombophilia includes antipho
spholipid syndrome (APS), among other autoimmune dis
orders such as Behcet's disease.11 The primary instance in 
which testing for thrombophilia leads to a change in treat
ment is the presence of APS, for which warfarin is recom
mended rather than a direct oral anticoagulant (DOAC).12 

The presence of APS is furthermore distinguished from the 
significant determination of provoked versus unprovoked 
VTEs.

Provoked VTEs have a much lower recurrence rate, 
estimated to be less than 1% annually, than unprovoked 
VTEs, which have a recurrence rate ranging from 
5–27%.13 Sometimes, clinicians will obtain thrombophi
lia work-ups by citing their possible use as a risk strati
fication model for determining duration of 
anticoagulation. However, the literature suggests that 
other models may be more beneficial in this situation. 
For instance, in a multicenter prospective cohort study, 
Rodger et al analyzed patients with unprovoked VTE and 
their recurrence rates. The study found that men have 
a higher recurrence rate than women, estimated to be 
13.7% annually. Yet, for women, the recurrence rate 
varied depending on the following characteristics: hyper
pigmentation, edema/redness of the lower extremities, 

Table 1 Patient Demographics

Total 
Patients

287

Age 63.7 years

Gender

Male 136 (47.4%)

Female 151 (52.6%)

Race

White 234 (81.5%)

Black 80 (27.9%)

Asian 9 (3.1%)

Other 40 (14.0%)

BMI 29.71

Medical History

Immobilization 55

Hospitalization in last 3 months 80

Malignancy 59

Previous DVT 57

Prolonged travel 26

Chronic kidney disease 27

Atrial fibrillation 34

Inflammatory bowel disease 3

Liver disease 1

Heparin induced thrombocytopenia 3

Antiphospholipid syndrome 1

Cerebrovascular accident 14

Surgery in past 3 months 31

History of central line placement 6

Present pregnancy 1

Nephrotic syndrome 1

Congestive heart failure 19

PCOS 0

PNH 0

Warfarin induced skin necrosis 0

History of recurrent abortions 0

Substance abuse 14

Diabetes mellitus 40

Hypertension 136

Coronary artery disease 38

Chronic obstructive pulmonary 

disease

21

Active malignancy 30

Family History

Factor V mutation 4

Prothrombin gene mutation 1

Protein S deficiency 0

Protein C deficiency 0

Antithrombin III deficiency 0

Table 2 Criteria for “No Adherence” to Guidelines for 
Inherited Thrombophilia

Provoked VTE (Presence of Major Transient Risk Factor Like 
Surgery, Trauma or Prolonged Immobility)

1st episode of VTE, regardless of provoked v/s unprovoked

Active malignancy

Acute/active VTE

Active VTE treatment/Anticoagulation

Table 3 Relative Indications for Hypercoagulability Work-Up

Recurrent VTE/Prior History of VTE

Family history of hypercoagulable state

VTE at unusual sites

VTE at age <45 years
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Figure 1 Suggested algorithm for determining the need for a hypercoagulability work-up.
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Figure 2 Analysis of why the hypercoagulability work-up was ordered unnecessarily.
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D-dimer >250, BMI >30, and age >65 years. Women with 
0–1 of these characteristics had a 1.6% recurrence rate, 
whereas women with 2 or more traits had a recurrence 
rate of 14.1%, like men.13 The authors concluded that 
women with unprovoked VTE and 0–1 risk characteris
tics as listed above could discontinue anticoagulation 
after treatment of their acute VTE.

There are differing opinions regarding anticoagulation 
and thrombophilia, since the literature is unclear if they 
confer a higher risk of recurrence.11 Some, such as Stevens 
et al, recommended not performing thrombophilia testing 
following an episode of provoked VTE, as a positive test 
is not enough to determine the duration of anticoagulation 
and may subject patients to otherwise avoidable bleeding 
risks.8 They also reported that thrombophilia testing 
should not be performed in patients after a single episode 
of unprovoked VTE because a negative result is not 
enough to stop anticoagulation in a patient with low bleed
ing risk and willingness to continue therapy. Females with 
a personal history of unprovoked VTE or estrogen/ 

pregnancy-related VTE also carry an indication for pro
phylaxis and are unlikely to benefit from testing.

Others, such as Connors et al, recommended thrombo
philia testing at the completion of anticoagulation therapy 
for provoked VTE.9 Conversely, for unprovoked VTE, 
they recommended testing after the event if cessation of 
therapy is being considered, and if the test would change 
management strategy. Current medications and the pre
sence of an active VTE should be accounted for. Several 
reports in the literature recommend waiting 6 weeks post- 
acute VTE as this entity may decrease protein C, protein S, 
and factor VIII, thus interfering with test results.14 

Regarding timing of the testing, Connors et al recommend 
waiting until 2 weeks after vitamin K antagonists (VKA) 
are stopped, 2 days after a DOAC is stopped, and 1 day 
after unfractionated heparin or low-molecular-weight 
heparin is stopped.9,10 Heparin products such as UFH 
and LMWH interfere with antithrombin levels. Pruthi 
et al noted that a DOAC may result in a false positive 
APCR. VKAs decrease protein S and protein C levels and 
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Age < 45

Figure 3 Analysis of relative indications present in patients who received thrombophilia work-up.

Table 4 Cost Analysis

Type of Test No. of Times Ordered Current Price of Test Total Cost

APC resistance/Factor V Leiden mutation 43 $241 $10,363

Prothrombin gene mutation 13 $237 $3081

Protein S deficiency 37 $180 $6660

Protein C deficiency 36 $231 $8316

Antithrombin deficiency 36 $226 $8136

$36,556
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thus may also yield false positive or indeterminate assay 
results.15 Various studies in the past have found that diag
nosing a heritable thrombophilia does not typically predict 
recurrence and that a significant risk of bleeding does not 
justify extending the duration of anticoagulation.16–18

Official guidelines, such as those of the “Choosing 
Wisely” campaign of the American Society of 
Hematology (ASH), recommend that patients diagnosed 
with VTE do not undergo thrombophilia testing in the 
context of major transient VTE risk factors such as sur
gery, trauma, or prolonged immobility.5 The rationale for 
this recommendation is that testing will not influence the 
duration or intensity of treatment. ASH thus recommends 
guidance from an expert in the field regarding testing for 
thrombophilia.

In 2010, the British Society for Haematology and the 
British Committee for Standards in Haematology pub
lished recommendations for testing heritable 
thrombophilia.6 They recommended testing of selected 
patients, such as those presenting with VTE at an early 
age (under 40 years of age) or those with a significant 
family history of thrombosis, defined as more than two 
family members. Other groups they reported as possibly 
benefiting from testing include children with purpura ful
minans and pregnant women at risk for VTE. Relevant 
grade I recommendations from the study include the 
following:6

1. Initiation and intensity of anticoagulation therapy 
following a diagnosis of acute VTE should be the 
same in patients with or without heritable 
thrombophilia

2. Indiscriminate testing for heritable thrombophilia in 
unselected patients presenting with a first episode of 
VTE is not indicated

3. Decisions regarding the duration of anticoagulation, 
ie short-term versus lifelong, should be decided 
based on whether the VTE was provoked, along 
with other risk factors including a known history 
of heritable thrombophilia

4. Case findings of asymptomatic relatives with high 
risk thrombophilia deficiencies, such as protein C, 
protein S, and antithrombin deficiencies, should be 
considered in selected patients with a significant 
family history of thrombosis

5. If a first-degree relative with VTE has not been 
tested, then suggest that female patients consider 

an alternative means of contraception to oral contra
ceptive pills

6. Testing for heritable thrombophilia is not indicated 
with arterial thrombosis

As per the National Institute for Health and Clinical 
Excellence (NICE) guidelines, thrombophilia testing may 
be considered for individuals when considering discontinua
tion of anticoagulation following an unprovoked VTE.7 For 
unprovoked events, the decision whether to continue or 
discontinue anticoagulation should be made 3 months post- 
VTE episode. Some literature does suggest that hereditary 
thrombophilias have a higher risk of recurrence, estimated to 
be elevated by a factor ranging from 4 to 30,19 however, the 
need for a hypercoagulability work-up should ultimately be 
determined by a hematologist-oncologist.

The available evidence suggests that testing for inher
ited thrombophilia is not recommended in most clinical 
settings. The testing of hypercoagulability requires 
a planned and thoughtful approach and may require 
consulting an expert in the field of hematology- 
oncology. Clinicians should avoid ordering thrombophi
lia testing in hospitalized patients for the following rea
sons: (1) many tests are inaccurate in the setting of acute 
VTE and ongoing anticoagulation; (2) results will not 
influence management; (3) it is a cost burden to both 
patients and hospitals; and (4) a positive test result may 
lead to patient anxiety and an improperly prolonged 
course of anticoagulation. Based on the results of our 
study and literature review, we created an algorithm by 
which physicians can more effectively decide when to 
perform thrombophilia testing (Figure 1). We aim to 
conduct a 5-year follow-up retrospective chart review 
at our institution after educating our clinicians on how 
to use the devised thrombophilia algorithm. We plan to 
analyze a similar cohort of patients using similar ICD-10 
codes and thereafter analyze adherence to testing guide
lines based on our institutional algorithm along with its 
financial impact. This additional retrospective study will 
assess improvement in ordering practices at our institu
tion for the betterment of high value patient care.

This study was limited by its nature as a retrospective, 
single center study with a relatively small sample size. The 
information was obtained via chart review of patients 
identified with ICD-10 codes, but it is possible there may 
have been patients with VTE who were not identified and 
therefore not included. It is also possible that patients who 
did not follow-up at our center were later diagnosed with 

https://doi.org/10.2147/JBM.S271478                                                                                                                                                                                                                                   

DovePress                                                                                                                                                            

Journal of Blood Medicine 2021:12 374

Alidoost et al                                                                                                                                                         Dovepress

https://www.dovepress.com
https://www.dovepress.com


malignancy and thus the provoked VTE rate may have 
been higher than reported in our study. Additionally, no 
hospital-based protocol was followed.

Conclusion
Our study demonstrates that there is a low degree of 
adherence to currently available thrombophilia testing 
recommendations in our institutional inpatient setting, 
which is an ineffective use of resources and can cause an 
unnecessary financial burden. An increased awareness 
among clinicians is thus warranted when ordering hyper
coagulable work-up to adopt high value care and cost- 
effective testing. Additionally, there are other proposed 
algorithms for determining length of anticoagulation, 
which warrant clinicians’ attention. We furthermore pro
pose an algorithm by which we aim to guide and assess the 
appropriateness of thrombophilia testing at our institution.
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Pharmacy Department, Al Zahrawi 
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Introduction: The World Health Organization (WHO) reported a moderate incidence of 
anaemia among pregnant and nonpregnant women and among children younger than 59 
months in 2011.
Purpose: The aim of this study was to investigate anaemia among children younger than 14 
years submitted to haematological exams at the Children’s Teaching Hospital in Karbala, Iraq.
Patients and Methods: This was a cross-sectional study carried out in the Children’s 
Teaching Hospital Laboratory Department in Karbala, Iraq, from 1 July 2019 until 
1 September 2019.
Results: The prevalence of anaemia among children aged 0–14 years in Karbala was 9.9%. 
There was no significant relationship between the type of anaemia diagnosed and age or sex. 
However, there was a significantly positive relationship between the type of anaemia 
diagnosed and each ferritin level, mean corpuscular volume, and mean corpuscular haemo
globin (p<0.0001). The study participant skull diameter and length in relation to sex were 
compared to the WHO reference values for child growth standards, and the study values 
were less than the normal range for children below 5 years of age.
Conclusion: A high prevalence of anaemia among children was reported with its apparent 
consequence on their health. This study highlights the prevalence of anaemia among children 
up to 14 years of age in Karbala, and future research is encouraged.
Keywords: anaemia, children with anaemia, prevalence, thalassemia

Introduction
Anaemia is a widespread health problem that affects children in both developing 
and well-developed countries and has major consequences for human health in 
addition to social and economic development; anaemia can occur at any age.1 

Anaemia is a health condition in which there is an inadequate number of red 
blood cells or their oxygen-carrying capacity to meet the body’s physiological 
needs. Iron deficiency is the main reason for anaemia; however, there are other 
causes of anaemia, such as folate, vitamin B12 and vitamin A deficiencies, chronic 
inflammation, parasitic infections, and inherited disorders, which can all cause 
anaemia.1,2 Haemoglobin or haematocrit levels are the most common tools used 
to assess the severity of iron deficiency in any population. The health consequences 
of anaemia can lead to many undesired outcomes, such as poor pregnancy out
comes, impaired physical and cognitive development, increased risk of morbidity in 
children and reduced work productivity in adults.1–3

The WHO determined that approximately two billion people are anaemic, which is 
defined as haemoglobin (Hb) concentrations that are below recommended thresholds.2 
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Iron deficiency-induced anaemia is an important public 
health problem in the Eastern Mediterranean region. In the 
“Assessment of the Food and Nutrition Situation in Iraq” of 
May-June 2000, approximately 800,000 children under 5 
were chronically malnourished. The report also indicated 
a high prevalence of anaemia in school children; additionally, 
the numbers of infants with low birth weight and women 
with severe anaemia have increased.4 It has been estimated 
that more than one-third of the population in the region is 
anaemic. Pregnant women and young children are the most at 
risk: approximately 50% of pregnant women and 63% of 
children under 5 have iron deficiency-induced anaemia. 
Recent data on anaemia rates in preschool children, pregnant 
women and women of childbearing age show no improve
ment in the overall situation.2 The WHO considers anaemia 
a severe public health problem in Iraq (55.9% of the pre
school population in Iraq had Hb <110 g/L);1 however, these 
results had no clinical evidence to rely on because of a lack of 
research and data in this area during that time.1 In 2011, the 
WHO reported that Iraq had a moderate incidence of anaemia 
among pregnant and nonpregnant women and children 
younger than 59 months.5 Many studies have investigated 
the incidence of anaemia among children worldwide.6–9

By reviewing studies that focus on anaemia in Iraq, we 
found a study that investigated the classification of anemia in 
Iraq.10 Another study by Taj-Eldin investigated thalassemia 
in Iraq.11 A trial to estimate the prevalence of sickle cell 
disease was conducted among primary school children.12 

More recently, studies were carried out in Iraq to estimate 
the prevalence of anaemia;13–16 thalassemia;17 anaemia and 
hookworm;18 anaemia and pregnancy;19–21 anemia among 
rheumatoid arthritis patients;22 and Helicobacter pylori and 
iron deficiency anaemia.23 It is obvious that these studies are 
limited and inadequate to support any updates in the docu
mentation regarding anaemia in Iraq. Therefore, this research 
was carried out to emphasize the prevalence of anaemia in 
one of Iraq governorates, Karbala. This study aimed to 
investigate anaemia among children younger than 14 years 
submitted to haematological exams at the Children’s 
Teaching Hospital in Karbala, Iraq.

Patients and Methods
This was a cross-sectional study carried out in the 
Children’s Teaching Hospital Laboratory Department in 
Karbala, Iraq, from 1 July 2019 until 1 September 2019. 
During July 2019, 1179 outpatients attended the hospital, 
which was close to the number of outpatients who attended 
the hospital during August 2019 (1170 outpatients). Among 

those patients, we collected data on 234 anaemic patients, 
and those patients agreed to participate in the study by 
signing a consent form. As the Children’s Teaching 
Hospital is the only hospital for children in Karbala, we 
can calculate the prevalence of anaemia among children 
aged 0–14 years in Karbala, which was 9.9%.

Researchers collected patient information during their 
visit to the laboratory department by abstracting the patients’ 
haematology results from their records (haemoglobin, hae
matocrit (HCT), Mean corpuscular volume (MCV), mean 
corpuscular haemoglobin (MCH) and red blood cell (RBC) 
were measured by using Sysmex; ferritin was measured by 
using Cobas e 411; and thalassemia was measured by using 
Bio Rad D10). Researchers measured the patient skull dia
meter (by using a measuring tape wrapped around the widest 
possible circumference) and length (also by using 
a measuring tape) to compare the growth of these children 
with the standard average. Data were analysed by using the 
SPSS (version 20) software package (SPSS Inc., Chicago, 
IL) and are presented as the frequency in tables and figures as 
appropriate. The Shapiro–Wilk test for normality was 
applied to the continuous data (skull diameter and length), 
and these data were normally distributed (p>0.05). Pearson’s 
chi-square test and one-way ANOVA were used to find the 
association and differences, respectively, between variables. 
The skull diameter and length in relation to the child’s sex 
were compared to the WHO reference value child growth 
standards.24

A p value <0.05 was considered significant.

Results
After collecting information from the participant’s records, 
data were analysed, revealing that the participant mean age 
was 4.1 ± 3.4 years, and the mean skull diameter and 
length were 48.6 ± 4.6 cm and 98.6 ± 24.5 cm, respec
tively. Table 1 summarizes the study participant demo
graphic data; more than two-thirds of the participants 
were younger than 5 years. Approximately, two-thirds of 
the study participants were recently diagnosed with anae
mia, and more than half of them had mild iron deficiency- 
induced anaemia, which makes it reasonable that most of 
them were not using any medications to treat anaemia.

Patients with thalassemia had a separate centre in the 
hospital, and by reviewing centre records, we found that the 
proportion of these patients increased over time (Figure 1).

As shown in Table 2, laboratory values were categorized 
according to the Children’s Teaching Hospital Laboratory 
Department in Karbala, Iraq. The vast majority of the study 
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participants had low levels of ferritin, haemoglobin, MCV, 
MCH and HCT, which is logical as far as they are anaemic.

Pearson’s chi-square test was used to examine whether 
there was a relationship between the type of anaemia 

diagnosed and each of the following: age, sex, ferritin, red 
blood cells (RBCs), MCV, MCH, and HCT. The results 
showed that there was no significant relationship between 
the type of anaemia diagnosed and age or sex. On the other 
hand, the type of anaemia diagnosed had a significantly 
(P<0.0001) positive relationship with ferritin level (chi- 
square value=234, df=8, R=0.35), MCH (chi-square 
value=107.5, df=8, R=0.435), and MCV (chi-square 
value=46.1, df=4, R=0.26). However, the relationship with 
RBC count was significantly negative (chi-square 
value=55.3, df=8, R= - 0.29) (Table 3).

Table 4 displays the mean ± SD of the study participant 
skull diameter and length in relation to sex and compared 
to WHO standards. It was obvious that the mean partici
pant skull diameter and length were smaller than the 
normal range for children below 5 years of age.

Discussion
This study revealed that the most common type of anaemia in 
Karbala was iron deficiency-induced anaemia, and patients 
did not use any medications to treat it. Microcytic and hypo
chromic anaemia can be caused by IDA and thalassemia to 
the same extent;25,26 some patients had both conditions and 
received treatment for only one of them, as the other was not 
diagnosed.27 Differentiation between thalassemia and IDA 
can be carried out effectively with serum ferritin, serum iron 
and HbA2 level estimation; however, recent data suggest that 
the red cell distribution width (RDWI) is more advantageous, 
as all discriminating factors, including RBC count, MCV and 
RDW, are incorporated.28 Another study used the mean 
corpuscular haemoglobin concentration and red blood cell 

Table 1 Study Participant Demographic Data

Frequency (%)

Sex
Male 132 (56.4)

Female 102 (43.6)

Total 234 (100)

Age
Less than 5 years 166 (70.9)

5–11 years 54 (23.1)

12–14 years 14 (6)
Total 234 (100)

Time of diagnosis
Recently diagnosed 152 (65)

Less than 6 months 42 (17.9)

More than 6 months 40 (17.1)

Type of anaemia diagnosed

Mild IDA* 138 (59)
Moderate IDA* 73 (31.2)

Severe IDA* 9 (3.8)

Thalassemia 5 (2.1)
Normochromic normocytic anaemia 9 (3.8)

Total 234 (100)

Using medications for anaemia

Yes 72 (30.8)

No 162 (69.2)
Total 234 (100)

Abbreviation: *IDA, iron deficiency anaemia.

Figure 1 Patients with thalassemia.

Journal of Blood Medicine 2021:12                                                                                                 https://doi.org/10.2147/JBM.S309425                                                                                                                                                                                                                       

DovePress                                                                                                                         
379

Dovepress                                                                                                                                                             Albaroodi

https://www.dovepress.com
https://www.dovepress.com


count to differentiate iron deficiency-induced anaemia from 
thalassemia.29 However, a review article showed that despite 
the excellent performances of the Green and King index 
(IGK), the Ehsani index, and RBC count, none of them 
presented sufficient sensitivity and specificity to establish 
a diagnosis between thalassemia and IDA, and these tests 
require more time-consuming and costly methods.30 As men
tioned earlier, there is a limitation in studies that investigate 
the prevalence of anaemia in Iraq; to the best of our knowl
edge, this is the first study to investigate this aspect among 
children in Karbala, Iraq. Our findings showed that the pre
valence of anaemia among children aged 0–14 years in 
Karbala was 9.9%, which is considered high. A study by 
Faraj, Lami et al showed similar findings to ours; a high 
prevalence of anaemia among children in Wasit, Iraq, indi
cates a major nutritional and health problem.15 Another study 
carried out in Baghdad in 2003 found that anaemia among 

adolescents was a health problem of moderate severity.13 

These results show that anaemia in Iraq may be related to 
malnutrition and poverty. A cross-sectional study was con
ducted to determine the overall and age- and sex-specific 
prevalence of anaemia in the city of Mashhad, Iran. The 
findings show that anaemia is a considerable public health 
problem in Mashhad, Iran, especially among preschool chil
dren, adult women and the elderly.8

Our study findings revealed that there was no relation 
between the type of anaemia and age or sex. In agreement 
with these results, a cross-sectional study was carried out to 
determine the prevalence of anaemia among preschool chil
dren in a rural village in the Northern State of Sudan and 
showed that the prevalence of anaemia was not significantly 
associated with any of the studied demographic and socio
economic factors (sex, economic status of the family, 
mother’s literacy or family size) or the health of the child.6 

Additionally, another study in Istanbul showed no significant 
relationship between the prevalence of anaemia and student 
age or sex.31 On the other hand, a study was carried out to 
assess the health and nutrition of Syrian refugees affected by 
the conflict; the results showed that global acute malnutrition 
is relatively low in the assessed Syrian refugee populations. 
However, these study results indicate a serious public health 
problem among women and children, especially in the 
Zaatari camp.7 Another study investigated the prevalence of 
ID and IDA among Syrian children, the effectiveness of oral 
iron supplements in the management of ID, and the diagnos
tic effectiveness of conventional iron markers. The results 
revealed a high prevalence of anaemia, ID, and IDA among 
a group of apparently healthy Syrian children.9 However, this 
aspect can be considered a limitation in our study, as we did 
not investigate nutritional levels among the participants.

Our study findings showed that there were more male 
participants than females in the study sample, indicating that 
anaemia is more common among males than females; agree
ing with our findings, Gür, Yıldız et al reported a markedly 
higher risk for anaemia and Fe deficiency in men, indicating 
higher Fe requirements in boys than in girls,31 and another 
study carried out in Wasit showed similar findings.15 In addi
tion, many studies have investigated anaemia and pregnancy; 
a study in Baqubah found that anaemia during pregnancy is 
a major health problem, and iron deficiency anaemia was 
common.19 On the other hand, another study among emigrated 
Yazidis people in the Khanki camp in Duhok, a city in Iraqi 
Kurdistan, found that iron deficiency-induced anaemia had 
a high prevalence among residents of this camp, especially 
among pregnant women. In addition, there was a strong 

Table 2 Study Participant Haematology Laboratory Values

Frequency (%)

Ferritin level
Low <30 (μg/L) 229 (97.9)

Normal (30–400) (μg/L) 4 (1.7)

High >400 (μg/L) 1 (0.4)
Total 234 (100)

RBC level

Low <4.06 (10^6/uL) 26 (11.1)

Normal (4.06–5.30) (10^6/uL) 206 (88)
High >5.30 (10^6/uL) 2 (0.9)

Total 234 (100)

Haemoglobin

Low <12 (g/dl) 234 (100)

Normal (12–16) (g/dl) 0

MCV level

Low <76 fL 207 (88.5)
Normal (76–96) fL 27 (11.5)

Total 234 (100)

MCH level

Low <26 pg 218 (93.2)

Normal (26–32) pg 15 (6.4)
High >32 pg 1 (0.4)

Total 234 (100)

HCT level

Low <38% 233 (99.6)

Normal (38–52)% 1 (0.4)
Total 234 (100)

Abbreviations: RBCs, red blood cells; MCV, mean corpuscular volume; MCH, 
mean corpuscular haemoglobin; HCT, haematocrit.
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significant relationship between iron deficiency-induced anae
mia and low serum zinc.20 Furthermore, a cross-sectional 
study was carried out in Al-Diwaniyah, Iraq, and showed 
that maternal anaemia affects the anthropometric measure
ments of newly delivered full-term neonates.21 Our study 
showed an increase in the incidence of thalassemia over 
time, a warning sign to work towards minimizing its risks. 
Conversely, another study investigated the prevalence of tha
lassemia minor among college students in Kurdistan (7.7%).17 

In Basrah, a study investigated haemoglobinopathies and glu
cose-6-phosphate dehydrogenase (G6PD) deficiency and 
found that there was an association between G6PD deficiency 
and haemoglobinopathies and thalassemia.14 Many studies 
were carried out in Iraq to find any relationship between 

anaemia and other diseases.16,18,22,23 However, poor quality 
of life in Iraq can be the main reason for this high prevalence, 
as indicated by a recent study that found an association 
between selected water and sanitation indicators and 
anaemia.32 Our study findings show that the mean participant 
skull diameter and length were under the normal range for 
children below 5 years of age, which indicates that poor 
nutrition and anaemia affected child growth in this sample.

Conclusion
In conclusion, participants with IDA took over the essential 
element among other types of anaemia existing in Karbala 
Iraq, and their need to be treated is one of the priorities. This 
study highlights the prevalence of anaemia among children up 

Table 3 Relationship Between the Type of Anaemia Diagnosed and Haematology Parameters

Type of Anaemia Diagnosed Pearson’s 
Chi- 

Square 
Value

df P value Pearson’s 
R Value

Mild 
IDA

Moderate 
IDA

Severe 
IDA

Thalassemia Normochromic 
Normocytic 

Anaemia

Sex Female 56 34 6 2 4 2.75 4 0.66 −0.055

Male 82 39 3 3 5

Age <5 
years

95 51 9 5 6 14.6 8 0.066 −0.006

5–11 

years

38 15 0 0 1

12–14 

years

5 7 0 0 2

Ferritin Low 138 73 9 0 9 234 8 <0.0001 0.35

Normal 0 0 0 4 0

High 0 0 0 1 0

RBC Low 6 10 4 2 4 55.3 8 <0.0001 −0.29

Normal 132 62 5 2 5

High 0 1 0 1 0

MCV Low 120 73 9 4 1 64.1 4 <0.0001 0.26

Normal 18 0 0 1 8

MCH Low 131 72 9 5 1 107.5 8 <0.0001 0.435

Normal 7 1 0 0 7

High 0 0 0 0 1

HCT Low 137 73 9 5 9 0.69 4 0.951 −0.042

Normal 1 0 0 0 0

Abbreviations: IDA, iron deficiency anaemia; RBCs, red blood cells; MCV, mean corpuscular volume; MCH, mean corpuscular haemoglobin; HCT, haematocrit.
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to 14 years of age in Karbala, and future studies should be 
encouraged to link anaemia with other environmental and 
nutritional factors that play an important role in its incidence.
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Chlamydia pneumoniae-Induced IFN-Gamma 
Responses in Peripheral Blood Mononuclear Cells 
Increase Numbers of CD4+ but Not CD8+ 
T Effector Memory Cells

Tamar A Smith-Norowitz
Sarah Shidid 
Yitzchok M Norowitz 
Stephan Kohlhoff

Department of Pediatrics, Division of 
Infectious Diseases, State University of 
New York Downstate Medical Center, 
Brooklyn, NY, 11203, USA 

Background: Chlamydia pneumoniae causes respiratory infection in adults and children. 
Previous studies in our laboratory identified significantly higher in vitro T lymphocyte 
responses to C. pneumoniae in children with asthma compared to healthy controls which 
may indicate the presence of T effector memory (TEM) lymphocytes.
Aim: In the present study, healthy subjects were screened for the presence of TEM cells and 
their cytokines. CCR7 negative effector TEMs may indicate persistent infection with 
C. pneumoniae.
Methods: Peripheral blood mononuclear cells (PBMC) (1×106/mL) from adult non- 
asthmatic subjects were infected for 1h ± C. pneumoniae TW-183 at a multiplicity of 
infection (MOI) = 0.1 and cultured (48 hrs). Distributions of lymphocytes (CD4+, CD8+) 
and TEM cells (CD4+CCR7+CD45RA+CD154+, CD8+CCR7+CD45RA+CD154+) were 
determined. Levels of intracellular interleukin (IL)-2, IL-4, and interferon (IFN)-gamma 
were measured (flow microfluorimetry); IFN-gamma was measured in supernatants (ELISA).
Results: C. pneumoniae infection led to a decrease in numbers of CD8+ TEM and CD8 
+CD154+ cells; CD4+TEM and CD4+CD154+ cells did not change. Numbers of TEM cells 
(CD4+IL-2+, CD8+ IL-2+) also decreased. However, number of TEM cells (CD4+IL4-+, 
CD8+ IL-4+) and (CD4+ IFN-gamma+, CD8+IFN-gamma+) did not change. When stratified 
according to IFN-gamma+ status, numbers of CD4+ IL-2+ and CD4+IL-4+ TEMs increased; 
CD8+IL-2+ and CD8+ IL-4+ TEMs decreased.
Conclusion: C. pneumoniae-induced PBMC IFN-gamma+ responses increased numbers of 
CD4+ IL-2+ and CD4+IL-4+ TEM cells, while CD8+IL-2+ and CD8+IL-4+ TEMs 
decreased. Production of IFN-gamma by C. pneumoniae infected PBMC should be further 
studied as a biomarker of persistent infection in humans.
Keywords: C. pneumoniae, T effector memory lymphocytes, interleukin-2

Introduction
Chlamydia pneumoniae (C. pneumoniae) is an intracellular bacterium that infects 
humans; it causes respiratory infections1,2 in asthmatic and non-asthmatic 
subjects.2–5 C. pneumoniae activation of immune cells (eg, monocytes/macro
phages, epithelial cells) in vitro produce cytokines that may contribute to the 
pathology observed in asthma; protective immune responses against respiratory 
infection are also reduced.2 However, in children with chronic respiratory disease 
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(CRD), C. pneumoniae infection triggers the production of 
pathogen-specific Immunoglobulin (Ig) E and contributes 
to inflammatory responses.6 C. pneumoniae infection treat
ment includes tetracyclines or erythromycin; tetracyclines 
have been reported to have beneficial effects in patients 
with asthma.2,7,8

Previous studies in our laboratory demonstrated that 
C. pneumoniae was present in 11% of wheezing 
children.3 Other studies in our laboratory found an asso
ciation of specific IgE responses to C. pneumoniae in 86% 
of C. pneumoniae positive children with asthma compared 
with 9% of culture positive patients with pneumonia who 
did not have asthma.9,10 Prior literature reported that 
C. pneumoniae could enter a persistent state in vitro spon
taneously, after treatment with cytokines such as interferon 
(IFN)-gamma, antibiotics or nutrient restriction.11–13 

Following acute respiratory infection, long-term culture 
positivity in nasopharyngeal (NP) specimens can occur 
for up to 6 months,3,14 and has been associated with 
continuing clinical symptoms of asthma.3

Diagnostic testing for C. pneumoniae using NP speci
mens may underestimate persistent infection; the pre
sumed focus of infection in asthma is the lower airway. 
The chlamydial load may also be low. Other studies 
reported that after acute infection with C. pneumoniae, 
positive lymphocyte proliferation and secretion of IFN- 
gamma were detected in vitro.15 In that study, lymphocyte 
responses to C. pneumoniae declined following the acute 
phase of infection.15 Persistence of IFN-gamma responses 
was observed up to 16 weeks following acute infection in 
a subset of C. pneumoniae positive subjects.15

Earlier studies in our laboratory demonstrated important 
immunological differences between asthmatics and non- 
asthmatic subjects in regard to the host response to 
C. pneumoniae.16 In peripheral blood mononuclear cells 
(PBMC) obtained from adult asthmatics, C. pneumoniae sti
mulation induced predominant production of T helper (Th) 2 
responses and IgE.16 These responses may indicate chronic 
inflammation, which can be related to persistent infection. In 
addition, we found that C. pneumoniae-induced IFN-γ pro
duction in vitro was more prevalent in pediatric patients with 
asthma compared with non-asthma; this is consistent with the 
presence of circulating T memory lymphocytes.17 Since cell- 
mediated immunity (CMI) of the Th1 type is required for 
optimal control of chlamydial infections in vivo one might 
expect persistent infection in individuals with decreased Th1 
and/or increased Th2 type responses.18,19 However, the 
observation of a positive IFN-gamma PBMC response in 

the presence of C. pneumoniae-specific T effector memory 
cells (TEMs) would indicate persistent C. pneumoniae 
infection.

Prior literature has reported that circulating memory 
cells responsive to chlamydial antigens are found in 
humans;19,20 they are specialized to handle infection aris
ing within peripheral organs due to their cytotoxicity and 
ability to localize to tissues. TEMs may play a role in 
immunoprotection and immunopathology following recog
nition of C. pneumoniae-infected cells. Effector memory 
T lymphocytes have been demonstrated in other human 
latent infections (eg, tuberculosis).21 Thus, the presence of 
TEMs may indicate either past or persistent infection 
depending on their characteristics.

The aim of the current study was to expand the existing 
knowledge of effector memory T lymphocytes through 
identification of C. pneumoniae specific CD4+ and CD8+ 
TEMs and their cytokines (IL-4, IL-2, IFN-gamma) in 
C. pneumoniae-stimulated PBMC in non-asthmatic sub
jects without respiratory illness. When stratified according 
to IFN-gamma+ status, numbers of CD4+ IL-2+ and CD4 
+IL-4+ TEMs increased while CD8+IL-2+ and CD8+ IL-4 
+ TEMs decreased.

Materials and Methods
Study Population
The study population consisted of patients (≥18 years old) 
who visited the outpatient clinic of the Department of 
Medicine at SUNY Downstate Medical Center 
(Brooklyn, NY) between June and August 2019. The 
inclusion criteria were: (1) non-asthmatic adult without 
clinically defined persistent asthma symptoms,22 (2) low 
serum IgE levels (<100 IU/mL) and (3) no other chronic or 
severe respiratory disease (eg, tuberculosis, emphysema, 
bronchiolitis or diffuse lung disease). Exclusion criteria 
included subjects with asthma, severe respiratory disease 
or human immunodeficiency virus (HIV)-1. All subjects 
had an NP swab tested for C. pneumoniae (determined by 
PCR), and peripheral blood (10mL) was collected. All 
demographic and clinical data were obtained from electro
nic medical records (EMRs) and reviewed at the time of 
enrollment. The study was approved by the SUNY 
Downstate Medical Center Institutional Review Board 
(Brooklyn, NY) and human studies adhered to the World 
Medical Association Declaration of Helsinki. Written 
informed consent for participation and publication was 
obtained from all participants.
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Immunoglobulin Determination: Total 
Serum IgE
Total serum IgE levels were determined in serum using the 
UniCap Total IgE fluoroenzyme immunoassay (Pharmacia 
and Upjohn Diagnostics, Freiburg, Germany) as pre
viously described.17,23 Tests were performed in the 
Clinical Diagnostic Laboratory at SUNY Downstate 
Medical Center (Brooklyn, NY).

Preparation of C. pneumoniae
C. pneumoniae TW-183 (ATCC; Manassas, VA) was pro
pagated in HEp-2 cells as previously described.24,25

Cell Cultures
PBMC were separated from blood on a Ficoll-Paque (GE 
Healthcare, Sweden) gradient (density 1.077) and put into 
cell culture as previously described,23 at 37°C in cRPMI 
medium in a humidified 5% CO2 atmosphere for 2 days. 
Cell viability was determined at 0 and 48 hrs (>98% and 
95%, respectively), in the absence of infection with 
C. pneumoniae.

In vitro Infection with C. pneumoniae
Following a 2 hr incubation to allow adherence, cell cultures 
were infected with C. pneumoniae (by adding purified EB for 
1hr), or mock-infected (MI) for 48 hrs (IFN-gamma) at 37°C 
in cRPMI in a humidified 5% CO2 atmosphere, as previously 
described.23 The cytokine assay (IFN-gamma) was run using 
supernatants collected from above cultures. The multiplicity 
of infection (MOI; 0.1) and time points (48h p.i. for 
cytokines)26 used for analysis were selected based on kinetic 
and dose response studies (using MOI of 0.01–10) for opti
mization of the assay. Two types of controls were used in 
infection experiments: identical volumes of heat-inactivated 
purified C. pneumoniae26 and identical volumes of HEp-2 
cell cultures not containing any bacteria processed the same 
way as the purified C. pneumoniae25 based on dose-response 
experiments.

Cytokine (IFN-Gamma) Determination: 
ELISA
For the in vitro quantitative determination of human cyto
kine content in cell culture supernatants, a solid-phase 
sandwich ELISA assay was performed using the Human 
IFN-gamma ELISA kit (Abcam, Cambridge, MA), accord
ing to the manufacturer’s recommended procedure. Cell 
culture supernatants were collected at 48 hr p.i. by 

centrifugation, and samples were stored at −80° until ana
lysis. Sensitivity for cytokine assay was <15.0 pg/mL.

Quantitative Real-Time Polymerase Chain 
Reaction (qPCR) of Bacteria in Swabs and 
Cultures
Extractions of bacterial DNA from NP swab specimens27 and 
PBMC were performed using a QIAAmp DNA Mini-Kit 
(Qiagen Inc., Valencia, CA), according to manufacturer’s 
recommendations, as previously described.27,28 Specimens 
were tested for the presence and quantification of 
C. pneumoniae and M. pneumoniae DNA, using TAQMan 
technology-based qPCR (Light Cycler 2.0 platform; software 
version 4.0, Roche Diagnostics Corp, Indianapolis, IN), as 
previously described.27,28 A specimen from either nostril that 
was positive for C. pneumoniae defined a positive result.

Determination of Cell Surface Markers
Single- and dual-color immunophenotyping of lymphocytes 
was performed at 48hr as described in our previous 
studies16,29 with modifications for intracellular staining. 
Gating strategies included forward and side scatter, single 
parameter histograms, two-parameter density plots, and 
back-gating to confirm gating strategies. Antibodies (Abs) 
used included mouse anti-human monoclonal antibodies 
(mAbs) (of the IgG1 isotype): fluorescein isothiocyanate 
(FITC)-conjugated CD3, CD14, CD45RO, CD45RA, 
CD154, CCR7, IL-2, IL-4, IFN-gamma; phycoerythrin 
(PE)-conjugated CD8 and CD4-perCP; and the following 
Simultest (FITC/PE-conjugated) reagents: CD4/CD8, CD3/ 
CD19. All mAbs were purchased from BD Biosciences (San 
Diego, CA) or R&D Systems (Minneapolis, MN), and 
titrated to obtain maximum staining efficiency according to 
manufacturer’s recommendation. Flow cytometric analysis 
was performed on a Coulter Epics XL/MCL Flow 
Cytometer using System II software (Coulter, Miami, FL) 
and CytoComp (Coulter). The total numbers of lymphocytes 
were calculated from the white blood cell (WBC) count 
(total lymphocytes/mm3 or percentage total lymphocytes).

Determination of C. pneumoniae 
Activated TEMs
TEMs are commonly found in the presence of persistent 
viral infections and can be characterized by expression of 
either CD4, CD8, CD45RO, CD45RA, CCR7, CD154, 
IFN-gamma, IL-2, IL-4. Based on recent experiments,30 
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we established a cut-off (50% increase in TEMs 48 hrs 
post-stimulation).

Statistical Analysis
Data are expressed as means ± SD unless otherwise indi
cated. All statistical analyses were performed using 
Windows v.12.0 software (SPSS Inc., Chicago, IL).

Results
Study Population
The population studied included blood and plasma sam
ples from five non-asthmatic adult patients: 2 males (ages 
24, 51) and 3 females (ages 51, 59, 65). Total serum IgE 
levels were low (<100 IU/mL) in all subjects. Subjects 
tested negative for C. pneumoniae.

Phenotypic Determination of C. 
pneumoniae-Activated TEMs .
TEMs are cells that are either CD4+ or CD8+ and are 
CCR7-, CD45 RO+ and CD154+. These T cells are acti
vated by known antigen (ie, C. pneumoniae). We then 
characterized the cytokine profile of the C. pneumoniae- 
activated CD4+154+ and CD8+CD154+ T cells by analyz
ing distributions of IL-2+, IL-4+ and IFN-gamma+ cells.

Total CD4+ and CD8+ TEMs and CD154 
+ TEMs
C. pneumoniae infection (48 hr) led to a decrease in 
average numbers of CD8+ TEM and CD8+CD154+ cells 
(50%, 33%, respectively) (Figure 1A and B); numbers of 
CD4+TEMs and CD4+CD154+ cells did not change (at 

1:10 or 1:100) (Figure 1A and B). However, numbers of 
CD4+CD154+ TEMs were 4-fold higher than numbers of 
CD8+CD154+ TEMs (Figure 1B).

CD4+ IL-2+, CD8+ IL-2+ TEMs
C. pneumoniae infection (48 hr) led to a decrease in 
numbers of CD4+IL-2+ and CD8+ IL-2+ TEMs (~27%, 
50%, respectively) (Figure 2A)

CD4+IL-4+, CD8+IL-4+ TEMs and CD4 
+IFN-Gamma+, CD8+IFN-Gamma+ 
TEMs
C. pneumoniae infection (48 hr) did not change numbers 
of CD4+IL-4+ or CD8+IL-4+ TEMs. Numbers of CD4+ 
IFN-gamma+ and CD8+IFN-gamma+ were low and did 
not change (at 1:10 or 1:100) (Figure 2B and C).

C. pneumoniae-Induced IFN Gamma 
Levels
IFN-Gamma Levels in Supernatants
C. pneumoniae induced IFN-gamma responses were 
measured on days 3, 5 and 7 post-infection. PBMC 
were infected using 2 different concentrations of 
C. pneumoniae (1:10, 1:100). At each time point, IFN- 
gamma levels were higher at the 1:10 compared with 
1:100 concentration. IFN-gamma levels ranged from 
204 pg/mL ± 85 to 541 pg/mL± 467, with levels 
peaking on day 5 post-infection (Figure 3). IFN- 
gamma levels (1:10) were >50% higher on day 5, 
than on day 3.

Figure 1 Phenotypic determination of C. pneumoniae-activated TEMs. (A) Total CD4+ and CD8+ TEMs. (B) CD4+CD154+ and CD8+CD4+ TEMs. See materials and 
methods. Blue box: CD4+ T cells. Red box: CD8+ T cells.
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IFN-Gamma Levels Stratified According to CD4+ 
and CD8+ TEMs
In each subject, IFN-gamma responses were then stratified 
according to CD4+CD154+ and CD8+CD154+ TEMs. 

Numbers of CD4+CD154+ and CD8+CD154+ TEMs were 
elevated in 25% of subjects (Figure 4A). In subject with high 
IFN-gamma response (represented in Figure 4A, subject 1), 
numbers of CD4+ CD154+ and CD8+CD154+ TEMs levels 

Figure 2 Phenotypic determination of C. pneumoniae-activated TEMs. (A) CD4+ IL-2+, CD8+ IL-2+ TEMs. (B) CD4+IL-4+, CD8+IL-4+ TEMs. (C) CD4+IFN-γ+, CD8 
+IFN-γ+ TEMs. See materials and methods. Blue box: CD4+ T cells. Red box: CD8+ T cells.

Figure 3 C. pneumoniae-induced IFN–γ levels in cell culture supernatants. C. pneumoniae induced IFN-γ responses were measured on days 3, 5 and 7 post-infection (ELISA) 
(N=4). See materials and methods. Data are reported as pg/mL.

Journal of Blood Medicine 2021:12                                                                                                 https://doi.org/10.2147/JBM.S303275                                                                                                                                                                                                                       

DovePress                                                                                                                         
389

Dovepress                                                                                                                                               Smith-Norowitz et al

https://www.dovepress.com
https://www.dovepress.com


were higher than in subject with low IFN-gamma response 
(represented in Figure 4A, subject 4) (Figure 4B).

CD4+ and CD8+ TEMS Stratified According 
to IFN-Gamma Levels in Subjects
IFN-Gamma Positive
Subject who was IFN-gamma positive had an increase in 
CD4+IL-2+ and CD4+IL-4+ TEMs (Figure 5A), while num
bers of CD8+IL-2+ and CD8+IL-4+ TEMs decreased from 
baseline (Figure 5B). Numbers of CD4+IFN-gamma+ and 
CD8+IFN-gamma+ TEMs were low and did not change.

IFN-Gamma Negative
Subjects who were IFN-gamma negative had a decrease in 
total number of TEMs and CD4+IL-2+, CD4+IL-4+ 
TEMs, CD8+IL-2+ and CD8+IL4+ TEMs from baseline 

(Figure 6A and B). Numbers of CD4+IFN-gamma+ and 
CD8+IFN-gamma+ TEMs were low and did not change.

Discussion
In this study C. pneumoniae-induced PBMC IFN-gamma 
+ responses increased numbers of CD4+ IL-2+ and CD4 
+IL-4+ TEMs, while numbers of CD8+IL-2+ and CD8 
+IL-4+ TEMs decreased. The observation of a combined 
IFN-gamma and CD4+ T cell memory response in 
healthy individuals may be associated with specific 
responses against C. pneumoniae antigens associated 
with persistent infection. Little is known about the role 
of C. pneumoniae-specific TEMs in humans; additional 
data are needed to provide an understanding of the role 
of C. pneumoniae-specific TEMs and the cytokines 

Figure 4 C. pneumoniae-induced IFN–γ levels stratified according to CD4+ and CD8+ TEMs. (A) Numbers of CD4+154+ and CD8+CD154+ TEMs (N=4), (B) numbers of 
CD4+154+ and CD8+CD154+ TEMs in representative IFN-γ positive and IFN-γ negative subject. See materials and methods. Blue box: CD4+ T cells. Red box: CD8+ 
T cells.

Figure 5 CD4+ and CD8+ TEMs stratified according to IFN-γ levels in IFN-γ positive subject. (A) CD4+, CD4+ IFN-γ+, CD4+IL-2+ and CD4+IL-4+ TEMs. (B) CD8+, 
CD8+ IFN-γ+, CD8+IL-2+ and CD8+ IL-4+ TEMs. See materials and methods.
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required for identification of past or persistent infection 
in mammalian cells.

Humoral and CMI contribute to protection against viral 
infections.31 The anti-viral effect of CMI is through virus- 
specific CD4+ and CD8+ T cells by cytokine production and 
killing virus-infected cells.32 Virus-specific CD4+ T-cell 
responses against chronic viruses are characterized by secre
tion of interferon-gamma (Th1 type response).32 Virus-specific 
CD8+ T-cell responses produce many factors, including IFN- 
gamma, tumor necrosis factor (TNF)-α, and macrophage 
inflammatory protein-1β (MIP-1β).32 During primary 
C. pneumoniae infection and reinfection, CD4+ and CD8+ 
T cells play a protective role in mouse models of 
infection.33–35 This observation may suggest development of 
C. pneumoniae-specific memory T cells.20 Virus-specific 
memory T cells have also been reported in other persistent 
infections (cytomegalovirus, varicella-zoster virus, Epstein- 
Barr virus and HIV).32

In the current study, C. pneumoniae infection led to 
a decrease in total numbers of CD8+TEM and CD8 
+CD154+ cells, but numbers of CD4+TEM and CD4 
+CD154+ cells did not change. In addition, numbers of 
TEM cells (CD4+IL-2+, CD8+ IL-2+) decreased. 
However, numbers of TEM cells (CD4+IL-4+, CD8+IL-4 
+) did not change in our stimulation system. This may 
indicate the low prevalence of C. pneumoniae-specific circu
lating memory cells in our subjects. Another possible expla
nation may be that C. pneumoniae inhibits C. pneumoniae- 
specific CD8+ memory T cells; these cells might be altered 
during infection and become functionally defective. 
However, IFN-gamma secretion has been reported as 
a necessary component for controlling C. pneumoniae 

infection. Thus, overall, our data argue that CD4+TEM and 
CD4+ CD154+ T cells are necessary for sustaining T cell 
effector activity in activated Th1 cells. Our studies are in 
agreement with earlier studies of Bunk et al who reported that 
Chlamydia pneumoniae-induced memory CD4+ T cell 
responses involving the production of IFN-gamma and/or 
IL-2 were found in PBMC of healthy humans without acute 
respiratory infection.20 When cells were restimulated with 
C. pneumoniae, the majority of cytokine-producing CD4+ 
T cells expressed CD154, a marker for CD4+ T cells acti
vated with antigen.20 Studies of others also demonstrated that 
CD154 is a specific marker of Ag-specific CD4+ T cells 
producing IFN-γ, IL-2, or TNF-α.36,37

IFN-gamma contributes to protective immunity against 
infectious diseases.38 However, the role of IFN-gamma on 
the protective immunity to influencing TEM expression and 
activity in effector CD4+ or CD8+ T cells during 
C. pneumoniae infection is unclear. Our next observation 
was that when subjects were stratified according to IFN- 
gamma+ status, subjects who were IFN-gamma negative 
had a decrease in total number of TEMs and CD4+IL-2+, 
CD4+IL-4+ TEMs, CD8+IL-2+ and CD8+IL-4+ TEMs. 
Subjects who were IFN-gamma positive had an increase in 
CD4+ IL-2+ and CD4+IL-4+ TEMs, while numbers of CD8 
+IL-2+ and CD8+ IL-4+ TEMs decreased. These findings 
are suggestive of an important role for CD4+ and CD8 
+TEMs in IFN-gamma positive producing PBMC in 
response to C. pneumoniae infection. It could be speculated 
that these TEM cells and cytokines generate multifunctional 
inflammatory responses against C. pneumoniae infection and 
that specific TEMs have the potential to control cytokine- 
induced inflammatory responses in the presence of infection 

Figure 6 CD4+ and CD8+ TEMS stratified according to IFN-γ levels in IFN-γ negative subjects. (A) CD4+, CD4+ IFN-γ +, CD4+IL-2+ and CD4+IL-4+ TEMs. (B) CD8+, 
CD8+IFN-γ +, CD8+IL-2+ and CD8+IL-4+ TEMs. See materials and methods.
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or during recovery from infection. In asymptomatic persons, 
the presence of CD4+TEMs and IFN-gamma secretion by 
PBMC may indicate persistent infection because effector 
memory cells should disappear from peripheral blood once 
someone has recovered from acute infection.

In infectious diseases, toll like receptors (TLRs) 
induced by IFN-gamma help phagocytic cells recognize 
pathogen.38 IFN-gamma contributes to CD4+ T cell differ
entiation to a Th1-type phenotype by activating signal 
transducer and activator of transcription (STAT) proteins 
that increase the T cell response to IL-2.39 It is well 
established that control and clearance of bacterial and 
viral infections depend on antigen-specific IFN-gamma 
secreting T helper cells.40,41

There are limitations that should be mentioned includ
ing small sample size of the study population. Small 
sample size may contribute to decreased power and 
increased type II error; future larger studies may help 
verify the findings of this study. Other limitations include 
the presence of only one subject that was IFN-gamma 
positive. This is a preliminary pilot study; future studies 
will include more subjects with positive IFN-gamma 
responses to reach proper conclusions.

In this preliminary study, C. pneumoniae-induced 
PBMC increased CD4+ but not CD8+ TEM responses in 
asymptomatic subjects characterized by production of high 
levels of IFN-gamma. These results have important clin
ical implications for use of this IFN-gamma assay as 
a potential biomarker of persistent infection in humans.

Abbreviations
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blood mononuclear cells; TEM, T effector memory cell.
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Dynamics of COVID-19 Lockdown on Blood 
Indices and Its Impact on Individuals’ 
Immunological Health Status: A Cohort Study in 
Madinah, Saudi Arabia

Bandar A Suliman

College of Applied Medical Sciences, 
Taibah University, Madinah, Saudi Arabia 

Objective: The complete blood count (CBC) is an essential blood test that has been used for 
decades to assess individuals’ overall health status. This study aimed to investigate the 
contributions of lockdown conditions to individuals’ overall health status using blood indices 
as biological markers. During lockdown, people are limited to confined spaces, have access 
to limited nutritional supply options, experience increased stress, and are exposed to other 
environmental factors.
Methods: Our study’s target population included all outpatients who were severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2)-negative and requested CBC assess
ments as part of their routine health checks. A total of 2414 CBC results were included, 
covering a period from February 2019 to December 2020. The average of different blood 
indices during the COVID-19 lockdown was compared to the 10-month period preceding the 
lockdown.
Results: The average counts of RBCs, hemoglobin, and hematocrit showed a significant 
increase during the lockdown period, which lasted from May 2020 to September 2020. 
Reductions were observed for the RBC distribution width, total white blood cell count, 
platelets, and platelet distribution width.
Conclusion: Our findings suggested that the overall health status of individuals improved 
during the lockdown period in the short term, but health status might be adversely affected 
under these conditions of a longer period. Both RDW and PDW could be used as indicators 
for the overall health status when assessed against other blood indices.
Keywords: COVID-19, CBC, lockdown, platelet distribution width, red cell distribution 
width

Introduction
The complete blood count (CBC) has been used for decades as an essential blood test to 
assess individuals’ overall health status.1 Specific blood indices, such as the total count 
of red blood cells (RBCs) which is important to understand the production capacity of 
the bone marrow, mean corpuscular volume (MCV) which reflects the cell’s size, mean 
corpuscular hemoglobin (MCH), cell distribution width (RDW) which represent the 
variation in size between different RBCs, and hemoglobin concentration (HGB) which 
is used to monitor the blood’s oxygenation capacity, have a significant diagnostic value 
in reflecting bone marrow’s ability to produce hematopoietic-driven cells.2,3 Other 
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indices related to white blood cells (WBC) and the differen
tial count of each one of them had been used as markers for 
inflammatory reactions such as bacterial infections, viral 
infections, parasitic infections, or hematological 
malignancies.4,5

The immune system is composed of many intertwined 
cells and organs working in harmony to create the overall 
protection against pathogens. White blood cell count is 
very important indicator of how the immune system han
dles certain clinical and medical situations such as inflam
matory reactions or infections by foreign organisms.6–9

SARS-CoV-2 is a single-strand RNA virus belonging 
to the Coronaviridae family of viruses. It is the primary 
cause of respiratory symptoms worldwide since the out
break in Wuhan in January 2020.10 Viral infections are 
represented in the blood work as a marked increase in total 
WBC count underlying a significant surge in lymphocytes, 
which are produced by the immune system as an antiviral 
response driven by interferons.11–13

The balance in different whole blood indices is essen
tial to maintain the equilibrium of many important blood 
components such as albumin and plasma proteins. That is 
why a CBC is ordered and considered an essential blood 
test in the first line of the diagnostic process in many 
clinical complications.14

In this study, we aim to investigate the role of COVID- 
19 and the accompanying lockdown that was enforced 
between May 2020 and September 2020 on patients’ 
blood indices in Medina region. We ask if these indices 
can be used to measure the overall health status of indivi
duals and if a significant difference in blood indices is 
noticed that may be attributed directly to certain lifestyle 
changes associated with the lockdown.

Materials and Methods
Ethics Statement
This study was approved by the Internal Review Board of 
Taibah University in Madinah, Saudi Arabia (No. 2021/90/ 
114/MLT). Written informed consent was obtained from 
each patient prior to participation in the study.

Study Population
Our study’s target population were all out-patients who 
were SARS-CoV-2 negative and requested a complete 
blood count (CBC). Any patient showing respiratory 
symptoms or was less than 18 years were excluded from 
the study. A total of 2414 CBC results were obtained from 

the laboratory information system (Table 1). These results 
were from 772 males (aged between 18 and 91 years) and 
1642 females (aged between 18 and 82 years).

Complete Blood Count
Three milliliters of whole blood samples were collected in 
Lavender top tubes containing EDTA K3 (Advanced 
Medical Co., Riyadh) and then placed on a roller (12 
RPM) until the analysis. CBC analysis was performed 
between 10 minutes and 3 hours after sample collection 
on the XP-300 Automated Hematology Analyzer (Sysmex 
Corporation, Hyogo).

Statistical Analysis
Blood indices were accumulated for each month to calcu
late the average, SD, and SEM and then blotted as graphi
cal reorientations. Significance in the difference between 
monthly averages was calculated using the 2-sample t-test, 
which is commonly used to compare two independent 
parametric groups and tests the null hypothesis, assuming 
that both means are identical.15 Additionally, the Violin 
plot was used to compare the averages of the entire time 
periods. The unpaired t-test, and the F-test were performed 
to calculate the p-value. Statistical analysis and graphical 
representation of data were performed using Prism 8.2 
(GraphPad Software, Inc., San Diego).

Results
Iron-Related CBC Indices are Increased 
During the Lockdown Period
For the 10 months preceding the lockdown, the average RBC 
count was 4.32 × 106/µL (Figure 1). This average showed 
a significant increase to 4.59 × 106/µL, an approximate 7% 
increase (Figure 2), for the lockdown period, which started 
in May 2019 and lasted for 5 months. This increase was 
determined to be significant using both the unpaired t-test 
and the F-test with a p-value of <0.0001 in both statistical 
tests. This observation was not limited to only RBCs. We 
showed that Hemoglobin and Hematocrit (Figure 1) showed 

Table 1 Target Population Used for This Study (n = 2414)

Gender Male Female

Max Age 91 82
Min Age 18 18

Average Age 27 29

Count 772 1642
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very similar results as RBCs (Table 2). Hemoglobin concen
tration increased significantly from 11.69 g/dL to 12.61 g/dL 
(t= 7.511; p-value= <0.0001), as well as Hematocrit which 
increased significantly from 34.33% to 36.91% (t= 7.876; 
p-value= <0.001; F= 1.223; p-value= <0.01). This clearly 
indicates that iron-related CBC indices are increased during 
the lockdown when compared to before that time period 
(Figure 2). RBC mean corpuscular volumes as well as cor
puscular hemoglobin concentrations did not show any sig
nificant difference between the two time periods. The MCV 
average remained steady at 80.3 fL as well as the MCH 
average at 27.4 pg. The RBC distribution width (RDW-CV), 
on the other hand, showed a marked decrease from 15.27% 

to 14.40% in the lockdown period (t= 3.988; p-value= 
<0.001; F= 1.662; p-value= <0.01).

White Blood Cell Counts are Decreased 
During the Lockdown Period
We then compared total WBC counts and the percentage of 
neutrophil and lymphocyte to the total counts (Figure 3). Total 
WBC was significantly lower during the lockdown period than 
in the previous 10 months (Table 3). The average WBC count 
before the lockdown was 8.423 × 103/µL which dropped to 
7.156 × 103/µL during the lockdown. This decrease was 
determined to be statistically significant (t= 5.581; p-value= 
<0.001; F= 3.841; p-value= <0.001). However, lymphocyte 

Figure 1 Accumulative representation of RBC-related blood indices for 2414 patients shown in months from February 2019 until December 2020. (A) Red blood cells 
(RBC) counts are shown as average for each month ±SEM in 106/µL; (B) Hemoglobin levels are shown as average for each month ±SEM in g/dL; (C) Hematocrit levels are 
shown as average for each month ±SEM in percentage; (D) Mean corpuscular hemoglobin (MCH) levels are shown as average for each month ±SEM in pg; (E) Mean 
corpuscular volume (MCV) levels are shown as average for each month ±SEM in fL; (F) RBC distribution width (RDW) levels are shown as average for each month ±SEM in 
percentage.
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and neutrophil counts remained on a relatively steady average 
(Table 3) throughout the year (Figure 4).

Platelet Counts are Decreased During 
the Lockdown Period
After that, we looked at Platelet counts, which showed 
a similar drop during the lockdown (Figure 5). Platelet 

counts showed an average of 361 × 103/µL before the 
lockdown (Table 4). This average was significantly low
ered to 318 × 103/µL (t= 4.659; p-value= <0.001; F= 
2.732; p-value= <0.001). More interestingly, the Platelet 
distribution width (PDW) was also lowered (Figure 6) 
from 13.18% to 12.58% (t= 4.439; p-value= <0.001; F= 
1.700; p-value= <0.001).

Figure 2 Difference between average means of blood indices. (A) RBCs: red blood cells. (B) HGB: hemoglobin. (C) HCT: hematocrit. (D) MCH: mean corpuscular 
hemoglobin. (E) MCV: mean corpuscular volume. (F) RDW: RBC distribution width. 
Abbreviations: PP, period preceding the lockdown; LP, lockdown period.

Table 2 Statistical Analysis for Average Counts of RBC-Related Indices

Parameter Mean PP Mean LP 95% Confidence Interval Unpaired t Test F-Test

p-value t df p-value F DFn

RBC 4.32 4.59 0.1936 to 0.3500 <0.001 6.817 1615 <0.001 1.359 1183
HGB 11.69 12.61 0.6781 to 1.157 <0.001 7.511 1715 NS 1.044 440

HCT 34.33 36.91 1.940 to 3.227 <0.001 7.876 1722 <0.01 1.223 1279

MCH 27.38 27.44 −0.2725 to 0.4048 NS 0.383 1704 NS 1.184 437
MCV 80.35 80.39 −0.6482 to 0.7249 NS 0.109 1709 NS 1.070 441

RDW 15.27 14.40 −1.301 to −0.4431 <0.001 3.988 1703 <0.001 1.662 1265

Notes: Comparison was performed between the “Lockdown Period: LP” which lasted for five months (from May 2020 until September 2020), and the “Preceding Period: 
PP” which lasted for 10 months (from July 2019 until April 2020). Mean: average value of all data in that particular time period. 
Abbreviation: NS, not significant.
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Discussion
Many factors are involved in regulating the cellular com
position in our blood. These factors come from the envir
onment we share, the food we eat, the atmosphere we 
breathe, and the pathogens transmitted between indivi
duals in a particular community. The Corona pandemic 
showed us that many elements are still hidden from our 
understanding of our bodies’ essential biological func
tions. One of the immune system’s primary clinical facts 
is the noticeable increase of cellular and humoral factors 
upon acquiring an infection. SARS-CoV-2, such as any 
pathogen, should show similar effects on the parameters of 
our immune system. However, a question arises about the 

people who were not infected with the virus or those who 
have recovered (for more than 30 days or more).

Our study aimed to understand the overall individuals’ 
immunological status during the lockdown period in 
Madinah, Saudi Arabia, which lasted for about 5 months, 
starting from April 2020 until September 2020. People in 
lockdown practice their daily routines in an entirely dif
ferent extent than their regular routine which can be 
clearly observed from our results. Basic daily routines 
such as physical activity, smoking frequency, type and 
quantity of food, mental and physiological stress are just 
a few factors shaping how our body reacts to the external 
environment.

Figure 3 Accumulative representation of WBC-related blood indices for 2414 patients shown in months from February 2019 until December 2020. (A) Total white blood 
cells (WBC) counts are shown as average for each month ±SEM in 103/µL; (B) Lymphocyte percentages are shown as average for each month ±SEM in percentage; (C) 
Neutrophil percentages levels are shown as average for each month ±SEM in percentage.

Table 3 Statistical Analysis for Average Counts of WBC-Related Indices

Parameter Mean PP Mean LP 95% Confidence Interval Unpaired t Test F Test

p-value t df p-value F DFn

WBC 8.423 7.156 −1.712 to −0.8216 <0.001 5.581 1718 <0.001 3.841 1277
LYM 39.98 39.15 −2.217 to 0.5505 NS 1.181 1703 NS 1.110 1266

NEU 50.03 50.91 0.4100 to 3.350 NS 2.508 1702 NS 1.079 1265

Notes: Comparison was performed between the “Lockdown Period: LP”, which lasted for 5 months (from May 2020 until September 2020), and the “Preceding Period: PP” 
which lasted for 10 months (from July 2019 until April 2020). Mean: average value of all data in that particular time period. 
Abbreviation: NS, not significant.
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Here we show that RBC counts along with hemoglobin 
and hematocrit levels showed a significant increase in our 
target population during the lockdown period. This 
increase can be attributed to many factors, most notably 
smoking. Tobacco smoking is directly linked to an 
increase in RBC counts and related indices. More impor
tantly, many published studies showed that smoking rou
tine increased considerably among people during the 
lockdown as a coping mechanism against physical and 
mental stress.16 Interestingly, the moving average of both 

MCV and MCH showed no significant deviation through
out the year. This was in agreement with previously pub
lished studies showing that smoking had no significant 
effect on those two hematological parameters.17,18

Moreover, RDW rates were lower during the lockdown 
period than before the lockdown. RDW represents the 
uniformity of RBC size, where lower percentages mean 
that all cells are almost the same size.19 This uniformity in 
size may indicate that the overall oxygenation requirement 
levels of those individuals are remarkably similar. Also, 

Figure 4 Difference between average means of blood indices. (A) WBCs: white blood cells. (B) LYM: lymphocytes. (C) NEU: neutrophils. 
Abbreviations: PP, period preceding the lockdown; LP, lockdown period.

Figure 5 Accumulative representation of platelet-related blood indices for 2414 patients shown in months from February 2019 until December 2020. (A) Platelet counts 
are shown as average for each month ±SEM in 106/µL; (B) Platelet distribution width (PDW) levels are shown as average for each month ±SEM in percentage.

Table 4 Statistical Analysis for Average Counts of Platelet-Related Indices

Parameter Mean PP Mean LP 95% Confidence Interval Unpaired t Test F Test

p-value t df p-value F DFn

PLT 361.7 318.2 −61.80 to −25.18 <0.001 4.659 1703 <0.001 2.732 1266

PDW 13.18 12.58 −0.8642 to −0.3345 <0.001 4.439 1587 <0.001 1.700 1167

Notes: Comparison was performed between the “Lockdown Period: LP”, which lasted for 5 months (from May 2020 until September 2020), and the “Preceding Period: PP”, 
which lasted for 10 months (from July 2019 until April 2020). Mean: average value of all data in that particular time period. 
Abbreviation: NS, not significant.
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many researchers have proposed the use of high RDW as 
a pathological marker in many disease models.20–25 RDW 
is an actual representation of volumetric differences 
between many red blood cell populations including mature 
red cells, immature red cells and retics. The same techno
logical concept applies to PDW in the context of platelets. 
Lower RDW might therefore indicate a healthy status, or 
in other terms, the absence of these pathological condi
tions. This finding also contradicts the notion of smoking 
as a detrimental factor of the high levels of RBC, HGB, 
and HCT.

Immunological status of individuals is very hard to 
assess. Many biological factors must be considered, such as 
a healthy diet, physical exercise, proper adherence to medical 
management, and other factors. The collection of blood 
specimens from different individuals before and during the 
lockdown would also generate some statistical bias that 
needs to be taken into consideration. Recent studies from 
Saudi Arabia showed that compliance with the medicinal 
regiment and following a healthy dietary routine were both 
diminished during the lockdown period.26,27 Our results may 
shed some light on the impact of reduced physical activity 
accompanied with high mental stress on individuals’ immune 
systems by using blood indices as a supporting factor.

Disclosure
The author reported no conflicts of interest for this work.
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R E V I E W

Use of Plerixafor for Stem Cell Mobilization in the 
Setting of Autologous and Allogeneic Stem Cell 
Transplantations: An Update

Yavuz M Bilgin

Department of Internal Medicine/ 
Hematology, Admiraal de Ruijter 
Hospital, Goes, the Netherlands 

Abstract: Mobilization failure is an important issue in stem cell transplantations. Stem cells 
are yielded from the peripheral blood via apheresis. Granulocyte colony-stimulating factor 
(G-CSF) is the most commonly used mobilization agent among patients and donors. G-CSF 
is administered subcutaneously for multiple days. However, patients with mobilization fail
ure cannot receive autologous stem cell transplantation and, therefore, cannot be treated 
adequately. The incidence rate of mobilization failure among patients is about 6–23%. 
Plerixafor is a molecule that inhibits the binding of chemokine receptor-4 with stromal-cell- 
derived factor-1, thereby resulting in the release of CD34+ cells in the peripheral blood. 
Currently, plerixafor is used in patients with mobilization failure with G-CSF and is 
administered subcutaneously. Several studies conducted on different clinical settings have 
shown that plerixafor is effective and well tolerated by patients. However, more studies 
should be conducted to explore the optimal approach for plerixafor in patients with mobi
lization failure. The incidence of mobilization failure among donors is lower. However, 
plerixafor is not approved among donors with mobilization failure. Moreover, several clinical 
studies in donors have shown a beneficial effect of plerixafor. In addition, the adverse events 
of plerixafor are mild and transient, which can overcome the adverse events due to G-CSF. 
This review assessed the current role and effects of plerixafor in stem cell mobilization for 
autologous and allogeneic stem cell transplantations. 
Keywords: stem cell mobilization, apheresis, autologous stem cell transplantation, 
allogeneic stem cell transplantation

Introduction
Stem cell transplantation (SCT) is an established treatment for many hematologic 
malignancies. The proportion of patients requiring SCT is still increasing. In 2010 
>30,000 patients received SCT in Europe. Meanwhile in 2019 >48,000 SCTs were 
performed; 59% were autologous and 41% allogeneic SCT. Autologous SCT was 
commonly performed for plasma cell disorders (55%) and lymphoma (36%) and the 
main indications for allogeneic SCT were acute leukemia (54%) followed by 
myelodysplastic syndrome (MDS) (12%).1

Hematopoietic stem cells are collected from the bone marrow or the peripheral 
blood. Hematologic recovery is faster and morbidity is lower if stem cells are collected 
from the peripheral blood. In addition, promoting patient’s comfort the use of periph
eral blood is preferred for a SCT. CD34, a surface marker, is expressed on progenitor 
stem cells. The number of CD34+ cells in the peripheral blood is used for monitoring 
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the collection time of the peripheral blood stem cells and is 
a reliable predictor for a successful stem cell mobilization. 
Peripheral CD34+ cell count is correlated with the number 
of collected CD34+ cells.2,3 CD34+ cells can be yielded 
from peripheral blood after mobilization via apheresis. The 
most commonly used agent for stem cell mobilization is 
granulocyte colony-stimulating factor (G-CSF); it is injected 
subcutaneously for several days until sufficient CD34+ cells 
are measured in the peripheral blood.

Under normal conditions the number of CD34+ cells in the 
peripheral blood is negligible (only <0.05% of the total leu
kocyte count). After mobilization with G-CSF this increases 
up to 5–15 times and the CD34+ cells accounted for up to 6% 
of the total leukocyte count.4 If the pre-apheresis CD34+ count 
is <5×109/L, sufficient stem cell collection is not likely. If the 
CD34+ count is >20×109/L the chance of collecting sufficient 
stem cells in one apheresis session is >90%.5 A position 
statement by the European Group for Blood and Marrow 
Transplantation mentioned that a pre-apheresis CD34+ count 
>20×109/L is sufficient to start stem cell collection.6 Whereas 
in patients with a pre-apheresis CD34+ count between 10–20 
x 109/L the collection of sufficient stem cells can be frequently 
achieved with >1 apheresis sessions.6,7

Stem cells can be mobilized either with (chemomobili
zation) or without chemotherapy. In mobilization without 
chemotherapy, G-CSF is administered for 4 days after 

disease-specific chemotherapy and stem cells are collected 
by apheresis on day 5, if the CD34+ cells in the peripheral 
blood are > 20×109/L (Figure 1A). In chemomobilization, 
G-CSF is administered after the mobilization-chemotherapy 
until there are sufficient CD34+ cells for a successful stem 
cell collection (Figure 1B). Therefore, with chemomobiliza
tion the timing of stem cell collection is unpredictable. In 
addition, there is a higher risk of bone marrow damage and 
toxicity resulting in more hospitalization. Nonetheless, che
momobilization results in a higher mobilization yield and 
has an anticancer effect.8 In patients with non-Hodgkin’s 
lymphoma (NHL) disease-specific chemotherapy followed 
by stem cell mobilization is the preferred strategy, which is 
effective and avoids additional chemomobilization in these 
heavily treated patients.6 In patients with multiple myeloma 
(MM) chemomobilization with high-dose (≥3 g/m2) cyclo
phosphamide is the most commonly used strategy. However, 
a recent study reported that chemomobilization with low- 
dose cyclophosphamide (2 g/m2) is a safe mobilization regi
men with stem cell collection rates comparable to that of 
high-dose cyclophosphamide.9 Further, healthy donors are 
mobilized with G-CSF 1–2 daily subcutaneous injections for 
4–5 days (Figure 1C).

A collection of CD34+ cell count of ≥2×106/kg is 
considered as sufficient for a SCT. Nevertheless, transplan
tations with a CD34+ cell count of ≥5×106/kg are 

A

B

C

Disease-
specific 

chemotherapy

Mobilization 
chemotherapy

At day 5:
CD34+ cells >20x109/L

Start stem cell 
collection

G-CSF

Collection of CD34+ 
>2x106/kg:

Successful mobilization

Disease-
specific 

chemotherapy

G-CSF

After several days:
CD34+ cells 
>20x109/L

Start stem 
cell 

collection

Collection of CD34+ 
>2x106/kg:

Successful mobilization

At day 5:
CD34+ cells >20x109/L

Start stem cell 
collection

Collection of CD34+ 
>2x106/kg:

Successful mobilization

G-CSF

Figure 1 Strategies for stem cell mobilization in practice. Possible strategies in stem cell mobilization: with G-CSF only (A), with chemotherapy (B), in healthy donors (C). 
Abbreviation: G-CSF, granulocyte colony-stimulating factor.
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associated with faster hematopoietic recovery, thereby 
resulting in a lower incidence of blood transfusions and 
shorter hospital stay.10 Further, a recent study showed 
a better 5-year overall survival when the patients are 
transplanted with higher number of CD34+ cells 
(>2.65×106/kg).11

Mobilization Failure Among 
Patients and Donors
Mobilization failure is defined as not able to collect 2×106/ 
kg CD34+ cells.12 Mobilization failure is an important 
issue and has significant consequences among patients. 
The incidence of mobilization failure among patients is 
not fully documented, however the rate varies between 6% 
and 23%.8,13 These patients cannot receive an autologous 
SCT and, subsequently, cannot be treated adequately. This 
has a significant impact on outcome with a 3-year survival 
rate of 33% in patients with mobilization failure and 71% 
in those with a successful mobilization.14 A second 
attempt to remobilize with G-CSF is not effective and 
has a high failure rate. In a previous study only 23% of 
patients collected sufficient CD34+ cells with remobiliza
tion with G-CSF.15 Mobilization failure is associated with 
several factors including age, advanced disease, premobi
lization platelet count <100×109/L, multiple chemotherapy 
lines, previous radiotherapy, pretreatment with alkylating 
agents, purine analogs or immune-modulators, diabetes 
and smoking.4,7

The Italian Group for Stem Cell Transplantation 
GITMO (Gruppo Italiano Trapianto di Midollo Osseo) 
developed definitions for patients with mobilization 
failure.16 Patients with peripheral blood CD34+ cells 
<20×109/L after adequate mobilization with G-CSF and 
patients who are not able to collect 2×106/kg after ≤3 
apheresis are characterized as proven poor mobilizers. 
Further, patients are defined as predicted poor mobilizers 
if they had a previous mobilization failure, they previously 
received extensive radiotherapy or they met two of the 
following criteria: advanced disease (≥2 lines of che
motherapy), refractory disease, extensive bone marrow 
involvement or cellularity <30% at time of mobilization 
or age ≥65 years.

In contrast, in healthy donors mobilization failure with 
G-CSF is uncommon, with an estimated incidence rate 
between 5% and 10%.17 Female gender, older age, low 
weight and premobilization low leukocyte count were 
associated with mobilization failure among donors.18 

Most donors experienced side effects after administration 
of G-CSF (>80%); which commonly include bone pain, 
headache, fatigue and nausea/vomiting.19 Further, transient 
splenomegaly and even spleen rupture are observed.20

Use of Plerixafor for Autologous 
SCT
Plerixafor (AMD3100) is a bicyclam molecule, which rever
sibly blocks chemokine receptor-4 (CXCR-4), thereby inhi
biting binding with its ligand stromal-cell-derived factor-1 
(SDF-1). This mechanism results in the release of hemato
poietic progenitor cells in the blood circulation.21 

Randomized (phase III) trials including patients with MM 
and NHL have shown that addition of plerixafor to upfront 
mobilization was associated with significantly higher CD34 
+ cells.22,23 Patients with MM have a higher CD34+ cell 
count than those with NHL (71% vs 59%). The two trials 
were followed by compassionate use programs in patients 
with mobilization failure with G-CSF. These patients 
received G-CSF in combination with plerixafor in 
a remobilization attempt; the success rates varied from 
60% to 80%.24 Based on these studies the use of plerixafor 
in patients with mobilization failure with G-CSF was 
approved by the Food and Drug Administration (FDA) and 
the European Medicines Agency (EMA).

Several approaches with the use of plerixafor were 
investigated in patients with (predicted) mobilization fail
ure: pre-emptive and risk-adapted approaches and in 
a second attempt to mobilize. The possible approaches are 
depicted in Figure 1. Plerixafor is added in the pre-emptive 
approach for patients with predicted mobilization failure 
based on pre-apheresis CD34+ cell count. Plerixafor is 
recommended in the mobilization scheme when the targeted 
CD34+ cell count in the peripheral blood is <10×109/L on 
days 4–5 of mobilization with G-CSF alone. If the CD34+ 
cell count is <10×109/L in patients with chemomobilization 
after 12–14 days, the incidence rate of predicted mobiliza
tion failure is high.25 Therefore, in these patients plerixafor 
is recommended if the CD34+ cell count in the peripheral 
blood is <10×109/L and the leukocyte count is increasing. In 
patients with CD34+ cell count between 10–20×109/L 
a dynamic approach is suggested based on patient’s char
acteristics and treatment history.6,7 In these patients apher
esis can be started and plerixafor is mandatory if insufficient 
CD34+ is collected (<2×106/kg). In addition, plerixafor is 
recommended when <25% of the targeted CD34+ cells is 
collected on the first day of apheresis (Figure 2A).6,7 
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Several studies showed that this pre-emptive approach 
resulted in almost 4-fold increase in CD34+ cells in the 
peripheral blood after administration of plerixafor, with 
mobilization rates of >90%.26–28 In another approach pler
ixafor is administered to patients who are at high-risk for 
mobilization failure (predicted poor mobilizers) based on 
baseline characteristics (Figure 2B). A low failure rate 
(~4%) was observed with this approach as well.28 Until 
now, it is not clear which approach is superior. Both 
approaches were compared in two nation-wide surveys (in 
France and Canada). In both studies the success rates of 
both approaches were comparable (>70%).29,30 However, 
more studies should be performed to investigate the optimal 
use of plerixafor in patients with (predicted) mobilization 
failure.

Some studies investigated the effect of plerixafor in 
a second remobilization attempt after previous failure with 
plerixafor (Figure 2C). Also, in these studies high success 
rates (66–83%) were achieved.31,32 In one analysis pretreat
ment with fludarabine, low premobilization platelet count 
(<140×109/L), age >65 years and radiotherapy were 

significant predictors of mobilization failure with 
plerixafor.33 Other studies revealed that patients receiving 
fludarabine- and lenalidomide-based induction regimens 
required higher number of plerixafor administrations to 
achieve a successful mobilization.34,35 To date novel drugs 
are used in induction therapy among patients with hemato
logic malignancies. Daratumumab, a novel monoclonal 
CD38 antibody, is increasingly administered to transplant- 
eligible newly diagnosed myeloma patients. In one study 
patients who received daratumumab during induction ther
apy required significant more administrations of plerixafor 
for a successful mobilization than in those who did not 
received it (21.7% versus 7.9%).36 Further, the effects of 
the novel drugs in hematologic diseases should be elucidated 
in the future.

Patients with a very low pre-apheresis CD34+ cell 
count (<5×109/L) have a significantly low probability for 
a successful mobilization. Even in these patients the addi
tion of plerixafor was beneficial. The success rate was 
>70% in patients with a pre-apheresis CD34+ count of 
<5×109/L.37 In another analysis, mobilization was 

A

B

C

High-risk patients for 
mobilization failure 

(predicted poor 
mobilizers)

Upfront mobilization 
with G-CSF and 

plerixafor 

Mobilization failure 
with G-CSF, if:

CD34+ <10x109/L on 
day 4-5 (mobilization

with G-CSF only)

CD34+ <25% of target 
on day 1 of apheresis 
or <2x106/kg collected

Add plerixafor   

Mobilization failure 
with G-CSF and 

plerixafor

Remobilization with G-
CSF and plerixafor

CD34+ <10x109/L and 
increasing leukocytes 
(chemomobilization)

Figure 2 Approaches for use of plerixafor in patients with (predicted) mobilization failure. Approaches for the use of plerixafor: after mobilization failure with G-CSF (A), in 
patients with high-risk for mobilization failure with G-CSF (B), in patients with mobilization failure with G-CSF and plerixafor (C). 
Abbreviation: G-CSF, granulocyte colony-stimulating factor.
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successful in about 50% of patients with pre-plerixafor 
CD34+ cell count of 0–1×109/L and >70% of those with 
a CD34+ cell count >2×109/L.34 Plerixafor is recom
mended to be injected subcutaneously 9–11 hours before 
the planned apheresis. Some studies have shown that the 
peak of CD34+ cells with plerixafor was observed at an 
earlier time (3 and 8 hours) in patients with poor 
mobilization.38,39 Therefore, in these patients the peak of 
CD34+ cells can be missed and consequently sufficient 
CD34+ cells cannot be collected. One recent study has 
shown that the efficacy is higher if apheresis was per
formed on the same day as the administration of 
plerixafor.40 However, there are limited studies regarding 
the effect of plerixafor on the kinetics of stem cell 
mobilization.

To date plerixafor is widely used in patients with MM 
and NHL with mobilization failure with G-CSF. Further, 
plerixafor improved mobilization rates in patients with 
other diagnoses. In patients with Hodgkin’s lymphoma 
the success rate was 74%.41 This was even higher in 
patients with nonhematologic malignancies (85%) and in 
children with malignant diseases (87%).42,43 In addition, 
plerixafor was successful for the purpose of gene therapy 
in sickle cell disease.44 Due to the possible mobilization of 
leukemic cells plerixafor is not recommended for acute 
myeloid leukemia (AML). Although a recent small study 
showed a successful mobilization with plerixafor in 5 
(minimal residual disease negative) AML patients with 
mobilization failure.45

With plerixafor-induced mobilization more immature 
CD34+/CD38-cells and T- and NK-cells are collected, 
which can lead to faster hematopoietic recovery after 
transplantation.46,47 Few studies have shown that the grafts 
of MM patients had a higher number of NK-cells and 
CD19+ cells than those of NHL patients. However, no 
difference was observed in recovery.48–50 Further, the 
long-term effects of mobilization with plerixafor compared 
with G-CSF did no differ in progression-free survival or 
5-year survival.51 However, one study showed that 5 of 43 
patients developed secondary MDS or AML 29 months 
after an autologous SCT.52

The administration of plerixafor is well tolerated and 
<2% of patients reported adverse events. Of which the 
most common were nausea/vomiting, diarrhea, fatigue, 
and headache. All adverse events resolved immediately 
and there were no grade 3 or 4 events.53 Plerixafor is 
costly, this might be an important factor in the use 
among patients with mobilization failure. However, some 

studies have shown that patients who received plerixafor 
required less apheresis sessions, which can equalize the 
costs of plerixafor.54,55 Moreover, lower cost was men
tioned in cost-simulation analyses in patients with upfront 
stem cell mobilization with plerixafor compared to 
G-CSF.56,57 More studies are warranted to evaluate the 
cost-effectiveness of plerixafor.

Plerixafor for Allogeneic SCT
The use of plerixafor is not approved for allogeneic SCT. 
Since 2011 several case reports mentioned for the first that 
donors had a successful mobilization using plerixafor after 
mobilization failure with G-CSF.58,59 In the last years few 
studies have investigated the role of plerixafor among 
healthy donors.

In human leukocyte antigen (HLA)-identical and 
haplo-identical donors plerixafor was administered using 
several approaches: upfront,60,64,66,67 pre-emptive after 
failure with G-CSF,61,62,65,68,69 or remobilization after 
mobilization failure with G-CSF.63 Moreover plerixafor 
was used successfully for haplo-identical SCT requiring 
a higher number of CD34+ cells.61,62,65 The characteristics 
of these studies are depicted in Table 1. In studies with 
upfront approach the median collected CD34+ after single 
injection with plerixafor was 2.9 x 106/kg to 4.7×106/kg. 
Although the failure rate with a single injection with 
plerixafor was high (33% to 48%) and subsequently 
a second gift of plerixafor was necessary to achieve 
a successful stem cell collection. In two studies published 
in 2021 plerixafor was added pre-emptively to the mobili
zation with G-CSF.68,69 The peripheral CD34+ cell count 
showed 2.9-fold and 3.4-fold increases after adding 
a single injection of plerixafor. In these two studies, the 
collected CD34+ cells was 1.1×106/kg and 1.6×106/kg 
with G-CSF alone and it was raised to 2.8×106/kg and 
4.9 x 106/kg with the combination G-CSF and plerixafor. 
Therefore, these studies suggest that if the collected CD34 
+ cells are not sufficient for an allogeneic SCT, addition of 
a single injection of plerixafor to the mobilization with 
G-CSF can be effective. Further, in some studies with 
healthy donors plerixafor was administered at different 
doses (0.24 mg/kg or 0.32 mg/kg). In one study plerixafor 
was administered at a higher dose (0.48 mg/kg) resulting 
in a higher peak of CD34+ cells, indicating that this might 
improve harvesting.70 In contrast, another study showed 
no difference in failure rates in patients who were injected 
intravenously with higher doses of plerixafor (0.32 mg/kg) 
compared with those who were subcutaneously injected 
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with plerixafor (0.24 mg/kg).64 More studies should be 
conducted to investigate the use of plerixafor for an allo
geneic SCT.

In addition, among donors the use of plerixafor is well 
tolerated. About 60–70% presented grade 1–2 adverse events 
and no donor experienced grade 4 events. The most common 
events were tingling, pain, fatigue, nausea, diarrhea, abdominal 
bloating and injection site reactions.66,68 All events resolved 
immediately, in contrast with G-CSF no bone pain was 
observed after administration of plerixafor.67 This suggests 
that the adverse events of administration of G-CSF for multiple 
days can overcome with one or two injections of plerixafor. 
Further, it has been suggested that viral infections can nega
tively influence stem cell mobilization with G-CSF. In one 
case-report sufficient CD34+ cells was collected with single 
gift of plerixafor in a donor with influenza A and mobilization 
failure with G-CSF.71 Nevertheless, the possible effects of the 

COVID-19 pandemic on mobilization failure should be eval
uated in the future.

Immunologic studies have shown higher CD3+ and 
CD4+ cell counts in grafts mobilized with plerixafor, 
however there was no increase in the incidence of graft- 
versus-host disease.72 Some studies have shown that in 
allogeneic SCT engraftment of neutrophils and platelets 
after stem cell mobilization with plerixafor was faster than 
that with mobilization failure with G-CSF.67,73

Future Directions
Plerixafor was the first drug that has been approved for 
patients with mobilization failure. In recent years, early 
phase or preclinical trials were conducted to assess the 
efficacy of novel agents. The use of POL6326, a CXCR- 
4 antagonist, was effective based on a Phase II trial con
ducted on myeloma patients,74 and another CXCR-4 

Table 1 Studies with Plerixafor for Allogeneic Stem Cell Transplantation

Author/ 
Year

No. 
Donors

Transplantation 
Setting

Mobilization Setting Plerixafor 
Dose

CD34+ in PB After 1 
Gift Plerixafor (Median; 
x109/L)

Failure After 
1 Gift 
Plerixafor

Total CD34+ 
Collected 
(Median; x106/kg)

Devine/ 

200860

25 HLA-identical siblings Upfront 0.24 mg/kg 

sc

16 33% 2.9

Hauge/ 

201461

6 Haplo-identical (n=4)/ 

HLA-identical (n=2) 

donors

Pre-emptive 0.24 mg/kg 

sc

Too small sample size None Too small sample size

Gattilo/ 

201562

10 Haplo-identical (n=8)/ 

HLA-identical (n=2) 

donors

Pre-emptive (n=8)/ 

contraindication to 

G-CSF (n=2)

0.35 mg/kg 

sc

41 Not 

documented

2.8

Fiala/ 

201663

32 Not documented Remobilization Not 

documented

30 None 7.1

Schroeder/ 

201764

21 HLA-identical siblings Upfront, Phase 1 0.24 mg/kg 

sc

Not documented 33% 3.5

Schroeder/ 

201764

29 HLA-identical siblings Upfront, Phase 2 0.32 mg/kg 

iv

Not documented 34% 2.9

Jaiswal/ 

201765

26 Haplo-identical 

donors

Pre-emptive 0.24 mg/kg 

sc

136 0% 2.7

de Greef/ 

201966

23 HLA-identical siblings Upfront 0.32 mg/kg 

sc

26 48% 3.3

Chen/ 

201967

64 HLA-identical siblings Upfront 0.24 mg/kg 

sc

19 30% 4.7

Holig/ 

202168

37 HLA-identical donors Pre-emptive 0.24 mg/kg 

sc

44 43% 3.7

Cid/ 

202169

30 HLA-identical donors Pre-emptive 0.24 mg/kg 

sc

55 17% 4.2

Abbreviations: HLA, human leukocyte antigen; G-CSF, granulocyte colony-stimulating factor; sc, subcutaneous; iv, intravenous; PB, peripheral blood.
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antagonist, BKT140, was found to be associated with a 78- 
fold increase in the number of stem cells.75 Moreover, it 
was even more effective than the combination of G-CSF 
and plerixafor. Parathormone (PTH), SEW2871, 
a sphingosine-1 phosphate agonist, and BIO5192, an inhi
bitor of VLA-4/VCAM, increased the number of stem 
cells in mobilization in animal studies.76 However, the 
use of more novel agents with promising results among 
healthy donors and animals are still investigated.

Conclusions
SCT is a well-established for patients with hematologic malig
nancies. Mobilization failure is an important issue as it is 
associated with poor survival. Plerixafor is the first agent 
approved for patients with mobilization failure with G-CSF. 
The success rates are high. Therefore, more patients can be 
treated adequately with autologous SCT. In patients with pre- 
apheresis very low CD34+ cell count plerixafor is effective. 
Plerixafor is well tolerated with mild adverse events which 
resolve immediately. However, there is no consensus on the 
optimal approach with plerixafor in patients with mobilization 
failure with G-CSF. The use of plerixafor for allogeneic SCT 
plerixafor has not been approved yet. Only few studies have 
shown that plerixafor is efficient among donors. Moreover, the 
adverse events of G-CSF can be overcome with the use of one 
or two injections of plerixafor among donors. To assess the 
optimal use of plerixafor for autologous and allogeneic SCTs 
more clinical, immunologic and cost-effectiveness studies 
should be conducted. Further, the effects of the COVID-19 
pandemic in stem cell mobilization must be elucidated in the 
future.
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Aim: The aim of the present study was to assess the safety and effectiveness of non-vitamin 
K antagonist oral anticoagulants (NOACs) versus vitamin K antagonists (VKAs) in atrial 
fibrillation (AF) patients undergoing electrical cardioversion (EC).
Methods: A propensity score-matched analysis was performed in order to identify two 
homogeneous groups including AF patients on NOACs and VKAs treatment scheduled for 
EC. The primary safety endpoint was major bleeding. The composite of stroke, transient 
ischemic attack (TIA) and systemic embolism (SE) was the primary effectiveness endpoint. 
The discontinuation rate of anticoagulant therapy was assessed.
Results: A total of 495 AF patients on NOACs therapy and scheduled for EC were 
compared to 495 VKAs recipients. No statistically significant differences in the incidence 
of both major bleeding (1.01% versus 1.4%; P= 0.5) and thromboembolic events (0.6% 
versus 0.8%; P= 0.7) were observed during a mean follow-up of 15 ± 3 months. The 
discontinuation rate of NOACs was significantly lower compared to VKAs (1.6% versus 
3.6%, P=0.04).
Conclusion: We showed a safe and effective clinical profile of NOACs among AF patients 
scheduled for electrical cardioversion in real-life setting. Patients on NOACs therapy showed 
a lower discontinuation rate compared to those on VKAs.
Keywords: atrial fibrillation, electrical cardioversion, transesophageal echocardiogram, non- 
vitamin K antagonist oral anticoagulants, discontinuation rate, vitamin K antagonists

Introduction
An increased risk of peri-procedural thromboembolic events was shown among 
atrial fibrillation (AF) patients undergoing electrical cardioversion;1 in particular it 
is about 7% in those who underwent cardioversion without adequate anticoagula
tion. The safety and efficacy of non-vitamin K antagonist oral anticoagulants 
(NOACs) in AF patients have been demonstrated in large randomized clinical trials 
(RCTs)2–5 and real-world observational studies,6–10 resulting in a rapid increase of 
their use across different clinical scenarios.11–19 Both RCTs post-hoc analyses20–23 

and observational studies24–26 evaluating the periprocedural use of NOACs in AF 
patients undergoing EC showed a similar risk of thromboembolic and bleeding 
events compared to vitamin K antagonists (VKAs). The current guidelines recom
mend the early use of NOACs before every AF cardioversion. For patients with AF 
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lasting more than 48 hours the oral anticoagulation is 
recommended at least 3 weeks before cardioversion and 
for at least 4 weeks afterwards.27,28 Actually, little is still 
known about the clinical outcomes of AF patients on 
NOACs therapy undergoing EC.29–33 The aim of our 
study was to assess the safety and effectiveness of 
NOACs compared to VKAs treatment in AF patients 
scheduled for transesophageal echocardiography (TEE)- 
guided EC.

Materials and Methods
All consecutive AF patients followed at our Institution 
were prospectively included in the multicenter Atrial 
Fibrillation Research Database, which actually includes 
7230 AF patients. Among this population, we retrospec
tively analyzed a cohort of 1510 patients (ambulatory 
setting) scheduled for TEE-guided EC at our Institution- 
University of Campania “Luigi Vanvitelli”, Naples from 
September 2017 to September 2019. All AF patients 
included in the Database were on oral anticoagulant treat
ment, both NOACs and VKAs. The indication to NOACs 
or VKAs was based on treating physician’s decision. All 
AF patients were OAC treatment naïve at inclusion and 
were treated on oral anticoagulants at least 3 weeks before 
cardioversion.

At each 6 months follow-up visit, during a mean follow 
up of was 15± 3 months, the clinical status, occurrence of 
stroke, transient ischemic attack (TIA), systemic embolism 
(SE), myocardial infarction, major bleeding (MB), clini
cally relevant non-major bleedings (CRNMB) or other 
side effects were assessed. Patients with a diagnosis of 
persistent non-valvular AF (duration>48 h), aged≥18 years 
and without contraindications to oral anticoagulant therapy 
were eligible for inclusion in the study. Patients with 
a follow-up less than one year (n:11), patients on VKAs 
treatment with time in therapeutic range (TTR) lower than 
70% (n:29) and patients with previous left atrial thrombo
sis or gastrointestinal major bleeding history were 
excluded from the study.

The electrical cardioversions were electively per
formed in electrophysiology operating room through 
biphasic DC shock from 150 to 200 Joules, depending on 
the patients weight, in deep sedation with propofol admi
nistered with the anesthetist support. Adherence to treat
ment was defined by using the cutoff point for proportion 
of days covered ≥ 80% from the first anticoagulants pre
scription; in presence of proportion of days on anticoagu
lant treatment ≤ 80% we considered a therapy 

discontinuation. The adherence to treatments was checked 
before and after cardioversion through an accurate ana
mnesis. The most frequent causes of anticoagulant treat
ment discontinuation were dyspepsia, gastrointestinal 
disorders and poor compliance.

Two groups (NOACs versus VKAs) without significant 
differences in baseline characteristics were generated by 
propensity score matching analysis (Table 1). The occur
rence of major bleedings (MBs), defined according to the 
International Society of Hemostasis and Thrombosis 
(ISTH) criteria,34 and of thromboembolic events, defined 
as composite of ischemic stroke, systemic embolism and 
transient ischemic attack, were considered the primary 
safety and effectiveness endpoints, respectively. Ischemic 
stroke was defined as an event of neurologic deficit in the 
absence of an intracranial hemorrhage, diagnosed by cere
bral computerized tomography and lasting more than 24 
hours. TIA was considered as a temporary neurologic 
deficit lasting more than 24 hours. SE was defined as an 
extremity or organ acute vascular occlusion.34 The second
ary safety and effectiveness endpoints included all-cause 
mortality and the clinically relevant non-major bleeding 
(CRNMB) events, respectively. CRNMB was defined as 
a clinically evident bleeding not meeting the criteria for 
MB but requiring medical intervention, pain, unscheduled 
contact (visit or telephone) with a physician, temporary 
interruption of study drug (ie, delayed or missed dosing) or 
impairment of daily activities according to ISTH criteria.34 

The institutional review committee of University of 
Campania – Monaldi Hospital approved the database and 
the present analysis.

Statistical Analysis
Categorical data were expressed as number and percen
tage, while continuous variables either as median and 
interquartile range [IQR] or mean and standard deviation 
(SD), based on their distribution assessed both by the 
Kolmogorov–Smirnov and the Shapiro–Wilk tests. 
Between group differences, for categorical variables, 
were assessed by the Chi-square test, as the sample size 
was >50 subjects, with the application of Yates correction 
where appropriate. Either parametric Student t test or non- 
parametric Mann–Whitney U-Test and Wilcoxon test were 
instead used to compare continuous variables, according to 
their distribution. The nearest neighbor propensity score 
matching with 1:1 ratio was used to minimize bias 
between NOACs and VKAs groups. The variables 
included in the propensity score were: age, female sex, 
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BMI, hypertension, CHA2DS2-VASc score, HAS-BLED 
score, diabetes mellitus, heart failure, prior stroke/TIA, 
prior myocardial infarction (MI), glomerular filtration 
rate, left atrial diameter, indexed left atrial volume and 
left ventricular ejection fraction. All collected covariates 
were defined at inclusion according to clinical criteria. 
Persisting significant differences in baseline characteristics 
after matching were checked. For all test, a p value <0.05 
was considered statistically significant. All statistical ana
lyses were performed using RStudio (RStudio Team 
(2016). RStudio: Integrated Development for R. RStudio, 
Inc, Boston, MA URL http://www.rstudio.com/.)

Results
1510 consecutive AF patients scheduled for TEE-guided 
EC and who received NOACs (n: 825) or VKAs therapy 
(n: 625) have been analyzed. 495 NOACs [24% in dabiga
tran (DAB),26% in apixaban (API), 28% in edoxaban 
(EDO), 22% in rivaroxaban (RIVA) treatment]and 495 
VKAs recipients with similar demographic and clinical 
characteristics were identified by propensity score match
ing. Table 1 shows the baseline characteristics of study 

population before and after propensity score matching. 
The mean follow-up was 15± 3 months for both NOACs 
and VKA groups. 11 patients with a follow up of < 1 year 
were excluded to perform an accurate analysis of the long- 
term safety and effectiveness outcomes of AF patients on 
anticoagulant therapy. None of them experienced throm
boembolic or bleeding events. 29 VKAs patients with time 
in therapeutic range lower than 70% were excluded in 
order to eliminate the possible bias due to a not well 
controlled VKAs treatment. After PSM, all AF patients 
were taking only full dosages of NOACs.

A left atrial appendage thrombus was revealed by TEE 
in four patients (0.4%) in whom the EC was not performed 
and they were excluded from the analysis. After PSM, all 
AF patients were taking only full dosages of NOACs. 
Time in therapeutic range did not vary between VKA 
users and did not affect results.

These patients presented high thromboembolic risk and 
moderate renal impairment: two patients (0.4%) in the 
NOACs group [CHA2DS2VASc score: 5 and creatinine 
clearance (CC; calculated by Cockcroft-Gault Equation): 
36 milliliter/minute in one patient in RIVA therapy;CHA2 

Table 1 Baseline Clinical Characteristics of the Study Population Before and After Propensity Score Matching

Variable Before Propensity Score Matching After Propensity Score Matching

NOACs (n=825) VKAs (n=625) P-value NOACs (n=495) VKAs (n=495) P-value

Age (years) 64.1±10.4 73.9±6.4 <0.001 63.3±10.1 64.1±9.9. 0.73

Female (%) 45.4 43.1 0.58 43.5 42.8 0.72
BMI (kg/m2), 26.8±5.9 28.8±7.1 0.82 25.9±8.3 26.4±7.1 0.77

Hypertension (%) 48.6 58.2 0.001 50.2 53.1 0.57

CHA2DS2VASc score 2.6± 1.4 3.2± 1.5 0.02 2.3±0.4 2.2 ± 0.5 0.56
HAS-BLED score 2.5 ±1.1 3.3 ±1.0 0.001 2.4 ±1.1 2.1 ±1.5 0.55

Diabetes Mellitus (%) 16 25 0.06 13 14 0.4

Heart failure (%) 17.8 27.2 0.002 22.5 23.3 0.8
Previous stroke/TIA (%) 27.8 37.4 0.001 28.8 29.3 0.6

Previous MI (%) 8.2 13.1 0.01 5.6 6.2 0.7

CrCl (milliliter/minute) 71.3±12.1 60.5±12.9 0.001 70.3±21.1 71.2±21.2 0.7
Left atrial diameter (millimeters) 45.3±5.7 46.7±5.6 0.8 46.2±4.3 47.1±5.4 0.9

LAVI (milliliter/meter2) 32.2±1.1 33.4±1.5 0.42 32.4±2.4 33.1±1.2 0.7

LV EF (%) 53.2±6.4 44.3±6.1 0.002 55.3±5.1 54.4±3.8 0.8
TEE performed (%) 100 100 100 100

Antiplatelets (%) 21 18 0.8 20 19 0.8

PPI (%) 88 85 0.5 86 84 0.5
Beta-blockers (%) 90 92 0.5 89 87 0.5

ACE-I or ARBs (%) 75 77 0.5 74 73 0.5

Notes: Values are expressed as mean ± SD unless otherwise stated. 
Abbreviations: NOACs, non-vitamin K antagonist oral anticoagulants; SD, standard deviation; BMI, body mass index; LAVI, Indexed left atrial volume; MI, myocardial 
infarction; LV EF, left ventricular ejection fraction; TEE, transesophageal echocardiogram; TIA, transient ischemic attack; CrCl, creatinine clearance; PPI, proton pump 
inhibitors; ACE-I, angiotensin converting enzyme inhibitors; ARBs, angiotensin II receptors blockers.
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DS2VASc score: 6 and CC: 34 milliliter/minute in one 
patient in DAB therapy]; and two patients (0.4%) in the 
VKAs group (INR: 2.2; CHA2DS2VASc c score: 4; CC: 

32milliliter/minute in one patient and INR 2.1; CHA2DS2 

VASc score: 3; CC: 31 milliliter/minute in another 
patient). The EC was performed within 23±2 days. There 

Figure 1 Kaplan Meier survival curve analysis estimating the risk of major bleedings in VKA and NOAC groups.

Figure 2 Kaplan Meier survival curve analysis estimating the risk of thromboembolic events in VKA and NOAC groups.
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was an acute cardioversion success rate of 87.6% (n: 434/ 
495) in the NOACs group and of 85.6% (n: 424/495) in 
the VKAs group (P=0.35). All patients continued the 
anticoagulation treatment four weeks after EC, having 
a CHA2DS2VASc score greater than 2. The primary safety 
endpoint was experienced by 12 patients (5 in NOACs and 
7 in VKAs). The cumulative MBs incidence was 1.01% in 
the NOACs group and 1.4% in the VKAs group (P= 0.5) 
(Figure 1). The intracranial hemorrhages (ICH) percentage 
was 0.2% in NOACs group (1/495) and 0.4% in VKAs 
group (P=0.6). The gastrointestinal bleedings (GIB) per
centage was 0.8% in NOACs group (4/495) and 1.01% in 
VKAs group (P=0.7). The hemorrhagic event rates were 
1.6% in Dabigatran group (n 2/119), 0.9% in rivaroxaban 
group (1/109), 0.8% in apixaban group (n 1/129), 0.7% in 
edoxaban group (n 1/138). The primary effectiveness end
point was experienced by 7 patients (3 in NOACs and 4 in 
VKAs). The cumulative thromboembolic events incidence 
was 0.6% in NOACs group and 0.8% in VKAs group (P= 
0.7) (Figure 2). The thromboembolic event rate was 0.8% 
in dabigatran group (n 1/119), 0.9% in rivaroxaban group 
(n 1/129), 0.7% in apixaban group (n 1/129). There were 
not thromboembolic events in edoxaban group. We found 
no significant differences in terms of thromboembolic and 
hemorrhagic event rates between NOACs. The cumulative 
incidence of all-causes mortality was 0.6% (n: 3) in the 

NOACs group and of 0.8% (n: 4) in VKAs group (P= 0.7) 
(Figure 3). The cumulative incidence of CRNMB events 
was 1.2% (n: 6) in the NOACs group and 2.2% (n: 11) in 
the VKAs group (P= 0.2). The anticoagulant treatment 
discontinuation rate was 1.6% (N: 8) in the NOACs 
group and 3.6% (n: 18) in the VKAs group (P= 0.04) 
(Table 2).

Discussion
The clinical performance of NOACs among AF patients 
scheduled for EC in real life setting represents an unmet 
medical need. Previous meta-analyses showed NOACs 
effectiveness and safety versus VKAs in the cardiover
sion setting including AF patients from randomized clin
ical trials (X–Vert, Ensure-AF and Emanate study).35–37 

Our study assessed the NOACs safety and effectiveness 
versus VKAs treatment including only real-world 
patients with AF, scheduled for TEE-guided electrical 
cardioversion and followed for at least twelve months. 
Our experience did not show significant differences in 
the cumulative incidence of major bleedings, throm
boembolic events, CRNMB and all-cause mortality 
between AF patients on NOACs compared to those on 
VKAs. Our real-world data confirmed the results of three 
previous RCTs (X–VeRT, ENSURE, EMANATE) which 
prospectively compared NOACs (rivaroxaban, edoxaban 

Figure 3 Kaplan Meier survival curve analysis estimating the risk of overall mortality in VKA and NOAC groups.
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and apixaban) versus VKAs in patients undergoing AF 
cardioversion,24–26 supporting the evidence of their use 
in the real-world setting.

The optimal and persistent use of NOACs is of pivotal 
importance for the thromboembolic risk reduction in AF 
patients. Among our study population, the NOACs treat
ment was characterized by a lower discontinuation rate 
compared to VKAs therapy, confirming previous real- 
world studies data.38 Furthermore, low and similar inci
dences of left atrial appendage thrombus revealed by TEE 
were reported in NOACs (0.4%) and VKAs (0.4%) ther
apy groups, lower than those showed by previous prospec
tive randomized studies in which the left atrial appendage 
thrombus percentage ranged from 3.5 to 8%.25–27 These 
differences could be related to the different clinical fea
tures between our study cohort and those of randomized 
clinical trials. In particular, our patients showed a mean 
CHA2DS2VASc score (2.3±0.4 in NOACs group versus 
2.2 ± 0.5 in VKAs group) lower than those of patients 
included in the RCTs[2.3 (1.6) in X–Vert study (24); 2–6 
(SD 1·4) in Ensure-AF study;25 2.4±1.7 in Emanate 
study.26

The high thromboembolic risk and the moderate renal 
impairment might be clinical predictors of left atrial 
thrombus in real-world setting. Further studies on larger 
populations are necessary to confirm this hypothesis.

Limitations
The data collection performed in a single hospital repre
sents a limitation of this study. The side effects detection 

is usually more accurate in RCTs than in real life mono
center observational studies. Since our study included 
mostly AF patients with low CHA2DS2VAsc score, con
served glomerular filtration rate and left ventricular ejec
tion, our results cannot be generalized to the overall AF 
population undergoing electrical cardioversion. 
Moreover, the exclusion of VKA patients with low TTR 
could cause analysis bias in favour of VKA treatment. 
Therefore, further studies with larger sizes are needed to 
detect any eventual differences in haemorrhagic and 
thromboembolic events between patients on NOACs 
and those on VKAs treatment undergoing AF electrical 
cardioversion, given the low incidence of haemorrhagic 
and thromboembolic events with each of the two 
strategies.

Conclusions
The present propensity score-matched study showed a safe 
and effective clinical profile of NOACs in AF patients 
scheduled for electrical cardioversion with no statistically 
significant differences in the both bleeding and throm
boembolic events incidences compared to VKAs. 
NOACs therapy was associated with lower discontinuation 
rate, supporting the hypothesis of a better compliance 
among AF patients undergoing EC.

Disclosure
The authors report no conflicts of interest in this work.
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Background: Immune thrombocytopenic purpura (ITP) is an autoimmune disease charac
terized by low platelet counts resulting from antiplatelet autoantibodies. Analysis of poly
morphisms in cytokine-encoding genes is important for understanding the pathophysiology 
of ITP and selecting appropriate treatments. We investigated associations between poly
morphisms in cytokine-encoding genes and responses to therapy in Japanese patients with 
ITP.
Methods: The participants in this study comprised 153 patients with ITP and 70 healthy 
controls. We extracted data on sex, age, platelet counts, bleeding symptoms, and therapeutic 
responses, including those to prednisolone (PSL) and eltrombopag. Genomic DNA was 
isolated from peripheral blood and polymorphisms in TNF-α, IL-10, TGF-β1, and IFN-γ 
genes were analyzed using the PCR-SSP method.
Results: Our results showed that the TGF-β1 +869 C/C genotype might be related to ITP in 
Japanese patients. The IL-10 −592 C/C and A/A, −819 C/C and T/T, and −1082, −819, −592 
ATA/ATA genotypes might be associated with reactivity to PSL. Furthermore, the IL-10 
−592 C/A −819 C/T genotypes, IL-10 ACC/ATA genotype, and TGF-β1 +869 T/T and T/C 
genotypes might be linked to the response to eltrombopag.
Conclusion: Our results indicate that analysis of polymorphisms in cytokine-encoding 
genes could aid in understanding PSL and eltrombopag responsiveness in Japanese patients 
with ITP.
Keywords: ITP, cytokine gene polymorphism, SNP, prednisolone, eltrombopag

Introduction
Immune thrombocytopenic purpura (ITP) is an autoimmune disease characterized 
by low platelet counts resulting from antiplatelet autoantibodies.1,2 The target of 
these antibodies is glycoprotein (GP), and anti-GP antibody is produced through 
actions of autoreactive B and T cells.3 In particular, GPIIb/IIIa proteins serve as 
major target antigens recognized by platelet-reactive CD4+ T cells (Figure 1).4–7 

Helper T (Th) cells play an important role in the production of this antibody, and Th 
cells are classified into Th1, Th2, Th3 or Th17 populations based on their cytokine 
production pattern.7–9 The imbalance of Th1/Th2 participates in the production of 
antibody in ITP, similar to several other autoimmune diseases.3,7 Furthermore, 
regulatory T cells that regulate Th3 and Th17 are also important. Platelets that 
bind antiplatelet antibodies are destroyed by reticuloendothelial cells such as 
monocytes/macrophages in the spleen (Figure 1).1–9 Additionally, antiplatelet 
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autoantibodies induce megakaryocytic maturity disorder 
and apoptosis, which affects platelet production.9

The management of ITP has changed substantially over 
the last 50 years as understanding of the disease has 
increased.10,11 The standard therapy for ITP comprises 
corticosteroids.1,2 Recently, physiologic therapeutics have 
been developed as viable alternatives to immunosuppres
sive therapy.11,12 These drugs include thrombopoietin 
receptor agonists (TRAs) such as romiplostim and 
eltrombopag.11,13–16 TRAs are largely regarded as a third- 
line therapy, a position which has remained unchanged in 
recent years, because they are effective for the improve
ment of maturation disorders in megakaryocytes.11,12 

Trials are underway to test several new drugs for their 
ability to treat ITP.10 These drugs contribute to improve
ments in the prognosis of refractory ITP.17–19

It is known that autoimmune diseases have genetic 
factors.20 As previously mentioned, several cytokines 
(interleukin [IL]-1, IL-2, IL-3 and IL-17) are very impor
tant in the pathophysiology of ITP.7–9 Therefore, the ana
lysis of polymorphisms in cytokine-encoding genes is 
important for clinical setting of ITP.21–23 The distribution 
of single-nucleotide polymorphisms varies among differ
ent ethnic groups, which is also true specifically for poly
morphisms in the cytokine-encoding genes related to 
ITP.24–38 However, there are few reports on the association 
of cytokine-related polymorphisms with responsiveness to 
TRAs in Japanese patients with ITP. Therefore, the asso
ciations between polymorphisms in cytokine-encoding 
genes and therapeutic responses to steroids and TRA in 
Japanese patients with ITP were investigated in the present 
study.

Figure 1 Presumed mechanism of anti-platelet antibody and platelet destruction in ITP. A. Anti-GPIIb/IIIa antibody-coated platelets are trapped by the Fc receptors of 
activated macrophages, following which the platelets are destroyed. B. Activated macrophages present GPIIb/IIIa-derived antigen to T cells. C. These T cells interact with 
autoreactive B cells and present the GPIIb/III-derived antigen. D. Th1 cytokines such as IL-2 and IFNγ promote the activation of B cells. E. Anti-GPIIb/IIIa antibodies are 
produced by activated B cells. F. T-reg’s control is weakened. 
Abbreviations: PLT, platelet; CD40L, CD40 ligand; MHCII, major histocompatibility complex II.
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Materials and Methods
Study Design and Participants
This study was approved by the ethics committee of 
Kansai Medical University (Osaka, Japan). All partici
pants, or a parent or legal guardian for those under 20 
years of age, provided informed consent to participate in 
this study, which was conducted in accordance with the 
Declaration of Helsinki. The participants in this study 
included 153 patients with ITP and 70 healthy controls. 
Because there are no disease-specific tests for ITP, the 
diagnosis of ITP was based on excluding other 
diagnoses.1,2,39 We diagnosed ITP according to several 
international reports.40,41

Disease Grade by Assessment of Platelet 
Count and Bleeding Symptoms
Disease grade was established according to platelet count 
(PC) and bleeding symptoms (BS), as follows: grade 0 = 
PC of 81×109/L to 100×109/L and/or no BS; grade 1 = PC 
of 51×109/L to 80×109/L, and/or no BS or purpura 0–2; 
grade 2 = PC of 31×109/L to 50×109/L, and/or purpura 
3–10 or mucosal bleeding; grade 3 = PC of 11×109/L to 
30×109/L, and/or many purpura or moderate bleeding, 
with hemoglobin of 7.1–10.0 g/dL; grade 4 = PC, 0 to 
10×109/L, and/or severe or organ bleeding, with hemoglo
bin of <7.0 g/dL.

Therapeutic Responses
Therapeutic responses to steroid (prednisolone; PSL) and 
TRA (eltrombopag) were determined using the following 
criteria after 3 to 12 months of therapy.

PSL start: grade 0, observation grade 1, PSL 5–10 mg/d 
grade 2, 3, and 4, PSL 0.5–1 mg/kg of body weight per day.

Eltrombopag start: at the time PSL ineffective. 
Eltrombopag 12.5–37.5 mg/d.

Responders and nonresponders to PSL or eltrombopag 
were defined according to the following criteria: (1) No 
response: PC <30×109/L or the absence of a twofold 
increase in baseline PC or hemorrhage; (2) partial 
response: PC between 30×109/L and 100×109/L, 
a minimum twofold increase in baseline PC, and the 
absence of hemorrhage; and (3) complete response: PC 
>100×109/L and the absence of hemorrhage. Patients who 
met (2) or (3) criteria were considered responders, and 
those meeting (1) were considered nonresponders.

The effectiveness of PSL was assessed 3 to 6 months 
after the start of treatment, and effectiveness of 

eltrombopag was assessed at 12 months. We extracted 
data on sex, age, PC, BS, and therapeutic responses to 
PSL and eltrombopag.

Genotyping
The details have already been reported.42 Polymorphisms 
in the TNF-α, TGF-β1, IL-10, and IFN-γ genes were 
analyzed using a PCR-SSP method using the Cytokine 
Genotyping Tray (One Lambda Inc., Los Angeles, CA, 
USA). For the cytokines under investigation, the following 
polymorphisms were analyzed. For TNF-α, the poly
morphism in the promoter region at position −308 (G/A; 
rs1800629); for TGF-β1, a polymorphism in the coding 
region, that is, codon 10 +869 (T/C; rs1982073); for IL-10, 
three polymorphisms in the promoter region, −1082 (G/A; 
rs1800896), −819 (C/T; rs1800871), and −592 (C/A; 
rs1800872); for IFN-γ, a polymorphism in the coding 
region at position +874 (T/A; rs2430561). DNA fragments 
corresponding to each cytokine were amplified in accor
dance with the manufacturer’s instructions.

Statistical Analysis
All statistical analyses were performed using StatFlex v7 
software (Artech, Osaka, Japan). Comparison of age 
between patient and control groups was done using an 
unpaired t-test. Analyses for the studied polymorphisms 
were done using Pearson’s chi-squared test and Fisher’s 
exact probability test. In addition, genotype distribution 
was analyzed for the studied polymorphisms in two groups 
of patients with ITP divided by whether treatment (with 
PSL and/or eltrombopag) had been undertaken. Odds 
ratios (ORs) with 95% confidence intervals (CIs) were 
calculated for disease susceptibility and whether PSL or 
eltrombopag had been administered (discriminated 
analysis).

Results
Patient Characteristics
Table 1 exhibits the characteristics of ITP and controls. The 
mean age of the ITP patients was 49.2 ± 13.1 (range 19–86) 
years, which was significantly higher than the age of the 
control groups (49.2 ± 13.1, p=0.00054). In terms of sex, the 
frequency of females was not significantly different between 
patient and control groups (64.1% vs 55.7%, p=0.23517). 
Platelet counts ranged from 3×109/L to 91×109/L, with 
a mean of 26×109/L at the initial diagnosis. Additionally, 
54 patients (35.3%) had severe thrombocytopenia. Steroid 
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treatment was given to 135 patients (88.2%); 73 (54.1%) 
were responsive and 62 (45.9%) were unresponsive. 
Therefore, TRA (eltrombopag) was administered in 62 
patients (40.5%). Eighteen patients (11.8%) were untreated.

Association of ITP Susceptibility with 
Polymorphisms in Cytokine-Encoding 
Genes
Three of the 153 ITP patients had malignancies. Therefore, 
we removed these three malignancy cases from the analy
sis, resulting in 150 ITP patients. We detected significantly 
lower frequencies of the TGF-β1 +869 C/C genotype in 
ITP patients compared with controls (9.3% vs 22.9%; χ2 = 

5.4154; p = 0.01996; OR = 0.408) (Table 2). However, no 
differences in IFN-γ, TNF-α, or IL-10 genotype frequen
cies were observed between patients with ITP and controls 
(Table 2).

Association of Therapeutic Responses in 
ITP Patients with Polymorphisms in 
Cytokine-Encoding Genes
PSL
A total of 135 patients with ITP began PSL treatment; 73 
patients responded to PSL, whereas 62 did not. 
Responders had higher frequencies of the IL-10 −819 CC 
and −592 CC genotypes than did nonresponders (26.0% vs 
3.2%; χ2 = 9.9532, p = 0.00161, OR = 0.124) (Table 3). In 
contrast, responders had a lower frequency of the IL-10 
−819 TT and −592 AA genotypes than did nonresponders 
(31.5% vs 59.7%; χ2 = 4.1178, p = 0.04243, OR = 1.894) 
(Table 3).

Eltrombopag
A total of 62 patients were treated with eltrombopag; 32 
responded to eltrombopag, whereas 30 did not. The 
responders had a higher frequency of the IL-10 −819 C/ 
T and −592 C/A genotypes than did nonresponders 
(56.3% vs 16.7%; χ2 = 4.9185, p = 0.02657, OR = 
0.296) (Table 4). Additionally, responders had a higher 
frequency of the TGF-β1 T/C genotype than did nonre
sponders (68.7% vs 13.3%; χ2 = 8.4153, p = 0.00372, OR 
= 0.194) (Table 4). In contrast, eltrombopag responders 
had a lower frequency of the TGF-β1 T/T genotype than 
nonresponders (18.8% vs 70.0%; χ2 = 6.6407, p = 
0.00997, OR = 3.733) (Table 4).

IL10 Haplotype Frequencies and 
Genotypes in Drug Responders and 
Nonresponders
The frequency of the IL-10 ACC (−1082, −819, −592) 
haplotype was significantly increased in PSL and eltrom
bopag responders (PSL: 44.5% vs 20.2%; eltrombopag: 
31.2% vs 8.3%) (Table 5). In contrast, the IL-10 ATA 
haplotype was decreased in PSL responders (52.8% vs 
78.2%). The frequency of the ACC/ACC genotype was 
higher (26.0% vs 3.2%), whereas the frequency of the 
ATA/ATA genotype was lower in PSL responders (31.5% 
vs 59.7%) (Table 5). In contrast, the frequency of the 
ACC/ATA genotype was higher in eltrombopag responders 
than in nonresponders (56.3% vs 10.0%) (Table 5).

Table 1 Baseline Characteristics of the Patients with ITP and 
Healthy Controls

ITP Control

Number 153 70

Age, years, mean±SD 49.2±13.1 41.3±7.8

Age range 19–86 24–62

Gender, F/M 98/55 39/31

First platelet count ×109/L (range) 26 (3–91)

Severe thrombocytopenia*a

No. of cases (%) 54 (35.3)

Bleeding symptoms
No. of cases (%), Yes 94 (61.4)

No 59 (38.6)

Treatment, No. of cases (%)

Steroid, prednisolone 135 (88.2)

TRA, eltrombopag 62 (40.5)

Eradication of H. pylori 19 (12.4)

Splenectomy 5 (3.3)
IVIG 18 (11.8)

Other, rituximab etc. 22 (14.4)

Observation 18 (11.8)

Response to steroid treatment

Responsive, PR & CR (%) 73/135 (54.1)
Unresponsive (%) 62/135 (45.9)

Complications
Cardiovascular, no. of cases (%) 14 (9.2)

Diabetes, no. of cases (%) 8 (5.2)

Malignancy, no. of cases (%) 3 (2.0)

Notes: *aPlatelet count <30 ×109/L. Bold letters/numbers represent statistical 
significance (p < 0.05). 
Abbreviations: ITP, immune thrombocytopenia; TRA, thrombopoietin receptor 
agonist; IVIG, intravenous-immunoglobulin therapy; PR, partial response; CR, com
plete response.
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Table 2 Frequencies of Cytokine Gene Polymorphisms in ITP and Normal Controls

Polymorphism Genotype 150 Patients  
N (%)

70 Controls  
N (%)

χ2 Value P value OR 95% CI

IL-10-592 C/C 24 (16.0) 17 (24.3) 1.4468 0.22904 1.518 0.767–3.005

A/A 66 (44.0) 28 (40.0) 0.1265 0.72206 0.909 0.538–1.537

C/A 60 (40.0) 25 (35.7) 0.1656 0.68409 0.893 0.517–1.541

IL-10-819 C/C 24 (16.0) 17 (24.3) 1.4468 0.22904 1.518 0.767–3.005

T/T 66 (44.0) 28 (40.0) 0.1265 0.72206 0.909 0.538–1.537
C/T 60 (40.0) 25 (35.7) 0.1656 0.68409 0.893 0.517–1.541

IL-10-1082 G/G 0 (0) 0 (0) – – – –

A/A 143 (95.3) 66 (94.3) 0.0028 0.95755 0.989 0.658–1.486

G/A 7 (4.7) 4 (5.7) 0.0994 0.75253 1.224 0.347–4.320

TNF-α-308 G/G 149 (99.3) 70 (100) 0.0011 0.97395 1.007 0.674–1.504

A/A 0 (0) 0 (0) – – – –
G/A 1 (0.7) 0 (0) 0.4657 0.49498 – –

TGF-β1 +869 T/T 56 (37.3) 18 (25.7) 1.4827 0.22335 0.689 0.377–1.258
C/C 14 (9.3) 16 (22.9) 5.4154 0.01996 0.408 0.189–0.883
T/C 80 (53.4) 36 (51.4) 0.0216 0.88315 0.964 0.594–1.566

IFN-γ +874 T/T 7 (4.7) 4 (5.7) 0.0994 0.75253 1.224 0.347–4.320

A/A 121 (80.6) 55 (78.6) 0.0146 0.90378 0.974 0.636–1.492

T/A 22 (14.7) 11 (15.7) 0.0303 0.86189 1.071 0.492–2.331

Note: Bold letters/numbers represent statistical significance (p < 0.05). 
Abbreviations: N, absolute number; OR, odds ratio; CI, confidence interval; TNF, tumor necrosis factor; TGF, transforming growth factor; IL-10, interleukin-10; IFN, 
interferon.

Table 3 Distribution of Cytokine Genotypes in Prednisolone (PSL) Responder and Nonresponder Patients with ITP

Polymorphism Genotype PSL-res.  
73 Patients  

N (%)

PSL-non.  
62 Patients  

N (%)

χ2 Value P value OR 95% CI

IL-10-592 C/C 19 (26.0) 2 (3.2) 9.9532 0.00161 0.124 0.028–0.553
A/A 23 (31.5) 37 (59.7) 4.1178 0.04243 1.894 1.018–3.524
C/A 31 (42.5) 23 (37.1) 0.1732 0.67730 0.874 0.462–1.651

IL-10-819 C/C 19 (26.0) 2 (3.2) 9.9532 0.00161 0.124 0.028–0.553
T/T 23 (31.5) 10 (59.7) 4.1178 0.04243 1.894 1.018–3.524
C/T 31 (42.5) 11 (37.1) 0.1732 0.67730 0.874 0.462–1.651

IL-10-1082 G/G 0 (0) 0 (0) – – – –
A/A 69 (94.5) 60 (96.8) 0.00091 0.92399 1.024 0.631–1.661

G/A 4 (5.5) 2 (3.2) 0.3675 0.54437 0.589 0.104–3.323

TNF-α-308 G/G 73 (100) 61 (98.4) 0.0044 0.94704 0.984 0.609–1.590

A/A 0 (0) 0 (0) – – – –
G/A 0 (0) 1 (1.6) 1.1673 0.28000 – –

TGF-β1 +869 T/T 23 (31.5) 27 (43.6) 0.9528 0.32901 1.382 0.721–2.650
C/C 5 (6.8) 9 (14.5) 1.7141 0.19051 2.119 0.688–6.524

T/C 45 (61.7) 26 (41.9) 1.6468 0.19942 0.680 0.378–1.225

IFN-γ +874 T/T 4 (5.5) 1 (1.6) 1.3094 0.25251 0.294 0.036–2.391

A/A 58 (79.5) 52 (83.9) 0.0442 0.83354 1.056 0.637–1.749

T/A 11 (15.0) 9 (14.5) 0.0060 0.93820 0.963 0.375–2.475

Note: Bold letters/numbers represent statistical significance (p < 0.05). 
Abbreviations: PSL-res., prednisolone responder; PSL-non., prednisolone nonresponder; other abbreviations: see Table 2.
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Discussion
Cellular immunity and cytokine-related responses are very 
important in the pathophysiology of ITP.1,3,8,12 Cytokine 

gene polymorphisms have been associated with various 
autoimmune diseases.22,27 In the present study, we ana
lyzed the frequencies of some cytokine polymorphisms of 

Table 4 Distribution of Cytokine Genotypes in Eltrombopag Responder and Nonresponder Patients with ITP

Polymorphism Genotype Elt-res.  
32 Patients  

N (%)

Elt-non.  
30 Patients  

N (%)

χ2 Value P value OR 95% CI

IL-10-592 C/C 1 (3.1) 1 (3.3) 0.7381 0.96421 1.067 0.064–17.820

A/A 13 (40.6) 24 (80.0) 2.5376 0.11122 1.970 0.855–4.533
C/A 18 (56.3) 5 (16.7) 4.9185 0.02657 0.296 0.098–0.898

IL-10-819 C/C 1 (3.1) 1 (3.3) 0.7381 0.96421 1.067 0.064–17.820
T/T 13 (40.6) 24 (80.0) 2.5376 0.11122 1.970 0.855–4.533

C/T 18 (56.3) 5 (16.7) 4.9185 0.02657 0.296 0.098–0.898

IL-10-1082 G/G 0 (0) 0 (0) – – – –

A/A 32 (100) 28 (93.3) 0.0362 0.84913 0.933 0.458–1.900
G/A 0 (0) 2 (6.7) 2.0645 0.15080 – –

TNF-α-308 G/G 32 (100) 29 (96.7) 0.0088 0.92521 0.967 0.476–1.961
A/A 0 (0) 0 (0) – – – –

G/A 0 (0) 1 (3.3) 1.0489 0.49212 – –

TGF-β1 +869 T/T 6 (18.8) 21 (70.0) 6.6407 0.00997 3.733 1.326–10.510
C/C 4 (12.5) 5 (16.7) 0.1616 0.68772 1.333 0.328–5.422

T/C 22 (68.7) 4 (13.3) 8.4153 0.00372 0.194 0.060–0.629

IFN-γ +874 T/T 0 (0) 1 (3.3) 1.0489 0.49212 – –

A/A 28 (87.5) 24 (80.0) 0.0566 0.81203 0.914 0.437–1.913
T/A 4 (12.5) 5 (16.7) 0.1616 0.68772 1.333 0.328–5.422

Note: Bold letters/numbers represent statistical significance (p < 0.05). 
Abbreviations: Elt-res., eltrombopag responder; Elt-non., eltrombopag nonresponder; other abbreviations: see Table 2.

Table 5 Individual IL-10 Haplotype Frequencies and Genotypes in Prednisolone (PSL) or Eltrombopag (Elt) Responders and 
Nonresponder Patients with ITP

IL-10  
HT & GT

PSL-res.  
73 Patients  

N (%)

PSL-non.  
62 Patients  

N (%)

χ2, p value Elt-res.  
32 Patients  

N (%)

Elt-non.  
30 Patients  

N (%)

χ2, p value

Haplotype

ACC 65 (44.5) 25 (20.2) 0.00247 20 (31.2) 5 (8.3) 0.00903
ATA 77 (52.8) 97 (78.2) 0.04333 44 (68.8) 53 (88.4) 0.35616
GCC 4 (2.7) 2 (1.6) 0.54022 0 (0) 2 (3.3) 0.14751

Genotype
ACC/ACC 19 (26.0) 2 (3.2) 0.00161 1 (3.1) 1 (3.3) 0.96417

ACC/ATA 27 (37.0) 21 (33.9) 0.79480 18 (56.3) 3 (10.0) 0.00578
ATA/ATA 23 (31.5) 37 (59.7) 0.04243 13 (40.6) 24 (80.0) 0.11117
GCC/ACC 0 (0) 0 (0) – 0 (0) 0 (0) –

GCC/ATA 4 (5.5) 2 (2.2) 0.54437 0 (0) 2 (6.7) 0.15076

GCC/GCC 0 (0) 0 (0) – 0 (0) 0 (0) –

Note: Bold letters/numbers represent statistical significance (p < 0.05). 
Abbreviations: PSL-res., prednisolone responder; PSL-non., prednisolone nonresponders; Elt-res., eltrombopag responder; Elt-non., eltrombopag nonresponder; other 
abbreviations: see Table 2.
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patients with ITP and healthy controls. The frequency of 
the TGF-β1 +869 C/C genotype was significantly lower in 
patients with ITP than in healthy controls. TGF-β1 is 
produced by dendritic cells and T-cells, and it plays impor
tant roles in regulating immune function.43 Serum TGF-β1 

concentration is decreased in systemic lupus erythemato
sus (SLE).44,45 Moreover, mice deficient in TGF-β1 exhibit 
enhanced production of autoantibodies, which could be 
related to the pathology of SLE.46 However, the relation
ship between ITP and polymorphisms in TGF-β1 is not 
well defined, because there are few studies in the literature 
assessing TGF-β1 in ITP patients.24,28,30 The TGF-β1 poly
morphism might be useful as a predictor of radiographic 
progression but further investigation is needed into the 
feasibility of this.

IL-10 is an anti-inflammatory cytokine produced mainly 
by Th2 cells and a variety of other cells, including Th1 and 
Th17 cells, B cells, and macrophages.47,48 Serum concen
trations of IL-10 are elevated in the serum of patients with 
ITP compared with those in healthy individuals.32 

Furthermore, IL-10 has been reported to affect immunolo
gical modulation in ITP49,50 and might, therefore, be 
involved in the pathophysiology of ITP.26,32,38 In this 
study, however, we observed no significant differences in 
IL-10 genotypes in ITP patients and healthy controls. This 
discrepancy between studies may be related to ethnic fac
tors. Saitoh et al31 reported that Japanese patients with ITP 
did not differ significantly from healthy controls with 
respect to polymorphisms in IL-10.

In the present study, we investigated the relationship 
between such polymorphisms and therapeutic responses to 
PSL and eltrombopag in patients with ITP. Patients who 
responded to PSL had higher frequencies of IL-10 −592 C/ 
C and −819 C/C genotypes compared with nonresponders. 
Similarly, PSL responders had a lower frequency of the 
IL-10 −592 A/A and −819 T/T genotypes than responders. 
Other reports have described a relationship between IL-10 
−592 A/A genotype and ITP severity.31,35 Our results 
partly support these previous reports. In the present 
study, we analyzed the IL-10 promoter polymorphism 
(−1082, −819, −592) haplotypes ACC, ATA, and GCC 
(Table 5). PSL nonresponders had a lower frequency of 
the ACC/ATA genotype and a higher frequency of the 
ATA/ATA genotype. These results suggested that presence 
of the ATA haplotype and absence of the ACC haplotype 
were associated with response to PSL or ITP severity, 
which is similar to some previously reported 

studies.31,32,35 It is reported that IL-10 itself participates 
in reactivity to steroid in a murine model of ITP.47

Eltrombopag is a well-established treatment for ITP and is 
increasingly used in second-line management.17,19,51,52 

However, the relationship between eltrombopag and cytokine 
gene polymorphisms has yet been reported, which we 
addressed in the present study. A total of 62 patients were 
treated with eltrombopag; 32 patients responded and 30 did 
not. Eltrombopag responders had higher frequencies of the IL- 
10 −819 C/T and −592 C/A genotypes than the nonresponders. 
Furthermore, the IL-10 ACC/ATA genotype was significantly 
more common in eltrombopag responders. Thus, the results of 
IL-10 haplotype and genotype analysis did not always match 
in terms of responses to PSL and eltrombopag therapy. 
Eltrombopag is a second-line therapy used in patients who 
do not respond to PSL.17–19 However, the differences in IL-10 
haplotypes and genotypes between eltrombopag responders 
and nonresponders are very interesting. It will be useful to 
determine the eltrombopag effect ITP patients. In addition, 
eltrombopag responders exhibited a higher frequency of the 
TGF-β1 T/C genotype than nonresponders and a lower fre
quency of the T/T genotype. TGF-β1 plays important roles in 
regulating immune function.43 We previously reported that 
TGF-β1 and soluble cytotoxic T-lymphocyte-associated anti
gen 4 (sCTLA-4) levels are increased in eltrombopag-exposed 
patients with ITP.53 Our previous results suggested that 
eltrombopag partly modulates some immune responses 
through TGF-β1 and sCTLA-4. TGF-β1 plays an important 
role in the induction of tolerance by regulatory T cells in 
ITP.43,53,54 Further studies are needed to determine the clinical 
significance of polymorphisms in TGF-β1 and immune mod
ulation of eltrombopag.

This study had some limitations. First, the samples 
were obtained from a single facility and thus our data are 
probably not representative of the Japanese ITP popula
tion. Second, eltrombopag is only a second-line treatment. 
Finally, we did not define the relationship between poly
morphisms in cytokine-encoding genes and TRAs other 
than eltrombopag in this study. Therefore, we do not know 
whether all TRAs are directly linked to such polymorph
isms in patients with ITP. Prospective studies are needed to 
confirm the observations from this study.

Conclusions
In this study, we showed that the TGF-β1 +869 C/C geno
type might be related to ITP in Japanese patients with ITP. 
The IL-10 −592 C/C and A/A, −819 C/C and T/T, and 
(−1082, −819, −592) ATA/ATA genotypes may be 
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associated with the response to PSL. Furthermore, the IL-10 
−592 C/A, −819 C/T, and −1082, −819, −592 ACC/ATA 
genotypes and the TGF-β1 +869 T/T and T/C genotypes 
might be linked to the response to eltrombopag. These 
results indicate that polymorphism analysis of the cytokine- 
encoding genes could be useful in understanding PSL and 
eltrombopag responsiveness in Japanese patients with ITP.
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Abstract: Splenic marginal zone lymphoma (SMZL) is a type of non-Hodgkin’s lymphoma 
(NL) that occurs in 2 out of 100 cases and is more common in women aged >60 years. 
A sluggish, asymptomatic course of the disease does not exclude transformation into 
a malignant form that occurs in 25% of patients with SMZL. Another equally important 
sign of an NL is thrombosis that occurs in 3.6% to 17.1% of the cases. In this report, we 
present a case of emergency splenectomy in a patient owing to difficulties in the diagnosis of 
SMZL, rapid onset of acute portal vein thrombosis, and the fulminant enlargement of the 
spleen accompanied by an increased risk of its rupture. Chronic hepatitis B was likely the 
trigger for transformation of the disease to an aggressive course. Portal vein thrombosis and 
the aggressive course of SMZL with rapid enlargement of the spleen and threat of its rupture 
in the background of viral hepatitis B required emergency splenectomy followed by antic
oagulant, antiviral, and antitumor therapy. 
Keywords: splenic marginal zone lymphoma, SMZL, portal vein thrombosis, emergency 
splenectomy, chronic viral hepatitis B

Introduction
Splenic marginal zone lymphoma (SMZL) is a type of non-Hodgkin’s lymphoma 
(NL) that occurs in 2 out of 100 cases and is more common in women aged >60 
years.1 A sluggish, asymptomatic course of the disease does not exclude transfor
mation into a malignant form that occurs in 25% of patients with SMZL.2

Most frequently, SMZL develops in the background of viral hepatitis C, which 
causes antigenic stimulation of B-cells and triggers mutations in immunoglobulin 
coding genes.3 A similar pathogenesis has been described in studies on SMZL 
among patients with viral hepatitis B.4

Another equally important sign of an NL is thrombosis that occurs in 3.6% to 
17.1% of the cases. According to these cases, arguments for the desirability of 
anticoagulant administration remain controversial and require additional research.5– 

7 The literature describes a clinical case report about the onset of iliac vein 
thrombosis in a patient with SMZL that had been caused by the antiphospholipid 
activity of monoclonal IgM.8 Administration of anticoagulants in this case led to 
recanalization of the iliac vein.

In this report, we present a case of emergency splenectomy in a patient owing to 
difficulties in the diagnosis of SMZL, rapid onset of acute portal vein thrombosis, 
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and the fulminant enlargement of the spleen accompanied 
by an increased risk of its rupture.

Case Report
A 57-year-old female was admitted to the Clinical 
Hospital No. 1 of Sechenov University on August 16, 
2019 because of weakness, recurrent extended abdominal 
pain, and an increase in body temperature up to 39°C. The 
patient had a medical history of untreated viral hepatitis 
B (inactive carriage) for over 20 years. The first symptoms 
presented 2 weeks before admission.

Physical examination of the patient revealed pallor of 
the skin and moist tongue that was furred with a white 
coating. The lungs were clear to auscultation bilaterally. 
The heart sounds were muffled at auscultation with a pulse 
rate of 72 beats/min. The abdomen was soft and non- 
tender, and the liver size was within normal limits. 
Splenomegaly was found during percussive estimation of 
the spleen, with dimensions of 13×10 cm. The spleen 
protruded from the costal arch within 7 cm, the surface 
of which was elastic and smooth during palpation.

The patient had no family history of cancer, addiction to 
alcohol, tobacco, or drugs, or known allergies. Signed consent 
of the patient for the examination and treatment was obtained.

Complete blood count and metabolic panel included: 
hemoglobin 98 g/L, red blood cells 3.95×1012 cells/L, plate
let count 110×109 cells/L, white blood cells 2.8×109 cells/L, 
ferritin 1080 ng/mL, ferrum 5 mmol/L, total protein 71.6 g/ 
L, albumin 37.1 g/L, total bilirubin 13.2 mmol/L, AST 27 
IU/L, ALT 40 IU/L, and alkaline phosphatase 269 IU/L.

Coagulogram data included: plasma fibrinogen 5.51 g/ 
L, prothrombin index (PTI), 74%, international normalised 
ratio (INR) 1.17, and partial thromboplastin time 
(PTT) 0.97.

Ultrasonography and computed tomography (CT) of the 
abdominal organs revealed normal size of the liver and intra
hepatic bile ducts. The hepatic parenchyma included multiple 
calcifications of up to 1 cm in diameter. The portal vein was 
11 mm in diameter, and its linear blood flow velocity was 
estimated to be 12 cm/s. The gallbladder was normal. The 
spleen was enlarged to 135 mm × 75 mm × 155 mm. Its 
parenchyma included calcifications up to 0.5 cm in diameter 
and active specific tissue. The splenic vein diameter was 
11 mm, and its linear blood flow velocity was 12 cm/s. No 
free liquids were detected in the abdominal cavity. These 
observations were indicative of splenomegaly, portal hyperten
sion, and no lymphadenopathy.

During EGD, atrophic gastritis of the antrum was 
observed. Esophageal or gastric varicose veins were not 
detected. Liver fibrosis was estimated by FibroScan indi
cating 1st degree fibrosis (stage F1 on the METAVIR 
scale). The serological study showed the reactivation of 
chronic hepatitis (titer of HBsAg 6819 IU/mL DNA HBV 
[+]); therefore, antiviral therapy, including entecavir 1 mg 
×1 time per day, was prescribed.

The etiology of splenomegaly remained unclear. 
Symptoms, fever, laboratory changes (pancytopenia), and 
enlargement of the spleen during reactivation of viral 
replication indicated the presence of 
a lymphoproliferative disease. Based on this fact, during 
the follow-up examination, bone marrow biopsy was per
formed. Cytological examination revealed insignificant 
lymphoproliferation. There were no pathological changes 
or lymphocytosis shown in the myelogram. There were no 
mutations in the JAK2 V617F, MPL 515, and 12ex genes 
detected by polymerase chain reaction assays.

Antibodies to platelet levels were 260% (reference range 
up to 200), soluble glycocalicin 70%, immunochemical exam
ination of blood and urine demonstrated decreased IgM con
centration up to the low end of the normal range, and 
inflammatory dysproteinemia was found.

On August 22, 2019, the patient’s condition signifi
cantly deteriorated due to the onset of acute pain in the 
abdomen, weakness, and an increase in body temperature 
up to 38.5°C. The patient was urgently transferred to the 
Surgery Department.

On physical examination, the patient’s condition was found 
to be severe, accompanied by skin dryness and a coated tongue. 
Vesicular respiration was defined throughout the lung fields, 
and no wheezing was detected. The respiratory rate was 20 
breaths/min. Heart sounds were rhythmic with a pulse rate of 
122 beats/min and blood pressure of 110/75 mmHg. The abdo
men was distended and painful on palpation. There was muscle 
tension over the entire surface of the abdominal cavity. The 
patient had no stool, passage of flatus was normal. The entire 
left half of the abdominal cavity was occupied by the spleen, 
which was painful and found to have solid consistency during 
palpation. The spleen had increased in size by 2 cm in 3 
h during dynamic monitoring. Ultrasonography and CT of 
the abdominal organs revealed that the portal vein was 
16 mm in diameter and contained an occlusive thrombus. 
The dimensions of the spleen were 260×111 cm. The splenic 
vein diameter was 18 mm, and its linear blood flow velocity 
was 3 cm/s. Due to the threat of rupture of the spleen due to 
acute thrombosis of the portal vein, an emergency splenectomy 
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was performed. The removed spleen was approximately 
380×210×170 mm in size (Figure 1). Histological and immu
nohistochemical examination of the operating material enabled 
the identification of splenic marginal zone lymphoma.

The postoperative period was uneventful, lab-based indi
cators normalized, and the patient’s condition improved. The 
patient was prescribed antitumor therapy (rituximab 375 mg/ 
m2 of body surface once a week for 4 weeks) and antic
oagulant therapy (rivaroxaban 20 mg once a day for 6 
months). The patient was discharged on the 8th day after 
surgery. Blood test indicators were as follows: RDW, 16.9%; 
neutrophils, 63.7%; and platelet count, 99 × 109/L. During 
anticoagulant medication, thrombocytopenia and hypocoa
gulation persisted. Ultrasonography and CT of the abdom
inal organs confirmed that there were no free liquids in the 
abdominal cavity, portal vein diameter was estimated at 
18 mm, and partial recanalization with parietal thrombi 
was determined.

Discussion
A long-term and asymptomatic clinical course of SMZL is an 
indication for dynamic observation every 3–6 months.1 The 

combination of this type of lymphoma with viral hepatitis 
B (HBs+) requires antiviral therapy to treat lymphoma.9 

Absence of antiviral therapy leads to mutations and errors in 
the DNA repair pathway with increased synthesis of patholo
gical immunoglobulins as well as stimulation of 
lymphogenesis.10,11 As a result, the benign course of SMZL 
is transformed into an aggressive form with a mortality rate of 
10%–20%.11 The risk of thrombotic complications is 9.8% 
among patients with an aggressive form of the disease that 
requires anticoagulant therapy.12

Malignant transformation of SMZL is a strict indica
tion for splenectomy, which enables the establishment of 
a diagnosis and prescription of appropriate therapy. The 
survival rate after splenectomy is 50%–80%.1,13 However, 
splenectomy is not always effective in SMZL treatment, 
and most patients require chemotherapy.1

In the present clinical case, accurate diagnosis could 
not be made initially owing to difficulties during the 
examination. The disease was long-term and asympto
matic. Chronic hepatitis B was likely the trigger for trans
formation of the disease into an aggressive course and the 
development of acute thrombosis, and fulminant enlarge
ment of the spleen accompanied by an increased risk of its 
rupture required an emergency splenectomy.

After splenectomy, patients with SMZL are traditionally 
treated with antitumor chemotherapy (rituximab) and antiviral 
therapy for viral liver damage (hepatitis B or C). Antiviral 
therapy is added to the treatment for 1 year because the virus 
can be reactivated due to the effects of chemotherapy drugs 
and tumor-associated immunodeficiency.1,10

In the present case, treatment included antiviral 
(entecavir 1 mg once a day), antitumor (rituximab 
375 mg/m2 of patient’s body surface once a week for 
4 weeks), and anticoagulant therapy (rivaroxaban 20 mg 
once a day for 6 months), which stabilized the patient’s 
condition.

Conclusion
Portal vein thrombosis and the aggressive course of SMZL 
with rapid enlargement of the spleen with the threat of its 
rupture in the background of viral hepatitis B requires 
emergency splenectomy followed by anticoagulant, anti
viral, and antitumor therapy.

Consent
Written informed consent was provided by the patient to 
have the case details and any accompanying images pub
lished. The Institutional consilium of the Clinical Hospital Figure 1 Removed spleen with thin capsule showing threat of rupture.
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No. 1 of Sechenov University gave approval for this case 
report.
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Abstract: The Wiskott–Aldrich syndrome (WAS) is an X-linked disorder caused by 
mutations in the WAS gene resulting in congenital thrombocytopenia, eczema, recurrent 
infections and an increased incidence of autoimmune diseases and malignancies. 
Without curative therapies, affected patients have diminished life expectancy and 
reduced quality of life. Since WAS protein (WASP) is constitutively expressed only 
in hematopoietic stem cell-derived lineages, hematopoietic stem cell transplantation 
(HSCT) and gene therapy (GT) are well suited to correct the hematologic and immu
nologic defects. Advances in high-resolution HLA typing, new techniques to prevent 
GvHD allowing the use of haploidentical donors, and the introduction of reduced 
intensity conditioning regimens with myeloablative features have increased overall 
survival (OS) to over 90%. The development of GT for WAS has provided basic 
knowledge into vector selection and random integration of various viral vectors into 
the genome, with the possibility of inducing leukemogenesis. After trials and errors, 
inactivating lentiviral vectors carrying the WAS gene were successfully evaluated in 
clinical trials, demonstrating cure of the disease except for insufficient resolution of the 
platelet defect. Thus, 50 years of clinical evaluation, genetic exploration and extensive 
clinical trials, a lethal syndrome has turned into a curable disorder. 
Keywords: Wiskott–Aldrich syndrome, WAS, X-linked thrombocytopenia, XLT, X-linked 
neutropenia, XLN, hematopoietic stem cell transplantation, HSCT, reduced intensity 
conditioning, gene therapy, GT, lentiviral vectors

Introduction
In 1937, Wiskott reported 3 brothers who died in early infancy with a history 
of early onset thrombocytopenia, frequent infections and severe eczema.1 

Wiskott, examining blood smears of his patients, noticed that the platelets 
were tiny, in contrast to the large platelets characteristic for “Morbus 
Werlhofii”, the term used at that time for idiopathic thrombocytopenia (ITP). 
Seventeen years later, Aldrich observed a family with multiple generations 
where boys died during infancy of similar complications, demonstrating 
X-linked inheritance.2 Subsequently, the Wiskott–Aldrich Syndrome (WAS) 
was expanded to include adaptive and innate immune deficiency, autoimmunity 
and lymphoid malignancies.3–9 The identification of the molecular defect, 
mutations in the WAS gene,10 has broadened the clinical spectrum of the 
syndrome.11–15
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Pathogenesis
The incidence of WAS has been estimated to be 
1:100,000 live birth.16 With awareness of the different 
clinical phenotypes and the availability of reliable diag
nostic tools, the incidence of pathologic entities caused 
by mutations in the WAS gene may be higher. The WAS 
protein (WASP) is constitutively expressed in all hema
topoietic stem cell-derived lineages and is located pre
dominantly in the cytoplasm with the highest protein 
expression toward the cell membrane. WASP is 
a member of a distinct family of proteins that link signal
ing pathways to actin cytoskeleton reorganization by 
inducing actin polymerization mediated by actin-related 
protein (Arp) 2/3. WASP is organized into several func
tional domains.17 The pleckstrin homology domain, 
located at the N-terminal region of WASP, interacts 
with lipids and may play a role in the localization of 
WASP in the immunologic synapse, the site of the inter
action between various leukocyte subpopulations. 
A functional synapse facilitates the physical contact 
between antigen presenting cells, T and B cells required 
for a strong and lasting adaptive immune response, 
including class switch recombination, somatic hypermu
tation and cytokine production.3–6,18,19 While circulating 
NK cells are normal in number, the cytotoxicity of WAS- 
deficient NK cells is impaired as a result of defective 
synapse formation.20 For similar reasons, WASP- 
deficient patients as well as was-/- mice have regulatory 
T cells (Tregs) that fail to suppress effector cells in vitro 
and are incapable of controlling autoimmunity when stu
died in mouse models.21 While not required for the 

generation of Tregs in the thymus, WASP plays 
a crucial role in the homeostasis and function of these 
cells.22 The increased incidence of autoimmunity in WAS 
has been associated with deficient Treg cell function,21,22 

B cell-intrinsic loss of tolerance by positive selection of 
self-reactive B cells23 and the production of a broad 
spectrum of autoantibodies.24 WASP-deficient neutro
phils and monocytes exhibit impaired phagocytosis and 
chemotaxis,4,8,17,25,26 and monocytes, macrophages and 
dendritic cells from WAS patients lack the formation of 
podosomes and exhibit abnormal polarization and aber
rant lamellipodia formation.9 Thrombocytopenia has 
been explained by ineffective thrombocytopoiesis,4 and 
reduced survival due to intrinsic platelet abnormalities or 
immune-mediated consumption.27,28

Clinical Spectrum of Mutations in 
the WAS Gene
As originally described by Wiskott, the syndrome is char
acterized by the triad of frequent infections caused by 
immunodeficiency, eczema and hemorrhagic diathesis 
due to micro-thrombocytopenia.1 This “classic” WAS phe
notype was subsequently expanded to include autoimmu
nity initiated by immune dysregulation, and an increased 
incidence of hematologic malignancies. The generation of 
a large data base of patients with WAS mutations revealed 
variable clinical phenotypes and allowed a reasonably 
accurate genotype/phenotype correlation.29–31 The intro
duction of a scoring system based on disease severity 
and clinical phenotype (Table 1) has facilitated the cate
gorization of patients, prognostic predictions and 

Table 1 Scoring System to Define Clinical Phenotypes Associated with Mutations in the WAS Gene

Clinical Phenotype XLN iXLT XLT. Classic WAS

Score 0 <1 1 2 3 4 5

Clinical/laboratory findings
Thrombocytopenia – –/+ + + + + +
Small platelets – + + + + + +

Eczema – – – (+) + ++ –/(+)/+/++

Immunodeficiency –/(+) – –/(+) (+) + + (+)/+
Infections –/(+) – – (+) + +/++ –/(+)/+/++

Autoimmunity and/or malignancy – – – – – – +

Congenital neutropenia + – – – – – –
Myelodysplasia –/+ – – – – – –

Notes: Scoring system: –/(+), absent or mild; –/+, intermittent thrombocytopenia, possible myelodysplasia; (+), mild, transient eczema or mild, infrequent infections not 
resulting in sequelae; +, thrombocytopenia, persistent but therapy-responsive eczema, and recurrent infections requiring antibiotics and often intravenous immunoglobulin 
prophylaxis; ++, eczema that is difficult to control and severe, life-threatening infections. Reproduced with permission from Albert MH, Notarangelo LD, Ochs HD. Clinical 
spectrum, pathophysiology and treatment of the Wiskott–Aldrich syndrome. Curr Opin Hematol. 2011;18(1):42–48.30 Copyright © 2011, Wolters Kluwer Health. 
Abbreviations: WAS, Wiskott–Aldrich syndrome; XLN, X-linked neutropenia; XLT, X-linked thrombocytopenia; iXLT, intermittent XLT.
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individualized therapeutic decisions.30 A score of 1 or 2 
defines patients with XLT, while a score of 3 and 4 is 
reserved for those with a classic WAS phenotype; a score 
of 5 identifies patients who have developed autoimmunity 
and/or malignancies. Patients with intermittent XLT are 
given a score of <1 and those with XLN a score of “0”. 
The WAS score merely reflects severity of the clinical 
phenotype, without considering the type of mutation.30 

Of note, the most consistent genotype/phenotype correla
tion was obtained when the patients were divided into two 
categories: WASP positive if peripheral blood mononuc
lear cells (PBMC) express the mutated protein at normal 
size, and WASP negative if the protein is absent or 
truncated.29–31 The clinical phenotype may evolve over 
time and is often incomplete in children younger than 2 
years of age. For this reason, scoring disease severity at 
a very young age is of little value.30

WAS patients with the severe phenotype and a score of 
3 or 4 present typically in early childhood with bloody 
diarrhea, petechiae, severe eczema and recurrent, often 
life-threatening bacterial, viral and fungal infections. 
They suffer from combined immune deficiency with 
abnormal antibody responses, declining T cell numbers 
and reduced lymphocyte proliferation to anti-CD3 and to 
specific antigens. IgA and IgE are elevated, while IgG and 
IgM are generally within normal range.17 Unless full 
hematologic and immunologic reconstitution by hemato
poietic stem cell transplantation (HSCT) or gene therapy 
(GT) is achieved, quality of life is severely impacted and 
life expectancy reduced.3,6

The discovery of the WAS gene confirmed that “famil
ial sex-linked thrombocytopenia”32 was in fact a mild 
variant of WAS11,12 with normal life expectancy, but 
severely reduced event-free survival probability due to 
life-threatening infections, cerebral hemorrhage, autoim
munity or cancer.14 Recognizing these risks in therapeutic 
decision-making is important, especially in view of the 
frequent misdiagnosis of XLT patients as ITP. The high 
success rate of HSCT in WAS patients makes this option 
more attractive for this group of patients.33,34

While loss of function mutations in the WAS gene 
cause WAS/XLT, unique gain of function (GOF) mutations 
in the GTPase-binding domain interfere with the autoinhi
bitory confirmation of the WAS protein, leading to 
increased and continuous actin polymerization resulting 
in congenital XLN. These patients have profound neutro
penia, at times associated with lymphopenia, reduced 
in vitro lymphoproliferation in response to anti-CD3 and 

are at risk for myelodysplastic changes in the bone 
marrow.15,35 The neutropenia of XLN patients respond to 
G-CSF, but two patients were reported to have developed 
a myelodysplastic syndrome and acute myelogenous leu
kemia, respectively, both with somatic mutations in the 
G-CSF receptor gene and monosomy 7 in the leukemic 
cells.36

The diagnosis of WAS/XLT should be considered in 
any male patient presenting with petechiae, bruises and 
congenital or early-onset micro-thrombocytopenia. To 
confirm the diagnosis, a deleterious mutation in the 
WAS gene is required, often associated with absent or 
reduced WASP expression in PBMCs. Presence of mild 
or severe eczema, bloody diarrhea and a history of 
recurrent infections supports the diagnosis. The diagno
sis of XLN has to be considered in any male patient 
presenting with severe congenital neutropenia, and is 
confirmed by sequencing the WAS gene with focus on 
the GTPase-binding site.15,35 WASP-interacting protein 
(WIP) stabilizes WASP. WIP deficiency, an autosomal 
recessive disorder, should be suspected in patients with 
features of WAS but normal sequence of the WAS gene 
and normal levels of mRNA but absent WAS protein. 
The diagnosis of WIP deficiency is confirmed by sequen
cing the WIPF1 gene; the treatment of choice is 
HSCT.37,38

Treatment of WAS/XLT is initiated with conventional 
measures including prophylactic antibiotics and antivirals 
for recurrent infections, and IgG replacement (IV or subcu
taneous) for patients with demonstrated antibody deficiency. 
Platelet transfusions are used only to treat major bleeding 
episodes, such as acute CNS hemorrhage, gastrointestinal 
bleeding, or during major surgery. Eltrombopag, an oral 
thrombopoietin receptor agonist,39 or romiplostim given 
subcutaneously,40 have been used in WAS patients while 
waiting for HSCT but is less effective in raising platelet 
counts in WAS/XLT than in ITP. Immunosuppressive ther
apy, such as rituximab or other immunosuppressive therapies 
for autoimmune complications, may be required. Elective 
splenectomy has been advocated in selected patients with 
WAS or XLT to reverse the thrombocytopenia and prevent 
the bleeding tendency by increasing the number of circulat
ing platelets.41 However, splenectomy markedly increases 
the risk of septicemia14,41 and is not recommended as routine 
procedure, especially not for those patients who are consid
ered for future HSCT or gene therapy. Those who undergo 
splenectomy require lifelong antibiotic prophylaxis.
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Hematopoietic Stem Cell 
Transplantation
Allogeneic hematopoietic stem cell transplantation 
(HSCT) is the primary curative approach in WAS patients 
providing long-term correction of the underlying immuno
deficiency and thrombocytopenia. The first sibling donor 
bone marrow (BM) HSCT for WAS was performed in 
1968. Initially, following minimal conditioning, the patient 
established donor-derived T-cell immunity while severe 
thrombocytopenia persisted.42 A second HSCT following 
myeloablative conditioning (MAC) regimen, from the 
same donor, was performed resulting in successful mye
loid engraftment and normal platelet counts.42 Early 
experiences indicated reconstitution of lymphoid cells but 
not always platelet reconstitution, demonstrating the need 
for both immuno-ablation and myeloablation when trans
planting WAS patients.42–45

Since these early attempts, HSCT outcomes have 
improved greatly (Table 2). Transplantation with HLA- 
identical sibling BM grafts has resulted in event-free sur
vival (EFS) reaching 88% as early as 200146 and overall 
survival (OS) of 90–95% in subsequent years.33,47,48 

Results of unrelated and alternative donor HSCT for treat
ment of WAS have also improved over time.49,50 

Advances in high-resolution HLA allele typing and 
increasing availability of international donors and cord 
blood registries have facilitated optimal selection of unre
lated donors for WAS patients. Several studies found 
comparable survival rates among recipients of HLA- 
matched sibling and HLA-matched unrelated donors. 
Earlier reports of long-term OS for recipients of unrelated 
bone marrow grafts ranged between 70%-78%,46,51,52 

improving more recently to upwards of 90%.33,49 

A collaborative study by Moratto et al, analyzing the out
comes of 194 WAS patients transplanted between 1980 
and 2009, found improved transplant survival for all donor 
types, including matched unrelated donor grafts in those 
transplanted after 2000.47

Age at time of HSCT has been reported to consistently 
impact survival of WAS patients, likely related to the 
degree of comorbidities and higher WAS scores with 
increasing age. A 2001 study facilitated by the 
International Bone Marrow Transplant Registry (IBMTR) 
revealed that age greater than 5 years at time of transplant 
was associated with a strikingly increased risk of 
mortality46 and subsequent studies have endorsed this 
observation.47,48 In the cohort reported by Moratto et al, 

the 5-year OS was 91.9% for patients who received 
a matched unrelated donor transplant at younger than 2 
years of age compared to 73.3% for those older than 5 
years.47 Most recently, the Primary Immune Deficiency 
Treatment Consortium (PIDTC) reported the outcomes of 
129 WAS patients (93 were <2 years old) who underwent 
HSCT between 2005 and 2015 in North America, and 
again confirmed that age was the only factor that had 
a significant impact on OS.33 Specifically, WAS patients 
< 5 years of age at time of HSCT had an OS of 94% 
compared to those ≥ 5 years of age who had a OS of 
66%.33 Indications for early HSCT reflect a trend towards 
earlier and faster diagnosis of WAS, in addition to broader 
donor availability. While these factors support the strategy 
of early transplantation before the onset of disease-related 
complications, the potential late effects of intense condi
tioning at a young age remains to be determined.

While earlier studies demonstrated poor outcomes for 
WAS patients receiving alternative donor umbilical cord 
blood (UCB) and mismatched related/haploidentical 
HSCT,47,48 outcomes with the use of alternative donors 
have improved greatly over the past decades by overcom
ing barriers of graft rejection and graft-vs-host disease 
(GvHD). Shekhovtsova et al reported the use of UCB 
HSCT for 90 WAS patients following myeloablative con
ditioning between 1996 and 2013 and demonstrated an OS 
of 75% for the entire cohort, with an event-free survival 
(EFS) of 70% and graft failure rate of 11%.53 Multivariate 
analysis found age > 2 years was a risk factor for a worse 
outcome following UCB HSCT, and a trend towards 
improved overall survival in patients transplanted after 
2007.53 Burroughs et al reported a cohort of 39 WAS 
patients receiving UCB HSCT between 2005 and 2015 
with a 5-year OS of 90%.33 Overall, there was no signifi
cant difference in OS based on donor type comparing 
HLA-matched sibling, unrelated donor, or UCB grafts. 
This improvement over the past decade may be related to 
better UCB selection based on the degree of HLA-match, 
cell dose and improved supportive care during HSCT.

Historically, the selection of mismatched family donors 
required the use of ex-vivo T-cell depletion to overcome 
the risk of GvHD, which has been associated with inferior 
survival. The main challenge in using an HLA- 
mismatched related donors (MMRD)/haploidentical graft 
has been related to poor engraftment and incomplete 
immune reconstitution with high infectious complications. 
Earlier experiences with T-cell depleted MMRD HSCT for 
WAS patients resulted in OS between 37% and 
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55%.46,48,54 As has been the case with other graft sources, 
OS improved to 91.7% for recipients of MMRD-HSCT 
after 2000, compared to OS of 52.2% for those WAS 
patients transplanted between 1980 and 1999.47

Most recently, the introduction of post-transplant 
cyclophosphamide (PT-Cy)55,56 or the use of TCRαβ/ 
CD19-depletion57–62 have yielded favorable results in 
alternative donor transplantation for WAS and other 
PIDs. Both methods reduce the incidence of acute and 
chronic GvHD and improve immune reconstitution. 
Laberko et al reported 98 PID patients (including 36 
WAS patients) who underwent TCRαβ/CD19-depleted 
unrelated donors or MMRD HSCT59 and demonstrated 
an OS of 86% and 87%, respectively, with secondary 
graft failure occurring in 17% of patients. Late graft dys
function noted in some WAS patients, was possibly related 
to the degree of donor chimerism, though the donor chi
merism results were not presented in detail. 
A significantly lower OS of 52% was observed in patients 
who had poorly controlled infectious or autoimmune dis
eases at the time of HSCT. Encouragingly, the rates of 
grade II–IV acute GvHD and mild limited chronic GvHD 
were low at 17% and 9%, respectively, in the unrelated 
donor cohort, and 22% and 13%, respectively, in the 
MMRD group. Rate of CMV viremia was high with 
17% of patients developing invasive disease. A similar 
rate of graft rejection was noted by Balashov et al in 
a cohort of 37 PID patients undergoing TCRαβ/CD19- 
depleted HSCT.60 To improve donor engraftment, they 
evaluated the addition of G-CSF and plerixafor to the 
conditioning regimen of 16 WAS patients undergoing 
TCRαβ/CD19-depleted HSCT.62 The OS reached 93.8% 
and no graft rejection was observed, with all participating 
patients achieving full donor chimerism in whole blood 
and in the CD3+ compartment.63

While the results are encouraging, TCRαβ/CD19- 
depletion is costly and resource restrictive. As such, the 
PT-Cy approach for GvHD prophylaxis with alternative 
donors is a viable option. Fernandes et al published the 
outcomes of haploidentical BM HSCT using PT-Cy in 73 
patients with primary immunodeficiencies (PID), includ
ing 14 WAS patients, performed between 2012 and 
2019.56 The 2-year OS for the WAS patients was 86%, 
while graft failure was experienced in 2 patients who 
received a reduced-intensity conditioning regimen. Using 
a MAC regimen reduced the incidence of graft failure and 
mixed chimerism. The incidence of grade II–IV aGVHD 
was slightly higher than the rates reported from studies 

with in vitro T cell-depletion techniques and TCRab/CD19 
depletion, though comparable to those reported with other 
alternative sources, such as cord blood and MUDs. Yue 
et al reported good outcomes of 5 WAS patients receiving 
a busulfan-based MAC regimen with PT-Cy for GvHD 
prophylaxis following combined BM and peripheral blood 
(PB) stem cell haploidentical donor HSCT. All 5 patients 
engrafted, and are alive at last follow-up, with full donor 
chimerism and no post-HSCT autoimmune cytopenias.55

While the published number of patients is limited, 
there does not appear to be an increase incidence of post- 
transplant autoimmunity or immune dysregulation with 
PT-Cy, though larger studies are needed. Full intensity 
myeloablative conditioning is needed to overcome graft 
rejection with these methods, and further assessment of the 
degree and duration of lineage-specific donor chimerism 
achieved is being evaluated.

Despite an increase in the National Marrow Donor 
Program’s Registry size in recent years, racial disparities 
in access to matched unrelated donors have not improved, 
especially for African Americans.64 Thus, emphasizing the 
ongoing need to advance use of alternative graft sources 
such as cord blood transplant and haploidentical transplant 
in order to provide donor options in the ethnic groups not 
well represented in the donor databases is imperative. The 
results of alternative donor HSCT using UCB donors and 
TCRαβ/CD19-depletion or PT-Cy for mismatched/haploi
dentical donors is very promising, and provides new 
opportunities for successful curative therapy in WAS/ 
XLT patients of minority ethnicities. Additionally, 
advances in gene therapy for WAS patients will increase 
treatment options for patients of minority ethnicity without 
suitable donors, though the limitations of high cost and 
restrictive resources will need to be addressed to make it 
widely accessible to all patients.

Regardless of the graft source, both myelo- and 
immuno-ablation are required to overcome graft rejection, 
establish myeloid and lymphoid engraftment and to correct 
the clinical manifestations of WAS. Myeloablative condi
tioning regimens have achieved excellent results in young 
WAS patients though short- and long-term toxicities 
remain a concern. While reduced intensity conditioning 
(RIC) regimens can significantly reduce early transplanta
tion-related morbidity and mortality, especially in older 
patients, there is a greater risk for mixed chimerism, 
transplant associated complications and delayed graft 
failure.65,66 A more recent report found no difference in 
OS between patients receiving a MAC or RIC regimen, 
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although significantly different donor T-cell, B-cell and 
myeloid engraftment was observed in patients receiving 
MAC vs RIC regimens.33 Stability or reversal of WAS 
symptoms post HSCT depends on the degree and long- 
term stability of donor cell engraftment in the hematopoie
tic lineage of interest. The degree of donor chimerism 
necessary for WAS symptom correction has been 
established.47,48 Lower levels of donor chimerism were 
observed more often in myeloid than in lymphoid lineages. 
Persistent thrombocytopenia after HSCT was strongly 
associated with mixed myeloid chimerism, suggesting 
that robust and stable engraftment of donor-derived mye
loid cells is required to correct the defect.33,47 Burroughs 
et al noted that platelet count recovery post-HSCT was 
related to the degree of donor myeloid chimerism. At 
1 year post-HSCT, patients with <50% donor myeloid 
engraftment were found to have a significantly lower 
median platelet count (40,000/mm3) compared to patients 
who attained ≥50% donor myeloid engraftment and 
achieved normal platelet counts,33 highlighting the need 
for ≥50% donor myeloid engraftment for correction of the 
thrombocytopenia. T and B-cell donor chimerism has also 
been shown to correlate with the intensity of the condi
tioning regimen.33

An association between mixed chimerism and post- 
transplant autoimmunity was reported in some WAS 
patients by several investigators. Specifically, in 
a multicenter European study of 96 patients who survived 
at least 2 years after HSCT, as many as 20% of the long- 
term survivors developed autoimmunity independent of 
chronic GvHD. The risk of autoimmunity was significantly 
higher for patients who developed mixed chimerism after 
receiving matched unrelated or MMRD HSCT.48 

Cytopenias and endocrinopathies were predominant de- 
novo autoimmune disease following transplantation with 
time of onset and resolution being year and a half and four 
years respectively. Similarly, Moratto et al reported that 
autoimmune manifestations, predominantly cytopenias and 
endocrinopathies, occurred in 13.9% of patients following 
transplantation.47 These patients were noted to have 
a lower degree of chimerism in the T, B, and myeloid 
lineages compared with patients who did not develop 
autoimmunity, suggesting that mixed chimerism is a risk 
factor for developing autoimmune disease post-HSCT. 
However, subsequent studies did not confirm such an 
association.33,49,67 A retrospective analysis by the PIDTC 
evaluated if mixed donor chimerism (<95%) at day 100 or 
at 6 months following HSCT correlated with an increased 

risk for the development of de novo autoimmunity.33 

Overall, 14% of patients developed 1 or more de novo 
autoimmune disease within the first year post-HSCT. 
However, unlike the results published earlier47,48 the ana
lysis did not find a persistent association between mixed 
T-cell or B-cell donor chimerism and the development of 
de novo autoimmunity in long-term survivors. There was, 
however, an increased incidence of de novo autoimmunity 
in those with mixed myeloid donor chimerism at 6 months 
post-HSCT.33 Autoimmune cytopenia (AIHA being most 
prevalent) was the predominant de-novo autoimmunity 
with complete resolution occurring in most of the patients. 
Importantly, the presence of autoimmune disease prior to 
HSCT did not increase the risk of developing de novo 
autoimmune disorders after HSCT, nor did the WAS 
score and age at HSCT.33 Interestingly, none of the 
patients receiving a matched sibling donor HSCT devel
oped de novo autoimmune disease post-HSCT, whereas 
23% of patients receiving matched unrelated grafts and 
9% receiving UCB grafts did.33 A smaller cohort of WAS 
patients followed prospectively at a single transplant cen
ter did not reveal an association between autoimmune 
cytopenia and mixed chimerism.67

Gene Therapy
HSCT outcomes have significantly improved over the last five 
decades since the first WAS patient was transplanted in 1968. 
Nevertheless, HSCT remains associated with significant 
short- and long-term problems, especially when a matched 
donor is not available. The need for intense conditioning to 
achieve successful myeloid and lymphoid engraftment, the 
risk of acute and chronic GvHD and the long-term sequelae 
associated with myeloablative conditioning have led to devel
opment of alternative treatment approaches.

Over the last 25 years, the field of gene therapy (GT) has 
progressed from basic research to standard of care in 
patients with certain monogenic PID’s.68,69 WAS is an 
ideal candidate for gene therapy due to selective expression 
of WASP in cells of the hematopoietic lineage, which are 
expected to have proliferative advantage over the host 
WASP negative cells.70–72 The initial GT trial for WAS 
patients was started in 2006 and utilized a gibbon ape 
leukemia virus (GALV)- γ-retroviral vector.73 The first 2 
patients, both 3 years of age, received autologous WASP- 
expressing retroviral vector transduced PB stem cells fol
lowing Busulfan (8mg/kg) conditioning. Both patients 
showed evidence of successful correction of the myeloid 
and lymphoid defects, demonstrating a selective advantage 
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of the vector transduced stem cells.73 Following these pro
mising initial results, 8 additional patients were enrolled by 
2009. In all 10 patients, autologous stem cells were isolated 
from peripheral blood mobilized with G-CSF (n=2) or 
G-CSF and Plerixafor (n=8). Participants were 2 to 14 
years of age (2 patients were older than 5) and each received 
a robust stem cell product. Nine of ten patients demonstrated 
sustained engraftment with correction of WASP expression 
in myeloid and lymphoid lineages. GT resulted in partial or 
complete correction of infectious, autoimmune or bleeding 
manifestations of the disease. Eight patients had pre GT 
autoimmunity, with two patients having ongoing autoimmu
nity following treatment, however with milder manifesta
tions. The participant with the lowest stem cell dose showed 
only partial lymphoid correction without myeloid or stem 
cell WASP expression noted and without improvement in 
disease manifestations. Unfortunately, despite early clinical 
success, 7 patients developed acute leukemia 16 to 60 
months following therapy. Six patients developed T-ALL 
(2 of these patients subsequently developed AML during 
maintenance therapy for T-ALL) and 1 patient AML.74 

Analysis of the retroviral integration demonstrated 
a polyclonal pattern during the early phase, followed by 
development of dominant clones with integration at the 
LMO2, MDS1 and MN1 loci. Unlike the insertional leuke
mogenesis observed in the X-SCID trials,75–77 expansion of 
clones in the WAS patients treated with GT was more rapid. 
Five patients have subsequently been successfully treated 
with HSCT.74 High vector copy number as well as strong 
enhancer/promoter elements, although associated with bet
ter efficacy, may lead to increased genotoxicity and 
leukemogenesis.

Additional 31 WAS patients were reported to have 
undergone GT since 2013 utilizing lentiviral vector 
mediated gene transfer. Transition to lentiviral vector use 
(based on human immunodeficiency virus) was driven by 
the ability of lentiviruses to easily transverse the nuclear 
membrane and transduce non-mitotic hematopoietic stem 
cells, as opposed to γ-retroviral vectors which require cell 
division for integration.78 To improve vector safety, a self- 
inactivating design has been adopted to decrease or elim
inate activation of enhancer and promoter regions.79,80 

Into these novel lentiviral constructs, a codon optimized 
human WAS cDNA was placed under the control of 
a fragment of the endogenous promoter.

The first three lentiviral treated patients were reported 
by the Milan group in 2013,81,82 followed by a publication 
in 2019 of their interim results.81,82 The 8 patients treated 

with GT had WAS scores of 3–5 and age range 1.1 to 12.4 
years. Additionally, 9 patients were treated on an expanded 
access protocol (age 1.4–35.1 years) with a total of 14 
patients having more than 1 year of follow-up.83 Five 
patients were older than 5 years of age at the time of 
GT. Bone marrow was the source of stem cells in the 
first 6 patients, with transition to mobilized PB stem cells 
in the remaining patients. Reduced intensity conditioning 
consisted of Rituximab 375mg/m2 given on day −22, with 
Busulfan (AUC 45–60 mg*hr/L) and Fludarabine 60mg/ 
m2 given day −3 to day −1. Overall survival was 94% in 
17 treated patients. Lentiviral transduced colonies were 
noted in the bone marrow at 3 months and persisted up 
to 8 years. High levels of multilineage engraftment and 
sustained WASP expression was noted in lymphocytes and 
platelets. All evaluable patients from the 2 cohorts were 
able to discontinue IVIG supplementation at a median time 
of 0.9 years (range 0.2–5 years) following GT. Median 
platelet counts improved from baseline of 19,500 to 
39,800/mm3 (14,000–272,000/mm3) at 12 months follow
ing GT, with all patients attaining independence from 
platelet transfusions by 9 months following therapy. Pre 
GT autoimmunity resolved in all but 1 patient from the 
initial cohort who developed transient immune thrombo
cytopenia post GT. Reduction in severe infections, fre
quency and severity of bleeding episode as well as 
improvement or resolution of eczema were noted follow
ing GT. Stable polyclonal gene marking with high number 
of unique insertion sites were observed. No replication 
competent virus was noted in any subjects. Furthermore, 
significant clinical benefit was observed in patients over 5 
years of age, which historically has been the cohort with 
poorest HSCT survival.

Hacein-Bey-Albina et al described 7 patients who 
underwent lentiviral GT following more intense myeloa
blative conditioning with Busulfan 12mg/kg given over 3 
days, Fludarabine 120mg/m3 with Rituximab or 
Alemtuzumab serotherapy. All patients had a severe 
WAS phenotype (WAS scores of 3–5), lacked matched 
related or unrelated donors and ranged in age between 10 
months and 15.5 years (4 patients were over 5 years of 
age).84 There was equal distribution of BM and mobilized 
PB stem cells with a robust median transduced CD34+ 

dose. One patient died 7 months following GT of refrac
tory herpes infection. The remaining 6 patients demon
strated clinical improvement in eczema, bleeding severity 
and frequency, infections and autoimmunity. Only one 
patient continued to experience vasculitis following GT 
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which was mild compared to severe limb vasculitis leading 
to impaired ambulation pre GT. Minimal improvement in 
platelet counts occurred in patients who were not splenec
tomized (either before or following gene therapy) with no 
patient reaching platelet counts greater than 50,000/mm3.

Five additional WAS patients were treated in the 
Boston based U.S trial.83 As in the other 2 trials, patients 
had severe WAS with age range of 1.4 to 8 years. 
Myeloablative conditioning was used with busulfan of 
12–15mg/kg total (target AUC 70–80 mg*hr/L) and 
Fludarabine of 120mg/m2. Multilineage vector gene mark
ing was sustained over time, however WASP expression 
even though increased from the baseline remained below 
normal. Two patients demonstrated an increase in platelet 
counts over 50,000/mm3. The clinical benefits observed 
were similar to those reported in the other trials, except for 
2 patients whose autoimmunity failed to resolve with GT. 
The use of lentiviral vector was not associated with any 
events concerning safety, with highly polyclonal pattern of 
vector integration.

The first adult WAS patient treated with lentiviral GT 
was reported in 2017.85 He received the same conditioning 
described by Hacein-Bey-Albina et al GT led to resolution 
of autoimmunity and IVIG discontinuation. As this patient 
had prior splenectomy, GT-related platelet count recovery 
could not be evaluated.

Lentiviral GT trials utilizing the endogenous WAS 
promoter have demonstrated clinical efficacy, with 
improvement in infectious, autoimmune and bleeding 
complications in treated patients. Overall safety of the 
lentiviral vectors has been demonstrated, and so far, no 
adverse events associated with the use of transduced stem 
cells have occurred, with polyclonal pattern of vector 
integration and without evidence of replication compe
tent lentivirus. However, reconstitution of the platelet 
count to normal range has not been achieved in the 
majority of patients. Platelet reconstitution was further 
evaluated by Sereni et al analyzing platelet phenotype, 
activation state, and overall function in WAS patients 
following GT.86 Post GT, platelets were found as having 
normal volume, granule content with greater than 90% 
WASP expressing platelets noted in patients followed 
longer than 2 years. De-novo autoimmunity following 
GT occurred at the comparable rate as seen with HSCT, 
with 3 patients reported.81–83 However, mean fluores
cence intensity of WASP was low demonstrating subop
timal expression. Platelet activation and aggregation 
normalized following GT. However, while the 

dysregulated and activated state of platelets typical for 
WAS patients improved, it did not normalize, possibly 
contributing to the persistent thrombocytopenia fre
quently seen following gene therapy.

Conclusion
When originally recognized as a clinical entity, patients 
with classical WAS typically died during infancy/early 
childhood. Better understanding of the underlying hema
tologic and immunologic abnormalities has led to sympto
matic therapies, including corticosteroids, antimicrobials 
and immunoglobulin replacement that improved modestly 
the quality of life and extended life expectancy into the 
early twenties. Since the initial success of HSCT in 1968, 
significant progress has been made in confirming the diag
nosis earlier, establishing genotype phenotype correlation, 
and designing and improving curative therapies for WAS 
patients. As is the case in other PIDs, earlier intervention 
and disease correction has led to better outcomes and 
improved event-free survival. HSCT and GT have reached 
an OS above 90%, however some challenges remain. 
Potential late effects due to intense conditioning regimens, 
insufficient donor chimerism leading to only partial dis
ease correction, difficulties achieving normal platelet 
recovery and function, and the potential risk of insertional 
mutagenesis following GT still need to be evaluated in the 
decades to come.
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Abstract: Glanzmann thrombasthenia (GT) is a rare autosomal recessive disorder of 
fibrinogen-mediated platelet aggregation due to a quantitative or qualitative deficit of the 
αIIbβ3 integrin at the platelet surface membrane resulting from mutation(s) in ITGA2B and/or 
ITGB3. Patients tend to present in early childhood with easy bruising and mucocutaneous 
bleeding. The diagnostic process requires consideration of more common disorders of 
haemostasis and coagulation prior to confirming the disorder with platelet light transmission 
aggregation, flow cytometry of CD41 and CD61 expression, and/or exon sequencing of 
ITGA2B and ITGB3. Antifibrinolytic therapy, recombinant activated factor VII, and platelet 
transfusions are the mainstay of therapy, although the latter may trigger formation of anti- 
platelet antibodies in GT patients and inadvertent platelet-refractory disease. The manage
ment of these patients therefore remains complex, particularly in the context of trauma, 
labour and delivery, and perioperative care. Bone marrow transplantation remains the sole 
curative option, although the venue of gene therapy is being increasingly explored as a future 
alternative for definitive treatment of GT. 
Keywords: bleeding disorders, inherited platelet defects, platelet aggregation, ITGA2B, 
ITGB3, αIIbβ3

Introduction
Glanzmann Thrombasthenia (GT) is a rare inherited bleeding disorder characterized 
by dysfunctional fibrinogen-mediated platelet aggregation due to decreased or 
dysfunctional αIIbβ3 integrin expression at the platelet surface membrane. This 
autosomal recessive condition affects approximately 1 in 1,000,000 people,1 though 
prevalence reaches up to 1 in 200,000 people2 in populations of increased con
sanguinity, including those coming from Pakistan, Iraqi Jewish groups, nomadic 
tribes of Jordan, South Indian Hindu communities, Roma camps within France, and 
the Canadian province of Newfoundland and Labrador.1–6

Historical Context
In 1918, Dr. Glanzmann, a Swiss pediatrician, coined the term “thrombasthenia,” or 
“weak platelets,” when describing a patient exhibiting purpura despite having 
platelets of normal quantity and appearance on peripheral smear.1,7–10 Curiously, 
he also noted absence of platelet clumping, a prolonged bleeding time, and inferior 
clot retraction.7 Forty-four years later, in 1962, Drs. Caen and Cousin demonstrated 
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absence of platelet aggregation in response to ADP, adre
naline, thrombin, and collagen stimulation.1,11 In the 
1970s, multiple teams12–15 studying the platelets of 
Glanzmann thrombasthenia patients identified a shared 
underlying deficiency of the membrane glycoprotein IIb/ 
IIIa complex, now known as the αIIbβ3 integrin.

Role of αIIbβ3 Integrin
Wild-type platelets express approximately 50,000 copies 
of αIIbβ3 integrin at their surface membranes.16,17 The αIIb 

subunit, predominantly expressed within cells of the mega
karyocytic lineage,18 is produced as a pro-peptide com
prised of a heavy and light chain linked together by 
disulfide bridges.19–21 In addition to providing intramole
cular stability, the integrity of the 674–687 disulfide bridge 
in particular has also been shown to be necessary for 
ultimate surface expression of the αIIbβ3 integrin.22 The 
αIIb subunit binds its β3 partner via calcium-depending 
bonds prior to undergoing post-translational modifications, 
including O- and N-glycosylation, within the endoplasmic 
reticulum and Golgi apparatus.20,21 Once integrated into 
the platelet membrane, each mature subunit within the 
final receptor complex contains a large globular extracel
lular domain, a single transmembrane domain, and a small 
cytoplasmic region that interacts with its neighboring cyto
plasmic domain via salt bridge (Figure 1).20 The cytoplas
mic domains also interact with other cytoplasmic and 

cytoskeletal proteins20,23 and facilitate both inside-out 
and outside-in signaling (Figure 2).20,24,25 In its resting 
state, the αIIbβ3 integrin receptor exists in a “bent” con
formation whose extracellular domains are clasped and 
have a low affinity for binding ligands.1,26,27 A rise in 
the intracellular concentration of calcium leads to a talin- 
induced conformational change within the extracellular 
domains of both subunits, exposing their ligand binding 
sites.26–28 This inside-out activation allows ligand binding 
sites on each subunit to bind the same fibrinogen molecule, 
which in turns binds identical ligand binding sites on other 
platelets to establish a platelet plug.1 Meanwhile, fibrino
gen binding also facilitates unclasping of the extracellular 
domains of the αIIb and β3 subunits26,27,29,30 and triggers 
protein kinase C-mediated cytoskeletal changes and plate
let granule secretion, ultimately resulting in platelet 
spreading and fibrin clot stabilization.1 Clot formation 
and stabilization is further enhanced by β3’s ability to 
bind von Willebrand factor, fibronectin, and 
vitronectin.1,28,31 Furthermore, β3 promotes cleavage of 
Factor Xa, assisting with conversion of prothrombin to 
thrombin.8,32–34 β3 has also been shown to have a role in 
fibrin clot retraction that is independent from its ability to 
bind fibrinogen.8,10,35–37 Given the myriad of interactions 
that must occur for the αIIb and β3 subunits to reach the 
platelet membrane and promote platelet aggregation, one 
can imagine the many opportunities for this process to 

Figure 1 Schematic of αIIbβ3 integrin composed of αIIb and β3 subunits. The mature αIIb subunit contains extracellular heavy and light chains linked together via disulfide 
bridge. Both subunits contain extracellular, transmembrane, and cytoplasmic domains; the latter domains are linked via salt bridge.
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become disrupted. Each of these opportunities for error, in 
turn, implies the potential for countless theoretical GT- 
causing genetic variants.

Genetics
The αIIb and β3 subunits are respectively encoded by 
ITGA2B (65 kbp) and ITGB3 (17 kbp), which are both 

found on chromosome 17 (17q21.31 and 17q21.32, respec
tively; OMIM # 607759 and OMIM #173470). ITGA2B 
and ITGB3 expression are not known to be coordinated,3,31 

however, and mutations in either of these genes can lead to 
forms of GT that are phenotypically indistinguishable.1 

GT inheritance is typically autosomal recessive and 
patients may exhibit homozygosity, particularly if 

Figure 2 Schematic of αIIbβ3 integrin undergoing inside-out and outside-in signaling. (A) Bent confirmation of αIIbβ3 integrin with intact salt bridge linking cytosolic domains 
of the subunits (low affinity for binding fibrinogen). (B) Binding of intracellular protein talin disrupts salt bridge and triggers separation of the cytosolic region of β3 from that 
of αIIb, resulting in a conformational change of the αIIbβ3 integrin into the upright position. In this position, fibrinogen is able to bind extracellular domains (high affinity for 
binding fibrinogen; inside-out signaling). (C) Fibrinogen, in turn, binds additional αIIbβ3 integrins to facilitate platelet aggregation, resulting in activation and recruitment of 
additional intracellular and cytosolic proteins, such as c-Src tyrosine kinase (c-Src), integrin-linked kinase (ILK), spleen tyrosine kinase (Syk), protein kinase C (PKC), and 
protein tyrosine phosphatase (PTP1B) and others, to facilitate processes including cytoskeletal reorganization for platelet spreading, clot stabilization, and clot retraction 
(outside-in signaling).
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consanguinity is present, or compound 
heterozygosity.8,20,31,38 ITGB3 mutations are more com
mon, presumably due to its relatively larger coding region 
of 30 exons in comparison to the 15 exons comprising 
ITGA2B.1 As of February 2021, 475 ITGA2B and ITBG3 
GT-causing mutations have been catalogued in the 
Glanzmann Thrombasthenia Database (https://glanzmann. 
mcw.edu/) and most commonly include nonsense, mis
sense, and splice site variants.1,20 Large deletion and 
duplication mutations are rare.1,20 Mutations leading to 
a GT phenotype can be manifested by dysfunctional gene 
expression, protein folding, post-translational processing, 
trafficking to the platelet membrane, and ligand 
binding.1,8,39–43 In fact, missense mutations impeding 
such processes have helped researchers to identify func
tional coding sequences within ITGA2B and ITBG3.20,44–46 

For example, ITGA2B c.818G>A disrupts the calcium- 
binding site with the β3 subunit and has been shown to 
result in lack of αIIbβ3 integrin expression at the platelet 
membrane.8,39–41 Alternatively, defects within αIIbβ3 integ
rin extracellular ligand binding sites result in a qualitative 
variant of GT in which quantities of αIIbβ3 integrin at the 
platelet membrane are otherwise intact. Such differences 
in αIIbβ3 integrin expression at the level of the platelet 
membrane are the basis for distinguishing clinical types 
of hereditary GT (Table 1). In Type I GT, platelets’ mem
brane expression of αIIbβ3 integrin is less than 5% of the 
wild-type quantity.47,48 Type I GT is most common, repre
senting 62–78% of GT cases.1,3,4,20 Type II GT, in which 
5–25% of normal of αIIbβ3 integrin expression is 
maintained,4,8,20,47,48 represents about 12–16% of the GT 
population.1,3,4,20 Type III represents a “variant” GT phe
notype in which the αIIbβ3 integrin is present in sufficient 
quantities at the platelet membrane (ranging from 25% to 
100% of reference levels),8,20,47,48 but is qualitatively dys
functional, and represents 8–22% of affected 

patients.1,3,4,20 Mutations conferring a defective αIIbβ3 

integrin result in varying clinical severities, but tend to 
involve ligand binding sites, such as ITGB3 c.719G>A, 
and inside-out signaling, such as ITGB3 
c.2332T>C.8,45,49,50 Interestingly, gain-of-function GT- 
like cases have also been described involving compound 
heterozygous ITGA2B and ITBG3 mutations affecting 
membrane-adjacent residues resulting in auto-activation of 
αIIbβ3, reduced αIIbβ3 expression, and 
thrombocytopenia.1,51–53 In a minority of patients, no 
mutation may be found, suggesting unidentified causes of 
GT that could perhaps be attributed to non-sequenced 
promoter or intron regions, mutated proteins that may 
help facilitate αIIbβ3 integrin development and transport, 
or modulators affecting αIIbβ3 integrin expression, such as 
miRNA or epigenetic changes.20

Acquired Glanzmann 
Thrombasthenia
Acquired GT is a disorder characterized by anti-αIIbβ3 

complex-antibody-mediated platelet destruction.57,58 

More common than its hereditary counterpart, acquired 
GT can manifest as primary immune thrombocytopenia 
(ITP) or occur secondary to autoimmune disorders, malig
nancies, or organ transplants.57–60 Certain medications, 
including the antimalarial quinine, antiarrhythmic quini
dine, and various anticoagulants, including abciximab, 
have been identified as triggers for acquired GT.1,58

Clinical Presentation
Patients with hereditary GT tend to develop easy bruising 
and mucocutaneous bleeding symptoms (Table 2) early in 
life, with a mean age of diagnosis of 1 year of age and 
15% of GT patients presenting beyond age 14 years.2,61 

Males with GT may be diagnosed as a result of post- 
circumcision hemorrhage.8,62 Loss of primary teeth is 

Table 1 Types of Glanzmann Thrombasthenia and Their Frequencies, with Examples of Genetic Mutations

Type of 
GT

Relative Expression of αIIbβ3 Relative 
Frequency

Example of Functional αIIbβ3 Defect

Type I <5% versus Wild-type 62–78% ITGA2B c.273G>D: αIIbβ3 unable to transport to the platelet membrane54

Type II 5–25% versus Wild-type 12–16% ITGA2B c.1772_1773insG: Premature stop codon leading to nonsense- 

mediated decay of mRNA55

Type III 

(Variant)

25–100% versus Wild-type 

(Qualitative Defect)

8–22% ITGB3 c.2259T>C: Defect in outside-in signaling via αIIbβ356

Abbreviation: GT, Glanzmann Thrombasthenia.
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another common source of bleeding during childhood.8 In 
rare cases, abnormal bleeding may not occur until adult
hood, when a patient’s coagulation system is challenged 
by childbirth or another severe trauma.4,20 Bruising pro
voked by mild trauma is the most common symptom 
experienced, followed by mucocutaneous bleeding.4 

Typically, bleeding symptoms are less severe than those 
seen in hemophilia patients,2,63 although more than two- 
thirds of patients require one or more platelet and/or red 
blood cell transfusions over their lifetime.20,64 Epistaxis is 
the most prevalent source of severe bleeding, affecting 
60–80% of patients.4 This symptom is most prominent 
during childhood,4,65 when the nasal septum is most fri
able and also most likely to be subjected to the trauma of 
nose-picking.1

The majority of females with GT experience heavy, 
prolonged, and/or more frequent menstrual bleeding.4 

Gingival bleeding is also a source of concern, affecting 
up to 60% of patients, and may even result in iron defi
ciency anemia.4 This symptom may be remedied with 
improved oral hygiene. Gastrointestinal bleeding is more 
rare, affecting only 10–28% of patients,4,20 but may be 
particularly concerning in the presence of localized 
angiodysplasia.8 Intracranial hemorrhages, hemarthroses, 
hematuria, and organ bleeds have all been described in 
GT patients, but are exceedingly rare.1,4,8,20

Diagnosis
As with any patient presenting with easy bruising and/or 
mucocutaneous bleeding, it is important to take a detailed 
history of bleeding symptoms. Diagnostic bleeding scores, 
which quantify a given patient’s ongoing bleeding risk 
based on their historical symptoms and need for interven
tions, are generally useful for establishing a true bleeding 

tendency although no cut-off values have been established 
for GT.1,66 The ISTH/SSC bleeding assessment tool67 has, 
however, demonstrated an ability to identify patients with 
inherited platelet disorders, once von Willebrand disease 
has been ruled out. History should also include the pre
sence of any past or present autoimmune or malignant 
diagnoses, as well as current symptoms that may point to 
an undetected underlying systemic condition that could 
trigger acquired GT. Past infections should also be quer
ied, as mutations involving integrin regulatory proteins, 
including kindlin-3 and calcium and diacylglycerol- 
regulated guanine nucleotide exchange factor, can affect 
both platelet and leukocyte integrin function, resulting in 
a simultaneous immunodeficiency;58,68 these patients do 
not have GT. A medication history should include the use 
of antiplatelet medications, such as NSAIDs, and other 
anticoagulants that may suggest an alternative cause. 
Taking a family history and drawing a pedigree is encour
aged, as it could provide critical information to help estab
lish the presence of a familial bleeding disorder spanning 
multiple generations with a specific pattern of inheritance. 
When examining the patient, it is important to inspect the 
skin for signs of bruising as well as the mucocutaneous 
regions, including the nares, for evidence of bleeding. 
Additional areas of importance may be guided by history.

Preliminary investigations that are widely available and 
relatively inexpensive are necessary to help narrow the list 
of differential diagnoses (Figure 3), given the rarity of GT 
amongst haemostasis and coagulation disorders; for every 
one patient diagnosed with inherited GT, there are 1000 
people diagnosed with von Willebrand disease,69 95 peo
ple diagnosed with immune thrombocytopenia,70 and 85 
people diagnosed with haemophilia A.71 In terms of spe
cific inherited platelet defects diagnosed per year, GT 

Table 2 Clinical Presentations of Glanzmann Thrombasthenia

Clinical Presentation Note(s)

Easy Bruising Following minor trauma
Mucocutaneous bleeding Includes epistaxis; heavy, prolonged, and/or more frequent menstrual bleeding; gingival bleeding; 

gastrointestinal bleeding (less common)

Excessive bleeding post trauma 
or surgery

In young boys, may see persistent bleeding following circumcision

Intracranial hemorrhage Very rare

Hematuria Very rare
Hemarthrosis Very rare

Organ bleeding Very rare
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represents just 9.8% of this category.72 As Dr. Glanzmann 
discovered,7 complete blood count (CBC) and peripheral 
smear will typically reveal a normal quantity of platelets 
that are of a normal size and maintain a typical granular 
pattern, which helps differentiate GT from other platelet 
disorders, such as Bernard-Soulier and Grey Platelet 

Syndromes. In some cases, the CBC might also suggest 
iron deficiency anemia (IDA), which may be 
a consequence and/or a cause of abnormal bleeding, as 
arachidonic acid-induced platelet aggregation has been 
shown to improve following treatment of IDA.73,74 

Additional CBC abnormalities would point towards 

Figure 3 Diagnostic algorithm for GT. *Consider proceeding to platelet light transmission aggregometry if suspicion for platelet defect remains high. **Consider genetic 
testing to identify specific mutation of ITGA2B and ITGB3 and/or flow cytometry to differentiate GT type. †Consider clot retraction assay (if available) and platelet light 
transmission aggregometry or genetic testing of ITGA2B and ITGB3 to make the diagnosis of GT Type III. ††Consider genetic testing to identify specific mutation of ITGA2B or 
ITGB3. 
Abbreviations: CBC, complete blood count; VWF Ag, von Willebrand factor antigen; VWF Act, von Willebrand factor activity; VWD, von Willebrand disease.
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a diagnosis other than GT. Coagulation studies, including 
INR, PTT, and fibrinogen, are normal in GT and help rule 
out coagulation factor deficiencies and fibrinogen disor
ders that could be alternative, more common causes of 
bleeding and abnormal platelet aggregation. Additionally, 
normal von Willebrand factor antigen and von Willebrand 
factor activity assays are expected and eliminate the pos
sibility of von Willebrand disease.

Additional screening tests may be helpful prior to con
firming the diagnosis of GT with platelet light transmission 
aggregometry, which requires a large volume of blood, 
3–4 hours, and a specialized laboratory.75 A clot retraction 
assay can be performed using 1–2 mL of whole blood 
incubated overnight at 37 degrees Celsius, removing the 
newly formed clot, and quantifying the relative volume of 
serum within the remaining plasma sample that was 
extracted from the clot during the retraction process. The 
assay can also be performed using platelet rich plasma. 
Assuming a normal platelet quantity and adequate fibrino
gen count and quality, an abnormal clot retraction is con
sistent with diagnosis of GT, as this assay specifically tests 
the outside-in signaling of the αIIbβ3 integrin.76,77 

Furthermore, a result of no clot retract versus low-to- 
normal clot retraction can help differentiate between 
Types I and II GT, respectively.36 It should be noted, 
however, that this test has fallen out of favour, as it is 
only available is specialized laboratories and is no longer 
considered to be a required test in the diagnosis of GT.

Platelet function analyzer, or PFA 100, testing requires 
as little as 2 mL of blood and is a measure of primary 
hemostasis.75,78 By timing platelet plug formation over 
a membrane in the presence of stimulants (collagen and 
epinephrine or collagen and ADP) under high shear con
ditions, samples affected by platelet disorders and von 
Willebrand disease will be differentiated.78 While an 
abnormal PFA-100 is 100% sensitive for GT,75 it does 
not distinguish GT from severe von Willebrand disease 
or afibrinogenemia.1

Platelet light transmission aggregometry is a gold stan
dard for establishing a diagnosis of GT.79 This test exposes 
a blood sample to various agonists to stimulate platelet 
plug formation and measures the subsequent transmission 
of light through the platelet suspension.80 Platelet aggre
gation in the presence of ristocetin, but not in the presence 
of ADP, collagen, thrombin, or adrenaline (<10% of refer
ence values) is pathognomonic for the disorder.36,47,77 It 
may be necessary to repeat testing once to confirm the 
results or compare with a control sample in parallel, given 

the multiple pre-analytical and analytical variables that 
may affect the outcome of this investigation.1,80–83

Once Glanzmann thrombasthenia has been diagnosed, 
there are additional tests that are helpful for further char
acterization of the disorder. Flow cytometry with mono
clonal antibody panels against CD41 and CD61 can 
quantify deficiencies in αIIb and β3 expression at the 
platelet membranes, respectively, and allow for identifica
tion of Type I (<5% expression) and Type II (5–25% 
expression) GT.84 Flow cytometry typically reveals at 
least 50% αIIb and β3 expression in Type III GT.36,84 

Differentiating GT type is particularly helpful for risk 
stratifying patients who may develop alloimmunization 
following platelet transfusion (see Platelet Refractoriness 
and Alloimmunization). Furthermore, flow cytometry can 
also be used to identify specific antibodies against αIIbβ3 in 
cases of acquired GT.84,85 Genetic sequencing of ITGA2B 
and ITGB3 may also be performed to confirm the specific 
mutations involved. Multiple groups86–89 have recently 
developed high-throughput molecular diagnostic assays 
for patients with GT and other inherited bleeding disor
ders. It should be noted though that at this time, there does 
not seem to be a correlation between specific mutation and 
phenotype severity8 and even family members sharing 
similar mutations have been shown to have significant 
variability amongst their clinical outcomes.20

Management
Routine Follow-Up and Anticipatory 
Guidance
Any patient diagnosed with GT should be referred to 
a tertiary care centre with a haematologist experienced in 
treating patients with inherited bleeding disorders. This 
centre must be able to manage patients outside of regular 
clinic hours should severe bleeding occur. During regular 
clinic hours, the patient should have access to 
a multidisciplinary team, including a nursing coordinator, 
physiotherapist, social worker, and psychologist as 
necessary.2,90 Good oral hygiene and routine dental fol
low-up are also of the utmost importance.91 Patients with 
GT can and should receive routine vaccinations with the 
additional step of providing 15 minutes of applied pressure 
to the site to encourage proper hemostasis.90 Additional 
immunization against hepatitis A and B is encouraged, 
given heightened risk for exposure to blood products.90 

Patients should receive adequate teaching about GT, 
including education on preventing bleeds, such as avoiding 
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certain medications, including aspirin and NSAIDs, and 
high-impact physical activities. Patients should be coun
seled regarding recognition of bleeds and necessity of 
urgent medical intervention for prolonged or worrisome 
bleeding, as delay in treatment has been implicated in both 
hospital length of stay and overall treatment response.92,93 

Any patient with a diagnosis of GT, or any clinically 
significant bleeding disorder, should wear a MedicAlert 
bracelet or similar piece of identification to flag their 
condition to emergency medical personnel in the event of 
incapacitation.

Pregnant women who have been diagnosed with GT, or 
whose partners have been diagnosed with GT, should be 
considered for prenatal testing if the parents of the fetus 
are consanguineous. Prenatal diagnosis is routinely con
firmed by genetic testing,1 although flow cytometry has 
also been used.94 Pregnant women who are known to have 
GT should also be screened for anti- αIIbβ3 antibodies via 
monoclonal antibody-specific immobilization of platelet 
antigen (MAIPA) assay regularly throughout gestation,95 

as these antibodies can cross the placenta and cause dan
gerously low platelet levels in the fetus.31,96,97 Mothers 
must be counseled about this risk and for this reason, it is 
important to test the newborn’s platelet count within the 
first few hours life8 if maternal antibodies have been 
detected. While mothers with GT are not expected to 
experience increased bleeding during the pregnancy itself, 
specific planning surrounding labour and delivery is indi
cated in order to prevent excessive bleeding in the intra- 
and post-partum periods (see Site-Specific considerations 
below).

General Approach to Bleeding
Minor bleeding episodes may be initially managed at 
home using manual compression and/or antifibrinolytic 
therapy. Depending on the bleeding site, manual compres
sion may be achieved by applying pressure with gauze or, 
in the cases of epistaxis, pinching the soft cartilages of the 
nares closed using the index finger and thumb. Cold com
presses are not recommended, as they have been shown to 
impair haemostasis and coagulation in patients with and 
without bleeding disorders.98,99 The use of oral antifibri
nolytic therapy,31,47 including tranexamic acid (TXA) and 
aminocaproic acid, can be easily administered in the home 
setting and may be critical for stopping a bleed in its early 
stages. Antifibrinolytics should not be administered to 
patients experiencing gross hematuria, however.100,101 

GT patients with bleeding that is refractory to these meth
ods should seek emergency medical attention.

Patients with GT experiencing severe bleeding require 
some combination of three main treatment options to 
achieve haemostasis: antifibrinolytics, recombinant acti
vated factor VII (rF7a), and platelet transfusion. DDAVP 
has also been used,47,102 although study results have been 
inconsistent1 and further investigation is needed in this 
area. In addition to providing haemostasis, the need for 
red blood cell transfusion must always be considered. 
These transfusions should be sourced from washed or 
frozen red blood cells in order to remove any residual 
platelets that could trigger alloimmunization.31 

Unfortunately, the urgency of the situation may preclude 
the ability to wait for these products to become available 
and the risks and benefits of transfusing fresh non-washed 
pRBCs must be carefully weighed.

Antifibrinolytics, in addition to being available enter
ally, can be administered intravenously or topically using 
antifibrinolytic-soaked gauze or gel foam. Fibrin glue and 
topical thrombin are additional topical alternatives/com
plements to antifibrinolytics.

Platelet transfusion has been a mainstay of GT therapy 
for years. However, the benefit of providing functional 
platelets must be weighed against the risk of causing 
alloimmunization and rendering a patient refractory to 
subsequent platelet transfusions. GT Type I patients are 
at particular risk of alloimmunization against αIIb and β3 
due to their inherent lack of self-expression of these 
antigens.20,31 Given the possibly fatal implications of pla
telet refractoriness, platelet transfusions should be 
reserved for life-threatening hemorrhages in the GT 
population.31 The use of platelet transfusions in girls and 
pre-menopausal women should be particularly avoided 
whenever possible given the added risk of transplacental 
antibody transfer causing future neonatal alloimmune 
thrombocytopenia.1,96 If and when choosing to transfuse 
platelets, they should be HLA-matched, leukocyte-reduced 
whenever possible to avoid HLA-alloimmunization.31 

ABO compatibility offers an additional layer of 
protection31 and patients who have received any blood 
products, including only red blood cells, should be regu
larly screened for antibodies. Furthermore, there have even 
been some reports of antibody presence in non-transfused 
patients,20,31,103 which may have been infection-induced.

rF7a is an expensive47,104,105 but efficacious treatment 
for patients with GT experiencing moderate to severe 
bleeding. rF7a has a long shelf life at room 

https://doi.org/10.2147/JBM.S271744                                                                                                                                                                                                                                   

DovePress                                                                                                                                                            

Journal of Blood Medicine 2021:12 456

Mathews et al                                                                                                                                                        Dovepress

https://www.dovepress.com
https://www.dovepress.com


temperature106,107 and is approved in several counties for 
use in patients with hemophilia, congenital factor VII 
deficiency, and GT. In particular, it is approved in the 
United States for use in GT patients who are refractory 
to platelets as well as in Europe for patients with GT who 
cannot receive platelets. Various studies have reported 
partial or better responses to rF7a for 67–93%104–106,108 

of nonsurgical hemorrhages in GT patients, with or with
out the help of antifibrinolytics. Its efficacy has been found 
to be irrelevant to antibody presence.105 rF7a’s mechanism 
of action for GT patients is not entirely understood.104 

However, it is thought that through activation of factor 
X, rF7a facilitates generation of thrombin, which can then 
bind and activate GT platelets via intact GP1b 
receptors.31,106,109,110

It is important to note that dosing of rF7a varies based 
on indication, and patients with GT typically require fewer 
total doses than hemophilia patients with inhibitors do.111 

Patients with GT typically require 80–140 μg/kg intrave
nous every 2.5 hours or less until hemostasis is 
achieved.61,104 Continuous infusions of rF7a have only 
been rarely used and are not well studied.104

Site-Specific Considerations
As epistaxis is a major source of bleeding in children with 
GT, efforts should be made to prevent over-drying of the 
nasal mucosa in affected patients. These methods include 
use of humidifiers, saline nasal sprays and Vaseline gel. 
Some patients may find it helpful to sleep in a seated 
position when experiencing mild nasal or oral bleeding. 
Major epistaxis requires the expertise of an otolaryngolo
gist. A 2010 retrospective study65 of 5 children with GT 
presenting on 63 occasions with epistaxis reported 
a hospitalization rate of 72%. Forty-two percent of these 
admissions required intensive care. While anterior nasal 
packing with or without topic hemostatic treatments were 
successful about one-third of the time, the administration 
of a bovine collagen matrix was deemed successful in just 
one-half of cases.

Oral cavity bleeding can commonly present in the 
setting of gingivitis. Daily flossing is therefore highly 
encouraged. Those with gingival bleeding may benefit 
from using antifibrinolytic therapy as a mouthwash.2,5,6 

Children are also at risk of oral bleeding with the routine 
loss of primary teeth. Loose teeth can be treated with fibrin 
glue to help mitigate blood loss.3,112,113 Plastic splints can 
also be used to physically support hemostasis.114

Heavy uterine bleeding affects most women with GT. 
Efforts should be made to quantify this symptom using 
standardized scales, such as the Pictorial Blood Loss 
Assessment Chart.115,116 GT patients with heavy menses 
should be treated first line with antifibrinolytics. Patients 
who have refractory bleeding should be reviewed by 
a gynecologist and considered for oral contraceptive ther
apy or hormonal intrauterine devices, with or without 
adjunctive antifibrinolytics. Intravenous high-dose estro
gen therapy over 1–2 days is an effective measure for 
these patients and should be administered in consultation 
with a gynecologist.35,117 It should be considered prior to 
administration of rF7a or platelet transfusion if bleeding is 
not life-threatening.

Bleeding associated with childbirth is a major concern in 
women with GT. Surprisingly, up to 50% of women with GT 
may not be diagnosed until facing the haemostatic challenges 
of labour and delivery.1,96 Epidural anesthesia is contraindi
cated in this population due to additional bleeding risks and 
an alternative pain management plan should be arranged 
beforehand.1,77 Women in labour for vaginal delivery or 
preoperative for caesarean section should be started on rF7a 
and antifibrinolytics in the presence of evidence of abnormal 
bleeding and may benefit from platelets as well. Platelets may 
continue to be required up to 7 days after delivery.8,118,119 

Women experiencing postpartum hemorrhage should be man
aged with packed red blood cells and uterotonics.120

Perioperative Bleeding
The rate of perioperative bleeding in patients with inher
ited functional defects has been reported at 24.8%, with 
cardiovascular and urological surgeries bearing 
a particularly significant risk.121 The principles for pre
venting and managing surgical bleeds are similar to those 
for nonsurgical hemorrhages: patients tend to be managed 
with a combination of antifibrinolytics and rF7a, with or 
without platelets. One international retrospective review 
sponsored by Novo Nordisk Health Care AG involving 
96 GT patients122 who underwent 101 surgeries in which 
rF7a and platelets were used, with or without antifibrino
lytics, reported 100% efficacy in achieving hemostasis, 
regardless of alloimmunization status. This success rate 
was maintained for minor procedures when only rF7a 
and antifibrinolytics were given to patients with a history 
of antibodies and refractoriness. The same study found 
that this success rate decreased to 88.9% when rF7a was 
used without antifibrinolytics. The group that received 
platelets with or without antifibrinolytics had a success 
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rate of just 67%. Another international survey in which 
ties to Novo Nordisk Health Care AG were disclosed 
reported 67% success in preventing surgical bleeding in 
9 GT patients undergoing major operations and 92% of 25 
GT patients undergoing minor procedures, with or without 
antifibrinolytics.105 rF7a dosing in surgical patients is 
80–90 ug/kg intravenously immediately prior to surgery, 
with at least 2 repeated doses every 2–6 hours;123 some 
sources61,106,122 recommend dosing as high as 140 u/kg. 
Patients undergoing major operations are expected to 
require additional doses, with one review104 on rF7a use 
in surgical patients reporting median durations of treat
ment of 7 hours and 2 days for minor and major opera
tions, respectively. In the post-operative period, 
haemostasis can be monitored clinically along with trend
ing of hemoglobin.47

Platelet Refractoriness and 
Alloimmunization
Any GT patient presenting with refractoriness to platelet 
transfusion likely requires rF7a and should be considered for 
packed red blood cell transfusion. Anti-platelet antibodies, 
should always be suspected in the case of platelet 
refractoriness.8 The prevalence of alloimmunization, due 
either to anti- αIIbβ3 or anti-HLA antibodies, is as high at 
30% in the general GT population.61 Patients who have devel
oped HLA antibodies should be treated with HLA-compatible 
platelets. Alloimmunization against αIIbβ3 resulting in lack of 
response to all platelet transfusions, however, is a life- 
threatening complication for GT patients. Patients whose 
mutations prevent any αIIbβ3 expression at the platelet mem
brane are theoretically at the highest risk for developing anti- 
αIIbβ3 antibodies.31 Women seem to be more affected than 
men, although this risk may be due to the prevalence of 
transfusions for uterine bleeding.20,31 A relationship between 
number of past platelet transfusions and presence of platelet 
refractoriness in the GT population has not been established, 
however, and even residual platelets within red blood cell 
transfusions can trigger alloimmunization.31,124,125 When anti- 
αIIbβ3 antibodies are present, platelet transfusions in conjunc
tion with antifibrinolytics have still been successful 71% of the 
time for non-surgical hemorrhages.106 However, rF7a has 
been shown to be effective in 91% of non-surgical bleeds, 
regardless of antibody status.106 rF7a has similarly been 
shown to be successful in treating 88% of surgical bleeds in 
antibody patients.122 Patients with antibodies have been shown 
to require more doses or rF7a than those without.106,122

Alloimmunization has been reported in up to 70% of 
pregnant women with GT.1,61 Pregnant mothers with GT 
who are immunized by fetal platelet antigens will produce 
antibodies that can later cross the placenta and induce life- 
threatening thrombocytopenia and hemorrhage in the 
fetus.31,96,97 Methods to lower antibody titre prenatally 
include plasma exchange, steroids, and intravenous immu
noglobulin (IVIG),8,95,126,127 with IVIG dosing of 0.5–1g/ 
kg per week associated with 97.3% success.95,128

Thrombosis Secondary to Recombinant 
Activated Factor VII
The rate of thromboses secondary to rF7a use in GT 
patients fortunately remains low. One literature review of 
rF7a use in GT patients found a thromboembolic event 
rate of 1.4% amongst 221 bleeding episodes.104 A review 
including data from the Glanzmann Thrombasthenia 
Registry found 5 cases of thromboembolism amongst 
490 instances of rF7a use for nonsurgical bleeding and 
perioperative prophylaxis.129 Two of these cases occurred 
in patients over the age of 65 years, with one featuring 
additional risk factors of immobilization, surgery, and 
continuous rF7a infusion. Thromboembolic diagnoses 
reported in GT patients receiving rF7a within the literature 
include deep vein thrombosis, pulmonary embolism, ure
teric obstruction, and intracardiac thrombi.105,130–132

Curative Therapy
Bone marrow transplantation has proven to be a curative 
option in several GT patients, including those with anti- 
platelet antibodies.31,133–139 In many cases, conditioning 
therapy has helped alleviate antibodies, which can other
wise threaten engraftment.50,117 Transplant has typically 
been performed in the pediatric population, with chronic 
graft versus host disease being a major morbidity.

Though still in the experimental stages, gene therapy has 
been explored as an option for treating GT. In 2011, Fang 
et al140 demonstrated increased αIIbβ3 expression in GT dog 
models who had been transfected with peripheral blood stem 
cells engineered to express human ITGA2B. Three years later, 
Sullivan et al141 generated induced pluripotent stem (iPS) cells 
from peripheral monocytes of 2 GT patients and transfected 
the iPS cells with αIIb cDNA at the AAVS1 locus, accompa
nied by a megakaryocyte-specific promoter. Thereafter, these 
patients exhibited αIIbβ3 platelet expression surpassing 50% 
and 70%.
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Future Steps
The diagnosis and management of patients with GT con
tinues to have many associated challenges. Diagnosis 
requires testing in specialized laboratories and further 
genetic testing, at least at this point, does little to help 
predict severity. However, by continuing to grow the 
Glanzmann Thrombasthenia Registry, our understanding 
of GT’s various mutations will become more developed. 
Currently, the mainstay of treatment remains supportive. 
However, as recognition of anti-platelet antibodies 
becomes more prevalent, the demand for curative options 
will certainly increase. To meet this demand, bone marrow 
transplant regimens will need to become more standar
dized for this population and recognized as a treatment 
option early in life. Moreover, the further development of 
gene therapy technology for GT patients will offer an 
alternative option to cure this otherwise lifelong disease.
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Background and Objectives: Candida albicans is a significant source of morbidity and 
mortality for patients with acute myeloid leukemia (AML). Prolonged use of fluconazole as 
empirical antifungal prophylaxis in AML patients leads to overexpression of efflux pump genes 
that resulted in the emergence of azole-resistant species. Consequently, the introduction of a new 
strategy to improve the management of C. albicans infections is an urgent need. Nonsteroidal anti- 
inflammatory drug (NSAID) ketorolac is associated with a reduction in cancer relapses. The present 
study was performed to investigate the use of ketorolac-fluconazole combination to reverse 
fluconazole resistance in C. albicans isolated from AML patients on induction chemotherapy.
Patients and Methods: One hundred and seventy AML patients were evaluated. Fifty C. 
albicans were isolated and subjected to disc diffusion assay and broth microdilution for 
fluconazole alone and combined with different concentrations of ketorolac. Efflux pump gene 
(CDR1, CDR2, and MDR1) expressions were quantified by real-time PCR.
Results: The tested ketorolac acted synergistically with fluconazole against resistant C. 
albicans with the minimum inhibitory concentration (MIC) of fluconazole decreased from 
>160 μg/mL to 0.3–1.25 μg/mL in (93.8%) of resistant isolates with fractional inhibitory 
concentration index (FICI) value of 0.25. The majority of the resistant isolates overexpressed 
CDR1 (71.1%) and MDR1 (60%).
Conclusion: Ketorolac-fluconazole in vitro combination would be a promising strategy for 
further clinical in vivo trials to overcome fluconazole resistance in AML patients on induc
tion chemotherapy.
Keywords: ketorolac, fluconazole resistance, acute myeloid leukemia, CDR1, MDR1

Introduction
Acute myeloid leukemia (AML) is a hematological disease caused by the clonal 
expansion of myeloblasts in the peripheral blood, bone marrow, or other tissues. It 
is characterized by various chromosomal abnormalities and gene mutations.1 The 
typical clinical manifestations of AML are fever, fatigue, and bleeding caused by 
the expansion of blasts and decreased normal hematopoiesis in the bone marrow. 
Treatment of AML by combination chemotherapy results in persistent neutropenia, 
which further increases the risk of opportunistic infections.2

Candida spp. is an important opportunistic human pathogen that causes oro
pharyngeal candidiasis (OPC), vulvovaginitis, and invasive infections in AML 
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patients.3 The of American Infectious Diseases Society has 
approved fluconazole as a primary drug of choice for 
prophylaxis and treatment of candidiasis.4

Fluconazole has several advantages over other antifun
gal drugs including the safety, oral bioavailability, cost, 
and ability to cross the blood–brain barrier.5 Fluconazole 
inhibits the cytochrome P450 enzyme lanosterol demethy
lase, a critical enzyme in the synthesis of ergosterol which 
is encoded by the ERG11 gene.6 However, the extensive 
use of fluconazole as empirical therapy in cancer patients, 
especially in AML patients, has increased the incidence of 
resistance to the drug among different fungal strains, espe
cially Candida albicans.7 Fluconazole resistance has the 
potential to cross over to other azoles including voricona
zole and itraconazole.8

There are multiple mechanisms for azole resistance, the 
major one is overexpression of plasma membrane efflux 
pumps.9 The ATP-binding cassette (ABC) pumps and the 
major facilitator superfamily (MFS) transporters are the 
two main families of efflux proteins. They differ in the 
source of energy used for their activity and encoded by 
Candida drug resistance (CDR1 and CDR2) and multidrug 
resistance (MDR1) genes. They are located in the plasma 
membrane and are responsible for pumping the drug out of 
the fungal cell decreasing its intracellular concentration 
which leads to treatment failure.10

Several studies11,12 have stated the ability of some 
drugs to reverse azole resistance in C. albicans. 
Generally, these drug concentrations required to reverse 
the azole resistance are above the therapeutic concentra
tions. Moreover, some of these drugs can result in serious 
side effects, such as those caused by cyclosporine and 
tacrolimus.13 Remarkably, a few studies have reported 
the ability of some nonsteroidal anti-inflammatory drugs 
(NSAIDs) to act synergistically with different antifungals. 
For example, ibuprofen was found to exhibit synergistic 
activity with azoles against Candida spp.14 NSAIDs have 
antipyretic, analgesic, and can be used alone or in combi
nation with other drugs for the treatment of cancer. They 
also have direct and indirect antimicrobial effects.15 The 
antifungal activities of NSAIDs against Candida spp. 
include the reduction of extracellular polysaccharide, 
hyphal, and biofilm formations.16

To repurpose drugs and explore new leads in the field 
of antifungal drug discovery; we explored another nonster
oidal anti-inflammatory drug “ketorolac” to reverse azole 
resistance in C. albicans. Ketorolac is a potent analgesic, 
antipyretic, and moderate anti-inflammatory drug used in 

the treatment of severe cancer pain. The simple use of this 
safe and effective anti-inflammatory agent might eliminate 
most early cancer relapses.17

In the current study, we investigate a new strategy to 
improve the management of C. albicans infections through 
the use of in vitro ketorolac-fluconazole in combination to 
reverse fluconazole resistance in C. albicans isolated from 
AML patients and overexpressing efflux pumps genes 
(CDR1, CDR2, and MDR1) assessed by quantitative real- 
time qRT-PCR.

Materials and Methods
Ethical Statement
This study was approved by the Local Ethics Committee 
(no. 17100543), Faculty of Medicine, Assiut University in 
accordance with the provisions of the Declaration of 
Helsinki. Informed written consent was obtained from all 
patients before enrolment in the study.

Patients
This study included 170 AML patients admitted from 
October 29, 2016, to March 11, 2020, to the Department 
of Internal Medicine (Hematology Unit), and South Egypt 
Cancer Institute (SECI) in Assiut University, Assiut, 
Egypt. All newly diagnosed non-M3 AML patients (aged 
18–69 years) were enrolled in this study. The patients were 
diagnosed according to the WHO criteria for AML.18 

Standard induction chemotherapy for 170 non-M3 AML 
patients in this study was idarubicin 12 mg/m2 per day for 
two to three days, and cytarabine 100 mg/m2/day for five 
to seven days. Patients received prophylactic treatment 
during the period of neutropenia following chemotherapy 
in the form of sulfamethoxazole (400 mg/trimethoprim 80 
mg once or twice daily). Patients received empirical azole 
prophylaxis, fluconazole (400 mg PO/IV per day).19 

During induction chemotherapy, granulocyte colony-sti
mulating factor (G-CSF) was used in a few cases showing 
poor performance status and not applied routinely for all 
patients. The definition of treatment response generally 
followed the European Leukemia Network (ELN) 2010 
recommendation.20 Complete remission (CR) was defined 
as a blast count less than 5% in the bone marrow. Partial 
remission (PR) was defined as a decrease in bone marrow 
blasts by 50% but still remaining in a range of 5–25%. 
Resistant disease (RD) was referred to those who failed to 
achieve CR or PR in bone marrow examination after 
chemotherapy. The undefined response was referred to 
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those who had no available results of bone marrow exam
ination after chemotherapy. Exclusion criteria including 
AML (M3), AML with antecedent hematologic malig
nancy, Patients with possible risk factors of candidiasis, 
such as human immunodeficiency virus (HIV), hepatitis B 
virus (HBV), hepatitis C virus (HCV) positive, diabetes, 
and autoimmune diseases. Patients with contraindication 
to fluconazole therapy as abnormal heart rhythm, pro
longed QT interval on EKG, abnormal liver function 
tests, pregnancy, and chronic kidney disease: moderate to 
severe stage. Data were collected and included the follow
ing parameters: age, gender, and, cytogenetic results at 
diagnosis, induction regimens, and treatment response, 
Table 1.

Standard Control Strain
C. albicans ATCC 10231 was obtained from MIRCIN 
culture collection of the Faculty of Agriculture, Ain 
Shams University, Egypt.

Clinical Sample Collection and Processing
Samples collected from the patients according to their 
clinical presentation and different localizing symptoms. 
Vaginal swabs from patients with vaginal infection. 
Oropharyngeal swabs from patients with oral thrush were 
rubbed on the candidiasis lesion. Swabs were streaked on 
Sabouraud dextrose agar medium supplemented with 
chloramphenicol (0.5 g/L) (SDA, HiMedia, India) and 
incubated at 30°C for 48 h.21 Candida spp. shows typical 
creamy white pasty colonies with characteristic yeasty 
odor. Each isolated Candida spp. was individually stored 
at −20°C with 20% glycerol.22

Phenotypic Identification of Candida 
albicans Strains

(a) Germ tube test: by inoculating yeasts in small tubes 
containing 0.5 mL of human serum (Sigma- 
Aldrich, Germany) containing 0.5% glucose and 
incubated at 37°C for two to three hours. It is 
positive for C.albicans or C. dubliniensis.22

(b) Corn meal agar (CMA): by inoculating yeasts on 
CMA containing Tween 80 (Difco, USA), for four 
to seven days to ensure production of chlamydos
pores. It is positive for C. albicans or C. 
dubliniensis.22

(c) CHROMagar® Candida medium: (CHROMagar, 
Paris, France) which allows selective isolation and 
identification of C. albicans, C. dubliniensis, C. 
tropicalis, and C. krusei by morphology and color 
reaction. The strains were identified as C. albicans 
or C. dubliniensis for green colonies, C. tropicalis 
for steel blue colonies, C. krusei colonies showing 
rose color.21,22

(d) Growth at 45°C: Growth at 45°C has been consid
ered a useful test for the differentiation of C. dubli
niensis (no growth) from C. albicans (growth).21,22

(e) Sugar assimilation test: using API 20C AUX 
(bioMérieux SA, France) according to the manu
facturer’s instructions.23

Genotypic Identification of Candida 
albicans Strains by Polymerase 
Chain Reaction (PCR)
The species specific primer pair sequence for the amplifi
cation of the 25S rRNA gene was described by Mannarelli 
and Kurtzman;24 (5ʹTGTTGCTCTCTCGGGGGCGGCC 
G3ʹ and 5ʹ AGATCATTATGCCAACATCCTAGGTTAA 

Table 1 Clinical Data of 170 Patients with Newly Diagnosed 
Acute Myeloid Leukemia

Character N (%)

Gender 72 F/98 M

Median Age in years (range) 49 (18–69)

AML Diagnosis
AML (M0) Undifferentiated acute myeloblastic 

leukemia

11 (6.47)

AML (M1) Acute myeloblastic leukemia with 

minimal maturation

33 (19.41)

AML (M2) Acute myeloblastic leukemia with 
maturation

49 (28.82)

AML (M4) Myelomonocytic 51 (30)

AML (M5) Monocytic 19 (11.18)
AML (M6) Acute erythroid leukemia 4 (2.36)

AML (M7) Acute megakaryocytic leukemia 3 (1.76)

Cytogenetic/Molecular Risk
Favorable risk 29 (17.05)
Intermediate risk 64 (37.67)

Unfavorable risk 31 (18.23)

Not available 46 (27.05)

Neutropenic Fever 116 (68.23)

Response of Induction Chemotherapy
Complete remission (CR) 81 (47.64)

Partial remission (PR) 20 (11.76)
Resistant disease (RD) 46 (27.05)

Undefined response 23 (13.52)
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A 3ʹ). It is specific for C. albicans and amplifies a 175-bp 
DNA fragment. DNA extraction was done by a commer
cial QIAamp DNA Mini Kit (Qiagen, Germany). DNA 
amplification performed using the Thermocycler T100 
gradient system (BioRadT100, USA). PCR reaction mix
ture and PCR amplification conditions were performed 
according to the method described by Marinho et al.22 

Amplification product visualized by electrophoresis on 
2% agarose gel using a 100-bp ladder molecular weight 
ladder (Gen Ruler 100bp DNA ladder plus).

Antifungal Susceptibility Test
Disk Diffusion Method
Adopted by the Clinical and Laboratory Standards 
Institute (CLSI), the M44-A2 protocol25 was used to eval
uate the degree of fungal sensitivity for four common 
azoles. Antifungal discs were obtained from (HiMedia, 
India). The response to the antifungal agents was deter
mined via the interpretive breakpoints26 described in 
Table 2.

Determination of MICs by Broth 
Microdilution
The MICs of fluconazole (Sigma, USA) and ketorolac 
(Sigma, USA) separately were identified by the protocol 
recommended by the European Committee on 
Antimicrobial Susceptibility Testing (EUCAST).27 The 
test was conducted in 96-well microtiter plates with yeast 
(2.5×105 CFU/mL) in RPMI-1640 medium (PH 7.0) buf
fered with MOPS (Sigma, USA) and supplemented with 
glucose to a final concentration of 2%. RPMI-1640 con
taining wells were considered negative controls, and a 
drug-free well was set as growth control. After 24 h of 
incubation at 35°C, MIC values were determined with a 
spectrophotometer (wavelength of 450 nm; ETI System 
Fast Reader ELX, BioTek, US) as the lowest concentration 
of drug that resulted in >50% inhibition of growth relative 

to that of the growth control. MIC interpretive criteria of 
fluconazole for C. albicans were those described in the 
document E.DEF 7.3.1 [available on the EUCAST web
site: http://www.eucast.org]. MIC ≤2.0 mg/L was consid
ered to be sensitive, MIC between 2.0 and 4.0 mg/L was 
considered to be intermediate and that >4.0 mg/L was 
considered resistant.

Fractional Inhibitory Concentration Index 
(FICI)
The intensity of interaction between ketorolac and fluco
nazole antifungals against azole-resistant C. albicans clin
ical isolates was determined briefly as follow, drugs were 
serially diluted 2-fold in RPMI-1640 medium, and 0.31– 
160 μg/mL fluconazole and 0.16–10 μg/mL ketorolac were 
added to the wells. Subsequently, yeast at a final concen
tration of 2.5×105 CFU/mL was added to each well. Wells 
containing only RPMI-1640 medium served as negative 
controls, and a drug-free well was set as a growth control. 
After 24 h of incubation at 35°C, MICs were determined 
as described above. To evaluate the intensity of the drug 
interactions, the fractional inhibitory concentration index 
(FICI) model was used to analyze the obtained data. The 
FICI model is based on the Loewe additivity theory28 and 
is expressed as FICI=FICA+FICB=(A/MICA)+(B/MICB) 
where A and B are the MIC of each drug in combination 
(in a single well), and MICA and MICB are the MIC of 
each drug individually. The drug interaction is interpreted 
as synergistic when FICI ≤0.5, indifferent when FICI 
>0.5–4.0, and antagonistic when FICI >4.0.29

Efflux Pump Genes Expression 
Analysis by qRT-PCR
Reverse Transcriptase (RT)-PCR
The reverse transcription was performed using 
HiSenScript™ RH(-) cDNA Synthesis Kit (iNtRON, Cat. 
no. 25014) according to the manufacturer’s instructions. 

Table 2 Interpretative Breakpoints of Disk Diffusion Method for Fluconazole, Itraconazole, Miconazole, and Voriconazole26

Antifungal Abbr. Conc./Disc Zone Diameter in mm

S I R

Fluconazole FU 25 µg ≥19 15–18 ≤14

Itraconazole IT 10 µg ≥23 14–22 ≤13

Miconazole MIC 10 µg ≥20 12–19 ≤11
Voriconazole VRC 1 µg ≥17 14–16 ≤13

Abbreviations: S, susceptible; I, intermediate; R, resistant.
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Reverse transcription was performed at 45°C for 60 min, 
followed by 80°C for 10 min. The cDNA products were 
stored at −20°C for later use as templates for quantitative 
real-time PCR (qPCR).

Real-Time PCR
The procedures of qRT-PCR analysis were described in a 
previous study.30 Expression levels of the target genes 
(CDR1, CDR2, and MDR1) and the housekeeping gene 
(ACT1, used as a normalizing gene) were assessed by 
quantitative real-time RT-PCR (qRT-PCR). The primers 
(analysis) used tested through the BLAST program 
(http://www.ncbi.nlm.nih.gov/BLAST) and listed in 
Table 3.31 The expression of target genes was carried out 
using SensiFAST SYBR® No-ROX (Bioline, USA) using 
a 7500 Fast Real-Time PCR System (Applied 
Biosystems). The fold change in expression of these 
genes was calculated according to the 2^(-ΔΔCT) method 
using ACT1 as a control gene to normalize cDNA levels.32 

Fluconazole-susceptible C. albicans clinical isolate (MIC, 
0.5 mg/L) was used as a reference isolate for gene expres
sion analysis. Real-time PCR reaction mix for (CDR1, 
CDR2, MDR1 and ACT1) contained 0.5 μL of cDNA,1.5 
μL of 2 μm primer and 7.5 μL of 2×SYBR Green Master 
Mix in a final volume of 15 μL and qRT-PCR was per
formed using the following cycling conditions: 95°C for 
10 min, 40 cycles of 95°C for 15 seconds, 50°C for 15 
seconds for CDR1, CDR2, and ACT1, or 55°C for 15 
seconds for MDR1, and 60°C for 30 seconds.

Statistical Analysis
Data entry and data analysis get done using SPSS 
(Statistical Package for Social Science) version 19. Data 
were presented as a number, percentage, mean, median, 
standard deviation, and standard error. Chi-squared test 

and Fisher’s exact test were used for comparing qualitative 
variables. The Mann–Whitney U-test was used to compare 
nonparametric tests. P-value considered statistically sig
nificant when P<0.05.

Results
Patient Population
The demographic and clinical characteristics of 170 non- 
M3-AML patients who received induction chemotherapy 
admitted to Clinical Hematology Unit, Internal Medicine 
Department, Assiut University Hospital, and South Egypt 
Cancer Institute (SECI) presented in Table 1. The median 
age was 49 years (range: 18–69 years). Female patients’ 
were 72 (42.35%) while male patients were 98 (57.65%). 
The diagnosis was performed according to the WHO cri
teria for AML. There were mainly AML M4, AML M2, 
AML M1 and AML M5 (51 (30%), 49 (28.82%), 33 
(19.41%) and 19 (11.17%) respectively. A total of 39 
patients (22.9%) had favorable cytogenetic risk, 74 
(43.52%) intermediate cytogenetic risk, and 41 (24.11%) 
unfavorable risk.

The collected samples were 76 oropharyngeal swabs, 
42 vaginal swabs. Seventy-five samples were diagnosed as 
yeast infection from which 50 isolates were diagnosed as 
Candida albicans by phenotypic tests and PCR.

Antifungal Susceptibility Test
Disk Diffusion Method
The pattern of antifungal resistance to tested azoles for 
Candida albicans isolates was relatively high 94% for 
both fluconazole and voriconazole, 74% for miconazole 
and itraconazole as shown in Table 4.

Ketorolac Acted Synergistically with 
Fluconazole Against Resistant C. albicans 
in vitro
The minimal inhibitory concentrations (MICs) of ketorolac 
and fluconazole against resistant C. albicans are listed in 
Table 5. The MIC of fluconazole was all >160 μg/mL for 
94% of tested C. albicans isolates, indicating strong resis
tance of these C. albicans isolates. The MIC of ketorolac 
was >10 μg/mL. However, when used in combination with 
fluconazole, ketorolac could significantly decrease the 
MICs of fluconazole from >160 μg/mL to 0.3–1.25 μg/ 
mL, indicating a significantly increased sensitivity of resis
tant C. albicans to fluconazole caused by ketorolac. When 
the MIC of FLC was decreased to <2 μg/mL, the 

Table 3 Gene-specific Primers Used for RT- qPCR31

Gene Primer Sequence

CDR1 F: 5′– TGCCAAACAATCCAACAA–3′ 
R: 5′–CGACGGATCACCTTTCATACGA–3′

CDR2 F: 5′– AAGGTTT TGATGCTACTGC–3′ 
R: 5′–GTCGGACATGTGGCTCAAA–3′

MDR1 F: 5′–GTGTTGGCCCATTGGTTTTCAGTC–3′ 
R: 5′–CCAAAGCA GTGGGGATTTGTAG–3′

ACT1 F: 5′–AAGAATTGATTTGGCTGGTAGAGA–3′ 
R: 5′-TGGCAGAAGATTGAGAAGAAGTTT–3′

Journal of Blood Medicine 2021:12                                                                                                 https://doi.org/10.2147/JBM.S302158                                                                                                                                                                                                                       

DovePress                                                                                                                         
469

Dovepress                                                                                                                                                            Sayed et al

http://www.ncbi.nlm.nih.gov/BLAST
https://www.dovepress.com
https://www.dovepress.com


concentration of ketorolac required was 2.5 μg/mL. 
Moreover, the FICI values obtained from the FICI model 
were <0.5, showing a strong synergism induced by ketor
olac plus fluconazole.

Efflux Pump Genes Expression Analysis
CDR1, CDR2, and MDR1 gene expression levels were 
quantified for all 50 isolates and normalized relative to 
the housekeeping gene, ACT1. This study found that the 
MDR1 gene showed the most gene overexpression (88%) 
followed by CDR1 gene (84%), and finally CDR2 gene 
(12%). When comparing the relationship between flucona
zole MICs and the expression of efflux-related genes 
(Figure 1), it was clear that isolates with higher flucona
zole MIC (>4.0 mg/L) showed higher expression levels of 
CDR1 and MDR1, Table 6. These results confirm those 
expression levels of efflux-related genes CDR1 and MDR1 
agree with fluconazole MICs in the C. albicans isolates.

Discussion
In Egypt, leukemia comprises (10%) all malignancies, 
with AML representing (16.9%).33 This study included 
170, non-M3 (acute promyelocytic) AML patients. The 
ages ranged from 18 to 69 years, with a mean of 49 
years. A slight male predominance was noted (female to 
male ratio was 1:1.36). The commonest FAB subgroup 
was M4 followed by M2. Another study at National 
Cancer Institute (NCI)-Egypt on 82 adult AML patients 
showed epidemiological characteristics of AML Egyptian 
patients, slightly similar to our data. Their ages ranged 

between 18 and 68 years with a median of 34 years. The 
male to female ratio was 1.05:1, and the commonest FAB 
subgroups reported were M1 and M2.34

Another Egyptian study included ninety AML patients. 
The ages ranged from 18 to 76 years, with a mean of 37.8 
years. A slight female predominance was noted (male to 
female ratio was 1:1.3). The commonest FAB subgroup 
was M2 followed by M5.35

Response of induction chemotherapy in the current 
study, were complete remission (CR), partial remission, 
resistant disease and undefined response: 81 (47.64%), 20 
(11.76%), 46 (27.05%) and 23 (13.52%), respectively. The 
time elapsed between presentation and start of treatment 
ranged from 4 to 85 days, with a mean of 13 days. The 
treatment delay in most patients of our study was mainly 
due to uncontrolled infection. An Egyptian study showed 
CR achievement in (57.5%) of AML patients, which is a 
slightly higher rate than that of our study.35 It can be 
explained that we adopted treatment strategy interruption 
with neutropenic fever onset, which reduced treatment- 
related mortality at the expense of response rate. Also, 
slightly longer duration from onset of presentation to treat
ment beginning when compared with such study.

A retrospective study on 1317 AML patients had time 
elapsed between presentation and start of treatment with a 
median of four days, and a range of 1–78 days. The longer 
time was associated with worse CR in patients younger 
than 60 years, and this effect was more pronounced with 
duration of five days or more.36 It is crucial that public 
health systems in developing countries (DC), including 

Table 4 Resistance Patterns of 50 C. albicans Using a Kirby–Bauer Disk Diffusion Method for Azoles

Total (n= 50) Fluconazole (25 μg/Disc) 
N (%)

Miconazole (10 μg/Disc) 
N (%)

Voriconazole (1 μg/Disc) 
N (%)

Itraconazole (10 μg/Disc) 
N (%)

Sensitive (S) 3 (6) 3 (6) 3 (6) 3 (6)

Intermediate (I) 0 (0) 10 (20) 0 (0) 10 (20)

Resistant (R) 47 (94) 37 (74) 47 (94) 37 (74)

Note: Data are presented as number (%) of isolates resistant to antimicrobial indicated.

Table 5 In vitro Interaction of Ketorolac with Fluconazole Against Resistant C. albicans

Mean MIC (μg/mL) Mean MIC (μg/mL) Mean FICI IN

Alone Combination

Ketorolac Fluconazole Ketorolac Fluconazole

>10 >160 2.5 0.62 0.25 SYN

Abbreviations: IN, interpretation; SYN, synergism.
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Egypt, turn to larger epidemiological studies to better 
understand how the disease characteristics interact with 
socioeconomic factors. An appropriate health system 
must shorten the time from diagnosis to treatment to 
ensure a better outcome of induction therapy and more 
successful result in AML.

C. albicans is an important cause of morbidity and 
mortality for AML patients. The rise of multidrug resistant 
organisms causes a challenge in the treatment of infective 
diseases37 Resistance among C. albicans represents a ser
ious therapeutic problem that is mainly attributed to the 

overexpression of efflux pump genes encoded by CDR1, 
CDR2 (related to azole cross-resistance), and MDR1 genes 
(confined to selective resistance to fluconazole).38

In our study, in vitro susceptibility testing for C. albi
cans isolated from AML patients to four azoles using disc 
diffusion method showed a high level of resistance pattern 
that was 94% for both fluconazole and voriconazole, 74% 
for miconazole and itraconazole. Also, the MIC of fluco
nazole was all >160 μg/mL for 94% of tested C. albicans 
isolates, indicating a very high resistance of these C. 
albicans isolates, which is consistent with 86.2% and 

Figure 1 Efflux pump gene expression of C. albicans isolates in relation to the MIC of fluconazole.
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75.9 fluconazole resistance among C. albicans isolated in 
two recent local studies in Egypt, respectively.39,40

All the MICs obtained to support the antibiogram of 
isolates to fluconazole, which indicates that disk diffusion 
has a good correlation with MIC. Pfaller et al showed 
similar results.41

Many researchers indicated that prolonged therapy and 
increased use of antifungals for prophylaxis or treatment of 
recurrent candidiasis are the most common risk factors to 
azole resistance.42 To overcome fungal resistance, research 
on antifungal sensitizers has attracted considerable attention.43 

The need for novel antifungal regimens to overcome resistance 
prompted us to study the activity of ketorolac, which has a 
superior effect on pain control in cancer patients that suffer 
from frequent and recurrent Candida infections which showed 
a high level of resistance to the most common group of 
antifungals, the azoles, especially fluconazole.

In vitro, we found that ketorolac acted synergistically 
with fluconazole against tested C. albicans isolates, as inter
preted by the FICI as it decreased the MIC of fluconazole by 
>4 folds against 93.6% of resistant isolates (new finding). 
This is superior to the recently reported 60.9% reversal of 
fluconazole resistance using ibuprofen by Sharma et al.44

The MIC of ketorolac was >10 μg/mL. However, when 
used in combination with fluconazole, ketorolac could signifi
cantly decrease the MICs of fluconazole from >160 μg/mL to 
0.3–1.25 μg/mL, indicating a significantly increased sensitiv
ity of resistant C. albicans to fluconazole caused by ketorolac. 
When the MIC of FLC was decreased to <2 μg/mL, the 
concentration of ketorolac required was 2.5 μg/mL. Similar 
study on the combination of ibuprofen with fluconazole 
showed synergic activity in 8/12 of studied Candida spp. 
including four of the five fluconazole-resistant strains. The 
MICs of fluconazole in fluconazole-resistant Candida spp. 

decreased 2 to 128-fold when the drug was associated with 
ibuprofen. Also the MICs for ibuprofen decreased 64-fold for 
the 12 studied Candida spp. They reported the practicability of 
using ibuprofen in combination with fluconazole in the treat
ment of Candida infections.14

The continuous emergence of resistance to conventional 
drugs through efflux pumps leads to increasing efforts directed 
toward discovering efflux inhibitory molecules.45 This study 
found that the MDR1 gene was the gene that showed the most 
overexpression (88%) followed by CDR1 gene (84%), and 
finally CDR2 gene (12%). This finding is suggesting that 
CDR1 protein contributes more than CDR2 protein in resis
tance by ABC family of efflux pump which agreed with the 
finding of Tsao et al,46 and Holmes et al47 who conclude that in 
C. albicans Cdr1p efflux activity makes a greater contribution 
than Cdr2p to resistance to fluconazole and Cdr1p was present 
in greater amounts (2 to 20-fold) than Cdr2p. This result was 
contradictory with Chau et al30 who found that CDR2 was 
overexpressed in the majority of the patient isolates. This can 
be explained by that reported by Niimi et al48 who found that 
the strains hyperexpression CDR2 showed decreased suscept
ibility to caspofungin in agar plate drug resistance assays 
because ABC transporters confer resistance to a wide range 
of structurally unrelated xenobiotics so CDR2 may be related 
to other antifungal resistance.

In three C. albicans isolates, although their resistance 
profile to fluconazole, they exhibited downregulation of 
genes of efflux pump which suggested different azole 
resistance mechanisms as those belonging to ERG11 
which was described.49

Conclusion
To our knowledge, the current study is the first in vitro report 
on the use of ketorolac in reverting fluconazole resistance in 

Table 6 The Level of the Efflux Pumps Gene Expression in Resistant and Sensitive Strains in the Human Study Group

Gene Mean ±SE Median P-value

CDR1
Resistant strains 11.16±0.9 11.02 0.006**
Sensitive strains 0.13±0.12 0.13

CDR2
Resistant strains 0.33±0.07 0.1 0.078*
Sensitive strains 0.02±0.003 0.02

MDR1
Resistant strains 7.81±0.96 5.88 0.004***

Sensitive strains 0.37±0.003 0.04

Notes: *Nonsignificant (P>0.05), **significant (P<0.05), ***highly significant (P<0.005).
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C. albicans isolated from AML patients. Resistance of C. 
albicans to azole antifungals is associated with overexpres
sion of efflux pump genes especially CDR1 and MDR1. 
Ketorolac concentration as low as (2.5 μg/mL) was able to 
revert resistance in 93.8% of tested strains, so the current 
study recommends for the next step to run clinical studies 
based on the in vivo ketorolac-fluconazole combination ther
apy for AML patients.
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Background: Blood is a specialized body fluid in humans. Securing voluntary, nonpaid 
blood donation is an important national goal to prevent blood shortages. The donated blood 
plays a big role during surgery, accidents, delivery, bleeding cases, and the like. Currently, in 
many developing and developed countries, the blood supply is critically insufficient. Hence, 
the aim of this study was to assess the practice of blood donation and associated factors 
among employees (clinical and nonclinical) at Negele Arsi General Hospital and Medical 
College.
Methods: A facility-based cross-sectional study was conducted from August 1 to 20, 2020. 
Self-administered and interview-administered questionnaires were used to collect the data. A 
stratified sampling method was employed to select 122 participants. Data were entered into 
EpiData 3.1 software and the analysis was done using SPSS version 25. Bivariable and 
multivariable binary logistic regression analysis with 95%CI was carried out.
Results: Among 122 employees who participated in the study, 39% have ever donated 
blood. Clinical staff were eight times more likely to donate blood compared to nonclinical 
staff (AOR=7.81, 95%CI: 2.15–28.39). Those who had one to five years work experience 
were 85% (AOR=0.15, 95% CI:0.03-0.74) less likely to donate blood compared to > 11 years 
of work experience.Those with inadequate knowledge were 71.0% (AOR=0.29, 95%CI: 
0.09–0.89) less likely to donate blood compared to those with adequate knowledge. Those 
with an unfavorable attitude were 68.0% (AOR=0.32, 95%CI: 0.11–0.92) less likely to 
donate blood compared to those with a favorable attitude.
Conclusion: Generally, blood donation practice was low in the study area. The professional 
category, work experience, knowledge, and attitude were significantly associated with the 
practice of blood donation. Therefore, a blood donation campaign should be prepared to 
strengthen the practice.
Keywords: blood donation, practice, associated factors, employees, hospital, Negele Arsi

Introduction
Blood is one of the most valuable donations. Blood transfusion is essential and life- 
saving support within the health-care system, which saves millions of lives each 
year. The need for equitable and timely access to safe blood is universal but is not 
available to many patients requiring transfusion as part of their clinical 
management.1
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Donated blood is very important for pregnant women 
during bleeding and childbirth, in the young age group 
suffering from severe anemia secondary to malaria and 
malnutrition, and in case of trauma, emergencies, acci
dents, and advanced surgical procedures like cardiovascu
lar surgery and transplantation.2

World Health Organization (WHO) recommends that; 
by 2020 countries achieve 100% anonymous nonpaid 
voluntary blood donation, focusing on young people. 
This is because young people are healthy, active, self- 
motivated, and open, and constitute a greater proportion 
of the population.3

According to the WHO report of 2014, globally there 
are around a total of 10,000 blood centers. Globally, in 
2013 around 108 million blood donations were collected. 
However, nearly half of these were collected in high- 
income countries.4

In developing countries, donors usually give blood 
when family or friends want a transfusion. However, in 
the developed countries, most blood donors are volun
tary nonpaid donors who donate blood for their 
population.5

To ensure safe, adequate, and sustainable blood sup
plies all over the country, health workers have a significant 
role in different ways. Even if health workers are too low 
in numbers, they are vital to mobilize the community 
towards blood donation.

All clinical and nonclinical hospital employees are 
expected to be more aware than the general population 
and take the lead to create awareness on blood donation. 
Therefore, the aim of this study was to assess the practice 
and associated factors of blood donation among employees 
at Negele Arsi General Hospital and Medical College 
(NAGHMC), Ethiopia.

Materials and Methods
Study Setting
Negele Arsi General Hospital and Medical College is 
located in Oromia regional state in west Arsi zone, 
Negele Arsi town, 250km from Addis Ababa, the capital 
city of Ethiopia. This is the only private hospital in the 
town. The facility provides medical education training 
in addition to medical services. This hospital provides 
service for different clients who comes from Bale, East 
Arsi, Guji, West Arsi, and other zones of Oromia regio
nal state. The hospital provides service as a general 
hospital and is open 24 hours for emergency services. 

It has around 162 staff working in different fields: 64 
clinical staff (9 physicians, 35 nurses, 8 laboratories, 6 
pharmacists, 3 anesthetists, and 3 radiology technicians) 
and 98 nonclinical staff.

Study Design and Period
This was an institution-based cross-sectional study design 
and was conducted at NAGHMC from August 1 to 20, 
2020.

Population
The study population were all employees providing ser
vices at NAGHMC. Those employees on annual leave 
were excluded from the study.

Sample Size Determination and Sampling 
Procedure
The sample size was determined using a single propor
tion formula based on the prevalence from the previous 
study conducted in Debre Markos town6 using 56.6% 
for knowledge level, using 95% confidence interval 
level (Zα/2=1.96) and margin of error to be 5% 
(d=0.05). So, n=(1.96)2×0.565×(1–0.565)/(0.05)2=378.

Since the source population (162) was less than 10,000 
(N<10,000), a sample size correction formula was applied 
and add a 10% nonresponse rate, then the final sample size 
was determined to be 125. A stratified sampling technique 
was used to select the study subject. Study participants 
sample was stratified as clinical and nonclinical employees 
and then simple random sampling was used based on 
proportional allocation to select study participants from 
each group.

Data Collection Technique and Procedure
The data was collected using self-administered and inter
viewer-administered questionnaires. The questionnaire 
included sociodemographic characteristics and also ques
tions on knowledge, attitude, and practice toward blood 
donation. Knowledge of blood donors was assessed by 
summing up the response of each individual among 12 
questions. Those who scored mean and less than mean 
value were categorized as having inadequate knowledge 
and those who scored above mean were categorized as 
having adequate knowledge. Also, attitude toward blood 
donors was assessed from 10 questions. Those who 
responded below mean were considered as having unfa
vorable attitude and those scored mean and above as 
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having a favorable attitude. Also, the practice of study 
participants toward blood donation was assessed through 
the experience of blood donation, reasons for donating, 
and not donating blood.

Data Quality Assurance
The quality of data was assured by proper designing and 
pretesting on 5% of the questionnaires. The training was 
given to data collectors as well as a supervisor by the 
principal investigator. During the data collection period, 
all completed questionnaires were reviewed and cross- 
checked for completeness every day.

Data Processing and Analyzing
The data were cleaned and checked for completeness and 
entered into EpiData 3.1. SPSS version 25 was used to 
analyze data. Data was presented using text, tables, fig
ures, and summary measures such as mean, standard 
deviation, and proportion. Bivariable and multivariable 
binary logistic regression model were used to identify 
factors associated with practice of blood donation. Odds 
ratio (OR) and 95% confidence interval (CI) were used to 
measure the strength of association between dependent 
and independent variables. In multivariable logistic regres
sion P-value ≤0.05 was considered for statistical 
significance.

Ethical Consideration
The study was conducted in accordance to the 
Declaration of Helsinki. Ethical clearance was obtained 
from the Ethical Review Committee of NAGHMC. 
Also, verbal consent was obtained from all study par
ticipants, after they had been informed about the objec
tive of the study. Confidentiality of the participants’ 
information was kept throughout the research 
processes.

Results
Sociodemographic Characteristic of 
Respondents
A total of 122 employees responded to the questionnaires, 
with a response rate of 97.6%. Among the participants, 
40.2% were clinical staff and 59.8% were nonclinical staff. 
More than two in five (42.6%) were within the age range 
of 18–25 years, and 62 (50.8%) of the participants were 
females. More than half (54.1%) of the study participants 
had a monthly income of between 1000 and 3000 

Ethiopian Birr (ETB). Nearly three-quarters (72.1%) of 
the participants had work experience ofone to five years 
(Table 1).

Knowledge Level of Study Participants 
About Blood Donation
Out of the total study participants, 83 (68%) had ade
quate knowledge whereas 39 (32%) had inadequate 
knowledge about blood donation. The majority, 96 
(78.7%) of the study participants knew that blood dona
tion is good for health and 41% said the minimum 
weight for donation is ≥45 kg. Most of the respondents, 
97 (79.5%) had adequate knowledge about the risk of 
infection transmission during a blood transfusion 
(Table 2).

The Attitude of Study Participants 
Toward Blood Donation
Two-thirds (67.2%) of the respondents had a favorable 
attitude toward blood donation. Among respondents, 81 
(66.5%) feel that blood donation was good and 
102 (83.6%) of the study participants think that volun
tary blood donation was the best source of blood 
(Table 3).

Blood Donation Practice of Study 
Participants
Among the participants, 48 (39.3%), 95%CI: 30.97– 
48.22 had ever donated blood. Of the total respon
dents, 26 (21.3%) of donors had donated blood two 
to four times. Among donors, nearly one-quarter 
(23.0%) donated last year. After donating blood, 35 
(28.7%) reported that they feel happy, five (4.1%) 
feel fatigued, and eight (6.6%) feel mixed. More than 
one out of five (22.0%) of participants mentioned lack 
of adequate information about blood donation as a 
reason for not donating the blood (Figure 1).

Factors Associated with Blood Donation 
Practice Among Employees of NAGHMC
Those variables that had a P-value ≤0.25 in binary 
logistic regression were transferred to multivariable 
logistic regression. Among the variables, category of 
the profession, one to five-years' work experience, 
knowledge level, and attitude of the study participants 
were significantly associated with the practice of blood 
donation in multivariable logistic regression. 
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Accordingly, clinical staff were eight times more likely 
to donate blood than nonclinical staff (AOR=7.81, 95% 
CI: 2.15–28.39). Those who had one to five years of 
experience were 85.0% less likely to donate blood com
pared to >11 years’ work experience (AOR=0.15, 95% 
CI: 0.03–0.74). Those with inadequate knowledge were 
71.0% less likely to donate blood compared to those 
with adequate knowledge (AOR=0.29, 95%CI: 0.09– 
0.89). Participants who have an unfavorable attitude 
toward blood donation were 68.0% less likely to donate 
blood compared to those with a favorable attitude. 
(AOR=0.32, 95%CI: 0.11–0.92) (Table 4).

Discussion
In our study, among the total study participants, 
the practice of employees toward blood donation 
was 39.3%. The variables significantly associated 

with the practice of blood donation were the 
category of the professions, between one and five 
years’ experience, knowledge, and attitude of the 
respondents.

In this study, concerning practice towards blood dona
tion, 39.3% had ever donated blood and this finding is 
supported by the study conducted on the physician of 
University of Benin Teaching Hospital in Nigeria 
(41.4%)7 and study among health professionals in Addis 
Ababa Tikur Anbessa specialized hospital in which blood 
donation practice was 38.3%.8 The finding of this study 
also supported by a study conducted in the University of 
Gondar Hospital (33.2%),9 and Tigray regional hospital 
(47.8%)10 of the health professionals practiced blood 
donation.

In this study, years of experience had a significant 
association with blood donation practice. Those 

Table 1 Distribution of Sociodemographic Characteristics of Employees in Negele Arsi General Hospital and Medical College, August 
2020, Negele Arsi, Southeast Ethiopia (N=122)

Variables Category Frequency Percentage

Age 18–25 52 42.6
26–30 32 26.2
31–35 14 11.5

>36 24 19.7

Sex Male 60 49.2
Female 62 50.8

Marital status Married 65 53.3
Single 51 41.8
Othersa 6 4.9

Religion Orthodox 28 23.0
Muslim 60 49.2

Protestant 23 18.9
Othersb 11 9.0

Monthly income 1000 to <3000 ETB 66 54.1
3000 to <5000 ETB 28 23

5000 to <10,000 ETB 16 13.1

>10,000 ETB 12 9.8

Level of education Below secondary school 33 27.1
Diploma 42 34.4

First degree and above 47 38.5

Experience in years 1–5 years 88 72.1
6–10 years 21 17.2

>11 years 13 10.6

Staff category Clinical staff 49 40.2
Nonclinical staff 73 59.8

Notes: aShows those divorced and widowed, bShows Adventist and Catholic religions.
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employees who had work experience between one and 
five years were less likely to donate blood compared to 
more than 10 years’ experience. A similar finding 
was reported from a study conducted at the 
University of Gondar.9 This might be because those 
who had less work experience may not have adequate 

exposure to the necessity of blood in their work 
environment.

Category of the profession is also another factor 
associated with blood donation. Clinical workers were 
more likely donate blood compared to nonclinical work
ers. This finding was in line with a study conducted in 

Table 2 Level of Knowledge on Blood Donation Among Employees in Negele Arsi General Hospital and Medical College, August 
2020, Negele Arsi, Southeast Ethiopia (N=122)

Knowledge Questions Response FrequencyN (%)

Blood donation is good for health Yes 96 (78.7)
No 14 (11.5)
I do not know 12 (9.8)

How many types of blood groups are there? Four 95 (77.9)
Eight 6 (4.9)

I do not know 21 (17.2)

Do you know your blood group? Yes 93 (76.2)
No 29 (23.8)

Which blood group is a universal donor? O 68 (55.7)
AB 7 (5.7)

A 1 (0.8)

B 3 (2.5)
I do not know 43 (35.2)

What is the minimum weight for blood donation? ≥ 45 kg 50 (41)
≥ 50 kg 50 (41)

I do not know 22 (18)

For donating blood, should the donor be fasting? Yes 19 (15.6)
No 84 (68.9)
I do not know 19 (15.6)

Is there a risk of transmission of infection by receiving blood transfusion? Yes 97 (79.5)
No 25 (20.5)

Among the following which is acquired by receiving infected blood? HIV/Hepatitis/Malaria 103 (84.4)
Cancer/I do not know 19 (15.6)

How often blood can be safely donated by a person? Every 3 months 75 (61.4)
Every 6 months 20 (16.4)
Annually 6 (4.9)

I do not know 21 (17.2)

Who can donate blood? Age 18–65 years 29 (23.8)
Men and women 11 (9)

Anybody healthy 82 (67.2)

What volume of blood is collected during each donation? <500 mL 59 (48.4)
500–1000 mL 21 (17.2)

I do not know 42 (34.4)

What is the duration takes during process of donating blood? <20 35 (28.7)
20–60 min 51 (41.8)

I do not know 36 (29.5)
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ALERT Hospital, Addis Ababa11 in which health pro
fessionals were more likely donate blood compared to 
non-health professionals. This could be due to the fact 
that health professionals had good awareness about the 
importance of blood dation and closely work with indi
viduals in need of blood.

Those study participants with inadequate knowledge of 
blood donation were less likely to donate blood compared 
to those with adequate knowledge. This finding was in line 
with a study conducted in a different part of Ethiopia9,10,12 

where the participants' knowledge showed significant asso
ciation with blood donation. This can be explained by the 
fact that those who had inadequate knowledge about blood 
donation could not understand the benefit of blood dona
tion for those in need.

In the current study, the attitude of the respondents 
was significantly associated with blood donation prac
tice. Those respondents with unfavorable attitudes were 
less likely to donate blood compared to those with a 
favorable attitude. This finding is supported by the study 
conducted in the University of Gondar hospital,9 Tigray 
regional state hospitals,10 and ALERT Hospital11 where 
the attitude of health professionals had a significant 
association with the practice of blood donation. This 
could be explained by having a good attitude can moti
vate individuals to donate blood to save others’ lives.

Conclusions
Overall, in Negele Arsi General Hospital and Medical 
College practice of employees towards blood donation 

Table 3 Attitude Toward Blood Donation in Employees at Negele Arsi General Hospital and Medical College, August 2020, Negele 
Arsi, Southeast Ethiopia (N=122)

Attitude Questions Category Frequency N (%)

What do you feel about blood donation? Feeling good 81 (66.5)
Feeling bad 6 (4.9)
Feeling Neutral 24 (19.5)

Have no idea 11 (9.1)

What do you think is the best source of blood donors? Voluntary 102 (83.6)
Remunerated 1 (0.8)
Replacement 5 (4.1)

I do not know 14 (11.5)

Could harm occur to a blood donor during or after donation? Yes 53 (43.4)
No 57 (46.7)

I do not know 12 (9.8)

Do you think that blood donation leads to anemia? Yes 38 (31.1)
No 84 (68.8)

Should patient relatives be asked to donate? Yes 73 (59.8)
No 39 (32)

I do not know 10 (8.2)

Willingness to encourage others to donate blood? Yes 101 (82.8)
No 21 (17.2)

Would you like to donate blood in the future? Yes 115 (94.3)
No 7 (5.7)

Would you like to donate blood to only family members or friends? Yes 25 (20.5)
No 97 (79.5)

If you asked, do you willing to donate blood to an unknown person? Yes 108 (88.5)
No 14 (11.5)

Do you think as good to give incentives to those who donate blood? Yes 41 (33.6)
No 81 (66.4)
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was low. Year of experience, category of professions, 
knowledge, and attitude of employees were significantly 
associated with the practice of blood donation. Therefore, 

staff updating training to empower their knowledge are 
important. The hospital has to prepare a blood donation 
campaign and a need for an active education program.
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Figure 1 Reasons for not donating blood among employees at Negele Arsi General Hospital and Medical College, August 2020, Negele Arsi, Southeast Ethiopia.

Table 4 Factors Associated with Practice on Blood Donation Among Employees in Negele Arsi General Hospital and Medical College, 
Ethiopia, 2020

Variables Category Practice Level COR (95%CI) AOR (95%CI)

Yes No

Income 1000–3000 20 46 0.217 (0.059–0.806) 0.27 (0.03–2.78)
3000–5000 13 16 0.375 (0.091–1.543) 0.77 (0.12–5.26)

5000–10000 7 8 0.500 (0.106–2.355) 0.79 (0.13–4.76)
>10000 8 4 1 1

Category of the profession Clinical 30 19 4.825 (2.204–10.559) 7.81 (2.15–28.39)a

Nonclinical 18 55 1 1

Experience in years 1–5 29 59 0.218 (0.062–0.769) 0.15 (0.03–0.74)a

5–10 10 11 0.404 (0.094–1.733) 0.23 (0.04–1.42)

>11 9 4 1 1

Level of education Below secondary 6 27 0.253 (0.088–0.724) 0.81 (0.14–4.80)
Diploma 20 22 1.033 (0.449–2.378) 1.58 (0.39–6.40)

First Degree and above 22 25 1 1

Knowledge level Inadequate 7 32 0.224 (0.089–0.565) 0.29 (0.09–0.89)a

Adequate 41 42 1 1

Attitude Unfavorable 9 31 0.32 (0.136–0.756) 0.32 (0.11–0.92)a

Favorable 39 43 1 1

Note: aShows that this variable was significantly associated with practice of blood donation.
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Abbreviation
AOR, adjusted odds ratio; CI, confidence interval; COR, 
crude odds ratio; KAP, knowledge, attitude, and practice; 
NAGHMC, Negele Arsi General Hospital and Medical 
College.
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Background: Plasma-derived von Willebrand factor/factor VIII (pdVWF/FVIII; VONCENTO®, 
CSL Behring) is a high-concentration, low-volume, high-purity concentrate, with a high level of 
VWF high-molecular-weight multimers and a VWF/FVIII ratio of ~2.4:1.
Methods: This study (NCT01229007) investigated the pharmacokinetics (PK), efficacy and 
safety of pdVWF/FVIII in 35 previously treated (minimum 20 exposure days [EDs]) 
pediatric patients (<12 years) with severe hemophilia A. PK was evaluated with a single 
50 IU FVIII/kg dose of pdVWF/FVIII. Efficacy and safety analyses were performed during 
on-demand treatment (n=17) or prophylaxis (n=18) for up to 100 EDs with a maximum study 
duration of 12 months.
Results: PK profiles were similar for patients aged <6 years and those aged 6–12 years, 
and, as expected, the youngest patients had an increased clearance. On-demand patients 
reported 320 non-surgical bleeding (NSB) events and received a median number of 29.0 
infusions (median dose 34.2 IU FVIII/kg). Hemostatic efficacy was assessed by the 
investigator as excellent/good in all cases (24%/76%). The 18 patients in the prophylaxis 
arm experienced 173 NSB events (97 NSBs [56%] in three patients). Five patients (28%) 

had no NSB events. Overall, patients received a median number of 92 infusions (median 

dose 30.6 IU FVIII/kg). The majority of bleeds (92%) were successfully controlled with 

only one infusion. Hemostatic efficacy was assessed by the investigator as excellent 

(86%) or good (14%). Inhibitors occurred in three patients of which two were transient 

(low titer) and one persisted (high titer). These three patients had known risk factors for 

inhibitor development.
Conclusion: This study demonstrated comparable PK profiles for pediatric patients aged <6 
years and aged 6–12 years, and an excellent efficacy and safety profile in this population. 
The adverse events reported were mostly mild to moderate with inhibitor rates within the 
expected incidence range.
Keywords: hemophilia A, von Willebrand factor, factor VIII, on-demand therapy, 
prophylaxis, hemostatic efficacy
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Plain Language Summary
Hemophilia A is an inherited bleeding disorder where the main 
symptom is spontaneous bleeding into the joints or muscles. 
Repeated bleeding episodes can be acutely painful and lead to 
long-term damage; therefore, the aim of hemophilia treatment is 
to prevent and manage these bleeding episodes to improve qual
ity of life. One treatment option to control excessive bleeding for 
patients with hemophilia A is the use of von Willebrand factor/ 
factor VIII (VWF/FVIII) concentrates derived from human 
plasma. Our study evaluated the safety and efficacy of a 
plasma-derived (pd)VWF/FVIII in children (aged <12 years 
old) with severe hemophilia A who had previously received 
hemophilia treatment with a FVIII product for a minimum of 
20 exposure days. Treatment was either on-demand, to treat 
bleeding episodes as they arose, or prophylactic at regular inter
vals, with the aim of preventing bleeding. We also compared how 
children in different age groups (<6 versus 6–12 years old) 
responded to a one-off dose of pdVWF/FVIII. Hemostatic effi
cacy was assessed as excellent or good for both on-demand (24% 
and 76%, respectively) and prophylactic (86% and 14%, respec
tively) treatment with pdVWF/FVIII. Three patients developed 
inhibitors to FVIII, of which two were transient and one per
sisted; no other safety findings of concern were noted. These 
findings support those seen in adult/adolescent patients with 
severe hemophilia A. Comparable pharmacokinetic profiles 
were observed between the two age groups studied. Overall, 
these results demonstrate a favorable benefit-risk profile for 
pdVWF/FVIII, and support its use to treat bleeding events in 
children with hemophilia A.

Introduction
Hemophilia A is an X-chromosome-linked, congenital bleed
ing disorder, which is caused by decreased activity of factor 
VIII (FVIII) in plasma (FVIII:C) due to mutations in the 
FVIII gene. The incidence is estimated to be 1 in 5000 live 
male births.1,2 Severe hemophilia A is characterized by a 
FVIII:C plasma level less than 1% of normal levels.3 

Intracranial, muscle and joint bleeding can occur in these 
patients, even with the minimal activities of daily life. 
Treatment for hemophilia is aimed at preventing and mana
ging bleeding episodes and their subsequent complications. 
Prophylaxis with factor replacement therapy has been shown 
in many studies to prevent or at least reduce the progression 
of damage to target sites, such as joints.4,5 A systematic 
review and meta-analysis of six randomized controlled trials 
demonstrated that prophylaxis started early in childhood 
preserves joint function as compared with on-demand treat
ment, due to a reduction in total bleeds and bleeding into 
joints, resulting in improved quality of life.6

A number of virus-depleted/inactivated plasma-derived 
FVIII and recombinant FVIII containing replacement pro
ducts are currently available.2,7–9 FVIII inhibitor develop
ment is the most significant treatment complication of these 
products seen in these patients.9 The development of inhibi
tors in patients with hemophilia A is correlated with a variety 
of endogenous and exogenous risk factors.10,11 The advan
tages and disadvantages of plasma-derived versus recombi
nant FVIII products are still an area of controversy, 
especially since the von Willebrand factor (VWF) present 
in different concentrations in some of the plasma-derived 
products might reduce inhibitor development.11–19

Plasma-derived VWF/FVIII concentrate (pdVWF/ 
FVIII; Voncento®, CSL Behring, Germany) is a high-con
centration, low-volume, high-purity VWF/FVIII concen
trate which contains a large proportion of high-molecular- 
weight VWF multimers and a VWF:FVIII ratio of ~2.4:1.20 

The efficacy and safety of pdVWF/FVIII has been pre
viously demonstrated in adults with hemophilia A.20 In 
this study, the efficacy, safety and pharmacokinetics (PK) 
of pdVWF/FVIII were investigated in pediatric patients 
aged 0 to <12 years with severe hemophilia A (FVIII:C 
<1%) who had received limited previous FVIII treatment 
for a minimum of 20 exposure days (EDs).

Materials and Methods
Study Design
The SWIFTLY-HA study (NCT01229007) was conducted in 
eight centers in Ukraine (n=2), Belarus (n=2), Guatemala, 
Mexico, Georgia and Lebanon between August 2010 to July 
2014. This study was carried out in accordance with the 
International Conference on Harmonization Good Clinical 
Practice guidelines, the Declaration of Helsinki (2008), and 
standard operating procedures for clinical research and devel
opment at CSL Behring. Ethics approval, individual written 
informed consent from patient’s legal guardian (as all patients 
were <12 years of age), and approval by the Independent 
Ethics Committee/Institutional Review Board of the participat
ing centers (Ethics Committee of the State Institution 
“Republican Scientific and Practical Center of Pediatric 
Oncology and Hematology” and Ethics Committee of State 
Institution “Republican Scientific and Practical Center of 
Radiation Medicine and Human Ecology”, Belarus; Joint 
Stock Company the Institute of Haematology and 
Transfusiology, Georgia; Hospital Roosevelt Independent 
Ethics Committee, Guatemala; University of Saint-Joseph 
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Beirut Ethics Committee, Lebanon; OCA Hospital Monterrey 
International Research Center Ethics & Research Committee, 
Mexico; Ministry of Health of Ukraine Central Ethics 
Commission, Ukraine) were obtained prior to enrollment.

Male patients were eligible for enrollment if they 
were <12 years of age with severe hemophilia A 
(FVIII:C <1%) and had received previous FVIII treat
ment for a minimum of 20 EDs. Patients with evidence of 
vaccination against hepatitis A and B or presence of 
antibodies against hepatitis A and B were included and 
provided signed informed consent (children <1 year of 
age could have been included without evidence of vacci
nation against hepatitis A); patients with no evidence of 
previous vaccination and/or no protective antibody titer 
against hepatitis A and B were vaccinated at screening. 
Patients were excluded from study participation if they 
received infusion of any FVIII product, cryoprecipitate, 
whole blood, plasma, or desmopressin acetate in the 4 
days prior to Day 1, or presented with a known history of 
FVIII inhibitors, or with a FVIII inhibitor level >0.6 
Bethesda Units (BU)/mL at screening; the intake of 
aspirin or other non-steroidal anti-inflammatory drugs 

within 7 days of study drug administration also resulted 
in exclusion from study participation.

The efficacy and safety of pdVWF/FVIII was assessed in 
an open-label study comprising an on-demand and a prophy
lactic treatment arm. The on-demand regimen consisted of 
either immediate (irregular) treatment with pdVWF/FVIII of 
a non-surgical spontaneous or traumatic bleeding event, or a 
preventive (irregular) treatment with pdVWF/FVIII to prevent 
an anticipated bleeding event (eg, before expected physical 
activity that was associated with an increased bleeding risk). In 
the prophylaxis regimen, patients were given regular treatment 
with pdVWF/FVIII every 2–3 days. In addition, pdVWF/ 
FVIII was given to prevent and treat any surgical bleeding 
events. The general dosing recommendation for the treatment 
or prophylaxis of spontaneous or trauma-induced hemorrhages 
and for surgeries is shown in Table 1. Assignment to the 
prophylaxis or on-demand arm of the study, as well as each 
patient’s treatment regimen and individual dose was deter
mined by the investigator, based on the reason for use.

This study consisted of three periods (Figure 1): i) a screen
ing period of up to 35 days; ii) a PK component of up to 3 days 
consisting of a single dose of pdVWF/FVIII on Day 1 with PK 

Table 1 Guidelines for Dosage During the Efficacy Component77

Degree of Hemorrhage/ 
Type of Surgical 
Procedurea

FVIII Level 
Required (%)

Dose 
(IU/kg 
b.w.)

Frequency of 
Dosing (Per 

Day)

Duration of Treatment (Days)

Hemorrhage

Early hemarthrosis, muscle   

bleeding, or oral bleeding

20–40 10–20 Repeat every 

12–24 h

At least 1 day, until the bleeding episode, as indicated by pain, 

was resolved or healing was achieved

More extensive   

hemarthrosis, muscle   
bleeding, or hematoma

30–60 15–30 Repeat infusion 

every 12–24 h

For 3–4 days or more until pain and acute disability were 

resolved

Life-threatening   
hemorrhages

60–100 30–50 Repeat infusion 
every 8–24 h

Until threat was resolved

Surgery

Minor, including tooth   

extraction

30–60 15–30 Every 24 h At least 1 day, until healing was achieved

Major 80–100 (pre- 

and post- 
operative)

40–50 Repeat infusion 

every 8–24 h

Until adequate wound healing, then therapy for at least 

another 7 days to maintain a FVIII activity of 30–60% (IU/dL)

Prophylaxisb – 20–40 At intervals of 2–3 days

Notes: aGuidelines were based on the Draft Guideline on Core SPC for Human Plasma Derived and Recombinant Coagulation Factor VIII Products (CPMP/BPWG/1619/ 
1999). bIn some cases, especially in younger patients, shorter dosage intervals or higher doses may have been necessary. 
Abbreviations: b.w., body weight; FVIII, factor VIII; IU, international unit.
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samples collected on Days 1, 2, and 3; iii) an efficacy and 
safety component of 6 to 12 months (on-demand/preventive 
therapy or as regular prophylaxis) corresponding to approxi
mately 50 and 100 EDs to pdVWF/FVIII.

The primary objectives were to assess the hemostatic 
efficacy of pdVWF/FVIII in its usage over ≥50 EDs, and 
to investigate the pharmacokinetic profile of pdVWF/ 
FVIII. The secondary objective was to assess the safety 
of pdVWF/FVIII in this patient population.

Pharmacokinetics
The actual PK dose was calculated using the volume of each 
administered batch multiplied by the assigned potency of the 
specific batch, as determined at the batch release testing. PK 
parameters for FVIII:C were calculated by a non-compart
mental infusion model from plasma concentration values 
collected after an initial single bolus intravenous infusion 
(administered at a maximum infusion speed of 6 mL/min) 
of 50 IU FVIII/kg body weight on Day 1. PK samples were 
drawn prior to the first dose of pdVWF/FVIII and then at 0.5, 
4, 8, 24, and 48 h after the end of the first dose according to 
the European Medicines Agency guideline for FVIII 
products.21 Chromogenic FVIII:C assay was performed in a 
central laboratory (Medilys Laborgesellschaft – Asklepios 
Institut, Hamburg, Germany).

Efficacy Assessments
The clinical efficacy parameters assessed in the study were 
hemostasis assessment (for each non-surgical bleeding [NSB] 
event and surgical event by the investigator and patient/ 

caregiver who filled in a home therapy diary), study product 
usage, blood product transfusion requirements, and surgeon’s 
assessment of blood loss during a surgical procedure (“less”, 
“equivalent”, or “more” compared with the expected blood 
loss from a patient without a bleeding disorder undergoing the 
same procedure). Clinical assessments of hemostatic efficacy 
were based on a four-point grading scale: “excellent” if hemos
tasis was achieved/cessation of bleeding occurred; “good” if 
slight oozing or partial but adequate control of bleeding 
occurred and no additional product was required for unplanned 
treatment; “moderate” if moderate bleeding or moderate con
trol of bleeding occurred and additional product was required 
for unplanned treatment; “none” in cases of severe uncon
trolled bleeding. The severity of NSB events was assessed as 
major or minor by the investigator, according to guidance 
provided. If the patient was unable to self-administer or 
required more than two doses of pdVWF/FVIII to control an 
NSB event, they were to be treated at the study center and the 
investigator conducted daily hemostatic efficacy assessments. 
The patient visited the study site every 3 months and the 
investigator made a retrospective assessment of the patient’s 
response to pdVWF/FVIII for each NSB event as documented 
in the home diary; ratings were based on the four-point efficacy 
grading scale described above. For each surgical procedure, the 
investigator was required to provide a daily assessment of 
patient response to pdVWF/FVIII during the inpatient period, 
with an overall investigator assessment performed at patient 
discharge, using the four-point efficacy grading scale. For 
prophylactic treatment, the annualized spontaneous bleeding 
rate (AsBR) was calculated.

Figure 1 Study design. 
Notes: aDue to site closure (n=2) and non-compliance with prophylaxis regimen (n=1). bDue to FVIII inhibitor development (n=2) and withdrew their consent (n=2). 
Abbreviations: N, total number of patients; PK, pharmacokinetics.

https://doi.org/10.2147/JBM.S299130                                                                                                                                                                                                                                   

DovePress                                                                                                                                                            

Journal of Blood Medicine 2021:12 486

Djambas Khayat et al                                                                                                                                               Dovepress

https://www.dovepress.com
https://www.dovepress.com


Safety
All patients who received at least one dose of pdVWF/ 
FVIII were included in the safety analysis. Safety assess
ments included the reporting of adverse drug reactions 
(an adverse event at least possibly related to pdVWF/ 
FVIII), serious adverse events (SAEs, an adverse event 
that is life-threatening, requires/prolongs hospitalization, 
results in persistent/significant disability/incapacity, is a 
congenital anomaly/birth defect, or is considered medi
cally significant), the presence of FVIII inhibitors, 
laboratory parameters (such as biochemistry, hematology, 
and urinalysis), and a physical examination and vital 
signs assessment. The extent of exposure to the study 
drug included administrations of pdVWF/FVIII during 
the PK and efficacy analyses. All medications taken 30 
days prior to screening and during the entire study dura
tion were recorded.

FVIII:C, the presence of FVIII inhibitors, and the 
investigation of seroconversion for virus markers (indica
tive of hepatitis A, B, and C virus infection) were 
assessed/conducted in a central laboratory (Medilys 
Laborgesellschaft – Asklepios Institut, Hamburg, 
Germany). Presence of FVIII inhibitors was analyzed 
using the Bethesda method (Nijmegen modification). 
Virology reference samples were collected at Day 1 and 
at the final visit, but were not analyzed unless deemed 
necessary.

Statistical Analyses
Descriptive statistics were used to summarize continuous 
variables (mean and standard deviation, and/or median and 
range). Categorical variables are presented as numbers and 
percentages in frequency tables. Summaries are based on 
observed data (missing data were not replaced). Formal 
statistical tests were not performed. Descriptive statistics 
for PK parameters were additionally stratified by age 
group (<6 years, 6 to <12 years).

Results
Patients
A total of 35 patients were enrolled, 18 patients were 
treated in the prophylaxis arm and 17 patients were treated 
in the on-demand arm (Figure 1). Patients participated in 
the study for a median (range) of 300 (1–388) days. A total 
of 28 patients completed the study (15 in the prophylaxis 
arm and 13 in the on-demand arm). In the prophylaxis 
arm, two patients who had developed a low titer FVIII 
inhibitor were withdrawn due to site closure and one 
patient who was non-compliant to treatment was with
drawn. In the on-demand arm, one patient was withdrawn 
due to a pre-existing FVIII inhibitor, one patient because 
he developed a high titer FVIII inhibitor and two patients 
withdrew their consent.

Baseline patient characteristics are shown in Table 2. 
In the on-demand arm, 11 patients (65%) had less than 50 

Table 2 Patient Characteristics

Variables Prophylaxis N=18 On-Demand N=17 Total N=35

Age [years]

Mean (SD) 7.3 (2.68) 4.9 (3.43) 6.1 (3.26)

Median (range) 7.5 (2–11) 4.0 (0–11) 6.0 (0–11)
0 to <6 years, n (%) 4 (22.2) 12 (70.6) 16 (45.7)

6 to <12 years, n (%) 14 (77.8) 5 (29.4) 19 (54.3)

Ethnic origin, n (%)

Caucasian 15 (83.3) 17 (100) 32 (91.4)

Hispanic 3 (16.7) 0 3 (8.6)

Weight [kg]

Mean (SD) 29.1 (13.7) 22.6 (11.4) 26.0 (12.9)
Median (range) 25.5 (14.0–66.5) 18.5 (8.5–50.0) 23.0 (8.5–66.5)

Prior treatment regimen, n (%)
Prophylaxis 7 (39) 0 7 (20)

On-demand 7 (39) 17 (100) 24 (69)

Not reported 4 (22) 0 4 (11)

Abbreviations: n, number of patients or events with characteristic; N, total number of patients; SD, standard deviation.
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EDs to previous FVIII treatment. In the prophylaxis arm, 2 
patients (11%) had less than 50 EDs. The proportion of 
patients aged <6 years was lower in the prophylaxis arm 
(22.2%) than in the on-demand arm (70.6%), resulting in a 
higher mean age in the prophylaxis arm (7.3 years) than in 
the on-demand arm (4.9 years).

Pharmacokinetics
The PK population comprised 31 patients, excluding four 
patients who had received a lower dose than planned 
(n=2), no PK concentrations were available (n=1) or the 
patient was excluded due to a pre-existing FVIII inhibitor 
(n=1). Concentration-time curves showed similar profiles 
for the overall PK population and the two age groups 
(Figure 2). In the overall PK population, FVIII:C PK 
parameters were raised immediately following pdVWF/ 
FVIII infusion, reaching a median Cmax of 0.76 IU/mL at 
the first sampling point 30 min post-dose, and then 
declined over time with a median t1/2 of 9.78 h 
(Table 3). Median IR was 0.016 (IU/mL)/(IU/kg), median 
CL was 5.44 mL/h/kg, and median Vss was 73.7 mL/kg. 
Median values for PK parameters were slightly higher in 
the 6 to <12 years age group compared to the 0 to <6 years 
age group (with the exception of CL and Vss, Table 3).

Hemostatic Efficacy
On-demand arm: The 17 patients who were treated on-demand 
reported 320 NSB events and received a median number of 
29.0 infusions (median dose of 34.2 IU FVIII/kg [range: 22.7– 

49.7 IU/kg]). Two of the NSB events did not require treatment, 
and are not included in the efficacy evaluation. A total of 75 
(23.4%) NSB events required >1 infusion of pdVWF/FVIII, 
up to a maximum of seven infusions; all remaining NSB 
events were treated with 1 infusion. Hemostatic efficacy was 
assessed by the investigator for all 318 events that were treated 
with pdVWF/FVIII (Table 4). The hemostatic efficacy was 
reported by the investigator as either excellent (77 events 
[24.2%]) or good (241 [75.8%]) in all cases. A similar dis
tribution of hemostatic efficacy outcomes was also seen within 
bleeding event categories for type, severity, or location, with 
the exception of the 98 major bleeding events, where the 
hemostatic efficacy of a relatively higher proportion of events 
was assessed as good (95.9%). There were no relevant differ
ences in the evaluation of hemostatic efficacy between patients 
aged <6 years and 6–<12 years.

Prophylaxis arm: The 18 patients on prophylaxis treatment 
received a median number of 92 infusions at a median average 
dose of 30.6 IU FVIII/kg per infusion (range: 21.1–58.7 IU/ 
kg). The patients experienced 173 NSB events; fewer than 1 
out of 3 events (31%) were spontaneous bleedings. More than 
half of these spontaneous NSB events (56%) were reported by 
three patients (see Table 5). The first of these patients was 9 
years old, and experienced an AsBR of 24.91. Prior to study 
enrollment, this patient was receiving prophylaxis and had 
reported hemarthrosis of the right elbow, left and right ankle, 
left-hand finger, and both wrists. Additionally, during the 
study the patient was incompliant with his prophylaxis sche
dule. The second patient (10 years old) had an AsBR of 9.36, 

Figure 2 Mean (SD) concentration profiles (IU/mL) of FVIII:C by age group and overall. 
Notes: Solid line with circles: overall population; black dashed line with squares: 0 to <6 years; black dashed line with circles: 6 to <12 years; red dashed line: lower limit of 
quantitation (0.008 IU/mL). 
Abbreviations: FVIII:C, factor VIII: coagulant activity; IU, international unit; PK, pharmacokinetics; SD, standard deviation.
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and prior to this study had received prophylaxis and reported 
hemarthrosis of both knees and both ankles. The third of these 
patients was 11 years old with an AsBR of 8.05; prior to his 
enrollment in this study, the patient had received on-demand 
treatment and reported hemarthrosis of the right knee, both 
elbows, both ankles, and the right hip. Seven of the 18 patients 
(39%) switched to prophylaxis treatment with pdVWF/FVIII 
from prophylaxis with a prior treatment. One NSB event 

(0.6%), a minor trauma-induced oral bleed, did not require 
treatment and this event was not assessed for efficacy. The 
majority of all NSB events (159 events, 91.9%) required only 
one infusion for hemostatic control, the remainder required 2 
infusions (13 events, 7.5%). Hemostatic efficacy was assessed 
by the investigator as excellent (86%) or as good (14%) 
(Table 4). The AsBR for patients who completed the study 
and the frequency of prophylaxis dosing per patient is shown 

Table 3 PK Parameters of FVIII:C in Patients <6 (N=15) and 6–12 Years of Age (N=16)

<6 Years 6–12 Years Overall

Parameter N Median Range N Median Range N Median Range

Dose administered (IU/kg) 15 50.1 47.5–54.5 16 50.0 47.5–54.5 31 50.0 47.5–54.5

Incremental recovery (IU/mL)/(IU/kg) 15 0.015 0.009–0.019 16 0.016 0.010–0.026 31 0.016 0.009–0.026

Half-life (h) 15 9.62 7.75–18.20 16 10.00 8.89–12.50 31 9.78 7.75–18.20

AUC0–48 (h*IU/mL) 15 8.23 3.96–11.04 16 9.90 6.17–17.62 31 8.80 3.96–17.62

Cmax (IU/mL) 15 0.75 0.46–0.94 16 0.84 0.51–1.21 31 0.76 0.46–1.21

Total clearance (mL/(h*kg) 15 6.22 4.22–11.34 16 4.88 2.54–7.74 31 5.44 2.54–11.34

Vss (mL/kg) 15 75.3 63.8–197.2 16 71.9 42.1–109.3 31 73.7 42.1–197.2

Abbreviations: AUC, area under the curve; Cmax, maximum plasma concentration; Cmin, minimum plasma concentration; FVIII:C, factor VIII: coagulant activity; IU, 
international unit; MRT, mean residence time; N, number of patients; tmax, time to maximum concentration; Vss, volume of distribution at steady state.

Table 4 Investigator’s Assessment of Hemostatic Efficacy per Bleeding Event in the On-Demand and Prophylaxis Arms

On-Demand Arm Prophylaxis Arm

Number (%) of NSB Events Number (%) of NSB Events

Bleeding 
Type

Number of 
NSB 

Events

Excellent Good Moderate None Number of 
NSB 

Events

Excellent Good Moderate None

All NSB 
events

318 77 (24.2) 241 (75.8) 0 0 172 148 (86.0) 23 (13.4) 1 (0.6) 0

Spontaneous 123 26 (21.1) 97 (78.9) 0 0 54 42 (77.8) 11 (20.4) 1 (1.9) 0

Trauma 194 51 (26.3) 143 (73.7) 0 0 118 106 (89.8) 12 (10.2) 0 0

Post-surgery 1 0 1 (100.0) 0 0 0 0 0 0 0

Major 98 4 (4.1) 94 (95.9) 0 0 85 70 (82.4) 15 (17.6) 0 0

Minor 220 73 (33.2) 147 (66.8) 0 0 87 78 (89.7) 8 (9.2) 1 (1.1) 0

Joint 176 31 (17.6) 145 (82.4) 0 0 143 122 (85.3) 20 (14.0) 1 (0.7) 0

Mucosal 73 24 (32.9) 49 (67.1) 0 0 13 12 (92.3) 1 (7.7) 0 0

Muscle 67 21 (31.3) 46 (68.7) 0 0 14 12 (85.7) 2 (14.3) 0 0

Other 2 1 (50.0) 1 (50.0) 0 0 2 2 (100.0) 0 0 0

Notes: Percentages were based on the number of bleeding events of the considered type with available investigator’s assessment. Bleeding events for which no treatment 
was needed (on-demand arm, n=2; prophylaxis arm, n=1) were not considered for this table. 
Abbreviations: N, number of patients; NSB, non-surgical bleeding.
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Table 5 Annualized Spontaneous Bleeding Rate and Prophylaxis Schedule (Number of Doses per Week per Individual Patient Who 
Completed the Study)

Study Month 1 2 3 4 5 6 7 8 9 10 11 12 AsBR

Age (Years)

2 Spontaneous NSB 0 0 0 0 0 0 0.00

Prophylaxis/week 3.7 3.3 2.8 3.0 2.8 3.0

3 Spontaneous NSB 0 0 0 0 1 1 2 0 0 0 0 4.35

Prophylaxis/week 1.9 1.4 1.9 2.3 1.6 1.2 1.6 1.9 1.4 2.6 1.4

4 Spontaneous NSB 1 0 0 0 0 0 0 0 0 1 2.32

Prophylaxis/week 1.2 2.3 1.6 2.3 2.3 2.8 1.6 2.3 1.6 2.6

5 Spontaneous NSB 0 1 0 1 0 1 0 0 1 0 0 4.24

Prophylaxis/week 1.2 1.6 1.6 2.1 2.1 1.6 1.9 0.9 1.9 1.4 1.2

6 Spontaneous NSB 0 0 0 0 0 0 0.00

Prophylaxis/week 3.3 3.0 2.6 2.6 3.3 4.2

7 Spontaneous NSB 0 0 0 0 0 0 0.00

Prophylaxis/week 2.1 2.6 2.3 2.6 2.3 2.8

7 Spontaneous NSB 0 0 0 0 0 0 0 0 0.00

Prophylaxis/week 2.8 3.3 3.3 3.0 2.3 1.9 3.3 0.2

8 Spontaneous NSB 0 0 0 0 0 0 0.00

Prophylaxis/week 3.7 3.3 3.5 3.7 3.5 4.0

8 Spontaneous NSB 0 0 0 0 0 0 0 1 1 2.64

Prophylaxis/week 2.3 3.3 4.4 1.9 1.9 5.1 2.3 2.8 1.2

9 Spontaneous NSB 2 1 0 0 1 1 4 0 3 5 2 7 24.91*

Prophylaxis/week 0.9 0.7 2.3 3.0 0.2 0.9 1.4 1.2 0.0 0.2 0.2 0.2

10 Spontaneous NSB 0 0 0 0 0 0 0.00

Prophylaxis/week 2.1 2.6 2.3 2.6 1.9 2.3

10 Spontaneous NSB 2 1 3 0 0 0 0 9.36*

Prophylaxis/week 3.0 2.8 2.1 3.0 3.0 2.6 3.3

10 Spontaneous NSB 0 0 0 0 0 0 0 0.00

Prophylaxis/week 3.3 3.3 3.0 3.5 2.6 2.1 0.9

10 Spontaneous NSB 0 0 0 0 0 0 0 0 1 0 0 1.15

Prophylaxis/week 1.9 1.6 1.6 1.6 1.9 2.3 0.9 2.1 2.3 2.6 0.5

11 Spontaneous NSB 0 2 3 0 0 0 1 0 0 8.05*

Prophylaxis/week 3.0 1.9 2.8 2.3 2.1 1.9 3.3 1.9 1.9

Notes: Spontaneous NSB events are highlighted in grey; *More than half of the reported NSB events (56%) were reported by these three patients. 
Abbreviations: AsBR, annualized spontaneous bleeding rate; NSB, non-surgical bleeding.

https://doi.org/10.2147/JBM.S299130                                                                                                                                                                                                                                   

DovePress                                                                                                                                                            

Journal of Blood Medicine 2021:12 490

Djambas Khayat et al                                                                                                                                               Dovepress

https://www.dovepress.com
https://www.dovepress.com


in Table 5. Seven patients (47%) had no spontaneous NSB 
events.

Surgical events: During the study, five patients under
went a total of five surgeries: two major (synovectomy of 
the right knee and elongation of the Achilles tendon) and 
three minor (one dental surgery and two tooth extractions). 
At discharge, the investigator assessed the hemostatic effi
cacy for two of the minor surgical events as excellent and 
for the remaining major and minor surgical events as good. 
Blood loss during surgery was assessed as less (two surgi
cal events) or as comparable (three surgical events) to the 
expected blood loss from a patient without a bleeding 
disorder undergoing the same procedure in all surgical 
events. No patient required blood product transfusions.

Safety
The median (range) number of EDs for patients in the 
prophylaxis arm was 91.5 (15–117), with 2 patients having 
<50 EDs and 16 patients having ≥50 EDs. For the on- 
demand arm, the median (range) was 29.0 (1–89) days, 
with 12 patients having <50 EDs and 5 having ≥50 EDs.

Overall, pdVWF/FVIII was well tolerated. During this 
study, 12 patients (66.7%) on prophylaxis treatment reported 
64 treatment-emergent adverse events (TEAEs), and 11 
patients (64.7%) in the on-demand treatment arm reported 
33 TEAEs. The most frequently reported TEAEs overall 
were cough (eight patients), pyrexia (six patients), and rhinitis, 
FVIII inhibition, and rash (four patients each). Four patients 
had an adverse drug reaction (three cases of FVIII inhibition 
and one case of rash). Five patients experienced one SAE each 
(four cases of FVIII inhibition [one of which was pre-existing 
and so not considered related to pdVWF/FVIII] and one tibia 
fracture). There were no clinically relevant differences in the 
TEAE reporting profile between patients aged <6 years and 
those aged 6–<12 years.

One patient (<1 year old) had a pre-existing FVIII inhibitor 
detected in the pre-treatment PK blood sample (30.4 BU/mL), 
which the investigator considered related to prior FVIII (treat
ment given for a total of 20 EDs), and was withdrawn from the 
study. Two patients from the prophylaxis arm developed a low 
titer, transient inhibitor. The first patient (6 years old) devel
oped a low titer FVIII inhibitor of 1.9 BU/mL in the third 
month of treatment following 18 EDs with pdVWF/FVIII. At 
the time of inhibitor development, the patient had a total of 38 
EDs to FVIII (20 EDs with a prior FVIII product and 18 EDs 
with pdVWF/FVIII), and experienced an additional 7 EDs 
with pdVWF/FVIII before the inhibitor was confirmed and 
the patient withdrew from prophylaxis treatment. The inhibitor 

was confirmed at month 4 (1.7 BU/mL), but had decreased to 
normal values (<0.6 BU/mL) at months 6 and 10. DNA 
analysis identified a mutation in exon 25 of the FVIII gene. 
The low number of EDs represented a risk factor for inhibitor 
development; no other risk factors were identified. The second 
patient (10 years old) developed a low titer FVIII inhibitor of 
2.1 BU/mL in month 1, following a total of 30 EDs to FVIII 
(22 EDs with a prior FVIII and 8 EDs with pdVWF/FVIII). 
The patient experienced a further 7 EDs with pdVWF/FVIII 
prior to confirmation of the inhibitor and withdrawal from 
prophylaxis treatment. The patient’s low titer inhibitor per
sisted to month 8, with titers of 1.9–2.8 BU/mL. Risk factors 
for inhibitor development in this patient included an intron 22 
inversion in the FVIII gene, a mutation associated with a 
higher risk of inhibitor development, and the low number of 
EDs to FVIII products; no other risk factors were identified. 
Three bleeding events occurred during the time period 
between inhibitor testing and withdrawal from prophylaxis 
treatment in these two patients. The hemostatic efficacy of 
pdVWF/FVIII for these bleeds was also excellent despite the 
presence of the inhibitor. Both inhibitors were transient and the 
titer decreased to normal levels again (<0.6 BU/mL). One 
patient (4 years old) from the on-demand arm developed a 
high titer FVIII inhibitor (461 BU/mL) during the treatment 
phase after 8 EDs. The high titer inhibitor was confirmed on 
two subsequent occasions (2048 BU/mL, 1556 BU/mL), and 
the patient was withdrawn from the study. The patient was 
found to have an intron 22 inversion in the FVIII gene, with no 
other identified risk factors for inhibitor development. Prior to 
the study, the patient had been treated with a prior FVIII 
product for a total of 48 EDs, but had not developed inhibitors. 
The Independent Data Monitoring Committee concluded that 
the development of inhibitors did not constitute a safety con
cern for the product, as the development of an inhibitor is an 
adverse event associated with FVIII replacement and this 
incidence was in concordance with information from the 
scientific literature. No other safety findings of concern were 
observed. None of the patients experienced a thromboembolic 
event or anaphylactic reaction, and there were no events of 
suspected transmission of infectious agents.

Discussion
This PK, efficacy, and safety study was designed to inves
tigate the use of pdVWF/FVIII for the prevention and 
treatment of bleeding events in FVIII pre-treated pediatric 
patients (0 to 12 years of age) with severe hemophilia A. 
pdVWF/FVIII is a plasma-derived, high-concentration, 
low-volume, high-purity concentrate which contains 
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VWF:FVIII in a ratio ~2.4:1.20 It was anticipated that in 
children pdVWF/FVIII would have a similar PK, efficacy 
and safety profile to that in the adult population.

The PK evaluation demonstrated comparable PK pro
files for the children aged <6 years and aged 6 to 12 years. 
Differences were noted between the PK results from our 
pediatric study and those in the study of adult/adolescent 
hemophilia A patients:20 IR of FVIII was lower in pedia
tric patients (0.016 [IU/mL]/[IU/kg]) than in adults/adoles
cents (0.021 [IU/mL]/[IU/kg]), t1/2 was shorter (9.78 vs 
13.4 h) and CL was higher (5.44 vs 3.92 mL/h/kg). It has 
been confirmed that weight-normalized CL of FVIII 
decreases during growth and continues to decline slightly 
during adulthood. Elimination t1/2, which is inversely 
related to CL, thus follows an opposite trend.22,23 The 
differences in t1/2 between our pediatric study and the 
adult/adolescent study may have an effect on the dose of 
FVIII required to maintain a desired trough level during 
prophylaxis and indicates that the dose of FVIII per kilo
gram body weight required for adequate prophylaxis prob
ably changes throughout a subject’s life. The variance in 
t1/2, however, suggests that if the FVIII dose for prophy
laxis is to be based on t1/2, then t1/2 should be measured in 
each patient, rather than be based on the patient’s age. 
Interestingly, a recent study in pediatric patients with 
hemophilia A reported that genetic determinants of VWF 
clearance and FVIII binding can modify FVIII PK, further 
supporting an individualized approach to dosing.24

This study, as well as the adult/adolescent study, showed 
that, despite slight age-related differences in the observed PK 
parameters, efficacy results were very similar across all age 
groups. The hemostatic efficacy of pdVWF/FVIII was 
assessed by the investigator as excellent or good for all NSB 
and surgical events without any relevant differences between 
patients aged <6 or 6 to 12 years. These hemostatic efficacy 
results are also in line with those seen in adult/adolescent 
previously treated patients (PTPs) with hemophilia A treated 
with the same pdVWF/FVIII in whom the investigator 
assessed the efficacy as either excellent or good in at least 
96% of the bleeding events.20 Comparable hemostatic efficacy 
(excellent or good in 96.7% of bleeding events) was also 
reported by investigators in a study of adult/adolescent PTPs 
with severe hemophilia A who were treated with a lower 
concentration plasma-derived VWF/FVIII (1:1) concentrate 
(Wilate®, Octapharma, Switzerland).25

Prophylaxis is considered the optimal treatment strategy 
for pediatric patients with severe hemophilia to prevent 
bleeding.26,27 A prophylactic regimen must account for each 

patient’s unique bleeding pattern, PK profile, adherence to 
treatment and level of physical activity. In this study, 18 
patients experienced 173 NSB events when they were on a 
prophylaxis regimen; 97 NSB events (56%) were reported by 
three patients who had a high AsBR. Of these, one patient was 
non-compliant with his prophylaxis regimen and the other two 
patients already had hemarthrosis at enrollment and experi
enced their bleeds during the first 3 months of the study. Seven 
patients switched to prophylaxis with pdVWF/FVIII from a 
prior product. These data clearly demonstrate the benefit of 
secondary prophylaxis, although the demanding medical regi
men can lead to imperfect compliance.

Safety results in this study were reflective of the pediatric 
population, with cough and pyrexia being the most fre
quently reported TEAEs. Two patients in the prophylaxis 
arm developed a transient low titer FVIII inhibitor and one 
patient in the on-demand arm developed a high titer inhibitor 
during the study; additionally, another patient in the on- 
demand arm was diagnosed with a pre-existing inhibitor. 
Both inhibitor patients in the on-demand arm withdrew 
from the study, no other TEAEs led to withdrawal from the 
study and no deaths occurred during the study. With the 
exception of the development of inhibitors in three patients, 
safety results were comparable with those seen in adult/ 
adolescent PTPs with hemophilia A;20 comparable safety 
results were also reported in adult/adolescent PTPs with 
severe hemophilia A who were treated with a lower concen
tration plasma-derived VWF:FVIII (1:1).25

Despite knowledge of several well-established risk fac
tors for inhibitor development, why some patients develop an 
inhibitor and others do not remains unclear. In previously 
untreated patients with severe hemophilia A, the first 50 EDs 
are when patients are at highest risk of inhibitor 
development.28 The three patients who developed inhibitors 
during our study only had limited exposure to FVIII products 
prior to the study (20, 22, and 48 EDs, respectively). 
Mutations such as null mutations, large deletions, nonsense 
mutations, and intron 22 inversions are also associated with a 
high prevalence of inhibitors.29 This was evidenced in our 
study as the two patients who developed a low titer inhibitor 
during prophylaxis treatment with pdVWF/FVIII had a muta
tion in exon 25 and an intron 22 inversion of the FVIII gene, 
respectively, while the patient who developed a high titer 
inhibitor during on-demand treatment with pdVWF/FVIII 
had an intron 22 inversion of the FVIII gene. Although 
genetics play a role, the discordance in inhibitor development 
between monozygotic twins observed in an international 
study of brothers with hemophilia A demonstrates that other 
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treatment-related variables may also play a role in inhibitor 
development.30 Age at first infusion (<6 months vs >12 
months) and prophylaxis versus no prophylaxis have also 
been identified as potential risk factors, with a higher rate of 
inhibitor development in those who receive their first FVIII 
infusion before 6 months of age31 and a reduced risk of 
inhibitor development in those who receive regular 
prophylaxis.32 However, later analyses have offered conflict
ing results, with some studies showing no effects on inhibitor 
development linked to these factors, and so it is not clear 
whether or not first infusion at an early age or regular pro
phylaxis offer a protective effect.33 In our study, the patient 
with a pre-existing FVIII inhibitor, who developed FVIII 
inhibitors after a FVIII product taken between screening 
and start of treatment with pdVWF/FVIII, was at high risk 
because he had started his first FVIII on-demand treatment at 
a very young age (<8 months) and all four patients had less 
than 50 EDs prior to study entry. Although the published 
studies designed to associate treatment conditions with inhi
bitor development are indicative, the association between 
FVIII administration and inhibitor formation is hard to pre
dict until the genetic factors that underlie inhibitor develop
ment are better understood and can be used to properly 
stratify patients.

Limitations to our study include the low patient num
bers, the disparity in age between the patients in the 
prophylaxis versus on-demand arms and the uneven dis
tribution of patients with more or less than 50 EDs within 
these treatment arms. There are also few studies of VWF/ 
FVIII concentrates in patients with hemophilia A, particu
larly in pediatrics. Further studies to confirm our observed 
efficacy, safety and PK parameters of VWF/FVIII in 
pediatric patients with severe hemophilia A would be 
beneficial.

Conclusions
In summary, pdVWF/FVIII was observed to be efficacious 
as both on-demand and prophylaxis therapy in pediatric 
patients with hemophilia A, with the hemostatic efficacy 
assessed as either excellent or good in all cases. Two 
patients developed a transient low titer FVIII inhibitor. 
One high-risk patient developed a high titer inhibitor asso
ciated with pdVWF/FVIII treatment which is within the 
expected incidence range of minimally pre-treated pedia
tric patients. No other safety findings of concern were 
observed. The efficacy and safety profile of pdVWF/ 
FVIII was similar to that of the adult/adolescent popula
tion. These results provide evidence for use of pdVWF/ 

FVIII to treat and prevent bleeding events in pediatric 
patients with hemophilia A, supporting the favorable ben
efit-risk profile of this concentrate.
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Purpose: To review the neonatal cases with different types of minor blood group incompatible 
haemolytic diseases in China, and to improve the clinical understanding and management.
Materials and Methods: Seven cases from January, 1st, 2013 to December 31st, 2019 
were searched out and reviewed retrospectively. All clinical data and laboratory findings 
were collected.
Results: There were totally seven cases enrolled including three cases of MNS, three of 
Diego, and one of Kidd combined with Rh, anti-RhE incompatibility. Among the seven 
cases, two had intrauterine transfusion, two underwent exchange transfusion, five received 
intravenous immune globulin, five cases developed anaemia, and three of them had transfu
sion. But among them, only four were found to have positive antibody screening and three 
were confirmed HDN with antibody types antenatally.
Conclusion: The clinical presentation is diverse. Antibody screening followed by the 
technique of peak systolic velocity in the fetal middle cerebral artery (MCA-PSV) helps to 
filter out the severe cases.
Keywords: neonatal haemolytic disease, HDN, alloimmunization, MNS blood group, Diego 
blood group, Kidd blood group

Introduction
Haemolytic disease of the newborn (HDN) refers to foetal or neonatal alloimmune 
haemolysis caused by red blood cell antibodies due to incompatible maternal and 
foetal or neonatal blood types. The prevalence varies according to blood type.1,2 

ABO incompatibility is the most common cause of HDN;3,5 Rh (D) antigen is 
the second most common, and Rh (C, c, E, e) antigen incompatibility occurs 
occasionally.5–7 Several other alloantibodies have also been reported to be asso
ciated with haemolytic diseases, including MNS, Kidd, Diego, Duffy, Kell and 
Anti-Mur.9–14 However, most literatures on these diseases were published as case 
reports. Therefore, the presentation of the haemolytic diseases related to different 
minor blood group incompatibilities is not well understood. Here, a retrospective 
analysis of neonates with minor blood type haemolytic disease admitted to one 
medical centre over the past 6 years was conducted to improve awareness and 
perinatal management for Chinese population.
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Materials and Methods
This research topic was approved by institutional research 
ethics board of Children’s Hospital of Fudan University. 
All cases were identified from the electronic database and 
met the inclusion criteria: newborns admitted to the neo
natal department of Children’s Hospital of Fudan 
University with a diagnosis of neonatal alloimmune hae
molytic disease due to minor blood type incompatibility 
between January 1st, 2013, and Dec 31st, 2019. All the 
electronic information of these cases was reviewed to rule 
out single ABO or Rh, including D, E, e, C, and c blood 
group incompatibility, as well as other reasons for haemo
lysis, such as G6PD and red blood cell membrane defects 
such as hereditary spherocytosis, as exclusion criteria. We 
obtained the written informed consents from the parents of 
all cases and got the permissions to have all the case 
details published.

The key diagnostic criteria were defined as serologi
cal tests showing positive Coombs’ test and related 
blood group system antibodies detected in the serum of 
newborns and/or mothers. Other evidence of haemolysis, 
such as complete blood count, haemoglobin level, reti
culocyte count, and serum bilirubin levels, were consis
tent with haemolytic disease. All the cases had the 
confirmed diagnostic tests done in Shanghai blood cen
tre, and the blood samples were sent on admission or 
initially after birth. ABO and RhD blood typing tests 
were performed with the tube by standard methods for 
each sample, using monoclonal anti-A, anti-B and anti-D 
(Shanghai Blood Biomedicine Co., Ltd.). Other pheno
types of the red blood cells (RBCs) were determined 
using monoclonal anti-E, anti-C, anti-c, anti-e, anti-M, 
anti-N (Shanghai Blood Biomedicine Co., Ltd.), anti- 
Dia, anti-Dib, anti-JKa and anti-JKb antibodies 
(Sanquin Reagents B.V.) respectively. The spectrum 
cells used for blood group antibody identification were 
purchased from Shanghai Blood Biomedicine Co., Ltd. 
and Sanquin Reagents B.V. DAT (direct antiglobulin 
test) was performed with the tube using multispecific 
antiglobulin reagents, monospecific antibody-IgG, and 
monospecific antibody-C3d (Shanghai Blood 
Biomedicine Co., Ltd.). IAT (indirect anti-human globu
lin test, included free antibody test and antibody release 
test) was performed with the tube using multispecific 
antiglobulin reagents and column agglutination techni
que using gel cards (Bio-Rad Laboratories).

Results
Data Collection and Summary
A total of seven cases were finally enrolled, including 
three cases of MNS haemolytic disease, three cases of 
Diego incompatibility, and one case of Kidd combined 
with anti-RhE blood group incompatibility. All the elec
tronic charts of the seven cases were reviewed and col
lected, including antenatal and postnatal information such 
as maternal history, birth history, gender, gestational age, 
laboratory tests including maternal and child blood types, 
blood cell count, haemoglobin level, reticulocytes, biliru
bin, and Coombs test. Treatment data, including the use of 
phototherapy, IVIG, blood transfusion, or exchange trans
fusion, and outcomes were also collected. Phototherapy 
and exchange transfusion were managed referring to the 
criteria of the American Association of Paediatrics 
Clinical Practice Guideline for phototherapy and exchange 
transfusion in hospitalized infants of 35 or more weeks’ 
gestation.15

Result
A total of three different minor blood types were found to 
be associated with haemolytic disease in our search, includ
ing the MNS, Diego, and Kidd blood groups. We summar
ized all the cases in separate categories as follows (Table 1).

Three Cases of MNS Haemolytic Disease
Case 1, a male born by caesarean section at 39+1 weeks 
with a birth weight of 3950 g to a healthy 32-year-old 
mother (G1P1), was admitted to our NICU on day 3 
because of jaundice and anaemia from day 2 of life. 
Coombs’ test was performed immediately according to 
the clinical presentation. DAT (direct agglutination test) 
was negative, but IAT (indirect antiglobulin test) was 
positive, and anti-M antibodies were detected in the new
born’s serum. He received only phototherapy during the 
hospitalization period without blood transfusion because 
of no deterioration of haemoglobin afterward. This was the 
mother’s first child, conceived through IVF, and the 
mother had an antibody screening result of anti-M and 
titres of 1:512 IgM and 1:256 IgG at 35 weeks gestation. 
All clinical characteristics are shown in Table 1.

Case 2, a male infant born by vaginal delivery at 37+6 

weeks with a birth weight of 3000 g to a healthy 23-year- 
old mother (G2P2) was admitted to our NICU on day 4 
because of jaundice from day 2 of life. Coombs’ test was 
performed after admission to the patient with negative 
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DAT and positive IAT, and anti-M antibodies were 
detected in the newborn’s serum. He received photother
apy for treatment. This mother had received regular 
antenatal care during pregnancy, but no antibody screening 
test was performed. Her first child was a healthy four-year- 
old girl without a history of jaundice at birth.

Case 3, a male infant was admitted to our NICU on day 
27 with a confirmed diagnosis of anti-M HDN at birth in 
a maternity hospital where he had positive IAT results and 
negative DAT results and received one blood transfusion, 
one IVIG and multiple phototherapies. Admission to our 
NICU was due to severe anaemia. Both DAT and IAT were 
negative, but the antibody screening test was positive for 
anti-M on day 27. A 2nd blood transfusion was given after 
this admission. This baby was a G5P1 preterm infant with 
a gestational age of 34+1 weeks and birth weight of 2345 
g born by caesarean section due to MN-related HDFN in 
the foetus and elevated peak systolic velocity in the foetal 
middle cerebral artery (MCA-PSV) on ultrasound.16 This 
33-year-old mother had a very complicated maternal his
tory with four previous failed pregnancies, including one 
intrauterine demise and three spontaneous abortions, two 
of which were confirmed as foetal hydrops. This patient 
was gravida 5, and positive antibody screening with anti- 
M was detected at 20 weeks gestation during this preg
nancy. The foetus received intrauterine transfusion (IUT) 
twice with O RhD- and M-RBCs at 30 and 32+6 weeks 
gestation, respectively. Cordocentesis was performed dur
ing the first IUT, and allo-anti-M antibodies were eluted 
from the cord blood sample, which suggested MN-related 
HDFN in the foetus.

All three of these cases of MN blood type haemolytic 
disease have the same antibody type, which is anti-M. The 
MN blood types of the mothers and newborns were all the 
same, namely, MN for the mother and NN for the new
born. Jaundice occurred within the first two days in all 
three cases. The bilirubin levels were not very high 
because all the cases were sent from maternity hospitals, 
and phototherapy commenced as soon as jaundice was 
noted. Two of the newborns had different degrees of 
anaemia, and the haemoglobin trough values of cases 1 
and 3 were as low as 93 g/L and 49.2 g/L, respectively. In 
case 3, the patient required two rounds of IUT and two 
rounds of RBC blood transfusion after birth, as well as 
IVIG, which is the most drastic therapy. Prenatal examina
tion revealed positive antibody screening tests in two 
cases, and prenatal care follow-up of MCA-PSV helped 
to diagnose the most severe case (case 3).

Three Cases of Diego Haemolytic Disease
Case 4 and Case 5 were monochorionic diamniotic (MD) 
twins, born at a gestational age of 37+4 weeks, and both 
were admitted to our NICU on day 4. These two male 
newborns were G5P2 and G5P3 born by caesarean sec
tion with birth weights of 2700 g and 2200 g to a healthy 
37-year-old mother. They were transferred because of 
severe jaundice from day 2 of life without anaemia and 
suspected haemolysis disease at a local hospital. G1P1 of 
this mother was a healthy girl without a history of 
jaundice during the newborn period, but the mother’s 
other pregnancies were ended with induced labour 
twice and idiopathic spontaneous abortion once. She 
did not receive an antibody screening test during preg
nancy. Coombs’ tests were performed in the maternity 
hospital for the twins because of the early onset of 
jaundice. Both DAT tests were positive, but the labora
tory could not confirm the antibody type. We sent all the 
blood samples of the mother and twins to the Shanghai 
Blood Centre to repeat the Coombs’ tests, and positive 
results for both DAT and IAT were confirmed as anti- 
Dib. The mother’s blood type was A+, Di(a+b-), and 
both twins had the same blood type, O+, Di(a+b+). 
Both twins received IVIG, albumin and phototherapy as 
treatment. The initial planned blood exchange transfu
sion was cancelled due to the lack of Di(b-) PRBC 
available on the first day, and the hyperbilirubinemia 
was well controlled afterwards.

Case 6, a preterm male newborn, was born to a 44-year 
-old mother (G4P2) at 32+1 weeks gestation by caesarean 
section because of suspecting foetal hydrops on ultrasound 
with a birth weight of 2380g. This foetus received intrau
terine transfusion (IUT) six times from 24 weeks of gesta
tional age until birth with O RhD-, Di(a-) RBCs after 
a confirmed maternal positive antibody test for anti-Dia 
and elevated peak systolic velocity in the foetal middle 
cerebral artery (MCA-PSV) on ultrasound. The mother 
was transferred from a local hospital because of positive 
antibody screening with unclear antibody type. The infant 
required CPAP support shortly after delivery due to neo
natal respiratory distress syndrome (NRDS). He had no 
significant hydrops after full assessment at birth, but he 
had severe anaemia with a haemoglobin trough value as 
low as 57 g/L when he was admitted to our NICU within 
24 hours of life, decreased from 116 g/L at birth. He was 
treated by blood exchange transfusion once after birth, 
three doses of IVIG, RBC transfusion once and multiple 
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phototherapies. The mother had one healthy child and two 
idiopathic spontaneous abortions prior to this pregnancy.

These three cases (No. 4, 5, and 6) were all considered 
haemolytic disease due to Diego blood type incompatibil
ity. The twins (Case 4 and 5) presented moderate to severe 
jaundice from day 2 and had peak total bilirubin levels of 
430 μmol/L and 356.7 μmol/L, respectively. However, just 
one of the twins had mild anaemia with a haemoglobin 
level of 144 g/L and a reticular count of 8.8%. In both 
cases, diagnosis was confirmed by positive DAT, IAT and 
anti-Dib antibody tests. The patients recovered with photo
therapy, IVIG, and albumin transfusion. Case 6 was 
another case of haemolytic disease due to Diego incompat
ibility caused by anti-Dia antibody. This case presented 
severe HDFN from the beginning of the third trimester. 
Although the hyperbilirubinemia was not especially sig
nificant, with peak TSB at 223.5 μmol/L after birth, he had 
severe anaemia requiring exchange transfusion and red 
blood cell transfusion even after six IUTs.

One Case of Haemolytic Disease Due to 
Combination Kidd and Rh Blood Group 
Incompatibility
Case 7, A female was born at 38+4 weeks by vaginal 
delivery to a healthy 28-year-old mother (G2P2). The 
mother’s first child was a healthy boy with no jaundice 
at birth and an uneventful pregnancy. However, during this 
pregnancy, she had a positive result in an antibody screen 
at local hospital, without identification of the antibody 
type. She was referred to a tertiary hospital for antenatal 
care and delivery. The newborn experienced severe hyper
bilirubinemia within 24 hours after birth, with peak bilir
ubin 444.2 µmol/L and minimum haemoglobin value 117 
g/l. Coombs’ tests performed by the Shanghai Blood 
Centre were positive for DAT and IAT, with positive 
anti-E and anti-JKa antibody screening and DAT/IAT. 
The diagnosis of combined antibodies also appears in 
other literature.17 Full treatments for HDN, including 
blood exchange, IVIG and phototherapy, were given.

All seven cases received formal Coombs tests for diag
nosis at the Shanghai Blood Centre. The tests performed at 
hospital laboratories report positive DAT and/or IAT and 
positive antibody screening but do not confirm the blood 
type responsible for the haemolytic disease. Some of the 
mothers were transferred from local hospitals outside of 
Shanghai due to positive antibody screening in mother’s 
serum with unclear antibody type (case 7). Antenatal diag
nosis was performed in the Shanghai Blood Centre for 

some cases (cases 1, 3 and 6) on the bases of the maternal 
blood antibody screening tests.

All the cases enrolled presented different degrees of 
jaundice, and the haemoglobin level ranged between 49.2 
and 207 g/L, which may reflect the variability of the 
severity of haemolysis. The sickest of the three cases of 
MNS blood type had IUT and severe anaemia, but the 
other two cases had only mild anaemia and moderate 
jaundice requiring phototherapy. The same occurred in 
Diego blood type.

It was also noticed that the MNS blood type cases all 
had positive IAT and negative DAT. Two patients who 
underwent IUT both had negative DAT results. However, 
another two cases of Diego incompatibility had positive 
DAT and IAT.

All seven patients improved and were discharged. All 
of them underwent brain MRI and BAEP before discharge 
to assess potential brain damage due to early hyperbilir
ubinemia and anaemia. Case 7 had abnormal MRI signals 
on the right parietal lobe and right caudate nucleus, which 
were diagnosed as cerebral infarctions of unclear cause. 
Case 3 and case 6, as preterm infants, had characteristics 
of prematurity on brain MRI. None of the infants had 
significant signs of bilirubin encephalopathy on MRI. 
The results of brain stem auditory evoked potential 
(BAEP) showed that case 1 failed on the left side with 
a hearing threshold of 45 dB, and cases 6 and 7 failed on 
both sides with a mild degree of hearing loss. The remain
ing four infants passed this investigation before discharge. 
Cases 1, 6 and 7 passed the BAEP during follow-up. All 
seven cases were followed up at different ages. The oldest 
age of follow-up was three years for case 3; most of the 
other cases were followed up until two years of age. The 
shortest follow-up was for case 7, who was last seen at our 
clinic at 6 months of age. None of the patients required 
RBC transfusion after discharge, and some received iron 
supplementation. None of them presented long-term issues 
in hearing, motor development, or dental enamel, nor 
extrapyramidal symptoms or athetosis.

Discussion
Discussion
In China, HDN is most commonly caused by ABO blood 
group system incompatibility, followed by Rh blood group 
incompatibility. It has been reported that ABO HDN 
accounts for 85.3% and Rh accounts for much less than 
14.6% of total cases in China.18 Other blood group system 
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incompatibilities, such as MNS, Diego, and Kidd, are 
relatively rare. The prenatal discovery of haemolytic dis
ease caused by minor blood group incompatibility is insuf
ficient throughout China. The lack of confirmed antenatal 
diagnosis may present a challenge for neonatologists 
because the clinical severity of these entities varies. The 
clinical presentation and laboratory characteristics of ABO 
and Rh HDN are clear to most obstetricians and 
neonatologists,19–21 but this is not the case for all of 
these minor blood type HDNs.22 Consistent antenatal and 
postnatal management is important for both obstetricians 
and neonatologists. For early jaundice with positive 
Coombs test, either DAT or IAT, and unexplained antibody 
within the first few days, it is necessary to rule out all 
types of minor blood group haemolytic diseases.

We also noticed four cases with positive antibody 
screening during antenatal care in our cases. Antibody 
screening during pregnancy is encouraged for antenatal 
diagnosis. For pregnant women with positive results, 
further follow-up combined with determination of the 
peak systolic velocity of the foetal middle cerebral artery 
(MCA-PSV) on ultrasound is the protocol suggested to 
identify severe intrauterine haemolysis.23 As cases 3 and 
6 in our study both benefited from this screening, and the 
mothers in both cases had had more than one idiopathic 
spontaneous abortion before in previous pregnancies, foe
tal death due to severe haemolysis could be the reason for 
the previous abortions. Severe haemolysis symptoms were 
noticed after positive antibody screening during the case 
pregnancies, and intrauterine transfusions (IUTs) were 
used for rescue.24 Even for cases without intrauterine 
interventions, antenatal screening is helpful for obstetri
cians and neonatologists to more carefully track the sever
ity of haemolysis in the newborns, and early transfer or 
treatment could be performed, as in cases 1 and 7. 
Therefore, antenatal screening is necessary for identifying 
severe cases and following intrauterine intervention.25

Anti-M antibody is the second most common non-RhD 
antibody identified in pregnant women,26 but it has not 
been considered an important cause of HDN, especially in 
Caucasian and black populations.8,27 The reason is that 
anti-M antibodies have been identified as naturally occur
ring antibodies,28 and both IgM and IgG anti-M antibodies 
have been reported in retrospective studies from American 
and Dutch populations, among others,8,29 with no cases of 
mild or severe HDN. In addition, anti-M has been found in 
the serum of individuals who have not been exposed to 
human erythrocytes. However, an increasing number of 

HDN cases caused by anti-M have been reported, espe
cially in Japanese, Chinese, and other Asian 
populations.30–32 Anti-M was the most common antibody 
in our study as well, and all cases were caused by the same 
anti-M antibody of the MNS blood group system. One 
case was the first pregnancy of the mother, and the other 
two cases were the second and fifth pregnancies, which is 
similar to the pattern observed for ABO HDN because 
anti-M antibodies can occur naturally.26 The severity of 
this HDN is quite variable, which has also been reported in 
previous studies.33,34 All cases were negative for DAT, 
which is different from other minor blood type and Rh 
HDNs. This is an important point to help clinicians to 
identify anti-M HDN, because most cases of HDN have 
positive DAT, except ABO HDNs.4 When the DAT is 
negative, most clinicians will rule out minor blood group 
haemolysis disease, and IAT of ABO will be conducted if 
the patient presents haemolysis, which may cause the 
misdiagnosis of anti-M haemolysis.

Therefore, we suggest that both DAT and IAT tests 
should be performed for all patients with suspected hae
molysis disease. For the cases with positive DAT and IAT, 
it is better to identify the type of RBC antibody. As minor 
blood group haemolysis diseases are rare in the popula
tion, this full laboratory test with all blood type standard 
red blood cells is not economical to perform in all local 
hospitals, but it is necessary for one lab in an area to have 
the capability of identifying these antibodies so that rare 
samples can be sent for diagnosis. Another solution is to 
organize central blood centres equipped with laboratory 
technology for the determination of most minor blood 
group antibodies and a few tertiary medical centres that 
can perform antepartum treatments, such as intrauterine 
transfusion (IUT). Then, the pregnant woman would be 
able to be transferred upon suspicion of minor blood group 
incompatibility, as in some of our cases.

The remaining types, Diego35,36 and Kidd,37,38 pre
sented typically with jaundice, anaemia after birth, and 
positive DAT and IAT, which helped make the confirmed 
diagnosis. The only case with negative DAT had multiple 
IUTs, which probably indicates that the laboratory results 
of foetal and neonatal blood type, DAT and IAT may be 
changed after IUTs.

Complex anti-E and JKa antibodies occurred in case 7, 
and the patient presented severe haemolysis symptoms 
requiring either exchange transfusion or red blood cell 
transfusion. In the laboratory results, the titres of the two 
types of antibodies were similar, and it is therefore 
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difficult to identify which is the major cause. However, 
mixed antibodies from different blood types may make 
haemolysis symptoms more serious.17

The overall management for all seven cases in our pro
ject was routine clinical care, including bilirubin monitoring, 
phototherapy, exchange transfusion, IVIG, red blood cell 
transfusion, and evaluation of the central nervous system.15 

Although the time of anaemia and hyporegeneration of 
erythroblasts varies, the severity of haemolysis could vary 
by type, and close monitoring and follow-up are necessary. 
All seven patients in this case series survived. This indicates 
that the management and follow-up for HDN is currently 
well performed in China, but early clarification of the diag
nosis affects the management, which may help prevent early 
delivery or abortion and hydrops foetalis.

Conclusion
There are more than 30 types of minor blood type haemolysis 
disease, and we had 7 such cases, including three different 
blood types in one centre. The characteristics of these three 
types are variant, and we highlight that the antenatal antibody 
screening test is a simple first-line test for pregnant women. 
The examination of peak systolic velocity in the foetal mid
dle cerebral artery (MCA-PSV) on ultrasound helps to iden
tify severe cases. Full Coombs’ test including both DAT and 
IAT for suspected neonates is necessary. It is not reliable to 
only check the DAT of Coombs’ test for the diagnosis of 
minor blood group HDN since the DAT may be affected by 
the intrauterine intervention and negative for MNS haemo
lysis. Access to an unhindered regional transfer system for 
blood samples and patients in serious cases is necessary for 
sites without full diagnostic capability. Clear alloantibody 
typing results are important for preparing exchange transfu
sions and/or red blood cell (RBC) transfusions in serious 
cases and follow-up.
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Introduction: Coronaviruses belong to a large family that leads to respiratory infection of 
various severity. Hematological ratios are indicators of inflammatory response widely used in 
viral pneumonia with affordability in developing countries.
Purpose: Study the role of the neutrophil lymphocyte ratio (NLR), derived NLR ratio 
(d-NLR), platelet lymphocyte ratio (PLR), and lymphocyte monocyte ratio (LMR) in pre
dicting the outcome of COVID-19 Egyptian patients.
Methods: A retrospective study on 496 COVID-19 Egyptian patients, managed in four tertiary 
centers, grouped into non-severe, severe, and critical. Patients’ laboratory assessment including 
total leucocyte count (TLC), absolute neutrophil count (ANC), absolute lymphocyte count 
(ALC), absolute monocyte count (AMC), NLR, d-NLR, LMR and, PLR were reported as well 
as C reactive protein (CRP), D-dimer and serum ferritin.
Results: TLC, ANC, AMC, NLR, d-NLR and, PLR were highest in the critical group (p<0.001 for 
all except AMC p=0.033), while this group had the least ALC and LMR (p=0.049 and <0.001, 
respectively). Higher CRP and d-dimer levels were reported in the critical group (p<0.001). At the 
same time, higher ferritin was found in the severe group more than the critical and non-severe 
groups (p<0.001, p=0.005, respectively). We calculated the optimal cut-off values of the hemato
logical ratio; NLR (3.5), d-NLR (2.86), PLR (192), and LMR (3). D-NLR had the highest specificity 
(89.19%), while NLR had the highest sensitivity (71.38%). By univariate logistic regression, age, 
DM, HTN, cardiovascular diseases, COPD, NLR, d-NLR, LMR and PLR, CRP, steroid, oxygen 
aids, and mechanical ventilation were associated with the severity of COVID-19. Still, only age, 
NLR, CRP, and oxygen aid were independent predictors in multivariate logistic regression.
Conclusion: NLR is a predictor for severity in COVID-19. LMR, d-NLR, and PLR may 
assist in risk stratification.
Keywords: COVID-19, NLR, d-NLR, LMR, PLR, Egypt

Introduction
COVID-19 virus, a single-chain enveloped RNA virus,1 causes multisystemic 
infections in animals and humans, mainly leads to respiratory tract infection.2 

Classically patients exhibit mild symptoms such as fever, sore throat, and upper 
respiratory tract infections.3 Severe respiratory tract infection that contributes to the 
syndrome of adult respiratory distress, multiple organ failure, and even death is 
reported, especially in the elderly and in patients with comorbidities.4,5 Declaring 
COVID-19 as a pandemic, serious morbidity, and mortality; created an urgency to 
study diagnostics, treatment, and prognostic markers.4

Inflammatory biomarkers representing the immune status are possible predictors 
of prognosis for COVID-19.5 Hematological ratio such as neutrophil to lymphocyte 
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ratio (NLR), derived NLR ratio (d-NLR) (calculated by 
neutrophil count divided by the result of WBC count 
minus neutrophil count), platelet to lymphocyte ratio 
(PLR), and lymphocyte to monocyte ratio (LMR) are 
systemic inflammatory markers that have already been 
extensively investigated as a potential predictor of viral 
pneumonia.6 Such ratios are useful, inexpensive prognos
tic indicators that can be widely tested in developing 
countries with respectable significance in viral pneumonia, 
including COVID-19.6–8

The diagnostic use of NLR in bacteria9 and viral 
pneumonia6 as well as in COVID-19 positive patients 
has been documented; the NLR is substantially greater in 
COVID-19 cases vs controls.8 NLR can be easily used as 
a rapid, inexpensive, available prognostic indicator.6,8 

Both PLR and LMR are considered indicators of the 
systematic inflammatory response and useful predictors 
for the prognosis in viral pneumonia.10 More studies are 
demanded to decide the applicable threshold of d-NLR, 
PLR, and LMR and decide their predictive value.

This retrospective, multi-centric study was conducted 
to investigate the complete blood count parameters (NLR, 
d-NLR, PLR, and LMR) as inflammatory biomarkers and 
prognostic indicators in 496 COVID-19 positive cases.

Methods
Study Design
The study was a retrospective study, including 496 
COVID 19 patients, diagnosed based on guidance from 
WHO with Positive SARS-CoV-2 RNA identification by 
real-time PCR methods in throat swab specimens.11 The 
study included patients admitted to four major tertiary 
centers in Upper Egypt (Assiut University Hospital, El 
Rajhi Hospital, Aswan University Hospital, South Valley 
University Hospital) through June 2020.

Data of the Patients
Data of the patients were gathered from the hospital 
reports following the authorization of the local research 
ethics committee (IRB number: 17300513) according to 
the Declaration of Helsinki. It included: age, sex, history 
of smoking, diabetes, hypertension, chronic chest disease 
and cardiovascular disease, duration of hospital admission 
and outcome, treatment included steroid and oxygen sup
ply either by low flow oxygen supplementation (nasal 
cannula, facial masks, or non-rebreather facial masks) or 
high flow oxygen supplementation (high flow nasal 

cannula, continuous positive ventilation pressure (CPAP) 
or mechanical ventilation).

Investigations Included
Complete blood count; total leukocyte count (TLC), red 
blood cells, hemoglobin level, absolute lymphocyte count 
(ALC), absolute monocyte count (AMC), absolute neutro
phil count (ANC), NLR (ANC/ALC), derived NLR ratio 
(d-NLR; calculated by ANC divided by the result of TLC 
count minus ANC), PLR (Platelet count/ALC) and LMR 
(ALC/AMC). Inflammatory markers; CRP (C-reactive pro
tein) and serum ferritin and coagulation factor; D-dimer. All 
collected laboratory results are at the peak of the disease. 
Definition as the beginning of the symptoms that meet the 
categories of severity of illness as determined by WHO.12,13

Computed tomography (CT) of the chest of the patients 
was classified into specific findings suggestive to 
COVID19 infection as bilateral or unilateral multifocal 
ground-glass opacities that classically predominate in the 
peripheral, posterior, and basal part of the lungs or other 
less specific findings. CORADS classification was scored 
from very low or CO-RADS 1 to very high or CO-RADS 
6 based on the CT findings.

Patients were classified into the following categories of 
severity of illness:14

1) Critical: patients with any of the following criteria: 
respiratory failure that requires artificial ventilation, shock, 
or other organ damage that requires intensive care unit 
monitoring and treatment.

2) Severe: patients with a ratio of arterial partial oxygen 
pressure to inspired oxygen fraction (PaO2/FiO2) <300 
mmHg, respiratory rate >30 breaths per minute, lung infil
trates >50%, or patients with SpO2 <94% in room air.

3) Non-severe: patients who did not meet the criteria of 
critical or severe illness.

All patients were treated according to the World Health 
Organization’s provisional guidelines (WHO). All patients 
received steroids, and none of the patients received immu
nomodulatory drugs.2,11

Statistical Analysis
SPSS version 25.0 was used for data management and data 
analysis. Quantitative variables were first subjected to the 
normality test (Kolmogorov v Smirnov). Continuous vari
ables were presented median (interquartile range), and the 
Kruskal–Wallis test assessed their differences. Categorical 
variables were described as numbers (percentage) and were 
compared by the chi-square test and fisher’s exact test. The 
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optimal cut-off values of the continuous NLR, d-NLR, PLR, 
and LMR were calculated using the receiver operating curve 
(ROC) analysis. The Kaplan–Meier survival analysis and 
COX regression analysis were used to investigate the inde
pendent adverse factors that might check patients’ recovery 
and discharge with COVID-19. The demographics and 
laboratory data with significant differences between the 
three groups were assessed by univariate and multivariate 
logistic regression analysis to discover the independent early 
predictors and risk factors associated with the disease sever
ity of COVID-19. A two-sided P<0.05 was considered sta
tistically significant.

Results
Characteristics of the Studied Population
The studied population were divided into 3 groups, non- 
severe (n=185; 37.3%), severe (n= 165; 33.3%) and, cri
tical (n=146; 29.4%); older patients were found in the 
critical group (median age =61) then the severe group 
(median age=55) while, the youngest were among the non- 
severe group (median age =33.5) with a significant differ
ence between them (p <0.001). Most of the patients were 
males in all groups.

In comparing associated co-morbidities, the critical 
group was more associated with diabetes mellitus (DM), 
hypertension (HTN), cardiovascular diseases and, chronic 
obstructive pulmonary diseases (COPD) versus the non- 
severe and severe groups (p <0.001).

Regarding hematological parameters, the hemoglobin 
level was least in the severe group [median (IQR); 12 
(10–13)], and highest in the non-severe group [Median 
(IQR);12 (11–14) p =0.04]. Surprisingly, platelets were 
lowest in the non-severe group, with a significant differ
ence between the three groups (p<0.001). TLC, ANC, 
AMC, NLR, d-NLR and, PLR were highest in the critical 
group, followed by the severe group and least in the non- 
severe group with a significant difference (p<0.001 for all 
except AMC p-value=0.033). ALC and LMR were inver
sely proportionate to severity (p = 0.049 and <0.001, 
respectively).

Higher CRP and d-dimer levels were reported in the 
critical group (p <0.001). At the same time, higher ferritin 
was found in the severe group more than the critical and 
non-severe groups (p <0.001, p=0.005 respectively).

The critical group patients had multi-slice computed 
tomography (MSCT) imaging, which showed more exten
sive lesions (either bilateral lesions or multiple unilateral 

lesions) than in the non-severe and severe groups (p 
<0.001). We used CORAD system to assess the probability 
of COVID-19 infection in our studied cohort; most of 
them were CORAD 6. CORAD 1, 2 were reported in the 
non-severe group, while only three patients were in the 
severe group.

In comparing the oxygen supplementation given to the 
patients, most of the severe group patients (83%) received 
oxygen aid, and only 10% were mechanically ventilated. 
In comparison, 92.5% received oxygen aids in the critical 
group, and 72.4% required mechanical ventilation.

Most of the non-severe group recovered (93%) and 
discharged home. The death was more in the critical 
(65.1%) and severe (15.2%) groups. Demographic and 
baseline data of the studied cohort are shown in (Table 1).

ROC Curve to Detect Optimal Cut-off 
Values of the Hematological Ratios
We analyzed the optimal cut-off values of NRL, d-NLR, 
LMR, and PLR calculated by the ROC analysis and pre
sented in (Figure 1). Areas under the curve (AUC) of 
NLR, d-NLR, PLR and LMR were 0.838, 0.817, 0.643, 
and 0.285, respectively. LMR could not be used as 
a potential diagnostic biomarker for subsequent analysis 
because its AUC was less than 0.50. The optimal cut-off 
values were NLR (3.5), d-NLR (2.86), and PLR (192). 
D-NLR had the highest specificity (89.19%), followed by 
NLR (87%) then PLR (77.62%). The most heightened 
sensitivity was in favor of NLR (71.38%), then the 
d-NLR (67.2%), and the PLR (50%; Table 2).

Survival Analysis with Kaplan–Meier 
Curves
The estimated mean time until death was 21.3 days for 
non-severe vs 19.1 days for severe vs 16.2 days for critical 
patients (p<0.0001). The survival probability is lowest in 
critical patients at all-time points, so they are less likely to 
survive (Figure 2A).

We estimated the mean survival time according to NLR 
(estimated mean time until death is 20.5 days for NLR 
<3.5 and 17.7 days for NLR >3.5; p<0.001), d-NLR (The 
estimated mean time until death is 20.2 days for d-NLR 
<2.5 and 17.5 days for d-NLR >2.5; p<0.001), and PLR 
(the estimated mean time until death is 19.3 days for PLR 
<192 and 18.8 days for PLR>192; p=0.04). So, it is 
obvious that those patients with NLR >3.5, d-NLR >2.5, 
or PLR> 192 are less likely to survive (Figure 2B–D).
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Table 1 Characteristics of the Studied Population

Variant Group P-value

Non-Severe n=185 
(37.3%)

Severe  
n=165 

(33.3%)

Critical  
n=146 

(29.4%)

Age/years 33.5 (26–54) 55(47–62) 61(50–69) <0.001*

Sex/males n (%) 92 (49.5) 94 (57) 87 (60) 0.167**

Smoking n (%) 41 (22%) 36 (21.8%) 29 (20) 0.867**

Co-morbidities

● DM n (%)
● HTN n (%)
● Cardiovascular diseases n (%)
● COPD n (%)

16 (8.6) 39 (23.6) 42 (29) <0.001**

19 (10.3) 40 (24.2) 73 (50.3) <0.001**

10 (5.4) 31 (18.8) 54 (37) <0.001**

4 (2.2) 15 (9.1) 20 (13.7) <0.001***

Laboratory data

CBC median (range)

HB (g/dL) 12 (11–14) 12 (10–13) 12 (11–13) 0.043*
Platelets (×109/L) 204 (136–264) 234 (162–325) 231 (167–328) <0.001*
TLC (×109/L) 4 (3.1–6) 8 (5–12) 11 (9–15) <0.001*
ANC (×109/L) 2 (1.4–4) 6 (3–9.5) 9 (7–12) <0.001*
ALC (×109/L) 1.53 (1–2) 1 (1–2) 1 (1–2) 0.049*
AMC (×109/L) 0.2 (0–1) 1 (0–1) 1 (0–1) 0.022*
NLR 1.55 (1–3) 4 (2–8) 8 (5–11) <0.001*
LMR 4 (3–6) 3 (2–5) 2 (1–3) <0.001*
d-NLR 1 (1–2) 3 (1–5) 5 (3–7) <0.001*
PLR 131 (91–188) 172 (103–286) 203 (107–324) 0.001*

Inflammatory markers

CRP (mg/l) 20 (4.5–54) 54 (30.1–82) 79 (45–85) <0.001*
Ferritin (mcg/mL) 189 (68–408) 191(98–450) 145 (40.5–202) 0.001
D- dimer (mcg/mL) 0.81 (0.26–9.2) 3 (0.69–17) 8 (1.5–20) <0.001

MSCT chest

● Bilateral affection or multiple unilateral affection n (%) 172(93) 164(99.4) 146(100) <0.001***

Oxygen support

● Any oxygen aids other than mechanical ventilation n (%) – 137(83.0) 135(92.5) <0.001**
● Mechanical ventilation n (%) – 17(10) 105(72.4) <0.001**

Outcome

● Recovery n (%) 172(93) 140(84.8) 51(34.9) <0.001**
● Death n (%) 13(7) 25(15.2) 95(65.1) <0.001**

Notes: *Kruskal–Wallis test. **Chi square test. ***Fisher's Exact test. Bold is significant p value; P value is significant if <0.05. 
Abbreviations: ALC, absolute lymphocyte count; AMC, absolute monocyte count; ANC, absolute neutrophil count; COPD, chronic obstructive pulmonary disease; CRP, 
C-reactive protein; DM, diabetes mellitus; d-NLR, derived neutrophil to lymphocyte ratio; HB, hemoglobin; HTN, hypertension; LMR, lymphocyte to monocyte ratio; MSCT, 
multi-slice computed tomography; n, number; NLR, neutrophil to lymphocyte ratio; PLR, platelets to lymphocyte ratio; TLC, total leukocyte count.
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Identification of Possible Predictors of 
Severity in COVID-19 Patients
To determine the effect of hematological ratios on the prog
nosis of COVID-19 patients, we also performed Kaplan– 
Meier survival analysis and COX regression analysis to 
explore the possible independent predictors for severe 
COVID-19. Further univariate and multivariate analysis of 

COX regression showed that the estimated NLR (HR 1.056, 
95% CI 1.0.37–1.075), d-NLR (HR 1.075, 95% CI 1.045– 
1.104), and PLR (HR 1.001, 95% CI 1–1.002) identified by 
univariate Cox regression but in multivariate Cox regression, 
only elevated NLR (HR 1.046, 95% CI 1.024–1.069) was the 
independent adverse factor affecting recovery and discharge 
of patients with COVID-19.

Figure 1 ROC curve was used to study the optimal cut off values of different hematological ratio; NLR (3.5), d-NLR (2.86), and PLR (192). D-NLR specificity (89.19%) NLR 
(87%) and PL/LR (77.62%). The sensitivity of NLR (71.38%), d-NLR (67.2%) and the PL/LR (50%). 
Abbreviations: D-NLR, derived neutrophil lymphocyte ratio; LMR, lymphocyte monocyte ratio; NLR, neutrophil lymphocyte ratio; PLR, platelets lymphocyte ratio.

Table 2 ROC Curve Analysis of All Studied Population to Detect Optimal Cut-off Values, Sensitivity and Specificity of the Hematological Ratios

AUC P value 95% CI Cut off 
Point

Sensitivity Specificity +LR −LR +PV −PV Youden’s 
Index

Lower Upper

NLR 0.838 <0.001 0.803 0.874 >3.5 71.38% 87.03% 5.50 0.33 90.2 64.4 0.5841

d-NLR 0.817 <0.001 0.780 0.854 >2.86 67.20% 89.19% 6.22 0.37 91.3 61.8 0.5639

PLR 0.643 <0.001 0.595 0.692 >192 50.00% 77.62% 2.20 0.65 78.7 48.0 0.2762

LMR 0.285 <0.001 0.239 0.331 ≤3 67.64% 65.95% 1.99 0.49 76.8 55.0 0.3395

Notes: The test variable(s): NLR, d-NLR, PLR and LMR has at least one tie between the positive actual state group and the negative actual state group. P value is significant if <0.05. 
Abbreviations: AUC, area under curve; CI, confidence interval; d-NLR, derived neutrophil lymphocyte ratio; LMR, lymphocyte monocyte ratio; LR, Likelihood ratio; NLR, 
neutrophil lymphocyte ratio; PLR, platelet lymphocyte ratio; PV, predictive value; ROC, receiver operating characteristics.
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Figure 2 Survival analysis using Kaplan–Meier curve (A) Kaplan–Meier curves showing survival in non-severe, severe and critical group. (B) Kaplan–Meier curve according 
to NLR (Neutrophil lymphocyte ratio) of COVID-19 patients. (C) Kaplan–Meier curve according to d-NLR (derived neutrophil lymphocyte ratio) of COVID-19 patients. (D) 
Kaplan–Meier curve according to PLR (platelets lymphocyte ratio) of COVID-19 patients. Numbers below each cure show number at risk.
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The univariate logistic regression analysis showed age, 
DM, HTN, cardiovascular diseases, COPD, NLR, d-NLR, 
LMR, PLR, CRP, d-dimer, steroid, oxygen aids, and mechan
ical ventilation were associated with increased severity of 
COVID-19. Subsequently, all the above univariate analysis 
parameters with statistical significance were integrated for 
in-depth analysis into the multivariate logistic regression 
model. In the multivariate logistic regression model, consid
ering the likelihood of overfitting, we assumed a stepwise 
forward method for logistic regression analysis to decrease 
the number of independent variables entering the model to 
reduce the probability of overfitting the model.

The results showed that the early independent predic
tors for severe COVID-19 were age, NLR, CRP, d-dimer, 
and oxygen aid upon entry, while the role of d-NLR, 
LMR, and PLR is unclear (Table 3).

Discussion
A cluster of cases of pneumonia of unknown etiology started to 
emerge in Wuhan, China, at the end of 2019, a striking event 

that terrifies the whole world. A rapid spread of that infection 
took place with a relatively low mortality rate.3 At the end date 
of the collection of data (2020-12-5), more than one and a 
half million deaths were reported to WHO. Mortality rates vary 
from one region to another; it was less than 2.5% in CDC, 
China, but in Egypt, the mortality rate was higher, reaching up 
to 6.7%. Lack of accurate recording and delayed diagnosis may 
play a significant role in explaining such a high mortality rate. 
This issue pushed us to investigate possible cheap, rapid, and 
simple predictors that may force attention to more risky 
victims.

Not enough data supporting increased liability of COVID- 
19 infection to patients with chronic diseases but, many pre
vious researchers –in line with our results- confirmed the 
increased severity in older people, especially those suffering 
from diabetes mellitus (DM),15 hypertension (HTN)3 cardio
vascular diseases;16 also, we reported increased severity in 
chronic obstructive pulmonary disease (COPD) patients 
which appears logic as the virus affects mainly the respiratory 
system and it is well known that serious adverse effects are 

Table 3 Identification of Possible Predictors of Severity in COVID-19 Patients

Univariable Odds 
Ratio

95% C. I P value Multivariable Odds 
Ratio

95% C.I P value

Lower Upper Lower Upper

Age 1.069 1.055 1.084 <0.001 1.056 1.009 1.098 0.018

DM (yes/no) 3.698 2.087 6.551 <0.001 1.852 0.790 4.338 0.156

HTN (yes/no) 4.956 2.923 8.404 <0.001 0.823 0.345 1.963 0.661

Cardiovascular diseases 

(yes/no)

6.582 3.320 13.048 <0.001 1.796 0.618 5.215 0.282

COPD (yes/ no) 5.759 2.013 16.480 0.001 4.058 0.921 17.878 0.064

NLR 1.602 1.450 1.771 <0.001 1.453 1.123 1.765 0.003

d-NLR 1.913 1.654 2.212 <0.001 1.002 0.827 1.204 0.983

PLR 1.004 1.002 1.006 <0.001 1.000 0.998 1.003 0.681

LMR 0.784 0.726 0.847 <0.001 1.020 0.900 1.156 0.757

CRP 1.013 1.008 1.018 <0.001 1.006 1.003 1.009 0.043

Ferritin 1.001 1.000 1.002 0.154

D- dimer 23.362 12.617 43.259 <0.001 46.957 15.689 140.547 <0.001

Steroid (yes/no) 3.832 1.532 9.583 0.004 1.160 0.315 4.270 0.823

Oxygen aids (yes/no) 40.813 24.061 69.228 <0.001 22.031 11.733 38.621 <0.001

Mechanical (yes/no) 12.452 5.910 26.238 <0.001 1.852 0.736 4.662 0.191

Notes: Bold is significant p value; P value is significant if <0.05. 
Abbreviations: COPD, chronic obstructive pulmonary disease; CI, Confidence interval; CRP, C-reactive protein; DM, diabetes mellitus; d-NLR, derived neutrophil to 
lymphocyte ratio; HTN, hypertension; LMR, lymphocyte to monocyte ratio; NLR, neutrophil to lymphocyte ratio; PLR, platelets to lymphocyte ratio.
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associated with respiratory viral infections in those with 
COPD;17 chronic pulmonary diseases, however, are under- 
reported, according to the first epidemiological studies and 
detected only in 0.3–2.5% without a significant increase in 
risk as it was expected.18

C-reactive protein (CRP), d-dimer and ferritin, are markers 
that are extensively studied in COVID-19 infected victims;19– 

21 CRP levels correlate with the degree of inflammation. 
Interestingly, it was found to increase parallel to the increase 
in the diameter of the largest pneumonia lesion in COVID-19 
patients;19 this supports our findings in which CRP is least in 
the non-severe group. D-dimer >2 was found in an early study 
to be the only factor associated with mortality in COVID-19 
patients;20 this is also observed in our results, where it was 
highest in the critical group. Hyperferritinemia in a large meta- 
analysis found to be associated with severe conditions and 
adult respiratory distress syndrome (ARDS).21 However, Wu 
et al found that ferritin was neither associated with ARDS nor 
severe cases of COVID-19.22 Surprisingly, in ours, mean fer
ritin levels favored the severe group, not the critical one.

The complete blood count is the test used to approach 
varieties of infections, with the advantages of being avail
able and highly informative. In the Chinese population, 
leucopenia was reported in COVID-19 patients at the 
expense of lymphopenia without investigating its relation 
to disease severity.23 In our research, critical group 
patients suffered from the lowest lymphocyte count and 
the highest leukocyte count mostly due to neutrophilia, 
which could be explained by secondary bacterial infection 
occurred in most critical cases; this was also approved 
previously by a large meta-analysis;24 Recently, an 
autopsy report on a 50-year-old COVID-19 patient with 
ARDS revealed that although the peripheral blood lym
phocyte count was dramatically decreased, there was 
inflammatory lymphocyte infiltration in both lungs and 
immune hyperactivation.25 Lymphopenia in COVID-19 
patients can be explained by varieties of theories, as the 
ability of the virus to infect lymphocytes,26 to destroy 
lymphatic organs like the thymus and spleen, to disturb 
the levels of interleukin (IL)-6 and other inflammatory 
cytokines may result in lymphocyte apoptosis,27 and the 
inhibition of lymphocytes proliferation by metabolic mole
cules as the lactic acid.28 High monocyte count is another 
hematological parameter found more in critical population, 
representing the main generators of inflammation in 
COVID-19 and predisposing to serious outcomes mostly 
due to “a dysregulation syndrome”;29 in contrary, the 

difference in monocyte count between healthy and 
COVID-19 patients was not significant in another study.30

In the present study, we concentrated on the value of the 
hematological ratios as NLR, d-NLR, LMR and, PLR; our 
results supported a previous study that indicated that elevated 
NLR predicts poor outcome in COVID-19 patients so that 
those with high NLR attract more attention than those with 
low NLR.6,7,30 It is well established that NLR tends to 
increase with severe infection or systemic inflammation in 
line with the magnitude of clinical status and outcome.31 

NLR, as well as, age were independent factors for poor 
clinical outcome of COVID-19 in Chinese cohort. NLR 
was one of the earliest studied markers that were correlated 
with severity.4,32,33 The following are potential explanations 
for these findings in COVID-19 patients; on the one hand, 
neutrophil releases large amounts of reactive oxygen species 
stimulates the antibody-dependent cell-mediated cell 
(ADCC) that can directly kill the virus, expose virus antigen, 
and activate cell-specific and humoral immunities.34 Besides, 
neutrophil produces numerous cytokines, such as circulating 
vascular endothelial growth factor (VEGF), which is pro
foundly expressed in COVID-19 patients.35 Moreover, sev
eral inflammatory factors, including interleukin-6, tumor 
necrosis factor-alpha, granulocyte colony-stimulating factor, 
and interferon-gamma factor, can trigger neutrophils.36–38 

On the other hand, viral infections mostly affect 
lymphocytes,39 as systematic inflammation causes marked 
suppression of CD4+ T lymphocytes and increases CD8+ 
suppressor T lymphocyte.40 Thus, the critical group had 
higher NLR in comparison to severe and non-severe groups.

We studied a unique ratio derived from the NLR and 
named the d-NLR; this ratio was previously correlated 
with severity in chronic and neoplastic conditions.41 

According to our knowledge, few studies had investigated 
its role in Covid-19 cases.4 Surprisingly, d-NLR carried 
the highest specificity among all studied factors with an 
optimal cut-off value of 2.86.

Another attractive ratio is LMR, which was signed in 
its lower values in critical patients of COVID-19. This 
finding was previously detected but concerning commu
nity-acquired pneumonia without identification of the cau
sative pathogen.32,42,43 In another study, 190 COVID-19 
patients were enrolled, and LMR was significantly lower 
than the healthy group, with a significant negative correla
tion with body temperature.30

PLR is a new inflammatory index of interest, which is 
more valuable than the simple platelet or lymphocyte 
count. It mostly reflects changes in platelets, which are 
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considered to have a unique role in inflammation and 
immune response,32,44 and higher in the critical group in 
our study. Previous investigators proved that peak PLR is 
more elevated in severe populations than in non-severe.45 

In addition to a significant correlation with a poor prog
nosis on COVID-19,45 while others failed to detect any 
value to such index in COVID-19 patients.46

The optimal thresholds for NLR, d-NLR, PLR, and 
LMR were estimated using the ROC curve. The NLR 
yielded the highest AUC value than the other ratios, and 
its optimal cut-off value was 3.5, with 87.03% specificity 
and 71.38% sensitivity. In line with ours, a previous study 
showed that NLR had the highest AUC value with 
a relative cut-off value (3.3) with the highest specificity 
and sensitivity (63.6% and 88%, respectively).4 In 
a comparable study, the monocyte to lymphocyte ratio 
(MLR) had the highest AUC value with an optimal cut- 
off value of 0.23, with 90.00% specificity and 75.79% 
sensitivity (9). Some studies have shown that a surrogate 
predictor for influenza A is an LMR value <2.47

To predict severity in COVID-19 patients, regression ana
lysis found that age, NLR, CRP, d-dimer, and oxygen aid on 
admission were reasonable predictors. In agreement with ours, 
previous research confirmed the prediction role of NLR in 
COVID-19 patients.4 Another one found that PLR value was 
an independent determining factor in severe patients.45

There are some limitations to this study. First, the 
research was retrospective. The data were recruited from 
hospital medical records after a set of criteria were met, 
which carry the risk of selection bias. Second, because of 
data limitation, we only used one measure in time rather 
than a longitudinal measure. Third, despite trials to 
exclude confounding factors, some confounders might 
affect the value of the hematological ratios.

In conclusion, NLR is a predictor for severity in 
COVID-19. LMR, d-NLR, and PLR may assist in risk 
stratification. According to our observations in this study, 
NLR can improve risk stratification of COVID-19 severity, 
LMR, d-NLR, and PLR can be quick, cost-effective, and 
interesting potential markers.
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Introduction: The human bone marrow microenvironment is composed of biological, 
chemical and physical factors that act in a synergistic way to modulate hematopoietic stem 
cell biology, such as mesenchymal stromal cells (MSCs), endothelial cells (ECs) and low 
oxygen levels; however, it is difficult to mimic this human microenvironment in vitro.
Methods: In this work, we developed 3D multicellular spheroid (3D-MS) for the study of 
human hematopoietic stem cells (HSCs) with some components of perivascular niche. HSCs 
were isolated from umbilical cord blood, MSCs were isolated from human bone marrow and 
a microvasculature EC line (CC-2811, Lonza®) was used. For the formation of a 3D 
structure, a magnetic levitation culture system was used. Cultures were maintained in 21%, 
3% and 1% O2 for 15 days. Culture volume, sphericity index and cell viability were 
determined. Also, human HSC proliferation, phenotype and production of reactive oxygen 
species were evaluated.
Results: After 15 days, 3D-MS exhibited viability greater than 80%. Histology results 
showed structures without necrotic centers, and higher cellular proliferation with 3% O2. 
An increase in the expression of the CD34 antigen and other hematopoietic antigens were 
observed to 1% O2 with MSCs plus ECs and low ROS levels.
Conclusion: These findings suggest that 3D-MS formed by MSCs, ECs and HSCs exposed 
to low concentrations of oxygen (1–3% O2) modulate human HSC behavior and mimics 
some features of the perivascular niche, which could reduce the use of animal models and 
deepen the relationship between the microenvironment of HSC and human hematological 
diseases development.
Keywords: hematopoietic stem cells, niche, bone marrow, microenvironment, 3D culture

Introduction
Hematopoiesis is a very active and efficient process that generates approximately 
4–5×1011 hematopoietic cells per day.1 This complex system is regulated by the 
interaction between hematopoietic stem cells (HSCs) and other cell populations that 
reside in the bone marrow (BM), soluble factors and physicochemical conditions 
such as oxygen perfusion.2 HSCs are distributed in endosteal and perivascular 
niches3–5; however, recent evidence suggests that HSCs have a preferential location 
in the perivascular niche,6–8 which are enriched with different populations of 
mesenchymal stromal cells (MSCs) and endothelial cells (ECs).9–12
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Several studies have shown the close relationship 
between HSCs, MSCs and ECs and the influence of 
these relationships on hematopoiesis.13 MSCs are the 
major source of SCF and SDF-1 (CXCL12)14 in the bone 
marrow, which once deleted, greatly affect the quantity 
and engrafting capacity of HSCs.11,14,15 It has also been 
shown that ECs regulate self-renewal, proliferation and 
phenotype modulation of HSCs through direct contact or 
soluble factors.16–20

Contrary to the findings about the murine HSC niche, 
information about the microenvironment of human HSCs 
is limited. It has been shown that 86% of human primitive 
CD34+ HSCs are located in the perivascular region close 
to CD271+/CD146+ MSCs,21,22 which secrete factors that 
promote the maintenance of human HSCs and increase 
their ability to repopulate in vivo.23–25 Furthermore, 
HSCs are particularly sensitive to low oxygen levels that 
induce intracellular signals that promote the maintenance 
of their self-renewal, stemness, phenotype modulation, 
glycolytic metabolism and low production of reactive oxy
gen species (ROS).7,26,27 Recent evidence shows that the 
most primitive HSCs are located in the perivascular niches 
in close relationship with MSCs, ECs and low levels of 
oxygen.27,28

To establish an in vitro system that mimics the micro
environment of human HSCs, we previously established 
a 3D culture system using magnetic levitation for the study 
of the human HSC microenvironment.29 In this work, we 
evaluated the synergistic effect between MSCs, endothelial 
cells and different levels of oxygen levels on the viability, 
proliferation, phenotype modulation and production of 
reactive oxygen species of human HSCs using 3D multi
cellular spheroid (3D-MS).

Methods
Generation of 3D Multicellular Spheroids
HSCs (CD34+) were isolated from umbilical cord blood 
(UCB) (Table 1), and MSCs were isolated from human 
bone marrow (hBM) (Table 2), after accepting the 
informed consent for the voluntary donation of UCB and 
hBM was conducted in accordance with the Declaration 
of Helsinki and approval of the ethics committee of 
Hospital Universitario San Ignacio, Act No 18 (2014/ 
154). HSC and MSC isolation, expansion and character
ization have been previously demonstrated by our 
group.29–34 HMVEC-dBlAd (CC-2811 Lonza®) cell line 
was expanded in endothelial cell growth medium 

(EGMTM-2 BulletKit™, Lonza®). HpDLF (fibroblast, 
CC-7049 Lonza®) cell line was expanded in modified 
Eagle’s medium (Merck®), and this was used as 
a negative control. The 3D structures were generated 
with a magnetic levitation system containing MSCs, 
HSCs and ECs (ratio 1:2:2).29 3D structure control groups 
were generated: fibroblasts, HSCs and ECs (Fb-HSC- 
ECs), and MSCs-HSCs. 3D-MS were cultured at three 
O2 concentrations (1%, 3% and 21%) for 15 days. For 
hypoxic conditions, 3D-MS were cultured in a hypoxia 
chamber (chamber C-Chamber Incubator Subchamber, 
BioSpherix ©) using a mixture of gases (O2, N2 and 
CO2).

Table 1 Umbilical Cord Blood (UCB) Donors for HSC Isolation

No. Gestation 
Time 

(Weeks)

Volume 
UCB 
(mL)

CD34+ Cells 
(Total Counts)

CD34+ 
(Purity 

%)

1 38 34 6.00 × 105 82

2 38 76 3.20 × 106 97
3 39 16 1.40 × 106 71

4 39 25 6.00 × 105 60

5 37 31 4.00 × 105 86
6 38 40 1.00 × 106 96

7 38 36 1.80 ×106 90
8 40 44 2.00 × 106 97

9 40 52 8.00 × 105 73

10 39 60 1.30 × 106 71
11 38 61 1.90 × 106 87

12 39 31 1.10 × 106 94

13 38 64 1.66 × 106 97
14 37 42 4.00 × 106 93

15 38 17 5.00 × 106 95

16 39 45 1.10 × 106 98
17 40 55 2.00 × 106 79

18 38 47 9.00 × 105 85

19 39 75 1.00 × 106 90
20 39 24 8.00 × 105 89

Table 2 Bone Marrow Donors for MSC Isolation and Expansion

No. Age 
Donors 
(Years)

Gender 
(Female / 

Male)

Volume 
BM (mL)

MNC 
(Total 

Counts)

1 56 F 27 1.16 × 108

2 59 F 40 4.81 × 107

3 53 F 20 4.58 × 107

4 75 F 30 2.18 × 107

5 35 F 41 3.10 × 107

6 60 F 20 9.40 × 106
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Morphological Evaluation
Volume and sphericity index (SI) were performed accord
ing to Kelm et al,35 using ImageJ program (Fiji, version 
1.0) to calculate the area and perimeter from the photo
graphs obtained from each of the 3D structures on day 5 (n 
= 88), 10 (n = 72) and 15 (n = 48).

Histological and Immunohistochemical 
(IHQ) Analysis
Pathology Department at the Hospital Universitario San 
Ignacio (HUSI) (Bogotá, Colombia) supported the devel
opment of histochemical tests. 3D-MS were fixed with 
formaldehyde, dehydrated with ethanol, cleared with 
xylenes (Thermo Scientific™ Excelsior™ AS Tissue 
Processor), embedded in paraffin (Thermo Scientific™ 
HistoStar™ Embedding Workstation) and sectioned into 
3 μm thick sections with a microtome (Leica® RM2125 
RTS). Serial slides of 3D structures sections were then 
processed with hematoxylin and eosin (H&E), anti-Ki67 
(Flex Ki-67 antigen, MxH/MIB-1, Dako®) and anti- 
vimentin (Flex vimentinMx/V9, Dako®).

Cell Viability and Hematopoietic Antigens 
Evaluation
LIVE/DEAD® Cell Imaging Kit (R37601 Thermo 
Scientific®) was used following the manufacturer’s 
instructions. This viability staining was performed on the 
complete and living 3D structure. For hematopoietic anti
gens, 3D-MS serial slides were incubated at room tem
perature with primary antibodies (Anti-CD34 APC clone 
581 Thermo Scientific®, anti-Ki67 clone 4A1 Thermo 
Scientific®, anti-CD133 clone AC133 Miltenyi Biotec®, 
anti-CD33 clone WM53ThermoScientific® and anti-CD7 
clone MEM-186, Thermo Scientific®). Alexa Fluor 514 
goat anti-mouse IgG (Thermo Scientific®) was used as 
a secondary antibody for CD133, CD33 or CD7 detection. 
Anti-α-tubulin (Alexa Fluor 488 clone B512, Invitrogen®) 
was used for cytoskeletal labeling, and DAPI (4ʹ,6-diami
dino-2-phenylindole, ref D1306, Invitrogen®) was used for 
nuclei identification. Slide-mounted 3D structure sections 
were sealed with 10 μL of ProLong Gold antifade reagent 
(Invitrogen®) and covered with coverslips.

Reactive Oxygen Species (ROS) 
Evaluation
3D structure sections were treated with CellROX™ Deep 
Red Reagent (Thermo Scientific®) at room temperature. 

The cells were fixed with 3.7% formaldehyde, permeabi
lized with 0.1% Triton X-100, and stained with anti-α- 
tubulin and DAPI following the protocol mentioned 
above.

Image Acquisition and Analysis Strategy 
for Confocal Microscopy
An Olympus FV1000 confocal microscope with 488-, 543-, 
635- and 405-nm lasers was used to collect images of sphere 
and sphere sections. Viability imaging and ROS imaging was 
performed using a UPLFLN 20X objective with a numerical 
aperture (NA) of 0.50 every 5μm to generate reconstructions 
in XYZ planes. Between 25 and 30 images were obtained to 
assess viability (complete spheres), and 15 to 20 images were 
obtained to assess ROS (sphere sections). For proliferation 
and hematopoietic phenotype modulation, Z stack images of 
sphere sections were collected with UPLSAPO 60X and 
UPLFLN 20X objectives using an NA of 1.35 in the XY 
focal plane. 3D reconstruction and data analysis were per
formed with FlowView (Olympus®) and Fiji 1.0, respec
tively. For the evaluation of viability, the percentage of 
green area (living cells) and red area (dead cells) was calcu
lated in separate channels using the “threshold” and “analyze 
particles” tools to select the estimated area for each color. 
Hematopoietic antigens and ROS were calculated using the 
following equation: antigen expression area % ¼

antigen expression area μm2� �
� 100%=α � tubulin 

expression area μm2� �

Statistical Analysis
Shapiro–Wilk tests were applied to determine the normal
ity of the data. The comparisons between two samples 
were made using Wilcoxon tests. For the comparison of 
more than three groups of data, Kruskal–Wallis (KW) 
tests, Friedman test with Dunn’s test was used. All the 
data were analyzed and plotted with GraphPad Prism 6™ 
software. * p = 0.05, ** p = 0.01, and *** p = 0.001.

Results
Structure and Viability of 3D Cultures
After 15 days in culture, homogeneous 3D structures were 
obtained under the three oxygen conditions; mesenchymal 
cells control formed by fibroblasts, hematopoietic cells and 
endothelial cells reached a larger size (Fb-HSC-EC) 
(Figure 1). The volumes of MSC-HSC-EC were between 0.1 
and 0.5 mm3 in all culture conditions and the sphericity index 
(SI) was between 0.6 and 0.8 during 15 days. Fb-HSC-EC 3D 
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Figure 1 Structure of 3D cultures. Structures at days 5, 10 and 15 in three O2 conditions (1%, 3% and 21% O2 levels). (A) Experimental condition: MSC-HSC-EC, (B) 
Endothelial cells control: MSC-HSC, (C) Mesenchymal cells control: Fb-HSC-EC. (Olympus® CKX31, 10×) (scale bar: 100 μm).
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structures had an approximate volume between 1.7 and 
7.5 mm3 at day 10 of culture and between 3.0 and 10.5 mm3 

after 15 days, with a sphericity between 0.4 and 0.8. Some 
variations in size and sphericity were observed between oxy
gen culture concentrations, although significant differences 
were observed in the volume of the 3D structure between the 
MSC-HSC-EC condition versus controls at day 5 (Figure 2). 
All evaluated 3D structures had a viability >80%, and no 
significant differences were found in cell viability between 
experimental organoid prototype and controls (p > 0.9999) 
(Figure 3).

Histology and Immunohistochemistry
H&E staining demonstrated that all evaluated 3D-MS 
showed a cellular organization similar to that found in 
tissue (Figure 4A). Brown areas were accumulations of 
metallic nanoparticles in the extracellular matrix of 
the structure. There was no evidence of a necrotic 
center in 3D structures (Figure 4A). Vimentin expres
sion was strongly positive compared to controls 
(Figure 4B–D).

Evaluation of Proliferation and Phenotype 
Modulation of Human HSC in 3D 
Structures
A lower expression of Ki67 was observed in cultures with 
1% O2 but Ki67 expression by immunochemistry was not 
conclusive because the nanoparticles did not allow the 
protein to be visualized in the nucleus (Figure 5A–D). 
Global expression of Ki67 by confocal microscopy 
allowed to demonstrate significant differences between 
the oxygen conditions, especially in MSC-HSC-EC struc
ture exposed to the lowest levels (1–3%) (Figure 5E and 
F). After 15 days, MSC-HSC-EC structure showed 
a higher expression of CD34 antigen with 1% O2 in 
comparison with 21% O2 (Figure 6A and B). For the 
CD133 antigen there was a higher expression at 3% and 
1% O2 than there was at 21%, and it was generally shown 
that there was higher expression in experimental MSC- 
HSC-EC than there was in the controls (Figure 6C and D). 
Regarding the expression of CD33, there was 
a statistically significant difference in the MSC-HSC-EC 
structures maintained at 21% and 1% O2 (Figure 6E and 

Figure 2 Volume and sphericity index (SI) of 3D cultures. (A–C) Volume after 5, 10 and 15 days. Friedman tests were performed to compare O2 concentrations: 5, 10 and 
15 days. Friedman tests were performed to compare MSC-HSC-EC structures and controls: 5 days (p=0.0278), 10 days and 15 days (p>0.,05). (D–F) Sphericity Index (SI) 
after 5, 10 and 15 days. Friedman tests were performed to compare O2 concentrations and MSC-HSC-EC structures vs controls after 5, 10 and 5 days (p>0.,05).
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F). For the CD7 antigen, there tended to be greater expres
sion at 3% and 1% O2, with statistically significant differ
ences in the MSC-HSC-EC structure between 21% and 1% 
O2 (Figure 6G and H).

Reactive Oxygen Species
No statistically significant differences were found in ROS 
production between experimental and control 3D-MS. 

Nevertheless, although no statistically significant differences 
were found in ROS production with different oxygen con
ditions (p = 0.1944, Friedman test), a lower production was 
observed in 3D-MS with 1% O2 (Figure 7).

Discussion and Conclusions
The niche of human HSCs in bone marrow is influenced by 
different cell populations; however, the perivascular niche 

Figure 3 Viability of 3D cultures. (A and B) Cell viability in 1% O2, (C and D) Cell viability in 3% O2, (E and F) Cell viability 21% O2. (B, D, F) LIVE/DEAD® viability kit. 
Red: dead cells, Green: live cells. Olympus confocal microscope FV1000, 20× (scale bar: 100μm).
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(MSC and ECs) is increasingly important given the different 
phenomena that occur there and that are related to functional 
hematopoiesis.36,37 In this work, we used the synergistic 
relationship between MSCs and ECs with different concen
trations of O2 on human HSCs in 3D-MS,38 enabling the 
in vitro study of human HSC microenvironment.

In relation to the structure of the 3D-MS obtained, it has 
been previously shown that under hypoxic conditions (2–3% 
O2), various cell populations could increase the expression of 
adhesion molecules.39,40 The MSC-HSC-EC structures 
showed a similar sphericity index (0.6–0.8) after 5, 10 and 
15 days of culture at all oxygen concentrations; however, in 
the controls, the sphericity index fluctuated according to the 
culture time and O2 concentration (Figure 2). These results 
could possibly be related to a synergistic effect between 
oxygen levels and the interaction between MSCs, HSCs 
and ECs on the expression of adhesion molecules that is 
not observed in the condition with Fb or without ECs; how
ever, addressing this possibility requires the determination of 
adhesion molecules that act in the 3D structure.

Interestingly, and contrary to other models of 3D cultures, 
we do not observe a necrotic center inside the structures. 
Necrotic centers in these types of structures appear in spheres 
with volume between 0.112 ± 0.013 mm341,42; however, the 
average volume of the 3D-MS generated in this work was 
between 0.1 and 0.5 mm3 (MSC-HSC-CE). We propose that 
the absence of necrotic centers in the obtained spheres is 
possibly related to the secretion of soluble factors of the 
three cell populations and is promoted by their cell–cell inter
action, which maintains the internal viability of the 3D struc
ture and high expression of vimentin in all experimental 
conditions (Figures 3 and 4).

In this work, we demonstrate the effect of physiological 
oxygen levels of the human bone marrow (1% and 4%),27 

which some call hypoxia, on the proliferation and modula
tion of the human HSC phenotype. Statistically significant 
differences were observed in Ki67 expression levels in the 
different experimental conditions and controls (confocal 
microscopy) (Figure 5E and F) with greater expression of 
Ki67 at 1% and 3% O2 in comparison with 21%. 

Figure 4 Histological characterization of 3D structures. (A) Hematoxylin and eosin stain (20×, Olympus® CX21), (B) Vimentin expression of MSC-HSC-EC structures after 
15d with 3% O2 (20×, Olympus® CX21), (C) Negative control for vimentin (brain tissue) (10×, Olympus® CX21), (D) Positive control for vimentin (lymph node tissue) 
(10×, Olympus® CX21).
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Interestingly, we show that oxygen levels between 1% and 
3% increase the expression of CD34, CD133, CD33 and 
CD7 over the levels observed in conventional culture condi
tions (21% oxygen), which suggests synergy with MSCs and 
ECs, given that this increase was greater in the MSC-HSC- 
Ec condition (experimental 3D-MS) (Figure 6).

Previous studies have shown that the increase in the 
expression of CD34 and CD133 in human HSCs is asso
ciated with a greater capacity of repopulation of these cells 
in models of immunodeficient mice.43,44 Similarly, 

although the expression of CD33 and CD7 is associated 
with myeloid and lymphoid progenitors, respectively, it 
has been shown that the expression of CD33 in human 
HSCs from umbilical cord blood is also associated with 
long-term culture capacity (LTC-IC).45,46

We propose in this work that the 3D-MS formed by 
MSCs, ECs and HSCs exposed to low concentrations of 
oxygen (1–3% O2) modulate human HSC expression of 
hematopoietic antigens associated with the engraftment 
and stemness capacity in an environment with low ROS 

Figure 5 Ki67 expression in 3D structures. (A and B) Ki67 expression of MSC-HSC-EC structures after 15 days and 1% O2 by immunochemistry (arrows) (100×, 
Olympus® CX21), (C) Ki67 negative control by immunochemistry (brain tissue) (10×, Olympus® CX21), (D) Ki67 positive control by immunochemistry (lymph node tissue) 
(10×, Olympus® CX21), (E) Ki67 expression by confocal microscopy (percentage area of expression), (F) Paraffin section (3 μm thick) of MSC-HSC-EC structure analyzed 
by confocal microscopy (Magenta: Ki67, green: α-tubulin, and blue: DAPI-nuclei) (40×, Olympus confocal microscope FV1000).
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Figure 6 Hematopoietic antigens expression in 3D structures. (A and B) CD34 antigen, (C and D) CD133 antigen, (E and F) CD33 antigen, (G and H) CD7. (B, D, F, H) 
Paraffin section (3 μm thick) of MSC-HSC-EC structure analyzed by confocal microscopy after 15 days. Magenta or red: hematopoietic antigen (arrows), green: α-tubulin, and 
blue: DAPI-nuclei (40X, Olympus confocal microscope FV1000).
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levels (Figure 7), and although ROS levels were detected 
globally and statistically significant differences were not 
determined, a lower production was observed in 3D-MS 
with 1% O2, it has been described that this “hypoxic” 
environment favors the maintenance of the long-term pri
mitive human HSC pool and mimics some features of the 
perivascular niche of human HSCs.

The development of human 3D-MS that mimic the 
microenvironment of HSCs has great potential because 
they may allow the testing of new drugs for the treatment 
of diseases such as leukemia, reduce the use of animal 
models, and deepen our understanding of the relationship 
between the microenvironment of the HSC and the evolu
tion of different human hematological diseases.

Abbreviations
3D-MS, 3D multicellular spheroid, HSC, hematopoietic 
stem cells, MSCs, mesenchymal stromal cells; ECs, 
endothelial cells.
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Abstract: Treatment options are limited for multiple myeloma patients who have developed 
four/five drug-refractory disease. Selinexor (Sel) and belantamab mafodotin (belamaf) were 
recently approved by the US FDA for treatment of RRMM. The toxicity profile of these 
drugs is a concern since these agents are used in patients who have already undergone 
multiple lines of treatment. In this review, we discuss the toxicity profile and strategies for 
the management of toxicities of Sel and belamaf for the treatment of RRMM. We conducted 
a comprehensive literature search on PubMed, Embase, Cochrane, and Clinicaltrials.gov 
using the terms “selinexor”, “belantamab”, “belamaf”, and “multiple myeloma” without 
applying any limitations based on the date of the study, language, or country of origin. 
The most common hematological toxicity associated with these two drugs is thrombocyto
penia. Cytopenias, constitutional symptoms, gastrointestinal effects, and hyponatremia are 
the major toxicities of Sel. Keratopathy and anemia are the major toxicities of belamaf. 
Treatment modifications and dose interruption are usually needed when side effects are more 
than grade II. As these are newer drugs with limited data, continuous surveillance and 
monitoring are warranted during the treatment course with early mitigation strategies. 
Keywords: hematological malignancy, treatment, safety, ocular toxicity, relapsed and 
refractory multiple myeloma

Introduction
Multiple myeloma (MM) is the second most prevalent hematologic cancer that led 
to approximately 12,830 deaths in the US during 2020.1 However, the advent of 
newer drugs has improved its five-year survival rate. A vast majority of MM 
patients require subsequent lines of therapy following relapses.2 Treatment options 
are limited for those who develop the triple-class refractory disease (ie, refractory to 
immunomodulators (IMiDs), proteasome inhibitors (PIs), and anti-CD38 monoclo
nal antibodies) pressing the need for the development of newer drugs that can 
overcome this resistance to conventional therapy.3

Overview of Selinexor
Selinexor (KPT-330) is an oral, reversible inhibitor of major nuclear exporter of 
tumor suppressor proteins (TSPs) known as Exportin-1 (XPO1) or chromosomal 
maintenance 1 (CRM1) (Figure 1). XPO1 binds to the guanosine triphosphate 
(GTP)-binding nuclear protein called Ran and forms the XPO1/Ran GTP 
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nucleocytoplasmic transport complex which is responsible 
for the transport of many TSPs out of the nucleus such as 
p53, breast cancer gene 1/2 (BRCA1/2), forkhead box-O 
(FOXO) and growth regulatory factors (c-myc, cyclins, 
Mouse Double Minute 2 homolog (MDM2)). When over
expressed, XPO1 causes an aberrant distribution of these 
regulatory proteins localizing them within the cytoplasm, 
increasing the translation of oncoprotein mRNAs and 
functionally inactivating TSPs which gives the malignant 
cells a chance to evade apoptosis and thus proliferate. As a 
selective inhibitor of nuclear export (SINE), selinexor 
(Sel) causes forced nuclear retention of these compounds 
with subsequent cell cycle arrest and cancer cell death, 
largely sparing the normal cells.3–5

Following the encouraging results of the pivotal Phase 
II STORM trial,5,6 Sel in combination with low-dose dex
amethasone (Dexa) was approved by the Food and Drug 
Administration (FDA) of the United States in July 20197 

for quadrefractory (refractory to at least 2 PIs and two 
IMiDs) or penta-refractory MM (quadrefractory+ refrac
tory to anti-CD38 antibodies).3,8 The adverse events (AEs) 
reported in the STORM,6 STOMP3 and BOSTON9 trials 
were mostly manageable with supportive measures. 
Cytopenias, constitutional and gastrointestinal symptoms, 

and hyponatremia were the most common AEs in these 
trials, with grade (G)-3 or severe thrombocytopenia occur
ring in 54% of patients.5,10

Overview of Belantamab Mafodotin
B-cell maturation antigen (BCMA), almost exclusively 
expressed on plasma cells, is an attractive drug target for 
the treatment of drug-resistant MM.11,12 Belantamab 
mafodotin (belamaf), an anti-BCMA agent, received 
FDA approval in August 2020 for the treatment of adults 
with refractory MM who have previously received at least 
four therapies including PIs, IMiDs, and anti-CD38 mono
clonal antibody.13 Belamaf is an antibody-drug conjugate 
(ADC) in which afucosylated humanized IgG1-antibody is 
conjugated to microtubule inhibitor monomethyl aurista
tin-F (MMAF) that kills myeloma cells through a multi
modal mechanism (Figure 1). This ADC complex targets 
BCMA and induces immunogenic cell death through anti
body-dependent cellular cytotoxicity and cellular phago
cytosis. The cytotoxic component of ADC, ie, MMAF 
when delivered to the target B-cells inhibits tubulin poly
merization causing cell cycle arrest at the G2/M check
point and subsequent apoptosis.11,14,15 The use of single- 
agent belamaf has produced encouraging results in the 

Figure 1 Mechanism of action of Selinexor and Belamaf.
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pivotal DREAMM 1 and 2 trials, with an overall response 
rate (ORR) of 60% in DREAMM-1, and 31% for 2.5 mg/ 
kg vs 34% for 3.4 mg/kg cohorts of DREAMM-2.15–17 

The most common AE, keratopathy, occurring in 27% and 
16% of patients receiving 2.5 mg/kg and 3.5 mg/kg doses 
of belamaf respectively, was manageable with supportive 
care along with dose adjustments and resolved after treat
ment completion. Thrombocytopenia and anemia were the 
next most common AEs.18,19

This review aims to discuss the toxicities associated 
with the use of Sel and belamaf in the treatment of heavily 
pretreated RRMM (relapsed/refractory MM) and to evalu
ate the management of these toxicities in the light of 
available evidence.

Materials and Methods
We conducted a comprehensive literature search on four 
databases including PubMed, Embase, Cochrane, and 
Clinicaltrials.gov. We used the search terms “selinexor”, 
“belantamab”, and “multiple myeloma”. We did not apply 
any limitations based on the date of publication, language, 
or country of origin. The initial search resulted in 430 total 
articles. After removing duplicates and screening manually 
to only include articles based on human studies and those 
that have reported on the safety profile or management of 
toxicity of the two drugs belamaf and Sel, 100 articles 
were selected for review, including six studies on Sel and 
two studies on belamaf. The selection of the articles was 
confirmed by two authors.

Results
Dose, Combination Regimens, and 
Toxicity Profile of Selinexor
The dose of Sel ranged from 3–85 mg/m2 in the first-in- 
human trial where Sel was used in 189 patients with 
advanced solid malignancies. The starting dose of 3 mg/ 
m2 was extrapolated from non-human studies.20 Chen 
et al. investigated the safety of Sel in heavily pretreated 
MM patients (n=84). They administered 3–60 mg/m2 of 
oral Sel either in eight doses or 10 doses per 28-day cycle 
in the dose-escalation phase (n=25). In the dose-expansion 
phase (n=59), they administered Sel 45 or 60 mg/m2 

twice-weekly along with 20 mg of Dexa in a 28-day 
cycle vs Sel alone with the same flat doses in the 21-day 
cycle.2 Sel-Dexa combination vs Sel alone showed better 
overall response rates (ORR), ie, 22% vs 4%, and lower 
rates of serious AEs (SAEs), ie, 39% vs 61%. Given the 

fewer dosage modifications, Sel 45 mg/m2 (~80 mg) 
twice-weekly with 20 mg Dexa emerged as an appropriate 
treatment regimen for future studies.2 The STORM phase 
II trial parts 1 and 2 used the same regimen of Sel-Dexa, 
ie, 80 mg of Sel twice-weekly along with 20 mg of Dexa 
in a 28-day cycle in 79 patients and 122 patients, respec
tively, and yielded ORR of 21% and 26%.5,6 The STOMP 
phase Ib/2 study evaluated Sel-Dexa combination with 
bortezomib (Bort) in 42 RRMM patients. Once-weekly 
administration of Sel 100 mg, Dexa 40 mg, and Bort 1.3 
mg/m2 per 35-day cycle was the most tolerable regimen vs 
other tested regimens, with an ORR of 58%. Those with
out PI refractoriness had an ORR of 84% vs 43% for PI- 
refractory MM.3 The Phase III BOSTON trial used the 
same weekly regimen of Sel-Dexa-Bort/35-day cycle and 
compared it with the 21-day cycle of Bort (1.3 mg/m2)- 
Dexa (20 mg) twice-weekly for 8 weeks followed by Bort 
(1.3 mg/m2) once-weekly and Dexa 20 mg twice-weekly.9 

Though G-3/4 hematologic (thrombocytopenia: 39% vs 
17%, anemia: 16% vs 10%) and G-3/4 non-hematologic 
AEs except peripheral neuropathy (fatigue: 13% vs 1%, 
nausea: 8% vs 0%, peripheral neuropathy: 5% vs 9%) 
were more common with Sel-Dexa-Bort vs Bort-Dexa, 
once-weekly combination of Sel-Dexa-Bort showed super
ior median PFS (HR: 0.7, 95% CI: 0.53–0.93) and ORR 
(OR: 1.96, 95% CI: 1.3–3.1) compared to Bort-Dexa.3 

Recently, Jakubowiak et al evaluated the twice-weekly 
combination of Sel-Dexa with carfilzomib (Carf) in 21 
patients with RRMM. This was a dose-escalation trial 
with the Sel dose ranging from 20–60 mg twice-weekly 
along with Carf and Dexa.21 The recommended twice- 
weekly doses in this trial were Sel 60 mg, Carf 20/27 
mg/m2 and Dexa 20 mg. Overall, G-3/4 thrombocytopenia 
(71%) and infections (24%) were the most common hema
tologic and non-hematologic AEs in this trial.21

The common G-3/4 hematological AEs as reported by 
these studies2,3,5,9,20,21 were thrombocytopenia (39–71%), 
anemia (16–33%), leukopenia (8–33%) and neutropenia 
(9–33%) whereas common G-3/4 non-hematological AEs 
were hyponatremia (5–26%), fatigue (13–15%), diarrhea 
(5–10%), eye disorders (9–10%), musculoskeletal disor
ders (4–10%), elevated liver enzymes (10%), peripheral 
neuropathy (5%) and vomiting (2–4%). Gastrointestinal 
(GI) AEs such as nausea, vomiting, diarrhea, weight loss 
were mainly G-1/2 and usually reversible. The toxicities 
reported by these studies are summarized in Table 1. SAEs 
(27–63%) responsible for complications in Sel ±Dexa 
trials included infections (respiratory infections (n=16), 
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sepsis (n=12), bacteremia (n=4)), fever with/without neu
tropenia (n=14), encephalopathy/delirium/confusion 
(n=11), anemia (n=6), hyponatremia (n=6), dehydration 
(n=6), renal failure (n=4), nausea/vomiting (n=4), throm
bocytopenia (n=4), elevated LFTs (n=2), intracranial 
hemorrhage (ICH) (n=2) and GI bleeding (n=1).2,5,6 

SAEs due to Sel-Dexa-Bort were febrile neutropenia 
(n=2), full-thickness macular hole in eye (n=1), and pul
monary embolism (n=1).3 Sel-Dexa-Carf use resulted in 
infections more commonly (n=7) as SAEs, GI bleeding (n 
= 1; unrelated to treatment), syncope (n = 1), thromboem
bolism (n = 1), pain related to progressive disease (n = 1) 
and systolic heart failure (n = 1).21

Management of Selinexor Toxicity
Hematologic Toxicity
Thrombocytopenia, the primary hematological toxicity of 
Sel, occurs via inhibition of thrombopoietin (TPO)-signal
ing in the megakaryocyte maturation phase and can be 
managed with the use of TPO agonists (eltrombopag or 
romiplostim), platelet infusions, and drug holidays. Those 
with baseline thrombocytopenia are more prone to develop 
high-grade thrombocytopenia thereby predisposing them 
though rarely, to life-threatening bleeding events such as 
ICH or GI bleeding.2,6 Therefore, Sel needs to be avoided 
unless the platelet count is ≥50,000/mm.3,6 On a similar 
note, patients who received platelet infusion within one 
week or TPO agents within 2 weeks prior to the first dose 
of Sel should not be administered Sel; those patients were 
excluded from the STORM trial part 2. Both in-vivo and 
in-vitro studies affirm that Sel-mediated thrombocytopenia 
is reversible with TPO-agonists ensuring that Sel has been 
washed out and there is no more ongoing Sel use. 
Otherwise, TPO-agents get antagonized by the TPO- 
blocking mechanism of Sel causing ongoing 
thrombocytopenia.20 There are no strict guidelines about 
the TPO-agents’ use in Sel toxicity and their use is solely 
at the discretion of treating hematologists. In the BOSTON 
trial where TPO-agents were used in 18% of patients with 
thrombocytopenia, the events of dose reductions or inter
ruptions were significantly reduced.9 Sel-induced throm
bocytopenia occurs in a dose-dependent fashion; one study 
looked at platelet drop at day 29 with different Sel doses 
and found evidence of less thrombocytopenia with its 
lower doses (50–70 mg) (n=36) vs higher doses >100 mg 
biweekly (n=28). The interruption of Sel dose for 8–21 
days resulted in improvement in G-4 thrombocytopenia.20 

Those who are receiving FDA approved dose of Sel and 

develop G-4 thrombocytopenia without bleeding should 
stop taking Sel until at least G-3. When at G-3, Sel dose 
needs to be reduced from 80 mg twice-weekly (~160 mg/ 
week) to 100 mg once weekly until thrombocytopenia 
improves to G-2. Following this, Sel can be resumed in 
two divided doses per week (total 100 mg/week), ie, 
60 mg, 40 mg.6

Adequate hematopoietic functions such as hemoglo
bin>8 gm/dl and absolute neutrophils >1000/mm3 should 
be ensured before Sel treatment, preferably in the absence 
of recent blood transfusions, erythropoietin (EPO) analo
gues or colony-stimulating factors (CSF). For G-3/4 ane
mia and neutropenia, Sel needs to be interrupted (counts 
can be boosted with EPO and CSF analogues per the 
discretion of the hematologist) as well until toxicity 
improves to G-2 and then Sel can be resumed at 60 mg 
twice-weekly. As it is critical to modify the Sel treatment 
with respect to hematologic toxicity, the most important 
aspect of managing its toxicity is to monitor blood cell 
counts ideally before each dose of Sel so that the subse
quent dose could be modified. However, given twice- 
weekly dosing of oral Sel, performing blood counts twice 
weekly might appear cumbersome which needs to be 
balanced with the clinical utility of these labs. Therefore, 
we recommend checking complete blood counts at least 
once-weekly in the first two cycles of Sel as a majority of 
these AEs require treatment modifications during this 
timeframe. Venous thromboembolism (5% of the patients 
in one study), requires anticoagulation.21

Gastrointestinal Toxicity
GI toxicity such as nausea, anorexia/decreased appetite, 
vomiting, diarrhea, and weight loss are usually centrally 
mediated and though low-grade, can limit the tolerability 
of Sel.2 However, the addition of Dexa and the use of 
prophylactic antiemetics have improved its tolerance.2 

Most of the GI AEs, particularly vomiting are usually 
severe in the first 2 weeks and may decrease over time. 
Antiemetic use has been reported in 89–100% of the 
patients receiving Sel and many patients might need two 
(14–33%) or three antiemetics (5%).3,5,6 For nausea/ 
vomiting, 8 mg of ondansetron or equivalent antiemetics 
such as prochlorperazine, granisetron can be used before 
the first dose of Sel, and then ondansetron 8 mg should be 
given as needed twice daily or thrice daily at least for 2 
days.5,6 Those with persistent nausea despite ondansetron 
or equivalent can be given olanzapine and neurokinin-1 
receptor blockers such as aprepitant and rolapitant.5,22
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In STORM trial part 1, eight doses of Sel were compared 
with six doses of Sel in a 28-day cycle, the rate of nausea was 
82% vs 69%, respectively.5 Sel should be interrupted in case 
of G-3 nausea until it improves to G-2 and then Sel can be 
resumed at 60 mg twice-weekly dosing.6 GI toxicity is one of 
the most common causes of Sel termination. In one study, the 
treatment was terminated due to GI or constitutional AEs in 
5/8 patients.23 Prophylactic antiemetics can successfully 
avoid interruptions, dose reductions, or treatment termina
tions. It is of note that the once-weekly maximal dose of Sel 
of 100 mg along with the once-weekly Bort did not result in 
G-3/4 nausea, vomiting, or anorexia and was well tolerated 
with prophylactic antiemetics.3

Anorexia and weight loss in cancer patients receiving 
Sel can be multifactorial and result from both chemother
apy and underlying malignancy itself. The use of appetite 
stimulants in addition to low-dose Dexa such as dronabi
nol, metoclopramide, and megestrol may improve appetite 
and cause modest weight gain.3,24 One randomized con
trolled trial comparing dronabinol with megestrol reported 
megestrol to be superior compared to dronabinol both for 
improving the appetite (75% vs 49%) and causing weight 
gain (11% vs 3%). The study found no difference when 
dronabinol-megestrol combination was compared to 
megestrol alone.25 In a study by Jakubowiak et al., 100% 
of patients (n=21) received prophylactic megestrol acetate 
(160–400 mg daily) and 5-HT3 antagonist but 29% (n=6) 
of patients remained anorexic and 5% (n=1) patients 
experienced ongoing weight loss. The combination of 
antiemetics, however, was more effective in managing 
treatment interruptions since none (n=0/21) of the patients 
required treatment discontinuations due to GI AEs.21 

Another common AE of Sel is G-1/2 diarrhea that might 
require antidiarrheals. G-3/4 diarrhea was reported in 10% 
of patients by Jakubowiak et al21 (n=2/21) and even less 
commonly (5–7%) by other investigators.5,23,26 For ≥G2 
diarrhea, Sel should be interrupted and resume when 
resolved to G1 but at 60 mg twice-weekly dose. One 
unrelated meta-analysis of eight randomized controlled 
trials found octreotide to be effective for severe cases of 
chemotherapy-induced diarrhea when compared to pla
cebo (69% vs 54%).27,28 Dysgeusia reported in 10–17% 
of the patients in Sel studies is common with many other 
therapies but lacks evidence-based treatment strategies.29

Renal Toxicity and Electrolyte Derangements
Dehydration and AKI are less common G-3/4 AEs with 
Sel and have a favorable outcome. These can be managed 

with outpatient fluid resuscitation or inpatient care depend
ing upon severity.30 Thus, far only one case of irreversible 
renal failure has been reported leading to treatment 
discontinuation.6 G-3/4 hyponatremia is also common 
with Sel and should be managed with Sel interruption 
and dose reductions. Sel should be resumed at 60 mg 
twice weekly when the hyponatremia is at least G1 or 
resolved. Hyponatremia, even though G-3, is mostly 
asymptomatic and needs sodium replacement along with 
frequent lab monitoring. In the STORM trial part 1, only 
6% of patients required salt tablets as compared to 22% of 
patients diagnosed with hyponatremia.5 Chen et al. attrib
uted a number of cases of delirium to hyponatremia. 
Delirium usually requires supportive care and correction 
of metabolic derangements such as hyponatremia.2

Dose Adjustments
Early intervention with supportive care prevents the need 
for dose reduction and interruption. Treatment holidays 
and dose reductions were required in 52% and 37% of 
the study population in STORM part 1 and resulted in 
significantly less treatment termination (18%). This study 
had only three patients who received a higher dose of Sel 
100 mg twice-weekly with all three patients requiring drug 
holidays or dose reduction.5 In the STORM part 2, 80% of 
patients required dose modifications or holidays and the 
majority of those events occurred in the first 2 cycles, 
demanding an aggressive prophylactic treatment, and 
monitoring needs in the initial cycles.6 About 17.2% of 
patients discontinued treatment due to treatment-related 
AEs. Bahlis et al. studied various dosing regimens for 
Bort and Sel in different combinations. There was no 
significant increase in G-3/4 AEs with Sel 100 mg weekly 
compared to 60 mg or 80 mg weekly regimen.3 

Jakubowiak et al reported 80% of patients receiving Sel 
needed a change in dosage or holiday from therapy but 
only 18% discontinued treatment due to AEs and 10% 
mortality (n=12/123) was attributed to major AEs. The 
rest recovered with conservative management.21 Dose/ 
treatment modifications to minimize adverse events are 
summarized in Table 2.

Toxicity Profile of Belantamab Mafodotin
Trudel et al. reported the first-in-human Phase I trial 
(DREAMM-1) of belantamab mafodotin (belamaf) which 
included a dose-escalation phase (part 1, n=38) and a dose- 
expansion phase (part 2, n=35). Based on the results of 
part 1, 3.4 mg/kg was the recommended dose in part 2.16,17 
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Lonial et al conducted a phase II study (DREAMM-2) 
with two dosing cohorts in 196 RRMM patients. Ninety- 
seven patients were treated with 2.5 mg/kg and 99 patients 
with 3.4 mg/kg of belamaf.15 In part 1 of the DREAMM-1, 
no dose-limiting AEs were reported and there was no 
maximum tolerated dose. The most common G-3/4 AEs 
were thrombocytopenia [13/38 (34%)] and anemia [6/38 
(16%)]. In part 2 of DREAMM-1, G-3/4 AEs were seen in 
28/35 (80%) patients, the most common being thrombo
cytopenia [12/35 (34%)] and anemia [5/35 (14%)]. SAEs 
were seen in 40% of patients, the most common of which 
were infusion-related reaction (IRR) (n=2) and lung infec
tion (n=2). Five patients had drug-related SAEs including 
IRR (n=2), ICH (n=1), lung infection (n=1) and pericardial 
effusion (n=1).17

In the DREAMM-2, the most common G-3/4 AEs 
were keratopathy seen in 26/95 (27%) patients in the 2.5 
mg/kg cohort and 34/99 (34%) patients in the 3.4 mg/kg 
cohort. Thrombocytopenia was seen in 19/95 (20%) and 
33/99 (33%), respectively, for 2.5 mg/kg and 3.4 mg/kg 
cohorts and anemia in 19/95 (20%) and 25/99 (25%) 
respectively. Among those who received prophylaxis for 
IRR, 8/22 (2.5 mg/kg cohort) and 6/27 (3.4 mg/kg cohort) 
patients developed IRR. One patient in the 2.5 mg/kg 
cohort discontinued treatment due to G-3 IRR.15 In part 
1 of the DREAMM-1, dose reduction was required in 1/3 
(33%) patients receiving 1.92 mg/kg, 1/8 (13%) patients 
receiving 2.50 mg/kg, 3/3 (100%) patients receiving 3.40 
mg/kg and 5/6 (83%) in 4.6 mg/kg dose. Moreover, 1/4 
(25%) patients receiving 1.92 mg/kg and 2/6 (33%) 
patients receiving 4.6 mg/kg dose in part 1 discontinued 
treatment due to AEs which included limbal cell defect, 
foreign body sensation in eyes plus thrombocytopenia, and 
hypercalcemia. The blurring of vision (40%) was the most 
common cause of interruption or delay in belamaf therapy 
in the DREAMM-1.17 In part 2 of DREAMM-1, belamaf 
related AEs include IRR, thrombocytopenia, and corneal 
events. Two patients (6%) discontinued treatment and 7 
(20%) required dose reduction/delays because of thrombo
cytopenia. AEs led to dose reduction in 23/45 (66%) and 

dose interruption/delay in 25/45 (71%) patients.17 In 
DREAMM-2, 93/95 (98%) patients in 2.5mg/kg cohort 
and 99/99 (100%) patients in 3.4 mg/kg cohort had at 
least one AE. AEs led to dose delays in 54% (2.5mg/kg 
cohort) and 62% (in 3.4mg/kg cohort) patients while dose 
reduction was required in 29% (2.5mg/kg cohort) and 41% 
(3.4 mg/kg cohort) patients. About 8% (2.5 mg/kg cohort) 
and 10% (3.4mg/kg cohort) patients permanently discon
tinued the treatment due to AEs in DREAMM-2 the most 
common of which being keratopathy seen in 1 (2.5mg/kg 
cohort) and 3 (3.4 mg/kg cohort) patients.15 One death 
occurred in part 1 of DREAMM-1 study which was attrib
uted to disease progression. Three deaths occurred in part 
2 owing to disease progression. No treatment-related 
deaths were reported in DREAMM-1.17 A total of two 
potentially treatment-related deaths were reported in 
DREAMM-2, one due to sepsis in the 2.5 mg/kg cohort 
and one due to hemophagocytic lymphohistiocytosis in the 
3.4 mg/kg cohort.15

In part 1 of DREAMM-1, the frequency of G-3-4 
corneal AEs increased with the increased dose of the 
drug. Corneal AEs were reported in 20/38 (53%) patients, 
most of which were mild G-1/2 seen in 18/38 (47%) but it 
resulted in treatment discontinuation in two patients. In 
part 2 of DREAMM-1, corneal events were seen in 22/35 
(63%) patients comprising of mild-moderate (G-1/2) in 19 
and G-3 in 3 (keratitis in 1, eye pain in 1, and dry eye in 1) 
patients. The median time to onset of corneal events was 
23 days (range: 1–84 days) while the median duration of 
patients with a resolution date was 30 days (range: 5–224 
days). Thirty-one (89%) patients had corneal findings on 
the ophthalmic examination which included superficial 
punctate keratitis 27/35 (77%), epithelial edema 22 
(63%), stromal edema 5 (14%), and opacities 8 (23%). 
No patients discontinued treatment in part 2 due to corneal 
AEs.17 In DREAMM-2, keratopathy was the most com
mon cause of permanent treatment discontinuation with 
1% (2.5mg/kg cohort) and 3% (3.4mg/kg cohort). It led 
to dose reduction in 23% (2.5 mg/kg cohort) and 27% 
(3.4mg/kg cohort) and dose delays in 27% (2.5mg/kg 

Table 2 Adverse Events Leading to Modifications in Treatment Plan in Selinexor Studies

Treatment Holiday/Interruption Dose Reduction Treatment Termination

Vogl et al5 52% (n=41/79) 37% (n=29/79) 18% (n=14/79)
Bahlis et al3 50% (n=21/42) 19% (n=8/42)

Jakubowiak et al21 80% (n=17/21) 62% (n=13/21) 10% (n=2/21)

Chen et al2 31% (n=26/84)
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cohort) and 48% (3.4 mg/kg cohort) patients. The most 
common reported corneal symptoms were blurred vision 
and dry eye in two patients without keratopathy. In the 
ocular sub-study (n=30; 17 patients in 2.5 mg/kg cohort 
and 12 patients in 3.4mg/kg cohort), G-3 AEs were 
reported in 29% (2.5mg/kg cohort) and 42% (3.4mg/kg 
cohort) in treated eye and 18% (2.5mg/kg cohort) and 50% 
(3.4 mg/kg cohort) in untreated eye.15 The toxicity profile 
of belamaf has been summarized in Table 3.

Management of Toxicity of Belantamab 
Mafodotin
Cytotoxic payload and linker instability are postulated to 
cause the ocular toxicity associated with ADC.31 

Previously many clinical trials31–33 of refractory hemato
logic malignancies have used MMAF cytotoxin and mal
eimidocaproyl linker and have reported similar ocular 
toxicity as reported in DREAMM-1 and DREAMM-2 
trials due to belamaf. Ophthalmic steroid drops in 
DREAMM-1 were used to mitigate the ocular toxicity 
given the established side effects of MMAF.16 However, 
ocular toxicity (blurring of vision, eye pain, and dryness, 
keratitis, and photophobia) still occurred, especially with 
the increasing doses of the drug.17 Permanent discontinua
tions due to corneal events were rare in this trial and the 
majority of these AEs were successfully managed with 
dose reductions, interruptions, or delays. About 50% of 
individuals with corneal events showed a resolution within 
about 35 days.17 On follow-up interviews of 17 patients 
from the second part of DREAMM-1 trial at the end of 
treatment, 76% of patients had reported of blurred vision 
while on treatment but 62% either had resolution or 
ongoing improvement in the complaint. The majority of 
those who participated in this interview never considered 
treatment discontinuation.34 Ophthalmic evaluation while 
on belamaf plays a crucial role in the early detection of 
keratitis, epithelial and stromal edema. Therefore, serial 
ophthalmic evaluation at baseline and before subsequent 
doses have a critical role as a mitigation strategy and may 
prompt treatment adjustments. Popat et al reported a case 
series of 5 patients from the DREAMM-1 trial and shared 
experience from their center at a median follow-up of 32.6 
months. When corneal AEs occurred, they increased the 
frequency of topical steroids (prednisolone eye drops 1–2 
drops up to four times a day), used preservative-free 
artificial tears (such as artificial tears 1–2 drops twice a 
day as needed), and interrupted the next dose (median 14 

days, range: 7–98 days). These patients developed 
increased intraocular pressure, infection, and secondary 
cataract formation given the excessive use of topical ster
oids and required topical antibiotics and cataract extrac
tions. Therefore, Popat et al. recommended against the 
long-term use of topical steroids and proposed dose mod
ifications or interruptions as the main strategy to deal with 
corneal side effects.35

DREAMM-2 trial investigators made ophthalmic evalua
tions a part of their protocol. The reports of changes in visual 
acuity were also subject to strict follow-up. Those patients 
with visual changes experienced ultimate resolution and 
none of them had permanent vision loss. An ocular substudy, 
part of the DREAMM-2, verified no role of topical steroids in 
preventing corneal side effects. Dose reductions or delays 
were the most effective strategies. DREAMM-2 trial, there
fore, recommends 25% dose reduction if G-2 corneal events 
have been experienced and interruption or delay of the dose if 
G-3/4 corneal events have been experienced. The dose 
should be delayed until the corneal event is improved to 
G-2 and then belamaf with a 25% reduced dose should be 
given. In the United States, belamaf has been available since 
August 2020 under a Risk Evaluation and Mitigation 
Strategy (REMS) given ocular toxicity, called BLENREP 
REMS.13 Dosage modifications of belamaf in RRMM can 
be made based on the Keratopathy and Visual Acuity (KVA) 
scale documented in the prescribing information of 
BLENREP (Table 4).13,19,36 This scale was developed by 
GlaxoSmithKline (GSK) upon the recommendation of 
the FDA.

In DREAMM-1, onset of thrombocytopenia was 
observed for 50% at 7.5 days and 50% had resolution 
after 8 days of onset. Only 6% had discontinuation of 
therapy due to thrombocytopenia. These side effects can 
be managed with modification in the treatment plan.16,17 

However, in DREAMM-2, thrombocytopenia was consid
ered self-limiting. A total of 22 patients (11%) reported 
bleeding of G-2 or worse.15 Serious infections such as 
pneumonia or lung infection might require dose interrup
tions or delays.

Discussion
Despite advancements in MM treatment over decades, 
with many active drugs and the use of hematopoietic 
stem cell transplantation/autologous stem cell transplan
tation, it remains incurable, and invariably patients with 
MM relapse and require therapies for the treatment of 
relapse.37 During the course of illness, a considerable 

https://doi.org/10.2147/JBM.S317966                                                                                                                                                                                                                                   

DovePress                                                                                                                                                            

Journal of Blood Medicine 2021:12 542

Neupane et al                                                                                                                                                        Dovepress

https://www.dovepress.com
https://www.dovepress.com


Ta
bl

e 
3 

To
xi

ci
ty

 P
ro

fil
e 

of
 B

el
an

ta
m

ab

A
ut

ho
r, 

Ye
ar

T
it

le
Su

bg
ro

up
s

H
em

at
ol

og
ic

al
 A

E
N

on
 H

em
at

ol
og

ic
al

 A
E

G
ra

de
 1

–2
G

ra
de

 =
/>

 3
G

ra
de

 1
–2

G
ra

de
 =

/>
 3

Tr
ud

el
, 

20
19

17

A
nt

ib
od

y–
dr

ug
 c

on
ju

ga
te

, G
SK

28
57

91
6,

 in
 

R
R

M
M

: a
n 

up
da

te
 o

n 
sa

fe
ty

 a
nd

 e
ffi

ca
cy

 fr
om

 

do
se

 e
xp

an
si

on
 p

ha
se

 I 
st

ud
y

Pa
rt

 2
 (

n=
35

)
T

cp
: 1

0/
35

 (
29

%
) 

A
ne

m
ia

: 4
/3

5 
(1

1%
)

T
cp

: 1
2/

35
 

(3
4%

) 

A
ne

m
ia

: 6
/3

5 

(1
7%

)

Bl
ur

re
d 

vi
si

on
: 1

7/
35

 (
49

%
) 

C
ou

gh
: 1

4/
35

 (
40

%
) 

D
ry

 e
ye

: 1
2/

35
 (

34
%

) 

In
c 

A
ST

: 1
1/

35
 (

31
%

) 
N

au
se

a:
 1

1/
35

 (
31

%
) 

Ph
ot

op
ho

bi
a:

 1
0/

35
 (

29
%

) 

Py
re

xi
a:

 1
0/

35
 (

29
%

) 
C

hi
lls

: 9
/3

5 
(2

6%
) 

D
ia

rr
he

a:
 8

/3
5 

(2
3%

) 

Fa
tig

ue
: 8

/2
3 

(2
3%

) 
U

RT
I: 

8/
35

 (
23

%
) 

In
c 

A
LT

: 7
/3

5 
(2

0%
) 

C
on

st
ip

at
io

n:
 6

/3
5 

(1
7%

) 
In

c 
A

LP
: 6

/3
5 

(1
7%

) 

Ba
ck

 p
ai

n:
 5

/3
5 

(1
4%

) 

In
c 

G
G

T:
 5

/3
5 

(1
4%

) 
A

rt
hr

al
gi

a:
 5

/3
5 

(1
4%

) 

D
ys

pn
ea

: 5
/3

5 
(1

4%
) 

C
on

tu
si

on
: 5

/3
5 

(1
4%

) 
D

ec
re

as
ed

 a
pp

et
ite

: 5
/3

5 
(1

4%
) 

H
ea

da
ch

e:
 5

/3
5 

(1
4%

) 

Si
nu

si
tis

: 5
/3

5 
(1

4%
)

D
ia

rr
he

a:
 4

/3
5 

(1
1%

) (C
on

tin
ue

d)

Journal of Blood Medicine 2021:12                                                                                                 https://doi.org/10.2147/JBM.S317966                                                                                                                                                                                                                       

DovePress                                                                                                                         
543

Dovepress                                                                                                                                                        Neupane et al

https://www.dovepress.com
https://www.dovepress.com


Ta
bl

e 
3 

(C
on

tin
ue

d)
. 

A
ut

ho
r, 

Ye
ar

T
it

le
Su

bg
ro

up
s

H
em

at
ol

og
ic

al
 A

E
N

on
 H

em
at

ol
og

ic
al

 A
E

G
ra

de
 1

–2
G

ra
de

 =
/>

 3
G

ra
de

 1
–2

G
ra

de
 =

/>
 3

Lo
ni

al
, 

20
20

15

Be
la

nt
am

ab
 m

af
od

ot
in

 fo
r 

R
R

M
M

 (
D

R
EA

M
M

- 
2)

: a
 t

w
o-

ar
m

, r
an

do
m

is
ed

, o
pe

n-
la

be
l, 

ph
as

e 
2 

st
ud

y

Be
la

nt
am

ab
 m

af
od

ot
in

 
2.

5 
m

g/
kg

 g
ro

up
 (

n=
95

)
In

fu
si

on
 r

el
at

ed
 

re
ac

tio
ns

a : 1
7/

95
 

(1
8%

) 

T
cp

: 1
4/

95
 (

15
%

)

T
cp

: 1
9/

95
 

(2
0%

) 

A
ne

m
ia

: 1
9/

95
 

(2
0%

) 
Ly

m
ph

op
en

ia
: 

12
/9

5 
(1

3%
)

K
er

at
op

at
hy

 o
r 

ch
an

ge
s 

to
 

co
rn

ea
l e

pi
th

el
iu

m
: 4

1/
95

 (
43

%
). 

N
au

se
a:

 2
3/

95
 (

24
%

) 

Fe
ve

r:
 1

8/
95

 (
19

%
) 

Bl
ur

re
d 

vi
si

on
: 1

7/
95

 (
18

%
) 

In
c 

A
ST

: 1
7/

95
 (

18
%

) 

Fa
tig

ue
: 1

3/
95

 (
14

%
) 

D
ry

 E
ye

: 1
2/

95
 (

13
%

) 

C
on

st
ip

at
io

n:
 1

2/
95

 (
13

%
) 

D
ia

rr
he

a:
 1

1/
95

 (
12

%
) 

D
ec

 A
pp

et
ite

: 1
1/

95
 (

12
%

) 

A
rt

hr
al

gi
a:

 1
0/

95
 (

11
%

)

K
er

at
op

at
hy

 o
r 

ch
an

ge
s 

to
 

co
rn

ea
l e

pi
th

el
iu

m
: 2

6/
95

 

(2
7%

).

Be
la

nt
am

ab
 m

af
od

ot
in

 

3.
4 

m
g/

kg
 g

ro
up

 (
n=

99
)

T
cp

: 2
4/

99
 (

24
%

) 

In
fu

si
on

 r
el

at
ed

 
re

ac
tio

ns
a : 1

5/
99

 

(1
5%

) 

H
yp

er
ca

lc
em

ia
: 1

3/
 

99
 (

13
%

) 

A
ne

m
ia

: 1
2/

99
 (

12
%

) 

N
eu

tr
op

en
ia

: 1
2/

99
 

(1
2%

)

T
cp

: 3
4/

99
 

(3
4%

) 
A

ne
m

ia
: 2

5/
99

 

(2
5%

) 

N
eu

tr
op

en
ia

: 
15

/9
9 

(1
5%

)

K
er

at
op

at
hy

 o
r 

ch
an

ge
s 

to
 

co
rn

ea
l e

pi
th

el
iu

m
: 5

3/
99

 (
54

%
) 

N
au

se
a:

 3
1/

99
 (

31
%

) 

Bl
ur

re
d 

vi
si

on
: 2

8/
99

 (
28

%
) 

D
ry

 e
ye

: 2
3/

99
 (

23
%

) 
Fe

ve
r:

 2
1/

99
 (

21
%

) 

Fa
tig

ue
: 2

1/
99

 (
21

%
) 

Vo
m

iti
ng

: 2
0/

99
 (

20
%

) 
C

ou
gh

: 1
9/

99
 (

19
%

) 

In
c 

A
ST

: 1
8/

99
 (

18
%

) 

Ep
is

ta
xi

s:
 1

7/
99

 (
17

%
) 

D
ec

 A
pp

et
ite

: 1
6/

99
 (

16
%

) 

U
RT

I: 
16

/9
9 

(1
6%

) 

D
ia

rr
he

a:
 1

4/
99

 (
14

%
) 

H
ea

da
ch

e:
 1

3/
99

 (
13

%
) 

In
c 

A
LP

: 1
2/

99
 (

12
%

) 

H
yp

ok
al

em
ia

: 1
1/

99
 (

11
%

) 
Pa

in
 in

 e
xt

re
m

ity
: 1

1/
99

 (
11

%
) 

In
c 

bl
oo

d 
cr

ea
tin

in
e:

 1
0/

99
 

(1
0%

)

K
er

at
op

at
hy

 o
r 

ch
an

ge
s 

to
 

co
rn

ea
l e

pi
th

el
iu

m
: 2

1/
99

 (
21

%
) 

Pn
eu

m
on

ia
: 1

1/
99

 (
11

%
)

N
ot

es
: a In

fu
si

on
-r

el
at

ed
 r

ea
ct

io
ns

 (
co

ns
id

er
ed

 a
n 

ad
ve

rs
e 

ev
en

t 
of

 s
pe

ci
al

 in
te

re
st

) 
in

cl
ud

es
 p

re
fe

rr
ed

 t
er

m
s 

in
fu

si
on

-r
el

at
ed

 r
ea

ct
io

n,
 p

yr
ex

ia
, c

hi
lls

, d
ia

rr
he

a,
 n

au
se

a,
 a

st
he

ni
a,

 h
yp

er
te

ns
io

n,
 le

th
ar

gy
, t

ac
hy

ca
rd

ia
, v

om
iti

ng
, c

ou
gh

, a
nd

 
hy

po
te

ns
io

n 
oc

cu
rr

in
g 

w
ith

in
 2

4 
ho

ur
s 

of
 in

fu
si

on
. 

A
bb

re
vi

at
io

ns
: A

E,
 a

dv
er

se
 e

ve
nt

s;
 T

cp
, T

hr
om

bo
cy

to
pe

ni
a;

 A
ST

, A
sp

ar
ta

te
 a

m
in

ot
ra

ns
fe

ra
se

; A
LT

, A
la

ni
ne

 t
ra

ns
am

in
as

e;
 G

G
T,

 G
am

m
a-

gl
ut

am
yl

 t
ra

ns
fe

ra
se

; U
RT

I, 
U

pp
er

 r
es

pi
ra

to
ry

 t
ra

ct
 in

fe
ct

io
n;

 In
c,

 in
cr

ea
se

d.

https://doi.org/10.2147/JBM.S317966                                                                                                                                                                                                                                   

DovePress                                                                                                                                                            

Journal of Blood Medicine 2021:12 544

Neupane et al                                                                                                                                                        Dovepress

https://www.dovepress.com
https://www.dovepress.com


number of patients develop a refractory disease to three 
classes of commonly used drugs (PIs, IMiDs, and mono
clonal antibodies). Overall survival in three-class, quad, 
or penta refractory disease is short.6 MAMMOTH study 
reported outcomes of MM patients who were refractory 
to anti-CD38-monoclonal antibody and other agents. 
The median overall survival after anti-CD38 antibodies 
refractoriness was 8.6 months, 11.2 months in patients 
who were not simultaneously refractory to one IMiD 
and one PI, and 5.6 months in patients who were refrac
tory to anti-CD-38 antibodies, two PIs, and two IMiDs 
(penta-refractory).38 After multiple lines of treatment 
exposures, at the time of relapses, such patients have 
underlying marrow suppression and cumulative toxici
ties. Therefore, it becomes essential that they maintain a 
good quality of life while we use newly approved drugs 
such as Sel and belamaf.

After multiple prior lines of therapy, the selection of 
the appropriate next line of therapy is crucial in the 
context of prior toxicities, including profound thrombo
cytopenia. Sel at recommended doses (80 mg twice 
weekly) may not be an appropriate treatment choice 
for such patients due to the risk of ICH and GI bleeding 
depending on the severity of thrombocytopenia and 
should be avoided unless the platelet count is at least 
50,000. However, thrombocytopenia is reversible with 
drug interruption and the use of TPO agents.39 For 
severe thrombocytopenia, platelet transfusions have 
been shown to be effective in quickly increasing the 
platelet levels. TPO agonists (romiplostim or eltrombo
pag) can be used to increase platelet counts over two to 
3 weeks while continuing the treatment with selinexor. 
TPO agonists should be used when platelet counts fall 

below 25,000/mm3 until the count rises to ≥50,000/ 
mm3.40 Frequent monitoring of platelet counts during 
Sel treatment is highly recommended. Sel should be 
interrupted for G4 thrombocytopenia and the dose 
should be reduced for G3/2 thrombocytopenia. Any 
life-threatening bleeding event history such as ICH 
should be carefully weighed against the re-induction of 
treatment and its benefits and reintroduction should be 
avoided if at all possible.

When considering belamaf, it is of utmost importance 
that the treating hematologist is aware of its ocular toxicity 
and its management strategies as it may have dire visual 
consequences. Belamaf is currently available under REMS 
program that requires special certification for prescribers. 
About 76% of the patients in the DREAMM-1 reported 
some ocular complications.16 A baseline ophthalmic eva
luation and proper documentation of any visual problems 
using a KVA scale should be performed. Following the 
baseline evaluation, findings should be documented before 
each dose to monitor any change and tailor treatment 
according to the findings. It is prudent for the treating 
hematologist to discuss ocular toxicity with the ophthal
mologist and request findings based on the KVA scale as it 
is a relatively newer drug, and many ophthalmologists 
might have limited experience. The patient on belamaf 
should be strictly advised to use preservative-free eye 
drops four times a day. The documentation of the use of 
contact lenses should be made and, if possible, avoided as 
it may worsen the keratitis. The DREAMM-2 ocular sub
study data did not demonstrate a clinical benefit of pro
phylactic topical steroids and therefore should be 
avoided.15 Preferably a strategy of dose interruption and 
reductions based on the KVA scale should be employed in 

Table 4 Management of Ocular Toxicity of Belamaf

Severity Extent of Vision Loss Treatment Recommendations

Grade 1 One line decline of best corrected visual acuity from baseline on Snellen Visual Acuity 
chart OR mild superficial keratopathy on corneal examination.

Treatment to be continued at current dose 
without any modification

Grade 2 2 or 3 lines decline of best corrected visual acuity from baseline on visual acuity chart 
(not worse than 20/200) OR moderate superficial keratopathy on corneal 

examination.

Hold belamaf until improves to grade 1 and 
resume same dose afterwards

Grade 3 More than 3 lines decline of best corrected visual acuity from baseline on visual acuity 

chart (not worse than 20/200) OR severe superficial keratopathy on corneal 
examination.

Hold belamaf until improves to grade 1 and 

then resume 25% reduced dose

Grade 4 Severely reduced vision (visual acuity worse than 20/200 on Snellen Visual Acuity 
chart) OR corneal epithelial defects on corneal examination.

Belamaf treatment termination with urgent 
ophthomology consult
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Table 5 Management of Toxicities of Selinexor and Belamaf

Drug Type of Toxicity Nature of Toxicity Management

Selinexor Non-hematological Infection/pneumonia Antibiotics 
Hospitalization for supportive care

Fatiguea Physical therapy

Diarrheaa Loperamide 
Diphenoxylate/atropine 

Octreotide (severe or refractory)

Hyponatremiaa Sodium replacement (normal saline or salt tablets)

Elevation of livera and 

pancreatic enzymes

Watchful monitoring (transient only)

Dehydration Fluid resuscitation (infusion center vs inpatient)

Nauseaa/Vomiting Antiemetics (Ondansetron, prochlorperazine, granisetron, 

aprepitant)

Anorexia/Weight lossa Combine with dexamethasone 

Dronabinol 
Megestrol acetate 

Metoclopramide

Dysgeusia Supportive

Confusion Correct underlying cause like hyponatremia

Cataract Surgical extraction

Hematological Thrombocytopenia Dose reduction or interruptions 
Treatment holidays 

Platelet transfusion 

Thrombopoietin receptor agonists

Anemiaa Packed RBC Transfusion

Neutropeniaa Granulocyte Colony Stimulating Factor

Belantamab 

mafodotin (Belamaf)

Non-hematological Keratopathy Avoid use of ophthalmic steroid drops (risk of steroid-induced 

glaucoma, cataract, and infection)

Blurred Vision Serial ophthalmic evaluations

Visual acuity decline Use of keratopathy and visual acuity scale (KVA) to decide future 

treatments of belamaf.

Photophobia Management of Ocular toxicity: see Table 3

Dry Eyes Preservative free artificial tears

Pyrexia/headache/arthralgia Acetaminophen/Ibuprofen

Constipation Laxatives

Epistaxis Correct underlying thrombocytopenia if severe 

Symptomatic management

Acute kidney injury Fluid resuscitation can be inpatient or infusion center

Hypokalemia Replace potassium orally (outpatient) or intravenous (inpatient)

Upper respiratory infection Antibiotics

(Continued)
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Table 5 (Continued). 

Drug Type of Toxicity Nature of Toxicity Management

Cough Dextromethorphan

Hypercalcemia Ca <12 mg/dl: No treatment 

Ca 12–14 mg/dl: Normal saline and bisphosphonates 

Ca >14 mg/dl: Calcitonin or zoledronic acid in addition to normal 
saline

Infusion-related reactionsb Premedication helpful. 

Supportive care for symptoms

Hematological Thrombocytopenia Platelet 25,000/mm3 to <50,0000/mm3: Withhold and/or reduce 

the dose 

Platelet <25,000/mm3: Withhold drug

Notes: aAdverse Events of belantamab as well. Management same as selinexor. bInfusion-related reactions include a myriad of symptoms related to infusion such as pyrexia, 
chills, diarrhea, nausea, asthenia, hypertension, lethargy, tachycardia, vomiting, cough, and hypotension occurring within 24 hours of infusion. 
Abbreviations: G, grade; RBC, red blood cell; Ca, calcium.

Table 6 Ongoing Clinical Studies for Selinexor and Belantamab (Source: Clinicaltrials.gov)

S.N Title Status NCT 
Number

1 Selinexor Treatment for Multiple Myeloma Patients Who Are Refractory to Lenalidomide-containing 

Therapy.

Recruiting NCT04519476

2 Selinexor (KPT-330) and Liposomal Doxorubicin For Relapsed and Refractory Multiple Myeloma Active, not 

recruiting

NCT02186834

3 Selinexor Plus High-Dose Melphalan (HDM) Before Autologous Hematopoietic Cell Transplantation for 

Multiple Myeloma

Recruiting NCT02780609

4 A Study of Selinexor Plus Low-dose Dexamethasone in Participants With Penta-refractory Multiple 

Myeloma or Selinexor and Bortezomib Plus Low-dose Dexamethasone in Participants With Triple-class 
Refractory Multiple Myeloma

Recruiting NCT04414475

5 Selinexor, Carfilzomib, and Dexamethasone in Treating Patients With Relapsed or Refractory Multiple 
Myeloma

Recruiting NCT02199665

6 Bortezomib, Selinexor, and Dexamethasone in Patients With Multiple Myeloma Active, not 
recruiting

NCT03110562

7 SELIBORDARA: Selinexor, Bortezomib and Daratumumab in Multiple Myeloma Recruiting NCT03589222

8 Selinexor and Backbone Treatments of Multiple Myeloma Patients Recruiting NCT02343042

9 Selinexor, Pomalidomide, and Dexamethasone With or Without Carfilzomib for the Treatment of 

Patients With Relapsed Refractory Multiple Myeloma, The SCOPE Trial

Recruiting NCT04764942

10 A Study of Evaluating the Safety and Efficacy of ATG-010 in Relapsed Refractory Multiple Myeloma Recruiting NCT03944057

11 Myeloma-Developing Regimens Using Genomics (MyDRUG) Recruiting NCT03732703

12 Study of Single Agent Belantamab Mafodotin Versus Pomalidomide Plus Low-dose Dexamethasone 

(Pom/Dex) in Participants With Relapsed/Refractory Multiple Myeloma (RRMM)

Recruiting NCT04162210

13 A Study of Belantamab Mafodotin (GSK2857916) in Multiple Myeloma Participants With Normal and 

Impaired Hepatic Function

Recruiting NCT04398680

(Continued)
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the management of ocular toxicity. Ocular toxicity also 
becomes important if the patient has received previous 
treatment with Sel, as Sel has shown to contribute to 
blurred vision in 10–11% of patients and cataract forma
tion in 4%.

Another toxicity worth watchful monitoring with both 
Sel and belamaf treatment is thromboembolism but is not 
commonly reported in clinical trials.16,21 

Thromboembolism prophylaxis may be warranted but is 
not required. Non-hematological toxicities related to both 
Sel and belamaf can be managed with standard treatment 

guidelines. Nausea and vomiting related to Sel may pre
dispose patients to develop AKI. An antiemetic should be 
added to Sel due to its high emetogenic potential and 
nausea should be addressed promptly.3 Since Dexa is 
added to the Sel treatment, the treating physician may 
find that patients do not experience nausea during the 
initial days of treatment. Instead, they experience delayed 
nausea and vomiting that will require the additional use of 
antiemetics.

Sel is also related to neurotoxicity and hyponatremia. 
The treatment for hyponatremia is usually not required 

Table 6 (Continued). 

S.N Title Status NCT 
Number

14 A Study of Belantamab Mafodotin (GSK2857916) in Multiple Myeloma Participants With Normal and 

Varying Degree of Impaired Renal Function

Recruiting NCT04398745

15 A Study of Belantamab Mafodotin to Investigate Safety, Tolerability, Pharmacokinetics, Immunogenicity 

and Clinical Activity in Participants With Relapsed/Refractory Multiple Myeloma (RRMM)

Active, not 

recruiting

NCT04177823

16 Belantamab Mafodotin in Newly Diagnosed Transplant Eligible Multiple Myeloma Patients Recruiting NCT04802356

17 Study of Belantamab Mafodotin Plus Standard of Care (SoC) in Newly Diagnosed Multiple Myeloma Recruiting NCT04091126

18 Belantamab Mafodotin Plus Pomalidomide and Dexamethasone (Pd) Versus Bortezomib Plus Pd in 
Relapsed/Refractory Multiple Myeloma

Recruiting NCT04484623

19 Evaluation of Efficacy and Safety of Belantamab Mafodotin, Bortezomib and Dexamethasone Versus 
Daratumumab, Bortezomib and Dexamethasone in Participants With Relapsed/Refractory Multiple Myeloma

Recruiting NCT04246047

20 Blmf, Lenalidomide and Dexamethasone in Transplant-ineligible Patients With Newly Diagnosed 
Multiple Myeloma

Recruiting NCT04808037

21 Study of Belantamab Mafodotin as Pre- and Post-autologous Stem Cell Transplant and Maintenance for 
Multiple Myeloma

Recruiting NCT04680468

22 Platform Study of Belantamab Mafodotin as Monotherapy and in Combination With Anti-cancer 
Treatments in Participants With Relapsed/Refractory Multiple Myeloma (RRMM) (DREAMM 5)

Recruiting NCT04126200

23 A Study to Investigate the Efficacy and Safety of Two Doses of GSK2857916 in Participants With 
Multiple Myeloma Who Have Failed Prior Treatment With an Anti-CD38 Antibody

Active, not 
recruiting

NCT03525678

24 To Evaluate Safety, Tolerability, and Clinical Activity of the Antibody-drug Conjugate, GSK2857916 

Administered in Combination With Lenalidomide Plus Dexamethasone (Arm A), or in Combination 

With Bortezomib Plus Dexamethasone (Arm B) in Participants With Relapsed/Refractory Multiple 
Myeloma (RRMM)

Recruiting NCT03544281

25 Study Evaluating Safety, Tolerability and Clinical Activity of GSK2857916 in Combination With 
Pembrolizumab in Subjects With Relapsed/Refractory Multiple Myeloma (RRMM)

Active, not 
recruiting

NCT03848845

26 An Open-label, Dose Escalation Study in Japanese Participants With Relapsed/Refractory Multiple 
Myeloma Who Have Failed Prior Anti Myeloma Treatments

Recruiting NCT03828292

27 Selinexor and Backbone Treatments of Multiple Myeloma Patients Recruiting NCT02343042

28 Myeloma-Developing Regimens Using Genomics (MyDRUG) Recruiting NCT03732703
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until when G3 or 4. Hyponatremia should be expected 
when patients report unexplained fatigue or slow thought 
process. Early identification of hyponatremia is crucial as 
it may worsen with nausea, vomiting, diarrhea, and 
reduced oral intake. Sodium levels should be monitored 
at baseline and throughout the treatment. Sel-related hypo
natremia usually occurs on day eight or afterward, there
fore other hyponatremia causes should be ruled out if it 
occurs earlier during the course. Neurotoxicity usually 
develops in the third or fourth week of Sel treatment and 
manifests as syncope, dizziness, cognitive difficulties, and 
mental status changes. The treatment should be interrupted 
and other causes of mental status changes should be ruled 
out.2,6,21

As these are newer drugs with limited data, continu
ous surveillance and monitoring are strictly warranted 
during the treatment course with early mitigation strate
gies. The common AEs and their management strategies 
have been summarized in Table 5. Various ongoing clin
ical studies of these two drugs have been summarized in 
Table 6.

Conclusion
Cytopenias, constitutional symptoms, gastrointestinal 
effects, hyponatremia, and anemia are the major toxicities 
of Sel and belamaf. Managing Sel toxicities require fre
quent monitoring for blood counts and basic metabolic 
panel along with prophylactic use of antiemetics, and 
appetite stimulants as needed and colony-stimulating fac
tors/hematopoietic growth factors in addition to dose inter
ruptions and modifications to manage neutropenia and 
cytopenia. We recommend following REMS program 
guidelines for close monitoring and evaluation of belamaf 
toxicities and early ophthalmic intervention. The physician 
should be aware of thrombocytopenia and its management 
as well as belamaf ocular toxicity which is best managed 
with dose reduction and dose delays but if missed could 
have serious complications.
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Background: Understanding the distribution of blood groups and blood donation will
ingness in a population is crucial in managing blood banks and transfusion services. 
Moreover, awareness of one’s own blood group is essential especially in emergencies that 
mandate blood donation. This study aimed to determine the distribution of ABO and Rhesus 
(Rh) blood groups among health students, the students’ knowledge about their blood group, 
and their willingness to donate blood.
Methods: This cross-sectional study included all newly accepted health students in a large 
university in the Eastern Province of Saudi Arabia (N=1145) during August 2020. The data 
included a self-administered questionnaire and the serology results of ABO and Rh factors. 
Chi-squared and Fisher’s exact tests were performed followed by a multivariable binary 
logistic regression analysis which identified the predictors of willingness of blood donation.
Results: Blood group O was the most frequent type among students (51.1%), followed by 
group A (24.5%) and B (20.4%). The majority (93.3%) of students had Rh-positive factor. 
When we compared students’ answers with their sample results, most students (75.5%) 
correctly reported their ABO and Rh blood groups. Male students and those with 
a previous history of blood donation correctly reported their blood group more than others. 
Of the total sample, 47.3% were willing to donate blood within the next year. Positive 
predictors of the willingness of student to donate blood included being male, and those with 
a history of blood donation. Interestingly, students with a family member in the healthcare 
field were significantly less likely to donate blood.
Conclusion: Blood group O and Rh positive were the most frequent blood groups. Most 
students had a good knowledge about their blood groups, and about half of students were 
willing to donate blood. Efforts to encourage the young population to participate in blood 
donation are crucial.
Keywords: ABO blood group, Rh factor, blood donation, Saudi, students

Introduction
ABO and Rhesus (Rh) blood groups, the most recognized blood group systems, are 
important for transfusion and transplantation safety, and have been linked with 
susceptibility to certain diseases.1 Frequencies of blood groups vary in different 
ethnic groups. In the United States, among Caucasians, the distribution of blood 
groups O, A, B, and AB was 45.0%, 40.0%, 11.0%, and 4.0%, respectively. In 
Hispanics, the frequencies were reported to be 57.0%, 31.0%, 10.0% and 3.0%, 
respectively. In Blacks, the distributions were 50.0%, 26.0%, 20.0% and 4.0%, 
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respectively.2 In China, the most common blood group 
was A (30.5%), followed by O (30.4%) and B (29.4%), 
and the least common was AB (9.7%). Moreover, only 
1.02% of the population had Rh-negative factor.1 In Saudi 
Arabia, a previous report among 9939 stem cell donors 
from different regions in the Kingdom showed that Blood 
group O was the most frequent type (50.4%), followed by 
group A (28.6%), and B (17.1%), and the least common 
was group AB (4.0%), Moreover, about 90.0% of donors 
were Rh-positive.2 Blood-derived products are frequently 
used as a life-saving procedure in both routine and emer
gency situations that require a replacement of blood.3 

Awareness of one’s own blood group is essential, primarily 
because it is important in case an urgent transfusion is 
required. The awareness rate varies between different 
countries, ranging between 50.0% in the UK and 97.0% 
in Japan.4

The blood donation system in Saudi Arabia allows only 
healthy adults, with an age range from 18 to 65 years, to 
donate.5 The contribution of the young population in blood 
donation is essential, since they are less likely to suffer 
from certain conditions that would disqualify from 
donating.4 Moreover, the presence of health students in 
the teaching hospitals, with a variety of blood groups, can 
serve as an essential pool of potential blood donors for 
many reasons. These students have the benefit of easy 
accessibility to blood banks, are usually young and 
healthy, and more aware of the local needs of blood 
products.4,6 The attitude of health students towards blood 
donation is different among countries. In Portugal, only 
12.7% of health science students had ever donated blood, 
however, 88.0% of non-donors will donate blood if 
necessary.7 In Northwest Ethiopia, 16.8% of students in 
a university donated blood voluntarily.8 In India, 22.9% of 
students in a medical college had a history of blood dona
tion, and the majority (91.0%) were willing to donate in 
the future.6 In Poland, 30.2% of students were blood 
donors.4 In Tanzania, around 30.0% of university students 
donated blood, and 89.3% reported willingness to donate 
blood to anyone upon request.9 In Hong Kong, 49.45% of 
students from one university were blood donors.10 In 
Saudi Arabia, a study conducted between 2014 and 2015 
revealed that 30.1% of healthcare students had a history of 
blood donation and the majority (98.0%) reported will
ingness to donate blood to their relatives and non- 
relatives (90%).11

Up-to-date knowledge on the pattern of blood types 
and the rates of willingness of young population to donate 

blood is essential for national health services. Moreover, 
there is limited data concerning the knowledge of one’s 
own blood group in Saudi Arabia. Hence, the objective of 
this study was to estimate the frequency of different ABO 
and Rh blood groups among health track students in 
a large university in the Eastern Province of Saudi 
Arabia, as well as to determine students’ knowledge 
about their blood group and their willingness to donate 
blood.

Materials and Methods
Ethical Approval
The Institutional Review Board committee at Imam 
Abdulrahman Bin Faisal University approved the study. 
The researcher obtained the written consent from all parti
cipants, and from the parents/guardians if less than 18 
years old after explaining the study purpose and to reas
sure them that there were no negative consequences for 
them. Confidentiality of the data was assured. This study 
complied with the principles of the Declaration of 
Helsinki.

Study Design, Setting, and Population
This cross-sectional study included all first-year, newly 
accepted, health students at Imam Abdulrahman Bin 
Faisal University in the Eastern Province of Saudi Arabia 
(N=1145) and was conducted in the Family and 
Community Medicine center of the Imam Abdulrahman 
Bin Faisal University during August 2020 after ethical 
approval and informed consent was obtained.

Data Collection
The data had two components. The first part was a self- 
administered questionnaire (Supplementary File). It was 
designed by the researchers after a review of recent litera
ture and similar studies based on the objectives of the 
study.3,4 This part included questions on sociodemo
graphic factors, self-reported ABO and Rh blood groups, 
participant’s willingness to donate blood in the next year, 
and other questions that could affects the participant’s 
knowledge on self-blood type or willingness to donate 
such as having chronic disease or the presence of health 
care workers in the family. This part was developed initi
ally in English then double translated from English to 
Arabic then to English. It was tested by a pilot study 
among 30 students and was revised for content validity 
by three professional experts.
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The second part of the data was the serology results 
and included ABO and Rh factors tests. Blood samples 
were collected from participants and tested for the ABO 
and Rh blood groups and both were performed simulta
neously with reagents (anti-A, anti-B, and anti-D). The red 
blood cell agglutination method was used for blood type 
analysis. Prior to blood extraction, the investigators 
approached the students and distributed the online-based 
self-reported questionnaires.

Data Management and Analysis
After checking for completeness and consistency, data 
were analyzed using IBM SPSS for Windows, version 26 
(IBM Corp., Armonk, NY, USA). Good knowledge about 
self-blood group included participants who correctly iden
tified their ABO blood group and/or Rh factors by com
paring their answers in the survey with their serology 
results. Participants who incorrectly reported their ABO 
and/or Rh blood groups along with those who answered 
(Not sure) were included as poor knowledge. Categorical 
variables, were presented as percentages and frequency 
distribution, and the 95% confidence intervals for propor
tions were determined using the formula for standard error 
of measurement. Variables were compared using the chi- 
squared or Fisher’s exact tests. Bonferroni-corrected post- 
hoc comparisons were conducted as appropriate. 
Multivariable binary logistic regression analysis was con
ducted to identify the independent predictors of the will
ingness to donate blood next year. Candidate variables 
were selected based on medical literature and bivariate 
analyses. Odds ratio (OR) with 95% confidence intervals 
(CI) were estimated using the full model fit and were 
reported in comparison with the designated reference 
group. The goodness-of-fit of the model was evaluated 
using the Omnibus and Hosmer-Lemeshow tests. The sig
nificance level was defined as α = 0.05.

Results
Participants Characteristics
The study included 1145 participants, and comprised of 
54.9% female and 45.1% male students. The majority 
(80.4%) of students was aged 18 years old, and 72.1% 
students were originally from the Eastern Province of 
Saudi Arabia. Only 10.5% students had a history of 
chronic diseases. The hematological disorders, including 
glucose-6-phosphate dehydrogenase deficiency (n=62) and 
sickle cell diseases (n=14) constituted a major part of these 

conditions. Other reported diseases included asthma 
(n=17), type 1 diabetes mellitus (n=7), psoriasis (n=4), 
and eczema (n=4). About 40.5% of students had healthcare 
workers in the family (Table 1).

Blood Groups of Participants
Overall, 51.1% of students had a blood group O making it 
the most frequent ABO blood group while the least fre
quent blood type was blood group AB (4.0%). 
Furthermore, 280 (24.5%) and 234 (20.4%) students had 
blood group A and B, respectively. The majority (93.3%) 
of students had Rh positive blood group.

There was no statistically significant difference in the 
ABO and Rh blood group types according to age and 
gender. However, there was a significant association 
between the ABO and Rh blood group types and the origin 
in Saudi Arabia (P < 0.05). While the pattern of frequency 
of the blood groups was similar across all the regions, it 
was notable that the students who were from the Southern 
Province had the lowest prevalence (7.5%) of blood group 
B (P = 0.004) (Table 2).

Awareness of Blood Group Types
Most students had a good knowledge about their ABO 
(81.9%; 95% CI: 79.7–84.1) and Rh (81.0%; 95% CI: 
78.7–83.3) blood group types. Overall, three-fourths 
(75.5%; 95% CI: 73.0–78.0) of students reported their 
ABO–Rh blood group correctly. Table 3 demonstrates 
the self-reported blood groups of the participants and 
their serology results. The majority of students with Rh 
positive correctly reported their Rh group. On the other 
hand, 59.8% of students who reported their Rh group as 
negative had a good knowledge about their Rh type. 
Table 4 summarizes the associations with the good 
knowledge about the ABO and Rh groups. For instance, 
male students had a higher proportion (89.1%) of good 
knowledge about their ABO blood groups than their 
female counterparts (76.0%) (P < 0.001). Additionally, 
students who had a previous history of blood donation 
had a higher proportion of good knowledge about their 
ABO and Rh blood groups compared with those who had 
not (90.9% and 93.9% vs 81.4% and 80.2%, respec
tively) (P < 0.05). Moreover, other demographic and 
socioeconomic factors, including age, marital status, par
ental education, and having a chronic disease were not 
significantly associated with a good knowledge about the 
blood group of the student (P > 0.05).
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Attitudes Towards Blood Donation
Only 66 (5.8%) students reported previous experience of 
blood donation and most of them (83.1%) donated only 
once. Moreover, only 17 (1.5%) students had a history of 
blood transfusion. Additionally, around half (47.3%; 95% 
CI: 44.4–50.2) of participants reported a willingness to 
donate blood in the next 12 months.

Male students reported a higher willingness to donate 
blood in the next 12 months than their female counterparts 
(57.8% vs 38.8%) (P < 0.001). Students with a history of 
chronic diseases (37.5%) were less willing to donate blood 

than those without (48.5%) (P = 0.023). Students who had 
a family member in the healthcare field were slightly less 
willing to donate blood next year (43.5% vs 49.9%) (P = 
0.033). Moreover, a good knowledge about the blood 
groups was not found to be significantly associated with 
the willingness to donate blood (P > 0.05) (Table 5).

Multivariable Analysis of Factors 
Associated with Blood Donation
Multivariable binary logistic regression analysis was per
formed to identify the independent predictors of the 

Table 1 Sociodemographic Characteristics of Participants

Variable N (%) [95% CI]

Age 17 years 145 (12.7) [10.8–14.6]

18 years 921 (80.4) [78.1–82.7]

19 years 79 (6.9) [5.4–8.4]

Gender Female 629 (54.9) [52.0–57.8]

Male 516 (45.1) [42.2–48.0]

Marital Status Single 1135 (99.1) [98.6–99.6)

Married 10 (0.9) [0.4–1.4]

Origin in Saudi 
Arabia

Eastern Province 825 (72.1) [69.5–74.7]

Central Province 84 (7.3) [5.8–8.8]

Northern Province 55 (4.8) [3.6–6.0]

Western Province 61 (5.3) [4.0–6.6]

Southern Province 120 (10.5) [8.7–12.3]

Have Chronic 

Diseases

Yes 120 (10.5) [8.7–12.3]

No 1025 (89.5) [87.7–91.3]

Paternal Education Less Than Secondary School 124 (10.8) [9.0–12.6]

Secondary School 319 (27.9) [25.3–30.5]

Diploma or Bachelor 569 (49.7) [46.8–52.6]

Master or Doctorate 133 (11.6) [9.7–13.5]

Maternal Education Less Than Secondary School 167 (14.6) [12.6–16.6]

Secondary School 306 (26.7) [24.1–29.3]

Diploma or Bachelor 629 (54.9) [52.0–57.8]

Master or Doctorate 43 (3.8) [2.7–4.9]

Have HCW in the 

Family

Yes 464 (40.5) [37.7–43.3]

No 681 (59.5) [56.7–62.3]

Abbreviations: N, Number of participants; HCW, Healthcare workers; CI, confidence interval.
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willingness for blood donation in the next 12 months. The 
model revealed that male students were 1.9-times (OR = 
1.09; 95% CI: 1.50–2.44) more likely to donate blood than 
their female counterparts. Additionally, the previous history 
of blood donation is an independent predictor (OR = 4.57; 
95% CI: 2.33–8.94) of the willingness to donate blood 
next year. In contrast, having a chronic disease (OR = 
0.64; 95% CI: 0.43–0.96) or having a family member in 

the healthcare field (OR = 0.76; 95% CI: 0.59–0.97) were 
independent predictors of the unwillingness to donate blood 
(Table 6).

Discussion
Awareness of one’s own blood group is of great impor
tance especially in an emergency situation that mandates 
blood donation. The current study determined the 

Table 2 ABO and Rh Blood Groups According to Demographic Factors

Variable ABO Group P value Rh Positive N (%) P value

A N (%) B N (%) AB N (%) O N (%)

Age 17 years 42 (29.0) 27 (18.6) 7 (4.8) 69 (47.6) 0.142 136 (93.8) 0.951

18 years 225 (24.4) 191 (20.7) 32 (3.5) 473 (51.4) 858 (93.2)

19 years 13 (16.5) 16 (20.3) 7 (8.9) 43 (54.4) 74 (93.7)

Gender Female 137 (21.8) 134 (21.3) 24 (3.8) 334 (53.1) 0.120 591 (94.0) 0.308

Male 143 (27.7) 100 (19.4) 22 (4.3) 251 (48.6) 477 (92.4)

Origin in Saudi Arabia (Province) Eastern 195 (23.6) 184 (22.3) 32 (3.9) 414 (50.2) 0.032 779 (94.4) 0.003

Central 21 (25.0) 22 (26.2) 4 (4.8) 37 (44.0) 71 (84.5)

Northern 10 (18.2) 11 (20.0) 3 (5.5) 31 (56.4) 54 (98.2)

Western 17 (27.9) 8 (13.1) 4 (6.6) 32 (52.5) 55 (90.2)

Southern 37 (30.8) 9 (7.5) 3 (2.5) 71 (59.2) 109 (90.8)

Note: P values are in bold if statistically significant. 
Abbreviation: N, Number of participants.

Table 3 Self-Reported and Serology Results of Participants’ Blood Groups

Blood groups Serology Result

ABO Groups A N (%) B N (%) AB N (%) O N (%)

Self- 
Reported

A 223 (89.9) 7 (2.8) 4 (1.6) 14 (5.7)

B 3 (1.6) 177 (91.7) 2 (1.0) 11 (5.7)

AB 1 (2.6) 2 (5.1) 35 (89.7) 1 (2.6)

O 13 (2.5) 14 (2.6) 0 (0) 503 (94.9)

Not Sure 40 (29.6) 34 (25.2) 5 (3.7) 56 (41.5)

Rh Groups Positive N (%) Negative N (%)

Self- 
Reported

Positive 875 (98.1) 17 (1.9)

Negative 35 (40.2) 52 (59.8)

Not Sure 158 (95.2) 8 (4.8)

Note: Correctly identified blood groups are in bold. 
Abbreviation: N, Number of participants.
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frequencies of ABO and Rh blood groups among first-year 
health students in a large university in the largest Province 
of Saudi Arabia, where there is a lack of data on this 
subject. Moreover, to the best of our knowledge, there 
have been no previous studies in Saudi Arabia concerning 
knowledge about one’s own blood group.

This study showed that the most frequent blood type is 
O (51.1%), followed by blood group A (24.5%) and 

B (20.4%), and the least frequent is type AB (4.0%). 
Additionally, the majority (93.3%) of students had Rh- 
positive blood group. This is consistent with studies con
ducted in different countries, and is especially similar to 
the distribution of ABO and Rh blood groups in 
Tanzania.12 Moreover, a similar pattern was reported in 
studies from Ethiopia, Kenya, Mauritania, Nigeria, 
Uganda, and among blood and stem cell donors in Saudi 

Table 4 Good Knowledge About the Self-Blood Groups in Participants

Variable Good Knowledge About Self-Blood Group

ABO Group N (%) P value Rh Factor N (%) P value

Age 17 years 118 (81.4) 0.687 115 (79.3) 0.160

18 years 758 (82.3) 754 (81.9)

19 years 62 (78.5) 58 (73.4)

Gender Female 478 (76.0) <0.001 478 (76.0) <0.001

Male 460 (89.1) 449 (87.0)

Marital Status Single 931 (82.0) 0.400 919 (81.0) 1.000

Married 7 (70.0) 8 (80.0)

Paternal Education Less Than Secondary School 100 (80.6) 0.531 95 (76.6) 0.591

Secondary School 254 (79.6) 258 (80.9)

Diploma or Bachelor 475 (83.5) 464 (81.5)

Master or Doctorate 109 (82.0) 110 (82.7)

Maternal 

Education

Less Than Secondary School 138 (82.6) 0.712 136 (81.4) 0.850

Secondary School 244 (79.7) 251 (82.0)

Diploma or Bachelor 520 (82.7) 507 (80.6)

Master or Doctorate 36 (83.7) 33 (76.7)

Chronic Disease Yes 100 (83.3) 0.671 97 (80.8) 0.970

No 838 (81.8) 830 (81.0)

HCW in Family Yes 385 (83.0) 0.445 393 (84.7) 0.008

No 553 (81.2) 534 (78.4)

Donated Blood Yes 60 (90.9) 0.049 62 (93.9) 0.006

No 878 (81.4) 865 (80.2)

Received Blood Yes 13 (76.5) 0.528 12 (70.6) 0.344

No 925 (82.0) 915 (81.1)

Had Surgery Yes 187 (83.1) 0.605 187 (83.1) 0.359

No 751 (81.6) 740 (80.4)

Note: P values are in bold if statistically significant. 
Abbreviations: N, Number of participants; HCW, Healthcare workers.
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Table 5 Willingness to Donate Blood Next Year in Participants

Variable Willingness to Donate Blood

N (%) P value

Age 17 years 72 (49.7) 0.152

18 years 425 (46.1)

19 years 45 (57.0)

Gender Female 244 (38.8) <0.001

Male 298 (57.8)

Marital Status Single 536 (47.2) 0.531

Married 6 (60.0)

Paternal Education Less Than Secondary 

School

63 (50.8) 0.341

Secondary School 146 (45.8)

Diploma or Bachelor 278 (48.9)

Master or Doctorate 55 (47.3)

Maternal Education Less Than Secondary 

School

89 (53.3) 0.121

Secondary School 135 (44.1)

Diploma or Bachelor 293 (46.6)

Master or Doctorate 25 (58.1)

Chronic Diseases Yes 45 (37.5) 0.023

No 497 (48.5)

HCW in Family Yes 202 (43.5) 0.033

No 340 (49.9)

Donated Blood Yes 55 (83.3) <0.001

No 487 (45.1)

Received Blood Yes 9 (52.9) 0.641

No 533 (47.3)

Good Knowledge about Self-Blood 
Groups

ABO Yes 441 (47.0) 0.643

No 101 (48.8)

Rh Yes 446 (48.1) 0.278

No 96 (44.0)

Both Yes 414 (47.9) 0.490

No 128 (45.6)

Note: P values are in bold if statistically significant. 
Abbreviations: N, Number of participants; HCW, Healthcare workers.
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Arabia in which blood group O was the predominant 
group and AB was the least prevalent.2,12,13 Demand for 
blood products is high, and blood banks need up-to-date 
information regarding the frequency of blood groups in the 
region to ensure sufficient supply, especially for the most 
required blood types.12 Our study found a significant asso
ciation between the ABO and Rh blood group types and 
participant’s origin in Saudi Arabia. While the pattern of 
frequency of the blood groups was similar across all the 
regions, students from the Southern Province had the low
est prevalence (7.5%) of blood group B. It has been pre
viously described that societies practicing endogamy tend 
to be genetically isolated. For instance, genetic studies 
among several endogamous populations in Bihar, India, 
revealed that these populations have less gene diversity 
and thus have less variability in ABO and Rh blood 
groups.14 Thus, the cultural tradition of endogamy may 
contribute to the observed pattern of blood group distribu
tion in the Southern region.

When we compared students’ answers to questions 
about their blood group with their sample results, most 
students correctly reported their ABO (81.9%) and Rh 
(81.0%) blood group types. Moreover, three-fourths 
(75.5%) of students reported their ABO and Rh blood 
groups correctly. In line with these findings, a study 
among 1121 students with different health specialties in 
Poland found that 86.8% of students were aware of their 
blood group.4 Slightly higher than our findings, a study on 
235 medical students in North India found that 95.7% of 
students were aware of their blood types. However, the 
data was collected through a self-reported survey rather 
than comparing students’ answers with a more objective 

tool.6 Another study in Nigeria among 155 undergraduate 
medical and dental students showed that less than half of 
them (43.9%) knew their blood groups.15 Although the 
small sample size was a major limitation in that study, 
their finding of a significant association between a history 
of blood donation and student’s awareness of their blood 
groups was in line with our study.15 This study showed 
that male students had a higher proportion of knowledge 
about their ABO and Rh blood groups than their female 
counterparts. This observation could be attributed to some 
regulations in the Kingdom where until very recently, 
females were not allowed to drive. Information on ABO 
and Rh factors are reported in the driver license. 
Therefore, this discrepancy in knowledge between males 
and females may be eliminated in the next few years with 
the growing number of females drivers in the country.

The relatively small number of students with a history 
of donation may be attributed to the policy implemented 
by Saudi Arabia’s Ministry of Health where donation is 
not permitted for individuals below 18 years of age, and 
our population’s age ranged between 17 and 19 years old.5

While most of blood donors in this study (83.1%) 
reported donating blood only once in their lifetime, those 
who donated were more likely to do it again over the 
next year. These results corroborate the findings of Huis 
In ‘T Veld et al in which blood shortages were more likely 
to be alleviated by previous donors.16

Willingness to donate blood has been a question of 
interest in similar studies with a remarkably wide range 
of results. A survey conducted in Kilimanjaro, Tanzania, 
reported that 89.3% of their university students’ sample 
(n=422) were willing to donate blood to anyone 

Table 6 Multivariable Regression of Factors Associated with Willingness to Donate Next Year

Variables Univariable Logistic Regression Multivariable Logistic Regression

OR [95% CI] P value OR [95% CI] P value

Age 17 years 1.0 Reference Group 1.0 Reference Group

18 years 0.87 [0.61–1.23] 0.431 0.82 [0.57–1.17] 0.268

19 years 1.34 [0.77–2.33] 0.296 1.09 [0.62–1.94] 0.758

Male Gender 2.16 [1.70–2.73] <0.001 1.91 [1.50–2.44] <0.001

Have Chronic Diseases 0.64 [0.43–0.94] 0.023 0.64 [0.43–0.96] 0.031

Donated Blood Previously 6.08 [3.15–11.74] <0.001 4.57 [2.33–8.94] <0.001

Have HCW in the Family 0.77 [0.61–0.98] 0.034 0.76 [0.59–0.97] 0.026

Note: P values are in bold if statistically significant. 
Abbreviations: OR, odds ratio; CI, confidence interval; HCW, healthcare workers.
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voluntarily, and 94.5% were willing to donate blood to 
their relatives.9 In our study, we found that about half 
(47.3%) of participants reported a willingness to donate 
blood in the next 12 months.

Consistent with previous research, we found that male 
students report more willingness to donate blood than their 
female counterparts.9,12 Additionally, this finding was 
documented in a Saudi study in which females constituted 
less than 5.0% of blood donors.17 Bani and Giussani have 
described in a literature review how gender appeared to 
play a critical role in the motivation to donate blood. They 
reported that females seemed more guarded about repeated 
blood donations and were more fearful of adverse reac
tions making them less frequent blood donors.18 Another 
study that surveyed 469 female students revealed that 
89.3% of them had never donated blood. When asked 
about reasons, they cited fear, accessibility issues to dona
tion sites, and not having time to donate.19 These observa
tions highlight the need to raise awareness among females 
about the safety of giving blood and breaking the barriers 
to blood donation.

In this study, we found that students with a reported 
history of chronic diseases were less willing to donate 
blood in the next 12 months than those without. It is not 
precisely clear why, however, most of the reported chronic 
diseases were hematologic conditions such as sickle cell 
disease, which may explain why these students seem to be 
less willing to donate blood. Another possible explanation 
for this might be linked to some blood donors’ safety 
concerns reported in a large cross-sectional study in the 
European Union.16 However, we did not assess the stu
dents’ knowledge about the contraindications of a blood 
donation. Nonetheless, misconceptions and myths around 
blood donation and blood transfusion are not 
uncommon.3,11,20

Contrary to expectations, students with a family mem
ber in the healthcare field were slightly less willing to 
donate blood. Our analysis showed that this was an inde
pendent predictor for the unwillingness for blood donation. 
It is known that blood donation is remarkably safe, and the 
perceived risk for a transfusion has not been associated 
with objective knowledge.21,22 However, experimental stu
dies to examine the impact of message cueing and framing 
on young adults indicated that people’s perception might 
be altered by how the information is presented. For 
instance, Farrell et al suggested that presenting blood 
donation/transfusion risk information as a positive frame, 
compared with either a mixed or negative frame, resulted 

in people voicing more confidence on the safety of blood 
donation/transfusion.23 Likewise, it could be argued that 
learning more about the potential risks, or in a negative 
frame, from a relative healthcare worker may adversely 
impact the person’s willingness to donate blood. There is 
limited data available to explain this observation. Hence, 
this question remains unanswered at present.

This study has some limitations; it was cross-sectional, 
and we cannot establish the temporal relationship between 
the associated factors we observed with a willingness to 
blood donation among the population in this study. Data 
on the history of previous blood donation and its fre
quency depend on self-reported information by the stu
dents and was not verified with any registry or medical 
reports. Therefore, recall bias could not be excluded. 
Moreover, involving a limited age range is another limita
tion in this study.

Conclusion
This study provides epidemiological information about the 
blood groups’ distribution, knowledge about self-blood 
groups, blood donation willingness and the associated 
characteristics among the first-year health students in 
a large university in the Eastern Province of Saudi 
Arabia. ABO blood group O and positive Rh type were 
the most frequent blood groups, and most students knew 
their blood groups. Additionally, about half of students 
were willing to donate blood during the next year. 
Encouraging the young population, especially females, to 
participate in blood donation is important. Moreover, simi
lar studies across the Kingdom are recommended.
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Background: Hepatitis is an inflammation of the liver and often caused by viruses. 
Hepatitis viruses are the leading causes of liver-related morbidity and mortality worldwide, 
with Hepatitis B and C viruses share the great majority. Studies have shown that prison 
settings are one of the high-risk environments for the transmission of these viruses. However, 
there is limited information on the seroprevalence and associated factors of hepatitis B and 
C viral infection among Ethiopian prisoners.
Methods: A facility-based cross-sectional study was conducted among 339 prisoners in 
Dessie town, Ethiopia from February to April 2020. Hepatitis B surface antigen and antibody 
against hepatitis C virus in serum were determined using Enzyme-Linked Immunosorbent 
Assay. We imputed the data using “EpiData 3.1” software and exported it to Statistical 
Package for Social Sciences version 20.0 for analysis, and a p-value of <0.05 was considered 
statistically significant.
Results: The overall seroprevalence of hepatitis B surface antigen and anti-hepatitis C virus 
among prisoners was 22/339 (6.5%) (95% CI = 3.8–9.4), and 4/339 (1.2%) (95% CI = 0.0– 
2.4), respectively. Multiple sexual partners, previous imprisonment, body tattooing, and 
contact with the jaundiced patient were independently associated with hepatitis B virus 
infection. Prisoners who had a history of blood transfusion, and dental extraction were 
independently associated with hepatitis C virus infection.
Conclusion: The seroprevalence of hepatitis B and hepatitis C viral infection among Dessie 
town prisoners was intermediate and low, respectively. The finding of a significant associa
tion between the presence of Hepatitis B surface antigen and hepatitis C virus antibodies 
among prisoners and factors calls for the need of serological testing for both Hepatitis B and 
C viruses to high-risk individuals. Strengthening screening strategies and prevention pro
grams in prison settings is advisable to prevent disease transmission.
Keywords: hepatitis B virus, hepatitis C virus, prison, associated factors, Ethiopia

Background
Viral hepatitis is considered a significant public health problem worldwide;1 it is 
responsible for the deaths of approximately 1.4 million people per year. Of those 
deaths, ~96% are attributable to the Hepatitis B virus (HBV) and Hepatitis C virus 
(HCV) infection.1,2 Hepatitis B virus, along with HCV, accounts for 60% of 
cirrhosis and 80% of hepatocellular carcinoma (HCC) and causes one million 
deaths each year around the globe. Worldwide, an estimated 71 million people 
(African region accounts for 11 million) are living with chronic HCV infection, 
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with a seroprevalence of between 2% - 3%.1–3 Hepatitis 
C virus can cause both acute and chronic infection and is 
a major cause of liver cancer.4 Globally, HCV accounts for 
an estimated 28% and 26% of cases of cirrhosis and HCC, 
respectively.5,6

Even though there are effective vaccine and antiviral 
therapies for HBV infection that makes the elimination of 
HBV possible, there is a lot to do, especially in low- 
income countries.7 In the case of HCV, in addition to the 
absence of an effective vaccine, the presence of diversified 
genotypes, drug-resistant variants, occult HCV infection, 
and other cost and awareness-related factors make its 
elimination difficult.8,9 For the elimination of HBV and 
HCV to be possible, working hard on awareness creation, 
testing, and vaccinating people in high-risk groups, includ
ing people in prisons and those who are intravenous drug 
users is mandatory.8–11

Insufficient infection control, poor medical diagnosis, 
inaccessible to treatment, and the absence of harm reduc
tion practice in prisons make prisoners exposed to various 
infectious diseases.12–14 As a result, prisoners are consid
ered as one of the high-risk group populations and are the 
focus of many researchers across the world.12,15–21 Since 
sharing needles and sharp materials is common in the 
prison setting, the incidence of HCV infection is expected 
to be high in these populations.22 Furthermore, different 
studies documented that the prevalence of HCV and HBV 
infection among prisoners is much higher than that of the 
general population.13,23–25

Worldwide, more than 10.74 million people are incar
cerated in penal institutions. In Africa, Ethiopia has 
the second-highest number of prisoners. According to the 
12th edition of the world prison population list, in 2018, 
there were 113,727 prisons distributed across Ethiopia.26 

In Ethiopia, studies conducted on HBV27,28 and HCV27 

infection among prisoners are limited to a few reports. We 
believed that investigating the seroprevalence of HBV and 
HCV among prisoners is relevant to public health for 
maintaining the chain of infection transmission. 
Therefore, this study aimed to determine the prevalence 
and associated factors of HBV and HCV infections among 
prisoners in Dessie town.

Methods
Study Design and Setting
A facility-based cross-sectional study was conducted 
among prisoners in Dessie town from February to 

April 2020. Dessie town is located at South Wollo Zone 
of Amhara Regional State, 401 km north of the capital 
city, Addis Ababa. Based on the information from the 
Dessie Prison Administration Office, during the data col
lection period, there were about 1350 detainees at the 
prison center. The prison has a clinic with six health 
professionals delivering healthcare service to the prisons. 
A total of 339 prisoners were tested for HBsAg and HCV 
antibody.

Sample Size and Sampling Technique
We calculated the sample size for this study using a single 
population proportion formula29 (n ¼ Za=2

� �2XP 1 � Pð Þd2) 
for estimation of prevalence based on a 10.4% prevalence of 
HBV infection among prisoners.28 The 10.4% prevalence 
provided us with the larger sample size (n = 398) at 95% 
CI, 3% margin of error (d) and 10% non-response rate. Since 
the number of prisoners in the Dessie prison center (N = 
1350) was less than 10,000, we used a correction formula 
(nf ¼ n

1þn
N

) and got a final sample size of 339. Study partici

pants were selected using the systematic random sampling 
technique, where after the first participant was selected using 
the lottery method, we selected other participants at a regular 
interval.30

Study Variables
The presence of HBsAg and anti-HCV was the outcome 
variable while socio-demographic characteristics, type of 
crime, current duration of stay in prison, number of sexual 
partners, history of blood transfusion, history of operation, 
dental extraction, sharing of sharp materials in prison, 
injectable drug use (IDU), tattooing practice or ear- 
piercing, and history of sexually transmitted diseases 
(STDs) were the predictor variables.

Definitions
Hepatitis B infection is diagnosed when HBsAg in the 
serum sample is detected using a serological test.10

Hepatitis C infection is diagnosed when anti-HCV 
antibodies in the serum sample are detected using serolo
gical tests.11

Data Collection and Laboratory methods
Data Collection
Data including socio-demographic characteristics and 
associated factors or history of high-risk behaviors were 
collected using a structured questionnaire. The 
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questionnaire was completed by trained data collectors 
who can speak and write the local language and under 
the supervision of the principal investigator.

Specimen Collection and Processing
Trained laboratory technologist collected five milliliters of 
venous blood with a plain tube from each study participant. 
The blood sample was allowed to clot at room temperature 
and centrifuged at 5000 rpm for 15 minutes, and then the 
serum separated. We transported the serum sample to the 
Ethiopian Red Cross Society Blood Bank of Dessie branch 
by using a cold box and stored it at −20°C until tested.27

Laboratory Methods
We tested the serum specimen for HBsAg and anti-HCV 
using the Beijing Wantai’s enzyme-linked immune sorbent 
assay (ELISA) test kits, developed by Wantai Biological 
Pharmacy Enterprise Co., Ltd. Wantai AiDTM HBsAg 
ELISA test kit with a sensitivity of 100% and specificity 
of 99.92% and Wantai AiDTM anti-HCV ELISA test kit 
with a sensitivity of 100% and specificity of 99.55% were 
used to test the presence of HBsAg and HCV antibodies in 
the serum, respectively.

Quality Control
A pre-tested and structured questionnaire was used to 
collect the data. Furthermore, the quality of data was 
also maintained by providing training for data collectors 
and conducting regular supervision. Standard operating 
procedures of sample collection and laboratory work 
were strictly followed.

Data Analysis
The collected data was entered into EpiData 3.1 software 
then exported to SPSS version 20.0 (SPSS, Chicago, IL, 
USA) for analysis. A descriptive and inferential statistics 
is used to present findings. Variables that show a p-value 
of <0.2 during univariate analysis were selected for multi
variable analysis. Adjusted odds ratios (AOR) and their 
95% confidence intervals (CIs) were used as indicators of 
the strength of association. A p-value <0.05 was used to 
indicate statistical significance. We have used previously 
defined endemicity levels to report the prevalence of HBV 
and HCV infection. The prevalence of HBsAg has been 
categorized as low (<2%), intermediate (2–8%), and high 
(>8%),31 and the prevalence of anti-HCV antibodies as 
high (>3.5%), moderate (1.5–3.5%), and low (<1.5%).32

Results
A total of 339 prisoners have participated in our study, 
with the mean age of 34 (± 13.2) years, ranged from 18 to 
83 years. Above eighty-nine percent (89.4%) of the prison
ers were male, 54.6% were from urban areas, and 49.3% 
were single (Table 1).

Prevalence
The seroprevalence of HBV infection was 22/339 (6.5%). 
More than half of the participants tested positive were age 
greater than 44. A relatively higher prevalence of HBsAg 18/ 
154 (11.7%) was observed among rural dweller prisoners. 
The difference in seroprevalence of HBV among age groups, 
marital statuses, residences, and educational statuses of the 
prisoners was significant (p-value <0.05). The overall sero
prevalence of HCV infections was 1.2% (4/339). The 
Fisher’s exact test showed that none of the socio- 
demographic characteristics of the prisoners were associated 
with the presence of HCV antibody (p-value >0.05) (Table 1).

History of the Prisoners
The mean duration of stay in prison was 3.5 ± 3.2 years, with 
a range of 1 month to 13 years. One hundred twenty-four 
(36.6%) participants had a history of the previous imprison
ment and are more likely to be positive for HBsAg (p-value 
<0.001). One hundred forty-three 143 (42.2%) and 191 
(56.3%) of the prisoners had a history of multiple sexual 
partner and tattooing, respectively. The presence of antibody 
to HCV was significantly higher among prisoners with 
a history of blood transfusion (p-value = 0.010), history of 
operation (p-value = 0.023), and history of dental extraction 
(p-value = 0.004) (Table 2). 

Associated Factors of HBV and HCV 
Infections
In multivariate analysis, individuals with age >44 years, 
rural residence, history of multiple sexual partners, previous 
imprisonment, body tattooing, and contact with jaundiced 
patients were significantly associated with the presence of 
HBsAg in the prisoners (p-value <0.05) (Table 3). 
Seroprevalence of HCV was significantly higher among 
prisoners with a history of blood transfusion (p-value = 
0.008) and dental extraction (p-value = 0.003) (Table 4). 

Discussion
People detained in prisons are at a higher risk of being 
infected with different infectious agents, including 
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hepatitis-causing viruses; they can be a reservoir of these 
agents and a source of infection within the community.14,33 

In the prison setting, HBV and HCV can be easily trans
mitted within inmates because of overcrowded conditions, 
injecting drug use practices, or sharing blood contaminated 
supplies (syringes, needles, scissors, or razors).

Prevalence of HBsAg
In the present study, the prevalence of HBsAg among 
prisoners was 6.5% (95% CI = 3.8–9.4); can be categor
ized as intermediate.31 This result is in line with studies in 
Jimma, Ethiopia (5.8%),27 India (3.89%),34 Switzerland 
(5.9%),35 and Iran (6.9%).36 The prevalence in the present 
study is lower than studies conducted in Woldia prison, 
Ethiopia 10.4%,28 West Africa 12.5%,37 Nigeria 13.7%,38 

and Iran 18%.39 However, it was higher than the result 
reported from Mexico (0.4%)40 and Iran (3.3%).41 The 

discrepancy might be due to variation in geographical 
regions, time of study period, diagnostic methodology, 
types of risk exposure, the immunization status of the 
population, behavioral differences for the potential risk 
factors of HBV infection, and sample size. It may also 
be due to variation in circulating genotypes, which is 
responsible for disease severity as well as treatment 
responses.42

Prevalence of anti-HCV
This study has found a 1.2% (95% CI = 0.0–2.4) preva
lence of anti-HCV antibodies, and can be reported as very 
low, considering the prison population.32 Our finding is in 
agreement with results reported in India (1.27%),34 West 
Africa (0.5%),37 and Turkey (0.5%)17 but lower than 
results in Jimma (2.6%), Ethiopia.27 Higher prevalence 
of HCV infection was reported in United States 

Table 1 Socio-Demographic Characteristics of Prisoners in Dessie, Northeast Ethiopia (N=339)

Variables Category Frequency: 
NO (%)

HBsAg (22/339) Fisher’s Exact 
Test 

(p-value)

Anti-HCV (4/339) Fisher’s 
Exact Test 
(p-value)

Positive: 
NO (%)

Negative: 
NO (%)

Positive: 
NO (%)

Negative: 
NO (%)

Gender Male 303 (89.4) 21 (6.9) 282 (93.1) 0.490 4 (1.3) 299 (98.7) 1.000
Female 36 (10.6) 1 (2.7) 35 (97.3) 0 36 (100)

Age (years) 18–24 82 (24.2) 1 (1.2) 81 (98.8) 0.003* 2 (2.4) 80 (97.6) 0.548
25–34 126 (37.2) 7 (5.5) 119 (94.5) 2 (1.8) 124 (98.4)

35–44 64 (18.8) 3 (4.7) 61 (95.3) 0 64 (100)
≥45 67 (19.8) 11 (16.4) 56 (83.5) 0 67 (100)

Marital status Married 134 (39.5) 2 (1.5) 132 (98.5) 0.002* 1 (0.7) 133 (99.3) 0.583
Single 167 (49.3) 18 (10.8) 149 (89.2) 2 (1.2) 165 (98.8)

Divorced/ Widow 38 (11.2) 2 (5.26) 36 (94.74) 1 (2.63) 37 (97.37)

Residence Rural 154 (45.4) 18 (11.7) 136 (88.3) 0.001* 2 (1.2) 152 (98.7) 1.000
Urban 185 (54.6) 4 (2.1) 181 (97.8) 2 (1.1) 183 (98.9)

Education 

status

Unable to read and 

write

78 (23.0) 12 (15.4) 66 (84.6) 0.009* 1 (1.3) 77 (98.7) 0.644

Primary school 129 (38.1) 6 (4.7) 123 (95.3) 1 (0.8) 128 (99.2)

Secondary school 77 (22.7) 2 (2.6) 75 (97.4) 2 (2.6) 75 (97.4)
College/University 55 (16.2) 2 (3.6) 53 (96.4) 0 55 (100)

Occupational 
status

Farmer 101 (29.8) 7 (6.9) 94 (93.1) 0.311 0 101 (100) 0.090
Daily laborer 58 (17.1) 6 (10.3) 52 (89.7) 2 (3.4) 56 (96.6)

Governmental 
employee

76 (22.4) 3 (3.9) 73 (96.1) 0 76 (100)

Unemployed 40 (11.8) 4 (10.0) 36 (90.0) 0 40 (100)

Student 53 (15.6) 1 (1.9) 52 (98.1) 2 (3.8) 51 (96.2)
Housewife 11 (3.2) 1 (9.1) 10 (90.9) 0 11 (100)

Notes: *The observed difference is statistically significant (p < 0.05). 
Abbreviations: HBsAg, hepatitis B surface antigen; Anti-HCV, anti- hepatitis C virus antibodies.
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(10.1%),43 Iranian (national data, 2015) (9.48%)44 and 
Brazilian (5.3%)19 prisoners. This noticeable difference 
could be due to the higher number of subjects who use 
injectable drugs (eg, injectable drug users among Iranian 
prisoners were reported as 17%, while in our case, they 
accounted 3.8%) and homosexuals reported in the above 
studies. In Ethiopia, IDU and homosexuality may be 
under-reported or practiced at a very minimal level since 
they are not acceptable by the community and by law.45–47 

The difference in the number of participants (sample size) 
can also impact the prevalence estimation.

Associated Factors for HBV Infection
In the current study, being over 44 years of age was 
significantly associated with the presence of HBsAg, 
a finding that was in line with a report from another 
study.16 The reason for this association may be a proxy 
for lifetime exposure, indicating that, over time, there is 
a high risk of HBV infection linked to sexual activity and 
percutaneous exposures. There was a higher seropreva
lence of HBsAg among rural dweller prisoners. This find
ing was in agreement with a previous study conducted in 
Nigeria.48 The reasons for high seroprevalence in rural 

Table 2 Prison History and Risk Behaviors of Prisoners in Dessie, Northeast Ethiopia (N=339)

Variables Category Frequency: 
NO (%)

HBsAg (22/339) Fisher’s 
Exact Test 

p-value

Anti-HCV (4/339) Fisher’s 
Exact Test 

p-value
Positive: 
NO (%)

Negative: 
NO (%)

Positive: 
NO (%)

Negative: 
NO (%)

Duration spent <1year 112 (33) 9 (8.0) 103 (92.0) 0.138 2 (1.8) 110 (98.2) 0.826
1–3 years 90 (26.5) 2 (2.2) 88 (97.8) 1 (1.1) 89 (98.9)

>3 years 137 (40.5) 11 (8.0) 126 (92.0) 1 (0.7) 136 (99.3)

History of previous 

imprisonment

Yes 124 (36.6) 17 (13.7) 107 (86.3) <0.001* 2 (1.6) 122 (98.4) 0.625
No 215 (63.4) 5 (2.3) 210 (97.7) 2 (0.9) 213 (99.1)

Multiple sexual partner Yes 143 (42.2) 18 (12.6) 125 (87.4) <0.001* 1 (0.7) 142 (99.3) 0.641
No 196 (57.8) 4 (2.0) 192 (98.0) 3 (1.53) 193 (98.47)

History of sexually 

transmitted disease

Yes 124 (36.6) 7 (5.64) 117 (94.36) 0.820 0 124 (100) 0.301
No 215 (63.4) 15 (6.97) 200 (93.03) 4 (1.86) 211 (98.14)

History of blood 

transfusion

Yes 48 (14.2) 4 (8.33) 44 (91.67) 0.532 3 (6.25) 45 (93.75) 0.010*
No 291 (85.8) 18 (6.18) 273 (93.82) 1 (0.34) 290 (99.66)

History of surgical 

procedures

Yes 65 (19.2) 6 (9.23) 59 (90.77) 0.398 3 (4.62) 62 (95.38) 0.023*
No 274 (80.8) 16 (5.84) 258 (94.16) 1 (0.36) 273 (99.64)

History of sharing sharp 

materials

Yes 74 (21.8) 8 (10.8) 66 (89.2) 0.108 2 (2.7) 72 (97.3) 0.209
No 265 (78.2) 14 (5.28) 251 (94.72) 2(0.75) 263 (99.25)

Injectable drug use Yes 13 (3.8) 1 (7.7) 12 (92.3) 0.589 0 13 (100) 1.000
No 326 (96.2) 21 (6.44) 305 (93.56) 4 (1.23) 322 (98.77)

Tattooing Yes 191 (56.3) 20 (10.47) 171 (89.53) 0.001* 3 (1.57) 188 (98.43) 0.635
No 148 (43.7) 2 (1.35) 146 (98.65) 1 (0.67) 147 (99.33)

Ear/ nose piercing Yes 90 (26.5) 8 (8.9) 82 (91.1) 0.319 0 90 (100) 0.577
No 249 (73.5) 14 (5.62) 235 (94.38) 4 (1.6) 245 (98.4)

Homosexual Yes 7 (2.1) 1 (14.3) 6 (85.7) 0.378 0 7 (100) 1.000
No 332 (97.9) 21 (6.33) 311 (93.67) 4 (1.2) 328 (98.8)

History of dental 

extraction

Yes 35 (10.3) 4 (11.43) 31 (88.57) 0.264 3 (8.57) 32 (91.43) 0.004*
No 304 (89.7) 18 (5.9) 286 (94.1) 1 (0.33) 303 (99.67)

Contact with jaundiced 

patient

Yes 179 (52.8) 16 (8.9) 163 (91.1) 0.076 3 (1.68) 176 (98.32) 0.625
No 160 (47.2) 6 (3.75) 154 (96.25) 1 (0.63) 159 (99.37)

Note: *The observed difference is statistically significant (p < 0.05). 
Abbreviations: HBsAg, hepatitis B surface antigen; Anti-HCV, anti- hepatitis C virus antibodies.
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dwellers might be due to low economic status, low educa
tional level, inability to obtain healthcare information from 
the media, or limited access to medical care than urban 
dwellers.49,50

In this study, the history of imprisonment had 
a significant association with the presence of HBsAg (AOR 
= 7.15, 95% CI: 1.91–26.7) and this result is supported by 
studies among prisoners in Iran.39,44 Several risk factors act 
together with the crowded prison condition may facilitate the 
transmission of this virus. Prisoners having multiple sexual 
partners had about 8.6 times higher HBsAg in their serum 
compared to their counterparts. It is consistent with the 
reports of the study conducted among prisoners in Jimma, 
Ethiopia27 and Indonesia.51 The high seroprevalence rate 
among promiscuous prisoners may be the fact that HBV is 
sexually transmitted, and the transmission rises with the 
duration of sexual activity and the number of sexual partners. 
Tattooing is also significantly associated with the presence of 
HBsAg among prisoners. A high proportion of the inmates 
(56.3%) are practicing tattooing while incarcerated. Similar 
findings were reported from Mexico40 and Indonesia.51 The 
high prevalence rate among tattooed prisoners may be due to 
the sharing and reuse of instruments among inmates.

Associated Factors for HCV Infection
In our study, all the socio-demographic characteristics of 
the participants were not significantly associated with the 
presence of HCV antibody. In contrast, studies by Kinner 
et al., 2017,52 Soholm et al., 2019,53 and Miller et al.20 

reported that the prevalence was higher among older pris
oners. Increased exposure to the risk of infection at the 

prison and the high probability of the presence of irrever
sible HCV seroconversion may explain higher prevalence 
in older age groups. In terms of sex, some studies also 
reported a higher prevalence among female prisoners than 
males. Intravenous drug use (IDU) is reported as the main 
risk factor for HCV infection in prison settings, where 
widespread sharing of contaminated equipment is preva
lent. According to a WHO report, most HCV infections 
(67%) are related to IDU practices.1 Studies such as 
Zampino et al.,33 Soholm et al.,53 Puga et al.,54 

Guimaraes et al.,55 and Bahzadifar et al.15 reported that 
a history of IDU was a risk factor for HCV infection. In 
our study, we reported that prisoners use injecting drugs 
for medical purposes only, which was administered by 
health professionals, but not for other purposes. Since 
illegal use of intravenous drugs is not widely and openly 
practiced in Ethiopia, especially in the study area, the 
seroprevalence of HCV infection is expected to be lower 
than results from other countries where intravenous drug 
use is prevalent.

The finding of greater HCV antibody prevalence in 
prisoners with blood transfusion is consistent with the 
study from Jimma.27 The possible explanation for 
a significant association between HCV infection and 
blood transfusion might be the lack of improved laboratory 
screening methods of HCV infection from blood donors 
before transfusion. The seroprevalence of HCV was higher 
in participants with a history of dental extraction is sup
ported by a study conducted among prisoners in Egypt.16 

The possible reason may be due to traditional tooth extrac
tion practices,56 shortage of electricity, dental equipment 

Table 4 Bivariate and Multivariate Analysis of Risk Factors for HCV Infection Among Prisoners in Dessie, Northeast Ethiopia (N=339)

Variables Anti-HCV COR (95% CI) AOR (95% CI) p-value

Positive: NO (%) Negative: NO (%)

History of blood transfusion Yes 3(6.3) 45(93.8) 19.33(1.96–189.93) 27.63(2.34–325.59) 0.008*
No 1(0.3) 290(99.7) 1 1

History of operation Yes 3(4.6) 62(95.4) 13.21(1.35–129.135) 5.68(0.41–78.59) 0.19
No 1(0.4) 273(99.6) 1 1

Sharing of sharp material Yes 2(2.7) 72(97.3) 3.70(0.51–26.75) 7.07(0.05–10.05) 0.843
No 2(0.8) 263(99.2) 1 1

History of dental extraction Yes 3(2.4) 121(97.6) 28.4(2.87–281.15) 39.94(3.40–68.58) 0.003*
No 1(0.5) 214(99.5) 1 1

Notes: *The observed difference is statistically significant (p < 0.05). 
Abbreviations: Anti-HCV, anti- hepatitis C virus antibodies; COR, crude odds ratio; AOR, adjusted odds ratio

Journal of Blood Medicine 2021:12                                                                                                 https://doi.org/10.2147/JBM.S314556                                                                                                                                                                                                                       

DovePress                                                                                                                         
567

Dovepress                                                                                                                                                            Kassa et al

https://www.dovepress.com
https://www.dovepress.com


spare parts, or trained healthcare workers in health institu
tions of the developing world, which hinders the proper 
decontamination or sterilization techniques.57

Limitation
This research article is limited in assessing anti-HBcAg. 
Since individuals having infection prior to six months may 
not be positive for HBsAg (resolution of infection), the 
prevalence of HBV infection might be underestimated. 
Furthermore, due to availability and financial reasons, 
HCV-RNA could not be measured, which is a more spe
cific test for infectious individuals.

Conclusion
In Ethiopia, it was reported that awareness of hepatitis 
virus disease, complications, transmission, control, pre
vention, and treatment options were poor. Furthermore, 
screening for viral hepatitis was not widely practiced, 
and diagnosed patients were not receiving available 
treatments.58 We reported an intermediate seroprevalence 
rate of HBV infection among prisoners and is associated 
with high-risk behavior, including history of multiple sex
ual partners, previous imprisonment, body tattooing, and 
contact with the jaundiced patient. Although many studies 
classified prison settings as a high-risk environment for 
HCV infection, we reported a lower prevalence of HCV 
antibodies among them. However, higher prevalence of 
HCV antibodies among prisoners with a history of blood 
transfusion and dental extraction calls for the need for 
serological testing. The regional health bureau, the prison 
authorities, and healthcare workers are expected to deliver 
health education on the reduction of high-risk behaviors, 
mode of HBV and HCV transmission, and control and 
prevention mechanisms to prisoners.

Abbreviations
ELISA, Enzyme Linked Immunosorbent Assay; HBsAg, 
Hepatitis B Surface Antigen; HBV, Hepatitis B Virus; 
HCV, Hepatitis C virus; HCC, Hepatocellular Carcinoma; 
IDU, Injection drug use; STD, Sexually Transmitted 
Disease; WHO, World Health Organization.

Data Sharing Statement
The datasets used and/or analyzed during the study are 
available from the corresponding author on reasonable 
request.

Ethics Approval and Consent to 
Participate
Ethical approval was obtained from the research and Ethical 
Review Committee of the School of Biomedical and 
Laboratory Sciences, College of Medicine and Health 
Sciences, University of Gondar and a formal letter was 
obtained. Official permission also obtained from Dessie 
town prison Administration Office after explaining the aim 
of the study. In addition to that, following an explanation of 
the purpose of the study, written informed consent was 
obtained from study participant and/or their guardian officers 
before data collection. Furthermore, the study was conducted 
in accordance with the declaration of Helsinki (59). Personal 
identifiers were not used, and data were retrieved only for the 
study purpose to ensure confidentiality. Finally, prisoners 
who are positive for HBsAg and anti-HCV was linked to 
prison physicians for further investigation and treatment.

Consent for Publication
Each study participant was informed and signed for 
publication.

Acknowledgments
We thank all the study participants, data collectors, and 
supervisors for their participation. We thank the Department 
of Medical Microbiology at the University of Gondar. We 
like to thank Debre-Birhan and Dessie Blood Bank 
Laboratory staff for their support during the laboratory work.

Author Contributions
All authors made a significant contribution to the work 
reported, whether that is in the conception, study design, 
execution, acquisition of data, analysis and interpretation, 
or in all these areas; took part in drafting, revising or 
critically reviewing the article; gave final approval of the 
version to be published; have agreed on the journal to 
which the article has been submitted; and agree to be 
accountable for all aspects of the work.

Disclosure
The authors declare that they have no competing interests 
in this work.

References
1. World Health Organization [WHO]. Global health sector strategy on 

viral hepatitis. Towards ending viral hepatitis. In: Global Hepatitis 
Programme Department of HIV/AIDS; 2016–2021.

https://doi.org/10.2147/JBM.S314556                                                                                                                                                                                                                                   

DovePress                                                                                                                                                            

Journal of Blood Medicine 2021:12 568

Kassa et al                                                                                                                                                            Dovepress

https://www.dovepress.com
https://www.dovepress.com


2. World Health Organization. Global Hepatitis Report 2017; 2017 
Licence: CC BY-NC-SA 3.0 IGO. Geneva: World Health 
Organization. 2017.

3. Blach S, Zeuzem S, Manns M, et al. Global prevalence and genotype 
distribution of hepatitis C virus infection in 2015: a modelling study. 
Lancet Gastroenterol Hepatol. 2017;2:3.

4. World Health Organization. Hepatitis C [Internet]. WHO; 2020. 
Accessed https://www.who.int/news-room/fact-sheets/detail/hepati 
tis-c. 2020 Nov 14.

5. Lozano R, Naghavi M, Foreman K, et al. Global and regional mor
tality from 235 causes of death for 20 age groups in 1990 and 2010: 
a systematic analysis for the Global Burden of Disease Study 2010. 
Lancet. 2012;380:9859.

6. Perz JF, Armstrong GL, Farrington LA, Hutin YJF, Bell BP. The 
contributions of hepatitis B virus and hepatitis C virus infections to 
cirrhosis and primary liver cancer worldwide. J Hepatol. 2006;45:4.

7. Cox AL, El-Sayed MH, Kao JH, et al. Progress towards elimination 
goals for viral hepatitis. Nat Rev Gastroenterol Hepatol. 2020;17:9.

8. Taherkhani R, Farshadpour F. Global elimination of hepatitis C virus 
infection: progresses and the remaining challenges. World J Hepatol. 
2017;9:1239–1252.

9. Taherkhani R, Farshadpour F. Lurking epidemic of hepatitis C virus 
infection in Iran: a call to action. World J Hepatol. 2017;9 
(24):1040–1042.

10. WHO. Hepatitis B [Internet]. Fact Sheets. 2020. Available from: 
https://www.who.int/news-room/fact-sheets/detail/hepatitis-b. 
Accessed May 31, 2021.

11. WHO. Hepatitis C [Internet]. Fact Sheets. 2020. Available from: 
https://www.who.int/news-room/fact-sheets/detail/hepatitis-c. 
Accessed May 25, 2021.

12. De La Hoya PS, Marco A, García-Guerrero J, Rivera A. Hepatitis 
c and b prevalence in Spanish prisons. Eur J Clin Microbiol Infect 
Dis. 2011;30:7.

13. Kamarulzaman A, Reid SE, Schwitters A, et al. Prevention of trans
mission of HIV, hepatitis B virus, hepatitis C virus, and tuberculosis 
in prisoners. The Lancet. 2016;388.

14. Dolan K, Wirtz AL, Moazen B, et al. Global burden of HIV, viral 
hepatitis, and tuberculosis in prisoners and detainees. The Lancet. 
2016;388.

15. Behzadifar M, Gorji HA, Rezapour A, Bragazzi NL. Prevalence of 
hepatitis C virus infection among prisoners in Iran: a systematic 
review and meta-analysis. Harm Reduct J. 2018;15.

16. Mohamed HI, Saad ZM, Abd-Elreheem EM, et al. Hepatitis C, 
hepatitis B and HIV infection among Egyptian prisoners: seropreva
lence, risk factors and related chronic liver diseases. J Infect Public 
Health. 2013;6:3.

17. Kose S, Adar P, Gozaydin A, Kuzucu L, Akkoclu G. Hepatitis B and 
Hepatitis C in prisons: a prevalence study. Int J Prison Health. 
2019;15:2.

18. Larney S, Kopinski H, Beckwith CG, et al. Incidence and prevalence 
of hepatitis C in prisons and other closed settings: results of 
a systematic review and meta-analysis. Hepatology. 2013;58:4.

19. El Maerrawi I, Carvalho HB. Prevalence and risk factors associated 
with HIV infection, hepatitis and syphilis in a state prison of São 
Paulo. Int J STD AIDS. 2015;26:2.

20. Miller ER, Bi P, Ryan P. The prevalence of HCV antibody in South 
Australian prisoners. J Infect. 2006;53:2.

21. Masarone M, Caruso R, Aglitti A, et al. Hepatitis C virus infection in 
jail: difficult-to-reach, not to-treat. Results of a point-of-care screen
ing and treatment program. Dig Liver Dis. 2020;52:5.

22. Belaunzarán-Zamudio PF, Mosqueda-Gomez JL, Macias-Hernandez 
A, Sierra-Madero JG, Ahmed S, Beyrer C. Risk factors for prevalent 
hepatitis C virus-infection among inmates in a state prison system in 
Mexico. PLoS One. 2017;12(6):e0179931–e0179931.

23. Bautista-Arredondo S, González A, Servan-Mori E, et al. A 
cross-sectional study of prisoners in Mexico city comparing preva
lence of transmissible infections and chronic diseases with that in the 
general population. PLoS One. 2015;10:7.

24. Gidding HF, Mahajan D, Reekie J, Lloyd AR, Dwyer DE, Butler T. 
Hepatitis B immunity in Australia: a comparison of national and 
prisoner population serosurveys. Epidemiol Infect. 2015;143:13.

25. Moradi G, Goodarzi E, Khazaei Z. Prevalence of Hepatitis B and 
C in prisons worldwide: a meta-analysis during the years 2005-2015. 
Biomed Res Ther. 2018;5:4.

26. Walmsley R. World Prison Population List (twelfth edition). Inst 
Crim Policy Res. 2018;12.

27. Kebede W, Abdissa A, Seid Y, Mekonnen Z. Seroprevalence and risk 
factors of hepatitis B, hepatitis C and HIV infections among prisoners 
in Jimma Town, Southwest Ethiopia. Asian Pacific J Trop Dis. 
2017;7:5.

28. Berhe H, Yismaw G, Addis Z, Anagaw H, Uc B. Seroprevalence and 
associated risk factors of human immunodeficiency virus and 
Hepatitis B Virus infections among prison inmates. J Pharm 
Biomed Sci. 2013;30(30):1035–1045.

29. Charan J, Biswas T. How to calculate sample size for different study 
designs in medical research? Indian J Psychol Med. 2013;35.

30. Elfil M, Negida A. Sampling methods in clinical research; an educa
tional review. Arch Acad Emerg Med. 2019;7:1.

31. Schweitzer A, Horn J, Mikolajczyk RT, Krause G, Ott JJ Estimations 
of worldwide prevalence of chronic hepatitis B virus infection: 
a systematic review of data published between 1965 and 2013. 
Lancet. 2015;386(10003).

32. Mohd Hanafiah K, Groeger J, Flaxman AD, Wiersma ST. Global 
epidemiology of hepatitis C virus infection: new estimates of 
age-specific antibody to HCV seroprevalence. Hepatology. 
2013;57:4.

33. Zampino R, Coppola N, Di Caprio G, Sagnelli C, Sagnelli E. 
Hepatitis C virus infection and prisoners: epidemiology, outcome 
and treatment. World J Hepatol. 2015;7.

34. Ramamoorthy M, Venketeswaran A, Seenivasan P, et al. Risk factors 
and prevalence, hepatitis B virus and hepatitis C virus among prison 
inmates, Chennai, India, 2015. Int J Infect Dis. 2016;53.

35. Gétaz L, Casillas A, Siegrist CA, et al. Hepatitis B prevalence, risk 
factors, infection awareness and disease knowledge among inmates: 
a cross-sectional study in Switzerland’s largest pre-trial prison. 
J Glob Health. 2018;8:2.

36. Crowley D, Lambert JS, Betts-Symonds G, et al. The seroprevalence 
of untreated chronic hepatitis c virus (HCV) infection and associated 
risk factors in male Irish prisoners: a cross-sectional study, 2017. 
Eurosurveillance. 2019;24:14.

37. Jaquet A, Wandeler G, Tine J, et al. HIV infection, viral hepatitis and 
liver fibrosis among prison inmates in West Africa. BMC Infect Dis. 
2016;16:1.

38. Dan-Nwafor C, Adeoye I, Aderemi K, et al. Knowledge, serological 
markers and risk factors associated with Hepatitis B and C virus 
infection among Kuje Prison Inmates, Federal Capital Territory, 
Nigeria. Int J Infect Dis. 2018;73.

39. Taleban R, Moafi M, Ataei B, et al. Seroprevalence of Hepatitis 
B infection and associated risk factors among drug users in drop-in 
centers of Isfahan, Iran. Int J Prev Med. 2018;9.

40. Belaunzaran-Zamudio PF, Mosqueda-Gomez JL, MacIas-Hernandez 
A, Rodríguez-Ramírez S, Sierra-Madero J, Beyrer C. Burden of HIV, 
Syphilis, and Hepatitis B and C among Inmates in a Prison State 
System in Mexico. AIDS Res Hum Retroviruses. 2017;33.

41. Ghafari S, Sharifzadeh G, Jamali S, Taji B, Javadmoosavi SY, 
Ziaee M. Prevalence of Hepatitis B and C among drug-abusing 
male prisoners in Birjand, South Khorasan, Iran. Arch Iran Med. 
2019;22:9.

Journal of Blood Medicine 2021:12                                                                                                 https://doi.org/10.2147/JBM.S314556                                                                                                                                                                                                                       

DovePress                                                                                                                         
569

Dovepress                                                                                                                                                            Kassa et al

https://www.who.int/news-room/fact-sheets/detail/hepatitis-c
https://www.who.int/news-room/fact-sheets/detail/hepatitis-c
https://www.who.int/news-room/fact-sheets/detail/hepatitis-b
https://www.who.int/news-room/fact-sheets/detail/hepatitis-c
https://www.dovepress.com
https://www.dovepress.com


42. Sunbul M. Hepatitis B virus genotypes: global distribution and clin
ical importance. World J Gastroenterol. 2014;20:18.

43. Alvarez KJ, Befus M, Herzig CTA, Larson E. Prevalence and corre
lates of hepatitis C virus infection among inmates at two New York 
State correctional facilities. J Infect Public Health. 2014;7:6.

44. Moradi G, Gouya MM, Azimizan Zavareh F, et al. Prevalence and risk 
factors for HBV and HCV in prisoners in Iran: a national bio-behavioural 
surveillance survey in 2015. Trop Med Int Heal. 2018;23:6.

45. Overs C. booshtee! Survival and resilience in Ethiopia. Inst Dev Stud. 
2015.

46. FDRE. The Criminal Code of the Federal Democratic Republic of 
Ethiopia. Negarita Gazeta. 414. 2004.

47. Tadele G, Amde WK. Health needs, health care seeking behaviour, 
and utilization of health services among lesbians, gays and bisexuals 
in Addis Ababa, Ethiopia. Int J Equity Health. 2019;18:1.

48. Meka IA, Onodugo OD, Obienu O, Okite J. Hepatitis B surface 
antigenemia in two rural communities in Enugu, Nigeria. Niger 
J Clin Pract. 2019;22:7.

49. Lingani M, Akita T, Ouoba S, et al. High prevalence of hepatitis 
B infections in Burkina Faso (1996-2017): a systematic review with 
meta-analysis of epidemiological studies. BMC Public Health. 2018;18.

50. Andriamandimby SF, Olive MM, Shimakawa Y, et al. Prevalence of 
chronic hepatitis B virus infection and infrastructure for its diagnosis 
in Madagascar: implication for the WHO’s elimination strategy. BMC 
Public Health. 2017;17:1.

51. Rey I, Saragih RH, Effendi-Ys R, Sembiring J, Siregar GA, Zain LH 
Profile of hepatitis B and C virus infection in prisoners in Lubuk 
Pakam correctional facilities. In: IOP Conference Series: Earth and 
Environmental Science. 2018.

52. Kinner SA, Snow K, Wirtz AL, Altice FL, Beyrer C, Dolan K. Age- 
specific global prevalence of Hepatitis B, Hepatitis C, HIV, and 
tuberculosis among incarcerated people: a systematic review. 
J Adolescent Health. 2018;62.

53. Søholm J, Holm DK, Mössner B, et al. Incidence, prevalence and risk 
factors for hepatitis C in Danish prisons. PLoS One. 2019;14:7.

54. Puga MAM, Bandeira LM, Pompilio MA, et al. Prevalence and 
incidence of HCV infection among prisoners in Central Brazil. 
PLoS One. 2017;12:1.

55. Guimarães T, Granato CF, Varella D, Ferraz ML, Castelo A, 
Kallás EG. High prevalence of hepatitis C infection in a Brazilian 
prison: identification of risk factors for infection. Braz J Infect Dis. 
2001;5:3.

56. Taye BW. A path to ending hepatitis C in Ethiopia: a phased public 
health approach to achieve micro-elimination. Am J Trop Med 
Hygiene. 2019;101.

57. Al-Kubaisy W, Al-Naggar RA, Shamsidah NIN, Bobryshev YV, Al- 
Kubaisy MW. Is dental extraction a risk factor for contracting HCV 
infection: abs, RNA and genotype detection. Oral Biol Dent. 
2014;2:1.

58. Shiferaw F, Letebo M, Bane A. Chronic viral hepatitis: policy, 
regulation, and strategies for its control and elimination in Ethiopia. 
BMC Public Health. 2016;16:1.

59. World Medical Association declaration of Helsinki.:Ethical principles 
for medical research involving human subjects. JAMA. 2013;310.

Journal of Blood Medicine                                                                                                                Dovepress 

Publish your work in this journal 
The Journal of Blood Medicine is an international, peer-reviewed, 
open access, online journal publishing laboratory, experimental and 
clinical aspects of all aspect pertaining to blood based medicine 
including but not limited to: Transfusion Medicine; Blood collec
tion, Donor issues, Transmittable diseases, and Blood banking 
logistics; Immunohematology; Artificial and alternative blood based 

therapeutics; Hematology; Biotechnology/nanotechnology of blood 
related medicine; Legal aspects of blood medicine; Historical per
spectives. The manuscript management system is completely 
online and includes a very quick and fair peer-review system. 
Visit http://www.dovepress.com/testimonials.php to read real quotes 
from published authors.  

Submit your manuscript here: http://www.dovepress.com/journal-of-blood-medicine-journal

DovePress                                                                                                                          Journal of Blood Medicine 2021:12 570

Kassa et al                                                                                                                                                            Dovepress

https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com
https://www.dovepress.com


Journal of Blood Medicine

ISSN: (Print) (Online) Journal homepage: www.tandfonline.com/journals/djbm20

Identification and Validation of Hemophilia-
Related Outcomes on Japanese Electronic Medical
Record Database (Hemophilia-REAL V Study)

Takashi Fujiwara, Chisato Miyakoshi, Takashi Kanemitsu, Yasuyuki Okumura
& Hironobu Tokumasu

To cite this article: Takashi Fujiwara, Chisato Miyakoshi, Takashi Kanemitsu, Yasuyuki Okumura
& Hironobu Tokumasu (2021) Identification and Validation of Hemophilia-Related Outcomes
on Japanese Electronic Medical Record Database (Hemophilia-REAL V Study), Journal of Blood
Medicine, , 571-580, DOI: 10.2147/JBM.S313371

To link to this article:  https://doi.org/10.2147/JBM.S313371

© 2021 Fujiwara et al.

Published online: 06 Jul 2021.

Submit your article to this journal 

Article views: 183

View related articles 

View Crossmark data

Citing articles: 5 View citing articles 

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=djbm20

https://www.tandfonline.com/journals/djbm20?src=pdf
https://www.tandfonline.com/action/showCitFormats?doi=10.2147/JBM.S313371
https://doi.org/10.2147/JBM.S313371
https://www.tandfonline.com/action/authorSubmission?journalCode=djbm20&show=instructions&src=pdf
https://www.tandfonline.com/action/authorSubmission?journalCode=djbm20&show=instructions&src=pdf
https://www.tandfonline.com/doi/mlt/10.2147/JBM.S313371?src=pdf
https://www.tandfonline.com/doi/mlt/10.2147/JBM.S313371?src=pdf
http://crossmark.crossref.org/dialog/?doi=10.2147/JBM.S313371&domain=pdf&date_stamp=06%20Jul%202021
http://crossmark.crossref.org/dialog/?doi=10.2147/JBM.S313371&domain=pdf&date_stamp=06%20Jul%202021
https://www.tandfonline.com/doi/citedby/10.2147/JBM.S313371?src=pdf
https://www.tandfonline.com/doi/citedby/10.2147/JBM.S313371?src=pdf
https://www.tandfonline.com/action/journalInformation?journalCode=djbm20


O R I G I N A L  R E S E A R C H

Identification and Validation of Hemophilia-Related 
Outcomes on Japanese Electronic Medical Record 
Database (Hemophilia-REAL V Study)

Takashi Fujiwara 1,2 

Chisato Miyakoshi3 

Takashi Kanemitsu4 

Yasuyuki Okumura 5 

Hironobu Tokumasu2,6

1Department of Management, Clinical 
Research Center, Kurashiki Central 
Hospital, Okayama, Japan; 2Department 
of Public Health Research, Kurashiki 
Clinical Research Institute, Okayama, 
Japan; 3Department of Pediatrics, Kobe 
City Medical Center General Hospital, 
Hyogo, Japan; 4Medical Affairs Division, 
Chugai Pharmaceutical Co., Ltd, Tokyo, 
Japan; 5Department of Psychiatry and 
Behavioral Science, Tokyo Metropolitan 
Institute of Medical Science, Tokyo, Japan; 
6Real World Data Co., Kyoto, Japan 

Purpose: Routinely collected data are useful for epidemiological study in hemophilia, but 
few studies validated the algorithm accuracy. We aimed to develop and validate algorithms to 
identify patients with hemophilia A and hemophilia A-related events.
Patients and Methods: This validation study compared data from medical chart reviews to 
a database of routinely collected health data, including claims data and discharge abstracts, 
and especially electronic medical records (EMR), at a single Japanese hospital (Kurashiki 
Central Hospital) using a stratified sampling method. Two physicians reviewed the charts for 
all patients at high risk for hemophilia A, and randomly sampled patients with moderate risk. 
Diagnostic accuracy was determined based on sensitivity, specificity, positive predictive 
value (PPV), and negative predictive value.
Results: There were 1,033,845 eligible patients, of whom 31 had a diagnosis of hemophilia 
A. ICD-10 diagnosis code D66 in the EMR identified hemophilia A with a sensitivity of 
93.5% (95% confidence interval: 78.6–99) and PPV of 61.7% (95% confidence interval: 
46.4–75.5). The administration of ≥10,000 units/month of factor VIII products, as documen
ted in the EMR, identified 81.3% of patients with prophylactic factor replacement therapy. 
The ICD-10 diagnosis code for intracranial bleeding in the EMR identified 75.0% of patients 
with intracranial bleeding, but those of gastrointestinal bleeding and major joint bleeding 
identified only 11.1% and 1.7%, respectively.
Conclusion: We developed and validated algorithms to identify congenital hemophilia 
A and hemophilia A-related events. Hemophilia A could be identified with high sensitivity 
and PPV, but it was still challenging to identify hemophilia A-related events.
Keywords: congenital hemophilia, electronic health record, positive predictive value, 
sensitivity, validation study

Introduction
Congenital hemophilia A is a rare, chronic, heritable bleeding disorder caused by 
deficiency of clotting factor VIII.1 Hemophilia A is the most common type of 
congenital hemophilia, occurring in approximately 1 in 5000 live-born males.2 

Severe hemophilia A is defined as factor VIII activity of <1%, as seen in two- 
thirds of hemophilia A patients. Patients with hemophilia A suffer from lifelong 
bleeding, but the availability of factor replacement products has markedly improved 
the care for patients with these conditions over the past decade.3,4

The low prevalence of hemophilia A complicates large-scale epidemiological 
studies. Therefore, routinely collected health data, such as electronic medical 
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records (EMR) and claims data, are vital to understand the 
clinical course of hemophilia A.5,6 Accurate identification 
of patients with hemophilia A is crucial, but misclassifica
tion can occur. Algorithms for identifying patients with 
hemophilia A in EMR and claims databases have been 
developed and validated in the United States.7,8 

However, there have been no reports of validation studies 
of hemophilia in Japan. Health care systems, including 
EMR and claims data, vary among countries; therefore, 
the accuracy of algorithms for identifying disease may also 
vary. It is important to develop algorithms for identifying 
patients with hemophilia A to conduct epidemiological 
studies using EMR and claims data. In addition, no study 
has developed a validated algorithm to identify hemophilia 
A-related outcomes.7,8 The present study was performed to 
develop and validate algorithms for identifying patients 
with hemophilia A and hemophilia A-related outcomes 
using the EMR and claims database in Japan.

Patients and Methods
Study Design
This validation study compared data from medical chart 
reviews to a database of routinely collected health data, 
including EMR, claims data, and discharge abstracts for 
a single Japanese hospital (Kurashiki Central Hospital) 
using a stratified sampling method.9 Kurashiki Central 
Hospital is an urban hospital with 1172 beds that serves 
800,000 people in the western area of Okayama 
Prefecture, Japan.10

This study was conducted and reported in accordance 
with the statement of the Japanese Society for 
Pharmacoepidemiology and the Standards for Reporting of 
Diagnostic Accuracy Studies criteria.11–13 The study was 
approved by the institutional review board of Kurashiki 
Central Hospital and the Research Institute of Healthcare 
Data Science. This study was registered in the UMIN 
Clinical Trials Registry (Trial Number: UMIN000038212; 
https://www.umin.ac.jp/ctr/index-j.htm).

Data Sources
This study used anonymized, routinely collected health 
data stored in a database.10 The Health, Clinic, and 
Education Information Evaluation Institute (HCEI) has 
contracts with more than 190 healthcare institutions, 
including Kurashiki Central Hospital, to collect EMR and 
claims data from those institutions and develop a large- 
scale database, known as the RWD database. The 

anonymized data for this research study were collected 
by the HCEI on August 28, 2019. The RWD database 
included approximately 20.5 million inpatients and out
patients. In the database, disease data are extracted from 
EMRs and are recorded based on the International 
Classification of Diseases, 10th revision (ICD-10) codes. 
Drugs are labeled based on the Japanese receipt code and 
YJ code. Laboratory test results are standardized and 
labeled according to the Japanese Laboratory Code version 
10.

Study Population
Due to the low prevalence of hemophilia A, it would be 
difficult to ensure precise diagnostic value with a random 
sample of patients from the overall patients at Kurashiki 
Central Hospital. Therefore, we used a stratified sampling 
method to identify all possible cases of hemophilia 
A.11,14,15

Patients were classified as a having high, moderate, or 
low risk for hemophilia A based on diagnostic codes 
(ICD-10), drug codes, procedural codes, and notes in the 
medical records. Patients who received an ICD-10 diag
nosis or suspected code D66 (congenital factor VIII dis
order, hemophilia A) were classified as being at high risk 
for hemophilia A. We defined moderate risk of hemophilia 
A as follows: diagnosed or suspected congenital factor IX 
disorder or hemophilia B (ICD-10 D67), von Willebrand 
disease (D680), or acquired factor VIII disorder or hemo
philia A (D684); prescription for hemophilia treatment 
(factor VIII products); blood test related to hemophilia 
(factor VIII activity); and “hemophilia A” in chart notes 
(see Appendix 1). We defined all other patients as being at 
low risk for hemophilia A. Chart review was conducted for 
all high-risk patients and randomly sampled moderate-risk 
patients.

Ascertaining Hemophilia A and 
Disease-Related Outcomes
Detailed medical chart reviews of all high-risk patients and 
a subset of moderate-risk patients were conducted. 
Hemophilia A-related outcomes including disease, treat
ment and disease-related events were analyzed. Two phy
sicians (an adult hematologist and a pediatric 
hematologist) independently conducted the paper and elec
trical chart reviews for all available periods. Kurashiki 
Central Hospital introduced an EMR system in 2003, 
before which paper charts were used. The reviewers also 
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identified hemophilia A-related outcomes, including dis
ease characteristics (severity and history of factor VIII 
inhibitor), treatment issue (prophylactic factor VIII repla
cement therapy), and disease-related events (intracranial 
bleeding, gastrointestinal bleeding, and major joint bleed
ing). Disagreements were resolved by discussion.

Data Linkage and Data Extraction from 
Database
The RWD database contained healthcare EMR data from 
individual medical institutions. When extracting EMR data 
from medical institutions, patients’ EMR numbers were 
removed, and each patient was hash-encoded to anon
ymize the records. We also used chart review data, which 
contained personal identification information; these data 
were anonymized, and a hash was provided encoding the 
RWD for each patient. The chart review data were subse
quently linked with the RWD database.

Statistical Analysis
The sensitivity, specificity, positive predictive value (PPV), 
and negative predictive value (NPV) of each algorithm were 
calculated, accepting the chart review results as the reference 
standard. When evaluating the diagnostic values of disease 
(hemophilia A), we calculated these diagnostic values 
adjusted with weighted sampling according to a task force 
report on the validation of diagnosis codes in Japan.11 When 
calculating the diagnostic values of disease characteristics 
(severity and history of factor VIII inhibitor) and treatment 
issue (prophylactic factor VIII replacement therapy), we 
examined data for patients with ICD-10 diagnosis or sus
pected code D66. When assessing disease-related events 
(intracranial bleeding, gastrointestinal bleeding, and major 
joint bleeding), we determined the sensitivity and PPV. If 
a disease-related event occurred within 3 days of the recorded 
outcome, it was recorded as a true positive.

For evaluating the diagnostic value of severity of hemo
philia A, the algorithm used laboratory test results of factor 
VIII activity. Laboratory test results of factor VIII activity are 
often stored as numeric data in the RWD database, but the 
results are sometimes stored as characteristic data, which we 
defined as follows: severe; ≤1, <2, and <3, moderate; ≤5; 
mild; <5.0, <5.1, and ≥5.0, normal; (+).

In accordance with the task force report on the validation 
of diagnosis codes in Japan,11 we evaluated how representa
tive the population in this validation study was of the entire 
RWD population. We compared patients who received an 

ICD-10 diagnosis code D66 in Kurashiki Central Hospital 
and those in the RWD database. We assessed patient char
acteristics (age at data extraction, sex), comorbidities (hyper
tension, diabetes mellitus, hyperlipidemia, arteriosclerosis, 
and cardiovascular disease), and hemophilia-related data 
(age at receiving ICD-10 diagnosis code D66, factor VIII 
activity, factor VIII inhibitor, prescription of factor VIII 
products, and prophylactic factor replacement therapy). The 
presence of comorbidities was defined using the ICD-10 
diagnosis codes (Appendix 2).

Statistical analyses were performed using R software 
(version 3.4.1; R Foundation for Statistical Computing, 
Vienna, Austria).

Study Ethics
This study was approved by the institutional ethics commit
tee of the Research Institute of Healthcare Data Science 
(https://rihds.org/ethic/) and the institutional ethics commit
tee of Kurashiki Central Hospital. Optout consent was used.

Results
Patient Selection
We identified 128 patients with a high risk of hemophilia 
A from the medical records of Kurashiki Central Hospital. 
We also identified 895 patients with moderate risk of 
hemophilia A and randomly selected 120 of these patients 
(Figure 1). We conducted a chart review of the 248 
patients, and the data were linked with the RWD database. 
The chart review revealed no hemophilia patients among 
those with a moderate risk of the disease. After data 
linkage of the chart review and the RWD database, 12 
patients were excluded due to a lack of data in the RWD 
database (Appendix 3).

Of the 236 patients included in the study, 31 were 
identified as hemophilia A and were in the high-risk 
group. There were no cases of hemophilia A in the mod
erate-risk group (Figure 1). The characteristics of the 31 
patients with hemophilia A are shown in Table 1.

Diagnostic Value
The definitions of each algorithm and the diagnostic values 
are shown in Tables 2–4. In the outcome condition of disease 
(hemophilia A), ICD-10 diagnosis or suspected code D66 
showed 100% sensitivity, with low PPV (24.4%). Compared 
with ICD-10 diagnosis or suspected code D66, ICD-10 diag
nosis code D66, and male sex had similar sensitivity (93.5%) 
but higher PPV (73.3%; Table 2). Among 47 patients with 
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a definitive diagnosis of hemophilia (ICD-10 D66) according 
to the Kurashiki Central Hospital EMR database, the sensi
tivity and specificity of disease characteristics and treatment 
issues were about 70–90% (Table 3). However, the sensitiv
ity and PPV of disease-related events were very low except 
for intracranial bleeding (Table 4). The data for other diag
noses are listed in Appendix 4. The definition of treatment 
products are listed in Appendix 5, Appendix 6, and 
Appendix 7.

Comparison of Kurashiki Central 
Hospital Data and the RWD Database
In the outcome definition of hemophilia A, the ICD10 diag
nosis code D66 algorithm using EMR data had useful diag
nostic value. Therefore, we used this algorithm to assess 
how representative the population in this study was of the 
entire RWD database. Table 5 shows the patients receiving 

ICD-10 diagnosis code D66 in Kurashiki Central Hospital 
and the RWD database. The definition of co-morbidity dis
ease for the comparison are listed in Appendix 8.

Discussion
Japan has recently promoted the use of RWD, including 
EMR and claims databases,16 but there have been no 
comprehensive validation studies. A recent systematic 
review suggested that only six validation studies had 
been performed in Japan as of 2017.17 Several studies 
identified and validated algorithms of hemophilia A.7,8 

However, these studies only validated the algorithms of 
disease condition and not algorithms of hemophilia 
A-related events (eg, joint bleeding, and intracranial bleed
ing). By contrast, the present study revealed the diagnostic 
value of disease condition, treatment condition, and hemo
philia A-related events. The results of this study will 

Figure 1 Flow diagram of patients’ selection and validation. 
Note: *We used Japanese written language (Kanji) when searching of “hemophilia A” in electronic medical record (EMR).
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promote epidemiological studies of hemophilia A using 
the EMR and claims database.

Algorithm for Hemophilia A
The sensitivity of the ICD-10 diagnosis or suspected code 
D66 algorithm was 100.0%, but the PPV was 24.4%. The 
sensitivity of the ICD-10 diagnosis code D66 algorithm 
had a higher PPV (61.7%), but the sensitivity was 93.5%. 
Of the 31 hemophilia patients identified in this study, the 
treatment period in Kurashiki Central Hospital varied. Two 
patients were treated 30 years ago, and the medical records 
were mainly stored in paper charts; these patients appeared 
as false negatives in the ICD-10 diagnosis code D66 
algorithm. The sensitivity and PPV would be higher 
when evaluating diagnostic values using populations cur
rently undergoing treatment.

Algorithm for Disease-Related Events
This study identified and validated an algorithm for hemo
philia A-related events. In hemophilia A, clinical practice 
guidelines define intracranial, neck/throat, and gastrointest
inal bleeding as life-threatening.3 Therefore, we attempted 
to identify and validate an algorithm for these types of 
bleeding conditions, although there were no cases of neck/ 
throat bleeding in this study. We also evaluated the diag
nostic value of the algorithm for major joint bleeding 

because that is one of the most frequent hemophilia 
A-related events.

Intracranial bleeding is the most critical hemophilia 
A-related event, and the algorithm based on its ICD-10 diag
nosis code had 75.0% sensitivity and 33.3% PPV. During the 
study period, intracranial bleeding occurred in four patients. 
No disease-related ICD-10 code was provided for one event; 
the patient had asymptomatic intracranial bleeding after brain 
tumor resection. Disease-related ICD-10 was provided in the 
three symptomatic cases. The algorithm based on ICD-10 
code for intracranial bleeding identified symptomatic intracra
nial bleeding with 100% sensitivity.

Strengths of the EMR Database
In the healthcare field, there are two primary types of 
databases for observational research; claims databases 
and EMR databases, and previous validation studies of 
hemophilia A used claims data.8,9 This study used the 
RWD database, which is classified as an EMR database. 
Compared with claims databases, EMR databases can 
provide laboratory test results. In this study, we attempted 
to identify severe hemophilia A using the test results of 
factor VIII activity. The minimum test results of factor 
VIII activity <1% algorithm had a sensitivity of 69.2% 
and specificity of 76.5%. The algorithm yielded false- 
negative results in four patients: one of these patients 
had visited our hospital 30 years ago, and the laboratory 
test results were not stored; two patients had already been 
treated when Kurashiki Central Hospital introduced 
EMR, and factor VIII activity was >1%, and the remain
ing patient had been treated at another hospital before 
visiting Kurashiki Central Hospital, and factor VIII activ
ity was >1%. Therefore, the limitations of EMR data
bases must be considered when conducting 
epidemiological studies stratified by disease severity. 
Researchers should exclude patients initially treated ≥10 
years ago, and consider the influence of transfer from 
another hospital.

This study revealed that algorithms based on ICD-10 
codes for hemophilia A had at least 90% PPV and NPV. 
However, the accuracy of algorithms based on the ICD-10 
codes for disease-related events was very low. Free-text 
notes in the EMR were not used in any algorithms because 
of their unstructured nature. However, use of unstructured 
free-text notes in algorithms for disease-related events 
could be a target for future research.

Table 1 Characteristics of Patients with Congenital Hemophilia 
A of Kurashiki Central Hospital

Variable Congenital 
Hemophilia 

A (n = 31)

Mean age, standard deviation (range) 37.6 ± 21.1 (1–90)

Male, n, (%) 31 (100.0%)

Severity, n, (%) Severe 13 (41.9%)

Moderate 10 (32.3%)

Mild 8 (25.8%)

History of prophylactic factor 

replacement therapy, n, (%)

16 (51.6%)

History of factor VIII inhibitor, n, (%) 3 (9.7%)

History of immune tolerance 

induction, n, (%)

2 (6.5%)
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Representativeness of the Validation 
Dataset
To evaluate how representative the population in this vali
dation study was of the entire population in the RWD 
database, we compared the characteristics of patients Ta
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Table 5 Characteristics of Patients with a Diagnosis of ICD-10 D66

Kurashiki 
Central 
Hospital 
Data from 
the RWD 
Database

RWD 
Database

Patients’ baseline characteristics

Patient number 47 646

Sex (male n, %) 41 (87.2%) 550 (85.1%)

Age at data extraction (mean ±  
standard deviation)

43.9 ± 23.3 40.2 ± 24.1

Hemophilia-related characteristics

Age when the patients received 

ICD-10 diagnosis code D66 (mean  
± standard deviation)

31.7 ± 25.2 28.1 ± 25.1

Factor VIII activity level *

< 1% 17 (36.2%) 195 (30.2%)

≥ 1%, < 5% 7 (14.9%) 50 (7.7%)

≥ 5%, < 40% 7 (14.9%) 104 (16.1%)

History of factor VIII inhibitor (≥  

0.6 BU/mL) **

9 (19.1%) 39 (6.0%)

Administration of factor VIII 21 (44.7%) 199 (30.8%)

Co-morbid disease ***

Hypertension 9 (19.1%) 101 (15.6%)

Diabetes mellitus 17 (36.2%) 110 (17.0%)

Hyperlipidemia 8 (17.0%) 61 (9.4%)

Arteriosclerosis 2 (4.3%) 21 (3.3%)

Cardiovascular disease 24 (51.1%) 143 (22.1%)

Ischemic heart disease 14 (29.8%) 72 (11.1%)

Arrhythmia 11 (23.4%) 65 (10.0%)

Cerebrovascular disease 13 (27.7%) 59 (9.1%)

Notes: *Factor VIII activity level was estimated using the lowest laboratory test 
results of factor VIII activity in each patient. **History of factor VIII inhibitor was 
defined as laboratory test results of factor VIII inhibitor level ≥ 0.6 BU/mL even 
once. ***See Appendix 2.
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receiving ICD-10 diagnosis code D66 in Kurashiki Central 
Hospital and the RWD database. The ratio of patients with 
factor VIII activity level <1% in Kurashiki Central Hospital 
was high, and patients in Kurashiki Central Hospital tended 
to have comorbidities. Kurashiki Central Hospital is one of 
the largest hospitals in Japan and treats cases with greater 
disease severity and higher rates of complications. It would 
be useful for physicians to understand these differences in 
patient characteristics between Kurashiki Central Hospital 
and the RWD database, which could be explained by the 
role of Kurashiki Central Hospital.

The population in this study is representative of the 
entire population (ie, of all patients in the RWD database). 
Therefore, the sensitivity, specificity, PPV, and NPV data 
could be applied in other epidemiological studies using the 
RWD database. However, this validation study was con
ducted at a single large hospital, so the results may not 
apply to other hospital settings. Future epidemiological 
studies using the RWD database should consider perform
ing sensitivity analyses based on the hospital volume data 
contained therein.

Conclusion
In conclusion, we developed and validated EMR- and 
claims-based definitions of hemophilia A-related out
comes, including disease, treatment, and disease-related 
events. These results support outcomes research studies 
using RWD for hemophilia A.
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Profiling the Genetic and Molecular 
Characteristics of Glanzmann Thrombasthenia: 
Can It Guide Current and Future Therapies?

Alan Nurden

Institut Hospitalo-Universitaire LIRYC, 
Pessac, France 

Abstract: Glanzmann thrombasthenia (GT) is the most widely studied inherited disease of 
platelet function. Platelets fail to aggregate due to a defect in platelet-to-platelet attachment. The 
hemostatic plug fails to form and a moderate to severe bleeding diathesis results. Classically of 
autosomal recessive inheritance, GT is caused by defects within the ITGA2B and ITGB3 genes 
that encode the αIIbβ3 integrin expressed at high density on the platelet surface and also in 
intracellular pools. Activated αIIbβ3 acts as a receptor for fibrinogen and other adhesive proteins 
that hold platelets together in a thrombus. Over 50 years of careful clinical and biological 
investigation have provided important advances that have improved not only the quality of life 
of the patients but which have also contributed to an understanding of how αIIbβ3 functions. 
Despite major improvements in our knowledge of GT and its genetic causes, extensive biological 
and clinical variability with respect to the severity and intensity of bleeding remains poorly 
understood. I now scan the repertoire of ITGA2B and ITGB3 gene defects and highlight the wide 
genetic and biological heterogeneity within the type II and variant subgroups especially with 
regard to bleeding, clot retraction, the internal platelet Fg storage pool and the nature of the 
mutations causing the disease. I underline the continued importance of gene profiling and 
biological studies and emphasize the multifactorial etiology of the clinical expression of the 
disease. This is done in a manner to provide guidelines for future studies and future treatments of 
a disease that has not only aided research on rare diseases but also contributed to advances in 
antithrombotic therapy. 
Keywords: Glanzmann thrombasthenia, inherited platelet disorder, bleeding syndrome, 
integrin, gene profiling, mutation analysis

Introduction
In Glanzmann thrombasthenia (GT) (OMIM#273,800) platelets fail to aggregate 
when stimulated by physiologic agonists while clot retraction is often defective.1 

Platelets interact with exposed subendothelium but a platelet-rich hemostatic plug 
fails to form. Spontaneous or trauma-dependent mucocutaneous bleeding is usually 
observed from birth. Epistaxis, gum bleeding, easy bruising, ecchymoses and 
petechiae are frequent and gastro-intestinal (GI) bleeding is a major problem 
particularly in older patients.2,3 Menorrhagia is critical for women while pregnancy 
and childbirth present severe hemorrhagic risks. Surgery including tooth extraction 
requires preventative measures. The molecular basis of GT was clarified when, in 
Paris, I located a deficit of two major platelet membrane glycoproteins (GPs) in this 
disease.4 As the complexity of the platelet surface topography became apparent 
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these were named GPIIb and GPIIIa; it was quickly rea
lized that they form a Ca2+-dependent complex in 
platelets.5–7

The inability of GPIIb-IIIa to bind fibrinogen (Fg) or 
other adhesive proteins accounts for the lack of aggrega
tion in GT. Clinical and biological heterogeneity led to the 
definition of three subgroups (type I, type II and variant 
forms) largely depending on the ability of platelets to 
retract a clot, store Fg and the level of GPIIb-IIIa expres
sion (Table 1). A major advance came when GPIIb-IIIa 
was revealed as αIIbβ3, a member of the integrin super
family of cellular receptors (reviewed by Coller and 
Shattil8). Electron microscopy initially showed GPIIb-IIIa 
to have a head and two legs; later crystallography strik
ingly revealed αIIbβ3 in a bent conformation that on 
activation straightened as it took on its ligand-binding 
conformation.8–10 Precision crystallography and modeling 
showed αIIb and β3 to have precisely defined subdomains 
(shown in Figure 1).

ITGA2B (OMIM # 607,759) with 26 exons and ITGB3 
(OMIM # 173,470) with 15 exons encode αIIb and β3; 
both genes localizing to a 260-kb segment on the long arm 
of chromosome 17.11,12 In pioneering work, Newman et al 
showed that GT was caused by defects in either gene with 
in Israeli-Arabs a founder ITGA2B mutation (c.IVS3(−3)- 
418del + frameshift (Fs)) while in Iraqi-Jewish patients 
there was a c.2031–2041del/premature termination in 
ITGB3.13 Over the years, several hundred mutations with 
AR inheritance have been identified in GT including small 
deletions and insertions and splice site variants causing 
a Fs as well as abundant nonsense and missense mutations 
sometimes also associated with mRNA instability.14–16 

While repeated mutations may identify gene hotspots, 
others within ethnic groups are clearly founder mutations; 
yet for most families they remain private. Large deletions 
are rare.17 In addition to αIIbβ3, platelets contain trace 
amounts of αvβ3 mostly lacking when the genetic lesion 
affects ITGB3 but persisting and even in increased density 

Table 1 Glanzmann Thrombasthenia in All Its Forms

Disease Description Comments

Type I Subgroup

- Absence of platelet aggregation and little or no clot retraction. Levels 
of αIIbβ3 <5% or absent. Platelet Fg storage pool lacking or negligible. 

AR inheritance.

- The most common type of GT, given by defects in ITGA2B and ITGB3 
genes. With ITGA2B defects αvβ3 may still be present and functional. 

Patients susceptible to form isoantibodies reactive with αIIbβ3 and/or 

αvβ3 after blood transfusion or pregnancy.

Type II Subgroup

- Absence of platelet aggregation but clot retraction can be partial or 

normal. Residual αIIbβ3 historically defined as 5–15% of normal levels. 

Platelet Fg pool can be substantial. AR inheritance.

- Frequency variable within populations but usually less than 20% of the 

patients. Given by defects in ITGA2B and ITGB3. Clot retraction defects 

and the platelet Fg storage capacity are mutation dependent.

Variant Forms

- Absence of platelet aggregation but clot retraction and Fg storage 

highly variable. Residual αIIbβ3 mainly >50% or even normal but non- 

functional with little or no activation-dependent Fg binding as also 
shown by a lack of PAC-1 binding. AR inheritance.

- Rare. Can be given by defects in ITGA2B but mostly by ITGB3 variants. 

Extracellular mutations directly or indirectly abrogate Fg-binding sites. 

Intracellular mutations stop signals for αIIbβ3 activation. Clot retraction 
and Fg storage are mutation dependent. Can be confused with defects in 

FERMT3 and RASGRP2 that prevent kindlin-3 (LAD-III disease) and 

CalDAG-GEFI signaling.

Upregulated αIIbβ3 and Macrothrombocytopenia (MTP)

- Much reduced platelet aggregation with clot retraction and Fg storage 

again variable. Residual αIIbβ3 normally >30% but with spontaneous 

binding of PAC-1 (but rarely Fg). MTP mostly moderate with 
subpopulations of enlarged even giant platelets. AD inheritance.

- Rare. Patients with up-regulated αIIbβ3 interfering with megakaryocyte 

maturation and platelet biogenesis with enlarged platelets in variable 

numbers. Bleeding mostly due to defective αIIbβ3 function. Single allele 
mutations on ITGA2B but mostly ITGB3. Often these affect cytoplasmic 

domains.

Notes: The above criteria are basic for each subtype, but there is much overlap between them and clear boundaries do not exist. PAC-1 is an activation dependent IgM 
monoclonal antibody to αIIbβ3. 
Abbreviations: AR, autosomal recessive; AD, autosomal dominant; LAD-III, leukocyte adhesion deficiency syndrome type III.
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when ITGA2B mutations are the cause.18 While αIIbβ3 is 
more or less specific for MKs and platelets, αvβ3 through 
the more promiscuous translation of ITGB3 is widespread 
but without influencing the bleeding phenotype in GT.19

An objective of this review is to question whether in 
2021 it is valid to classify GT into distinct subgroups. In 
so doing, I ask 1) what are the genetic causes allowing the 
expression of residual αIIbβ3, 2) whether this residual 
αIIbβ3 is functional, and 3) whether type II and variant 
GT give rise to a milder form of GT. Likewise, I ask how 
the advent of high-throughput sequencing procedures can 
be used to better advantage in determining patient care.

Biological Testing Within the Type 
I and Type II Subgroups
Diagnosis of GT is straightforward given the clinical char
acteristics and phenotype as revealed by platelet function 

and biological testing. Platelets fail to form large aggregates 
in response to physiologic agonists in a platelet aggreg
ometer although small clusters were noted by 
microscopy.1 Using flow cytometry (FC), others showed 
how GT platelets formed small aggregates when interacting 
with collagen through the α2β1 receptor.20 Ristocetin- 
induced platelet agglutination (RIPA) mediated through 
the binding of VWF to GPIb is mostly normal in GT but 
can be reversible or occur in cycles. Clot retraction provides 
useful information on the type II and variant forms while 
measuring the closure time in the point-of-care Platelet 
Function Analyzer-100 (PFA-100) has largely replaced the 
bleeding time. Highly recommended for patient manage
ment is the International Society of Thrombosis and 
Haemostasis-Bleeding Assessment Tool (ISTH-BAT) that 
uses a standardized questionnaire to enable the clinician to 
establish a comprehensive clinical file.21

Figure 1 Structural representation of αIIbβ3 in its bent conformation showing the mutations that give rise to selected variant forms of GT or to related phenotypes. This 
model is based on the crystal structure of αIIbβ3; it was constructed using the PyMol Molecular Graphics System, version 1.3 Schrödinger, LLC and 3fcs and 2knc pdb files as 
described.16 The αIIb subunit is in green and β3 is in blue. Precision crystallography and modeling showed that αIIb has 4 major extracellular domains (β-propeller, thigh, calf- 
1 and calf-2) whereas β3 has more (β-I or β-A, hybrid, plexin-semaphorin-integrin (PSI), 4 epidermal growth factor (EGF) and the β-tail domain).8,10 Loss-of-function 
mutations (in blue) in the β3 extracellular head prevent binding of Fg or other adhesive proteins to the opened integrin headpiece following platelet activation, while those in 
the β3 cytoplasmic tail prevent binding of kindlin-3 and/or talin, and block steps essential for integrin activation. Gain-of-function mutations (in red) lead to at least partial 
activation of αIIbβ3 and often associated with MTP accompanied by a variable loss of αIIbβ3 function. All mutations are detailed and referenced in the text.
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An inherent difficulty in characterizing type II and 
variant GT is accurately measuring αIIbβ3 expression on 
platelets. Currently, the binding of monoclonal antibodies 
(MoAbs) is assessed directly or indirectly by FC. 
However, copy number can be influenced by bivalent 
IgG MoAbs cross-linking adjacent αIIbβ3 complexes; 
a less likely occurrence at a low surface density of 
αIIbβ3 and although the use of Fab fragments is advisable 
their use is rare. The genetic variants causative of GT can 
also influence MoAb binding, either directly or through 
long-range allosteric effects. Thus, measures are approx
imate and many groups report results for a combination of 
MoAbs to different epitopes as well as performing 
Western blotting (WB) but as this review will underline 
the results are frequently disparate. Overlap of αIIbβ3 
density between heterozygotes and normal donors con
fuses family studies. Key to understanding the heteroge
neity within the type II and variant subgroups is to 
determine the degree to which the residual αIIbβ3 is func
tional (Table 1).

Ethnic Groups
While an estimate of 1 per million is the often given 
frequency of GT, it is more common in certain ethnic 
groups where consanguinity prevails. These include 
Jewish and Arab groups in Israel, French Manouche 
gypsies, and rural communities in India and Iran.13,22–24 

Studies on the French gypsies initially concerned the 
Strasbourg area in France; focussing on ITGA2B in 
view of trace amounts of β3 in WB, the authors identified 
a c.1544+1G>A substitution at the 5ʹ splice donor site of 
intron 15.22 The result was an 8-bp deletion at the 3ʹ-end 
of exon 15, a premature stop codon and a severely trun
cated αIIb. Analysis of family members revealed a strong 
association between a haplotype of five polymorphic loci 
covering a 4-cm region and the mutation suggesting 
a founder effect dating back to 300–400 years.25 More 
recently, Zhou et al26 screened 93 families with GT 
within the Chinese Han population with a lower level 
of consanguinity (18%) than other ethnic groups where 
GT is prevalent. Significantly, 74% of the patients had 
type I GT, 24% type II and only 2% had a variant form. 
A total of 43 genetic variants were identified. As had 
been noted earlier, patients with the same genotype some
times presented with markedly different bleeding 
severities.2,17

Missense Mutations and Biological 
Heterogeneity of Type II GT
The type II subgroup is highly heterogeneous with 
respect to the amount of residual αIIbβ3, the genetic 
cause, the functionality of the residual integrin, and 
bleeding severity. The selected case reports detailed and 
summarized in Suppl Table I reflect this. The results 
show how the mechanism by which αIIbβ3 binds Fg 
after activation and its capture and storage in α-granules 
is clearly different. Neither is there a clear relationship 
between the ability of platelets to capture Fg and retract 
a clot, contradicting historical reports.2,3 Also, variable is 
adhesion to surface-bound Fg, mostly studied using trans
fected cells.

Patients with ITGA2B Defects
The first patients genotyped for type II GT were indepen
dently described and concerned a homozygous p.R327H 
substitution in αIIb.27,28 A twofold difference in residual 
platelet αIIbβ3 content between the probands suggests an 
influence of other undefined factors. The maturation or 
trafficking of pro-αIIbβ3 was shown to be impaired in 
transfected COS-7 or Chinese Hamster Ovary (CHO) 
cells. A homogeneous ITGA2B p.L183P mutation in 
a man with severe bleeding illustrates the difficulties of 
evaluating αIIbβ3 expression in some cases.29 While com
plex-dependent MoAbs bound minimally, WB revealed 
30–35% of each subunit with αIIb showing signs of pro
teolysis. Platelet αvβ3 was somewhat increased. Expressed 
in CHO cells the surface expression of the mutated αIIbβ3 
was 60% as measured using subunit-specific MoAbs, 
whereas complex-dependent MoAbs or the activation- 
dependent MoAb, PAC-1, bound minimally. Both of the 
above mutations concerned the αIIb β-propeller.

Ambo et al30 reported two Japanese women with plate
lets having residual αIIbβ3 who were homozygous for p. 
Q747P affecting the αIIb calf-2 domain. Platelets attached 
to surface-bound Fg at intermediate levels; clot retraction 
was near normal. In fact, p.Q747P is a founder mutation 
for type II GT in Japan. While other homozygous patients 
had a similar phenotype, compound heterozygosity com
bining p.Q747P and a splice site mutation leading to exon 
18 skipping gave a lower 4–8% αIIbβ3 expression.31 In 
CHO cells αIIbP747β3 bound Fg in the presence of an 
activating MoAb. Pulse-chase labeling with (35S)- 
methionine showed that its maturation was impaired. 
Next to be published was a young Spanish girl with 
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lifelong bleeding; her platelets had 10% residual αIIbβ3, 
low platelet Fg, but supported a much-reduced clot 
retraction.32 She was compound heterozygous for 
a paternal splice site variant IVS5(+2)C->A transversion 
predicting a truncated protein and highly unstable mRNA, 
and a maternal p.C674R substitution that disrupted 
a disulfide bridge. Her heterozygous mother had platelets 
with only 30% of normal levels suggesting that her muta
tion had a dominant-negative effect. Expression of 
αIIbR674β3 in CHO cells confirmed the platelet pheno
type with intracellular retention of pro-αIIbR674 by the 
chaperone BiP explaining a reduced transport to the Golgi 
apparatus and then to the surface membrane.33

Basani et al34 reported type II GT linked to an ITGA2B 
p.P145L mutation reoccurring in families of American, 
Dutch and Chinese origins with mild to severe bleeding. 
Two Mennonite siblings had platelets with residual αIIbβ3 
unable to bind PAC-1 and with a much-reduced Fg storage 
pool. Expression of αIIbβ3 was lower or absent in the 
Dutch and Chinese families with compound heterozygos
ity (5% and <1%, respectively,) again illustrating 
how second allele mutations help program αIIbβ3 density. 
For the Chinese patient, p.P145L was given by a different 
nucleotide change. Mutation scanning of αIIbP145 in 
transfected COS-1 cells showed that only p.P145K abro
gated αIIb synthesis, while other mutants including p. 
P145L allowed pro-αIIbβ3 formation but interfered with 
maturation. Highly conserved, P145 locates to the upper 
surface of the β-propeller and is adjacent to the W3:4.1 
loop identified as a potential ligand-binding site by 
Kamata et al35 Mitchell et al36 reported a boy with parents 
from Puerto Rico and Canada and with platelets containing 
3–6% αIIbβ3 and an Italian/Sicilian family where MoAb 
binding showed 7–8% αIIbβ3 for four family members. As 
few clinical and biological details were given these cases 
are not included in Suppl Table I. For both families, αvβ3 
was unaffected and WB confirmed residual mature αIIb 
and β3 in their platelets. The American proband was 
compound heterozygous for p.V298F near the second 
Ca2+-binding domain in blade 5 of the αIIb β-propeller, 
and p.Y380* that prevents αIIb expression. The Sicilian 
family combined p.C674R in the αIIb calf-1 domain and 
a p.I374T missense mutation within the third Ca2+-binding 
domain in blade 6 of the β-propeller. Interestingly, his 
father was homozygous for p.C674R while his children 
were compound heterozygous for both mutations. When 
the two β-propeller missense mutations were expressed in 
recombinant αIIbβ3 in 293T cells pulse-chase experiments 

showed much of the mutated pro-αIIb to be retained in the 
ER. Jayo et al37 described a 2-year-old girl of Chinese 
nationality with lifelong bleeding, no platelet aggregation 
or clot retraction but with platelet Fg in the normal range. 
Her platelets expressed <10% residual αIIbβ3 but αvβ3 
was normally present. Residual Fg binding indicated 
a qualitative defect. Sequencing of reverse-transcribed 
αIIb mRNA revealed compound heterozygosity: a c. 
C2829T transition giving a p.P912L substitution within 
the αIIb light chain and a c.C1750T transition in exon 17 
of ITGA2B that gave p.R553* predicting truncated αIIb 
but also nonsense-mediated decay. The object of multiple 
reports in Asian patients, p.R553* is clearly a mutational 
hotspot. Transfection in CHO cells showed that 
αIIbβ3L912 reaches the surface but with a fivefold reduc
tion in the rate of expression. Enigmatically, exontrap 
analysis of the mutant αIIb alleles in CHO cells showed 
that c.C2829T was also forcing skipping of exon 28; none
theless, despite mRNA lacking exon 28 being present in 
platelets, the residual platelet αIIbL912β3 only concerned 
the full-length transcript.

More recent studies using in silico analysis and mole
cular dynamics simulations of variants affecting the αIIb 
calf-1 domain showed dynamic allosteric effects and that 
were mostly long range.38 But of the seven variants stu
died, only the above-mentioned p.C674R mutation gave 
type II GT. Pillois et al39 also reviewed structural modifi
cations in and around the αIIb genu, a region that is the 
fulcrum of the bent “resting” state of αIIbβ3. This litera
ture survey covered mutations extending from the lower 
part of the β-propeller through the thigh and upper calf-1 
domains identifying 37 cases involving 16 missense muta
tions all causal of type I GT with only p.A446P (within the 
seventh blade of the β-propeller) and p.C674R allowing 
αIIbβ3 expression and type II GT. Static in silico modeling 
confirmed how modifications of structuring H-bonds were 
the major cause of GT in the thigh domain, whereas in 
calf-1 long-range effects predominated.

Patients with ITGB3 Defects
The first reported β3 mutation in a type II patient concerned 
a Chinese girl from a consanguineous family with a lifelong 
history of severe bleeding.40 Clot retraction was absent, but 
platelet Fg was 36% of normal. Platelet αIIbβ3 expression 
was reduced to 6–14% and αvβ3 was likewise reduced. 
Sequencing of PCR-amplified cDNA identified 
a homozygous p.C374Y mutation in ITGB3. Transient trans
fection in CHO cells confirmed a 85–90% reduction in the 
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surface expression of the mutated αIIbβ3 yet the cells 
retained an ability to attach to surface-bound Fg. Novel 
integrin β3 subunit missense mutations were then reported 
for unrelated Japanese patients with type II GT and lifelong 
mild bleeding.41 For all patients, platelet aggregation was 
absent but clot retraction was in the normal range. Platelet 
expression of αIIbβ3 ranged from 7.5% to 20%. The first 
patient, an elderly woman, was homozygous for p.H280P 
while the second and third patients, both male, were com
pound heterozygous for the same mutation combined with p. 
G579S and p.C560F, respectively, both in the EGF-3 
domain. When expressed in CHO cells there was 
a significantly reduced αIIbβ3 expression for p.H280P and 
p.G579S but surprisingly a near normal expression for p. 
C560F. The expression of αvβ3 in the CHO cells was also 
affected. Preliminary information was provided that p. 
C560F and p.G579S in the EGF-3 domain were activating 
mutations, but their contribution to the residual αIIbβ3 on 
the patients’ platelets is unknown. Other cases in Japan have 
since been reported to have the p.H280P variant which may 
represent a founder mutation.

A girl whose mother was diagnosed with von 
Willebrand disease (VWD) had lifelong bleeding but nor
mal plasma VWF levels and platelets that agglutinated 
with ristocetin but which failed to aggregate with physio
logic agonists.42 Her platelets bound subnormal amounts 
of subunit-specific MoAbs to αIIb and β3 yet bound 
neither AP-2, a complex-specific MoAb nor on activation 
did they bind Fg. Western blotting confirmed about 10% of 
control platelet levels of normally migrating αIIb and β3. 
Notwithstanding, her platelets mediated a normal clot 
retraction. The patient was compound heterozygous for 
mutations in ITGB3 thereby showing how two inherited 
platelet disorders (IPDs) can occur in the same family. 
A paternal c.G867C868 dinucleotide deletion was pre
dicted to give a Fs and a stop codon at p.Q267; a 50% 
expression of normally sized αIIbβ3 in her father’s plate
lets confirmed the non-expression of the truncated β3. 
Her second mutation was a missense p.L262P substitution; 
the introduction of a proline (P) was predicted to introduce 
a β-turn and to alter β3 conformation. In transfected cells, 
αIIbβ3P262 was unstable and only small amounts reached 
the surface. Pulse-chase experiments confirmed that 
αIIbβ3P262 formed in the ER, but that maturation was 
markedly delayed. The cells retracted a fibrin clot but 
failed to bind to immobilized Fg although normally attach
ing to and spreading on Fn and Vn. Nair et al43 described 
a young boy with bleeding since birth. His platelets bound 

only trace amounts of MoAbs to αIIbβ3, but in WB αIIb 
and β3 were 10% to 30% of normal, unusually his β3 
migrated as a high molecular weight band, thought to be 
β3 dimer as its migration normalized after disulfide reduc
tion. Platelet Fg was <20% of normal. He was homozy
gous for a p.C506Y mutation in β3; this created an 
unpaired cysteine in the EGF-2 region. Different models 
proposed that C506 could link with C495 or C501 in β3.

An elderly Afghanistan woman from a consanguineous 
family had a lifelong history of mucocutaneous 
bleeding.44 Platelet aggregation was absent and clot 
retraction only 10% of normal; platelet adhesion to immo
bilized Fg was much reduced with the residual interaction 
blocked by an αIIbβ3 antagonist. Her platelets expressed 
αIIbβ3 at 24% of normal levels by FC but failed to bind 
Fg or PAC-1 after activation with ADP. Thus, once more, 
the residual αIIbβ3 had both quantitative and qualitative 
defects. Platelet Fg was virtually absent. Sequencing of 
cDNA revealed a homozygous p.T176I mutation in 
ITGA2B. Interestingly, αIIbI176 locates to the blade 3 
1:2 loop of the αIIb β-propeller suggesting that it induces 
conformation changes through allosteric effects rather 
than direct interference. Expression of the mutated 
αIIbβ3 in COS-7 or CHO cells was confirmed as being 
much reduced.

Morel-Kopp et al45 reported a homozygous p.L196P 
β3 variant in a French woman with type II GT and mild 
bleeding. Her platelets expressed only 4100 copies of 
αIIbβ3 yet her intra-platelet pool of Fg was as high as 
50%. A low expression of αIIbβ3P196 was confirmed in 
transfected CHO cells with increased cytoplasmic pro- 
αIIb suggesting altered pro-αIIbβ3 processing. 
Intriguingly, cells expressing αvβ3P196 failed to attach 
to surface-bound Fg, spread, form focal contacts, phos
phorylate FAK (focal adhesion kinase) or retract a fibrin 
clot; events that were normal for cells with αIIbβ3P196. 
Nevertheless, αIIbβ3P196 failed to bind soluble Fg or 
PAC-1 when incubated with an activating MoAb. 
A second French family heterozygously expressing p. 
L196P and followed by us in Bordeaux had a similar 
phenotype. The proband, an elderly man with lifelong 
bleeding, had platelets with 8% αIIbβ3 but WB again 
revealed a substantial pool of Fg a finding suggestive of 
αIIbβ3 recycling. His mother, a sister and son, all hetero
zygous for β3 p.L196P had platelets with intermediate 
levels of αIIbβ3. A predicted second mutation in the 
proband was confirmed when later DNA sequencing 
revealed a p.C598Y substitution.15,17 Previously reported 
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for a French type II patient, p.C598Y was said to be 
partially activated.46 Thus, the Bordeaux patient is an 
example of type II GT given by compound heterozygos
ity for two contrasting mutations each of which contri
butes to residual αIIbβ3 expression.

Splice Site and Other Mutations in Type II 
GT
Mutations in the calf-1 and calf-2 domains of αIIb are not 
directly involved in ligand binding, but small discontinu
ous contacts link them to the EGF-3, EGF-4 and β-tail 
domains of β3.47,48 A del-insert in exon 25 localizing to 
calf-2, and a transition in the acceptor splice site of intron 
19 leading to in-frame skipping of exon 20 and affecting 
calf-1, resulted in type II GT.49 In each case, the mutated 
pro-αIIb complexed with β3 in transfected BHK cells, but 
little mature αIIb resulted. Golgi mediated complex man
nose glycosylation was not seen and immunolocalization 
confirmed that mutated αIIbβ3 was mostly retained in the 
ER. A homozygous c.2348+5G>C transversion in intron 
23 of ITGA2B in an elderly male with type II GT (case 8 
in the series reported by Nurden et al17) retained attention. 
Skipping of exon 23 was confirmed using a hybrid mini
gene transfection assay. Real-time PCR and specific pri
mers showed major changes in spliced mRNAs together 
with a residual full transcript leading to the continued 
presence of 8–10% functional αIIbβ3 in his platelets. 
Although his platelets failed to aggregate, clot retraction 
was partial and platelet Fg was abundant and suggestive of 
αIIbβ3 recycling. Despite his residual αIIbβ3, he had 
severe bleeding when young receiving arm-to-arm transfu
sions in wartime. Much later, when elderly, he had severe 
GI bleeding. A Moroccan girl from a consanguineous 
marriage with frequent petechia, bruising and mucocuta
neous hemorrhages possessed platelets with about 10% 
αIIbβ3 that bound Fg in small amounts when 
stimulated.50 A homozygous c.G188A substitution at the 
splice donor site of intron 1 led to the use of alternative 
intronic donor sites leading to both a stop codon and 
nonsense-mediated decay and accounting for the low 
expression of αIIbβ3 in her platelets.

Mutations Reducing αIIbβ3 Expression 
and Overlapping That of Variant Forms
The classification of type I; type II and variant GT on 
αIIbβ3 numbers alone is purely arbitrary for borderline 
cases. For example, Jackson et al51 described a girl with 

platelets unable to bind Fg or aggregate when stimulated 
but with a normal clot retraction. Her platelets expressed 
27% αIIb, 16% β3 with subunit-specific MoAbs, but with 
minimal binding of MoAbs to complex-dependent epi
topes. In WB, her platelets contained about 30% of the 
normal levels of each subunit. Her αIIbβ3 was unstable 
and failed to express LIBS-binding sites when challenged. 
She had a homozygous p.S162L substitution in β3 with 
a destabilizing effect on αIIbβ3. Highly conserved, S162 
lies between the metal ion-dependent adhesion site 
(MIDAS) domain and a ligand regulatory loop near the so- 
called synergistic metal ion-binding site (SyMBS) of β3. 
Expression of mutated αIIbβ3L162 in COS-7 cells led to 
pro-αIIbβ3 synthesis but delayed maturation with only 
small amounts of mature αIIbβ3 and a rapid proteolysis 
of both subunits. This patient nicely emphasizes how the 
αIIbβ3 determinants responsible for platelet aggregation 
and clot retraction are distinct. Platelets of a young 
Japanese woman (Osaka-12) with moderate mucocuta
neous bleeding also sustained a residual clot retraction 
despite failing to aggregate.52 Her platelets expressed 
36–41% αIIb and β3 as assessed using MoAbs to the 
subunits but bound only 13% of a complex-dependent 
MoAb. Her αIIbβ3 failed to bind PAC-1 when activated 
and aberrantly expressed LIBS epitopes. She was com
pound heterozygous for a p.Y143H substitution in the 
W3 4–1 loop of the αIIb β-propeller and a null allele; the 
latter largely accounting for the low αIIbβ3 density. 
Transfected HEK cells normally expressed αIIbH143β3 
but failed to bind PAC-1 or Fg in the presence of an 
activating MoAb. Identical results obtained for 
αIIbA143β3 suggested that tyrosine is essential at position 
143. Her phenotype strongly resembled that of the so- 
called KO variant with an Arg-Thr insertion between 160 
and 161 of αIIb (Figure 1). Notwithstanding, cells trans
fected with αIIbH143β3 underwent a partial clot retrac
tion, whereas the KO variant abrogated it.

Variant Forms of GT and αIIbβ3 
Functioning
Activation of αIIbβ3 by “inside-out” signaling involves 
conformational changes in the subunit tails that when 
transmitted to the extracellular domains enable ligand 
binding.8 This and/or clustering of αIIbβ3 initiate “out
side-in” signaling and responses such as platelet spreading 
on Fg and clot retraction where αIIbβ3 transmits forces 
generated by actin and myosin. Important is 
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phosphorylation of the β3-cytoplasmic tail and c-Src and 
RhoA activities with retraction regulated by a molecular 
switch involving β3 dephosphorylation and cleavage at 
Y759.53 Variants that mostly possess 50% or more 
αIIbβ3 in their platelets show loss of function and may 
concern one or both signaling pathways.

Mutations Affecting Extracellular 
Domains
Loss-of-function mutations that block the ability of αIIbβ3 
to bind Fg when stimulated (Figure 1) have largely con
tributed to our understanding of how ligand binding 
occurs. The CAM variant was the first genotyped GT 
variant, a homozygous p.D119Y substitution causing loss 
of a divalent cation structured Fg-binding site within the 
MIDAS domain of β3.54 Also of major importance were 
homozygous p.R214Q or W substitutions within the 
ADMIDAS (adjacent to MIDAS) domain of β3.55,56 

Here, αIIbβ3 was hypersensitive to divalent cation chela
tion and unable to bind Fg. In all cases, clot retraction and 
the platelet Fg storage pool were severely reduced. Yet 
treatment of αIIbβ3 with dithiothreitol restored the Fg- 
binding capacity. These extracellular variant forms 
occurred in patients with clinically severe GT. While 
mostly the mutations affect β3, the Japanese KO variant 
(also associated with severe bleeding) is an exception.57 

Here, platelets fully expressed αIIbβ3 that is unable to 
bind Fg or PAC-1 when stimulated and clot retraction is 
subnormal. In addition, αIIbβ3 was refractory to the acti
vating MoAb PT25. A homozygous p.R,T160-161 insert 
on the upper face of the αIIb β-propeller localized to the 
C146-C167 loop; a purported ligand-binding site. Alanine 
substitution of oxygenated residues within this loop and 
expression in 293 cells revealed that only D163A abol
ished ligand-binding function.

Cytoplasmic Domain Mutations
Platelets of an elderly Argentinian man with a mild bleed
ing syndrome failed to bind Fg or aggregate with ADP 
despite 44% of normal levels of αIIbβ3.58 Uniquely, he 
experienced severe limb deep vein thrombosis (DVT) after 
a long air flight.3,19 His αIIbβ3 was predominantly in an 
internal platelet pool. Possessing a heterozygous β3 p. 
S752P cytoplasmic domain mutation his platelet Fg and 
clot retraction were near normal. While platelet aggrega
tion and soluble Fg-binding remained minimal, α-granule 
Fg was secreted attached to αIIbβ3 of internal membranes 

after platelets were challenged with thrombin.59 An 
RGDS-affinity column retained detergent solubilized 
αIIbβ3 from his platelets confirming an intrinsic Fg- 
binding capacity.58 As his daughter’s platelets aggregated 
normally while retaining 50% αIIbβ3 expression, the 
father was hypothesized to have a “nul” allele. A key to 
the effect of this mutation is loss of binding of kindlin-3, 
an essential protein for αIIbβ3 activation.8,15 A similar 
phenotype in a black American girl with severe bleeding 
and platelets expressing intermediate levels of non- 
functional αIIbβ3 was given by compound heterozygosity 
associating a null allele and a c.2268C>T, p.R724* variant 
giving a truncated protein missing the final 39 amino acids 
of the β3 cytoplasmic domain.60 This patient lacked not 
only the kindlin-3 binding site but also a talin-binding 
domain essential for αIIbβ3 signaling.61 CHO cells expres
sing αIIbβ3R724* failed to spread on Fg associated with 
a loss of FAK phosphorylation.

Extracellular Activating Mutations 
in αIIbβ3
Activating mutations within extracellular domains mostly 
concern cysteine residues, and β3 is rich in conserved 
disulfides of which 31 localize to the EGF domains. 
Pionering was a homozygous p.C560R substitution in the 
β3 EGF-3 domain of a Frenchman whose platelets 
expressed 20% αIIbβ3 (Figure 1).62 He had a mild form 
of GT despite a long bleeding time and mild thrombocy
topenia (100 to 150×109 platelets/L). Although platelet 
anisotropy was noted, platelet size changes were not strik
ing. The patient underwent a kidney transplant when mid
dle-aged and required multiple transfusions. The residual 
integrin on his platelets spontaneously bound anti-LIBS 
MoAbs and PAC-1. Strikingly, his circulating platelets had 
significant amounts of surface-bound Fg organized in 
clusters.62 Yet his platelets showed no visual signs of 
being activated and secreted normally with thrombin 
when a delayed but residual platelet aggregation occurred. 
Clot retraction was severely reduced, but platelet Fg was 
normal. A stable CHO cell line expressing αIIbβ3R560 
mimicked the properties of the patient’s platelets, and 
spontaneously bound PAC-1. The cells attached readily 
to surface-bound Fg spreading with increased velocity. 
Interestingly, the patient died when elderly from 
a thrombotic event. Mor-Cohen et al63 identified 
a founder p.C549R variant in β3 in consanguineous 
Jordanian Arab families with type II GT and severe 
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bleeding. Platelet aggregation was markedly impaired and 
clot retraction reduced. Transfected BHK cells showed 
that surface αIIbβ3 spontaneously and maximally bound 
PAC-1, while WB showed a higher than normal presence 
of pro-αIIb much of which was retained in the ER. The 
affected C549 forms a highly conserved disulfide with 
C558 in EGF-3. Kamata et al64 investigated the role of 
β3 disulfides by systematically substituting cysteine with 
serine followed by the expression of the recombinant 
αIIbβ3 in CHO cells. Disruption of a single disulfide in 
the EGF domains commonly led to activated integrin, 
while disruption of only 2 of 13 disulfides outside this 
region led to activation.

But not all activating mutations involve cysteine residues 
(Figure 1). An intriguing patient was reported by 
Vanhoorelbeke et al65 and involved a heterozygous p. 
S527F substitution in the I-EGF-3 domain of β3. The pro
band was a young Arab man with mild bleeding and much 
decreased platelet aggregation with ADP despite normal 
αIIbβ3 numbers. Most studies were performed using trans
fected CHO cells with the mutated integrin spontaneously 
binding Fg and PAC-1. Intriguingly, the cells formed aggre
gates when stirred with Fg. Anti-LIBS MoAbs bound spon
taneously to αIIbβ3F527 although their binding increased 
when RGDS was present. β3F527 probably causes steric 
hindrance preventing the I-EGF-3 domain from entering 
a cleft necessary for the bent integrin resting conformation. 
A 6-month-old girl with mucocutaneous bleeding had plate
lets unable to aggregate or retract a clot although platelet Fg 
was present.66 Amounts of αIIb and β3 were substantial 
although estimated as below 50%. ADP stimulated platelets 
failed to bind PAC-1 but strangely some Fg binding was 
noted. Sequencing revealed compound heterozygosity for p. 
D119Y and p.M124V missense mutations within the β3 
MIDAS domain. Homozygous p.D119Y gives rise to the 
classic CAM variant (see the preceding section).54 CHO 
cells transfected with αIIb and β3V124 showed increased 
adhesion and spreading on immobilized Fg despite a low 
surface expression of the mutated integrin. They also formed 
aggregates when agitated with soluble Fg, suggesting that 
αIIbβ3V124 was constitutively active. The failure of the 
patient’s platelets to spontaneously aggregate was probably 
due to the dominance of the loss-of-function αIIbβ3Y119. 
About 50% of the recombinant αIIbβ3V124 was present as 
pro-αIIbβ3 in the transfected cells showing a delayed 
maturation.

Questions are raised as to why the platelets of patients 
with activating mutations do not obstruct the 

microcirculation. One possibility is that the Fg binds 
monovalently and thereby blocks platelet-to-platelet 
cohesion.

Macrothrombocytopenia (MTP) and 
a GT-Like State
The cases in the earlier section possess gain-of-function 
mutations with AR inheritance but without significant 
abnormalities in platelet count and size. In contrast, an 
increasingly noted group of patients associate single allele 
gain-of-function variants of αIIbβ3 with AD transmission 
and MTP (Table 1) (Figure 1). In the early 1990s, my 
colleagues and I reported an unique case with mild bleed
ing, mild thrombocytopenia (100–160 × 109/L), some 
enlarged platelets and defective platelet aggregation.67,68 

Although surface αIIbβ3 was 10–20% of normal, his pla
telets mediated clot retraction and stored Fg; a normal 
αIIbβ3 internal pool suggested defective recycling to the 
surface. Mutation screening first highlighted 
a heterozygous p.R995Q mutation within the highly con
served GFFKR sequence of the αIIb cytoplasmic tail. 
Expression of αIIbQ995β3 in Cos-7 and CHO cells con
firmed a reduced transport to the cell surface. Although the 
mutated αIIbβ3 did not bind Fg spontaneously, there was 
weak binding of PAC-1. Significantly, αIIbR995 forms an 
intracellular salt bridge with β3D723 and weakening or 
breaking this link upgrades the activation status of αIIbβ3 
(Figure 1).69 Family studies showed that R995Q came 
from his father, but discrepancies in their αIIbβ3 expres
sion predicted a non-identified second maternal mutation 
in the son. This was later identified as a pathogenic 13bp 
intronic deletion near the splicing acceptor site for exon 15 
of ITGA2B (its mechanism is discussed later in the 
review).17 Subsequently, patients in five Japanese families 
with MTP and AD inheritance were reported with 
a heterozygous p.R995W substitution.70 With a 
normal second allele platelet surface αIIbβ3 expression 
was 50% to 70% of normal. Spontaneous PAC-1 binding 
to platelets or transfected 293T cells confirmed that αIIbβ3 
was in a partially activated conformation. Furthermore, 
when they were plated on Fg they spontaneously formed 
proplatelet-like protrusions – a finding previously reported 
for a patient with a heterozygous β3 p.D723H variant, 
D723 being the partner for R995 in the salt bridge linking 
the two cytoplasmic domains.70,71 However, enigmatically 
this latter patient while having MTP did not have 
a significant platelet aggregation defect. Later, three 
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French families were reported with MTP, GT-like defects 
and heterozygous variants affecting the salt bridge.72 Two 
families possessed p.R995W in αIIb and the third p. 
D723H in β3. In silico modeling confirmed that both 
variants created steric interference, weakening the intra- 
cytoplasmic ionic clasp but with secondary influences 
extending to other nearby amino acids. For all the above 
patients both the bleeding syndrome and the MTP were 
moderate. Nevertheless, their phenotypic variability was 
striking. Platelet αIIbβ3 expression ranged from 25% to 
50%. Intriguingly, electron microscopy showed many 
enlarged round platelets often with a heterogeneous dis
tribution of α-granules many of which showed signs of 
fusion. Early MK maturation was normal, but proplatelets 
were short and had enlarged tips. Recently, Morais et al73 

have reported more European cases with AD variants 
affecting the salt bridge and all with mild forms of MTP; 
again the authors emphasized the phenotypic variability of 
such cases and which extended to the degree of sponta
neous activation of αIIbβ3.

Mutations in the single-pass transmembrane domains 
of αIIbβ3 can also give MTP. Members of two Italian 
families associated a moderate AD thrombocytopenia 
with large platelets, defective platelet function and mod
erate/severe bleeding.74 The platelets associated a low sur
face αIIbβ3 expression with minimal spontaneous PAC-1 
binding. Platelet spreading on Fg was impaired as was 
shear-dependent platelet adhesion to collagen. Yet clot 
retraction was normal. A novel heterozygous mutation in 
ITGB3 led to a large in-frame deletion (p.D621-E660). 
Truncated β3 was noted in their platelets and a dominant 
negative effect was hypothesized. A heterozygous p. 
L718P mutation in β3 was reported in a Spanish woman 
with severe bleeding and MTP.75 Platelet aggregation was 
much reduced and a secretion defect was found with little 
surface expression of P-selectin and CD63. Surface αIIbβ3 
was selectively reduced. Her platelets spread poorly on Fg 
with defective lamellipodia. CHO cells expressing recom
binant αIIbβ3P718 directly bound Fg and PAC-1 and 
spontaneously agglutinated in the presence of Fg. When 
plated on Fg, they formed long extensions often with 
a swelling at the tip. We have reported a heterozygous 
β3 p.L718del in a woman with a GT-like syndrome with 
MTP; her platelets did not spontaneously bind PAC-1.76 

Platelet anisotropy was again associated with enlarged 
“fused” α-granules. Recently, Morais et al73 have added 
p.G976V in αIIb and p.T720P, p.H722P and p.R734H (p. 

R760H) in β3 to the list causing MTP with GT-like func
tional defects (Figure 1).

These patients raise important questions. Quite clearly, 
the conformational status of αIIbβ3 influences MK reac
tivity with extracellular proteins in the bone marrow and 
affects platelet biogenesis, but the relationships between 
the changes caused by the above mutations and the step-by 
-step exposure of the determinants that allow soluble Fg 
binding remain to be determined. Furthermore, an argu
ment can be made that “Glanzmann thrombasthenia-like 
macrothrombocytopenia” should define a distinct disease 
in the way that “platelet-like VWD” has common usage to 
define upregulated binding of VWF to GPIb.77,78

Large Series and Frequency of GT 
Subtypes
As sequencing capacity progressed, large cohorts of GT 
patients were genotyped and have considerably extended 
our insight into the mutation repertoire of this disease. 
Initially, Peretz et al79 examined the molecular basis for 
GT in 40 families with a high degree of parental consan
guinity from Southern India. Most patients had type I GT 
and 23 mutations (13 in ITGA2B and 10 in ITGB3) were 
identified. Founder effects were confirmed by haplotyping 
families with repeated p.L117W and p.Y281* mutations 
reflecting the closeness of the communities. Subgroups 
were not identified although a β3 p.R67Q variant had 
normal αIIbβ3 expression and clot retraction. Missense 
mutations affecting αIIb primarily concerned the β- 
propeller or thigh domains while those in β3 were distrib
uted within the PSI, β-I and hybrid domains. Nelson et al80 

followed with a further 15 patients from the same com
munities. Significantly, 14 showed no αIIb in WB and 10 
had no β3, while for 4 others, β3 was severely reduced. 
Platelet Fg was undetectable for 13 patients, severely 
reduced in 1; only 1 patient had normal platelet surface 
αIIbβ3 expression and normal Fg. Disease-causing muta
tions were identified for 11 patients with type I GT 
predominating.

Jallu et al81 examined phenotype/genotype relation
ships in 24 Paris patients with 19 classed as type I and 3 
as type II. They identified 29 mutations, their validation 
included expression in COS-7 cells, in silico analysis and 
mRNA processing. Noteworthy was a p.Q595H substitu
tion that failed to change αIIbβ3 expression in COS-7 cells 
despite its absence from platelets; in fact, the causal 
c.1878G>T transversion led to altered mRNA splicing 
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and skipping of exon 18 in megakaryocytes. One type II 
patient was compound heterozygous for an ITGA2B 
c.3060+2T>C transition leading to deletion of exon 29. 
For another, only a heterozygous ITGA2B p.R946* non
sense mutation was detected with a predicted but non- 
identified second allele mutation allowing residual expres
sion of αIIbβ3. Two type II patients had platelets with 
substantial pools of Fg (51% and 83%, respectively,). 
Sandrock-Lang et al82 in Germany reported 19 GT patients 
including 11 type I and 2 type II. They found 27 muta
tions. One type II patient, a male Arab with severe bleed
ing, was compound heterozygous for the ITGA2B p.L183P 
missense mutation and a c.3092delT within exon 30 of 
ITGA2B introducing a Fs and a protein prolonged in the 
cytoplasmic tail. The second patient combined a p.I154M 
missense mutation and a known p.R597X stop codon 
within ITGA2B. Both missense mutations affected the 
αIIb β-propeller.

In Bordeaux, we led a large international consortium 
that genotyped members of 76 affected families.17 

Sequencing in a national sequencing center (Genoscope) 
identified 78 disease-causing variants; in parallel 4 large 
deletions or duplications were found using quantitative 
real-time PCR. Most families were from France; others 
were from Argentina, Canada, Morocco, Spain, 
Switzerland and the USA. Many had a history of blood 
transfusions or rFVIIa in response to bleeding or preven
tively. Occasionally bleeding was mild and wide variabil
ity was highlighted. Phenotyping assigned 58 families with 
type I GT, 9 with type II and 8 had variant forms. ITGA2B 
missense mutations mainly affected the β-propeller and 
caused type I GT but gave type II in three families. Of 
the calf-1 and calf-2 domain mutations, p.V903F re- 
occurred in two nonrelated French families with type II 
GT and compound heterozygosity; expression studies con
firmed an altered maturation of pro-αIIbF903β3. An 
elderly French male with type II GT associated an 
ITGA2B p.G792E missense variant with a stop codon. 
Heterozygous p.C674R associated with a null allele in 
a patient with type II GT was first reported with homo
geneous expression in Spanish patients with type II GT 
(Suppl Table I).32 Noteworthy were missense p.Q595H 
and p.F160V mutations given by nucleotide transitions 
that also interfere with splicing as previously noted for p. 
Q595H by Jallu et al.81 While homozygous β3 mutations 
mostly gave type I GT, a heterozygous p.R37C variant 
associated with p.R143* in a patient with type II GT. 
When expressed in COS-7 cells, intracellular pro- 

αIIbβ3C37 predominated. While most β-I domain muta
tions gave type I GT, the type II subgroup was occasion
ally seen. Four missense mutations localized to the 
disulfide-rich β3 EGF-3 and EGF-4 domains but gave 
type I GT. Multiple stop codons and splice site variations 
affected both genes. Particularly interesting was a French 
patient heterozygous for the Manouche gypsy mutation 
with 50% αIIbβ3 but no platelet aggregation and who 
was also homozygous for a FERMT3 mutation.83 

FERMT3 encodes kindlin-3 and its absence rendered the 
residual αIIbβ3 non-functional. Clinically, his severe 
bleeding phenotype was associated with mild immunode
ficiency characteristic of leukocyte adhesion deficiency 
type III (LAD-III) syndrome given by mutations of 
FERMT3. A Jamaican patient with normal αIIbβ3 and no 
mutations in ITGA2B and ITGB3 was later found by my 
group to be homozygous for a mutation in RASGRP2 
abrogating CaLDAG-GEFI function.84 Careful phenotyp
ing is needed to exclude RASGRP2 and FERMT3 defects 
in cases with variant GT (Table 1).

Exon skipping occurred in three families with ITGA2B 
variants and in five families with ITGB3 variants. 
Enigmatic was a heterozygous 13-bp single allele deletion 
in intron 14 first reported by Jallu et al81 and affecting 
seven families with type I GT and no obvious ancestral 
links. These included three Catalan family members con
firming its inheritance. A hybrid minigene transfection 
assay in COS-7 cells showed that it invoked a new cryptic 
5ʹ splice site causing a 2-bp deletion in the mRNA, 
a reading-frame shift, and a premature stop codon after 
105 aberrant amino acids. The abnormal mRNA was also 
predicted to be a target for nonsense-mediated decay.

GT Platelets and Fibrin
While early studies confirmed a role for αIIbβ3 in fibrin- 
dependent clot retraction, the wide diversity in the mutation- 
dependent responses in type II and variant GT imply that Fg 
and fibrin interact with different sites on αIIbβ3. 
Podolnikova et al85 showed how a cluster of newly exposed 
amino acids in the Fg γ370-381 sequence mediate the inter
action of immobilised Fg or fibrin with αIIbβ3. Much later, 
the same group revealed how this cluster had several poten
tial contact sites within the αIIb β-propeller.86 These differ 
from the activation-dependent sites on αIIbβ3 that mediate 
binding of the γ404GAKQAGDV411 peptide or RGDS 
sequences of Fg and which respectively localize to the 
extremity of the αIIb β-propeller and to the β3 β-I 
domain.8,35 The situation clarified when the GPVI collagen 
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receptor on platelets was also shown to recognize fibrin and 
surface-bound Fg.87,88 Thus, not only does GPVI participate 
in platelet binding to the vessel wall, it also intervenes as 
a more generalized signaling receptor in thrombus forma
tion. GPVI not only may explain the accumulation of plate
lets of type I GT patients on fibrin, it may also intervene in 
the microthrombus formation seen for some patients. 
Nonetheless, the genetic absence of GPVI does not abrogate 
clot retraction and recent studies show that GPVI and αIIbβ3 
play complementary non-redundant roles.89,90 GPVI may 
also have a physiologic role in inflammatory states, cancer 
and other acquired states in GT.19,91

Platelet Proteome
Some 40 years ago, McGregor et al92 studied platelet 
membrane glycoproteins in GT by associating carbohy
drate-specific or protein-specific labeling procedures with 
high-resolution two-dimensional gel electrophoresis. 
Glycosylation defects of residual GPIIb and GPIIIa 
extended to other components of the platelet surface in 
type I and type II GT; suggesting an unexplored source of 
functional heterogeneity. Loroch et al93 investigated plate
let function and the platelet proteome in type I GT patients 
with homozygous Fs mutations in ITGA2B leading to 
premature stop codons. Mass spectroscopy validated 
about 3% αIIb and 5% β3 in platelets of the two patients 
studied. Signaling proteins such as kindlin-3, CalDAG- 
GEFI, and Src were all normally present as were αv, GPIb- 
IX and GPVI. Downregulated in platelets were Fg, 
FXIIIB, carboxypeptidase-B2 (a fibrinolysis inhibitor) 
and plasminogen despite normal plasma levels. FcγRIIA 
and laminin-α4 were upregulated. Megakaryocytes synthe
size FXIIIA that is stored in platelets but FXIIIB is taken 
up – perhaps in association with Fg. Plasminogen interacts 
with carboxypeptidase B suggesting a common endocytic 
pathway. FcγRIIA increase was linked to increased dense 
granule secretion in response to immunoglobulin com
plexes. Recently, Blair et al94 used state-of-the-art mass 
spectrometry (MS) and metal-tagged antibodies to study 
activation-dependent changes on GT platelets. They high
lighted the elevated levels of CD9, CD42a and CD63 
while the density of CD21, CD154 and GPVI was low. 
CD9 and CD63 are granule markers that were increased, 
whereas the normal expression of P-selectin, another gran
ule membrane protein, was unexplained. But perhaps more 
significant is that the bulk of the platelet proteome 
appeared to be unchanged. It would be interesting to 
examine a wider range of patients including variant forms.

Diagnosis and High-Throughput 
Sequencing
The advent of high-throughput sequencing (HTS) for diag
nosis of IPDs has greatly accelerated gene identification 
and mutation analysis as well as posing new sets of 
challenges.77,78,95,96 Precise genotyping in GT is required 
for optimal clinical management. It also provides insight 
into αIIbβ3 structure–function relationships, facilitates 
family planning and assists in the development of new 
treatments including gene therapy. Targeted sequencing 
(TS), whole-exome sequencing (WES) or whole-genome 
sequencing (WGS) are all viable options with TS against 
a selected gene panel including ITGA2B and ITGB3 the 
initial and most economic choice for GT. Potential users 
should consult the annually updated curated gene panel 
from the ISTH SSC.95 The gene panel should also include 
RASGRP2 encoding CaLDAG-GEFI and FERMT3 encod
ing kindlin-3 whenever the clinical profile suggests GT 
variant-like platelet function. While WES can cover intro
nic flanking regions and splice sites its basic advantage is 
to allow the detection of new genes. A negative result in 
TS and WES should be followed by WGS when possible, 
but both WES and WGS require extensive computer-based 
facilities and technical back up.96 Key is the classification 
of variants into those with known pathogenicity, likely 
pathogenic and those with uncertain pathogenicity, while 
copy number variations represent a separate challenge as 
do variants deep within introns (reviewed in Ver Donck 
et al96). Particularly interesting is that for some patients 
bleeding results from combinations of homozygous or 
single allele mutations on two or more different genes 
that may or may not involve ITGB3 or ITGA2B. Variant 
analysis should also include those of modest pathogenicity 
that on their own do not cause a sufficient inhibition of 
platelet function to disturb hemostasis but which may 
nonetheless modulate disease severity. The identification 
of gene modifiers that influence disease pathogenesis and 
penetrance in GT is a major future challenge.

Extent That Mutations of ITGA2B 
and ITGB3 are Found in the General 
Population
In a pioneering study, Buitrago et al97 analysed next- 
generation sequencing data (WES and WGS strategies) 
from five international databases and assessed the fre
quency of missense mutations affecting αIIb and β3 in 
16,108 normal individuals and compared their findings to 
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111 missense mutations reported in the literature as caus
ing GT. Their survey identified 114 missense variants in 
ITGA2B (affecting 11% of the amino acids) and 68 in 
ITGB3 (affecting 9% of the amino acids). Of these, 96% 
had minor allele frequencies (MAF) of <0.1% while 
a significant proportion were predicted to be deleterious. 
Strikingly, none of the missense mutations known to cause 
GT were present. This study showed that 1.3% of the 
population has a variant of ITGA2B or ITGB3. The authors 
concluded that on the basis of their rarity, the bulk of the 
amino acid substitutions had entered the population 
recently. We hypothesized that if this applied to the GT- 
causing mutations in our international cohort, then many 
patients would share non-damaging synonymous and non- 
synonymous SNPs in both genes.17,98 We therefore quan
tified non-disease causing genetic variants including 
human platelet alloantigen (HPA) polymorphisms within 
the sequenced regions of ITGA2B and ITGB3.98 Our 
results show that many damaging and GT-causing muta
tions share SNP haplotypes with little genetic variation in 
unrelated families of wide geographical origins: a result 
that agrees with many GT-causing mutations being of 
recent origin. It is probable that a high proportion of 
private mutations outside ethnic groups and closed com
munities will disappear due to natural selection and that 
the mutation profile in GT is constantly changing.

Treatment
If local measures fail, GT patients receive platelet transfu
sions or recombinant factor VIIa (rFVIIa) given with or 
without anti-fibrinolytics. George et al3 evaluated treat
ment for 112 patients followed in Paris and reported that 
a majority had received such measures at least once. 
However, the extent of bleeding was difficult to predict 
and had no dependence on whether the patient had type I, 
type II or variant GT. This has been confirmed many 
times; bleeding may vary considerably in severity and 
frequency even among members of the same family.17,26 

One situation where treatment is adapted is in the presence 
of isoantibodies to αIIbβ3 with rFVIIa advised for patients 
with inhibitors and refractoriness.99,100 Occasional adverse 
events linked to rFVIIa have mostly involved DVT.19 Al- 
Battat et al101 showed that platelets from type I patients 
compete with and hinder the hemostatic efficacity of trans
fused platelets and emphasized the importance of main
taining a high proportion of transfused platelets. But the 
major risk of platelet transfusion remains immune sensiti
zation when the integrin is lacking in type I GT.102,103 In 

this respect, genotyping and biological testing helps choice 
of treatment.

Pregnancy is rare in women with type I GT both 
through individual choice and the long-term use of hor
monal therapy. Apart from bleeding risk, pregnancy may 
lead to immunization following passage of fetal cells into 
the mother’s circulation.103 Transplacental passage of 
maternal antibodies may cause thrombocytopenia in the 
fetus. Leticée et al104 described pregnancy in a woman 
with type I GT and isoantibodies following blood trans
fusions. As the husband’s platelets fully expressed 
αIIbβ3, the fetus was an obligate heterozygote. Fetal 
death occurred at 31 weeks due to intracranial hemor
rhage. Although absent from platelets when αIIbβ3 and 
αvβ3 are lacking, HPA-systems on β3 are a factor on 
platelets and other cells that express αvβ3 when the gene 
defects affect ITGA2B as well as in type II GT and for 
variant GT. The risk of antibody formation will remain in 
the event of alloantigen incompatibility. Santoso et al105 

found that intracranial hemorrhage in mothers with fetal/ 
neonatal alloimmune thrombocytopenia (FNAIT) caused 
by anti-HPA-1a antibodies, was predominately due to 
their reactivity with αvβ3 in endothelial cells. Evidence 
for anti-HPA-1 alloantibodies reactive with αvβ3 in GT 
was provided by Fiore et al106 who detected them in 
polytransfused patients with the French Manouche 
gypsy mutation (on ITGA2B) with αvβ3 in platelets and 
other cells expressing β3 homozygous for the rare HPA- 
1b allele. Thus HPA typing is recommended in GT and 
especially for affected women.

How Other Gene Defects Can 
Modify the GT Phenotype
High-throughput gene screening allows the simultaneous 
evaluation of a wide variety of gene variants that can 
influence the GT phenotype. In addition to the examples 
already illustrated in this review and in the literature for 
other IPDs,96 it allowed us to find a heterozygous p.G146R 
mutation in TUBB1 encoding β-tubulin in a patient who 
combined MTP and type I GT caused by compound het
erozygosity of p.P189S and p.C210S in ITGB3.107 It is 
becoming more and more clear that bleeding in GT 
depends not only on the mutations that define the pathol
ogy but involves variants of a wide variety of genes 
involving coagulation factors and the vasculature as pre
viously discussed for other IPDs.77,78 For example, 
Deshpande et al108 identified a combination of GT and 
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mild FVII deficiency in a 13-yr-old Indian boy with GT 
and a moderately severe bleeding syndrome. His platelets 
lacked αIIbβ3 due to compound heterozygosity for p. 
Q132K and p.K650T in ITGB3. Three polymorphisms 
(two in the promoter region) of F7 were predicted to 
cause the FVII deficiency. In a pioneering study, 
Owaidah et al109 performed targeted sequencing of 72 
family members of GT patients in Saudi Arabia and as 
well as identifying 17 mutations within ITGA2B and 
ITGB3 they found possible disease-influencing variants 
in ITGA2, VWF and F8. Notwithstanding, the genes ana
lyzed should also include variants potentially protectrice 
against severe bleeding such as Factor V Leiden but for 
which the jury is out at the moment with regard to their 
influence in GT.19,95

Human Stem Cell Transplants 
(HSCT) and Gene Therapy
Restoring hemostasis in GT patients with life-threatening 
bleeding by HSCT has proved remarkably successful. 
Pioneering studies were performed in Paris, first on 
a brother and later on his sister with severe type I GT 
and antibodies to αIIbβ3 making them refractory to 
transfusions.110 Both received bone marrow transplants 
(BMT) from an asymptomatic sibling but under evolving 
conditions. Platelet function and αIIbβ3 expression was 
restored and remained stable for years. Significantly anti
bodies to αIIbβ3 were no longer present. Flood et al111 

performed BMT on three type I patients with severe bleed
ing. Two donors were matched family members but the 
third was unrelated. A conditioning regimen consisting of 
busulfan, cyclophosphamide and fludarabine met with iso
lated episodes of graft versus host disease (GVHD); 
thrombocytopenia due to antibodies to αIIbβ3 was suc
cessfully treated by immunosuppressive therapy and intra
venous gammaglobulin (IVIgG). Complete and long-term 
donor engraftment was observed. Poon et al100 reviewed 
data from an international registry for BMTs in GT com
posed of 43 patients. Despite variable conditioning 
regimes and donor graft sources, there was an 81% survi
val at a median 47 months. Clearly, HSCT can restore the 
quality of life in GT; notwithstanding, it remains a last 
resort due to the possible complications and especially 
GVHD. The future for treating GT patients with severe 
bleeding remains gene therapy, yet remarkably this 
remains at an experimental stage. David Wilcox et al in 
Milwaukee have been pioneers. First, they transduced BM 

cells using a lentivirus vector containing a cDNA cassette 
encoding human β3 and transplanted them into irradiated 
β3-/- mice.112 Human β3 complexed with murine αIIb but 
platelets in the mice only expressed around 12% of the 
normal levels of functional αIIbβ3. Notwithstanding their 
platelet Fg normalized and their tail bleeding times 
improved. Antibodies to αIIbβ3 were observed in one 
mouse, but perfusion of IVIgG slowed platelet clearance. 
Studies followed on dogs with an ITGA2B mutation and 
type I GT.113 Bleeding was corrected, but the expression of 
chimeric αIIbβ3 in the platelets again remained low with 
only about 10% platelets expressing around 5000 copies of 
αIIbβ3. One of four dogs formed antibodies to αIIbβ3 that 
were eliminated by IVIgG. However, questions are raised 
as platelets of patients with type II GT and uniformly 
expressing 10% of functional αIIbβ3 can have a serious 
bleeding syndrome. Clearly improved protocols are 
required. Two alternative procedures are promising. The 
first is the use of patient-derived induced pluripotent stem 
cells (iPSCs). Sullivan et al114 designed a specific con
struct to reprogram monocytes from two patients with type 
I GT to produce iPSCs with restored synthesis of αIIbβ3. 
Their procedure led to corrected αIIbβ3 expression and 
function in MKs. Hu et al115 generated iPSCs from skin 
fibroblasts from a boy with type I GT and compound 
heterozygosity in ITGA2B. Differentiation of the iPSCs 
into MKs and restoration of the defective gene led to 
platelets expressing αIIbβ3; nonetheless, the difficulties 
encountered led the authors to suggest that blood cells 
were a better source for iPSCs. Notwithstanding, 
CRISPR/Cas technology has opened new concepts for 
directly correcting gene defects in rare diseases and GT 
will be an obvious choice. As proof of concept, Zhang 
et al116 edited the genome of heterologous cells and then 
iPScs to change HPAs. More precisely, iPSCs expressing 
HPA-1a (β3Leu33) were converted to HPA-1b (β3Pro33) 
and then differentiated into progenitor cells. The advan
tage of CRISPR/Cas procedures is that the correction is 
made on the patient’s own cells; therefore, the question of 
immune tolerance is of lesser importance. This field offers 
much scope for future years.

Conclusions
Looking back over a long career that nears 50 years has 
enabled me to review the progress made and to offer 
thoughts for the future. Clearly, an improved point-of- 
care test to better evaluate bleeding risk under the flow 
conditions of the microcirculation is needed as is a spot 
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test to allow the rapid detection of antibodies to αIIbβ3 
prior to surgery or delivery. While the classification of GT 
patients into type I, type II and variant subgroups has 
served a useful purpose, genotyping has confirmed that 
GT as a whole is not divided into subgroups but consists 
of a range of genetic defects leading to an absence of 
αIIbβ3 or residual amounts that vary in quantity and func
tion with no clear boundaries between them. An interna
tional consensus is required to determine if AD GT-like 
MTP should be given separate status in a similar way to 
platelet-type VWD. The place of genotyping and the use 
of high-throughput sequencing procedures will gain in 
importance and their early use will allow for more rapid 
and targeted biological testing. Finally and most impor
tantly, while gene mutations define the disease, bleeding 
severity depends on a range of other factors, both epide
miological and genetic and defining these must be the 
priority in coming years as personalized medicine and 
gene therapy become options for patient care. 
Notwithstanding, differential diagnosis and biological stu
dies will remain an essential part of accurate patient phe
notyping and patient management, especially in third- 
world countries.117 The place of new technologies both 
in platelet function testing and in genotyping will need 
continued and constant evaluation.

Note
Human Genome Variation Society (HGVS) nomenclature 
is used throughout for cDNA and protein numbering. For 
nucleotide numbering, the A nucleotide of the ATG start 
codon was designated +1 (cDNA ITGA2B and ITGB3 
GenBank accession numbers NM_000419.3 and 
NM_000212.2, respectively). For amino acid numbering 
+1 corresponds to the initiating Met with signal peptide 
included. However, as the numbering for the mature pro
tein was used for the crystal structure of αIIbβ3 [see Xiao 
et al10 and Nurden et al15], mature protein numbering is 
used here for missense and other mutations affecting pro
tein structure. This involves subtracting 31 amino acids 
from the HGVS numbering of αIIb and 26 amino acids for 
β3.
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Introduction: Peripheral blood mononuclear cells (PBMCs) sensitized with mesenchymal 
stem cells (MSCs) secretome and/or colony stimulating factor-2 (CSF-2) as an immunotherapy 
candidate may escalate osteosarcoma stem cells (OS-SCs) apoptosis. This study aimed to 
investigate the escalation of osteosarcoma stem cells’ apoptosis after the co-cultivation with 
PBMCs sensitized by MSCs secretome with/or CSF-2 and it was completed by analyzing the 
level of serum tumor necrosis factor-related apoptosis-inducing ligand (sTRAIL) and tumor 
necrosis factor-α (TNF-α) level, annexin V binding, caspase-3 and caspase-8 expression in vitro.
Methods: OS-SCs were derived from a single human osteosarcoma sample with its high 
grade and osteoblastic essential clinical characteristics obtained from a biopsy before the 
chemotherapy treatment. They were then isolated and cultured confirmed by the cluster of 
differentiation-133 (FITC) by applying immunofluorescence analysis with fluorescein iso
thiocyanate (FITC) labeled. MSCs secretome was obtained with cells extracted from the 
bone marrow of a healthy patient. Furthermore, enzyme linked immunosorbent assay 
(ELISA) was utilized to analyze sTRAIL and TNF-α level in each group. The expression 
of caspase-3, caspase-8, and annexin V assay in each group was examined by applying the 
immunofluorescence labeled with FITC. The comparison analysis between treatment groups 
and the control group was performed by utilizing the analysis of variance (ANOVA) and 
continued with Tukey Honest Significant Difference (HSD) (p<0.05).
Results: There was a significant difference in the upregulation of sTRAIL and TNF-α level 
indicated by the increased annexin V, caspase-3, and caspase-8 expression binding between groups 
(p<0.05).
Conclusion: MSCs Secretome and CSF-2 could significantly increase the activity of 
PBMCs through the improvement of sTRAIL and TNF-α levels which could lead to the 
escalation of OS-SCs apoptosis through an enhanced expression of caspase 3, caspase 8 and 
annexin V binding in vitro.
Keywords: cancer, caspase, osteosarcoma, peripheral blood mononuclear cells, 
mesenchymal stem cells, tumor necrosis factor

Introduction
As the most frequent primary bone tumor, osteosarcoma (OS) has the prevalence 
for approximately 4–5 out of 1.000.000 per year with higher prevalence in men than 
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in women.1,2 Osteosarcoma is a neoplasm that can be 
diagnosed based on the histological examination of osteoid 
production associated with the aggressive malignant 
mesenchymal cells that tend to metastasize early and it 
has several types conventionally categorized by the cell 
types such as osteoblastic, chondroblastic and 
fibroblastic.3,4

In Indonesia, the incidence of bone tumors at Central 
Hospital Cipto Mangunkusumo, Jakarta was 1.2%, 
whereas the incidence of malignant bone tumors was 
1.3%. The prevalence of osteosarcoma was one of the 
top five cancer cases found at the age group of 1–17 
years old. The profile evaluation of bone tumors in chil
dren at Central Hospital Cipto Mangunkusumo in Jakarta 
during 1995–2004 showed that 73.7% of the cases were 
confirmed as osteosarcoma.5

In curing osteosarcoma, the existing therapy that has 
been used is the conventional therapies including surgery, 
chemotherapy, and radiotherapy.6 Prior investigation 
exhibited that homologous recombination fixes defects 
contained within the designed BRCAness genomic signa
ture of high-grade osteosarcomas and apoptosis. There 
may be a link between caspase activation and the poly 
(ADP-ribose) polymerase (PARP). Furthermore, the 
diminished cell viability is uncovered by administrating 
Talazoparib on the MNNG/HOS cell line, but there is no 
sign in the study of apoptosis.7 The growing quality of life 
in the osteosarcoma patients has only been seen as the 
incremental changes in survival. In addition, the immune 
environment of the bone is highly specialized, and several 
immune signaling pathways have major contribution in 
bone homeostasis. Thus, the alternative therapy targeting 
deoxyribonucleate (DNA) that leads to DNA fragmenta
tion known as apoptosis is still urgently needed.8

Moreover, apoptosis can occur through two different 
pathways, which are the extrinsic pathway and intrinsic 
pathway. The first pathway can be completed with an 
external stressor that initiates the apoptosis by activating 
Fas-associated death domain (FADD)/TNFRSF1A 
Associated Via Death Domain (TRADD) resulting in the 
pro-caspase activation.9,10 It is categorized into transduc
tion pathways, oxygen reactive pathways, growth factor 
pathways, and cytokine pathways. Meanwhile, the intrin
sic pathway is an apoptotic process involving mitochon
drial dependent cytochrome C, caspase 3, caspase 9, 
apoptotic protease activating factor-1 (Apaf-1), Bcl-2, 
BAX, and BAK.11 The various cell death processes men
tioned above are most likely becoming the option for 

osteosarcoma treatment by employing peripheral blood 
mononuclear cells (PBMCs) as an immunotherapy.

In addition, immunotherapy can be benefited for cancer 
therapy by applying cancer-specific immunoglobulins 
including monoclonal antibodies, cancer vaccines, and 
T-cell therapy. PBMCs consist of several cells such as 
lymphocytes like monocytes, natural Killer (NK) cells, 
dendritic cells (DC), T-helper cells (Th1, Th2, Th17), 
and macrophages which have different phenotypes and 
activations in the immune system.12 PBMCs significantly 
contribute in controlling the immune system through cyto
kine networks or interleukins, secretions and expressions 
such as fas ligand, perforin, granzyme B, and soluble 
tumor necrosis factor-related apoptosis-inducing ligand 
(sTRAIL) which can generate cancer cell necrosis through 
extrinsic and intrinsic routes.13 Although in many 
researches, the results revealed that the activation of 
PBMCs can be raised by administering antioxidants, lipo
polysaccharides, or other types of herbs containing 
tannins.14 There is another compound which has not 
been widely studied to sensitize and activate PBMCs, 
that is mesenchymal stem cells (MSCs) secretome.

A secretome of MSCs is a combination of many 
secreted molecules which includes interleukins, growth 
factors and any of secreted extracellular vesicles like 
microvesicles, apoptotic bodies, ectosomes, and exosomes. 
MSCs secretome might contribute a significant capacity in 
the physiological activation of PBMCs both in vivo and 
in vitro.15 Additionally, another molecule that may stimu
late and activate the PBMCs is the colony stimulating 
factor-2 (CSF-2). CSF-2 entails molecules that have the 
essential part in the transcription factors and immune cell 
proliferation consisting NK-cells, cytotoxic T lymphocyte 
(CTL), and monocytes that can expand the activity of 
mononuclear cells through the secretion of tumor necrosis 
factor-α (TNF-α), interleukin (IL)-2, and IL-6 with para
crine effect.16

Furthermore, TNF-α is one of the pro-inflammatory 
cytokines produced by peripheral blood mononuclear 
cells covering macrophages, T cells, eosinophils, mast 
cells, NK cells and some nerve cells. TNF-α also has 
a fundamental part in regulating the immune system 
which entails inducing the cell death through apoptosis.17 

In addition, launched by several cell types, serum tumor 
necrosis factor-related apoptosis-inducing ligand 
(sTRAIL) is qualified in interlacing the transmembrane 
pro-apoptotic death receptors TRAIL-R1/DR4 and 
TRAIL-R2/DR5 in human. Therefore, the initial marker 
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of pro-apoptotic induction molecule is the levels of TNF-α 
and TRAIL which reflect the activated extrinsic pathway. 
The sTRAIL level is influenced by the time, which means 
that the more it is secreted, the more it can affect the micro 
environment.18

Significantly, the enhancement of TNF-α and sTRAIL 
from PBMCs sensitized by CSF-2 and/or MSCs secretome 
may induce the apoptosis of cancer cells through extrinsic 
pathway. The biomarker which can be used to detect the 
apoptosis via extrinsic pathway along with annexin V, 
caspase-3 and caspase-8.19 Known as one of cellular pro
teins within the annexin group, annexin V is often 
employed to identified an apoptosis by tying up phospha
tidylserine outside the plasma membrane. Annexin 
V which binds the uppermost layer of the cellular mem
brane’s phosphatidylserine could detect the process of cell 
damage or apoptosis.20 Meanwhile, caspase-3 is the part of 
protease enzyme family which contributes essentially and 
fundamentally in the apoptosis and caspase 8 is the initia
tor to cleave Atg3 during receptor-mediated cell death and 
induces apoptosis.19

As the cell targets, osteosarcoma stem cells (OS-SCs) 
can be generated from the patient’s osteosarcoma tissues. 
Besides that, not only that osteosarcoma tissues are the 
resource of cancer stem but these tissues can also produce 
the extracted osteosarcoma associated stromal cells which 
are non-tumoral mesenchymal stem cell-like cells.20,21 

However, the isolated OS-SCs must be confirmed by uti
lizing the markers of CD133, SOX2 and CD44. The 
enhanced expression of SOX2 may directly contribute in 
the growth and initiation of tumor.22 Moreover, SOX2 
expression in sarcoma patients is associated with the 
tumor grade, differentiation, invasive potential and lower 
patient survival.23 Meanwhile, in osteosarcoma, the fea
tures of CD117 and STRO-1 for the most lethal character
istics of the disease-metastasis and drug resistance, these 
markers offer candidates for the drug delivery of cancer 
stem cells aiming in eradicating the osteosarcoma.24

The combination of PBMCs with MSCs secretome, or 
PBMCs with CSF-2, or PBMCs with MSCs secretome and 
CSF-2 as mentioned above can lead to the discovery of 
immunotherapy for osteosarcoma treatment. Thus, this 
study’s main goal was to inquire the escalation of osteo
sarcoma stem cells (OS-SCs) apoptosis after the co- 
cultivation with PBMCs sensitized by MSCs secretome 
with/or colony stimulating factor-2 completed by analyz
ing sTRAIL and TNF-α level, annexin V binding, caspase- 
3 and caspase-8 expression in vitro.

Materials and Methods
Study Design
This scientific investigation was an in vitro study and 
a true experimental post-test only control group design. 
The size of this study sample was seven samples for each 
group. The sample was then selected blind-randomly and 
then assigned into each group. This study was carried out 
in Dr Soetomo General Hospital (RSUD. Dr Soetomo) and 
the Stem Cell Research and Development Center, 
Universitas Airlangga, Surabaya, Indonesia. Related to 
the study protocol, the ethical health committee of 
Dr Soetomo General Hospital, Surabaya, East Java, 
Indonesia, had granted the research ethics authorization 
for this study.

Isolation, Culture, Sub-Culture of 
Osteosarcoma Stem Cells
In this study, OS-SCs were derived from a single human 
osteosarcoma sample with its high-grade and osteoblastic 
essential clinical characteristics obtained from biopsy 
before the chemotherapy treatment. OS-SCs were iso
lated from osteosarcoma tissue with a 3–5 cm excision 
from the osteosarcoma patient treated at the department 
of Orthopedics and Traumatology in Dr Soetomo 
General Hospital, Surabaya, Indonesia. The excision 
was performed by surgeons after obtaining a written 
informed consent from the patient for the osteosarcoma 
tissue collection. The isolated osteosarcoma tissues were 
then cleaned by washing them with phosphate-buffered 
saline (PBS) (Sigma Aldrich, US) entailing 5% penicil
lin/streptomycin (Gibco, US). The specimens of the tis
sue were chopped in small pieces by applying a sterile 
scissor then placed into Erlenmeyer tube consisted of 
5 mL Type I collagenase 0.075% within PBS containing 
2% of penicillin/streptomycin. Twenty percent heat- 
inactivated fetal bovine serum (FBS) (Gibco, US) con
tained in 5 mL of α-minimal essential medium (Gibco, 
US) were blended into the tube to counterbalance the 
Type I collagenase activity. In addition, samples were 
then refined afterward by pouring them into the beaker 
glass wrapped with 3 plies of sterile gauze. The resulted 
supernatant of filtration was later centrifuged in 
2000 rpm for 5 min, then disposed, and its pellet was 
resuspended by mixing it with PBS for pellet wash. The 
pellet was rewashed repeatedly and eventually resus
pended with the complete medium. For the final step of 
this procedure, those suspensions were cultivated on the 
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culture plate and then stored inside the incubator with 
37°C and 5% CO2.25

Characterization of Osteosarcoma Stem 
Cells
To start this characterization, the filtration of digested OS- 
SCs was cultured in the sterile 10 cm petri dish and 
a complete 10 mL growth medium was added. Then, OS- 
SCs were incubated in a 5% CO2 incubator with tempera
ture at 37°C for 5 days. The characterization of confluent 
OS-SCs was carried out by immunofluorescence staining 
with immunofluorescence isothiocyanate (FITC) labeled 
using the specific markers of OS-SCs such as cluster of 
differentiation (CD) CD133+, SOX2, and CD44+.22–25

Isolation and Sensitization of PBMC with 
BM-MSCs Secretome and/or CSF-2
The collection of peripheral blood sample from healthy 
volunteers was performed that had been examined for HIV 
and Hepatitis-B after obtaining the written informed con
sent from those volunteers. PBMCs isolation was done by 
employing the Ficoll system with a gradient of 1.077. 
A sample of 10 mL from the whole blood was mixed 
with EDTA, then washed with PBS and centrifugation at 
a speed of 1600 rpm. Next, the supernatant was removed 
and then the blood was taken with a micropipette and put 
into a 15-mL tube containing 5 mL Ficoll. Furthermore, 
1600 rpm centrifugation was carried out at a temperature 
of 20°C. The buffy coat was slowly separated with 
a pipette and placed in sterile PBS. After centrifugation, 
the pellets were resuspended with a complete growing 
medium (RMPI 1640, 10% FBS) added with BM-MSCs 
secretomes or CSF-2 (Sigma Aldrich, US).

Moreover, bone marrow mesenchymal stem cells (BM- 
MSCs) secretome was generated from healthy volunteer, 
and the examination of HIV and Hepatitis-B was per
formed after obtaining the written informed consent from 
this volunteer. Two growth media were selected for produ
cing mesenchymal stem cells conditioned medium (MSC- 
CM). Firstly, the chemically defined low glucose DMEM 
(DMEM-LG) (Sigma Aldrich, US) was selected as 
a conventionally used medium for MSC culture. 
Secondly, among the commercially available media 
designed to specifically support the growth of undifferen
tiated MSC, a defined, xeno-free, serum-free MSCs 
NutriStem medium was preferred for this process 
(Biological Industries, Israel). It was fundamental to note 

that only basal media without nutrimental supplements 
(FBS or NutriStem supplement) were used for MSC 
conditioning.26 BM-MSCs secretomes were generated 
from the Stem Cells Research and Development Center, 
Universitas Airlangga, Surabaya, Indonesia, and finally 
incubated at a 37°C incubator for 2 days.

Co-Cultivation of Osteosarcoma Stem 
Cells with Sensitized Peripheral Blood 
Mononuclear Cells
At this step, co-cultivation between the sensitized PBMCs 
and OS-SCs with a ratio of 5:1 was cultured in a 10 cm 
petri dish and then 10 mL MEM alpha medium with 20% 
FBS was administered. Finally, the sensitized PBMCs and 
OS-SCs were incubated in 5% CO2 incubator at 
a temperature of 37°C for 5 days.25

The Level of sTRAIL and TNF-α Analysis 
by Indirect Enzyme Linked 
Immunosorbent Assay
Enzyme linked immunosorbent assay (ELISA) was 
employed to analyze sTRAIL (E-EL-H1593, Elabscience, 
US) and TNF-α levels (E-EL-H0109, Elabscience, US) in 
each group. The first step was 100 μL supernatant medium 
coated in 96 well microplate by applying a coating buffer 
with a ratio of 1:10 for 24 h at 4°C. After an antigen 
coating, 3 times washing with 0.02% tween-X was per
formed, then continued with the blocking using 1% BSA. 
After the washing, each antibody was added in the ratio of 
1:1500 and then incubated in an incubator at 37°C for 2 
h. In the post-washing process, it was reacted with the 
secondary conjugate antibody labeled with alkaline phos
phatase, combined with PNpp and incentivized in a dark 
room for 15 min, then the reaction was stopped with 1 
N H2O2 or 1N HCl. Finally, the analysis was carried out 
with an ELISA reader with a 450 wavelength.25

Immunofluorescence Analysis on Annexin 
V, Caspase-3 and Caspase-8 Expression
After being co-cultivated with sensitized PBMCs after 5 
days, OS-SCs were washed with sterile PBS, preserved 
with acetone at −20°C for 3–5 min, and then rewashed 3 
times with PBS. In addition, blocking was performed with 
1% serum. In addition, anti-caspase 8, anti-caspase 3, and 
anti-annexin V FITC-conjugated antibodies as much as 
100 μL with a ratio of 1:500 were combined and incubated 
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for 1 h at a 37°C. The comparison was done between 
normal cells and cells stained with 4,6-diamidino-2-phe
nylindole (DAPI). The sample was then observed under 
fluorescent inverted microscope with 20x magnification.25

Data Analysis
All data were collected, then processed, and statistically 
tested by using 20.0 version of Statistical Program for 
Social Science (SPSS) for Windows (IBM Corporation, 
Illinois, Chicago, US). The data was described as an 
average in each group and the normality data test 
(p>0.05) was carried out. The comparison analysis 
between the treatment groups and the control group was 
done by utilizing the analysis of variance (ANOVA) con
tinued with Tukey Honest Significant Difference (HSD) 
(p<0.05). The analysis of statistics was employed to inves
tigate the effect of times (2 days, 4 days, and 6 days) and 
the TNF-α and sTRAIL level, and the expression of cas
pase-3, caspase-8 and annexin V examination.

Results
OS-SCs were successfully isolated and cultured from 
a patient’s osteosarcoma tissue with the high grade and 
osteoblastic essential clinical characteristics showed the 
morphology of the OS-SCs (Figure 1A–D). The OS-SCs 
were sub-cultured until the 6th passage and then character
ized with CD133+ and CD44+ markers (Figure 1E–H). 
Moreover, the morphology of PBMCs isolated from 
healthy people was further sensitized with MSCs secre
tome and CSF-2 for two days that can be seen in 
Figure 2A. As a result, the sensitized PBMCs co- 
cultivated with OS-SCs showed a reactivity that can be 
seen in Figure 2B–D.

The highest TNF-α level was found in PBMCs + CSF- 
2 group as a significant difference was also discovered in 
TNF-α level in 2 days between PBMCs + CSF-2 group 
and PBMCs alone, and PBMCs + MSCs secretome and 
PBMCs alone (p<0.05). However, there was no significant 
difference in TNF-α level between PBMCs + CSF-2 group 
and PBMCs + MSCs secretome group in 2 days (p>0.05) 
(Figure 3A).

The highest sTRAIL level was expressed in PBMCs 
+OS-SCs+ MSCs secretome (6d) group. There was 
a significant difference located in sTRAIL level between 
OS-SCs group, PBMCs+MSCs secretome (2d) group, 
PBMCs+OS-SCs+MSCs secretome (2d) group and PBMCs 
+OS-SCs+MSCs secretome (6d) group (p<0.05). In addi
tion, the significant difference was also shown in sTRAIL 

secretion between PBMCs+OS-SCs+MSCs secretome (6d) 
group and OS-SCs (6d) group (p<0.05) (Figure 3B). The 
highest sTRAIL level was found in PBMCs+OS-SCs+CSF2 
group. A significant difference was also presented in 
sTRAIL level between OS-SCs (6d) group, PBMCs+CSF2 
(2d) group, PBMCs+OS-SCs+CSF2 (2d) group, PBMCs 
+OS-SCs+CSF2 (4d) group and PBMCs+OS-SCs+CSF2 
(6d) group (p<0.05). Moreover, a significant difference was 
also found between PBMCs+OS-SCs+CSF2 (6d) group and 
OS-SCs (6d) group (p<0.05) (Figure 3C). Annexin 
V binding was positively detected in OS-SCs of each 
group which can be seen in Figure 4A–C. Before and after 
the co-cultivation of OS-SCs and PBMCs sensitized with 
MSCs secretome can be seen in Figure 4A1 and A2. Before 
and after the co-cultivation of OS-SCs and PBMCs sensi
tized with CSF-2 can be seen in Figure 4B1 and B2. Before 
and after the co-cultivation of OS-SCs and PBMCs sensi
tized with MSCs secretome and CSF-2 can be seen in 
Figure 4C1 and C2. The highest Annexin V expression 
was uncovered in OS-SCs+PBMCs+MSCs Secretome 
+CSF2 group. Correspondingly, a significant difference 
was exhibited in Annexin V binding between groups (OS- 
SCs; OS-SCs+PBMCs; OS-SCs+PBMCs+Scrt; OS-SCs 
+PBMCs+Scrt+CSF) (p<0.05) (Figure 4D).

The expression of caspase-3 was exhibited positively 
in OS-SCs of each group, which can be seen in 
Figure 5A–C. Before and after the co-cultivation of OS- 
SCs and PBMCs sensitized with MSCs secretomes 
shown in Figure 5A1 and A2. Before and after the co- 
cultivation of OS-SCs and PBMCs and sensitized with 
CSF-2 can be seen in Figure 5B1 and B2. Before and 
after the co-cultivation of OS-SCs and PBMCs sensitized 
with MSCs secretomes and CSF-2 shown in Figure 5C1 
and C2. The highest expression of caspase-3 was 
revealed in the OS-SCs+PBMCs+ MSCs secretome 
+CSF2 group. In a same manner, there was a significant 
difference was in caspase-3 expression between groups 
of OS-SCs, OS-SCs+PBMCs, OS-SCs+PBMCs+Scrt, 
OS-SCs+PBMCs+CSF, OS-SCs+PBMCs+Scrt+CSF 
(p<0.05). However, an insignificant difference was 
found between OS-SCs+PBMCs+Scrt group, OS-SCs 
+PBMCs+CSF group, and OS-SCs+PBMCs+Scrt+CSF 
group (p>0.05) (Figure 5D).

The expression of caspase-8 was revealed positively 
in OS-SCs of each group (Figure 6A–C). Before and 
after OS-SCs co-cultivated with PBMCs and sensitized 
with MSCs secretomes shown in Figure 6A1 and A2. 
Before and after OS-SCs co-cultivated with PBMCs 

Journal of Blood Medicine 2021:12                                                                                                 https://doi.org/10.2147/JBM.S305566                                                                                                                                                                                                                       

DovePress                                                                                                                         
605

Dovepress                                                                                                                                                       Mahyudin et al

https://www.dovepress.com
https://www.dovepress.com


and sensitized with CSF-2 shown in Figure 6B1 and 
B2. Before and after OS-SCs co-cultivated with 
PBMCs and sensitized with MSCs secretomes and 
CSF-2 Figure 6C1 and C2. The highest expression of 

caspase-8 was found in OS-SCs+PBMCs+Scrt+CSF 
group. Moreover, a significant difference was 
expressed in caspase-8 between groups (p<0.05) 
(Figure 6D).

Figure 1 Growth of OS-SCs isolated from a single human osteosarcoma sample with its high grade and osteoblastic essential clinical characteristics obtained from biopsy 
before the chemotherapy treatment. (A) OS-SCs fibroblast-like cells grow 60% in 3rd passage; (B). OS-SCs fibroblast-like cells grow 90% confluent in 4th passage; (C) 90% 
confluent cell growth of OS-SCs in 5th passage 5; (D) 90% growth of OS-SCs in 6th passage; (E) OS-SCs positively expressed by CD133+ expression; (F) OS-SCs positively 
expressed by CD44+ expression; (G) OS-SCs stained with DAPI; (H) The comparison between normal cells and cells stained with DAPI.

Figure 2 The sensitization of PBMCs. (A) Sensitization of PBMCs with MSCs secretome and CSF-2 after 2 days; (B) OS-SCs co-cultivated with PMBCs; (C) Co-cultivation 
of OS-SCs and PBMCs sensitized with MSCs secretome showed by the appearance of endocytosis; (D) Sensitized PBMCs with CSF-2 after 6 days OS-SCs induced apoptosis.
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Discussion
This investigation explored and closely examined the 
activity of sensitized PBMCs co-cultivated with OS-SCs. 
The sensitized PBMCs may secreted cytokine that is ben
eficial against osteosarcoma in vitro such as the production 
of memory T cells and regulatory T cells (CD25+) NK 
cells. The active initiation of NK cells is fundamental to 
induce OS-SCs apoptosis. The presence of activated CD25 
+ and NK cells can lead to the resistant type of T cells to 
the cell-mediated suppression of newly activated myeloid 

stem cells (MDSCs), and protect the body against tumor 
development and relapse.27

The sensitized PBMCs with MSCs secretome and/or 
CSF-2 indicate the presence of activated lymphocytes, 
namely CD25+, NK cells as well as CD4+ and CD8+ adap
tive immune cells.25 The possibility that MSCs secretomes 
contain IL-2, IL-7 and IL-15 has been widely reported to 
support the homeostatic T-cell proliferation as well as the 
increased NK cell function, the maturation of IL-2 terminal 
NKT cells, and the expanded size of CD8+.28 Meanwhile, 

Figure 3 Co-cultivation of OS-SCs with sensitized PBMCs with MSCs secretome or CSF-2. (A) The level of TNF-α in each group in 2 days; (B) The level of sTRAIL in each 
group of PBMCs sensitized with MSCs secretome; (C) The level of sTRAIL in each group of PBMCs sensitized with CSF-2. *Information: signification p-value at p<0.05.

Figure 4 The result of Annexin V labeled with FITC binding was positively detected in OS-SCs in each group. (A1 and A2) Before and after the co-cultivation of OS-SCs 
and PBMCs sensitized with MSCs secretome; (B1 and B2) Before and after the co-cultivation of OS-SCs and PBMCs sensitized with CSF-2; (C1 and C2) Before and after 
the co-cultivation of OS-SCs and PBMCs sensitized with MSCs secretome and CSF-2. The observation was carried out by utilizing the light inverted microscope with 20x 
magnification; (D) The cell quantification of Annexin V binding in each group. *Information: significant at p<0.05.
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CSF-2 stimulates the activity of macrophages, NK cells, and 
cytotoxic T cells.16 Consequently, the sensitization of 
PBMCs by MSCs secretome and/or CSF-2 may enhance 
NK cells, CD4+ and CD8+.

Furthermore, TNF-α level in PBMCs improves after 
the sensitization of PBMCs through molecule signaling in 
macrophages. In this study, the result revealed that PBMCs 
that have been activated with MSCs secretomes or CSF-2 
initiate the activation of macrophages to secrete TNF-α. 
The highest TNF-α level was expressed in PBMCs + CSF- 
2 group after 2 days. There was a significant difference 

exhibited in TNF-α level between groups. In addition, 
TNF-α is a molecule that contributes majorly in regulating 
the inflammatory factors and as a master in regulating 
cytokine production.17 In producing various kinds of cyto
kines and enzymes, macrophages can go through complex 
processes, which are both passive and active action. 
Macrophage activation comes from the signaling mole
cules lymphokine, chemokines, and pathogen associated 
molecular patterns (PAMPs) and then secretes the products 
like IL-1, IL-12, TNF-α, IL-10, nitric oxide (NO) and 
reactive oxidative stress (ROS), IL-18, and IL-17.29

Figure 5 The result of caspase-3 expression labeled with FITC was expressed positively in OS-SCs in each group. (A1 and A2) Before and after the co-cultivation of OS- 
SCs and PBMCs sensitized with MSCs secretomes; (B1 and B2) Before and after the co-cultivation of OS-SCs and PBMCs and sensitized with CSF-2; (C1 and C2) Before 
and after the co-cultivation of OS-SCs and PBMCs sensitized with MSCs secretomes and CSF-2. The observation was carried out by utilizing the light inverted microscope 
with 20x magnification. (D) The cell quantification that expressed caspase-3 in each group. *Information: significant at p<0.05.

Figure 6 The result of caspase-8 expression labeled with FITC was demonstrated positively in OS-SCs in each group. (A1 and A2) Before and after OS-SCs co-cultivated 
with PBMCs and sensitized with MSCs secretomes; (B1 and B2) Before and after OS-SCs co-cultivated with PBMCs and sensitized with CSF-2; (C1 and C2) Before and 
after OS-SCs co-cultivated with PBMCs and sensitized with MSCs secretomes and CSF-2. The observation was carried out by employing the light inverted microscope with 
20x magnification. (D) The cell quantification that expressed caspase-8 in each group. *Information: significant at p<0.05.
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In this study, the highest sTRAIL level was discovered 
in PBMCs + OS-SCs + MSCs secretome (6d) group. 
Consistently, a significant difference was demonstrated in 
sTRAIL levels between groups and in sTRAIL secretion 
between PBMCs + OS-SCs + MSCs secretome (6d) group 
and OS-SCs (6d) group. In addition, OS-SCs co-cultivated 
with PBMCs and sensitized with CSF-2 were significantly 
different in sTRAIL levels between groups. Furthermore, 
there was a display of significant difference between 
PBMCs + OS-SCs + CSF2 (6d) group and OS-SCs (6d) 
group. Therefore, 6 days was applied as a time frame 
reference in this study. In fact, TRAIL-3 and TRAIL-4 
can be suppressed by receptor activator nuclear kappa beta 
ligand (RANKL) to induce apoptosis.30

Correspondingly, TNF-α and sTRAIL secreted by 
PBMCs are molecules that can be used as the indicators in 
PBMCs activation for osteosarcoma immunotherapy marked 
by the escalation of OS-SCs apoptosis. Furthermore, the 
signaling molecule from death-ligand-domain interaction 
can influence the prevalence of apoptosis via the gathering 
of death-inducing signaling complex (DISC). It is configu
rated by the FADD which enhances the autocatalytic caspase 
processing, caspase activation, and apoptosis. In line with 
this study, the ability of TRAIL to eliminate cancer cells was 
investigated by developing a recombinant form of TRAIL or 
TRAIL receptor agonist for cancer therapy such as receptor- 
specific monoclonal antibody.31

In this present study, the highest Annexin V binding in 
OS-SCs + PBMCs + MSCs Secretome + CSF2 was uncov
ered as a significant difference and found in Annexin 
V binding between groups. The addition of MSCs secretome 
and CSF-2 is possible to inhibit the secretion of IL-10; thus, 
the dominant secretion of pro-inflammatory cytokine 
occurs.32 The result of this study also revealed that the high
est expression of caspase-8 was exhibited in OS-SCs + 
PBMCs + MSCs secretome + CSF group. Likewise, 
a significant difference was featured in caspase-8 expression 
between groups in this study.

Moreover, MSCs Secretome is a molecular complex that 
maintains the tissue’s microenvironment in a homeostasis 
condition. Meanwhile, CSF-2 is a pure molecule with the 
functions in increasing the activity of macrophages to 
response the imbalance condition by inducing, initiating, 
and signaling the macrophage’s activation. Subsequently, 
the activated macrophage will proliferate, differentiate and 
polarize the macrophage rapidly.33 Additionally, the activa
tion of caspase-8 is stimulated the continuous signal from 

extrinsic factors to endogenous ligands.34 At the same time, 
the activation of macrophages that produces TNF-α and 
TRAIL which can activate endogenous ligands. The 
increased level of TNF-α and TRAIL depends on the time 
of production which can affect quickly or not in inducing the 
apoptosis. The extrinsic factor of apoptosis is influenced by 
the time and the possibility of inductor concentration against 
endogenous ligands. The extrinsic pathway of apoptosis is 
strongly influenced by the activity of caspase-3.35 In this 
present study, the highest expression of caspase-3 was found 
in the OS-SCs + PBMCs + MSCs secretome + CSF2 group. 
Accordingly, there was a significant difference demonstrated 
in caspase-3 expression between groups. This was in line 
with the previous study that investigated Shikonin from 
medical herbs that can enhance the osteosarcoma apoptosis 
through the up-regulation of caspase-3 and caspase-8.36 The 
presence of interactions between molecules is also influ
enced by the time, the concentration and the microenviron
ment which is very dominant in facilitating the level of 
TRAIL and TNF-α as the initial inductor that can trigger 
annexin V, caspase-8 and caspase-3 activation. The major 
limitation in this study is these cells that were derived only 
from a single human osteosarcoma tissue and a single 
healthy human BM-MSCs secretome.

Conclusion
Based on our study, MSCs secretome and CSF-2 can 
increase the activity of PBMCs through the enhancement 
of sTRAIL and TNF-α levels that can lead to the escala
tion of OS-SCs apoptosis via a raised expression of cas
pase 3 and caspase 8 which can be indicated by the 
increased annexin V binding in vitro. Further study is 
still needed to examine the apoptosis signaling pathway 
of OS-SCs co–cultivated by PBMCs sensitized with CSF- 
2 and/or MSCs secretome in vitro and in vivo.
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Purpose: In patients with hemophilia B, treatment with extended half-life (EHL) recombi
nant factor IX allows for longer dosing intervals while providing equal or superior bleeding 
protection compared with standard half-life products. This enables flexible, individualized 
treatment schedules, which reduce the burden of prophylaxis and improve patient outcomes. 
This analysis compared the efficacy of recombinant factor IX Fc fusion protein (rFIXFc) and 
recombinant factor IX albumin fusion protein (rIX-FP), two EHL therapies approved for 
prophylaxis and treatment of bleeding in hemophilia B.
Patients and Methods: Matching-adjusted indirect treatment comparison (MAIC) was 
used to adjust the between-treatment differences in baseline characteristics. Individual patient 
data for rFIXFc (B-LONG) were matched to aggregated data for rIX-FP (PROLONG-9FP) 
followed by statistical comparison for estimated annualized bleeding rate (ABR) using 
a Poisson regression model with adjustment for over dispersion. Data were analyzed 
according to treatment regimen prior to study entry: prior prophylaxis (rFIXFc, n=48; rIX- 
FP, n=40) or prior episodic treatment (n=43 and n=19, respectively). Relative treatment 
effects are presented as incidence rate ratios (IRR) with 95% confidence intervals (CI).
Results: After adjustment for baseline characteristics, estimated ABR observed for rFIXFc and 
rIX-FP was not significantly different in patients on prior prophylaxis (1.87 versus 1.58; IRR 1.18, 
95% CI 0.67–2.10) or prior episodic (2.25 versus 2.22; IRR 1.01 95% CI 0.40–2.57) regimens.
Conclusion: This MAIC analysis shows that the estimated ABR for rFIXFc-treated patients 
from B-LONG was similar to that of rIX-FP-treated patients from PROLONG-9FP and, 
therefore, indicates that the two EHL therapies provide similar efficacy when used as 
prophylaxis for patients with hemophilia B. Trough levels differ between the two products 
(1–3% [targeted] versus 20% [observed], respectively), suggesting that trough level is not 
a surrogate indicator when ABR is used as a criterion for clinical efficacy when comparing 
these FIX products in hemophilia B.
Keywords: annualized bleeding rate, comparative effectiveness research, factor IX 
deficiency, factor IX Fc fusion protein, rIX-FP fusion protein, treatment outcome

Introduction
Routine prophylaxis is the optimal standard of care for the management of 
patients with severe hemophilia B. Prophylaxis with recombinant factor IX 
(rFIX), especially when initiated early in life, has been shown to result in 
favorable clinical outcomes.1 Compared with on-demand therapy, regular 
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prophylaxis provides a consistent decrease in both total 
bleeds and hemarthrosis (joint bleeds), reducing joint 
deterioration (arthropathy) and consequently improving 
patients’ quality of life.1 Despite these benefits, the rela
tively short half-life of standard rFIX products typically 
necessitates frequent intravenous dosing, at least twice 
weekly for severe hemophilia B, which represents 
a substantial burden to patients and their caregivers and 
families.2 Extended half-life (EHL) rFIX products pro
vide a mean half-life extension 3–5 times that of stan
dard products, which allows for longer dosing intervals 
while providing equal or superior bleeding protection to 
standard care.2 This enables the use of flexible treatment 
schedules to meet individual patient needs, decreases the 
burden of prophylaxis, and potentially further improves 
patient outcomes.3

The aim of treating hemophilia is to prevent joint 
bleeds and, ultimately, arthropathy.4 In hemophilia B, 
a trough level that prevents all bleeding has not been 
established and is likely to vary from patient to patient 
based on a number of factors, including joint status and 
age.5 Correlation between time spent under target trough 
levels and bleed rates, including spontaneous, traumatic 
and joint bleeds, has been demonstrated in patients with 
severe hemophilia B treated with recombinant FIXFc 
fusion protein (rFIXFc); as trough level increased, the 
predicted bleed rate reduced and the predicted probability 
of being bleed-free improved.6 However, other contribu
tors to the variation in hemostatic and clinical outcomes 
and response to treatment should be considered when 
determining the most appropriate prophylaxis regimen,7 

including the pharmacokinetic (PK) characteristics of the 
replacement factor and the patient’s individual PK profile.3 

Ideally, the regimen should be individualized, taking the 
patient’s lifestyle into account, in order to reduce the 
known heterogeneity in bleeding patterns.3 Furthermore, 
it is important to remember that, as FIX can enter the 
extravascular space, trough levels may not reflect FIX 
tissue levels and, consequently, FIX bleeding prevention 
ability.8

rFIXFc is an EHL replacement therapy indicated for 
the treatment and prophylaxis of bleeding episodes, 
including perioperative management of bleeding, in 
patients with hemophilia B of all ages.9,10 Approval was 
based on two Phase 3 studies assessing the efficacy and 
safety of rFIXFc in previously treated pediatric (<12 years; 
Kids B-LONG)11 or adolescent/adult (≥12 years; 
B-LONG)12 patients with hemophilia B.

In both Kids B-LONG and B-LONG, rFIXFc prophy
laxis, adjusted to maintain a trough level of 1–3 IU/dL, 
resulted in low annualized bleeding rates (ABRs).11,12 

These results were confirmed in the long-term extension 
study (B-YOND); in the majority of patients, low ABRs 
were maintained and extended dosing intervals were sus
tained for up to 5 years, with a cumulative duration up to 
6.5 years.13 Furthermore, a post hoc interim analysis of 
data from patients (≥12 years) who received rFIXFc pro
phylaxis with a ≥14-day dosing interval at any time during 
B-LONG or B-YOND showed that most patients remained 
well controlled, with ABRs consistent with those observed 
in the overall study population.14 Therefore, a dosing 
interval of ≥14 days is an option for some patients,10 

offering a broader flexibility of dosing interval and further 
reducing treatment burden for patients while maintaining 
bleed protection.

Recombinant FIX albumin fusion protein (rIX-FP) is 
also indicated for the treatment and prophylaxis of bleed
ing episodes, including perioperative management of 
bleeding, in patients of all ages with hemophilia B.15,16 

Prophylaxis with rIX-FP has been shown to be effective 
for bleed prevention and treatment in both pediatric and 
adolescent/adult patients with hemophilia B, with weekly 
dosing intervals in children and up to 14-day dosing in 
adolescents/adults (PROLONG-9FP).17,18 These results 
were confirmed in long-term extension studies, which 
also showed that adequate bleed protection could be 
achieved with extended dosing intervals of 10 or 14 days 
and 21 days in selected pediatric and adolescent/adult 
patients, respectively.19,20

Both rFIXFc and rIX-FP have been shown to be effec
tive for the prevention and treatment of bleeds in patients 
with hemophilia. However, there are no direct comparative 
studies and in the absence of head-to-head trials an indirect 
comparison can be made using established methods, such as 
network meta-analysis21 or matching-adjusted indirect com
parison (MAIC).22 MAIC is a widely used, validated 
method for the comparison of outcomes when there is no 
common comparator or the comparative studies are not 
sufficiently homogenous. MAIC matches patient-level data 
from clinical trials of one treatment with published aggre
gate data from clinical trials of another treatment, thus 
reducing observed differences between the trials and provid
ing a balanced patient population for comparison.22 The aim 
of this analysis was to apply MAIC to compare the efficacy 
of rFIXFc and rIXFP, two EHL therapies approved for 
prophylactic treatment of patients with hemophilia B.
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Methods
Data Sources and Sample Selection
Source data for the MAIC analysis were extracted from 
the pivotal phase 3 trials (B-LONG for rFIXFc and 
PROLONG-9FP for rIX-FP), which provided efficacy 
and safety data for market authorization. Comparisons 
were based on the approved dosing regimens for each 
product (Table 1). The study design and results of these 
trials have been described in detail elsewhere.12,17 Briefly, 
both were non-randomized, open-label studies in pre
viously treated male adolescent/adult patients (≥12 years) 
with severe hemophilia B. In B-LONG, patients (N=119) 
were treated with one of four rFIXFc regimens: weekly 
dose-adjusted prophylaxis (group 1: starting at 50 IU/kg; 
n=63), interval-adjusted prophylaxis (group 2: starting at 
100 IU/kg every 10 days; n=29), on-demand treatment as 
needed for bleeding episodes and dose adjusted according 
to bleeding severity (group 3: 20–100 IU/kg, n=27) and 
treatment for perioperative care (group 4).12

In PROLONG-9FP, patients (N=63) were treated with 
one of two rIX-FP regimens.17 Group 1 (n=40) received 
35–50 IU/kg once weekly during the first 26 weeks and 
were then allowed to switch to 75 IU/kg every 10 or 14 
days if they had no spontaneous bleeds for ≥4 weeks 
before switching and were receiving ≤40 IU/kg or ≤50 
IU/kg rIX-FP in order to switch to the 14- or 10-day 
interval, respectively. Group 2 (n=19) received on- 
demand treatment during the first 26 weeks followed by 
a fixed dose of 35–50 IU/kg once weekly for ≥26 weeks as 
determined by the physician.

Several differences between the two trials are worth 
noting. In B-LONG, but not PROLONG-9FP, patients 
entering the prophylaxis treatment arms could have been 

on a previous on-demand regimen; 27.5% of the prophy
laxis group in PROLONG-9FP had received previous 
prophylaxis with rIX-FP before study entry.12,17 In groups 
1 and 2 of B-LONG, dose and interval, respectively, were 
adjusted to maintain a plasma trough level of 1–3 IU/dL or 
higher in participants who had two breakthrough sponta
neous bleeding episodes in a rolling 3-month period. In 
PROLONG-9FP, the dose could be increased or decreased 
based on assessment of bleeding phenotype by the treating 
physician, level of physical activity, or clinical outcome.20 

A mean trough FIX activity of 20 and 12 IU/dL was 
maintained with rIX-FP prophylaxis using 40 IU/kg 
weekly and 75 IU/kg every 2 weeks, respectively. Lastly, 
in PROLONG-9FP, after 26 weeks of treatment, patients 
receiving weekly prophylaxis were evaluated for their 
eligibility to switch to a longer treatment interval (10 or 
14 days) and all patients in the on-demand group switched 
to weekly prophylaxis for at least an additional 26 
weeks.17 In B-LONG, patients received the regimens 
assigned at enrolment throughout the entire study 
period.12

Outcome Assessment
The efficacy outcome assessed was mean ABR, a clinically 
relevant treatment outcome typically evaluated in clinical 
studies of hemophilia. Median duration of treatment was 
51.6 and 58.3 weeks in the dose- and interval-adjusted 
groups of B-LONG, respectively. In PROLONG-9FP, med
ian duration of treatment was 34.3–55.1 weeks in group 1 
and in group 2 was 26.7 weeks during the first 26 weeks of 
on-demand treatment and 45.1 weeks after switching to 
a weekly prophylaxis regimen for the remaining time on 
study.

Table 1 Approved Dosing Regimens for Long-Term Prophylaxis with rFIXFc or rIX-FP in Adolescent/Adult Patients (≥12 Years) with 
Hemophilia B

Prophylaxis 
Regimen

rFIXFc rIX-FP

Weekly dose-adjusted 50 IU/kg once weekly to start9,10 

Adjust dose based on individual response
35–50 IU/kg once weekly;16 25–40 IU/kg every 7 days15

Interval-adjusted 100 IU/kg once every 10 days to start9,10 

Adjust interval based on individual response 

Patients who are well controlled on a once every 10 days 

regimen may be treated on an interval of 14 days or longer

Up to 75 IU/kg once every 10 or 14 days16 

For patients >18 years, further extension of the 

treatment interval may be considered 

Patients well controlled on an every 7 day regimen may 
be switched to a 14-day interval at 50–75 IU/kg15

Abbreviations: rIX-FP, rFIX albumin fusion protein; rFIXFc, recombinant factor IX-Fc fusion protein.
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Data Analysis
MAIC methodology was used to compare estimated ABRs 
for rFIXFc and rIX-FP, according to recommendations 
from the National Institute for Health and Clinical 
Excellence Decision Support Unit (NICE DSU).23 

Individual patient data from the B-LONG study were 
weighted to match the mean baseline characteristics 
reported for patients in the PROLONG-9FP study, with 
regard to age (mean, standard deviation [SD]), body 
weight (mean, SD), ethnicity (proportion of white patients) 
and mean (SD) number of bleeding events prior to study 
enrollment. The characteristics selected were the only 
variables available for comparison due to limited reporting 
of baseline characteristics across the studies. Matching 
between two populations with different baseline character
istics always results in a loss of information. The size of 
the population after matching can be estimated according 
to the principle provided by the NICE DSU.23 After 
weighting, the adjusted baseline characteristics of 
B-LONG participants were the same as those in the popu
lation of the PROLONG-9FP study. Adjusted ABRs for 
rFIXFc were estimated using a Poisson regression model 
with adjustment for overdispersion and weights calculated 
through MAIC. Adjusted ABRs can be interpreted as 
estimates of bleeding frequency if rFIXFc were adminis
tered to patients with similar baseline characteristics to 
those patients recruited in the PROLONG-9FP trial. 
Finally, estimated ABRs for rFIXFc were compared with 
the results reported for rIX-FP in the PROLONG-9FP 
study, and relative treatment effects were presented as 
incidence rate ratios (IRR) with 95% confidence intervals 
(CIs). Statistical comparisons were conducted in R v.3.5.5 
[https://www.r-project.org/]).

Results
Baseline Characteristics Before Matching
In the current analysis, baseline characteristic data for 
rFIXFc were extracted from the weekly dose-adjusted 
(n=63) and interval-adjusted prophylaxis groups (n=29), 
while those for rIX-FP, which were not reported separately 
for each arm, were taken from the overall patient population 
(N=59; 4 of the 23 patients in group 2 received on-demand 
treatment only and were excluded from the analysis). Data 
were analyzed according to treatment regimen prior to study 
entry: prior prophylaxis (rFIXFc, n=48; rIX-FP, n=40) or 
prior on-demand treatment (n=43 and n=19, respectively).

Patient baseline characteristics from the B-LONG and 
PROLONG-9FP studies are summarized in Table 2. In the 
weekly dose-adjusted and interval-adjusted prophylaxis 
groups of B-LONG, the median age was 28 and 33 
years, respectively. The treatment regimen prior to study 
entry was prophylaxis in 53.2% and 51.7% of patients, 
respectively, and the proportion of white patients was 
65.1% and 62.1%. Furthermore, at baseline, endogenous 
FIX levels were <1 IU/dL in 79.4% and 75.9% of patients 
and 1–2 IU/dL in 20.6% and 24.1% of patients, in the 
weekly dose-adjusted and interval-adjusted prophylaxis 
groups of B-LONG, respectively.12 Median duration of 
treatment was 51.6 and 58.3 weeks in the weekly dose- 
adjusted and interval-adjusted prophylaxis arm, respec
tively, and the median weekly dose for patients receiving 
weekly prophylaxis was 45 IU/kg. In the prophylaxis 
group of PROLONG-9FP, the mean age was 31.6 years, 
and the proportion of white patients was 82.5%. In the on- 
demand group, the mean age was 35.3 years, and the 
proportion of white patients was 82.6%. Endogenous FIX 
levels were ≤1 IU/dL in 87.5% and 87.0% of patients 
assigned to the prophylaxis or on-demand groups, respec
tively, and ≤2 IU/dL in 100% of patients.17 Median dura
tion of treatment was 34.3–55.1 weeks and median 
consumption was 162.3 and 194.7 IU/kg per month in 
patients receiving 14-day and 7-day prophylaxis, 
respectively.

Matching of Baseline Characteristics
Individual patient data from the weekly dose-adjusted and 
interval-adjusted prophylaxis groups of B-LONG were 
matched to aggregated data for the participants of 
PROLONG-9FP regarding baseline age, weight, prior 
bleeding frequency and ethnicity (Tables 3 and 4). 
Matching was conducted separately in subsets of patients, 
who were receiving either prophylaxis or on-demand regi
mens prior to study enrollment. After matching, the popu
lations of both studies were well balanced regarding all 
baseline variables and the estimated effective sample size 
for B-LONG was 26 (63%) for patients who received prior 
prophylaxis (Table 3) and 10 (26%) for patients who 
received prior on-demand (Table 4).

Annualized Bleeding Rate
After adjusting for age, weight, prior bleeds, and ethnicity, 
estimated ABR in patients who received prior prophylaxis 
was 1.87 for rFIXFc and 1.58 for rIX-FP. The difference 
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between the two treatment groups was not statistically 
significant (IRR 1.18; 95% CI 0.67–2.10; Figure 1).

Similarly, after adjustment, the difference in estimated 
ABR in patients who received prior on-demand was not 
statistically significant between rFIXFc and rIX-FP (2.25 
versus 2.22, respectively; IRR 1.01, 95% CI 0.40–2.57; 
Figure 1).

Discussion
The results of this MAIC analysis show that the estimated 
ABR for rFIXFc-treated patients from B-LONG was simi
lar to that of rIX-FP-treated patients from PROLONG-9FP 
and, therefore, provides evidence of similar bleed protec
tion between the two EHL FIX products in patients with 
hemophilia B. This is despite the large difference between 
target trough levels for rFIXFc (1–3 IU/kg)12 and measured 
trough levels with rIX-FP (20.0 IU/dL at day 7 during once 
weekly prophylaxis with 40 IU/kg; 12.4 IU/kg at day 14 

during 14-day prophylaxis with 75 IU/kg).17 Higher FIX 
trough levels may be needed for rIX-FP to achieve similar 
protection from bleeds as rFIXFc at target trough levels of 
1–3 IU/kg, which might be attributed to differences in their 
physiological (PK/pharmacodynamic) profiles, including 
extravascular distribution. However, it should be noted 
that the relationship between targeted and measured trough 
levels and clinical outcomes cannot be directly compared, 
owing to differences in the PK characteristics of the two 
products.

EHL FIX products, such as rFIXFc and rIX-FP, facilitate 
the use of prophylactic treatment in patients with hemophilia B, 
by maintaining or improving bleed protection while reducing 
the injection frequency, versus standard half-life products.2 

Therefore, they have the potential to decrease the burden of 
prophylaxis, improve health outcomes, and allow for a more 
active lifestyle.2,3 The standard trough level for bleed preven
tion is generally regarded as 1%, and is based on data, largely 

Table 2 Baseline Characteristics in the B-LONG12 and PROLONG-9FP17 Phase 3 Studies

B-LONG PROLONG-9FP

Weekly Dose- 
Adjusted 

Prophylaxis (n=63)

Interval-Adjusted 
Prophylaxis (n=29)

Prophylaxis (n=40) On-Demand (n=23)

Age, years 28 (12–71)a 33 (12–62)a 31.6 (15.2)b 35.3 (11.1)b

Weight, kg 70.2 (45.2–186.7)a 76.0 (50.0–128.0)a 69.6 (14.4)b 75.1 (20.7)b

Ethnicity, n (%)

White 41 (65.1) 18 (62.1) 33 (82.5) 19 (82.6)

Asian 7 (11.1) 2 (6.9) 6 (15.0) 4 (17.4)

Black/African American 7 (11.1) 7 (24.1) 1 (2.5) 0
Other 8 (12.7) 2 (6.9) – –

Endogenous FIX level, n (%)

<1 IU/dL 50 (79.4) 22 (75.9)

≤1 IU/dL – – 35 (87.5) 20 (87.0)
1–2 IU/dL 13 (20.6) 7 (24.1) – –

≤2 IU/dL – – 40 (100) 23 (100)

Pre-study FIX therapy, n (%)

Prophylaxis 33 (53.2) 15 (51.7) 40 (100) 0

On-demand 29 (46.8) 14 (48.3) 0 23 (100)

Bleeding episodes in prior 12 months

Prior prophylaxis 2.5 (0–21)a 2.0 (0–7)a 2.0 (0–4.5)a, c –
Prior on-demand 23.0 (6–70)a 25.0 (10–100)a – 23.5 (22–28)a, d

Notes: aMedian (range); bMean (SD); cPatients assigned to the prophylaxis arm of PROLONG-9FP; dPatients assigned to the on-demand arm of PROLONG-9FP, only 
patients who were previously receiving on-demand treatment were eligible for this group. 
Abbreviations: FIX, factor IX; SD, standard deviation.
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from experience with hemophilia A, showing that patients with 
factor activity levels >1% tend to have fewer joint bleeds and 
less arthropathy during prophylaxis.24 However, data have 
shown that some patients experience joint bleeds with trough 
levels >3%,25 indicating that FIX levels should be determined 
on a person-to-person basis, and in consideration of the specific 
molecular characteristics of the FIX product being used.

Current guidelines provide broad recommendations for 
calculating dosing regimens;26 however, they do not 
account for inter-patient variability in PK parameters, 
bleeding phenotype, levels of physical activity, lifestyle 
and joint status.3 Importantly, although trough level can 
be used as a surrogate marker for monitoring the efficacy 
of a prophylaxis regimen, it cannot be compared across 

Table 3 Balance of Baseline Characteristics and Effective Sample Size Following Matching of Patients on a Prior Prophylactic Regimen 
from the B-LONG Weekly Dose-Adjusted and Interval-Adjusted Prophylaxis Groups and Group 1 of PROLONG-9FP

Prior to Matching rFIXFc Adjusted 
Population

rIX-FP (n=40) rFIXFc Unadjusted 
Population (n=45)a

Estimate (SD) ESS, n (%)

Mean (SD) age, years 31.6 (15.2) 34.2 (14.8) 31.6 (15.2) 41.7 (92.6)

Mean (SD) weight, kg 69.6 (14.4) 76.8 (17.4) 69.6 (14.4) 37.4 (83.1)

Mean (SD) prior bleeds 3.4 (3.8) 4.8 (5.9) 3.4 (3.8) 37.9 (92.4)

Proportion of white patients, % 83 67 83 40.2 (89.3)

Final adjusted population

Mean (SD) age, years – – 31.6 (15.2) 25.6 (62.6)
Mean (SD) weight, kg – – 69.6 (14.4)

Mean (SD) prior bleeds – – 3.4 (3.8)

Proportion of white patients, % – – 83

Note: aData missing for ABR and treatment duration (n=3). 
Abbreviations: ABR, annualized bleeding rate; ESS, effective sample size; rIX-FP, rFIX albumin fusion protein; rFIXFc recombinant factor IX-Fc fusion protein; SD standard 
deviation.

Table 4 Balance of Baseline Characteristics and Effective Sample Size Following Matching of Patients on a Prior on-Demand Regimen 
from the B-LONG Weekly Dose-Adjusted and Interval-Adjusted Prophylaxis Groups and Group 2 of PROLONG-9FP

Prior to Matching rFIXFc Adjusted 
Population

rIX-FP (n=23) rFIXFc Unadjusted 
Population (n=42)a

Estimate (SD) ESS, n (%)

Mean (SD) age, years 35.3 (11.1) 31.3 (13.9) 35.3 (11.1) 32.0 (76.1)

Mean (SD) weight, kg 75.1 (20.7) 75.1 (24.3) 75.1 (20.7) 41.4 (98.5)

Mean (SD) prior bleeds 24.3 (7.3) 28.2 (18.3) 24.3 (7.3) 28.0 (71.7)

Proportion of white patients, % 83 57 83 33.2 (79.1)

Final adjusted population

Mean (SD) age, years – – 35.3 (11.1) 10.2 (26.1)

Mean (SD) weight, kg – – 75.1 (20.7)
Mean (SD) prior bleeds – – 24.3 (7.3)

Proportion of white patients, % – – 83

Note: aData missing for ABR and treatment duration (n=2). 
Abbreviations: ABR, annualized bleeding rate; ESS, effective sample size; rIX-FP, rFIX albumin fusion protein; rFIXFc, recombinant factor IX-Fc fusion protein; SD standard 
deviation.
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patients or products, especially products with different 
moieties/modifications to extend half-life. Other para
meters, such as clinical outcomes (eg, bleed rates, assess
ment of joint health) should be considered, and therapy 
tailored to individual patient needs may be the best 
approach to achieve optimal bleed protection. In addition, 
long-term effects of these treatments should also be con
sidered; in the rIX-FP extension study, the most frequently 
reported treatment-emergent adverse event was arthralgia 
(25 events in 19 [32.2%] patients).20

The study has the following limitations. Although 
MAIC is the recommended method, as it can account 
for population differences when comparing treatments 
assessed in disconnected studies, the method cannot 
adjust for all possible differences across trials, such 
as undocumented differences at baseline. Furthermore, 
the lack of randomization with a placebo arm in 
B-LONG and PROLONG-9FP hampers adjustments 
for residual confounding. Another limitation is that 
estimated sample sizes following assignment of 
weights were low, and, therefore, the amount of infor
mation for the comparison between rFIXFc and rIX-FP 

was limited, which should be considered when inter
preting the results.

Despite the limitations, this indirect treatment compar
ison provides a useful measure of relative efficacy between 
these two EHL FIX products for the treatment of patients 
with hemophilia B.

Conclusions
This MAIC analysis shows that the estimated ABR for 
rFIXFc-treated patients from B-LONG was similar to that 
of rIX-FP-treated patients from PROLONG-9FP and, 
therefore, provides no evidence of a difference in efficacy 
between rFIXFc and rIX-FP when used as prophylaxis in 
patients with hemophilia B. This is despite the large dif
ference in trough levels between the two products (target 
[1–3 IU/dL] versus obtained [20 IU/dL], respectively), 
suggesting that trough level is not a surrogate indicator 
when ABR is used as a criterion for clinical efficacy when 
comparing these FIX products in hemophilia B.

Compliance with Ethics Guidelines
Ethical approval was not required for this analysis as it was 
based on data from two previously published Phase III trials 

Figure 1 Estimated ABR, any bleeding, after matching for all selected baseline variables†. 
Notes: †Age, weight, prior bleeds and ethnicity (proportion of white patients); ‡Data missing for ABR and treatment duration (n=3); ¶Data from PROLONG-9FP; §Data 
missing for ABR and treatment duration (n=2); #Data from PROLONG-9FP, of the 23 patients receiving prior on-demand only 19 patients transitioned to prophylaxis. 
Abbreviations: ABR, annualized bleeding rate; CI, confidence interval; ESS, effective sample size; IRR, incidence rate ratio; rIX-FP, rFIX albumin fusion protein; rFIXFc, 
recombinant factor IX-Fc fusion protein.
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(B-LONG and PROLONG-9FP). Both the B-LONG and 
PROLONG-9FP studies were conducted in accordance 
with the Declaration of Helsinki and local regulations. The 
protocols were approved by the authorities and the institu
tional review board/ethics committee at each participating 
center, and signed informed consent was obtained from all 
patients. Informed consent for this analysis was not required 
given the de-identified nature of the B-LONG individualized 
patient-level data, and the use of aggregated, previously 
published data from PROLONG-9FP.
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Introduction: Leukostasis is a medical emergency with high mortality which often occurs in 
acute myeloid leukemia patients with hyperleukocytosis. One of the therapies that can be used for 
leukostasis in acute myeloid leukemia is leukapheresis. However, whether leukapheresis can 
provide better survival benefit when compared with patients not receiving leukapheresis is still 
unclear. Hence, we aimed to evaluate the effect of chemotherapy plus leukapheresis combination 
versus chemotherapy only on 28-day survival of acute myeloid leukemia patients with leukostasis.
Methods: This study was a dual-center retrospective cohort using secondary data from 
medical records collected from November 2018 to March 2019. Inclusion criteria were adult 
patients aged 18 years old or above, diagnosed with acute leukemia with hyperleukocytosis 
status defined by WBC count greater than 100,000/uL, and with symptoms of leukostasis. 
One-month survival analysis was conducted using Kaplan–Meier curve method. Univariate 
and multivariate analyses were then conducted using Cox proportional hazards model to 
obtain value of hazard ratio (HR) with a 95% confidence interval (CI).
Results: A total of 38 patients were obtained for analysis. The median overall survival was 
25 days (95% CI: 17.001–32.999 days) in the chemotherapy only group and 20 days (95% 
CI: 1.497–38.503) in the chemotherapy with leukapheresis group. The use of leukapheresis 
did not affect 28-day survival (HR: 1.140; 95% CI: 0.396–3.283; p value: 0.809) and 7-day 
survival (HR: 1.073; 95% CI: 0.277–4.152; p value: 0.919). In the multivariate analysis, age 
≥60 years, blast percentage ≥90%, creatinine ≥1.4 mg/dL, and presence of disseminated 
intravascular coagulation were associated with worse 28-day survival.
Conclusion: AML patients with leukostasis who received both chemotherapy and leuka
pheresis did not have better 28-day survival and 7-day survival when compared with patients 
receiving chemotherapy only. Old age, high blast percentage, high creatinine, and presence 
of disseminated intravascular coagulation were prognostic factors for worse 28-day survival.
Keywords: leukemia, hyperleukocytosis, leukostasis, leukapheresis, chemotherapy, survival

Introduction
Leukostasis is a medical emergency which can occur in acute leukemia due to 
obstruction of small blood vessels by malignant blast cells which result in tissue 
and organ ischemia with high potential for mortality and morbidity.1–3 Diagnosis of 
leukostasis is clinically based on manifestations arising from tissue hypoxia in the 
target organs such as respiratory distress, impaired kidney function, central nervous 
system disorders, and coagulopathy, after excluding other possible etiologies.2,3
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Leukostasis generally starts to occur in conditions such 
as hyperleukocytosis where the leucocyte count is above 
100,000 cells/µL in acute myeloid leukemia (AML) and in 
range of around 200,000/µL to 400,000/µL in acute lym
phoblastic leukemia (ALL).4–6 The difference in the cut- 
off numbers of leukocytes between AML and ALL is due 
to the fact that blast cells from myeloid progenitor have 
bigger size and lower deformability than blast cells from 
lymphoid progenitor.3 However, leukostasis may also 
occur in leucocyte count below 100,000 cells/µL.3

The mortality from leukostasis in acute leukemia 
reaches about 40%, which usually occurs within a few 
weeks of diagnosis.3 Hence, prompt treatment of acute 
leukemia patients with leukostasis is important to reduce 
mortality and prevent complications. The aim of leukosta
sis therapy is to reduce the number of blast cells, which 
can be achieved by using either chemotherapy with or 
without leukapheresis.2,7 Chemotherapy works by causing 
blast cells to undergo apoptosis in infiltrated organs, per
ipheral circulation, and bone marrow, thereby reducing the 
total burden of leukocytes and resolving leukostasis.3 The 
type of chemotherapy given is specific according to the 
type of leukemia, hence the administration is usually post
poned until the type of leukemia is confirmed. One of the 
chemotherapies that can be used is hydroxyurea.3 

However, the issue with chemotherapy in acute leukemia 
patients with leukostasis is the potential risk of tumor lysis 
syndrome (TLS) after chemotherapy due to large number 
of blast cells undergoing lysis simultaneously.3,8,9 

Additionally, not all patients are clinically suitable to 
receive chemotherapy, such as due to old age or frailty.

Another treatment modality for leukostasis is leuka
pheresis, in which the blast cells from the circulation are 
removed through a filter of the leukapheresis machine.10 

Leukapheresis can reduce the number of blast cells faster 
but the procedure is associated with the risk of blast cells’ 
rebound because the removal of blast cells is not accom
panied by destruction of blast cells in the bone marrow 
which can quickly replace the removed blast cells in 
peripheral circulation.11,12 Other disadvantages of leuka
pheresis procedure are the expensive cost, the requirement 
of the availability of special facilities, insertion of central 
venous catheter, and the need for experienced staff.2,13 The 
main advantage of leukapheresis is being able to overcome 
metabolic disorders and coagulation via plasma and elec
trolyte administration during the procedure.2,13

Whether adding leukapheresis treatment in conjunc
tion with chemotherapy can produce mortality reduction 

in acute leukemia patients with leukostasis is currently 
still unclear and contradictory in several studies.3,10,12–18 

For example, there were several studies supporting the 
use of leukapheresis such as a study conducted in 2017 
by Nan et al, which observed that the use of leukapher
esis decreased 28-day-mortality rate in AML patients 
with hyperleukocytosis when compared with patients 
not receiving leukapheresis (30.8% vs 57.7%, p: 
0.022).19 Another study by Bug et al also stated that 
leukapheresis improved survival in the first 3 weeks of 
AML patients (16% vs 32%, p: 0.015).16 Meanwhile 
other studies found no benefit of early mortality from 
the use of leukapheresis such as the study by Malkan 
et al, Porcu et al, Giles et al, and Stahl et al.13,15,20,21

The difference between the results of various studies 
indicates that there is still unclear evidence that supports 
the use of leukapheresis in reducing mortality of acute leu
kemia patients with leukostasis. Additionally, many studies 
were different in the measured survival endpoint. Therefore, 
this research was conducted with the aim to analyze and 
compare 7-day survival, 14-day survival, 21-day survival, 
and 28-day survival outcomes of acute myeloid leukemia 
patients with leukostasis who received leukapheresis com
pared to those who did not receive it.

Methods
Study Design
This was a dual-center retrospective cohort study using sec
ondary data from medical records to compare 7-day, 14-day, 
21-day, and 28-day survival outcome of acute myeloid leuke
mia patients with leukostasis based on the type of treatments 
received. The treatments were divided into leukapheresis plus 
chemotherapy group and chemotherapy only group.

The research was conducted at Cipto Mangunkusumo 
National General Hospital and Dharmais National Cancer 
Hospital using medical record data of inpatient acute mye
loid leukemia patients with leukostasis during 2007–2018. 
Both hospitals are tertiary hospital and national referral 
hospital in Indonesia. Medical record data were searched 
and gathered by the authors starting from November 2018 
to March 2019.

Patients
The target population was Indonesian acute myeloid leu
kemia patients who underwent treatment at Cipto 
Mangunkusumo National General Hospital and Dharmais 
National Cancer Hospital during 2007–2018. Inclusion 
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criteria used were adult patients aged 18 years old or 
above suffering from acute myeloid leukemia with hyper
leukocytosis of WBC count greater than 100,000/uL, with 
symptoms of leukostasis. Exclusion criteria for the study 
were incomplete medical records, acute leukemia type 
other than AML, AML without hyperleukocytosis, AML 
without leukostasis, palliative leukemia patients, and 
refractory leukemia patients.

The type of leukemia was diagnosed from examination 
of bone marrow biopsy. Hyperleukocytosis status was 
diagnosed from blood leukocyte count. Leukostasis status 
was diagnosed clinically by the attending physicians in our 
centers based on the clinical manifestations associated 
with organ ischemia in patients with hyperleukocytosis. 
Patients suspected of having leukostasis were also given 
a series of diagnostic tests such as chest X-ray, blood 
cultures, brain imaging, cerebrospinal fluid analysis, liver 
enzymes, lactic dehydrogenase, and coagulation tests to 
exclude other etiologies before making leukostasis diag
nosis. In this study, the chemotherapy used for AML 
patients consisted of either hydroxyurea or cytarabine.

Demographic and clinical data of patients were taken 
from medical records for baseline characteristics. Baseline 
characteristics presented in this study included age, gen
der, BMI, clinical manifestations type of leukostasis, pre
sence of chronic comorbidities, and hematological 
parameters. Hematological parameters taken included 
hemoglobin, leukocytes, platelet count, creatinine, 
and blast percentage. Chronic comorbidities 
included tuberculosis infection, chronic liver disease, dia
betes mellitus, history of stroke, chronic heart failure, 
hypertension, and chronic kidney disease. Tumor lysis 
syndrome events and disseminated intravascular coagula
tion events prior to treatments were also recorded.

Procedure of Leukapheresis
Patients were first informed about leukapheresis procedure 
and possible adverse effects that may arise from the pro
cedure. The patients were then given time to ask questions 
or reconsider his or her decision of undergoing leukapher
esis. Written informed consent was then obtained prior to 
procedure. In our centers, central venous catheter place
ment was conducted on all patients. No peripheral venous 
catheter was used for the procedure. The leukapheresis 
procedures for all patients were conducted using continu
ous-flow blood cell separator (Haemonetics®, MCS+®, LN 
9000 apheresis machine). The collection speed was 20– 
300 cc/minute. An average of 15% to 20% of a patient’s 

total blood volume was processed during a single leuka
pheresis session with a total average leukapheresis dura
tion of five hours or until reaching target of buffy coat. 
During the procedure, acid citrate dextrose solution 
A (ACD-A) was used as an anticoagulant with concomi
tant administration of intravenous calcium gluconate.

Endpoints
Primary endpoint of this study was 7-day, 14-day, 21-day 
and 28-day survival after starting treatments. Possible 
confounding factors were analyzed by multivariate analy
sis to determine their association with survival.

Ethics
The research protocol was approved by the Faculty Health 
Research Ethics Committee Medicine, University of 
Indonesia Cipto Mangunkusumo National General Hospital 
(FKUI-RSCM) No. 1209/UN2.F1/ETIK/2018. All patients’ 
medical record data entered into research were protected to 
maintain confidentiality. Since this was a retrospective 
cohort study, no informed consent was needed. Finally, this 
study is in compliance with Declaration of Helsinki.

Statistical Analysis
All the statistical analyses were performed using SPSS 
(SPSS 21, IBM) and STATA (MP 14.2, Stata Corp LP, 
College Station, TX, USA). Data on the baseline charac
teristics of the subjects at the time of the intervention were 
described in the tables. Numerical data with a normal 
distribution were displayed as means and standard devia
tion while numerical data with skewed distribution were 
displayed as median with minimum-maximum range 
value. Normal distribution of data was assessed with 
Kolmogorov–Smirnov test. Meanwhile, categorical data 
were described as percentage. Differences in baseline 
characteristics were assessed using Chi-squared test or 
Fisher’s exact test for categorical variables and t-test or 
Mann–Whitney U test for continuous variables.

Survival analysis and comparison of 7-day, 14-day, 21- 
day, and 28-day survival of AML patients with both 
hyperleukocytosis and leukostasis based on type of treat
ments received were analyzed using Kaplan–Meier survi
val curve method. Differences in survival curves were then 
measured with log rank (Mantel-Cox) and Breslow 
(Generalized Wilcoxon) tests. P values of <0.05 were 
considered to be statistically significant.

For the main variables which were associated with 
one-month survival in this study, univariate analysis was 
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conducted using Cox proportional hazards model to 
obtain value of hazard ratio (HR) with a 95% confidence 
interval (CI). Variables selected for univariate cox regres
sion analysis were filtered with proportional hazard 
assumption tests. The type of proportional hazard 
assumption tests used for the study consisted of Ln Ln 
survival test and global test. Variables fulfilled propor
tional hazard assumption test if there was no intersect on 
Ln Ln survival test and had p value of > 0.05 on global 
test. Subsequently, variables analyzed in univariate ana
lysis that had p value of ≤0.25 were selected for multi
variate analysis.

Results
Baseline Characteristics
A total of 80 adult acute leukemia patients were initially 
identified from the medical records. However, 18 patients 
were excluded due to lack of leukostasis symptoms. 
Additionally, 6 patients were excluded due to lack of 

bone marrow biopsy data and another 18 patients were 
excluded due to being ALL type. As a result, the number 
of subjects used in this study was 38 AML patients with 
leukostasis (Table 1).

From the 38 AML patients with leukostasis, a total of 
11 patients (28.9%) received chemotherapy with leuka
pheresis while the other 27 patients (71.1%) received 
chemotherapy only. The baseline characteristics of AML 
patients can be seen in Table 1.

Mortality rates within the first month were compared 
weekly. Results showed that there was no association 
between 7-day mortality and the type of treatment given 
(p: 1.000). A total of 7 patients died in the first week and 
eleven in the fourth week for the chemotherapy group. 
Meanwhile, in the chemotherapy plus leukapheresis 
group, a total of three patients died in the first week and 
five in the fourth week. Moreover, no statistically signifi
cant differences in mortality were observed in the second 
to fourth week as well.

Table 1 Baseline Characteristics of AML Patients

Characteristics Total n=38 Leukapheresis + 
Chemotherapy n=11

Chemotherapy Only 
n=27

P value

Age (years) (SD) 42.45 (15.52) 40.82 (8.67) 43.11 (17.67) 0.685

Gender 0.762
Male (%) 17 (44.7%) 4 (36.4%) 13 (48.1%)

Female (%) 21 (55.3%) 7 (63.6%) 14 (51.9%)

Body Mass Index (Kg/m2) (median) 21.125 (11.98–36.57) 21.96 (11.98–30.08) 21.71 (12.33–36.57) 0.552

Hemoglobin (g/dl) (SD) 7.527 (2.227) 6.694 (2.165) 7.866 (2.200) 0.144

MCV (Femtolitre) (SD) 87.458 (5.689) 87 (7.1255) 87.644 (5.140) 0.756

Leukocyte (mm3) (median) 205,835 (105,000– 

847,000)

353,830 (143,360– 

847,000)

170,930 (105,000– 

369,100)

0.003

Thrombocyte (mm3) (median) 39,550 (6000–665,000) 57,900 (6000–125,000) 34,000 (7540–665,000) 0.509

Blast (%) (median) 90 (42–97) 90 (54–97) 90 (42–96) 0.485

Creatinine (mg/dl) (median) 1.08 (0.46–6.00) 1.41 (0.56–5.48) 1.03 (0.46–6.00) 0.573

Respiratory leukostasis (%) 21 (55.3%) 2 (18.2%) 19 (70.4%) 0.010

Central Nervous System Leukostasis (%) 20 (52.6%) 5 (45.5%) 15 (55.6%) 0.836

Cardiovascular Leukostasis (%) 10 (26.3%) 3 (27.3%) 7 (25.9%) 1.000

Gastrointestinal Leukostasis (%) 22 (57.9%) 4 (36.4%) 18 (66.7%) 0.176

Tumor Lysis Syndrome (%) 15 (39.5%) 3 (27.3%) 12 (44.4%) 0.538

Disseminated Intravascular Coagulation (%) 13 (34.2%) 3 (27.3%) 10 (37%) 0.843

Chronic Comorbidities (%) 14 (36.8%) 2 (18.2%) 12 (44.4%) 0.250
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Survival Outcomes
The median overall survival was 25 days (95% CI: 17.001– 
32.999 days) in the chemotherapy only group and 20 days 
(95% CI: 1.497–38.503) in the chemotherapy with leukapher
esis group. At day 28, a total of 11 of the 27 patients receiving 
chemotherapy only (41.7%) and 5 of the 11 patients receiving 
chemotherapy with leukapheresis (45.5%) had died.

The 28-day survival was not statistically better in 
patients receiving chemotherapy with leukapheresis group 
than in chemotherapy only group (p Log Rank: 0.806; 
p Breslow: 0.827) (Figure 1). The hazard ratio for che
motherapy plus leukapheresis group when compared with 
chemotherapy only group for 28-day survival was 1.140 
(95% CI: 0.396–3.283; p value: 0.809). Similarly, based on 
Kaplan–Meier curves, the survival rates of patients receiving 
chemotherapy plus leukapheresis were also not statistically 

better at day-7 (p Log Rank: 0.528; p Breslow: 0.733), day- 
14 (p Log Rank: 0.825; p Breslow: 0.871), and day-21 (p 
Log Rank: 0.917; p Breslow: 0.949) when compared with 
their respective chemotherapy only groups (Figure 1). The 
hazard ratio for chemotherapy plus leukapheresis group 
when compared with chemotherapy only group for 7-day 
survival was 1.073 (95% CI: 0.277–4.152; p value: 0.919).

Univariate and Multivariate Analysis
Univariate and multivariate analyses were conducted for 28- 
day survival and 7-day survival. In 28-day survival, the use 
of chemotherapy plus leukapheresis did not statistically 
improve 28-day survival (HR: 1.140; 95% CI: 0.396– 
3.283; p: 0.809). Other factors such as age, blast percentage, 
creatinine level, presence of gastrointestinal leukostasis, 
TLS, DIC, and chronic comorbidities in univariate analysis 

Figure 1 Survival of acute myeloid leukemia patients with leukostasis based on chemotherapy plus leukapheresis treatment and chemotherapy only treatment. (A) 28 Days; 
(B) 21 days; (C) 14 days; (D) 7 days.
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also did not affect 28-day survival significantly (Table 2). 
However, patients with BMI of ≥25 were shown to have 
worse survival (HR: 3.292; 95% CI: 1.180–9.183; p: 0.023) 
in the univariate analysis. Variables from the univariate 
analysis which fulfilled proportional hazard assumption test 
and thus were selected for multivariate analysis can be seen 
in Supplementary Table S1. In the multivariate analysis, age 
≥60 years, blast percentage ≥90%, creatinine ≥1.4, and pre
sence of DIC were associated with worse 28-day survival 
(Table 2). Hence, BMI no longer remained statistically sig
nificant in the multivariate analysis.

Discussion
Acute Myeloid Leukemia and Leukostasis
In AML, there is an unregulated clonal proliferation of 
immature blast cells with concomitant deterioration of 
bone marrow function. AML is currently the most common 
leukemia in adults. Left untreated, up to 20% of de novo 
AML patients progress to hyperleukocytosis state defined as 
leukocyte count above >100 000/µL.3,12,22 Although hyper
leukocytosis is a laboratory abnormality, hyperleukocytosis 
is a very important clinical entity when encountered by 

physicians due to numerous high-mortality-complication 
s that can arise such as leukostasis, TLS, and DIC.

Leukostasis is a clinical manifestation of organ ischemia 
due to intravascular lumen obstruction by immature blast 
cells which often occurs in hyperleukocytosis and is asso
ciated with significant mortality.2,23,24 The diagnosis of leu
kostasis is generally made clinically and empirically based on 
the clinical manifestations associated with organ ischemia in 
patients with hyperleukocytosis, after excluding other poten
tial etiologies.25 For example, if an AML patient with hyper
leukocytosis suddenly develops dyspnea, the clinician must 
first be able to exclude other potential causes of dyspnea 
before making a diagnosis of leukostasis.12,25 Hence, patients 
suspected of having leukostasis are often given a series of 
diagnostic tests such as chest X-ray, blood cultures, brain 
imaging, cerebrospinal fluid analysis, liver enzymes, lactic 
dehydrogenase, and peripheral blood morphology.

Organs most commonly affected by leukostasis are the 
CNS and lungs. The exact reasons why these organs have 
a tendency to be affected by leukostasis is currently 
unknown, however, it can be speculated that the rich 
vasculature and the physiological functions of CNS and 

Table 2 Univariate Analysis and Multivariate Analysis for 28-Day Survival of Acute Myeloid Leukemia Patients

Variable Category Univariate Analysis Multivariate Analysis

Hazard 
Ratio

95% CI P value Hazard 
Ratio

95% CI P value

Therapy Chemotherapy + leukapheresis 1.140 0.396–3.283 0.809 – – –
Chemotherapy 1

Age ≥60 years 2.513 0.805–7.851 0.113 5.541 1.031–29.781 0.046
<60 years 1 1

BMI ≥25 kg/m2 3.292 1.180–9.183 0.023 3.465 0.934–12.959 0.063
<25 kg/m2 1 1

Blast ≥90% 2.322 0.747–7.224 0.146 6.058 1.464–25.075 0.013
<90% 1 1

Creatinine ≥1.4 mg/dL 2.516 0.925–6.844 0.071 5.749 1.792–18.442 0.003
<1.4 md/dL 1 1

Gastrointestinal Leukostasis Yes 1.567 0.562–4.370 0.391 – – –
No 1

Tumor Lysis Syndrome Yes 0.656 0.226–1.902 0.437 – – –
No 1

Disseminated Intravascular 

Coagulation

Yes 2.005 0.738–5.444 0.172 6.541 1.822–23.490 0.004
No 1 1

Chronic Comorbidities Yes 0.439 0.141–1.369 0.156 – – –

No 1
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lungs themselves, predispose these organs to disruption 
from leukostasis. The rich vasculature and high surface 
area of the lung for example, may increase the chance of 
blast cells to bind toward endothelium through E-selectin 
and vascular cell adhesion molecule-1 (VCAM-1).26,27 

More studies are urgently needed to unravel the mechan
isms in leukostasis initiation with the hope to discover 
a clinically relevant molecular target which can be used 
to prevent or remove leukostasis other than cytoreduction.

Leukapheresis for AML Patients with 
Hyperleukocytosis
Leukapheresis or leukocytapheresis is defined as removal 
of white blood cells from the blood by the apheresis 
machine through centrifugation. Other constituents of the 
blood are maintained and then infused back to the patient. 
Leukapheresis is one of the modalities available for man
agement of hyperleukocytosis and leukostasis, not only in 
AML but also in ALL, chronic lymphocytic leukemia 
(CLL), and chronic myeloid leukemia (CML).6

Leukapheresis is widely accepted to be very effective 
in rapid reduction of white blood cell count with up to 
70% of leukocytes removed in just a single session.28,29 

However, like all medical treatments and procedures, there 
are always limitations. The major limitation of leukapher
esis is that the procedure does not remove blast cells from 
bone marrow.30 These “leftover” blast cells in bone mar
row may cause a short term rebound of hyperleukocytosis 
due to mobilization of blast cells from bone marrow into 
circulation which necessitates the use of chemotherapy to 
prevent rebound.4,13,30 Additionally, leukapheresis also 
does not remove organs’ infiltrating blast cells. These 
blast cells then remain in affected organs and may con
tinuously produce inflammatory response.30 Finally, 
already aggregated blast cells in intravascular lumen are 
also not removed.30 Hence, there appears to be some 
limitations of leukapheresis.

Another important factor that should be taken into con
sideration is that insertion of a central venous catheter is 
required for leukapheresis, which may cause several com
plications associated with catheter placement such as infec
tion, pneumothorax, and bleeding.3,4 Furthermore, due to 
citrate being commonly used as anticoagulant during the 
procedure, hypocalcemia and its symptoms may occur dur
ing or after the procedure due to citrate’s affinity to bind to 
calcium.31,32 The most dangerous complication is QTc 

interval prolongation.32 Hence, periodic monitoring of the 
patient during and after the procedure is very important.

Current Evidence on the Use of 
Leukapheresis for AML
Currently, there are no randomized studies that 
evaluated the survival benefit of leukapheresis in AML 
patients with leukostasis. Furthermore, guidelines from 
professional medical organizations are scarce. For exam
ple, there are no guidelines from American Society of 
Hematology (ASH) and European Hematology 
Association (EHA) regarding whether to give leukapher
esis or not. One of the guidelines currently available is 
2013 Guidelines on the Use of Therapeutic Apheresis in 
Clinical Practice from American Society for Apheresis 
(ASFA) which stated that leukapheresis is indicated for 
symptomatic patients (Grade IB evidence).33 However, in 
the latest version of the guidelines in 2019, the grade of 
evidence was downgraded to IIB.34 Meanwhile, the grade 
of evidence for prophylactic leukapheresis is still IIC.33,34 

Even now, all research on leukapheresis in AML come 
from observational studies.

In the literature, Ganzel et al stated that leukapheresis 
is recommended to be performed on all patients with 
hyperleukocytosis either with or without clinical manifes
tations to prevent imminent symptoms of leukostasis and 
to reduce the severity of tumor lysis syndrome.2,35 

However, the effect of leukapheresis in improving mortal
ity outcome is still controversial with studies producing 
conflicting results.13,15,16,19,36 For example, a retrospective 
study by Malkan et al with 28 AML subjects consisting of 
10 subjects receiving leukapheresis and 18 subjects not 
receiving leukapheresis with outcome of early deaths in 15 
days post-treatment, showed no difference in early death, 
although the study stated that leukapheresis can effectively 
lower plasma leukocytes.17 Other retrospective studies 
with bigger sample size such as by Pastore et al, with 52 
AML patients, on the use of prophylactic leukapheresis 
and by Choi et al on therapeutic leukapheresis with 44 
matched AML patients, also showed no difference in early 
mortality.10,36 Meanwhile, a study by Giles et al with 
a total of 146 AML patients showed that the use of 
leukapheresis reduced 2-week mortality.15 The study by 
Bug et al also supported that leukapheresis can reduce 
early 21-day mortality.16 It should be noted that although 
the study by Giles et al and Bug et al observed benefit in 
early mortality, no statistically significant difference was 
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observed in long-term survival.15,16 A recent retrospective 
study by Göçer et al in 2021 found benefit in both early 
mortality and overall survival.37 However, differences in 
methodology and measured endpoint in these studies make 
it relatively difficult to interpret together.

A well-written systematic review and meta-analysis by 
Bewersdorf et al compared early mortality rates of AML 
patients treated with leukapheresis versus AML patients 
not receiving leukapheresis in 13 retrospective studies.38 

The systematic review and meta-analysis found no short- 
term benefit form leukapheresis and the authors discourage 
the use of routine leukapheresis for AML patients.38 

However, due to all studies used being retrospective in 
design and including pediatric patients, there was mild 
heterogeneity in the pooled analysis.38 Given the rarity 
of AML patients with hyperleukocytosis, ethical issues, 
and preferences of clinicians in deciding which patients 
receive leukapheresis or not, it is theoretically very diffi
cult for a randomized controlled study to be conducted.12

In Indonesia itself, leukapheresis was only introduced 
around the year 2002 and was only implemented as 
a means of therapy much later on.39 There were initially 
financial limitations, limited availability of blood compo
nents, as well as differences in knowledge of physicians 
and medical personnel regarding leukapheresis procedures 
in Indonesia that hindered the development of leukapher
esis therapy.39 However, leukapheresis is now a common 
procedure in many Indonesian hospitals. The uncertainty 
of mortality benefit from leukapheresis is therefore a major 
concern not just for clinicians in Indonesia but also for 
clinicians worldwide in providing treatment for acute leu
kemia patients with leukostasis due to widespread avail
ability of leukapheresis. Hence, this retrospective cohort 
study was conducted to measure early survival since leu
kostasis is an acute manifestation with significant early 
mortality and any important differences in survival should 
be detected within one month or less instead of a longer 
period.

Baseline Characteristics
Our research was conducted at Cipto Mangunkusumo 
National General Hospital and Dharmais National Cancer 
Hospital which recruited 38 acute myeloid leukemia 
patients with leukostasis for survival analysis. The mean 
age in all subjects was 42.45 years (Table 1). The mean 
age in treatment group and comparator group was similar 
(p: 0.685). When compared with other studies, the mean 
age in our study is younger.15–17,19 In terms of gender and 

BMI, there were no significant differences between treat
ment and comparator group. However, the median baseline 
leukocyte count was considerably higher in chemotherapy 
plus leukapheresis group than chemotherapy only group 
(353,830/mm3 versus 170,930/mm3; p value: 0.003). This 
difference also occurred in studies by Nan et al and Shallis 
et al.18,19 When compared with other studies, the overall 
median baseline leukocyte count of this study was 
higher.10,16,17 Finally, there was also significant difference 
in proportion of patients with pulmonary leukostasis 
between the two groups.

Survival and Multivariate Analysis
The one-month survival was not different between two 
groups (Figure 1). According to univariate Kaplan–Meier 
survival statistical analysis, there was no significant dif
ference in 28-day survival (HR: 1.140; 95% CI: 0.396– 
3.283; p value: 0.809) and 7-day survival (HR: 1.073; 95% 
CI: 0.277–4.152; p value: 0.919). Our results are in line 
with several studies.10,19–21,36,38 Despite similar conclu
sion, there were major differences in those studies that 
should be noted. For example, the study by Stahl et al 
used inclusion criteria of WBC > 50 x 109/L and also 
included patients without leukostasis, while all patients in 
this study had leukostasis symptoms.21 In contrast, the 
study by Ventura et al concluded that patients receiving 
leukapheresis had better mortality, however, it should be 
noted that this study was conducted more than several 
decades ago and in the study, non-leukostasis patients 
were more likely than leukostasis patients to receive 
leukapheresis.2 A retrospective study by Jin et al attempted 
to seek factors that influence efficacy of therapeutic leu
kapheresis in patients with hyperleukocytosis leukemia.29 

In the study, the authors found that lymphocyte count, 
mean corpuscular hemoglobin (MCH), and hematocrit 
levels prior to apheresis procedures were independent fac
tors affecting survival.29 From the study by Jin et al, it can 
be speculated that there may have been a group of patients 
that received more benefit from leukapheresis based on 
lymphocyte count, MCH, and hematocrit levels. Hence, 
further studies to elucidate and confirm whether there is 
a group of patients that would benefit from leukapheresis 
are needed.

In this study, leukapheresis and chemotherapy were 
given to patients with higher median leukocytes than 
patients receiving chemotherapy alone. From previous 
studies, it was found that leukocyte count is 
a prognostic factor for survival in AML.40–42 It is 
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therefore possible that the higher median leukocyte count 
in leukapheresis and chemotherapy group affected the 
survival outcome in this study. The higher number of 
leukostasis manifestations in chemotherapy only group 
may also have affected the result by causing lower sur
vival in the chemotherapy group, however, the leukosta
sis manifestations were not found to be prognostic 
factors in this study. Finally, many studies including 
this study recruited patients who were receiving leuka
pheresis therapy along with chemotherapy such as 
hydroxyurea or low-dose chemotherapy, resulting in dif
ficulty to evaluate the effect of leukapheresis itself.4

The multivariate analysis in this study showed several 
interesting findings. The first was that age ≥ 60 years old 
was associated independently with worse one-month sur
vival (HR: 5.541; 95% CI: 1.031–29.781; p: 0.046). This 
result is in concordance with the study by Liu et al, Kuo 
et al, and Kantarjian et al where age was a risk factor for 
early mortality.42–44 Older age is associated with worse 
physiological function and functional capacity, which may 
explain the finding of the multivariate analysis.7 Multiple 
comorbidities were also more commonly observed in the 
elderly.45 All of these factors may explain the lower sur
vival in the elderly.

Our study also observed that creatinine of ≥1.4 
was associated with worse 28-day and 7-day survival. 
Similarly, the study by Pastore et al revealed that creati
nine was associated with early death, but the confidence 
interval in the study was extremely wide.10 While the 95% 
CI in the multivariate analysis of this study was also wide, 
it was more precise than the study by Pastore et al.10 Other 
studies also supported the detrimental role of impaired 
kidney function in survival in AML patients.42,46 The 
exact reasons how kidney function impacts survival are 
currently unclear. We speculate that impaired kidney func
tion is associated with poor performance status and other 
comorbidities which may indirectly decrease survival.

Another result from this study is that BMI ≥25 
was observed as prognostic factor for worse survival in the 
univariate analysis for 28-day survival and 7-day survival. 
However, BMI did not achieve statistical significance in 
multivariate analysis. The association between BMI and 
survival is in concordance with the study by Dhakal et al.47 

However, the role of BMI in survival of acute leukemia 
patients is still unclear, as several studies show contradictory 
findings and the exact mechanisms of how BMI 
affects pharmacokinetics of treatments in acute leukemia 
are still under investigation. It is possible that BMI may 

affect the impact of pharmacokinetics of 
chemotherapy.48,49 Finally, both blast percentage ≥90% 
and presence of DIC were associated with worse 28-day 
survival.

To Use or Not to Use Leukapheresis
The question remains whether acute leukemia patients 
with hyperleukocytosis and leukostasis should receive leu
kapheresis or not. It is undeniable that leukapheresis is 
very effective in reducing the number of WBC, however, 
leukapheresis does not remove aggregated blast cells in 
microcirculation or infiltrated tissues and hence may not 
improve survival, as there may still be tissue hypoxia and 
inflammation due to the leftover aggregated blast cells.4,30 

Leukapheresis also confers procedural risk to patients 
especially those with comorbidities.12 Additionally, with
out removal of blast cells in bone marrow, patients with 
leukapheresis only treatment may have very high risk of 
relapse short-term.4 Hence, we do not recommend the 
addition of leukapheresis for AML patients with leukosta
sis, as its use together with chemotherapy does not provide 
better survival when compared with chemotherapy only, 
and there are many disadvantages of leukapheresis.

Study Limitations
There were several limitations in this study that should be 
taken into consideration when interpreting the results. 
First, we only had a limited sample size of 38 patients 
which may not be adequate for analyzing all confounders. 
Secondly, we also did not analyze the impact of cytoge
netic and genetic mutation on survival. Finally, this was 
a retrospective cohort study which had all limitations 
associated with a cohort study.

Conclusion
AML patients with leukostasis who received both che
motherapy and leukapheresis did not have better 28-day 
survival and 7-day survival when compared with patients 
receiving chemotherapy only. Old age, high blast percen
tage, high creatinine, and presence of disseminated intra
vascular coagulation were prognostic factors for worse 
28-day survival.
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Abstract: COVID-19 disease has led to an extraordinary inclusive health crisis globally. 
Elevation of D-dimer is the major remarkable abnormal coagulation test in seriously ill 
COVID-19 patients. In nearly 50% of COVID-19 patients, the value of D-dimer was 
significantly enhancing. Recent literature indicated that COVID-19 patients were at higher 
risk of developing disseminated intravascular coagulation. Pro-inflammatory cytokines and 
chemokines are some of the factors leading to these conditions. The majority of COVID-19 
patients showed a higher profile of pro-inflammatory cytokines and chemokines in severe 
clinical conditions. Tumor necrosis factor-α (TNF-α) and interleukins (ILs) elevated in 
COVID-19 infected patients. TNF-α, IL-6, and IL-1 are major cytokines vital for the 
inhibition of intrinsic anticoagulant pathways. COVID-19 becomes a higher complication 
with a significant effect on blood cell production and hemostasis cascades. Deep vein 
thrombosis and arterial thrombosis are common complications. Changes in hematological 
parameters are also frequently observed in COVID-19 patients. Especially, thrombocytopenia 
is an indicator for poor prognosis of the disease and is highly expected and aggravates the 
likelihood of death of SARS-CoV-2 infected individuals. Thrombopoiesis reduction in 
COVID-19 patients might be due to viral abuse of the bone marrow/the viral load may 
affect thrombopoietin production and function. In other ways, immune-inflammation- 
mediated destruction and increased consumption of platelets are also the possible proposed 
mechanisms for thrombocytopenia. Therefore, the counting of platelet cells is an easily 
accessible biomarker for disease monitoring. All SARS-CoV-2 infected patients should be 
admitted and identifying potential higher-risk patients. It is also obligatory to provide 
appropriate treatments with intensive care and strict follow-up. In addition, considerations 
of chronic diseases are essential for better prognosis and recovery. The current review 
discusses coagulopathy among SARS-CoV-2 infected individuals and its complication for 
the management of the disease. 
Keywords: COVID-19, SARS-CoV-2, coagulopathy, DIC

Introduction
There are various genera of coronaviruses. However, only seven viruses have been 
identified that could infect humans. Among these viruses, the human coronavirus 
(HCoV)-229E, HCoV-OC43, HCoV-NL63, and HCoV-HKU1 are the primary 
causes of common cold, while the other three (severe acute respiratory syndrome 
(SARS)-CoV, Middle East respiratory syndrome (MERS)-CoV and SARS-CoV-2) 
are known to cause atypical pneumonia.1 Nowadays, we are in the era of the 
recently emerged coronavirus called Severe Acute Respiratory Syndrome corona 
virus-2 (SARS-CoV-2). SARS-CoV-2 is an enveloped coronavirus with a spherical 
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shape that belongs to the genus similar to SARS-CoV and 
MERS-CoV known as β-coronavirus though there is 
a minuscule difference in genetic sequence.1,2 It is the 
etiologic agent of coronavirus disease 2019 (COVID-19), 
which was initially appeared in China, Wuhan by 
December 2019. The disease is still continued as a global 
concern and greatly impacts humanity’s culture and 
economy.3,4

Physiologic hemostasis is an intensive process of 
retaining blood fluid in the circulation either in normal or 
abnormal conditions.5 When blood vessel damages or an 
injury occurs, a clot is produced to stop bleeding and then 
localized thrombus formation at the site of the break-in 
vascular integrity. This is followed by fibrinolysis that 
dissolves the clot and thereby healing the wound.6 

Whenever there are imbalance hemostasis cascades, exces
sive clot formation, or thrombosis might have occurred. 
The imbalance can also lead to bleeding as a result of 
excessive fibrinolysis. It is therefore essential to under
stand the hemostasis systems such as blood vessels, plate
lets, and plasma proteins to manage diseases related to 
hemostasis.5

In patients with severe COVID-19 disease, the involve
ment of fibrin deposition has been reported. The severe 
manifestation is usually characterized by acute respiratory 
distress syndrome (ARDS); a lung inflammation that leads 
to an insufficient oxygen supply that could involve multi- 
organ failure and consecutive death.7 Fibrin formation is 
steadily seen in lung parenchyma cells of ARDS patients. 
Fibrin accumulation supports the thickening of the hyaline 
membrane that further promotes the accumulation of fibrin 
in the alveoli and thus provokes respiratory dysfunction.8– 

12 In the majority of COVID-19 patients with severe 
coagulation abnormalities, such as disseminated intravas
cular coagulation (DIC) and thrombotic microangiopathy, 
unrecognized thromboembolic complications and a higher 
risk of death could be occurred in some conditions.13–16

Method
In this review, the data were retrieved from electronic 
databases, such as PubMed, Google, and Google Scholar. 
Articles conducted with the aim of coagulopathy in SARS- 
CoV-2 infected patients and its complications for the man
agement of COVID-19 have been included through 
searching using key terms “coagulopathy, COVID-19, 
SARS-CoV-2 infected patients, SARS-CoV-2, and 
COVID-19 complication” separately and in combination. 
The full-text articles were first to read for eligibility 

(relevance for the topic), and those which are relevant 
were included in this review. Articles from a systematic 
review and meta-analysis have been also used while writ
ing this document. All references were cited using 
Endnote X8 referencing manager. Most of the articles 
used in this review were published within this year 
(2020). However, articles not open accessed and published 
in languages other than English were not included in this 
review.

Coagulation Abnormalities in COVID-19 
Patients
Several studies indicated that COVID-19 patients had 
higher production of pro-inflammatory cytokines and che
mokines. Tumor necrosis factor-α (TNF-α), interleukin-6 
((IL-6), and IL-1 are the key cytokines that vigorously 
inhibit the intrinsic anticoagulation pathways. IL-6 pro
motes tissue factor expression on lymphocytes, mono
cytes, and macrophages that consequently recruits 
coagulation activation and thrombin formation. On the 
other side, they are also related to the significant initiation 
of the fibrinolytic system. In addition to the cytokines, the 
inflammations associated with COVID-19 have been 
reported to induce the higher production of fibrinolytic 
factors, such as urokinase-type and plasminogen. This 
indicates there is active fibrinolysis and waning clotting. 
This is corroborated by a finding that showed a higher 
level of D-dimers, a fibrin degradation product; in ser
iously ill COVID-19 patients.17–19 Further on, in some 
infected patients, the endothelial cell in the alveoli initi
ates the release of tissue factor (TF) on surfaces of leu
kocytes and endorses fibrin deposition. On top of that, 
there is an elevation of plasminogen activator inhibitor 1 
(PAI-1), indicating the association of COVID-19 disease 
with the hypofibrinolytic state. Together, it seems shreds 
of evidence are equivocal on whether COVID-19 is 
related to hypo fibrinolysis or hyper-fibrinolysis 
conditions.20,21

Studies indicated that patients with COVID-19 showed 
leukocytosis, thrombocytopenia, a higher concentration of 
partial thromboplastin time (PTT), APTT, fibrinogen 
degradation products (FDPs), and lower levels of anti- 
thrombin activity.22,23 In addition to this, a study from 
China revealed that the presence of markedly elevated 
values of von Willebrand factor (VWF) antigen, VWF 
activity, and factor VIII.24 At the last stages of the disease, 
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patients are at higher risk of developing venous throm
boembolism (VTE) and DIC.25

Complications of Coagulation 
Disorder Associated with COVID-19
As discussed above, it is reasonable to assume that SARS- 
CoV-2 infection has a considerable effect on hemostasis 
and blood cell production when the disease progression is 
becoming worse. Thrombocytopenia and DIC are common 
complications in seriously ill patients.

Thrombocytopenia in Patients with 
COVID-19
Changes in hematological parameters are frequently seen 
in COVID-19 patients, for example thrombocytopenia, 
which is usually related to poor prognosis of the disease 
and even death.26 A recent study done in China showed 
that COVID-19 patients demonstrated a reduction in plate
let cells. Thus is correlated with an increased risk of 
mortality.27 The reduction of platelet cells was more pro
minent in patients with more severe cases than in mild 
cases.28 Therefore, the counting of platelets cells could be 
a biomarker for monitoring the disease progression.29–31 

Platelet count reduction and thrombocytopenia may occur 
after sepsis, DIC, or drug-induced in most other cases. 
However, in COVID-19 patients might also occur due to 
an immune disorder, immune thrombocytopenia (ITP). 
ITP is an intermittent autoimmune disorder with the fea
ture of platelet count lower than 100 × 109/ L, resulting in 
an imbalance of blood hemostasis and leading to the risk 
of bleeding.32–35 The other study indicated that 36% of 
hospitalized COVID-19 patients could develop 
thrombocytopenia.3

Mechanisms of Thrombocytopenia in 
COVID-19 Patients
The mechanisms behind thrombocytopenia in COVID-19 
patients can be explained in various means. Platelets 
recognized SARS-CoV-2 via the surface of toll-like recep
tors, integrins, and P-selectin.36 SARS-CoV-2 may reduce 
platelet production by the direct impact of the virus on 
hematopoiesis, megakaryocyte maturation, the elevation of 
platelet adhesion, and activation. Platelet production could 
be also reduced because either viral abuse to the bone 
marrow or the viral load may affect thrombopoietin pro
duction and function. Finally, the large consumption of 
platelets to heal the damaged tissue leading to 

thrombocytopenia.37 The pooled results of nine studies 
conducted in China, Wuhan among 1779 COVID-19 
patients showed low platelets in severe cases.38,39 

Thrombocytopenia could also have occurred after heparin 
therapy, known as heparin-induced thrombocytopenia 
(HIT).28,40–42

Heparin-induced thrombocytopenia appears when pla
telet factor 4 (PF4) that discharges from activated plate
lets binds to heparin. Subsequently, antibodies are 
produced against this complex (heparin-PF4). In the 
next step, the three complexes (antibody-PF4-heparin) 
bind to platelets via the FcγIIa receptor, this complex 
further stimulates platelet activation and aggregation. 
This induces coagulation pathways and subsequent reduc
tion of circulating platelets which finally leading to 
thrombocytopenia.43,44 A higher dose of heparin to treat 
COVID-19 patients could provoke thrombocytopenia and 
leads to death. Therefore, other optional anticoagulants 
should be used to treat critical COVID-19 patients.41 

Another study indicated that 71.4% of the patients 
infected with SARS-CoV-2 develop thrombosis and DIC 
leading to higher platelet consumption with fatal out
comes. In other mechanisms, SARS-CoV-2 infection 
could also lead to alveolar damage that captures mega
karyocytes and delays the release of platelets from it to 
the circulation after maturation.45,46

Generally, thrombocytopenia in COVID-19 patients is 
primarily associated with either immune-mediation47 or 
reduction of platelet production (thrombopoiesis)48,49 

because of the direct influence of the virus on hematopoie
tic tissue,50–52 higher platelet consumption53 due to 
increased adherence of platelets54 on injured endothelial 
cells55 as indicated in the Figure 1.

Disseminated Intravascular 
Coagulation
When endothelial cells are injured, the Hageman factor is 
activated and leading to the initiation of the intrinsic clot
ting system. Extrinsic clotting system activation is contin
ued after tissue injury. In the next step, coagulant 
phospholipids are released from injured cells, such as 
platelets and red blood cells. The final shared product for 
these two processes is thrombin production that cleaves 
fibrinogen and activates factor XIII. Next to this, the 
fibrinolysis system is produced by the release and aggre
gation of platelets. In the final stages of the cascade, FDPs 
are formed through plasmin which contributes to the 
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hemorrhagic diathesis which is the hall marker in the 
diagnosis of DIC.56

In systemic infections, coagulation cascades are trig
gered and resulting in DIC when the disease is highly 
complicated. However, in subclinical conditions, DIC 
occurs as a result of increment in thrombin and fibrin 
generation.57 DIC was firstly found among blood cancer 
patients though it is also seen in intensive care units (ICU) 
COVID-19 patients and results in severe bleeding and 
organ failure nowadays.32,58–61 The study conducted by 
Lodigiani C et al, showed that development of VTE in 
ICU COVID-19 patients.62 COVID-19 patients that devel
oped DIC showed that thrombocytopenia, elevated 
D-dimer, decreased factors, such as II, V, VII, and X, 

lower levels of plasma concentrations of antithrombin 
and protein C.63–65 Similarly, endothelial and mononuclear 
cells are induced by proinflammatory cytokine. Thus, tis
sue factor stimulation and unregulated thrombin genera
tion could have occurred after a while.66

Thrombotic Microangiopathy
Thrombotic microangiopathy (TMA) is one the hemolytic 
anemia that occurs after increment of platelets activation, 
aggregation, and adhesion to the veins, capillaries, and 
small arteries walls. TMA is the causes of thrombocyto
penia due to higher consumption of platelets. It also causes 
organ damage, such as renal insufficiency, neurological 
disease and microangiopathic hemolysis as the results of 

Figure 1 Mechanisms of thrombocytopenia in COVID-19 patients. 
Notes: Bone marrow stromal cells may be infected either directly by the virus or higher cytokine storm because of infection may distract the cell. Thus, in turn leads to 
bone marrow dysfunction and finally thrombocytopenia can occur. In addition, thrombocytopenia in COVID-19 patients might be due to lung inflammation with SARS-CoV-2 
infection which leads to platelets activation with higher consumption, reduction of pulmonary capillary bed and megakaryocytes fragmentation. Similarly, thrombocytopenia 
with SARS-CoV-2 infection could occur after antigen and antibody complexes formation to protect against the virus results to platelets distraction by the immune system. 
The figure is created with BioRender; https://app.biorender.com Abbreviations: PLT, platelets; MK, mega kayrocytes, BM; bone marrow.
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microscopic blood clot formation in vascular endothelium. 
A postmortem tissue examination from COVID-19 
patients showed that accumulation and trapping of inflam
matory cells particularly neutrophils and deposition of 
platelet-rich vascular thrombotic in vessels of lungs 
which is equivalent to pulmonary TMA.67–69 However, 
thrombocytopenic thrombotic purpura (TTP) which is the 
cause of both thrombocytopenia and intravascular hemo
lysis is not a clinical manifestation of COVID-19.4

In TMA, higher platelet interaction to the vessel wall is 
observed as a consequence of extreme-large von 
Willebrand factor multimers (VWFM) stimulation and 
release from injured endothelial cells. In normal condi
tions, ADAMTS-13 (a disintegrin and metalloproteinase 
with a thrombospondin type I motif-13) cleaves the 
VWFM. In COVID-19 patients ADAMTS-13 concentra
tion was reduced. Therefore, higher concentration of 
VWFM leads to increased deposition of platelet-rich- 
thrombi in the micro vascular area.70,71

Pathophysiology of 
Complement-Mediated TMA
The activation of complement pathways is a crucial 
mechanism in the occurrence of TMAs. When the 
microbes invade the human body, the complement system 
protects against invaders as part of innate immunity. After 
initiation of complement pathway activation, stimulation 
of platelets and endothelial cells, recruitments of immune 
cells, and blood coagulation are followed. The ultimate 
goal of the three complement pathways activation (alter
native, classical, and lectin) is membrane attack complex 
constitution on the surface of target cells and vascular 
fragment deposition.72,73 Recent studies suggest that com
plement-mediated TMAs were leading to thrombosis.

Angiotensin-converting enzyme 2 (ACE2) is highly 
expressed on podocytes and epithelial cells after SARS- 
CoV-2 infection causes the risk of cardiac damage and 
multiple organ dysfunction. Additionally, studies on cor
onaviruses showed that the de-activation of C3 notably 
mitigates the lung headed to pro-inflammatory cytokines 
elevation. Either absences of C3 or a blockage of its 
activation has a higher contribution to the spread of the 
virus through inhibition of immune cell activation and 
recruitment via lungs.74–77 A recent study also revealed 
that SARS-CoV-2’s protein binds to a protein of the lectin 
pathway resulting in complement-mediated inflammatory 
lung injury. A further study conducted by Magro et al has 

also recently shown that a broad accumulation of C5b-9, 
C4d, and Mannan-binding lectin serine protease 2 in the 
micro-vessel of lung of severe COVID-19 patients due to 
extreme activation of alternative and lectin pathway.78–80

Coagulation Tests in COVID-19
An increment of D-dimer value is the main remarkable 
abnormal coagulation test investigated in seriously ill 
COVID-19 patients. In nearly 50% of COVID-19 patients, 
the value of D-dimer is significantly enhanced. Severe 
COVID-19 patients are at higher risks of death unless 
they are supplied oxygen with mechanical 
ventilation.4,17,81,82 In addition, thrombocytopenia is the 
other abnormality in most severe patients. Most COVID- 
19 patients have a platelet count of (100 to 150) x109/L or 
lower than this value.3,17,83–85 Slight prolongation of the 
PT, and aPTT were also found in ICU COVID-19 patients. 
Similarly, the average plasma fibrinogen levels are notably 
increased in the majority of severe COVID-19 patients 
because fibrinogen is an acute phase reactant protein. 
Nevertheless, a reduction of plasma fibrinogen concentra
tion was shown in some patients. Besides, mild decrement 
of plasma antithrombin and protein C concentrations are 
revealed among survived ICU patients.81,86

Management of Coagulopathy
All hospital-admitted COVID-19 patients could develop 
VTE. Therefore, control measurements should be taken 
according to the international treatment guidelines for all 
high-risk COVID-19 patients. Likewise, respiratory distress, 
pulmonary thromboembolism (PTE), and blood pressure 
reduction should need strict follow-up. Vitamin 
K antagonist medications, such as warfarin causes stroke 
mostly in VTE patients. Consequently, patients who take 
this drug should be controlled.87 All SARS-CoV-2 infected 
patients should be admitted for identifying potentially higher- 
risk patients and provide treatment with intensive care. In 
severe patients with tissue hypoxia; determinations of coagu
lation biomarkers levels, for example, PT, INR, platelet 
count, D-dimers, and plasma fibrinogen concentration are 
not sufficient for clinical decision. Therefore, complete clin
ical assessment and molecular test investigations should be 
also taken into account. However, D-dimer increments by 
three to four-fold have a guarantee for admission.88,89

Conclusion and Future Perspective
There are no effective therapies for COVID-19. Hence, strict 
follow-up and consideration of chronic diseases are essential 

Journal of Blood Medicine 2021:12                                                                                                 https://doi.org/10.2147/JBM.S304783                                                                                                                                                                                                                       

DovePress                                                                                                                         
639

Dovepress                                                                                                                                                            Getu et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


for better prognosis and recovery. COVID-19 leads to coa
gulation abnormalities with multiple complications, such as 
DIC and TMA. Thrombo-embolic is one of the complica
tions and specific features of severe COVID-19. It is an 
indicator for severe COVID-19 and helps to create various 
management strategies to overcome the disease.

Vitamin K antagonist medications, such as warfarin, and 
lower molecular weight heparin could not be given to pre
vent stroke in COVID-19 patients. Anticoagulants other than 
heparin should use to treat severe cases. Prolonged PT, 
aPTT, and elevated D-dimer levels in serious COVID-19 
patients lead to DIC combined with severe thrombocytope
nia could be used as an alert for quick intervention. Hence, 
upon observation of these abnormalities, quick responses 
should be given to reduce death prevalence.

Both ambulatory and hospital-admitted COVID-19 
patients are highly suspected of VTE and stroke. Therefore, 
earlier management of cases is recommended along with 
blood donation. Generally, health professionals should always 
be alerted for hemorrhagic conditions in critically ill COVID- 
19 patients, and laboratory investigations related to hemorrha
gic conditions should be strictly controlled and interpreted.
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Abstract: Primary cauda equina lymphoma is an extremely rare entity previously docu
mented in only 24 reported cases. Primary cauda equina lymphoma represents a subtype of 
neurolymphomatosis, which occurs when lymphoma cells with neurotropism infiltrate and 
destroy peripheral nerves, spinal nerve roots, nerve plexuses and cranial nerves. The cauda 
equina is an anatomic structure located in the lower part of the spinal canal consisting of 
multiple lumbar and sacral nerve roots. Herein, we report a unique case of primary cauda 
equina diffuse large B-cell lymphoma presenting as a tumor mass in the lower spinal canal, 
which was treated with a CNS-centric treatment approach followed by autologous hemato
poietic stem cell transplantation. 
Keywords: primary cauda equina lymphoma, neurolymphomatosis, diffuse large B cell 
cauda equina lymphoma, MATRIX chemoimmunotherapy, autologous stem cell transplant

Introduction
In rare instances, malignant lymphoma cells can be discovered as primary lesions 
originating within the spinal cord, and even more rarely, within the cauda equina 
itself. The cauda equina is an anatomic structure in a crowded lower spinal canal 
consisting of multiple lumbar and sacral nerve roots. Primary cauda equina 
lymphoma (PCEL) presents as a primary lesion within the cauda equina, and 
has only been reported in a limited number of case reports. PCEL represents an 
extremely rare and distinct subcategory of neurolymphomatosis. 
Neurolymphomatosis is a rare lymphomatous manifestation in which lymphoma 
cells with neurotropism infiltrate and destroy peripheral nerves, spinal nerve 
roots, nerve plexuses and cranial nerves. Histologically, the majority of neuro
lymphomatosis cases involve B cell lymphomas, with previous studies document
ing frequencies of B-cell involvement as high as 82% and 97.5%.1–3 Occurring 
less frequently, T-cell lymphomas have been found to range anywhere from 2.5% 
to 10% of cases.1,3 Typically presenting due to secondary involvement from 
systemic lymphoma, primary neurolymphomatosis is extremely rare. PCEL 
appears to comprise less than 1% of neurolymphomatosis cases.2 We report 
a unique case in which diffuse large B-cell lymphoma involved multiple nerve 
roots in the cauda equina, presenting as a large tumor occupying the lower spinal 
canal. Moreover, we describe and highlight the unique treatment approach incor
porated in the case of our patient.
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Case Presentation
A 55 year-old Asian female patient presented to an outside 
facility with complaints of tingling, numbness, and 

significant pain radiating into both lower extremities. Her 
pain was accompanied by loss of bowel and bladder func
tion as well as significant weakness in both legs resulting 

Figure 1 (A) Gadolinium enhanced sagittal and coronal T1 MRI showing diffuse involvement of cauda equina with encasement of conus medullaris (arrows). (B) Staging 
whole-body 18F-FDG PET-CT coronal and sagittal views showing hypermetabolic mass in the cauda equina and lumbar nerve root sleeves (arrows).

Figure 2 (A) Pathology examination by H&E staining revealing diffusely infiltrating large atypical lymphocytes dissecting through the nerve bundles (arrow indicating residual 
nerve). IHC studies showed that the neoplastic lymphocytes were positive for (B) CD20, (C) BCL2, (D) BCL6, (E) MUM1, (F) with a high proliferate rate (>90%) by Ki-67.
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in multiple falls, inability to ambulate and subsequent 
wheel-chair dependency. She further complained of con
sistent radicular pain radiating around her abdomen. Initial 
magnetic resonance imaging (MRI) of the lumbar spine 
identified a homogeneously enhancing mass diffusely infil
trating the cauda equina and filum terminale, superiorly 
encasing the conus medullaris (Figure 1A). PET-CT scan 
of the whole body revealed a markedly hypermetabolic 
tumor occupying the spinal canal and nerve root sleeves 
from T12 to S1 with no evidence of the disease outside the 
spine (Figure 1B).

The patient underwent L1-L4 lumbar laminectomy 
with biopsy of the tumor. Hematoxylin and eosin (H&E) 
sections of the tumor demonstrated diffusely infiltrating 
large atypical lymphocytes encasing the lumbar nerve 
(Figure 2A). Immunohistochemical (IHC) studies showed 
that the neoplastic lymphocytes were positive for CD20, 
CD79a, BCL6, BCL2, and MUM1 (Figure 2B–E); nega
tive for CD10, TdT, cyclin D1, and MYC. The prolifera
tive rate by ki-67 was also high (>90%) (Figure 2F). 
Fluorescence in situ hybridization (FISH) analysis from 
resected tissue was negative for MYC and BCL2 rearran
gement, but positive for BCL6 rearrangement in 80% of 
nuclei. Cerebrospinal fluid (CSF) cytology was positive 
for lymphoma cells. These findings were consistent with 
activated B cell subtype of diffuse large B-cell lymphoma 
(ABC-DLBCL). A bone marrow aspirate and biopsy were 
negative for lymphomatous involvement.

The patient was subsequently initiated on systemic 
therapy with rituximab, cyclophosphamide, doxorubicin, 
vincristine, and prednisone (R-CHOP) with mid-cycle 
high-dose methotrexate (HD-MTX). After completing 5 
cycles of treatment, restaging MR of the spine and PET- 
CT scans revealed some residual hypermetabolic abnorm
alities within the spine despite improved resolution of the 
spinal lesion. It was at this time that the patient presented 
to our department for further management and evaluation 
for potential autologous stem cell transplant. Although her 
neurological status seemed to be somewhat improved with 
increased strength in her lower extremities, the patient 
continued to endorse sensory symptoms in the lower extre
mities and abdomen as well as significant weakness in her 
right lower extremity. These clinical findings in combina
tion with restaging PET scan indicated a partial response 
to previous treatment with R-CHOP and HD-MTX.

She was then initiated on consolidation treatment with 
2 cycles of methotrexate, cytarabine, thiotepa, and 

rituximab (MATRIX) chemoimmunotherapy due to pre
viously reported success of MATRIX therapy in patients 
with primary central nervous system lymphoma 
(PCNSL).4 Following the first cycle of MATRIX, the 
patient reported significant improvement in symptoms as 
her legs felt much stronger and she was finally able to 
ambulate on her own with the assistance of a walker. 
Restaging following MATRIX therapy with PET-CT, 
MRI of the brain, and MRI of the spine revealed complete 
resolution of the original lesion with no evidence of dis
ease elsewhere in the body (Figure 3). She then underwent 
high-dose Bis-chloroethyl nitrosourea (BCNU) plus thio
tepa followed by autologous hematopoietic stem cell trans
plantation (auto-SCT). Restaging after auto-SCT with MRI 
of the thoracic and lumbar spine at day +100 continued to 
reveal no evidence of disease. She was then initiated on 
maintenance therapy with Ibrutinib 560 mg daily. At 18 
months following the initial diagnosis, the patient has 
remained in complete remission and her neurological sta
tus has greatly improved with regaining of her right lower 
extremity strength with the help of intensive physical 
therapy.

Discussion and Literature Review
The clinical and pathologic findings for our patient are most 
consistent with PCEL with CSF involvement. Her presenting 
neurological findings fit the classical presentation of cauda 
equina syndrome. Radiologic review of her imaging scans 
from the time of initial presentation did not show any evi
dence of intramedullary involvement of the spinal cord, but 
they did reveal a mass encasing multiple nerve roots in the 
cauda equina. Unlike typical neurolymphomatosis which 
most commonly represents a challenging diagnostic entity 
due to patchy nerve involvement requiring multiple biopsies 
and investigations over time,5,6 our patient presented with 
a solid tumor due to lymphomatous involvement of multiple 
nerve roots in the cauda equina region in a tight spinal canal. 
This unique presentation, in contrast to most cases of neuro
lymphomatosis, allowed for a more expedient diagnosis and 
prevented any delays in treatment. The pathologic findings in 
our case were consistent with activated B cell subtype of 
DLBCL associated with BCL6 translocation. The immuno
phenotype is similar to that of PCNSL; there was positive 
expression of CD20, BCL6, and MUM1.

Our patient was initially treated with R-CHOP with 
mid-cycle HD-MTX achieving a partial response. Under 
our care, she was further treated with two cycles of 
MATRIX resulting in complete remission. Although 
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radiation therapy was originally offered to the patient as an 
alternative consolidation therapy, the patient declined any 
radiation therapy and elected to undergo high-dose che
motherapy followed by auto-SCT. Since it is well known 
that PCNSL is more amenable to cure at initial diagnosis 
that in the relapsed/refractory setting, we believed that it 
was critical for our patient to receive CNS penetrating 
agents to ensure that the entire CNS was permeated with 
therapeutic agents. Because we felt that she did not receive 
good CNS coverage during her initial induction treatment, 
it was decided that she receive consolidation therapy with 
two cycles of MATRIX therapy. She was further consoli
dated with high-dose BCNU and Thiotepa chemotherapy 
followed by auto-SCT. She has remained in complete 
remission following the transplant. We decided to put her 
on maintenance Ibrutinib as her lymphoma was aggressive 
with significant neurological impacts. Ibrutinib has pre
viously shown significant therapeutic efficacy in ABC- 
DLBCL and PCNSL with excellent CNS penetration.7–11 

It is also pertinent to emphasize the importance of the role 
of intensive physical therapy, which tremendously helped 
our patient during her recovery.

Our medical literature review identified 25 PCEL 
patients (Table 1) with a median age of 55.5 years (range 
11–79) at the time of diagnosis and a 3:2 male to female 
predominance.12–34 Of those cases that describe lymphoma 
type, 91% (22/24) classify as B-cell lymphoma whereas 
only 9% (2/24) describe lymphomas that are T-cell in 
origin. Diffuse large B-cell lymphoma clearly appears to 
be the most common subtype as it comprises 77% of those 
lymphomas that are B-cell in nature and 72% of all PCEL 
cases in general (17/24). It is also worth noting that over 
half of patients presented with a mass-like lesion in the 
cauda equina region on imaging of the spine (62.5%, 15/ 
24) and CSF involvement by lymphoma was reflected on 
cytology in more than half of cases when lumbar puncture 
was performed (52.6%, 10/19). Of the 23 cases which 
included descriptions of treatment, the most common 

Figure 3 Follow up MRI (A) and PET-CT (B) after chemotherapy showing complete resolution of the hypermetabolic cauda equina lesion. Linear FDG uptake in the 
posterior lumbar dura (arrows) is postoperative in nature.

https://doi.org/10.2147/JBM.S325264                                                                                                                                                                                                                                   

DovePress                                                                                                                                                            

Journal of Blood Medicine 2021:12 648

Kuhlman et al                                                                                                                                                        Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Table 1 Traits of 25 PCEL Patients Reported in the Literature

Reference Age/ 
Sex

Pathology CSF 
Involvement 
(Cytology)

Mass- 
Like 

Lesion

Treatment Outcome

Nakashima2014 59/M DLBCL Yes Yes Radiotherapy, intravenous methotrexate Alive; 

1 year

Mauney1983 68/F DLBCL Yes Yes Radiotherapy Alive; 3 

months

Toner1989 59/M DLBCL Yes No Radiotherapy, intrathecal methotrexate, intravenous 
cyclophosphamide, adriamycin, vincristine, etoposide, and 

prednisolone

Alive; 2 
years

Klein1990 29/F B-cell 

lymphoma

No Yes Tumor resection Died; 5 

weeks

Knopp1994 69/F N/a N/a No N/a N/a

Ooi1996 16/M T-lymphoblastic 
lymphoma

N/a Yes Radiotherapy, intrathecal methotrexate, intravenous 
methotrexate, bleomycin, doxorubicin, 

cyclophosphamide, vincristine, and dexamethasone

Died; 8 
months

Zagami2003 71/F DLBCL Yes No Intrathecal methotrexate, cyclophosphamide, 

doxorubicin, vincristine, prednisone

Died; 16 

months

Kumar2005 60/M No No IVIG, Rituximab Alive; 6 

months

Tajima2007 67/F DLBCL No Yes Radiotherapy and intrathecal methotrexate, IVIG, 

intravenous carboplatin

Alive; 3 

years

Morita2009 67/M NK/T-cell 

lymphoma

N/a Yes Radiotherapy, surgical resection, and etoposide Died; 14 

months

Teo2012 58/M DLBCL No Yes Radiotherapy, steroids, and intravenous chemotherapy Alive; 2 

years

Iwasaki2012 69/M DLBCL N/a No Radiotherapy and intravenous methotrexate Died; 1.5 

years

Nishida2012 47/M DLBCL Yes Yes Radiotherapy, intravenous methotrexate and cytarabine, 

and intrathecal methotrexate, cytarabine, prednisolone

Alive; 1.5 

years

Broen2014 75/F DLBCL No No Oral dexamethasone Died; 10 

months

Broen2014 71/F DLBCL No No Intravenous doxorubicin, vincristine, cyclophosphamide, 

prednisone, and rituximab, and intrathecal methotrexate.

Alive; n/a

Shin2016 79/F DLBCL N/a Yes Radiotherapy and chemotherapy Alive; N/a

Belcastro2016 47/M DLBCL No Yes Intravenous steroids, intrathecal methotrexate, 
cytarabine, and rituximab

Died; 2 
months

Giobbia1999 30/F DLBCL Yes No Radiotherapy, intrathecal methotrexate, cytosine 
arabinoside, and hydrocortisone

Alive; 
1 year

Khong2008 16/M DLBCL No Yes Radiotherapy, intravenous dexamethasone, 
cyclophosphamide, cytarabine, doxorubicin, leucovorin, 

methotrexate, vincristine, rituximab

Alive; 
1 year

(Continued)
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method of treatment appears to be both chemotherapy and 
radiation (56.5%), followed by chemotherapy (30.4%), 
and lastly radiation (4.3%), tumor resection (4.3%), and 
oral steroids (4.3%). Similar to the standard treatment of 
lymphoma with CNS involvement, the majority of che
motherapy regimens in PCEL patients included CNS pene
trating agents, including high dose methotrexate and 
cytarabine. The death rate at the time of publication in 
this review appears to be 34.8% (8/23). Of those patients 
that survived longer than a year, the large majority were 
treated with systemic chemotherapy incorporating CNS 
penetrating agents (85.7%, 12/14). Our case appears to 
be the first to incorporate MATRIX therapy for CNS 
penetration as well as the only report to include auto- 
SCT as part of the treatment for PCEL.

Conclusion
In conclusion, PCEL is a rare, yet frequently aggressive lym
phoma that can manifest as a mass lesion in the lower spinal 
canal. The congregation and conglomeration of multiple nerve 
roots involved by neurolymphomatosis in a tight anatomical 
space helps facilitate a proper diagnosis and prevents delays in 
treatment. We propose that PCEL should be treated like 
PCNSL, with regimens consisting of CNS-penetrating agents. 
CNS-penetrating high-dose chemotherapy followed by auto- 
SCT should be considered in eligible patients.
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R E V I E W

Management of Adult Patients with Immune 
Thrombocytopenia (ITP): A Review on Current 
Guidance and Experience from Clinical Practice

Fei Song1,2 

Hanny Al-Samkari 2,3

1Department of Medicine, Massachusetts 
General Hospital, Boston, MA, USA; 
2Harvard Medical School, Boston, MA, 
USA; 3Division of Hematology, 
Massachusetts General Hospital, Boston, 
MA, USA 

Abstract: Immune thrombocytopenia (ITP) is an autoimmune process resulting in increased 
destruction and inadequate production of platelets that can result in bleeding, fatigue, and 
reduced health-related quality of life. While treatment is not required for many patients with 
ITP, the occurrence of bleeding manifestations, severe thrombocytopenia, and requirement 
for invasive procedures are among the reasons necessitating initiation of therapy. 
Corticosteroids, intravenous immunoglobulin, and anti-RhD immune globulin are typical 
first-line and rescue treatments, but these agents typically do not result in a durable remission 
in adult patients. Most patients requiring treatment therefore require subsequent line thera
pies, such as thrombopoietin receptor agonists (TPO-RAs), rituximab, fostamatinib, sple
nectomy, or a number of other immunosuppressive agents. In this focused review, we discuss 
management of adult ITP in the acute and chronic settings. 
Keywords: platelets, immune thrombocytopenia, ITP, treatment, corticosteroids, IVIG, 
splenectomy, thrombopoietin receptor agonist, rituximab, fostamatinib

Introduction
Immune thrombocytopenia (ITP) results from autoimmune destruction of platelets 
in the reticuloendothelial system due to platelet autoantibodies and other immune 
mechanisms, resulting in increased platelet turnover as well as inadequate platelet 
production.1–5 Primary ITP is defined as an isolated thrombocytopenia <100 × 109/ 
L in the absence of other causes or disorders that may be associated with thrombo
cytopenia, as distinguished from secondary ITP, which is associated with other 
conditions such as infections, drug effects, rheumatological diseases, or lympho
proliferative disorders.6,7 The incidence of ITP in the US population is approxi
mately 6.1 per 100,000 persons per year, or 13.7 per 100,000 persons per year in 
those 65 years or greater, and results in significant economic burden.8 Clinical 
presentation can vary between asymptomatic to severe bleeding complications, and 
prior to 2010, fatal bleeding rates were estimated at 1.62–3.89 cases per 100 
patient-years and predicted 5-year mortality rates varied from 2.2% for persons 
<40 years up to 47.8% for those aged >60 years.9 Although many laboratory studies 
can support diagnosis or guide treatment selection, ultimately diagnosis is clinical, 
after ruling out other etiologies of thrombocytopenia.7,10,11

Given the wide variation in presentation, not all patients require treatment 
immediately after diagnosis. The American Society of Hematology (ASH) 
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Immune Thrombocytopenia Clinical Guideline provides a 
grading system for severity of ITP, defining severe ITP as 
clinical bleeding requiring treatment.7 Of note, the degree 
of thrombocytopenia is not reliably indicative of bleeding 
risk when platelets are above 10 × 109/L.12–15 Factors 
thought to increase risks of bleeding include reduced pla
telet count, female sex, and exposure to NSAIDs.16 There 
is also concern of increased frequency of intracranial 
hemorrhage in elderly patients aged ≥70 years when plate
lets are less than 20–30 × 109/L, so clinicians should also 
consider age when deciding on a threshold for treatment.17 

The goal of treatment of ITP is to reduce bleeding risks by 
raising platelet counts. Treatment must be individualized, 
accounting for an individual patient’s risks of bleeding 
given their history of bleeding, trauma risks, and the risk 
of adverse events from therapeutics.

In this focused review article, we will discuss the 
treatment of adult ITP, incorporating the most recent evi
dence as well as expert opinion.

Treatment of ITP
Response Criteria
The International Working Group (IWG) defines complete 
response (CR) to ITP treatment as a platelet count ≥100 x 
109/L and absence of bleeding and response (R) as platelet 
count ≥ 30 x 109/L and >2 fold increase in platelet count 
from baseline and absence of bleeding, both measured on 
2 occasions greater than 7 days apart.6 No response (NR), 
per the IWG definition, is characterized by a platelet count 
<30 x 109/L or a less than 2-fold increase in platelet count 
from baseline, or the presence of bleeding.6

First-Line/Rescue Treatments
Corticosteroids
The standard first-line treatment and most common rescue 
therapy in newly diagnosed ITP are corticosteroids, often 
with prednisone (0.5–2 mg/kg daily for a 4–8 week taper
ing course) or high-dose dexamethasone (40 mg daily for 
4 days for 1–4 cycles).7,10,18 Corticosteroids have been 
shown to decrease capillary permeability, reduce platelet 
autoantibody production, increase platelet production, 
increase myeloid-derived suppressor cells, and change T 
cell subsets to decrease platelet destruction.19–24

Overall, the choice of corticosteroid agent should be 
made in consideration of adverse event risk and the need 
for a rapid response. In a meta-analysis comparing pre
dnisone with dexamethasone in previously untreated adult 

primary ITP, one to three courses of high dose dexametha
sone, compared with prednisone 1 mg/kg for 4 weeks with 
taper, showed a platelet count response (79% vs 58%) at 
14 days, but there was no difference in overall platelet 
response at 6 months (54% vs 53%) or rates of sustained 
response.25 High-dose dexamethasone may be more likely 
to precipitate acute psychotic complications in the elderly 
or those with a history of psychiatric disease, however, and 
this should be considered upon agent selection.

Intravenous Immunoglobulin (IVIG) and Intravenous 
Anti-RhD Immune Globulin
Intravenous immunoglobulin (IVIG) is another common 
first-line or rescue therapy often employed when a patient 
presents with significant bleeding. It can be administered 
when a more rapid increase in platelet count is required, 
and also be added to corticosteroid therapy or when corti
costeroids are contraindicated.7 IVIG is recommended to 
be given at a dose of 1 g/kg daily for 1–2 days (high-dose) 
or 0.4 g/kg daily for up to 5 days (low-dose).10 IVIG has 
many complex mechanisms of action in decreasing inflam
matory processes by multiple pathways, including inhibi
tion of the IgG Fc receptor, which is crucial to link the 
adaptive and innate immune systems, inhibiting phagocy
tosis and suppression and/or elimination of platelet 
autoantibodies.26–30

In one meta-analysis, effect rate, time of cessation of 
bleeding, and rate of development of chronic ITP was not 
statistically different between high-dose and low-dose 
IVIG for acute ITP and low-dose IVIG was associated 
with decreased risk of side effects.31 In a case-control 
study by Zhou et al., there was no difference in therapeutic 
response in groups receiving IVIG doses between 0.2–0.4 
g/kg/day, which suggests that ITP patients could be treated 
more cost-effectively by lower conventional dosages of 
IVIG.32

Intravenous anti-RhD immune globulin (administered 
at a dose of 50 mcg/kg to 75 mcg/kg daily)33,34 is an 
alternative to IVIG for non-splenectomized, Rh (+) 
patients. It is thought to saturate macrophage Fc receptors 
with anti-D coated RBCs to prevent destruction of auto
antibody-coated platelets.35 In one study, IVIG and IV 
anti-RhD immune globulin treatments of patients with 
ITP yielded no statistical difference in cumulative 
response and remission rates.36 Anti-RhD immune globu
lin induces a controlled hemolysis, with a majority of 
patients experiencing a decrease in hemoglobin concentra
tion of 0.5–2.0 g/dL 3–7 days after infusion, with recovery 
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to baseline within 3 weeks of administration.37 Rarely, this 
hemolysis can degenerate into life-threatening dissemi
nated intravascular coagulation.

Second/Subsequent Line Therapies
An estimated 68% of adult patients develop persistent ITP 
despite first-line treatments including corticosteroids and 
IVIG.38 There are no randomized controlled trials directly 
comparing the different second-line therapy options, so the 
results of placebo-controlled trials of second-line therapy 
are examined. The choice of second-line therapy is pri
marily based on patient values and priorities as well as 
available resources.

Based on the available data, the most recent American 
Society of Hematology ITP clinical guidelines condition
ally recommend TPO-RA rather than rituximab and ritux
imab is recommended over splenectomy, though choice of 
treatment should be individualized, e.g. depending on 
patient goals of avoidance of surgery, achieving durable 
response, or avoidance of long-term medications.39

Splenectomy
Splenectomy is an effective treatment as the spleen is a 
site of platelet destruction as well as a site of antibody 
production. Splenectomy has been shown to help 74% of 
patients achieve sustained CR lasting more than 6 months
40 and 64% after a minimum of 5 years.41 Previous studies 
have shown that mortality was 1.0% (48 of 4955 patients) 
with laparotomy and 0.2% (3 of 1301 patients) with 
laparoscopy.42 Splenectomy also increases infection risk 
as well, with reports of sepsis in 2.1% of splenectomized 
patients43 as well as a 2-4-fold risk of venous 
thromboembolism.44,45 Given risks of the surgery and 
potential for spontaneous remission of ITP within the 
first year, splenectomy as a treatment option should be 
deferred until the patient is confirmed to have chronic 
ITP (ITP lasting for more than 12 months), when the rate 
of spontaneous remission is much lower.

Rituximab
Rituximab is a monoclonal anti-CD20 antibody that 
decreases anti-platelet antibody production by B cells 
and has been an off-label treatment for ITP for many 
years. Overall response rates of 40–70% were seen in 
patients given four weekly doses of 375 mg/m2 of ritux
imab, though remission is rarely sustained, decreasing to 
only 21% at 5 years.46–49 Despite the relapse rate, patients 
treated with rituximab had a longer duration of response 

compared with placebo (median 8.2 months vs 1.8 
months).50 Studies examining different dosages of ritux
imab, including a lower dose of 100 mg/week for four 
weeks51 and a dose of 1000 mg on days 1 and 15 did not 
show significant differences in response rate or infection 
risks.52,53 Rituximab has also been studied in combination 
with other therapies such as high-dose dexamethasone in 
newly diagnosed ITP, with an initial strong overall 
response though sustained response after 12 months of 
follow up decreased to 61.5%, with an 11.1% incidence 
of adverse effects.54 In a meta-analysis of randomized 
controlled trials, rituximab plus standard of care was 
shown to have a higher complete response rate (46.8% 
vs 32.5%) by 6 months than standard of care alone.48 

Infection is an important safety concern of rituximab: in 
a large ITP patient registry, the incidence of infection was 
23.8% after 34 months, with 8.5% being severe (grade III 
to IV) infections.46 Some clinicians use anti-infective pro
phylaxis for patients undergoing rituximab treatment, 
though evidence to support its use is lacking.55 Given the 
ongoing COVID-19 pandemic, clinicians also must take 
into consideration the B-cell depletion effect of rituximab, 
which may impair vaccine response for at least 6 months 
after administration.56

Thrombopoietin Receptor Agonists
Thrombopoietin receptor agonists (TPO-RA) mimic endo
genous TPO function to increase megakaryocyte matura
tion and platelet production.57 In a large systematic review, 
treatment failure was seen in 21% of TPO-RA treated 
patients compared with 47% of control patients, with a 
lower risk of significant bleeding and all-cause mortality.58 

There are currently three TPO-RAs approved for treatment 
of ITP: romiplostim, eltrombopag, avatrombopag, 
described below and summarized in Table 1.59 

Thrombosis is the major potential adverse event of con
cern with TPO-RA use and though clinical trials have not 
found an increased thrombotic risk of TPO-RA agents 
compared with placebo, uncontrolled observational data 
suggest an increase in thrombotic risk on the order of 
2-3-fold.60

Romiplostim is a peptide TPO-RA approved by the US 
FDA for ITP following the failure of a first-line treatment 
and is administered subcutaneously on a weekly schedule, 
starting at 1 mcg/kg, increased weekly to a maximum dose 
of 10 mcg/kg until platelet count is consistently 50–200 × 
109/L.61 In two parallel phase III trials, durable platelet 
response was achieved in 38–56% of patients with overall 
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platelet response rate of 79–88% in patients given romi
plostim, with platelet counts to ≥50 × 109/L for 13.8 
weeks, compared with 0.8 weeks in the placebo group.62 

In another open-label study, comparing romiplostim to the 
medical standard of care in patients without history of 
splenectomy, patients who received romiplostim were 2.3 
times as likely to have a platelet response as those who 
received the standard of care (71–92% patients who 
received romiplostim had a platelet response, compared 
with 51% in the standard of care group).63 Though romi
plostim does not have the ease of administration as oral 
TPO-RAs, a recent study has found that self-administra
tion of romiplostim by patients did not increase adverse 
events compared with administration by healthcare 
professionals.64,65

Eltrombopag is a small molecule TPO-RA approved by 
the US FDA for ITP following the failure of a first-line 
treatment and is initiated orally at a dose of 50 mg daily in 
adults (or 25 mg daily in patients of East Asian descent), 
titrated to a maximum dose of 75 mg daily to reach a goal 
platelet count of 50–200 x 109/L.66 Multiple studies have 
found eltrombopag significantly increases platelet 
response (59–79%) with less bleeding (statistically signif
icant OR 0.49) and reduced use of concomitant ITP 
treatment.67,68 Ethnic differences in eltrombopag were 
noted in patients of East Asian descent, with about 60% 
responding to a 12.5 mg or 25 mg daily dose.69,70 

Commonly reported adverse effects of eltrombopag 
include hepatotoxicity (11%), headache (2.9%), diarrhea, 
and upper respiratory tract infection.68–71 A disadvantage 
of eltrombopag is the dietary restrictions (avoidance of 
dietary fat and divalent cations, such as calcium and mag
nesium in food) for a 4–6 hour window around taking the 
medication to prevent dietary and medication interference 
with adequate absorption.72,73 Given the half-life of 26–35 
hours,74 one method proposed to address this is alternative 
intermittent dosing of eltrombopag less frequently than 
once daily, which has been shown to be effective in obser
vational data.75

Avatrombopag is small molecule oral TPO receptor 
agonist approved for chronic ITP in adults as well as 
patients with liver disease scheduled to undergo a proce
dure. In ITP, it is initiated at a dose of 20 mg daily76 

titrated to a maximum dose of 40 mg daily to achieve a 
goal platelet count of 50–200 x 109/L. Unlike eltrombo
pag, avatrombopag does not require strict dietary restric
tions for a 4–6 hour window around when it is taken. Also, 
it does not have a known signal for hepatotoxicity, nor 

does it require dose adjustment for the race of the patient. 
In a phase II double-blind randomized controlled trial in 
patients with persistent and chronic ITP who failed or 
relapsed after prior therapy, 75% of patients receiving 
avatrombopag had an overall response, with the drug over
all well-tolerated (common adverse events included fati
gue and headache).77 In a phase III study, avatrombopag 
was superior to placebo in mean cumulative number of 
weeks with platelet count ≥50 x 109/L during a 6-month 
treatment period with higher rates of reduced concomitant 
ITP medication use and durable response compared with 
placebo. In a post hoc analysis of the 2018 phase III study, 
avatrombopag was shown to have higher rates of platelet 
response and complete response in the first 6 months and a 
reduction in chronic corticosteroid use.78,79 In addition to 
treatment of ITP, avatrombopag has also been studied 
extensively in patients with liver disease and has shown 
to be efficacious in the peri-procedural setting in patients 
with thrombocytopenia of chronic liver disease.80–83

A fourth TPO-RA, lusutrombopag, is also a small 
molecule oral TPO-RA, approved for thrombocytopenia 
due to chronic liver disease prior to an invasive 
procedure.84 Its effect in ITP has not yet been well studied. 
A phase II study of lusutrombopag in ITP was recently 
terminated early due to results suggesting a higher dose 
was necessary to elicit an efficacy effect.

Thus far, there have not been any head-to-head rando
mized controlled trials completed comparing TPO-RAs. 
The relative potency of these agents is a topic of interest.85 

In a single center retrospective comparison of romiplostim 
and eltrombopag, there was no significant difference in 
platelet responses or tolerability.86 One meta-analysis of 
nine randomized placebo-controlled trials showed no sig
nificant difference in overall response rate, bleeding inci
dence, incidence of adverse events, or durable response.87 

In a systematic review of 18 retrospective studies, the 
response rate after switching from one TPO-RA agent to 
another due to lack of efficacy, adverse events, or patient 
preference was 77.5%.74

There have been no formal guidelines regarding the 
discontinuation or tapering of TPO-RAs.88 In a single- 
center observational study of patients who discontinued 
TPO-RAs, the 2-year treatment-free remission rate was 
66.4% with 46% cumulative incidence of loss of complete 
response, but there was no clear predictive factor for 
sustained response.89 In a meta-analysis, the incidence of 
remission after TPO-RA discontinuation ranged from 
5–36%.58 Tapering of TPO-RAs is dependent on multiple 
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factors, including platelet count at or above the lower limit 
of normal, lack of a major bleeding history, low trauma 
risk, and taking into account antiplatelet or anticoagulant 
agents the patient is taking.90 In an expert consensus panel, 
the duration of ITP, duration on TPO-RA, and timing of 
platelet response did not affect the panel’s recommenda
tions regarding discontinuation.90 A recent phase II study 
of sustained remission off treatment after discontinuation 
from TPO-RAs found that 25% of responders were able to 
maintain the response during 6 months after tapering from 
eltrombopag.91 This study also reviewed biomarkers 
including TPO levels, which did not have a significant 
association with response or with sustained remission, 
and IL-10, IL-4, and TNF-α, each of which had negative 
predictive response. Other studies have found that TPO 
levels can predict response to TPO-RAs.92 More research 
is needed to identify predictive factors that might be able 
to guide the tapering of TPO-RAs.

Fostamatinib
Fostamatinib is a spleen tyrosine kinase inhibitor which 
inhibits the inflammatory response and clearance of auto- 
antibody coated platelets by the reticuloendothelial 
system.93 It was approved for ITP after the failure of 
other therapies at an initial dose of 100 mg twice daily, 
with uptitration to 150 mg twice daily for an inadequate 
response. Two phase III randomized placebo-controlled 
trials of fostamatinib in patients with persistent/chronic 
ITP showed an overall response in 43% of patients on 
fostamatinib with a median time to response of 15 days.94 

In the follow-up, open-label extension study, responses 
appeared durable, with 44% of patients achieving an over
all response for a median of >28 months.95 In this study, 
most adverse events were mild to moderate, with the most 
common events including diarrhea, hypertension, nausea, 
epistaxis, and transaminase elevation.95

Therapies Currently Under Investigation
There is ongoing research involving Bruton’s tyrosine 
kinase inhibitors in the potential treatment of immune- 
related diseases.96 Rilzabrutinib is an oral, reversible 
small molecule selective BTK inhibitor that has shown 
preclinical efficacy in rapidly inhibiting antibody mediated 
innate immune response as well as antibody production, 
exhibiting potential for ITP treatment.96 Rilzabrutinib was 
also shown to be safe and well tolerated in a phase I trial, 
with favorable pharmacokinetics that could result in fast 
onset of effect.97

Bortezomib is a proteasome inhibitor that was shown 
in a preclinical study to improve thrombocytopenia in ITP 
by inducing apoptosis in long-lived plasma cells which 
were thought to play a role in corticosteroid resistant 
ITP.98 Bortezomib has been shown to have success in 
treatment of relapsing ITP in a case report,99 though 
further clinical trials are needed.

Salvage Therapies
Other treatments of ITP include immunosuppressants 
(azathioprine, cyclophosphamide, cyclosporine, mycophe
nolate mofetil, vinca alkaloids), dapsone and danazol. 
These agents are typically used after failure of multiple 
standard second/subsequent-line treatment options. A brief 
summary of these therapies can be found in Table 2. 11 The 
management of patients with refractory ITP is discussed in 
more detail elsewhere.100–102

Special Considerations in ITP 
Management
Bleeding Emergencies in ITP
Management of bleeding emergencies in ITP is an impor
tant topic which requires further study. In the Updated 
International Consensus Report, Provan et al. provides a 
review of recommendations for treatment of life-threaten
ing hemorrhage due to ITP.88 Recommendations incorpo
rate general supportive care with a combination of 
treatments, including IV corticosteroids, IVIG, and platelet 
transfusions in order to increase platelet count rapidly, and 
in the absence of significant response, the early addition of 
a TPO-RA should also be considered.88 Ultimately, 
aggressive management to provide for a rise in the platelet 
count which often incorporates the use of multiple agents 
simultaneously without waiting for a single agent to be 
effective is appropriate. When TPO-RAs are used, they 
may be dosed more aggressively (e.g. romiplostim 5–10 
mcg/kg to start). This is done with recognition of a poten
tial thrombocytosis risk but with the understanding that the 
risk of ongoing severe thrombocytopenia and worsened 
bleeding is greater and requires urgent mitigation.

ITP in Pregnancy
Pregnancy complications in the setting of ITP include 
maternal hemorrhage, fetal loss, low birth weight, and 
may be treated to maintain a platelet level in the mother 
(≥30 × 109/L until close to term), with the goal then 
adjusted based on delivery procedures.10,103,104 
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Recommended treatments include corticosteroids or IVIG, 
or a combination.105 In the event that both modalities fail, 
TPO-RAs can be considered as a salvage therapy in severe 
cases, on the basis of limited observational data. One 
multicenter observational study of 15 pregnant women 
showed a response rate of 77% to TPO-RA (romiplostim 
or eltrombopag) though mostly in combination with con
comitant ITP therapy.106 And while this study showed no 
thromboembolic events and aside from one case of neona
tal thrombosis, no other fetal complications,106 more infor
mation is needed about other therapies in pregnancy. The 
management of pregnant patients is discussed in more 
detail in a review by Gernsheimer et al.107

Conclusions and Future Directions
Modern treatment of ITP in adults involves a number of 
tried and true first-line therapies, primarily corticosteroids 
and IVIG, as well as newer therapies in the TPO-RAs and 
fostamatinib. Though there are many more options for the 
management of ITP at present than in even the relatively 
recent past, there remains unmet need in this disease. 
Thankfully, additional therapies are under development 
for ITP, including inhibitors of the Bruton tyrosine kinase 
(e.g. rilzabrutinib), complement inhibitory therapies (e.g. 
sutimlimab), neonatal Fc receptor antagonists (e.g. roza
nolixizumab, efgartigimod), and others. Management of 
chronic ITP may involve cycling through multiple drug 
therapies, consideration of splenectomy, and in some 
patients, reaching for salvage therapies or clinical trials 
of novel agents. Lastly, bleeding emergencies in ITP 
require prompt, aggressive management, typically with 
multiple agents.
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Abstract: Secondary iron overload is increasingly encountered in chronic kidney disease 
(CKD) patients because of the frequent use of parenteral iron products, especially in 
hemodialysis patients. Serum ferritin has been commonly used to monitor iron overload in 
these patients; however, other conditions can be associated with the high serum ferritin, like 
infections and inflammatory conditions. Currently, T2*MRI of the heart and liver is the 
preferred investigation for evaluating liver iron concentration (LIC) and cardiac iron con
centration, which reflect the state of iron overload. Few studies observe a positive correlation 
between serum iron and LIC in CKD patients and postulate that serum ferritin exceeding 290 
mcg/L should indicate significant iron overload and necessitates further MRI evaluation. 
However, here, we present a patient with a history of ESRD for which she underwent renal 
transplantation twice referred to our clinic due to persistent elevation in serum ferritin level 
(>1000 mcg/L) for several years. T2*MRI of the heart and liver revealed the absence of iron 
overload. Our objective of this case is to demonstrate the accuracy of T2*MRI over serum 
ferritin in evaluating iron overload and questioning the positive correlation between serum 
ferritin and LIC in CKD patients. 
Keywords: secondary iron overload, chronic kidney disease, serum ferritin, T2*MRI, liver 
iron concentration

Introduction
Our body normally contains up to 4 grams of iron, mainly in hemoglobin.1 The liver is 
considered the main storage site for iron in the body. Total body iron content is 
established by balancing iron intake from diet or other sources like blood transfusion 
and iron loss, such as from menstrual bleeding or epithelial cells shedding.2 However, 
no physiological mechanism for the excretion of excess iron has been found in the 
human body.3 Iron overload occurs either due to the excess of iron intake, which 
exceeds its loss from the body, like thalassemia and sickle cell disease patients 
requiring chronic blood transfusion4,5 or due to the increase in iron absorption from 
the gut despite normal intake, such in hereditary hemochromatosis.6 Less frequently, 
iron overload can happen due to iatrogenic intoxication.7

In general, secondary iron overload in ESRD patients is uncommon; however, 
iron overload has been increasingly diagnosed in the ESRD population over the last 
decade for multiple reasons. First, given the risk of iron deficiency with erythropoi
esis-stimulating agents (ESA) therapy, KDIGO 2012 guideline set 500 µg/L as the 
upper limit of serum ferritin in ESRD patients on hemodialysis, which encouraged 
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the clinicians to give more intravenous iron to prevent iron 
deficiency in such patients. Moreover, the recent advance 
in the diagnostic test for iron overload (particularly MRI) 
plays a significant role in the early detection of more iron 
overload cases.8,9

Because of their availability and lower cost, serum 
ferritin and transferrin saturation (TSAT) are frequently 
used to monitor iron accumulation in the body. Though, 
these parameters can be affected by different conditions, 
especially infections and variable inflammatory conditions. 
However, the evidence for the correlation between serum 
ferritin with liver iron concentration (LIC) and heart iron 
concentration is still not well established in patients with 
chronic kidney disease suspected to have iron overload.10

Here, we present a patient with a history of end-stage 
renal disease (ESRD) and renal transplants referred to our 
clinic because of persistently elevated serum ferritin for 
several years. T2* MRI of the heart and liver revealed no 
evidence of iron overload. In this case, we highlight the 
superiority of T2* MRI of the heart and liver over serum 
ferritin in evaluating iron overload in CKD patients.

Case Presentation
A 57-year-old female who referred to our hematology 
clinic due to persistent elevation in her serum ferritin. 
Her past medical history was significant for end-stage 
renal disease (ESRD) due to diabetic nephropathy, for 
which she underwent kidney transplantation on two occa
sions. The first kidney transplant was done in 2002 (then, 
her kidney functions were stable from 2002 until 2016, 
when they started to deteriorate due to recurrent diabetic 
nephropathy in the transplanted kidney leading to chronic 
allograft dysfunction, which required hemodialysis thrice 
weekly for six months before the second transplant), and 
the second one in 2017 (Both kidneys transplants were 
donated voluntarily, the first one from patient’s relative 
and the second from family’s friend, with written informed 
consent, and the organ donation was conducted in accor
dance with the declaration of Istanbul). The patient also 
had a past medical history of hypertension and breast 
cancer diagnosed in 2006 treated with a combination of 
lumpectomy, chemotherapy, and radiotherapy.

At her initial visit to our clinic, the patient denied any 
symptoms related to iron overload complications. Her vital 
signs were within the normal limit. Her body mass index 
(BMI) was 27. Laboratory findings were significant for 
serum ferritin of 1219.0 μg/L (normal level < 300), 
serum iron of 14 μmol/L (normal 9–30), TIBC of 50 

μmol/L (normal 40–80), iron saturation of 38% (normal 
15–45%). Her liver function tests are normal. Also, Her 
HbA1C levels were between 7% and 8% for the last five 
years. Of note, her serum ferritin was repeatedly exceeding 
1000 μg/L for the last five years (her renal functions, 
serum ferritin, TSAT were near normal from 2002 until 
2016). Our patient did not have any chronic infection, 
inflammatory condition, liver disease, or active malig
nancy (she was asymptomatic with normal inflammatory 
markers) that could lead to elevated ferritin levels over the 
last five years. The patient denied smoking or alcohol 
drinking. We summarized the relevant data from 2016 to 
2021 in Table 1.

Given her past medical history of ESRD requiring 
hemodialysis, secondary iron overload was suspected. 
Accordingly, an T2*MRI of the heart and liver was sug
gested to rule out iron deposition in body organs. MRI 
heart revealed iron deposition of less than 1.2 mg/g of dry 
heart weight. The MRI liver showed an iron deposition of 
less than 5 mg/g of dry liver weight, consistent with the 
absence of myocardial and hepatic iron overload 
(Figures 1 and 2). Table 2 shows the severity classification 
of iron overload (both for liver and heart) based on 
T2*MRI findings. Accordingly, the patient was reassured 
and treated conservatively. In most recent follow-up in our 
clinic, the patient was doing fine and asymptomatic, and 
her latest serum ferritin was 940 μg/L.

Discussion
Iron overload is classified into primary and secondary iron 
overload. The most common cause of the primary iron 
overload is hereditary hemochromatosis. The secondary 
iron overload might occur in the context of different 
hematological disorders, mainly hemoglobinopathies and 
CKD. Different mechanisms can lead to iron accumulation 
associated with hematological diseases, including long- 
term blood transfusion, chronic hemolysis, increased 
intestinal absorption of iron due to ineffective hematopoi
esis, or genetic mutation in hepcidin.11,12 Iron overload 
with CKD may happen due to frequent intravenous iron 
use, especially in patients on hemodialysis. However, the 
risk of iron toxicity in ESRD patients is usually insignif
icant because other factors minimize iron accumulation, 
including the concurrent use of erythropoiesis-stimulating 
agents (ESA) and the distribution of hepatic iron by the 
reticuloendothelial cells.13 However, as mentioned in the 
introduction, iron overload is increasingly discovered in 
hemodialysis patients since that the majority of ESRD 
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patients treated with ESA receive parenteral iron to replen
ish iron storage and ensure iron availability for 
hematopoiesis.8

Iron overload mainly affects the parenchymal cells of 
the liver, heart, and endocrine organs. Iron accumulation 
leads to tissue inflammation and damage through the for
mation of reactive oxygen species.14 As the main store for 
iron in the body, the liver is the most affected organ by 

iron overload. Different manifestations may result from 
excessive iron deposition in the liver, ranging from ele
vated liver enzymes to liver cirrhosis. Indeed, liver cirrho
sis is rarely encountered in hemodialysis patients who 
developed iron overload.15,16 Iron deposition in the myo
cardial tissue can occasionally lead to cardiomyopathy.17 

Also, iron overload might increase atherosclerosis risk in 
ESRD patients.18 In addition to its effects on different 

Figure 1 MRI 1.5 T (Siemens Avanto), using multi-TE gradient echo T2* MRI technique. Heart intensity is normal seen with the longest TE (14.68 msec). T2* =29.4 ms 
corresponding to <1.2 mg Iron/ g heart dry weight.

Table 1 Summary of Relevant Data from 2016 to 2021 (Since the Detection of the Elevated Serum Ferritin)

Data Reference Value 2016 (HD Initiated by 
the End of This Year)

2017(Before Renal Tx) 2018 
(After 
Renal Tx)

2019 2020 2021 (When 
T2*MRI 
Done)

Hb level (range) 12–15 gm/dL 10.2–11 8.8–10.4 11.6–12.2 11.3–11.8 10.9–11.4 12.2–12.9

WBC 4–10 x10^3/uL 7.3 6.5 3.9 4.6 6.2 5.5

Serum ferritin < 300 mcg/L 282 1150 1830 1650 1933 1219

TSAT 15–45% 39 49 52 46 48 38

Creatinine(range) 50–95 umol/L 168–205 320–380 (required HD 3 

times /week)

75–118 105–115 100–120 105–123

Iron received Total None Intravenous ferrous 

carboxymaltose (> 3 gm over 6 

months)

None None None None

Blood transfusion Units/year None Two units of PRBC before renal 

Tx

None None None None

ESA Weekly None Received darbepoetin for six 

months before renal Tx

None None None None

CRP level < 6 mg/L 4 11.4 6.4 4.2 3.8 2.1

Abbreviations: CRP, C-reactive protein; Hb, hemoglobin; HD, hemodialysis; TSAT, transferrin saturation; TX, transplantation; WBC, white blood cells.
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organs, iron overload may increase the risk of infection by 
disturbing the functions of different immune cells and, as 
an essential element, by enhancing bacterial growth and 
multiplication.16

Liver iron concentration (LIC) provides a precise 
representation of body iron storage in patients with iron 
overload.19 At present, MRI becomes the modality of 
choice for the assessment of iron overload.20 The sensi
tivity and specificity of standardized MRI protocol in 
determining LIC are estimated to be 94% and 100%, 
respectively.21 The role of MRI methods for evaluating 
iron overload is well recognized in transfusion-dependent 
anemia patients; however, this role is still not well estab
lished in ESRD patients.12,16 Given the very high sensi
tivity (resulting in the low false-negative result) of 
T2*MRI in the diagnosis of iron overload, we excluded 
secondary iron overload in our patient, especially in the 
absence of any clinical or laboratory evidence for that. 
Few studies were evaluated the correlation between serum 
ferritin and LIC in CKD patients on hemodialysis by using 
various MRI standardized protocols. A study done by 
Canavese et al assumed that the risk of iron overload is 
ten times more in CKD patients with serum ferritin value 
surpasses 500 mcg/L.22 Another study concluded that 
there is no correlation between serum iron markers and 
LIC in CKD patients.23 The latest studies of the correla
tion between serum ferritin and LIC in hemodialysis 
patients using T2*MRI found a positive correlation 
between these two variables. Therefore, it was suggested 

that serum ferritin value above 290 mcg/L should justify 
further investigation with MRI to rule out iron overload in 
such cases.24,25 Though different observation was reported 
in one EDRD patient with a serum ferritin level of >1000 
mcg/L, his LIC measured by T2*MRI was suggestive of 
only mild iron accumulation liver.12 In our case, we also 
observed that despite the serum ferritin was >1000 mcg/L 
for several years, the T2*MRI of the heart and liver 
showed no evidence of iron overload. Our finding could 
support the idea that serum ferritin might not correlate 
with LIC and cardiac iron concentration in ESRD patients.

Conclusion
Despite that, the existing guidelines recommend serum 
ferritin and transferrin saturation for monitoring secondary 
iron overload in CKD patients; the evidence for the corre
lation between serum ferritin and LIC measured by MRI is 
still scarce in CKD patients. Few studies observe 
a positive correlation between serum iron and LIC in 
CKD patients and postulate that serum ferritin above 290 
mcg/L should indicate significant iron overload and neces
sitates MRI evaluation. However, our patient had a serum 
ferritin level of >1000 mcg/L for several years, but 
a T2*MRI of the heart and liver revealed the absence of 
iron overload. We think that further studies are necessary 
to prove this correlation and determine the cutoff level of 
serum ferritin that requires further evaluation of iron over
load by MRI in CKD patients.

Figure 2 MRI 1.5 T (Siemens Avanto), using multi-TE gradient echo T2* MRI technique (using Garbowski method). Liver intensity is normal seen with the longest TE (14.68 
msec). T2* =7.4 ms, corresponding to < 5 mg Iron/ g liver dry weight.

Table 2 Severity of Iron Overload Based on Hepatic and Myocardial T2*MRI and Our Patient Findings

Iron Load Severity Normal Mild Moderate Severe Our Patient

Hepatic T2* by millisecond(ms), mg 

iron/ g of liver dry weight

>7.2ms,< 

5 mg/g

3.3–7.2 ms, 

5–10 mg/g

2.2–3.3 ms, 

10–15 mg/g

< 2.2 ms, 

> 15 mg/g

T2*=7.4 ms, corresponding to < 5 mg iron/ 

g of liver dry weight (Normal)

Myocardial T2*by millisecond(ms), mg 

iron/ g of heart dry weight

> 20 ms, 

<1.2 mg/g

14–20 ms, 

1.2–1.8 mg/g

10–14 ms, 

1.8–2.7mg/g

< 10 ms, 

>2.7mg/g

T2* =29.4 ms, corresponding to <1.2 mg iron/ 

g of heart dry weight (Normal)

https://doi.org/10.2147/JBM.S319591                                                                                                                                                                                                                                   

DovePress                                                                                                                                                            

Journal of Blood Medicine 2021:12 668

Al-Mashdali et al                                                                                                                                                     Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Consent
Written informed consent was obtained from the patient 
for the publication of this case report. This case report was 
approved by the Hamad Medical Corporation’s Medical 
Research Center (Protocol number: MRC-04-21-419).
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Background: Blood transfusion saves lives and improves health, but many patients requir
ing transfusion do not have timely access to safe blood. Human immunodeficiency virus and 
syphilis are the commonest transfused transmitted infections and threats to blood recipients. 
Proper donor selection and screening of the donated blood for major transfusion-transmitted 
infections evidently reduced challenge in blood safety. Therefore, the objective of this study 
was to determine the sero-prevalence HIV and syphilis infections among blood donors at 
East Wollega, West Ethiopia.
Patients and Methods: A five-year (from January 2015 to December 2019) retrospective 
study was conducted by reviewing blood donor laboratory test results from Nekemte blood 
bank which is serving hospitals in Western Oromia. Blood donor data were analyzed by 
Statistical Package for Social Sciences version 20 software.
Results: The total of 17,810 individual’s blood was screened during the study period. The 
overall prevalence of HIV, syphilis, and their co-infection was 222 (1.25%), 142 (0.80%), 
and 5 (0.03%), respectively. The prevalence of HIV was associated with unmarried (AOR: 
2.4; 95% CI: 1.5, 5.2), male (AOR: 2.1; 95% CI: 1.5, 2.9), and blood donors resident in a 
rural area (AOR: 1.5; 95% CI: 1.5, 5.9). Besides, the prevalence of syphilis was associated 
with education, age, marital status and residence of study participant.
Conclusion: In the current study, the sero-prevalence of HIV and syphilis among blood 
donors was low, when it was compared to other sub-Saharan Africa country. However, to 
ensure the health of all recipients screening blood using standard methods is highly 
recommended.
Keywords: epidemiology, predictor, transfusion-transmitted infection, blood bank

Introduction
Blood transfusion is a life-saving therapeutic intervention in which globally more 
than 81 million units of blood are donated every year. Among these 18 million are 
not screened for an infection that is potentially capable of being transmitted by 
blood transfusion due to the blood is a vector for harmful transfusion transmissible 
infections.1 Human immunodeficiency virus and Treponema palladium are the 
common microorganisms for post-transfusion transmitted infection.2

The World Health Organization, to assure quality and safety, recommends 
screening of donated blood for a minimum of the major transfusion-transmitted 
infections (TTIs). Accordingly, screening for HIV, hepatitis B, hepatitis C, and 
syphilis should be mandatory.3,4 Annually, the worldwide infection rate of HIV 
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through blood transfusion alone ranges from 80,000 to 
160,000.5 Up to 500 people acquire TTIs due to contami
nated blood transfusion daily in Africa5 and in sub- 
Saharan Africa, blood transfusion accounts for 5–10% of 
HIV transmission.6 The estimated prevalence of HIV 
infection among blood donors in Ethiopia ranged from 
0.1% - 11.7%.7–9

There is a scarcity of comprehensive data on the pre
valence and trends of major TTI among blood donors in 
the study area. Thus, the current study aimed to determine 
the prevalence and predictors of HIV and syphilis infec
tions among blood donors in the Western Oromia, East 
Wollega, Ethiopia.

Methods
Study Area
The study was conducted in Nekemte Blood Bank, which 
is serving about 17 hospitals in Western Oromia. This 
blood bank is placed in the Nekemte town which is the 
capital city of the East Wollega Zone, Western Oromia, 
Ethiopia. Nekemte town is located 331 km west of the 
capital city, Addis Ababa.

Study Design
A five-year (January 2015 to December 2019) retrospec
tive study was conducted by retrieving data from the 
Nekemte Blood Bank laboratory registration book.

Study Population
Blood donors who were registered on the laboratory regis
tration of Nekemte Blood bank and screened for HIV and 
syphilis infection during the study period.

Data Collection, Laboratory Examination, 
and Statistical Analysis
The data extraction sheet was used to collect data regard
ing socio-demographic variables and blood donors labora
tory test results of HIV and syphilis from Nekemte Blood 
Bank registration book. To identify HIV and syphilis of 
blood donors ELISA serological method was applied dur
ing the study period. In case of HIV, the WANTAI HIV 1 
+ 2 Ag/Ab ELISA test kit (Beijing Wantai Biological 
Pharmacy Enterprise Co., Ltd. China) was used. Besides, 
the blood donor sample was tested for anti-syphilis Ab: 
using DIALAB ELISA (Nora Kampitsch, MSc, India). 
Finally, the collected data were entered and analyzed by 

using a statistical package for the social science version 20 
software.

Results
From a total of 17,810 blood donors, 70.1% (12,480) of 
the study participants were males. Of the total, a majority 
of 74.4% (13,245) blood donors were single, 59.4% 
(10,572) were students, and 70% (12,456) donors were 
urban residents (Table 1).

The sero-prevalence of HIV was 1.25% (222/17,810). 
Of all study participants five (0.03%) of them had co- 
infection of HIV and syphilis. Furthermore, of the total 
infected participants, the majority (53.85%) of unmarried, 
42.87% of males, 40.38% of age group within 18–30, 
34.89% of students, 47.53% of resident in urban, and 
41.48% of participants had above the secondary level of 
education were infected by HIV (Table 1). Besides, the 
sero-prevalence of HIV was 0.06% (10/17,810) in 2015 
and increased to 0.29% (52) in 2016 and 0.48% (86/ 
17,810) in 2017, then decreased to 0.26% (46/17,810) 
and 0.16% (28/17,810) in 2018, and 2019, respectively 
(Table 2).

The sero-prevalence of Syphilis was 0.8% (142/ 
17,810). Of all study participants five (0.03%) of them 
had co-infection of HIV and syphilis. Moreover, of the 
total infected blood donors 29% of males, 34.89% of 
unmarried, 19.78% of age group within 35–65, 15.38% 
of students, and 24.45% resident in rural were infected 
with syphilis (Table 1). In addition, the seroprevalence of 
syphilis increased steadily from 0.06% (10/17,810) in 
2015 to 0.02% (35/17,810) in 2019 (Table 2).

In the current study, the risk factors of HIV and syphil
lis were identified by multivariate logistic regression ana
lysis. According to this study, the male blood donors were 
two times (AOR: 2.1; 95% CI: 1.5–2.9) more likely to be 
infected by HIV compared to the counterpart. Besides, the 
unmarried study participant was also two times (AOR: 2.4; 
95% CI: 1.5–5.2) more likely to be infected by HIV when 
it was compared with that of married blood donor 
(Table 3).

Age, marital status, educational status, and residence 
were risk factors of syphilis in the present study. Those 
study participant at the age of 31–35 years (AOR = 2.8; 
95% CI: 1.4, 3.9) and 45–65 years (AOR = 3.9; 95% CI: 
1.5–3.7), unmarried blood donors (AOR = 2.5; 95% CI: 
1.4,3.2), donors with no formal education (AOR = 3.5; 
95% CI: 1.9, 4.5) and donor who were resident in rural 
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(AOR = 3.7; 95% CI: 1.9,4.6) were more likely to be 
infected by syphilis compared their counterpart (Table 4).

Discussion
In the current study, the majority of the donors (70.1%) 
were males, which were similar to the study in Gondar,7 

and Nigeria.10 The numbers of female blood donors 
were few in the current study, and this may be attributed 
to behavioral and sociocultural drivers in Ethiopian 

society that the male is donated blood than female.11 

Regarding trend, seroprevalence of HIV and syphilis 
with respect to year has shown a trend. However, a 
study from Gondar, Ethiopia has shown that consistent 
increment in the seroprevalence from 2010 to 2012.12 

This might be a result of variation in the sero-preva
lence of HIV and syphilis in the community since it is 
assumed that blood donors are a representative of the 
community. In addition, it might be as a result of the 

Table 1 Socio-Demographics Characteristics, Prevalence of HIV and Syphilis Among Blood Donor, Western Oromia, Ethiopia from 
January 2015 to December 2019

Variable HIV Positive N (%) Syphilis Positive N (%) Total Infected Participants N (%)

Sex
Male 156 (42.85) 107 (29.40) 263 (72.25)

Female 66 (18.13) 35 (9.62) 101 (27.75)

Age
18–30 147 (40.38) 27 (7.42) 174 (47.80)
31–45 52 (14.29) 43 (11.81) 95 (26.10)

46–65 23 (6.32) 72 (19.78) 95 (26.10)

Marital Status
Unmarried 196 (53.85) 127 (34.89) 323 (88.74)
Married 26 (7.14) 15 (4.12) 41 (11.26)

Occupational status
Student 127 (34.89) 56 (15.38) 183 (50.27)

Private worker 22 (6.04) 15 (4.12) 37 (10.16)

Government Employs 63 (17.30) 52 (14.29) 115 (31.59)
Farmer 10 (2.75) 19 (5.22) 29 (7.97)

Educational status
No formal 47 (12.91) 61 (16.76) 108 (29.67)

Primary school 24 (6.59) 9 (2.47) 33 (9.06)

Secondary and college 151 (41.48) 72 (19.78) 223 (61.26)

Residence
Urban 173 (47.53) 53 (14.56) 226 (62.09)
Rural 49 (13.46) 89 (24.45) 138 (37.91)

Abbreviations: N,number; %, percent.

Table 2 Sero-Prevalence of HIV and Syphilis Infections with Respect to Donation Year Among Blood Donors, Western Oromia, 
Ethiopia from January 2015 to December 2019

Year of Donation No of Donor HIV Positive N (%) Syphilis Positive N (%)

2015 2693 10 (0.06%) 10 (0.06%)

2016 2197 52 (0.29%) 30 (0.16%)
2017 4178 86 (0.48%) 25 (0.14%)

2018 4406 46 (0.26%) 42 (0.24%)

2019 4336 28 (0.16%) 35 (0.20%)
Total 17,810 222 (1.25%) 142 (0.80%)

Abbreviations: N,number; %,percent.
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implementation of sensitive diagnostic test methods for 
screening of this infection.

The majority (64.5%) study participants’ age in the 
present study were ranging from 18 to 30. Our result is 
similar to research conducted in North Gondar,12 

Southwest Ethiopia,13 and Northwest Ethiopia.7 The high
est number of donations in this age group (18–30 years) is 
due to the fact that active age groups (18–30) of the 
population are actively participating in blood donations. 
Besides, a good awareness was created on these age 
groups in the current study area.

The seroprevalence of HIV in the present study was 
1.25%. This result was similar to the study reported from 
Sudan, which was 1%14 and 1.13% in South Africa.15 

However, it was lower than a study conducted by different 
scholars in Ethiopia which was 4.5% of Diro et al16 and 
3.8% of Tessema et al,7 and 3.8% in another country.17 

The reason for the low prevalence of HIV seropositivity in 

the present study is due to the fact that there is good 
voluntary counseling test coverage in the study area. On 
the other hand, the prevalence of HIV among blood donors 
in the present study was higher than a similar study con
ducted in Jigjiga which was 0.1%,9 0.18% in Eretria18 and 
0.00% in Egypt in which there were no cases reported.19 

The differences might be due to, differences in geographi
cal locations, the burden of the disease in the society and 
difference in awareness of study participant on transmis
sion and prevention of HIV.

In the current study, HIV infection was highest among 
blood donors who were male, college students, and 18–30 
years of age which were similar to a report from another 
study area.20 Besides, in the present study sex, marital 
status, and residence of blood donors were risk factors 
for HIV seroprevalence. Male blood donors were more 
likely to be infected with HIV compared to female which 
was agreed with other research reported by different 

Table 3 Logistic Regression of HIV with Socio-Demographic Characteristics of Blood, Western Oromia, Ethiopia from January 2015 
to December 2019

Variable HIV Status COR (95% CI) AOR (95% CI)

Negative Positive

Sex
Female 5264 36 1.00

Male 12,324 186 2.2 (1.6–3.2) 2.1 (1.5–2.9)*

Age
18–30 11,313 147 1.00

31–45 5840 52 0.7 (0.4–2.9)
46–65 435 23 4.1(0.3–4.6)

Marital status
Married 4539 26 1.00

Unmarried 13,049 196 2.6 (1.6–5.5) 2.4 (1.5–5.2)*

Occupation
Student 10,445 127 1.00

Private worker 1208 22 1.5 (0.5–3.4)
Government Employs 5413 63 0.9 (0.3–1.8)

Farmer 522 10 1.5 (0.8, 2.4)

Educational Status
Primary school 5419 24 1.00
Secondary and college 8367 151 4.1 (0.4–4.1)

No formal education 3802 47 2.8 (0.3–3.4)

Residence
Rural 5305 49 1.00

Urban 12,283 173 1.5 (1.6–6.6) 1.5(1.5–5.9)*

Note: *Statistically significance. 
Abbreviations: COR, crude odd ratio; AOR, adjusted odd ratio; CI, confidence interval.
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scholars.7,21 This might be due to most females may know 
their HIV status at prenatal care which is mandatory for all 
pregnant women in our country. The present study has also 
shown that unmarried study participants were higher risk 
for HIV compared to married blood donors. The plausible 
explanation for this result is, married study participant 
might have stable sexual partners which decrease their 
risk of HIV infection.22 Moreover, rural blood donors 
were more likely to be infected with HIV than the urban 
donors. Similar result had been reported from another 
study area.23 The prevalence of HIV, which is high in 
rural study participant, is might be due to lack of aware
ness regarding the transmission and prevention of this 
virus from different electronic media.

The present study has shown that the prevalence of 
syphilis among study participant was 0.8%, which was 
similar to the research done in Hawassa, Ethiopia.24 

However, it was slightly higher than a similar study 

conducted in Eritrea (0.49%)18 and lower than a study 
reported by scholars in Gondar which was 1.7%, and 
Tanzania which was 4.7%.17 These differences between 
different countries might be due to the quality of labora
tory tests used to screen blood samples, the difference in 
prevention measures taken, the effectiveness of the pro
gram to choose blood donors. In this study, the preva
lence of syphilis significantly associated with older 
blood donors within the age group 31–35 years and 
45–65 years compared to the reference group. This 
result was similar with study conducted in different 
countries.1,11,17,25,26 However, our result was not incon
sistent with some study conducted in our country like in 
Gondar and Jigjiga.9 Similar to study conducted in 
Eastern Ethiopia,27 in the current study unmarried 
blood donors, donors with no formal education and 
donors who were living in rural were highly vulnerable 
to syphilis compared to their counterparts.

Table 4 Logistic Regression of Syphilis with Socio-Demographic Characteristics of Blood Donor, Western Oromia, Ethiopia from 
January 2015 to December 2020

Variable Syphilis Status COR (95% CI) AOR (95% CI)

Negative Positive

Sex
Female 5295 35 1.00

Male 12,373 107 1.3(0.8, 2.9)

Age
18–30 7633 27 1.00

31–45 5849 43 3.1(1.5, 4.5) 2.8(1.4–3.9)*
46–65 4186 72 4.8(1.8–4.7) 3.9(1.5–3.7)*

Marital status
Married 4550 15 1.00

Unmarried 13,118 127 3(1.7–3.6) 2.5(1.4–3.2)*

Occupation
Student 10,516 56 1.00

Private worker 1215 15 2.3(0.5–2.9)
Government Employs 5424 52 1.8 (0.1–4.5)

Farmer 513 19 6.9(0.6–5.2)

Educational Status
Primary school 5424 19 1.00
Secondary and college 8446 72 2.4(0.8,3.4)

No formal 37,898 51 3.8 (1.9–4.7) 3.5(1.9–4.5)*

Residence
Urban 12,403 53 1.00

Rural 5265 89 3.9(1.8–4.9) 3.7(1.9–4.6)*

Note: *Statistically significance. 
Abbreviations: COR, crude odd ratio; AOR, adjusted odd ratio; CI, confidence interval.
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The current study has provided a good data on the 
prevalence and some associated predictors of HIV and 
syphilis due to the study tried to use long year blood 
donor’s history with large sample size. However, some 
variables were missed since the study was retrospective, 
which was reviewed from laboratory registration book of 
the blood bank.

Conclusion
The result of the current study has shown that the seropre
valence of HIV and syphilis was low compared to study 
from countries in sub-Saharan Africa. Though, a substan
tial percentage of study participants had HIV and syphilis 
infections. Therefore, strict selection of blood donors 
using standard methods is necessary to make sure the 
health of the recipients is protected. Besides, increasing 
the awareness of rural people regarding the transmission 
and prevention of infection required to minimize the bur
den of HIV and syphilis should be encouraged.

Abbreviations
ELISA, enzyme linked immunosorbent assay; HIV, human 
immunodeficiency virus; SPSS, Statistical Package for 
Social Sciences; TTIs, transfused transmitted infections; 
WHO, World Health Organization.
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Background: Invasive fungal diseases (IFDs) are common and contribute to mortality in 
patients undergoing hematopoietic stem cell transplantation (HSCT). The relative efficacies 
of posaconazole (POS) and fluconazole (FLU) as primary antifungal prophylaxes are 
uncertain.
Methods: A retrospective study was performed on children treated with allogeneic HSCT 
who received POS or FLU during the early neutropenic period. The efficacies, safety, and 
tolerabilities of the prophylaxes were compared.
Results: Data on 78 HSCT recipients were analyzed. Most had thalassemia (58%). Pre- 
engraftment, POS and FLU were administered to 41 and 37 cases, respectively. There were 
no proven cases of IFD. However, 2 POS cases and 1 FLU case had probable IFDs. The IFD 
incidences of the POS (5%) and FLU (3%) groups demonstrated no statistical difference (p = 
0.620). Of the 75 surviving cases receiving FLU post-engraftment (including 39 cases 
previously given POS), 3 had proven IFDs whereas 3 had probable IFDs (total, 6 [8%]) 
within 1 year post-HSCT. No cases discontinued the prophylaxes due to drug intolerance. 
The common adverse events with POS and FLU were not significantly different. Only 19% 
of the patients achieved the therapeutic POS level, with a starting dose of 4 mg/kg thrice 
daily.
Conclusion: POS and FLU demonstrate comparable levels of effectiveness, safety, and 
tolerability as IFD prophylaxes for neutropenic children treated with allogeneic HSCT. 
Determination of the optimum POS dose and duration requires larger studies.
Keywords: antifungal prophylaxis, children, fluconazole, hematopoietic stem cell 
transplantation, posaconazole

Introduction
Invasive fungal diseases (IFDs) are leading causes of mortality in patients receiving 
hematopoietic stem cell transplantations (HSCTs). Several studies reported that the 
IFD incidence in HSCT recipients ranged from 6% to 33% and was associated with 
grave prognoses.1–4 Candida and Aspergillus species, the 2 most commonly 
encountered fungal pathogens,1,2 have high mortality rates (49% and 67%, 
respectively).5 Our hospital has also reported the incidence of IFD among adult 
patients with hematological malignancies. Candidiasis was the most common 
pathogen (63%), followed by aspergillosis (26%).6
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Since the 1990s, fluconazole (FLU) has been the drug 
of choice as the primary prophylaxis against invasive 
candidiasis for allogeneic HSCT recipients.7 However, 
the major drawback of FLU is that it demonstrates no 
antimicrobial activity against molds. To overcome this 
problem, posaconazole (POS), an oral suspension of an 
azole mold-active prophylaxis agent, has been utilized. 
Several studies (mostly in adult HSCT recipients) reported 
that POS produced superior outcomes to FLU—including 
a lower mortality rate—for the prevention of IFDs.8,9

On the other hand, POS may exhibit erratic absorption, 
and it requires therapeutic drug monitoring. The pharmaco
kinetics of POS in the pediatric population remains 
limited.10,11 Promising results were shown for immunocom
promised pediatric patients, with no serious adverse events 
related to POS being observed.12–14 There is 
a recommendation to administer a mold-active agent with 
an echinocandin or a mold-active azole when systemic anti
fungal prophylaxis is warranted. For children younger than 
13 years of age, echinocandin, voriconazole, or itraconazole 
is suggested. POS may also be used in those aged 13 years 
or older.15 The oral suspension of POS has been available at 
our institute since 2012. We report the incidence and out
comes of IFDs, and the safety and tolerability of using either 
POS or FLU, for pediatric patients (aged 0–18 years) who 
underwent allogeneic HSCTs at our center.

Patients and Methods
We retrospectively analyzed the medical records of 78 
Siriraj Hospital patients aged 0–18 years who underwent 
allogeneic HSCTs, with either FLU or POS as their primary 
IFD prophylaxis, between 2000 and 2019. A combination of 
calcineurin inhibitors and short-course methotrexate was 
administered to the patients as a graft-versus-host disease 
(GvHD) prophylaxis. Active surveillance to identify the 
adverse events during the HSCTs was undertaken. The 
trough level of cyclosporine (CsA), between 200 and 400 
ng/mL, was monitored after 2004, and cytomegalovirus 
viral-load testing was available from 2006. Filgrastim was 
given once daily at 10 mcg/kg IV from Day +1 until the 
absolute neutrophil count reached ≥ 1 x 103/uL for at least 2 
consecutive days. Broad-spectrum antibiotics were adminis
tered for the treatment of febrile neutropenia. An antifungal 
prophylaxis—either POS or FLU—was commenced on Day 
+1 after the stem cell infusion and continued until engraft
ment. Between 2000 and 2011, FLU (10 mg/kg) was admi
nistered orally or intravenously (depending on a patient’s 
status) once daily for all patients receiving HSCTs. After 

2012, however, all HSCT patients were given POS as an oral 
suspension at the dose of 4 mg/kg, thrice daily with meals. 
The POS level was determined on Day +5 post-HSCT and 
adjusted dose to the target trough levels of ≥ 0.7 mg/L. Post- 
engraftment, all patients in the POS group were changed to 
FLU until cessation of immunosuppression due to financial 
constraints. The post-engraftment period for patients with 
FLU started one day after evidence of neutrophil 
engraftment.

The primary analysis compared the incidences of 
proven and probable IFDs during the pre-engraftment 
phase. The diagnosis of IFDs was made by a pediatric 
infectious-disease specialist team. The secondary analy
sis focused on 2 aspects. The first was identification of 
adverse events that were possibly related to the antifun
gal agents, such as nausea, diarrhea, exanthema, elevated 
transaminase levels, and renal insufficiency. We categor
ized the subgroup analysis to identify liver toxicity and 
CsA level, based on antifungal exposure and POS levels: 
(1) POS ≥ 0.7 ng/mL group; (2) POS < 0.7 ng/mL group; 
and (3) FLU group. The second aspect was the incidence 
of IFDs during the post-engraftment period among 2 sets 
of patients: those administered POS pre-engraftment and 
FLU post-engraftment, and those receiving FLU from 
the outset. Approval for the study was obtained from 
Siriraj Institutional Review Board/Privacy Board (716/ 
2560 [EC2]). The need for consent forms was waived, 
given that the study was conducted retrospectively. We 
declared that the patient data confidentiality complied 
with the Declaration of Helsinki.

Definitions
Adverse events were graded according to the Common 
Terminology Criteria for Adverse Events (version 5.0).16 

IFDs were categorized as proven and probable, as per the 
European Organization for Research and Treatment of 
Cancer and the Mycoses Study Group Education and 
Research Consortium (EORTC/MSGERC) 2019 
definitions.17 The IFD outcomes followed the criteria spe
cified in the EORTC/MSGERC criteria.18

Statistical Analysis
The statistical analyses were performed using IBM SPSS 
Statistics for Windows (version 26.0; IBM Corp., Armonk, 
NY, USA). In comparisons of the 2 treatments, a chi- 
squared test or Fisher’s exact test was used for qualitative 
variables, whereas a two-sample t-test and the Mann– 
Whitney U-test were used for quantitative variables with 
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and without normal distribution, respectively. Kaplan– 
Meier curves were used to present the cumulative inci
dence of time-to-event data from the dates of the HSCTs, 
and the curves were compared using the Log rank test. All 
p values were 2-tailed, and p < 0.05 was considered 
statistically significant. The Kruskal–Wallis test was used 
to compare the baseline and maximum levels of total 
bilirubin, direct bilirubin, alanine transaminase, and aspar
tate transaminase. The CsA levels during the antifungal 
prophylaxis were analyzed using one-way ANOVA. 
Graphs were created with GraphPad Prism for Mac (ver
sion 8.4; GraphPad Software, San Diego, CA, USA).

Results
Patient Characteristics
The analysis used data from 78 patients (49 males and 29 
females), with a median age at HSCT of 7.5 years (range, 
1.4 to 17.7). During the pre-engraftment period, 41 
patients (53%) received POS (the POS group), while 37 
(47%) received FLU (the FLU group). The patient char
acteristics are listed in Table 1. Hematological malignancy 
was significantly higher for the POS group (p = 0.043), 
while non-hematological malignancy was higher for the 
FLU group (p = 0.043). The stem cell source differed 
between the 2 groups (p = 0.002), as did the median 

Table 1 Patient and Transplant Characteristics

Variable POS FLU Total P value

Number of patients; no. (%) 41 (53) 37 (47) 78

Male sex; no. (%) 26 (63) 23 (62) 49 (63) 0.909

Age; median (range) in year 7.7 (1.4–17.7) 7.0 (1.4–14.7) 7.5 (1.4–17.7) 0.337

Primary disease; no. (%)

Hematological malignancy 15 (37) 6 (16) 21 (27) 0.043a

Relapsed/refractory ALL 5 (12) 3 (8) 8 (10) 0.631

AML 4 (10) 0 4 (5) 0.280

Relapsed/refractory AML 2 (5) 1 (3) 3 (4) 0.843
Biphenotypic leukemia 1 (2) 0 1 (1) 0.517

Histiocytic sarcoma 1 (2) 0 1 (1) 0.517

CML 0 1 (3) 1 (1) 0.286
JMML 1 (2) 1 (3) 2 (3) 0.5

Lymphoma 1 (2) 0 1 (1) 0.517

Non-hematological malignancy 25 (61) 31 (84) 56 (72) 0.043

Thalassemia 20 (49) 25 (68) 45 (58) 0.952

Aplastic anemia 3 (7) 4 (11) 7 (9) 0.919
Immunodeficiency diseases 1 (2) 1 (3) 2 (3) 0.877

IBMFS 1 (2) 1 (3) 2 (3) 0.877

Solid tumors 1 (2) 0 1 (1) 0.345

Donor; no. (%)
MRD 23 (56) 28 (75) 51 (65) 0.179

MMRD 2 (5) 0 2 (3)

MUD 12 (29) 8 (22) 20 (26)
MMUD 4 (10) 1 (3) 5 (6)

CMV serostatus; no. (%) 41 29b 70
D+ R- 4 (10) 2 (7) 6 (9) 0.444

D+ R+ 25 (61) 13 (45) 38 (54)

D- R+ 9 (22) 11 (38) 20 (28)
D- R- 3 (7) 3 (10) 6 (9)

(Continued)
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number of days to engraftment (p = 0.002). The durations 
of neutropenia in the 2 groups were comparable, with 16 
days (range, 6 to 35) for the POS group and 14 days 
(range, 3 to 33) for the FLU group (p = 0.323). Graft 
failure was evident for 2 severe aplastic anemia patients 
(one from each group).

Toxicity, Complications, and Outcomes
There were no significant differences in the acute toxicity 
of the POS and FLU groups except for cytomegalovirus- 
infection reactivation (p = 0.038; Table 2). The most 
common complications were febrile neutropenia, mucosi
tis, and elevated liver enzymes.

The CsA trough level was available for 58 of the total 
of 72 patients (81%) who received methotrexate plus CsA 
as a GvHD prophylaxis. The median CsA level was 125.5 
ug/L (range, 31 to 533) for the POS group, and 119 ug/L 
(range, 37 to 333) for the FLU group. Nine of the 33 POS 
patients (27%) and 3 of the 25 FLU patients (12%) 

achieved the therapeutic CsA level; however, most 
patients in both groups had a CsA level of < 200 ug/L. 
Three patients (9%) in the POS group had a maximum 
CsA level exceeding 400 ug/L, but without evidence of 
hypertension or renal insufficiency; all 3 reached the ther
apeutic range after a dose reduction.

The POS trough level was checked in 37 of 41 patients 
(90%) in the POS group. Their median POS level was 0.5 
μg/mL (range, 0.1 to 1.02). Seven of the patients (19%) 
reached the therapeutic level from the starting dose. After 
a dose adjustment, a further 7 patients (23%) reached the 
target level.

The 2-year IFD-free overall survival rates of the POS 
and FLU groups were comparable at 87.8% and 88%, 
respectively (p = 0.507; Figure 1A). However, subgroup 
analyses showed significant differences in the overall sur
vival rates of 4 groups of patients: (1) POS with 
a hematological malignancy, 73.9%; (2) POS with a non- 
hematological malignancy (NHMD), 78.6%; (3) FLU with 

Table 1 (Continued). 

Variable POS FLU Total P value

Stem cell source; no. (%)

Bone marrow 19 (46) 30 (81) 49 (63) 0.002

Peripheral blood 22 (54) 7 (19) 29 (37)

Conditioning regimen; no. (%)

MAC 36 (88) 34 (92) 70 (90) 0.714
RIC 5 (12) 3 (8) 8 (10)

GvHD prophylaxis; no. (%)
MTX+CsA 37 (90) 35 (95) 72 (92) 0.677

MTX+MMF+Tacro 4 (10) 2 (5) 6 (8)

Duration of neutropenia ANC < 500/cumm; median (range) in days 16 (6–35) 14 (3–33) 16 (3–35) 0.323

Day of engraftment; median (range) Day +19 (11–44) Day +24 (14–35) Day +21 (11–44) 0.002

Hospitalization; median number of days (range) 79 (33–232) 88 (45–258) 80 (33–258) 0.126

Acute GvHD; no. (%) 11 (27) 10 (27) 21 (27) 0.984

Grades I–II 7 (64) 9 (90) 16 (76) 0.311

Grades III–IV 4 (36) 1 (10) 5 (24)

Chronic GvHD; no. (%)c 10 (26) 4 (11) 14 (19) 0.142

Limited 1 (10) 2 (50) 3 (21) 0.176
Extensive 9 (90) 2 (50) 11 (79)

Outcome; no. (%)

Alive 31 (76) 30 (81) 61 (78) 0.594

Death 10 (24) 7 (19) 17 (22)

Follow-up time; median (range) in years 1.9 (0.6–7.7) 9.9 (1–20) 3.3 (0.6–20) < 0.001

Notes: aTwo-tailed p value compared no. with hematological malignancy vs non-hematological malignancy, bCMV status in FLU group available for 29 of 37 patients, 
cPosaconazole n = 39; fluconazole = 36; total = 75.
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a hematological malignancy, 33.3%; and (4) FLU with 
NHMD, 96.8% (p = 0.021; Figure 1B).

Overall, 17 of the 78 patients (21.8%) died after 
their HSCTs. Relapse was the leading cause of death 
in patients with a malignant disease, while bacterial 
septicemia was the major cause of death in patients 
with NHMD.

IFDs in Pre-Engraftment Period
The incidences and characteristics of breakthrough IFDs 
during the pre-engraftment period are detailed in Tables 3 
and 4 (overall incidence: 4%; 5% with POS vs 3% with FLU; 
p = 0.620). No proven IFD was detected in any patient. Two 
POS patients (5%) and 1 FLU patient (3%) had probable 
IFDs (p = 0.620). All 3 patients with IFDs had prolonged 

Table 2 Patient-Reported, and Treatment-Emergent, Complications During the Pre-Engraftment Phase

Variable — no. (%) POS (N = 41) FLU (N = 37) Total (N = 78) P value

Oral mucositis 29 (71) 24 (65) 53 (68) 0.632
Nausea/vomiting 3 (7) 2 (5) 5 (6) 0.731

Non-infectious diarrhea 12 (29) 8 (22) 20 (26) 0.604

Exanthema 5 (12) 3 (8) 8 (10) 0.715
Hypertension 16 (39) 9 (24) 25 (32) 0.225

Engraftment syndrome 5 (12) 2 (5) 7 (9) 0.436

Sinusoidal obstruction syndrome 7 (17) 7 (19) 14 (18) 0.832
GI bleeding 3 (7) 2 (5) 5 (6) 0.731

AST/ALT increased 21 (51) 20 (54) 41 (53) 0.824
Hypokalemia 3 (7) 3 (8) 6 (8) 0.896

Acute kidney injury 13 (32) 8 (22) 21 (27) 0.444

Febrile neutropenia 30 (73) 22 (59) 52 (67) 0.235
Septicemia 16 (39) 13 (35) 29 (37) 0.816

Gram-negative septicemia 14 (34) 9 (24) 23 (29) 0.457
Escherichia coli 5 (36) 2 (22) 7 (31) 0.657

Escherichia coli ESBL 4 (29) 5 (56) 9 (39) 0.383

Klebsiella pneumoniae 1 (7) 1 (11) 2 (9) 0.742
Pseudomonas aeruginosa 1 (7) 0 1 (4) 0.412

Stenotrophomonas maltophilia 0 1 (11) 1 (4) 0.391

Acinetobacter baumannii 3 (21) 0 3 (13) 0.253

Gram-positive septicemia 6 (15) 7 (19) 13 (17) 0.763

MRCNS 1 (17) 2 (29) 3 (23) 0.611
MRSA 0 1 (14) 1 (8) 0.335

MSSA 1 (17) 0 1 (8) 0.462

Corynebacterium 2 (32) 0 2 (15) 0.192
Streptococcus pneumoniae 1 (17) 2 (29) 3 (23) 0.611

Streptococcus viridans 0 1 (14) 1 (8) 0.335

Bacillus cereus 1 (17) 1 (14) 2 (15) 0.906

Mucocutaneous candidiasis 5 (12) 7 (19) 12 (15) 0.534

CMV infection reactivation 21 (51) 10 (27) 31 (39) 0.038
Herpes simplex reactivation 4 (10) 4 (11) 8 (10) 0.878

Shingles 3 (7) 3 (8) 6 (8) 0.896

Pneumonia 11 (27) 10 (27) 21 (27) 0.984
Urinary tract infection 7 (17) 6 (16) 13 (17) 0.919

Infectious diarrhea 7 (17) 3 (8) 10 (13) 0.317
Clostridium difficile 1 (14) 1 (33) 2 (20) 0.490

Rotavirus 3 (43) NA 3 (30) NA

Salmonella 2 (29) 2 (67) 4 (40) 0.500
Aeromonas hydrophila 1 (14) 0 1 (10) 0.490

Abbreviation: NA, not available.
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neutropenia. One patient from each group experienced pri
mary graft failure, while 1 patient with POS had neutrophil 
engraftment on Day +14. The IFD was diagnosed on Day 
+10 and Day +20 for the 2 patients with POS, and on Day 
+27 for the 1 patient with FLU. The 2 POS patients with IFDs 
had POS levels of 0.6 and 0.5 μg/mL.

All 3 probable-IFD patients had pulmonary symptoms, 
with evidence of consolidation by CT scan plus a positive 
serum galactomannan assay. Patient 1 with POS had 
a partial response after 4 weeks of broad-spectrum anti
fungal therapy. However, he suffered a primary graft fail
ure and died 2 months post-HSCT because of 
Acinetobacter baumannii septicemia. Patient 2 with POS 
developed grade 4 aGvHD on Day +32 post-HSCT. She 
required a combination of corticosteroid plus CsA to treat 
the aGvHD. A CT scan revealed the disappearance of lung 
infiltrates after 6 weeks of voriconazole administration. 
Unfortunately, 4 months post-HSCT, she developed 

extensive cGvHD (skin, liver, eyes, and gastrointestinal 
tract). These symptoms were refractory to extracorporeal 
photopheresis, and she died 15 months post-HSCT. Patient 
3 with FLU experienced a primary graft failure and had 
a poor response to amphotericin B, with progressive infil
tration on both lungs evident in a follow-up CT scan. He 
died from massive hemoptysis 5 months post-HSCT. The 
mortality rates related to IFDs of the POS group, the FLU 
group, and the total were 0%, 100%, and 33%, respec
tively (p = 0.333).

Adverse Events Related to the Primary 
Antifungal Therapies
No patient had to discontinued POS or FLU due to drug 
intolerance. There were also no significant differences in 
the common adverse events that were related to POS and 
FLU—namely, nausea (7% vs 5%), diarrhea (29% vs 

A B

C

Figure 1 Outcomes of patients receiving allogeneic HSCT. (A) IFD-free overall survival. (B) Overall survival for patients with hematological malignancy versus non- 
hematological malignancy (NHMD). (C) Incidence of IFDs during the first year post-HSCT.
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22%), exanthema (12% vs 8%), and elevated transaminase 
levels (51% vs 54%), respectively (Table 2).

We categorized these 74 cases into 3 subgroups: (1) 
a POS ≥ 0.7 ng/mL group (n = 14); (2) a POS < 0.7 ng/mL 
group (n = 23); and (3) an FLU group (n = 37). All patients 
had significantly elevated total bilirubin, direct bilirubin, and 

liver enzyme levels during the 30 days post-HSCT (p < 0.05; 
Supplementary Figure 1 – 1A, 1B, 1C and 1D). However, 
there were no statistical differences in the rates of rise in the 
liver profiles of the FLU and the 2 POS groups.

Regarding the available CsA levels, the 58 patients 
were classified into 3 subgroups: (1) a POS ≥ 0.7 ng/mL 
group (n = 14); (2) a POS < 0.7 ng/mL group (n = 19); and 
(3) an FLU group (n = 25). The median CsA levels of the 
3 groups were comparable (Figure 2; p = 0.270). No 
patients in the POS ≥ 0.7 group or the FLU group experi
enced a CsA overdose. On the other hand, 3 patients 
(16%) in the POSA < 0.7 group had CsA levels > 400 
ug/L; following a 25% dose reduction, their levels fell to 
the therapeutic range. Renal insufficiency occurred in 4 
patients (29%) from the POS ≥ 0.7 group and 2 patients 
(8%) from the FLU group; all 6 patients had CsA levels 
within the therapeutic range. They responded when the 
CsA was discontinued and replaced with MMF.

Post-Engraftment Period
IFDs occurred in 4 of the 39 patients who were given POS 
at the beginning of their HSCTs, and in 2 of the 36 patients 
who were administered FLU at the time of their HSCTs 
(overall incidence rate, 8%; Figure 1C). Three patients had 
proven IFDs, whereas the other 3 had probable IFDs 
(Table 4). Two patients developed IFDs during the early 
post-engraftment period, while the other 4 cases were 

Table 3 Comparison of Efficacies of Posaconazole and 
Fluconazole as Primary Antifungal Prophylaxes During Pre- 
Engraftment Period

POS  
(N = 41)

FLU  
(N = 37)

Total  
(N = 78)

P value

Invasive fungal infection

Total — no. (%) 2 (5) 1 (3) 3 (4) 0.620

Proven 0 0 0

Probable 2 1 3 0.620

Evidence of fungus

Culture for fungus 0 0 0 0.359

CT/MRI 2 1 3

Serum galactomannan 2 1 3

Broad spectrum 

antifungal agent

Amphotericin B 0 1 1 0.613

Voriconazole 1 0 1

Micafungin 1 0 1

Outcome

Alive 2 0 2 (3) 0.494

Deceased 0 1 1 (1) 0.474

Figure 2 Cyclosporine levels of patients receiving azole antifungal drugs.
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detected after Day +100 post-HSCT. The mortality rate 
related to IFDs was 83%.

Patient 5 experienced fever with acute respiratory dis
tress syndrome, abdominal pain, and hematochezia 6 
weeks after the HSCT. Laparotomy was performed, and 

a small bowel resection showed evidence of 
a mucormycosis infection from histology. A chest CT 
scan showed typical fungus lung infiltration, and a serum 
galactomannan assay was positive. However, there was no 
mycologic evidence to define the pathogen. He 

Table 4 Overall Breakthrough Invasive Fungal Disease in Patients Receiving HSCTs

Variable Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 Case 8 Case 9

Sex/age (yr) M/7.7 M/5.9 M/5.8 F/7.7 M/16.6 M/14.8 F/11.7 M/5.7 M/10.8

Primary disease SAA Relapsed 

ALL

SAA HbE/β0 Relapsed ALL Relapsed BAL HbE/β0 Relapsed 

AML

Relapsed ALL

Donor/grafts MMSD/ 

BM

MUD/PB MUD/PB MSD/BM MSD/PB MSD/PB MUD/PB MSD/BM MSD/BM

Engraftment Graft 

failure

Day +14 Graft 

failure

Day +24 Day +14 Day +16 Day +32 Day +16 Day +33

Time-point post-HSCT Day +10 Day +20 Day +27 Day +33 Day +34 Day +116 Day +171 Day +213 Day +218

CMV reactivation (grade) Grade 2 Grade 3 None None Grade 2 Grade 3 Grade 2 None None

Host factors

Neutropenia > 10 days Yes Yes Yes Yes Yes Yes Yes Yes Yes

Hematological 

malignancy

No Yes No No Yes Yes No Yes Yes

Use of corticosteroids No Yes No No No Yes Yes No Yes

Immunosuppressants Yes Yes Yes Yes Yes Yes Yes Yes Yes

Acute/chronic GvHD None Grade IV/ 

cGvHD

None None None Grade III Grade IV/ 

cGvHD

None Grade II

Pre-engraftment 

prophylaxis

POS POS FLU POS POS POS POS FLU FLU

Post-engraftment 

prophylaxis (day of 

switching post-HSCT)

– – – FLU (Day 

+26)

FLU (Day +17) FLU (Day 

+22)

FLU (Day 

+34)

FLU (Day 

+17)

FLU (Day 

+34)

POS level (μg/mL) 0.6 0.5 – 0.52 0.58 0.35 0.5 – –

IFD category Probable Probable Probable Probable Proven Probable Proven Probable Proven

Pathogen - - - - Mucor - Aspergillus - Candida 

albicans

Site Lung 

(imaging, 

GM)

Lung 

(imaging, 

GM)

Lung 

(imaging, 

GM)

Lung 

(imaging, 

GM)

Small bowel 

(histology); 

lung (imaging)

Lung 

(imaging, GM)

Skin, lung 

(pus culture, 

imaging)

Lung 

(imaging, GM)

Blood 

(culture)

IFD outcome PR CR PD CR PD PD PD PD PD

Status Death 

unrelated 

to IFD

Death 

unrelated 

to IFD

Death 

related 

to IFD

Alive Death related 

to IFD

Death related 

to IFD and 

relapsed

Death 

related to 

IFD

Death related 

to IFD and 

relapsed

Death related 

to IFD and 

relapsed

Abbreviations: ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; BAL, biphenotypic acute leukemia; BM, bone marrow; CMV, cytomegalovirus; CR, 
complete response; FLU, fluconazole; GM, serum galactomannan; GvHD, graft-versus-host disease; HbE/β0, hemoglobin E-beta-thalassemia disease; HSCT, hematopoietic 
stem cell transplant; IFD, invasive fungal disease; MMSD, mismatched sibling donor; MSD, matched sibling donor; MUD, matched unrelated donor; PB, peripheral blood; PD, 
progressive disease; POS, posaconazole; PR, partial response; SAA, severe aplastic anemia.
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demonstrated no response to a combination of liposomal 
amphotericin B and voriconazole, and he died 10 weeks 
post-HSCT. Patient 7 developed cGvHD (skin and liver) 5 
months post-HSCT and was treated with CsA plus predni
solone. She was readmitted with febrile neutropenia, left- 
knee swelling, and multiple abscesses on both legs. A pus 
culture from her skin and knee-joint fluid revealed 
Aspergillus spp. Despite receiving amphotericin B and 
voriconazole, she developed massive hemoptysis and 
died 2 weeks after her re-admission. Patient 9 had 
a relapse of acute lymphoblastic leukemia at 8 months 
post-HSCT and underwent salvage therapy. He suffered 
from fever and was given amphotericin B. Nevertheless, 
his blood cultures were persistently positive for Candida 
albicans, and he died 1 month after his re-admission.

As to probable IPA, only Patient 4 demonstrated 
a complete response to voriconazole. However, the 2 
other cases had a disease relapse at 3 and 4 months post- 
HSCT, and died within a month of commencing treatment 
with voriconazole.

Discussion
Currently, there is a clinical practice guideline for the use 
of echinocandin or a mold-active azole as an antifungal 
prophylaxis for pediatric patients receiving HSCTs.15 

Some investigators have reported that mold-active azoles 
such as itraconazole, voriconazole, and POS have better 
efficacies in the pediatric population than FLU.19,20 From 
our data, the incidences of IFDs of the POS and FLU 
groups were comparable, at 5% and 3%, respectively 
(p = 0.620). Doring also reported that POS, FLU, and 
itraconazole have comparable degrees of effectiveness in 
preventing IFD in patients with neutropenia.19 However, 
our study showed a significantly higher proportion of 
patients with a hematological malignancy in the POS 
group than the FLU group (37% vs 16%; p = 0.043). In 
addition, the rates of grades III and IV aGvHD were higher 
for the POS group than the FLU group (36% vs 10%; p = 
0.311). Regarding the host factors which increased the risk 
for IFDs, POS seemed to be more effective than FLU as an 
antifungal agent for the recipients during the pre- 
engraftment period. Moreover, 8% of patients receiving 
FLU post-engraftment had IFDs, and the mortality rate 
related to IFDs was 83%. Whether using either POS or 
other mold-active agents during the post-engraftment per
iod could further decrease the IFD incidence is an inter
esting research question.

The US Food and Drug Administration has approved 
the use of the oral suspension of POS as an antifungal 
agent for children older than 13 years.21 Many studies 
have since reported that the off-label use of POS for 
children younger than 13 demonstrated promising efficacy 
with a safety profile comparable to that for the adult 
population.13,14,22 Doring reported the adverse events 
associated with using POS in pediatric patients with 
HSCTs.23,24 Almost 7% of cases needed to discontinue 
the drug due to nausea and vomiting; furthermore, most 
patients developed abnormal liver function and required 
a CsA dose reduction of 22%. In the current study, while 
7% of our POS patients experienced nausea and vomiting, 
none had to discontinue POS. We also found that about 
50% of our POS patients had increased levels of liver 
enzymes. Only 9% of our patients had a CsA overdose, 
which required a 25% dose reduction. The other 9% of our 
patients with CsA levels < 400 ug/L had renal insuffi
ciency and needed to cease the use of CsA.

Although a trough level of 0.7 ng/mL is required for 
POS, most studies reported lower levels (0.383–0.438 ng/ 
mL), with only 10–15% of their patients achieving the 
therapeutic level.24–27 The median POS level in our 
study was 0.5 ng/mL; 19% of our patients reached 
a POS level ≥ 0.7 ng/mL. Several investigators have 
attempted to solve the problem of failure to achieve the 
therapeutic level. Boonsathorn reported that the suspen
sion form of POS had an inferior bioavailability—as low 
as 30% of the target level—to the tablet form.13 

Tragiannidis also reported that 90% of patients attained 
the therapeutic target with the use of delayed-release POS 
tablets, and had no serious adverse events.28 Although 
those results are impressive, a further large study in the 
pediatric population is needed to clarify the pharmacoki
netics of delayed-release POS tablets and to determine 
their effectiveness as an IFD prophylaxis.

The chief limitation of our study is that it was 
a retrospective study. It was conducted over a 20-year per
iod, during which different levels of supportive care were 
provided and the protocols for surveillance of adverse events 
varied. Moreover, the index of suspicion for IFD might have 
been lower during the first of the 2 decades, resulting in 
IFDs being under-detected. Furthermore, the higher percen
tage of hematological malignancy with POS might have 
increased the risk of IFDs, relative to FLU, during the pre- 
engraftment period. Lastly, the switching from POS to FLU 
after engraftment made it difficult to clarify the extent to 
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which each drug contributed to the efficacy of IFD prophy
laxis during the interchange period.

Conclusions
In summary, our study shows that POS and FLU have 
comparable levels of effectiveness, safety, and tolerability 
as IFD prophylaxes for children with allogeneic HSCTs 
during the pre-engraftment phase. Establishing the opti
mum dose and duration of POS in this setting requires 
further investigation using a larger pediatric population.
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Background: Thrombocytopenia is one of the most common hematologic disorders affect
ing neonates admitted to the neonatal intensive care unit. The aim of this study was to 
determine the incidence and associated risk factors of neonatal thrombocytopenia in neonates 
admitted with surgical disorders.
Methods: An observational prospective cohort study was conducted and all neonates 
admitted to neonatal intensive care unit of Tikur Anbessa Specialized Hospital with 
surgical disorders were included. Data were collected using a checklist and analyzed 
by SPSS version 23. Chi square test and independent sample t- test were used to assess 
the association among different variables.
Results: A total of 210 neonates were included in the study, out of which 56.2% were 
males. The incidence of thrombocytopenia was 55.8%. Among neonates with thrombo
cytopenia, 90.9% had late onset thrombocytopenia and half were in the severe range 
(<50,000/µL). The presence of sepsis (P = 0.000) and atresia (P = 0.000) were found to 
be significantly associated with the development of thrombocytopenia. The mean non 
feeding hours were found to be significantly longer for patients with thrombocytopenia 
(t [199], 5.81, P = 0.000).
Conclusion: The incidence of thrombocytopenia is high in our institution. Prevention 
methods towards neonatal sepsis should be given due emphasis.
Keywords: thrombocytopenia, incidence, risk factors

Background
Platelets first appear in the human fetus at five weeks post conception and 
progressively increase in number attaining the normal adult range in 
the second trimester around 22 weeks of gestation.1,2 Hence, in the neonate 
thrombocytopenia is defined as a platelet count of less than 150,000/μL similar 
to adults, which also corresponds to values at or below the fifth percentile.3 The 
severity of thrombocytopenia can also be graded as follows: mild (a platelet 
count of 100,000–150,000/μL), moderate (a platelet count of 50,000–100,000 / 
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μL), severe (a platelet count of 30,000–50,000/μL) and 
very severe (a platelet count of < 30,000/μL).4

Thrombocytopenia in healthy term neonates is uncom
mon, with a reported incidence of 1–5% and warrants 
evaluation only in case of a platelet count less than 
50,000 per µL, bleeding diathesis, persistent thrombocyto
penia, or subsequent worsening of the degree of 
thrombocytopenia.5–7

Unlike healthy neonates, thrombocytopenia in the 
setup of neonatal intensive care unit is quite common 
being one of the most common hematologic disorders 
with a reported incidence of 18–35%.8–10

Several maternal, perinatal and neonatal factors risk 
factors are identified for neonatal thrombocytopenia. 
Maternal factors include age, number of pregnancies, 
maternal auto immune disease, malignancies, maternal 
medication including nonsteroidal anti-inflammatory 
drugs and heparin, and pregnancy-induced hypertensive 
disorders. Perinatal factors include multiple birth, prema
turity, being small for gestational age, and intrauterine 
growth restriction. Neonatal factors include gender, sepsis, 
necrotizing enterocolitis (NEC), toxoplasmosis, rubella, 
cytomegalo virus, and herpes viruses (TORCH) infections, 
asphyxia, neonatal immunologic disorders, chromosomal 
disorders and metabolic diseases.11

Based on the timing of development after birth, throm
bocytopenia can be classified as early onset (<72hrs of 
life) and late onset (>72hrs) thrombocytopenia. This clas
sification can possibly indicate the underlying cause for 
thrombocytopenia as early onset thrombocytopenia is 
usually considered to be due to antenatal and maternal 
factors while late onset thrombocytopenia is most likely 
associated with postnatally acquired infection. Moreover, 
this classification also helps to predict the course and the 
severity of thrombocytopenia as early onset thrombocyto
penia tends to be mild or moderate in range and resolves 
spontaneously whereas late onset thrombocytopenia 
usually tends to be more severe and prolonged.3,12

The clinical consequences of thrombocytopenia can be 
followed both clinically and with laboratory monitoring by 
assessing haemostatic function. The main clinical concern 
for neonates with severe thrombocytopenia is the occur
rence of major bleeding especially intracranial hemorrhage 
into the intraventricular and periventricular space (IVH- 
PVH). The risk of major IVH-PVH is particularly high in 
premature neonates with a reported incidence of more than 
25%.10,13,14

This study is aimed to generate an objective data about 
the incidence of thrombocytopenia in neonates admitted to 
neonatal intensive care unit of Tikur Anbessa Specialized 
Hospital with surgical disorders. Thrombocytopenia is 
a common finding in these neonates and is one of the 
major causes delaying surgical intervention in our institu
tion from our observation. This study has also evaluated 
the associated risk factors for the development of throm
bocytopenia in these neonates so that some preventive and 
therapeutic measure can be taken before the development 
of complications. There has been no study done on the 
incidence and associated risk factors of neonatal thrombo
cytopenia in the Ethiopian setup so far. Thus, this study 
will be helpful to understand this common condition better 
in order to improve the outcome of neonates with this 
disorder.

Materials and Methods
Study area: Addis Ababa University, School of Health 
Sciences, Tikur Anbessa Specialized Hospital, Addis 
Ababa, Ethiopia. This study was conducted in Tikur 
Anbessa Specialized Hospital which is the largest referral 
hospital and teaching center in Ethiopia. The paediatric 
Surgery Unit in this hospital is the major center in the 
country providing surgical care for neonates and has been 
the sole center for the country providing neonatal surgical 
care until recently.

A prospective observational cohort study was con
ducted to assess the incidence and risk factors associated 
with neonatal thrombocytopenia. All neonates with surgi
cal disorders who were admitted to NICU of TASH for 
one-year period (January 1, 2019–December 31, 2019) 
were included in the study. All neonates were followed 
daily from their day of admission to discharge or death 
using various clinical and laboratory parameters.

Data were collected by structured interview and chart 
review using a checklist developed for the study by the 
principal investigators. Written informed consent was 
taken from parents of enrolled neonates and each neonate’s 
clinical data was kept in confidential manner using 
a coding system. Ethical clearance for this study was 
obtained from institutional review board of the 
Department of Surgery of Addis Ababa University. This 
study was conducted in accordance with the Declaration of 
Helsinki.

Data were analyzed using SPSS 23. The association of 
different variables with regard to the development of 
thrombocytopenia was tested for significance by chi 
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square analysis and independent samples t-test. 
Considering a confidence interval of 95%, a P-value of 
<0.05 was considered significant in all statistical 
comparisons.

Operational Definitions
Sepsis is defined as systemic inflammatory response to 
infectious cause and diagnosed based on the following 
parameters and also a positive acute phase reactant like 
the c reactive protein.15

Two or more of the following conditions:

● Temperature instability <35°C (101.3°F) or >38.5°C 
(101.3°F),

● Respiratory dysfunction: Tachypnea >2 SD above the 
mean for age, Hypoxemia (PaO2< 2 SD above the 
mean for age),

● Cardiac dysfunction: Tachycardia >2 SD above the 
mean for age, Delayed capillary refill >3 sec 
Hypotension >2 SD below the mean for age,

● Perfusion abnormalities: Oliguria (urine output 
<0.5 mL/kg/hour), Lactic acidosis (elevated plasma 
lactate and/or arterial pH), altered mental status.

Necrotizing enterocolitis (NEC) is an acquired inflamma
tory disease that affects the gut of newborns. For this 
study, The Bell’s criteria was used to define NEC which 
is graded as follows.16

Stage 1, suspected NEC

● Temperature instability, apnea, bradycardia, lethargy, 
gastric retention, abdominal distention, emesis, 
heme-positive or grossly bloody stool, plain abdom
inal X-ray normal or intestinal dilation.

Stage 2, definite NEC

● Features of stage one plus absent bowel sounds, 
abdominal tenderness with or without abdominal cel
lulitis or right lower quadrant mass, ascites, mild 
metabolic acidosis and thrombocytopenia, plain 
abdominal X-ray Intestinal dilation, pneumatosis 
intestinalis.

Stage 3, complicated NEC

● Features of stage 2 plus hypotension, bradycardia, 
severe apnea, combined respiratory and metabolic 

acidosis, DIC, and neutropenia, ascites, signs of peri
tonitis like marked tenderness and abdominal disten
tion, plain abdominal X-ray as stage 2 plus 
pneumoperitoneum.

Result
A total of 210 neonates who were admitted to the NICU of 
TASH with surgical diagnosis were included in the study. 
The neonates were followed from their admission to their 
discharge day via various clinical parameters and platelet 
count.

Maternal Characteristics
The mean maternal age was 27.17±4.9 years with a range 
of 16 to 38 years. Primiparous mothers accounted for 40% 
of the maternal population. A great majority (96.67%) of 
the mothers claimed that they had antenatal follow up 
among whom 9 (4.4%) were diagnosed to have gestational 
hypertension, 2 (0.96%) type 2 diabetes mellitus, 1 
(0.49%) gestational diabetes mellitus and 1 (0.49%) retro
viral infection. Among the mothers who were hyperten
sive, three were taking methyl dopa in the third trimester 
and one was on magnesium sulphate. The rest of the 
mothers claimed that they had not taken any medication 
during pregnancy.

Neonatal Characteristics
Males accounted for more than half of the study popula
tion (118; 56.2%). Term neonates constituted the majority 
(165; 78.6%), preterm neonates accounted for 39 (18.6%). 
As to the birth weight, 63 (29.9%) of the neonates were 
underweight, of which 40 (19%) had low birth weight, 20 
(9.5%) had very low birth weight and 3 (1.4%) had extre
mely low birth weight (Figure 1).

Among the neonates, 11 (5.2%) were the result of 
multiple pregnancies with the majority being twins and 
one triplet pregnancy. Intrauterine growth restriction was 
observed in 31 (14.8%) of the neonates. APGAR score 
was not recorded in the referral paper for 174 (82.9%) of 
the neonates but the mothers claimed that the neonates had 
cried immediately after birth.

Perinatal asphyxia was observed in 5 (2.4%) of the neo
nates all being stage 2. Only one neonate was screened for 
TORCH infection and the rest were not. A diagnosis of 
chromosomal abnormality merely based on gross phenotypic 
characteristics was made in 13 neonates: 11 Down’s syn
drome, 1 Patau syndrome and 1 turner/Klippel foli syndrome. 
NEC was diagnosed in one preterm neonate. The most 
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common admission diagnosis was gastro intestinal atresia 
accounting for 95 (45.2%) of the cases followed by anorectal 
malformations 48 (22.9%) (Table 1). The diagnosis of neona
tal sepsis was made in 116 (55.2%) of the study population out 
of which the great majority were of early onset 109 (51.9%) 
while late onset neonatal sepsis was found in 7 (3.3%) of them.

The mean duration of non-feeding (NPO) hours was 
found to be different in the group of neonates with throm
bocytopenia (114.3±119.14 hours) and without 

thrombocytopenia (33.88±55.07 hours). The duration of 
intravenous drugs excluding maintenance fluid and elec
trolytes were compared between neonates with and with
out thrombocytopenia and found to be longer for the group 
with thrombocytopenia. The mean duration of hospital 
stay was 10.2±9.4 days.

Thrombocytopenia
Based on the platelet count determined at admission, 35.2% 
of the neonates had thrombocytopenia and on their subse
quent days of admission, 43 (20.6%) additional neonates 
were found to be thrombocytopenic making the overall 
incidence of thrombocytopenia 55.8% in the study period.

Among neonates with thrombocytopenia, a great share 
of them had a late onset thrombocytopenia (90.9%). As to 
the degree of thrombocytopenia, 60 (28.4%) had severe, 
29 (13.7%) moderate, and 29 (13.7%) mild 
thrombocytopenia.

Associations
Risk Factors for Thrombocytopenia
A chi square analysis was made considering a confidence 
interval of 95%, to see the association of the various 
maternal, perinatal, and neonatal factors with development 
of thrombocytopenia and the factors which were found to 
have significant association with the development of 
thrombocytopenia were sepsis (0.000) and atresia (P = 
0.000) (Table 2).

An independent samples t-test was done to compare the 
difference in the means of the non-feeding (NPO) hours 
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Figure 1 Birthweight of the study population.

Table 1 Admission Diagnosis Versus Thrombocytopenia

Surgical Diagnosis Thrombocytopenia Total

Yes No

Atresia (Esophageal, stomach, 

small bowel and colonic)

76 19 95

Anorectal malformations 17 31 48

Omphalocele 9 12 21

Hirschsprung disease 7 6 13

Bladder exstrophy 1 5 6

Gastroschisis 3 3 6

Congenital diaphragmatic hernia 2 1 3

Cloacal exstrophy 0 2 2

Sacrococcygeal teratoma 0 2 2

Others 4 11 15

Total 118 92 210
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between the group of neonates with and without thrombo
cytopenia and the difference was found to be statistically 
significant (t [199], 5.81, P = 0.000).

Discussion
Thrombocytopenia is one of the most common hematolo
gic findings among neonates admitted to NICU with up to 
30% of them having a low platelet count detected at some 
point during their hospital stay. This study is aimed to 
determine the incidence of this disorder which is com
monly observed in our institution. The neonates who 

were included in this study were those admitted with 
surgical diagnosis. Thrombocytopenia is one of the factors 
commonly responsible for delaying surgery and also com
plicates the post-operative course of such patients. To the 
best of our knowledge, there is no published literature so 
far on neonates with surgical diagnosis as a study subject.

The mean maternal age in our study was 27.17±4.9 
years, which was comparable to a study from Saudi Arabia 
in which it was 30±5.5 years.17 The most common mater
nal comorbidity in our study was pregnancy induced 
hypertension which was found in 4.4% of the mothers. 

Table 2 Percentage and Chi Square Test Result for Various Risk Factors of Thrombocytopenia

Variable Thrombocytopenia Total Percentage (%) p- value

Yes No

Gestational age Preterm 20 19 39 18.6 0.473
Term 93 72 165 78.6

Post term 5 1 6 2.8

Pregnancy induced hypertension Yes 5 4 9 4.3 0.450
No 111 84 195 92.8

Unknown 2 4 6 2.9

Maternal drug Yes 4 6 10 5.2 0.859
No 114 86 200 94.8

Low birth weight Yes 37 26 63 30 0.627
No 81 66 147 70

IUGR Yes 18 13 31 14.8 0.820
No 100 79 179 85.2

Multiple pregnancy Yes 5 6 11 5.2 0.461
No 113 86 199 94.8

First minute APGAR score <5 Yes 2 1 3 8.3 0.686
No 18 15 33 91.7

Fifth minute APGAR score <5 Yes 0 1 1 5.56 0.257
No 20 15 33 94.4

Sex Male 63 55 118 56.2 0.354
Female 55 37 92 43.8

Perinatal asphyxia Yes 2 3 5 2.4 0.460
No 116 89 205 97.6

Chromosomal abnormalities Yes 8 5 13 6.2 0.620
No 110 87 197 93.8

Sepsis Yes 80 36 116 55.2 0.000
No 38 56 94 44.8

GI Atresia Yes 76 19 95 45.2 0.000
No 42 73 115 54.8
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This figure is significantly lower compared to other reports 
from India (13.5%), Iran (17.7%), Indonesia (24.3%) and 
Iran (57.1%).18–21

Male neonates constituted for more than half (56.2%) 
of our study population which is comparable to a study 
from Iran (51.3%).19 However, this figure was found to be 
higher than reports from Indonesia (48.6%) and Nigeria 
(42.4%) but lower than a study from Saudi Arabia 
(70.4%).17,20,22 A great majority of our patients were 
born at term (78.6%) which is comparable to a study 
from Turkey (73.6%) and Indonesia (85.7%) but signifi
cantly higher than that of Iran (34.1%) and Saudi Arabia 
(51.9).17,20,21,23 Neonates with low birth weight consti
tuted for one fifth of our study population which compares 
well to a study from Indonesia (20.7%) but higher than 
a report from Nigeria (13.6%) and significantly lower than 
India (62.5%).18,20,22

In our study the incidence of thrombocytopenia was 
found to be 55.8% which is comparable to a report from 
Nigeria 53% but significantly higher from studies from 
India (16.7%), Iran (17.9%), Indonesia (12.1%), and the 
Netherlands (27%).11,19,20,24,25 This difference may be 
explained by the variability of the types and magnitude 
of the risk factors involved in the development of throm
bocytopenia in each set up. In the great majority (90.9%) 
of the neonates with thrombocytopenia, the onset was >72 
hrs from birth. This figure was significantly higher com
pared to other studies from Nigeria (15.8%), India (56%), 
Iran (24.7%), Indonesia (11.8%).18,20–22 This difference 
may reflect the underlying etiology for thrombocytopenia 
which was sepsis in our study.

The incidence of severe thrombocytopenia (< 50,000/ 
µL) in our study was 28.6% accounting for half of the 
cases of thrombocytopenia. This figure was found to be 
lower than studies from India (37.5%) and Iran (30.5%) 
but higher compared to that of Nigeria (13.6%), the 
UK (6%) and the US (2.4%).18,19,22,26,27 This difference 
may be explained by the difference in the underlying cause 
of thrombocytopenia.

In our study one of the risk factors that was found to be 
associated with the development of thrombocytopenia 
among the various maternal, neonatal and perinatal factors 
analyzed was sepsis. The incidence of neonatal sepsis in 
our study was higher compared to two systematic reviews 
done in Ethiopia.28,29 This association of neonatal sepsis 
with thrombocytopenia was also present in similar studies 
from Nigeria, Turkey, India, Iran, Indonesia and 
Austria.18–20,22,23,30 The other factors like maternal 

hypertension, prematurity and low birth weight which 
were found to be significant risk factors for thrombocyto
penia in other studies were not significantly associated in 
our study.
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Purpose: To estimate the incremental economic burden of major surgeries in patients with 
von Willebrand disease (VWD).
Patients and Methods: This was a retrospective analysis of the IBM Health MarketScan® 

database (2008–2018). Patients with at least two healthcare visits for VWD in the database 
who had undergone at least one major surgery unrelated to VWD (identified via International 
Classification of Diseases, Ninth and Tenth Revisions procedure codes) were included. 
Patients without VWD with major surgeries were selected from a 1% random database 
sample. All patients had ≥12 months of continuous healthcare plan enrollment before and 
following their first major surgery. Patients with VWD were matched (1:1) with patients 
without VWD using propensity score matching. Regression models compared healthcare 
resource utilization and costs between the matched cohorts over a 12-month period after 
patients’ index major surgery.
Results: After propensity score matching, 2972 pairs were selected. Musculoskeletal and 
digestive surgeries were the two most common major surgeries (patients with VWD, 39.6% 
and 25.0%; without VWD, 37.1% and 23.4%, respectively). Patients with VWD were 
significantly more likely (p<0.0001) to have an inpatient admission (odds ratio = 1.71; 
95% confidence interval [CI] 1.52–1.92) or emergency room visit (odds ratio = 1.41; 95% 
CI 1.25–1.59) than patients without VWD. The numbers of inpatient admissions (incidence 
rate ratio [IRR] = 1.47; 95% CI 1.35–1.60), emergency room visits (IRR = 1.44; 95% CI 
1.31–1.59), and outpatient visits (IRR = 1.16; 95% CI 1.11–1.21) per patient were also 
significantly greater for patients with VWD than for those without VWD (p<0.0001). 
Patients with VWD incurred significantly higher (p<0.0001) total healthcare costs (medical 
and pharmacy) per patient than patients without VWD ($50,733.89 versus $30,154.84, 
respectively).
Conclusion: Healthcare resource utilization and associated costs among patients undergoing 
major surgeries were significantly higher for those with VWD than for patients without 
VWD.
Keywords: bleeding, healthcare costs, retrospective studies, healthcare resource utilization

Introduction
von Willebrand disease (VWD) is an autosomal inherited blood clotting disorder 
that manifests most commonly as recurrent mild-to-moderate mucocutaneous 
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bleeding and excessive bleeding after surgery or trauma.1,2 

Patients with VWD have impaired hemostasis owing to 
a quantitative or qualitative deficit in von Willebrand 
factor (VWF), a plasma glycoprotein that mediates platelet 
adhesion and aggregation and stabilizes coagulation factor 
VIII (FVIII) in the circulation.1–4 Although VWD is clas
sified as a rare disease, it is considered the most common 
bleeding disorder, with an estimated prevalence of 
between 0.01% and 1.00% depending on the population 
and diagnostic approach.5–8

The first-line treatment of bleeding events in patients 
with VWD is desmopressin, especially in those with type 1 
disease, the mildest form.1–3 Desmopressin increases 
plasma levels of endogenous VWF and FVIII by provok
ing the release of stored VWF.3 For patients with more 
severe disease (such as those with type 2 subtypes or 
type 3), severe bleeding events, or an inadequate response 
to desmopressin, VWF replacement therapies are the 
mainstay of treatment.9–11 In patients with VWD who 
undergo major surgical procedures, the risk of potentially 
life-threatening hemorrhage means that hemostatic mea
sures to normalize functional VWF and FVIII levels are 
obligatory.11–14

Although major surgical procedures impose a clinical 
and economic burden on patients in general, patients with 
VWD who undergo major surgery may be exposed to the 
additional burden of impaired hemostasis.15 There is 
a paucity of published data regarding the economic burden 
associated with major surgical procedures in patients with 
VWD in the United States, including gaps in knowledge 
regarding the extent of all-cause healthcare resource utili
zation and associated healthcare costs. A retrospective 
analysis of a large US database (the Healthcare Cost and 
Utilization Project National Inpatient Sample) detected 
a statistically significant higher risk of post-operative 
hemorrhage in patients with VWD undergoing major non- 
cardiac surgery relative to patients without VWD under
going major surgery.15 However, this study did not capture 
information on the costs and resources expended on mana
ging these patients.

Therefore, the objective of this study was to estimate 
the overall economic burden associated with major sur
geries in patients with VWD compared with matched 
patients without VWD who had major surgery in the 
United States.

Methods
Data Source
In this retrospective administration data analysis, we utilized 
data from the commercial IBM® MarketScan® Commercial 
Claims and Encounters (denoted MarketScan) database and 
the Medicare Supplemental and Coordination of Benefits data
base for the period of January 2008 to June 2018. The 
MarketScan database includes medical and procedural claims 
for outpatients and inpatients, and outpatient pharmaceutical 
claims for millions of individuals with employer-sponsored 
health insurance, including their spouses and dependents.16 

All VWD-related diagnoses (for patient identification) and 
procedures (for patient identification and economic analysis) 
were identified by medical claims with codes from the 
International Classification of Diseases, Ninth/Tenth 
Revision, Clinical Modification (ICD-9-CM/ICD-10-CM), 
Current Procedural Terminology (CPT), Healthcare Common 
Procedure Coding System, and National Drug Code.

As this analysis used de-identified patient data from the 
MarketScan® database, ethical approval was not required. 
The MarketScan® database is designed to meet the 
requirements of the Health Insurance Portability act 
(HIPAA) of 1996 for a limited-use dataset, and has also 
undergone statistical analysis by a third party to confirm 
that the data meet HIPAA requirements for fully de- 
identified datasets.

Patient Identification
Patients in the VWD cohort were identified from the 
MarketScan database using the following eligibility cri
teria: VWD diagnoses (ICD-9-CM = 286.4; ICD-10-CM = 
D68.0) from two separate healthcare visits (≥1 day apart 
and excluding laboratory and radiology orders), no diag
nosis of acquired coagulation factor deficiency, including 
acquired VWD (ICD-9-CM = 286.7; ICD-10-CM = 
D68.32, D68.4) at any time, and major surgery on or 
after the first diagnosis of VWD (ie, after the first VWD 
claim and before the end of the observation period).

Patients in the non-VWD cohort with major surgeries 
were selected from a 1% random sample from the database 
and had no diagnosis of VWD or acquired coagulation factor 
deficiency at any time. To control for potential selection 
bias, patients with VWD were matched 1:1 with patients 
without VWD on the basis of baseline demographic and 
clinical characteristics (age, sex, US region, comorbidities 
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[anemia, anxiety, depression, fatigue, and obesity], and 
Charlson Comorbidity Index [CCI] scores17) using 
a propensity score matching method. Matching was per
formed using a preset caliper size of 0.01 to maintain the 
maximum sample size using the smallest caliper width.

A major surgery was defined as a medical claim asso
ciated either with an ICD-9/10 procedure coding system 
(PCS) code classified by the Healthcare Cost and 
Utilization Project as a major therapeutic operating room 
procedure (Procedure Class 4) or with a CPT code classi
fied by the Centers for Medicare & Medicaid Services as 
a major procedure (Global Surgical Indicator = 090). 
Types of major surgical procedures are listed in 
Supplementary Table 1. In both the VWD and non- 
VWD cohorts, major surgeries associated with VWD 
treatment (ie, hysterectomy, nasal ablation, or uterine 
ablation; ICD-9-PCS = 21.69, 68.0, 68.23; ICD-10-PCS 
= 09BL*ZZ, 09TL*ZZ, 0U99**Z, 0UC9*ZZ, 0UJD*ZZ, 
0U5B*ZZ, 0UDB*ZZ; CPT = 30801, 30802, 58150– 
58294, 58353, 58541–58554, 58563, 58570–58573) that 
were conducted at any time during the observation period 
were excluded.

The first medical claim for a major surgery during the 
identification period was designated the index date, defined 
as 1 day before the inpatient admission date (if the claim was 
identified in an inpatient setting) or 1 day before the proce
dure date (if the claim was identified in an outpatient set
ting). An emergency room (ER) visit also served to define 
the index date (ie, 1 day before ER visit) if the patient’s visit 
was associated with a medical claim for a major surgical 
event. Patients in both groups were required to have had 
continuous healthcare plan enrollment for ≥12 months 
before the index date (baseline period) and after the index 
date (observation period following and including their first 
major surgery) and no capitated healthcare plan in the 12- 
month observation period.

Patient demographics (age, sex, and geographic region) 
as of the index date were extracted for the VWD cohort with 
major surgeries and the non-VWD cohort with major sur
geries. Patient-related clinical characteristics, including 
CCI scores and comorbidities (anemia, anxiety, depression, 
fatigue, and obesity; identified using ICD-9-CM and ICD- 
10-CM codes; Supplementary Table 2 18), were extracted 
for the 12-month baseline period.

Outcome Measures
All types of major surgery performed during the 12-month 
observation period, including the index surgery, were 

evaluated in both cohorts, with the three most common 
types of surgery reported.

The economic burden of major surgery in patients with 
and without VWD was evaluated by comparing healthcare 
resource utilization (HCRU) and costs in VWD cases with 
matched controls during the 12-month observation period 
from the index date. HCRU included the proportion of 
patients with inpatient admissions, ER visits, or any out
patient visits, as well as the number of visits per patient by 
visit type. Total healthcare costs represented the sum of 
pharmacy and medical costs (sum of inpatient, ER, and 
outpatient costs). All costs reflected reimbursed amounts 
from payers to healthcare providers and were adjusted to 
2018 US dollars using the medical component of the 
Consumer Price Index.

Statistical Methods
Baseline patient demographics, clinical attributes, and out
come measures were summarized descriptively as the mean 
± standard deviation (SD) and median (range) for continuous 
variables and frequency (percentage) for categorical variables.

After propensity score matching, comparisons between 
the VWD and non-VWD cohorts were conducted for each 
of the study endpoints (proportion and frequency of inpa
tient, outpatient, and ER visits and medical and pharmacy 
costs) using generalized linear regression models with the 
appropriate link function (eg, identity, log, and logit), 
controlling for age, sex, region, health plan, index year, 
CCI, comorbidities (anemia, anxiety, depression, fatigue, 
and obesity), and HCRU (inpatient, ER, and outpatient) 
during the baseline period. Comparisons were made on the 
basis of the type (categorical or continuous) and data 
distribution of the study endpoints (eg, normal, Poisson, 
binomial, categorical, and gamma). The Pearson scale was 
utilized when applying the Poisson model to account for 
over-distribution of the data.

All statistical analyses were performed using SAS 
(version 9.3; SAS Institute Inc., Cary, NC).

Results
Patient Disposition and Baseline 
Characteristics
Overall, 25,653 patients with VWD and 1,638,475 patients 
without VWD were identified from the MarketScan data
base (Figure 1). Of these, 2973 and 65,627 patients with 
and without VWD, respectively, met the inclusion criteria 
for this retrospective analysis.
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Baseline Characteristics
After propensity score matching, 2972 patients with 
VWD and 2972 patients without VWD who had under
gone at least one major surgery were selected for ana
lysis (Table 1). Mean (SD) age was 40.5 (20.6) and 40.9 
(20.3) years in the VWD and non-VWD matched 

cohorts, respectively. The matched study population 
was predominantly female, with female patients 
accounting for nearly three-quarters of the patients in 
each cohort (73.3% and 73.6% for the VWD and non- 
VWD cohorts, respectively). Mean (SD) CCI score was 
0.7 (1.3) in the VWD cohort and 0.6 (1.3) in the non- 

Figure 1 Patient selection for the VWD and non-VWD study cohorts with major surgeries. 
Notes: Surgeries to treat VWD included uterine ablation, nasal ablation, and hysterectomy. The index date was defined as the date preceding the admission date for the first 
major surgery for cases identified in the hospital or as the date preceding the date of the first procedure for major surgery for cases identified in other settings. 
Abbreviation: VWD, von Willebrand disease.

https://doi.org/10.2147/JBM.S320837                                                                                                                                                                                                                                   

DovePress                                                                                                                                                            

Journal of Blood Medicine 2021:12 702

Oladapo et al                                                                                                                                                         Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


VWD cohort. Baseline comorbidities were comparable 
between the two matched cohorts.

Clinical Outcomes
The most common major surgeries over the observation 
period were musculoskeletal, digestive, and integumentary 
in both patients with VWD and without VWD (39.6%, 
25.0%, and 8.6% versus 37.1%, 23.4%, and 9.0%, respec
tively). The percentages of major surgeries that were 
related to the female genital organs or were obstetric 
procedures (including Cesarean sections) were 7.0% and 
6.1%, respectively, in the matched VWD cohort and 7.7% 

and 7.6% in the non-VWD cohort. Further details on the 
types of major surgery undertaken in the matched cohorts 
are provided in Supplementary Table 3.

Economic Outcomes
HCRU
During the 12-month observation period, patients with 
VWD had significantly greater HCRU than those without 
VWD (Figure 2A and B). The proportions of patients 
having an inpatient admission (43.0% versus 29.4%; 
p<0.0001), ER visit (34.5% versus 25.7%; p<0.0001), 
and outpatient visit (99.5% versus 99.1%; p=0.0302) 

Table 1 Baseline Demographic and Clinical Characteristics of the VWD and Non-VWD Cohorts

Status Before Propensity Score Matching After Propensity Score Matching

VWD Cohort  
(n = 2973)

Non-VWD Cohort  
(n = 65,627)

p-value VWD Cohort  
(n = 2972)

Non-VWD Cohort  
(n = 2972)

p-value

Age, years <0.0001 0.4267

Mean (SD) 40.5 (20.6) 45.8 (21.0) 40.5 (20.6) 40.9 (20.3)

Median (range) 42 (1–94) 49 (0–103) 42 (1–94) 42 (0–96)

Age group, years, n (%) <0.0001 0.6448

0–11 240 (8.1) 4656 (7.1) 240 (8.1) 235 (7.9)

12–17 274 (9.2) 3980 (6.1) 274 (9.2) 247 (8.3)

18–54 1582 (53.2) 31,458 (47.9) 1581 (53.2) 1599 (53.8)
>55 877 (29.5) 25,553 (38.9) 877 (29.5) 891 (30.0)

Sex, n (%) <0.0001 0.769

Female 2178 (73.3) 35,026 (53.4) 2177 (73.3) 2188 (73.6)

Male 795 (26.7) 30,601 (46.6) 795 (26.7) 784 (26.4)

US geographic region, n (%) <0.0001 0.7946

Midwest 762 (25.6) 17,097 (26.1) 761 (25.6) 761 (25.6)

Northeast 906 (30.5) 12,750 (19.4) 906 (30.5) 946 (31.8)
South 858 (28.9) 25,632 (39.1) 858 (28.9) 842 (28.3)

West 399 (13.4) 9260 (14.1) 399 (13.4) 378 (12.7)

Unknown 48 (1.6) 888 (1.4) 48 (1.6) 45 (1.5)

CCI <0.0001 0.1067

Mean (SD) 0.7 (1.3) 0.5 (1.0) 0.7 (1.3) 0.6 (1.3)

Median (range) 0 (0–12) 0 (0–13) 0 (0–12) 0 (0–10)

Comorbidity, n (%)

Anemia 296 (10.0) 2677 (4.1) <0.0001 295 (9.9) 282 (9.5) 0.5991
Anxiety 351 (11.8) 3882 (5.9) <0.0001 350 (11.8) 362 (12.2) 0.6604

Depression 360 (12.1) 4414 (6.7) <0.0001 359 (12.1) 365 (12.3) 0.8428

Fatigue 537 (18.1) 6758 (10.3) <0.0001 536 (18.0) 546 (18.4) 0.7623
Obesity 227 (7.6) 3904 (5.9) 0.0002 227 (7.6) 212 (7.1) 0.4875

Abbreviations: CCI, Charlson Comorbidity Index; SD, standard deviation; VWD, von Willebrand disease.
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were significantly higher in the VWD cohort than in the 
non-VWD cohort, respectively. Patients with VWD were 
71.0% and 41.0% more likely (p<0.0001) to have an 
inpatient admission (odds ratio [OR] = 1.71; 95% 

confidence interval [CI] 1.52–1.92) and/or ER visit (OR 
= 1.41; 95% CI 1.25–1.59), respectively, compared with 
those without VWD. No statistically significant between- 
cohort difference was detected regarding the odds of 

A

B

Figure 2 Comparison of all-cause HCRU in the 12-month observation period between matched cohorts of patients with and without VWD who had major surgery, 
showing (A) proportion of patients by visit type and (B) number of visits per patient by visit type. 
Notes: HCRU was measured during the observation period, defined as the 12-month period beginning from the index date. ORs were evaluated for binary variables (ie, at 
least one visit) using logistic regression. IRRs were evaluated for count variables (ie, number of visits and total length of inpatient stay) using Poisson regression. Models were 
controlled for age, sex, region, health plan, index year, CCI, comorbidity (anemia, anxiety, depression, fatigue, and obesity), and HCRU (inpatient, ER, and outpatient) during 
the baseline period. ORs >1 indicate higher odds for patients with VWD and major surgeries compared with propensity score matched patients without VWD who had 
major surgeries. IRRs >1 indicate increased incidence rate for patients with VWD and major surgeries compared with propensity score matched patients without VWD who 
had major surgeries. Inpatient visits were identified with a service location of inpatient hospital; ER visits were identified with a service location of emergency department; 
and outpatient visits were identified with a service location of clinic, office, or outpatient hospital. 
Abbreviations: CCI, Charlson Comorbidity Index; CI, confidence interval; ER, emergency room; HCRU, healthcare resource utilization; IRR, incidence rate ratio; OR, 
odds ratio; VWD, von Willebrand disease.
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having an outpatient visit (OR = 1.45; 95% CI 0.74–2.84; 
p=0.2824) (Figure 2A).

Patients with VWD had significantly more healthcare 
visits than those without VWD (p<0.0001): inpatient 
admissions (mean [SD] = 0.59 [0.93] vs 0.38 [0.73]; 
incidence rate ratio [IRR] = 1.47; 95% CI 1.35–1.60), 
ER visits (mean [SD] = 0.58 [1.14] vs 0.40 [1.21]; IRR 
= 1.44; 95% CI 1.31–1.59), and outpatient visits (mean 
[SD], 21.6 [18.75] vs 16.3 [16.22]; IRR = 1.16; 95% CI 
1.11–1.21) (Figure 2B).

Healthcare Costs
Over the 12-month observation period, patients with VWD 
incurred significantly higher adjusted total healthcare costs 
($50,734 versus $30,155; p<0.0001), pharmacy costs 
($10,581 versus $4632; p<0.0001), and medical costs 
($41,943 versus $26,234; p<0.0001) than patients without 
VWD, respectively, after adjusting for baseline covariates: 
age, sex, region, health plan, index year, CCI, comorbidity 
profile (anemia, anxiety, depression, fatigue, and obesity), 
and HCRU (inpatient, ER, and outpatient; Figure 3). 
Medical costs accounted for the greatest proportion (83% 
and 87%) of overall costs in both cohorts.

Discussion
This retrospective cohort analysis of claims data assessed 
the economic impact of VWD among patients undergoing 
major surgery in a real-world US setting. Our study results 
suggest that HCRU and total healthcare costs in the 12- 
month period following and including the index major 
surgical procedure were significantly higher for the 
VWD cohort than for the non-VWD cohort. Among 
patients undergoing major surgery, those with VWD 
were significantly more likely to have an inpatient admis
sion and ER visit and required significantly more inpatient 
admissions and ER visits. As would be expected in 
patients undergoing major surgery, most (99%) patients 
in both the VWD and non-VWD cohorts had at least one 
outpatient visit; however, the number of outpatient visits 
per patient was significantly higher in patients with VWD 
than in patients without VWD. Not surprisingly, the 
increased level of post-surgical healthcare engagement 
by patients with VWD relative to patients without VWD 
translated primarily into increased medical costs. Given 
that the mean age of patients with VWD included in this 
analysis was 40.5 years, it may be expected that the 
greater burden faced by patients with VWD will have 

Figure 3 Comparison of adjusted healthcare costs in the 12-month observation period between matched cohorts of patients with and without VWD who had major 
surgery. 
Notes: Healthcare costs were measured during the observation period, defined as the 12-month period beginning from the index date. All costs were measured as 
reimbursed amounts from payers to healthcare providers and adjusted to 2018 US dollars using the medical component of the Consumer Price Index. Predicted means for 
all costs were estimated using a generalized linear model with a gamma distribution and log link. All models were controlled for age, sex, region, health plan, index year, CCI, 
comorbidity (anemia, anxiety, depression, fatigue, and obesity), and HCRU (inpatient, ER, and outpatient) during the baseline period. 
Abbreviations: CCI, Charlson Comorbidity Index; ER, emergency room; HCRU, healthcare resource utilization; VWD, von Willebrand disease.
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a major social and economic impact on individuals’ pro
ductivity and family life.

A probable explanation for the incremental economic 
burden associated with major surgery among patients with 
VWD is complications related to their bleeding propensity. 
In a separate analysis of the MarketScan database (2008– 
2016) that involved 19,785 patients with documented VWD, 
15.1% of patients experienced at least one major bleeding 
event during a median 4-year observation period (mean [SD] 
rate = 0.11 [0.64] major bleeding events per year).18 

Furthermore, within this VWD cohort, patients with major 
bleeding events were significantly more likely to have an 
inpatient admission (OR = 4.1; 95% CI 3.4–5.0), ER visit 
(OR = 1.8; 95% CI 1.5–2.1), or outpatient visit (OR = 4.9; 
95% CI 1.8–13.4); they also had more frequent inpatient 
admissions (OR = 3.2; 95% CI 2.8–3.8), ER visits (OR = 
2.0; 95% CI 1.8–2.3), and outpatient visits (OR = 1.3; 95% 
CI 1.2–1.3) relative to patients without major bleeding events 
(all p<0.01).18 As a result, patients with VWD and major 
bleeding events incurred significantly higher total healthcare 
costs (adjusted mean difference $20,890; 95% CI $15,524– 
29,254; p<0.01) than patients with VWD without major 
bleeding events.18 These findings are also consistent with 
data from the Swedish VWD Prophylaxis Network, 
a population-based registry, which showed, between 1987 
and 2009, a two-fold higher rate of inpatient hospitalizations 
among 2790 patients with VWD versus age- and sex- 
matched controls.19

The 2008 National Heart, Lung, and Blood Institute guide
lines recommend various strategies for the treatment of VWD, 
with the appropriate therapy depending on the type and sever
ity of VWD, the severity of the hemostatic challenge, and the 
nature of the actual or potential bleeding event.3 The guidelines 
recommend evaluating the risks and benefits of prophylaxis 
with VWF replacement therapies when considering long-term 
therapy for VWD.3 There is evidence from the observational 
VWD Prophylaxis Network supporting prophylaxis as 
a means to reduce hospitalizations in VWD patients with 
severe and frequent bleeds,19–22 but data are limited regarding 
the use of prophylaxis among patients with VWD undergoing 
elective surgical procedures.12

Limitations
Our findings should be interpreted with due consideration to 
the methods used for data collection. Findings from an analysis 
by Sidonio et al23 have raised questions concerning the relia
bility of using ICD-9 claims data alone to identify patients with 
VWD. Sidonio et al also utilized ICD-9 codes (at least two 

claims for VWD) to identify patients with VWD, and found 
that less than two-thirds of patients had a diagnostic laboratory 
test within the 2 years before or after diagnosis. Our analysis 
did include criteria such as exclusion of laboratory and radi
ology claims to minimize false positives; however, this may 
not have completely eliminated this issue.

As VWD was identified via ICD code, it was not possible 
to identify the specific type of VWD. Comorbidities were 
identified using ICD-9/10 diagnosis codes, which may be 
underestimated or mislabeled in administrative claims data
bases. Owing to the observational design, the analysis may 
have been affected by unobserved differences between com
parison cohorts. As the data used in this analysis are limited 
to patients in a US commercial plan, findings may not be 
generalizable to populations beyond those covered by com
mercial medical insurance plans in the United States. Future 
research, however, could utilize the methodology described 
in this publication to undertake a similar analysis in other 
patient cohorts, including in other countries.

Conclusion
This retrospective analysis of a large US commercial 
healthcare database suggests that patients with VWD who 
had major surgeries incurred significantly higher HCRU 
and associated costs (particularly medical costs) compared 
with patients without VWD who had major surgeries.
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Purpose: The aim of this study is to investigate the level of knowledge of the young adults 
towards the possible use of the convalescent plasma (CP) in the treatment of COVID-19 
infection and their attitudes towards its donation.
Methods: Cross-sectional questionnaire was administered online to 1058 university stu
dents, representing 4 different colleges. The questionnaire included demographic data and 20 
questions related to the knowledge and attitudes of respondents about possible use of the 
convalescent plasma in the treatment of COVID-19 infection and its donation. Comparative 
analyses were made using the Mann–Whitney and Kruskal–Wallis tests and the Spearman 
correlation coefficient.
Results: Significant relationships were found between dependent variables (level of knowl
edge and intensity of attitude) and gender, age, and student’s college affiliation. There was no 
statistically significant correlation between dependent variables and respondents’ social 
background and religious commitment. Studied young adults show a satisfactory knowledge 
relating to the therapeutic and preventive properties of the COVID-19 convalescent plasma. 
They also express a sufficient intensity of positive attitude towards CP donation.
Conclusion: This study confirms the need for appropriate health promotional campaigns 
and educational programs aimed at popularization of CP donation in the general public, 
which would increase the chances of involving more patients recovered from COVID-19 
disease.
Keywords: COVID-19 convalescent plasma, knowledge, attitude, donation

Introduction
Currently, the world is going through a period of very serious crisis caused by the 
coronavirus pandemic (SARS-CoV-2), which has induced disturbances in almost all 
areas of life. The disease induced by this virus, popularly called COVID-19, causes 
acute inflammation of the respiratory system and is characterized by a high trans
missibility and infection fatality rate (IFR) estimated at 0.68%.1

The very first observations showed that exposure to SARS-CoV-2 does not 
cause infection in all people belonging to a given population, and not all infected 
people suffer from acute respiratory system inflammation.2 This variation in the 
course of infection and disease may depend on the individual’s immune response. 
For these reasons, clinically, SARS-CoV-2 infection has been classified into two 
categories: mild and severe.2 There are many reasons to believe that the progression 
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of the disease depends on the genetic predisposition that 
makes the immune systems of different people react to 
infection in a specific way.3

In the face of the existing threats, the international 
scientific community is working intensively to develop 
an effective method of treating patients with COVID-19. 
In this context, high hopes are attached to passive and 
active immunotherapy strategies. As is known, specific 
active immunization can take place in a natural way, con
sisting in acquiring immunity after a specific infectious 
disease. It is also possible to generate specific immunity by 
artificial means, by administering a specified protective 
vaccination, according to the route and schedule of admin
istration established by the manufacturer. The vaccine 
contains an antigen, specific to a particular microorganism, 
capable of producing an immune response and memory.4 

In this respect, an advantage has the passive immunother
apeutic strategy of administering “ready-made” antibodies 
that modify the inflammatory response, thanks to the prop
erties achieved during the previous immune reaction.5 An 
example of a passive immunotherapeutic strategy is con
valescent plasma therapy, widely used in the treatment of 
patients suffering from SARS-CoV-2 infection. The obser
vations to date show that it is regarded as an effective form 
of treatment used in many countries.6,7 However, there are 
some risks associated with the administration of CP that 
have been categorized as known and theoretical risks. The 
known risks include reactions against the plasma constitu
ents and unintended infections induced by several infec
tious agents that might be present in the serum. The 
theoretical risks include phenomena like antibody- 
dependent enhancement of infection, in which the severity 
of a viral disease is enhanced in the presence of specific 
antibodies.8 For example, more recent studies show that 
risk factors for patients with COVID-19 are concomitant 
hematological malignancies (HM), especially acute leuke
mia (AL), which are associated with the need to stay in 
intensive care units (ICU) and even with increased mor
tality in case of complications.9–11 Therefore, this group of 
patients should be of special concern during the ongoing 
COVID-19 pandemic. Nonetheless, it can be assumed that 
the number of patients treated with convalescent plasma 
(CP) will be much higher, which will increase the demand 
for donors in the longer term.12 This assumption is sup
ported by the current trend in the development of the 
discussed pandemic. Recent studies on the characteristics 
of CP donors have shown significant differences compared 
to whole blood (WB) and plasma/platelet apheresis (SA) 

donors. The CP donors were more likely to be first-time 
and female donors than WB or SA donors. Also, CP 
donations had a higher rate of donor adverse reactions, 
deferrals, and product loss than SA donations.13 The cited 
authors concluded that improved knowledge of the char
acteristics of CP donors and donations could be used to 
guide donor retention strategies and in-production plan
ning. Also, the establishment of a comprehensive database, 
including clinical and laboratory data from COVID-19 
plasma donors, may be helpful in planning subsequent 
steps including convalescent plasma collection and much 
safer experimental and therapeutic interventions.14

Within the general population of Poles, young adults 
constitute a large group of potential blood plasma donors. 
In Poland, there is a lack of research assessing the knowl
edge, attitudes and behavior of this group of people with 
regard to the therapeutic role of CP and their motivation to 
be a donor. Recently performed research has focused on 
the analysis of the effectiveness of convalescent plasma 
for COVID-19 patients only.15 A closer look at young 
people’s attitudes and the cognitive and motivational 
mechanisms underlying donor decisions can be helpful in 
inspiring these persons to donate blood plasma for thera
peutic purposes. It seems that this is a sufficient argument 
to justify the purposefulness of research undertaken by the 
authors of this article.

Materials and Methods
Study Design
It was a cross-sectional study conducted in four colleges 
belonging to the University of Rzeszow during the period 
of January–February 2021. The aim of the study was to 
investigate the knowledge, opinions and attitudes of the 
students towards possible use of the convalescent plasma 
in the treatment of COVID-19 infection and their will
ingness to its donation. Permission from the relevant 
authorities of the university was obtained before actual 
data collection.

Participants
The study sample consisted of 1058 students from the 
University of Rzeszow. For the selection of respondents, 
a purposive sampling technique was used to select the 
students from the College of Humanities, College of 
Medical Sciences, College of Social Sciences, and 
College of Natural Sciences.
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Ethical Consideration
This study was conducted in accordance with the Declaration 
of Helsinki. Ethical approval was granted by the Bioethics 
Commission of the University of Rzeszow (Resolution 
no. 01/02/2021). Participation was voluntary and anonymous 
(no personal identification was recorded), and confidentiality 
of the participants was ensured. They were informed that the 
data obtained were anonymous and will be utilized only for 
research purposes. Details about the study objectives were 
provided in the questionnaire instruction, and if the respon
dent returned the questionnaire, it indicated informed consent.

Instrument
The questionnaire used in the study contained 3 sections 
that contained dependent and independent variables. The 
first section contained sociodemographic characteristics. 
The second and third sections were related, respectively, 
to the measurement of the knowledge and attitudes of 
respondents about possible use of the convalescent plasma 
in the treatment of COVID-19 infection and its donation. 
Both the second and third sections contained 10 questions 
each. (An example of a question related to the knowledge 
section: ‘Do you agree that, thanks to modern laboratory 
methods, the risk of transmission of blood-borne patho
gens and the risk of serological conflict in practice do not 
exist in plasma transfusions?; An example of a question 
related to the attitude section: “Would you voluntarily 
donate blood plasma after recovery from COVID-19 if 
asked by an unknown person?”). The authors included 
the knowledge questions in the questionnaire based on 
the results of their previous research on knowledge and 
attitudes of young people towards organ donation and 
transplantation.16 A scoring mechanism was used in 
order to assess the overall knowledge level and attitude 
of the participant regarding CP donation. A score of 1 was 
given for each correct response and a score of 0 for 
a wrong response. Respondents with all correct responses 
get a maximum of 10 points, both in sections two and 
three. Statistical analysis of the data was based on each 
participant’s total scores. The questionnaire was electro
nically administered to all participants to all participants 
via the university portal. This was due to the fact that 
during the COVID-19 pandemic, all classes at the univer
sity were conducted online. Out of 4000 persons included 
in the study (1000 for each college), 1058 respondents 
returned the completed questionnaires, which gives 
a response rate of 26.4%.

Statistical Analysis
The analysis of quantitative variables was performed by 
calculating the mean, standard deviation, median and quar
tiles. The analysis of qualitative variables was performed 
by calculating the number and percentage of occurrences 
of each value. The comparison of the values of quantita
tive variables in two groups was performed using the 
Mann–Whitney test, and the values of quantitative vari
ables in three or more groups using the Kruskal–Wallis 
test. Correlations between quantitative variables were ana
lyzed using the Spearman correlation coefficient. 
A significance level of 0.05 was adopted in the analysis. 
Thus, all p values below 0.05 were interpreted as showing 
significant relationships. The analysis was performed in 
the R software, version 4.0.4.

Results
Table 1 shows sociodemographic characteristics of the 
study participants. Among the total of 1058 respondents, 
the largest group are students of the College of Social 
Sciences (N = 391), followed by College of Medical 
Sciences (N = 294), College of Natural Sciences (N = 
213), and College of Humanities (N = 160). The average 
age of the respondents ranged from 21.76 (College of 
Natural Sciences) to 23.04 years (College of Humanities). 
In this respect, the difference between the compared groups 
of respondents was not statistically significant (p = 0.272). 
Larger differences between them occurred in terms of the 
gender of the respondents. The percentage of women in 
particular groups ranged from 61.50% (College of Natural 
Sciences) to 80.31% (College of Social Sciences), and men 
from 19.69% (College of Social Sciences) to 38.50% 
(College of Natural Sciences). In this case, the difference 
between the compared groups was statistically significant (p 
< 0.001). In the entire surveyed population, women 
accounted for 73.82%, while men 26.18% only. Among 
all respondents, 54.16% (N = 573) come from the rural 
social environment, and 45.84% (N = 485) from the 
urban. The rural social environment was most often repre
sented in the group of students of College of Natural 
Sciences (65.73%), while it was the least frequent among 
students of College of Medical Sciences (45.58%). The 
largest number of students from the urban environment 
was in the College of Medical Sciences (54.42%), and the 
smallest number in the College of Natural Sciences 
(34.27%). In this respect, the difference between the com
pared groups turned out to be statistically significant (p < 
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0.001). However, in terms of religious commitment, there 
are no statistically significant differences between these 
groups (p = 0.083).

Table 2 shows the levels of knowledge and the inten
sity of attitude of all surveyed respondents toward dona
tion of CP and its implementation in treating COVID-19 
patients. The responses were summarized as a knowledge 
score or attitude score separately. A statistical analysis 
was done for gender, age, social background and reli
gious commitment. Generally, the surveyed students 
showed an above-average level of knowledge on the 
various aspects of the use of CP in treating patients 
infected with the SARS-CoV-2 virus (x = 6.43). In this 
respect, women achieved significantly higher results 
compared to men (6.57 ± 1.76 vs 6.29 ± 1.84; p = 
0.034). Women also presented more favorable attitudes 
towards CP donation for COVID-19 patients (7.34 ± 2.02 
vs 6.70 ± 2.35; p < 0.001). The results show that the 
gender of the respondents is a significant factor influen
cing their knowledge and attitudes towards this important 
issue.

Also, the age of the respondents turned out to be 
a factor that statistically significantly differentiates their 

knowledge and attitudes towards implementation of CP 
in treatment of COVID-19 patients and its donation. The 
age correlates significantly (p˂0.05) and positively (r˃0) 
both with the knowledge and attitude scores, so the older 
the age, the higher the knowledge and the more favorable 
the attitude of the respondents. This relationship turned 
out to be somewhat unexpected considering the fact that 
the age differences between the respondents are relatively 
small. There were no statistically significant differences 
between the respondents in terms of their social back
ground and religious commitment. Although participants 
from the urban social environment achieved higher 
results compared to those from the rural environment, 
in terms of the level of knowledge (6.59 v. 6.41), the 
difference between them did not reach the required level 
of statistical significance (p = 0.280). Even smaller dif
ferences between the respondents occurred when compar
ing the results depending on their religious commitment 
(Table 2).

Table 3 presents the results obtained by students depend
ing on their affiliation to a particular college. The comparison 
shows that the highest average results regarding knowledge 
about CP were achieved by students from the College of 

Table 1 Sociodemographic Characteristics of the Studied Group

Parameter College of 
Humanities (N = 

160)

College of Medical 
Sciences (N = 294)

College of Natural 
Sciences (N = 213)

College of Social 
Sciences (N = 391)

p

Age [years] x ± SD 23.04 ± 4.98 22.62 ± 4.72 21.76 ± 2.6 22.6 ± 5.17 p = 

0.272

Median 22 22 21 22

Quartiles 20–23 20–23 20–23 20–23

Gender Women 123 (76.88%) 213 (72.45%) 131 (61.50%) 314 (80.31%) p < 

0.001*

Men 37 (23.12%) 81 (27.55%) 82 (38.50%) 77 (19.69%)

Social back- 
ground

Urban 74 (46.25%) 160 (54.42%) 73 (34.27%) 178 (45.52%) p < 
0.001*

Rural 86 (53.75%) 134 (45.58%) 140 (65.73%) 213 (54.48%)

Religious 

commit- 
ment

Strong 38 (23.75%) 51 (17.35%) 37 (17.37%) 83 (21.23%) p = 

0.083

Moderate 67 (41.88%) 122 (41.50%) 106 (49.77%) 189 (48.34%)

Weak 31 (19.38%) 75 (25.51%) 35 (16.43%) 64 (16.37%)

Indifferent 24 (15.00%) 46 (15.65%) 35 (16.43%) 55 (14.07%)

Notes: p – for quantitative variables Kruskal–Wallis test, for qualitative variables chi-square test or exact Fisher test; *Statistically significant difference (p <0.05).
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Medical Sciences (x = 7.04). The difference turned out to be 
statistically significant at a high level (p < 0.001). Similar 
differences between medical students and others occurred in 
relation to the intensity of attitudes towards donation and the 
use of CP in the treatment of patients due to COVID-19. 
Medical students presented more favorable attitudes of this 
type than representatives of other colleges (x = 7.77). Also in 

this case, the difference turned out to be statistically signifi
cant (p < 0.001). The lowest level of the average results 
related to the knowledge was achieved by students of the 
College of Social Sciences (x = 6.20). Students representing 
the College of Natural Sciences and the College of 
Humanities obtained results at an average level, in both the 
knowledge and attitudes domains.

Table 2 Association Between Sociodemographic Characteristics and an Overall Knowledge and Attitudes Results

Scores Gender p

Women (N = 781) Men (N = 277)

Knowledge x ± SD 6.57 ± 1.76 6.29 ± 1.84 p = 0.034*

Median 7 7

Quartiles 6–8 5–8 Mann–Whitney test

Attitude x ± SD 7.34 ± 2.02 6.70 ± 2.35 p < 0.001*

Median 8 7

Quartiles 6–9 5–9

Scores Age

Spearman Correlation Coefficient

Knowledge r = 0.123, p < 0.001*

Attitude r = 0.095, p = 0.002*

Scores Social Background p

Urban (N = 485) Rural (N = 573)

Knowledge x ± SD 6.59 ± 1.67 6.41 ± 1.88 p = 0.280

Median 7 7

Quartiles 6–8 5–8

Attitude x ± SD 7.15 ± 2.13 7.19 ± 2.12 p = 0.779

Median 8 8 Mann–Whitney test

Quartiles 6–9 6–9

Scores Religious Commitment p

Strong (N = 209) Moderate (N = 484) Weak (N = 205) Indifferent (N = 160)

Knowledge x ± SD 6.33 ± 1.84 6.46 ± 1.82 6.59 ± 1.64 6.68 ± 1.78 p = 0.349

Median 7 7 7 7

Quartiles 6–8 5–8 6–8 6–8

Attitude x ± SD 7.17 ± 2.18 7.26 ± 1.96 7.19 ± 2.15 6.89 ± 2.49 p = 0.893

Median 8 8 8 8

Quartiles 6–9 6–9 6–9 6–9 Kruskal–Wallis test

Note: *Statistically significant relationship.
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Discussion
Since the outbreak of the COVID-19 pandemic, significant 
efforts have been made around the world to find an effec
tive therapeutic and preventive measures that would stop 
the development of the infection and the resulting disease. 
One of them is the use of convalescent plasma collected 
from fully recovered patients with COVID-19 disease, 
which is a source of antibodies. Transfusion of plasma or 
its derived products containing immunoglobulin from 
patients who have fully recovered from COVID-19 will 
be a crucial intervention to be used for those who are not 
able to defend themselves against this pandemic virus, 
especially in the absence of the relevant vaccine faced in 
many countries. A systematic review of case reports, case 
series, observational studies and randomized control trials 
conducted by Bakhtawar et al between December 2019 
and June 2020 showed that plasma therapy produces nota
ble improvements in patients’ clinical symptoms and radi
ological and biochemical parameters associated with 
COVID-19 infection. The authors emphasize that until 
we have concrete evidence to prove; otherwise, convales
cent plasma therapy may be used as an adjuvant therapy 
for treating COVID-19 infection in critically ill patients.17 

Following the initial positive clinical experiences of the 
use of CP in COVID-19 patients, many European coun
tries and the USA started to organize the collection of 
hyperimmune plasma to meet current needs and/or to 
store sufficient numbers of plasma units for future epi
demic peaks.18 Under these circumstances, much depends 
on the knowledge and attitudes of potential CP donors. In 
some countries, such as Italy, there have been dramatic 
situations due to the lack of CP donors, especially when 

national law does not provide any compensation for these 
services.19 Based on this example, we understand why 
currently the collection process and transfusion of plasma 
derived from patients who have fully recovered from 
COVID-19 is of widespread interest, both nationally and 
internationally. Closer understanding of psychological fac
tors, such as the motivation, knowledge and attitudes of 
potential CP donors, is critical to the success of their 
recruitment. This is confirmed by preliminary research on 
targeting and motivating the fully recovered COVID-19 
patients to be donors.20 The studies conducted so far 
indicate the existence of a limited number of potential 
CP donors in the general population, who differ in many 
respects from typical blood donors.21 However, due to the 
lack of adequate research on CP donors, the results 
obtained in our study must be compared with the results 
of studies carried out on regular blood donors.22

This study was conducted in order to obtain informa
tion and inputs from young adults, students of various 
colleges, which will be useful in implementing relevant 
donor recruitment strategies because this population can 
contribute to health-promoting activities in the society. In 
practice, the hospitals and blood banks have two ways to 
achieve this goal: 1. to implement traditional policy for 
effective use of blood, 2. to increase blood donor recruit
ment by raising awareness of potential donors.22 The latter 
task is related to raising their knowledge to a higher level 
and shaping attitudes favorable to blood donation.

The results of our study showed that the studied group 
of young adults has a relatively satisfactory level of 
knowledge about the treatment of COVID-19 disease 
with convalescent plasma. Significant differences in the 

Table 3 Comparison of the Results Obtained by Students of Individual Colleges

Scores College of 
Humanities – 
A (N = 160)

College of Medical 
Sciences – B (N = 
294)

College of Natural 
Sciences – C (N = 
213)

College of Social 
Sciences – D (N = 
391)

p

Knowledge x ± SD 6.32 ± 1.84 7.04 ± 1.47 6.41 ± 1.94 6.20 ± 1.81 p < 0.001 *

Median 7 7 7 6

Quartile 5 –7 6–8 5–8 5–8 B > C, A, D

Attitude x ± SD 6.72 ± 2.26 7.77 ± 1.9 7.05 ± 2.07 6.97 ± 2.18 p < 0.001 *

Median 7 8 8 8

Quartile 5–9 7–9 6–9 6–9 B > C, D, A

Notes: p - Kruskal–Wallis test + post-hoc analysis (test Dunn test); *Statistically significant relationship.
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results occurred depending on the sex of the respondents. 
It turned out that women showed a higher level of knowl
edge about convalescent plasma and its therapeutic and 
preventive properties compared to men. Also, the age of 
the respondents turned out to be a factor that significantly 
determined the level of their knowledge in the discussed 
area. Older respondents generally presented a wider range 
of knowledge about convalescent plasma and its possible 
application in the treatment of patients suffering from 
COVID-19. This result seems somewhat unexpected, as 
the respondents only slightly differ in terms of their age of 
life. This can be explained by the fact that older students 
had more opportunities to learn about the therapeutic 
properties of blood plasma, including the COVID-19 con
valescent plasma. However, it also turned out that factors, 
such as the social background of the respondents and their 
religiosity, did not differentiate between the level of their 
knowledge about the therapeutic properties of the COVID- 
19 convalescent plasma and the possibility of its donation. 
Another important factor differentiating the level of 
knowledge of the respondents turned out to be their affilia
tion to specific university colleges. As expected, the high
est results were achieved by students of the College of 
Medical Sciences, with women in this group showing 
a higher level of knowledge than men. The lowest level 
of knowledge about convalescent plasma was found in 
a group of students from the College of Social Sciences. 
These findings are supported by the results of past studies 
suggesting that there is sufficient basic knowledge regard
ing the importance of blood donation among medical 
students.23,24 Also, the results of recent studies among 
Polish medical students showed that they demonstrated 
a purposeful desire to get vaccinated against SARS-CoV 
-2, and COVID-19 vaccine conspiracy theories are less 
popular among them than in group of non-medical 
students.25 For comparison, in another study on attitudes 
and behaviors towards SARS-CV-2 vaccination among 
Polish physicians and administrative healthcare assistants 
it turned out that the latter, in contrast to physicians, 
expressed their hesitancy to vaccinate. The authors rightly 
conclude that the fear of COVID-19 vaccine side effects 
and belief in conspiracy theories are a real threat to the 
public safety in achieving herd immunity.26

The analysis of the results showed a statistically sig
nificant relationship between the attitudes towards dona
tion of the COVID-19 convalescent plasma and the gender 
of the respondents. It turned out that women exhibit more 
favorable attitudes of this type than men. This result stands 

somewhat in contrast to that of another study that revealed 
that the unwillingness to donate blood was more common 
among the female students and the major reasons were 
fear and perceived inconvenience, which were associated 
with blood donation.27 Perhaps this difference is due to the 
fact that the cited studies were conducted in different 
socio-cultural conditions. In our study, the age of the 
respondents also modifies their attitude towards the dona
tion of convalescent plasma, while the older respondents 
show greater motivation in this regard. On the other hand, 
there was no significant correlation between social back
ground and religious commitment and the intensity of 
attitudes towards convalescent plasma donation. 
Nevertheless, there is reason to say that most of our 
students were willing to donate convalescent plasma, but 
they had not donated it because of the lack of an opportu
nity to do so. As compared to a previous study among 
college students, where there were a high number of 
respondents with a negative attitude towards blood 
donation,28 in our study, we found an advantage of posi
tive attitudes over negative ones. Our results are in line 
with many other studies showing that, compared to the 
general population, university students have a higher level 
of knowledge and a more positive attitude towards blood 
donation considering them as an important form of pre
vention and treatment of many diseases.29–31 The course of 
the COVID-19 pandemic so far shows that it is expected to 
last a long time. Also so far, there has been a very low rate 
of donation from people who have been cured of COVID- 
19. In a study by Wang et al in a group of 533 convales
cents, it turned out that only one person was willing to 
donate CP. This happened against the preliminary assump
tions of the authors of the research, who expected con
valescents to be more motivated to be a donor. However, 
the practice turned out to be different, as 1/3 of them were 
not interested in giving CP, many complained of post- 
comorbid symptoms, and the rest were not enthusiastic 
about it.21 Such studies are very important as the resulting 
observations could help improve CP donation in current 
and future pandemics. In the future, efforts to find donors 
should be based both on providing them with appropriate 
knowledge and on shaping favorable attitudes. Other fac
tors should also be taken into account because, as is 
known, blood donation rates are lower for some minority 
groups due to factors, such as fear, cultural, ethnic and 
religious beliefs and distrust of medical institutions.32,33 It 
may be suspected that similar factors may also affect 
potential CP donors. In order to explain their role, the 
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research on the topic we have undertaken should be 
continued.

Like many others, this study also has some limitations. 
Firstly, because the study was cross-sectional, a temporal 
relationship between dependent and independent variables 
cannot be established. As is known, the true causal rela
tionships among all the identified variables are complex 
and often reciprocal. Secondly, the surveyed respondents 
were only university students who may differ from the 
general population of young adults in Poland, and this 
would affect the generalizability of the results. Thirdly, 
the analyzed material does not contain data from students 
who did not agree to participate in the research, which 
may induce the possibility of a sampling bias.

Conclusions
Polish young adults, represented by university students, 
show a satisfactory level of knowledge relating to the 
therapeutic and preventive properties of the COVID-19 
convalescent plasma. Factors such as gender and age of 
the respondents are significantly correlated with the level 
of their knowledge, while their social background and 
religious commitment do not differentiate them in this 
respect.

The surveyed university students generally show 
a sufficient intensity of positive attitude towards CP dona
tion. Attitude scores positively correlated with such socio- 
demographic characteristics as gender and age of the 
respondents, with greater intensity of attitudes among 
women. On the other hand, there was no significant corre
lation between social background and religious commit
ment of the respondents and the intensity of attitudes 
towards CP donation.

The results achieved in this study confirm the need for 
appropriate health promotional campaigns and educational 
programs aimed at popularization of CP donation in the 
general public, which would increase the chances of invol
ving more patients recovered from COVID-19 disease.

Future research should be more focused on understand
ing the psychological barriers to CP donation, especially in 
the group of young adults who have recovered from 
COVID-19 disease.
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A Deep Dive into the Pathology of Gray Platelet 
Syndrome: New Insights on Immune Dysregulation
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Abstract: The gray platelet syndrome (GPS) is a rare platelet disorder, characterized by 
impaired alpha-granule biogenesis in megakaryocytes and platelets due to NBEAL2 muta
tions. Typical clinical features include macrothrombocytopenia, bleeding and elevated vita
min B12 levels, while bone marrow fibrosis and splenomegaly may develop during disease 
progression. Recently, the involvement of other blood lineages has been highlighted, reveal
ing the role of NBEAL2 outside the megakaryocyte-platelet axis. Low leukocyte counts, 
decreased neutrophil granulation and impaired neutrophil extracellular trap formation repre
sent prominent findings in GPS patients, reflecting deranged innate immunity and associated 
with an increased susceptibility to infection. In addition, low numbers and impaired degra
nulation of NK cells have been demonstrated in animal models. Autoimmune diseases 
involving different organs and a spectrum of autoantibodies are present in a substantial 
proportion of GPS patients, expanding the syndromic spectrum of this disorder and pointing 
to dysregulation of the adaptive immune response. Low-grade inflammation, as evidenced by 
elevation of liver-derived acute-phase reactants, is another previously unrecognized feature 
of GPS which may contribute to disease manifestations. This review will focus on the 
mechanisms underlying the pathogenesis of blood cell abnormalities in human GPS patients 
and NBEAL2-null animal models, providing insight into the effects of NBEAL2 in hemos
tasis, inflammation and immunity. 
Keywords: NBEAL2, gray platelet syndrome, α-granules, immune dysregulation, 
neutrophils

The gray platelet syndrome (GPS) (OMIM #139090) is a rare autosomal recessive 
disorder characterized by moderate macrothrombocytopenia, marked decrease or 
absence of platelet alpha (α)-granules, which gives platelets a grayish appearance on 
the blood smear, and mild to moderate bleeding.1 Some patients have splenomegaly 
and develop bone marrow fibrosis during disease progression. First described in 
1979,2 the genetic abnormality leading to GPS remained unknown for a long time. 
Thirty years later, using linkage analysis, the underlying molecular defect was mapped 
to chromosome 3p21,3,4 and shortly thereafter, mutations in NBEAL2 were recognized 
as the cause of GPS by three independent groups by using different approaches.5–7 

NBEAL2 is involved in the biogenesis of megakaryocyte and platelet α-granules, 
although its role beyond hemostasis, particularly in immunity and inflammation, has 
been recently highlighted by Sims et al in a landmark international study.8 This review 
will focus on the mechanisms underlying abnormalities in the megakaryocyte-platelet 
axis and the immune system in GPS patients and Nbeal2-null animal models.
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Spectrum of NBEAL2 Mutations
NBEAL2 is a large gene with 54 exons located on chromo
some 3p21 encoding Neurobeachin-like 2, a scaffolding 
protein composed of 2754 amino acids.9 NBEAL2 belongs 
to a family of proteins known as BEACH (beige and 
Chediak-Higashi syndrome)–domain-containing proteins 
(BDCP), containing armadillo (ARM)-like, Concanavalin 
A-like lectin, pleckstrin homology (PH), BEACH and 
WD40 domains. These domains represent highly con
served regions that are crucial for protein–protein interac
tions, membrane dynamics, vesicle trafficking, lysosome 
size regulation and synaptosome formation.9 It is 
expressed in hematopoietic cells, including megakaryo
cytes, platelets, monocytes, neutrophils and NK cells.

Eighty-six different NBEAL2 variants have been detected 
in 69 GPS pedigrees described to date, harbouring homo
zygous (65%) or compound heterozygous (35%) 
mutations.5–8,10−19 Genetic defects include frameshift, non
sense, missense, splicing and small indel variants,16 which 
are scattered along the gene. The spectrum of NBEAL2 
variants is depicted in Figure 1 and listed in Table 1. Most 
of them are private mutations, while some are found in more 
than one pedigree. Although no mutational hotspots have 
been recognized, missense variants are enriched within the 
BEACH domain, consistent with the essential role of this 
region in NBEAL2 function.8 No genotype-phenotype cor
relation has been demonstrated, either regarding the type of 
mutation or its location.8 In some pedigrees, three different 
variants have been identified and the pathogenic role of each 
one of them is not clear.6,8,10,18 Current gene curation efforts 
for platelet disorders, such as those carried out recently for 
Glanzmann thrombasthenia,20 will contribute to accurate 
interpretation of variants. Heterozygous NBEAL2 variants 
may be found in unaffected carriers, who may display 

a mild decrease in α-granule content, although they are not 
thrombocytopenic.10 Genetic diagnosis may be approached 
by Sanger sequencing of the NBEAL2 gene, when the diag
nosis of GPS is suspected based on the phenotypic features, 
or by high-throughput sequencing, including gene panels for 
inherited platelet disorders19 or whole-exome sequencing.17

Alpha-Granule Deficiency in GPS 
Platelets and Megakaryocytes
Alpha-granule deficiency is a constant feature of GPS. 
Electron microscopy remains the gold standard for diagnosis. 
Platelets characteristically show absent or markedly reduced 
α-granules and frequently display prominent vacuolization of 
the cytoplasm, whereas the content of dense granules, lyso
somes, mitochondria and peroxisomes is preserved.21 The 
content of α-granules may also be quantified by immunofluor
escence staining of blood smears for α-granule proteins, such 
as thrombospondin-1 (TSP1) and platelet factor 4 (PF4), as 
described.10,22,23 The finding of a severe reduction in α- 
granules by this method correlates with the results of ultra
structural analysis.

Although GPS platelets lack typical α-granules, two types 
of abnormal α-granules may be recognized by immune elec
tron microscopy, including normal-sized granules almost 
devoid of content with scant von Willebrand (vWF)- 
positive material and very small vestigious α-granule-like 
vesicular structures with intense vWF staining.24 In contrast 
to the ARC (arthrogryposis, renal dysfunction, and cholesta
sis) syndrome, due to mutations in VPS33B or VP16B, in 
which platelets lack α-granules and their membranes, the 
granule-limiting membranes are present in GPS platelets, as 
well as membrane proteins, such as P-selectin and GMP- 
140.25–28 These findings indicate that, whereas defects in 
VPS33B and VPS16B completely abrogate α-granule 

Figure 1 NBEAL2 variants in GPS patients. Schema of the NBEAL2 protein comprising the ARM (armadillo)-like domain, spanning amino acids (aa) 377–504, the Con 
(concanavalin) A-like lectin domain (aa 580–730), the PH (pleckstrin homology) domain (aa 1915–2040), the BEACH (beige and Chediak-Higashi syndrome domain (aa 2053– 
2345) and WD40 repeat domains (2463–2722), according to Sims et al.8 Published missense, nonsense, frameshift, indel and splicing germline NBEAL2 variants described in 
GPS pedigrees (Table 1) are indicated by the symbols. Missense variants are enriched within the BEACH domain. The position of splicing variants is given according to the 
predicted effect at the protein level.
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Table 1 Published NBEAL2 Variants in GPS Patients

Pedigrees Mutation state Genotype Predicted protein effect Type of mutation Ref.

1 homozygous c.2701C>T p.R901* nonsense 7,16

2 homozygous c.881C>G p.S294* nonsense 7,16

3 homozygous c.1163T>C p.L388P missense 7,16

4 homozygous c.5720+5G>A NA splicing 7,16

5 homozygous c.5515C>T p.R1839C missense 7,16

6 homozygous c.1296+5G>C NA splicing 7,16

7 homozygous c.2257_2260delGCCC p.A753Sfs*65 frameshift 7,16

8 homozygous c.1296+5G>C NA splicing 7,16

9 homozygous c.3819_4174del356 p.V1274Gfs*32 frameshift 7,16

10 homozygous c.2029T>A W677R missense 7,16

11 homozygous c.7604delG p.G2535Vfs*5 frameshift 7,16

12 homozygous c.5505T>G p.Y1835* nonsense 7,16

13 compund heterozygous c.2701C>T p.R901* nonsense 7,16

c.6787C>T p.H2263Y missense

14 compund heterozygous c.2156delT p.F719Sfs*100 frameshift 7,16

c.5497G>A p.E1833K missense

15 homozygous c.5301+1G>A NA splicing 7,16

16 compund heterozygous c.1029+1G>A NA splicing 5,16

c.4371_4375dupCGTGG p.E1459Afs*43 frameshift

17 homozygous c.1820G>A p.W607* nonsense 5,16

18 compund heterozygous c.5413dupG p.A1805Gfs*59 frameshift 5,16

c.1820G>A p.W607* nonsense

19 homozygous c.1163T>C L388P missense 6,8,16

20 homozygous c.2044A>T I682F missense 6,8,16

21 compound heterozygous c.1928A>T E643V missense 6,8,16,18

c.6299C>T P2100L missense

22 compound heterozygous c.1504_1507del p.L502Afs*4 frameshift 10,16

c.6801+7A>T p.E2268Vfs*44 splicing

23 compound heterozygous c.5572C>T p.R1858* nonsense 8,10,16

c.6652G>T p.E2218* nonsense

c.7033C>T p.R2345W missense

24 homozygous c.2187C>A p.Y729* nonsense 10,16

25 compund  

heterozygous

c.1253del p.H418Lfs*54 frameshift 8,10,16

c.3584G>A p.R1195Q missense

(Continued)
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Table 1 (Continued).  

c.5720+1G>A p.M1908* splicing

26 homozygous c.5299C>T p.Q1767* nonsense 11,16,18

27 homozygous c.del4501-4503 p.L1501del deletion 11,16

28 homozygous# c.881C>G p.S294* nonsense 11,16

c.958C>T p.R320W missense

29 homozygous c.7440G>A p.W2480* nonsense 8,12,16

30 homozygous c.5721-1G>C p.M1908* splicing 8,12,16

31 homozygous c.6212G>C p.R2071P missense 13,16

32 compound heterozygous c.3839C>T p.R1280* nonsense 13,16

c.6477C>G p.H2159Q missense

33 homozygous c.5176G>T p.E1726* nonsense 14,16

34 homozygous c.7225-1G>C NA splicing 8,15

35 compund heterozygous c.1870C>T p.R624* nonsense 16

c.2735dupG p.P913Sfs*3 frameshift

36 homozygous c.352-1_352delinsTA NA splicing 16

37 compund heterozygous c.3384 + 5G>A NA splicing 17

c.5965G>A p.E1989K missense

38 homozygous c.7387C>T p.Q2463* nonsense 8

compund heterozygousϕ c.6657C>A p.F2219L missense

39 compound heterozygous c.4081G>T p.E1361* nonsense 8

c.1793G>A p.W598* nonsense

40 compund heterozygous c.3118+2T>G NA splicing 8

c.6959G>C p.R2320P missense

41 homozygous c.6432delT p.F2144Lfs*23 frameshift 8

42 homozygous c.1725_1728dupACGT p.A577Tfs*7 frameshift 8

43 homozygous c.3773_3780delinsTCAGCGTTCGCCTCAGA p.N1259_I1260delinsSVRLR indel 8

44 homozygous c.6460T>C p.F2154L missense 8

45 homozygous c.4928_4929delAT p.D1643Gfs*34 frameshift 8

46 homozygous c.4081G>T p.E1361* nonsense 8

47 homozygous c.881C>G p.S294* nonsense 8

48 homozygous c.607dupA p.I203Nfs*21 frameshift 8

49 compound heterozygous c.1163T>C p.L388P missense 8

c.6202T>C p.W2068R missense

50 homozygous c.7192_7202dupTCCTTCATCAC p.Q2402Pfs*12 frameshift 8

51 homozygous c.6359G>A p.R2120Q missense 8

(Continued)
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Table 1 (Continued). 

52 homozygous c.4890delG p.R1631Gfs*3 frameshift 8,18

53 homozygous c.7506delT p.D2503Mfs*2 frameshift 8

54 compund heterozygous c.6568delT p.C2190Afs*23 frameshift 8,18

c.7937T>C p.L2646P missense

55 compound heterozygous c.2701C>T p.R901* nonsense 8

c.2552C>T p.P851L missense

56 homozygous c.6515G>A p.R2172H missense 8

57 compund heterozygous c.5935C>T p.R1979W missense 8

c.6868G>T p.G2290W missense

c.6881A>G p.E2294G missense

58 compound heterozygous c.2650-1G>A NA splicing 8,18

c.3058T>C p.Y1020H missense

c.7134G>A NA splicing

59 compound heterozygous c.6787C>T p.H2263Y missense 8

c.6894T>A p.N2298K missense

60 compound heterozygous c.1789C>T p.R597* nonsense 8

c.6359G>A p.R2120Q missense

61 homozygous c.6239T>A p.M2080K missense 8

62 homozygous c.1476_1479dupAGGC p.L494Rfs*59 frameshift 8

63 homozygous c.2537T>C p.L846P missense 8

64 homozygous c.7501C>T p.H2501Y missense 8

65 compound heterozygous c.427G>A p.E143K missense 8

c.2751dupT p.D918* nonsense

66 compound heterozygous c.256A>G p.I86V missense 6,8,18

c.6805_6806insAGGGAGT p.S2269* splicing

c.6920-1G>C NA splicing

67 compound heterozygous c.4485-1G>T NA splicing 8,18

c.1936_1938delTTC p.F646del deletion

68 compound heterozygous c.6432delT p.F2144Lfs*23 frameshift 18

c.5497G>A p.E1833K missense

69 homozygous c.5674C>T p.Q1829* nonsense 19

Notes: NBEAL2 variants are named according to reference sequence NM_015175. Intronic variants located at splice junctions, predicted to affect splicing, are listed as 
splicing variants. Mutations detected in more than one pedigree are depicted in bold. All references (Ref.) where the variants are described are included. # both variants (p. 
S294* and p.R320W) were found in homozygosis in pedigree 28. ϕ in addition to the homozygous variant (p.Q2463*) found in the two affected individuals from pedigree 38, 
one of them harboured an additional heterozygous variant (p.F2219L).
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formation, lack of NBEAL2 seems to interfere with α- 
granule maturation and cargo loading and retention, reflect
ing that NBEAL2 acts at a later stage of α-granule 
development.

As recently reviewed,29 α-granules are formed by 
fusion of vesicles budding from the trans-Golgi network 
(loaded with endogenous cargo) or the cell membrane 
(early endosomes carrying exogenous cargo), which are 
directed to multivesicular bodies that represent α-granule 
precursors. Whereas α-granule proteins synthesized in the 
megakaryocyte, such as platelet factor 4 (PF4), vWF, β- 
thromboglobulin, thrombospondin, platelet-derived growth 
factor (PDGF) and fibronectin, are markedly reduced in 
GPS platelets, those routed to α-granules following endo
cytosis of plasma proteins, such as albumin, IgG and 
fibrinogen, are less affected,26 indicating that NBEAL2 
loss of function preferentially affects the delivery of endo
genously synthesized cargo to α-granules. Interestingly, 
analysis of the platelet proteome revealed that, in addition 
to downregulation of α-granule content, unexpectedly, pro
teins normally resident in neutrophil granules, including 
myeloperoxidase and elastase, were overrepresented.8 

Although there is no clear explanation for this finding, 
the transfer of neutrophil proteins during emperipolesis, 
which occurs in a high proportion of GPS megakaryo
cytes, may represent a plausible mechanism.8

Similar to platelet findings, ultrastructural analysis of 
bone marrow or cultured GPS megakaryocytes disclosed 
the absence of typical α-granules, although very small 
granules, consistent with immature α-granule precursors, 
were evident.24,28 In vitro differentiation of GPS primary 
megakaryocytes further revealed that vWF is abundantly 
synthesized but fails to be correctly packaged into gran
ules and is misdirected or discharged into the lumen of the 
demarcation membrane system. On the contrary, 
P-selectin was immunodetected in multivesicular bodies 
in the maturing megakaryocyte and in the membrane of 
vacuolar structures deprived of soluble content resem
bling empty α-granules.25 Altogether, these findings sup
port the notion that NBEAL2 deficiency leads to a defect 
in the transfer of protein cargo into the lumen of devel
oping α-granules or in the retention of granule content, 
rather than a primary impairment in α-granule 
biosynthesis.

Nbeal2 knockout mouse models have been generated 
by three different groups and all reveal a platelet pheno
type which resembles human GPS.30–32 Ultrastructural 
analysis of megakaryocytes disclosed greatly reduced 

numbers of α-granules in two of these studies.30,32 

Intracellular tracking via fluorescence microscopy showed 
that initial trafficking of endocytosed proteins was pre
served, but they were subsequently delivered to recycling 
endosomes and released, and the same fate was demon
strated for endogenous proteins, reinforcing that, as shown 
in humans, the main function NBEAL2 in murine cells 
relies on the retention of molecular cargo, possibly through 
its interaction with P-selectin.33 In contrast to the absence 
of megakaryocyte α-granules found in the two former 
mouse strains, Guerrero et al showed that mature α- 
granules were present in megakaryocytes in their 
Nbeal2-/- murine model, as shown by electron micro
scopy, immunostaining for vWF and Western blot analysis 
of α-granule proteins.31 Furthermore, normal numbers of 
granules were also evident in proplatelet buds, indicating 
preserved granule transport along the proplatelet shaft, 
further suggesting that α-granules are generated, but not 
retained within megakaryocytes.31

Role of NBEAL2 in α-Granule 
Biogenesis
The intrinsic mechanisms and interacting proteins underly
ing the role of NBEAL2 in α-granule biogenesis are begin
ning to be revealed.29 NBEAL2 interactome of human 
embryonic kidney cells, engineered to express 
a subdomain of NBEAL2 containing the BEACH domain 
and its flanking PH and WH40 regions, disclosed several 
interactors, including the endoplasmic reticulum-associated 
protein SEC16a, the phosphatidyl inositol 3,5-biphosphate 
regulator VAC14, and the guanidine exchange factor 
DOCK7.34 Considering that SEC16a participates in the 
transport from the endoplasmic reticulum to the Golgi and 
VAC14 activates the PIKfyve complex involved in the intra
cellular vesicle transport, the defect in both molecules could 
plausibly alter endosomal trafficking and cargo sorting dur
ing α-granule formation. DOCK7 is a guanine nucleotide 
exchange factor for small GTPases, Rac1 and Cdc42, which 
are major regulators of the actin cytoskeleton. Interestingly, 
DOCK7-deficient mice present with a bleeding 
phenotype.27,35 DOCK7 expression is decreased in GPS 
patients and mouse models, and Nbeal2-null mouse platelets 
show decreased actin polymerization and spreading on fibri
nogen, indicating that NBEAL2 is important for cytoskele
ton reorganization in platelets, most probably by modulating 
DOCK7.34 In addition, dysregulation of the DOCK7 signal
ing pathway in megakaryocytes could be a possible cause of 
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aberrant platelet formation in GPS.34 These findings point 
out that NBEAL2 function may not be entirely dependent on 
its ability to regulate granule biogenesis, but that other 
cellular processes may be affected by NBEAL2 deficiency. 
Another NBEAL2 interacting protein was revealed in 
a recent study performed on human megakaryocytes and 
immortalized megakaryocyte progenitors, which demon
strated that NBEAL2 binds SEC22B, an endoplasmic reti
culum-resident trafficking protein.36 Knockout of SEC22B 
in these cells resulted in the failure of α-granule synthesis, 
suggesting that interaction with SEC22B may facilitate the 
role of NBEAL2 in α-granule generation.36 SEC22B bind
ing was mapped to a region located in an N-terminal posi
tion relative to the PH-BEACH domains and was abrogated 
by two GPS missense variants located within this region.36 

Future research may provide further insight into the process 
of α-granule biogenesis and the exact place of NBEAL2 in 
this complex network.

Platelet Features
Thrombocytopenia is a universal feature of GPS, being of 
moderate degree in most patients. In a recent study performed 
by Sims et al, which included the largest GPS cohort gathered 
to date, comprising 47 patients belonging to 38 pedigrees 
recruited worldwide, median platelet count was 57 (28–105) 
x 109/L.8 Notably, hemoglobin, total leukocyte counts, as 
well as neutrophils, eosinophils, basophils, monocytes and 
lymphocyte counts, were all shown to be lower in this GPS 
cohort compared to more than 45,000 healthy controls 
recruited to the INTERVAL trial,8 indicating that abnormal 
blood parameters are not limited to platelets, as previously 
acknowledged, but involve multiple hematopoietic lineages. 
Thrombocytopenia may worsen with increasing age,3 reflect
ing the progressive nature of this disorder. The sequential 

drop in platelet counts may be due to the development of 
bone marrow fibrosis or, alternatively to splenomegaly and 
splenic sequestration. The finding of an inverse relationship 
between platelet counts and bone marrow fibrosis but not 
with splenomegaly supports the former possibility.8 

Consistent with this notion, splenectomy may lead to mild 
increase but not complete restoration of platelet counts.

The finding of pale large and giant platelets in the per
ipheral blood smear is a hallmark feature of GPS, as shown 
in Figure 2, and often the clue to diagnosis, although other 
platelet disorders associated with α-granule deficiency, such 
as those associated with mutations in transcription factors 
GATA-1 or GFI1B or the ARC syndrome, which is caused 
by VPS33B or VPS16B mutations, must also be considered.37 

Mean platelet volume is usually increased, although this 
parameter may be underestimated or may not be informed 
by electronic cell counters, as described for other large plate
let disorders. In such cases, measurement of the platelet 
diameter by image analysis of blood smears may provide 
useful information, showing increased mean values and/or 
increased proportion of large platelets in GPS patients.23,38 

The bleeding diathesis is usually mild to moderate but may 
range from absent to severe intracranial hemorrhage.1,16

Significantly impaired response to different agonists 
such as thrombin and collagen, variable response to ADP 
and ristocetin and normal response to arachidonic acid 
were demonstrated in platelet aggregation studies,1,14,39 

although aggregation responses may be variable among 
different patients.1 The expression of platelet glycopro
teins was normal in most of the patients described,39 

although higher fluorescence intensity for GPIb and 
GPIIbIIIa due to the large size of the platelets may also 
be found,14 whereas loss of GPVI was described in one 
patient.40 Interestingly, impaired platelet response to 

Figure 2 Pale platelets on the blood smear from a GPS patient. Large pale platelets due to absence or marked decrease in α-granules is a typical finding in GPS patients. 
A May-Grünwald Giemsa-stained blood smear from a GPS patient is shown on the right panel. Gray platelets are indicated by the arrows. A blood smear from a healthy 
subject stained simultaneously is shown on the left panel. Images were obtained at 1000x magnification.
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thrombin, protease-activated receptor 1 (PAR1)- and 
PAR4-AP (activating peptide) was a consistent finding in 
several studies1,22,39 and seems to be a common defect in 
GPS patients, which may be paralleled by a reduction in 
PAR1 and PAR4 expression in megakaryocytes and 
platelets.22,39 Although the total P-selectin pool may be 
normal or mildly reduced in GPS platelets,1 P-selectin was 
found to be constitutively expressed on the platelet surface 
in one study,18 whereas upregulation of P-selectin expo
sure in response to agonists, was markedly impaired, both 
in this work18 and in a separate study.39

Mice lacking NBEAL2 display platelet functional 
abnormalities,30–32 delayed arterial thrombus formation30 

and protection from thrombo-inflammatory brain injury 
following focal cerebral ischemia.32 In addition, impaired 
dermal healing due to reduced transforming growth factor 
(TGF)-β release from mutant platelets32 and protection 
against cancer metastasis31 were other remarkable find
ings, pointing to the relevance of platelet α-granule content 
beyond hemostasis, specifically in wound healing, tumor
igenesis and metastatic spread.

Megakaryocyte Abnormalities
The pathogenesis of low platelet counts in GPS has been 
attributed to impaired platelet production, as platelet sur
vival is largely normal or only mildly decreased. To 
address the underlying mechanisms, megakaryocytes 
were cultured from peripheral blood and/or bone marrow 
hematopoietic progenitors from four GPS patients.41 Both 
megakaryocyte output and maturation were normal but 
proplatelet formation was markedly impaired and propla
telets showed aberrant architecture with decreased branch
ing leading to lower number of tips, indicating that 
thrombocytopenia is due to defective thrombopoiesis and 
platelet release. Interestingly, proplatelet tips were larger 
than control, which is consistent with the finding of large 
platelets in circulation. In addition, abnormal megakaryo
cyte interaction with extracellular matrix also shown in 
this work may also lead to reduced platelet production.41 

As mentioned before, bone marrow fibrosis, and, to 
a lesser extent, splenic sequestration may also contribute 
to low platelet counts. The study of megakaryocyte biol
ogy in Nbeal2 knockout mouse models has revealed dis
crepant findings. Kahr et al showed altered development, 
polyploidization and proplatelet formation,30 whereas 
Depperman et al and Guerrero et al showed normal mega
karyocyte development and proplatelet formation.31,32 

Different megakaryocyte source (bone marrow vs fetal 

liver) or culture techniques might account for the differ
ences found between these animal models.

Extensive emperipolesis is a striking feature of GPS 
megakaryocytes and represents a prominent finding both 
in GPS patients and animal models.8,30–32,39 Engulfed 
neutrophils are frequently found inside megakaryocytes 
in bone marrow biopsies. Strikingly, in vitro- 
differentiated megakaryocyte also showed signs of emper
ipolesis, indicating that this is an intrinsic cellular defect 
and not a consequence of altered bone marrow milieu.41 It 
has been proposed that mislocalization of P-selectin at the 
megakaryocyte surface in GPS patients fosters interaction 
with neutrophils, which express the PSGL counterligand, 
promoting emperipolesis.39 In addition, Nbeal2-/- mouse 
megakaryocytes show a proinflammatory gene expression 
profile, reflected by upregulation of several chemokines 
with a role in leukocyte chemotaxis. Paracrine secretion of 
these mediators by inflammatory megakaryocytes may 
attract neighbouring leukocytes favouring emperipolesis.31

GPS patients may develop bone marrow fibrosis during 
follow-up. In a recent study, myelofibrosis was found in 
58% of patients at a median age of 28.5 years (range, 10– 
52 years).8 Although it may remain stable for several 
years, in some patients increased fiber deposition may 
occur during follow-up, but it seldom requires treatment. 
Leakage of α-granule-derived fibroblast growth factors, 
such as PDGF and TGFβ, to the bone marrow milieu 
represents a likely explanation. In addition, proinflamma
tory megakaryocytes may promote bone marrow fibrosis 
by secreting cytokines and chemokines to the surrounding 
environment,31 highlighting the importance of inflamma
tion in the pathogenesis of myelofibrosis, as shown for 
myeloproliferative neoplasms.42 Splenomegaly may occur 
in patients with bone marrow fibrosis, although it may also 
be found in patients without fibrosis.8

Innate Immune Cell Dysfunction
Although GPS has long been considered to involve exclu
sively the megakaryocyte-platelet lineage, more recent 
evidence has revealed that the innate and adaptive immune 
system may also be affected by NBEAL2 loss of function, 
as detailed in Table 2 and depicted in Figure 3, thus 
broadening the phenotypic spectrum of GPS 
abnormalities.8,25

The presence of granule defects in neutrophils, in addi
tion to platelets, has been suggested several years ago by 
the group of Elisabeth Cramer,25 who described four 
patients form two different pedigrees displaying 
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degranulated neutrophils with a grayish appearance on the 
blood smear. Reduced amounts of specific granules and 
secretory vesicles were shown by immune electron micro
scopy, whereas azurophilic granules, which contain neu
trophil proteases such as elastase and myeloperoxidase, 
were preserved. Increased expression of granule mem
brane proteins, such as CD11b (specific granules) and 

CD35 (secretory vesicles) was shown at the cell surface 
of resting neutrophils, suggesting degranulation. However, 
despite these structural defects, no functional abnormal
ities were evident, as demonstrated by normal production 
of reactive oxygen species and neutrophil migration in 
response to stimuli. The same group then confirmed the 
presence of the same neutrophil abnormalities in a patient 

Table 2 Abnormalities in Innate and Acquired Immunity in GPS Patients and Animal Models

Human GPS Nbeal2-null mice

Neutrophil granule content

All granules Normal3,44 (EM) Reduced47 (EM)
Azurophilic granules Normal25,43 (IEM) Reduced48 (EM)

Specific granules Reduced8,25,43 (IEM) Reduced48 (EM)

Gelatinase granules Reduced8 (MS) Reduced48 (EM)
Secretory vesicles Reduced25 (Cyto) Reduced48 (EM)

Surface expression of granule proteins

CD11b (SG and SV) Increased25,43 Increased48

CD66b (SG) Increased18 NE
CD35 (SV) Increased25,43 NE

Release of granule content

Elastase (AG) Normal18 Decreased47

Lactoferrin (SG) Decreased18 NE

Proteomic analysis

SG and GG content in neutrophils Downregulated8,18 Downregulated*47

Neutrophil proteins in plasma Upregulated8 Upregulated**48

Neutrophil proteins in platelets Upregulated18 NE

Neutrophil functions

Reactive oxygen species production Normal18,25 Enhanced47, Normal48

Bacterial killing or phagocytosis Normal18 Normal48

Migration Normal25 Enhanced48

NETosis Impaired18 Normal48

Suceptibility to infection Increased8 Increased47,48

NK cells

NK numbers NE Reduced47

NK degranulation NE Impaired47

Autoimmunity

Autoantibodies Increased8 NE
Autoimmune disease Increased8 NE

Immune response markers in CD4+ cells Elevated8 NE

Inflammation

Acute-phase reactants Elevated8 NE

Notes: Techniques used to assess neutrophil granule content are detailed in parenthesis. *AG content was also shown to be downregulated. **as determined by ELISA. 
Abbreviations: EM, electron microscopy; IEM, immune electron microscopy; MS, mass spectrometry; Cyto, cytochemistry; SG, specific granules; SV, secretory vesicles; 
AG, azurophilic granules; NE, not evaluated.
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from an unrelated pedigree.43 In contrast to these findings, 
no defect in the overall number of neutrophil granules was 
shown by electron microscopy in GPS patients in two 
other studies.3,44

In the study by Sims et al, neutrophil granularity, as 
assessed by side scatter properties, was reduced and pro
teomic analysis revealed selective downregulation of pro
teins contained in specific granules,8 reinforcing previous 
findings from the French group,25 and disclosed 
a concomitant decrease in the content of gelatinase granule 
constituents.8 Reduced protein abundance was not due to 
decreased gene expression, as molecules underrepresented 
in the GPS proteome were expressed normally at the 
transcript level. The reduction in neutrophil content of 
specific granules was paralleled by increased levels of 
specific granule cargo, such as cathelicidin antimicrobial 
peptide, cysteine-rich secretory protein 3, and gelatinase- 
associated lipocalin, in circulation, as disclosed by mass 
spectrometry of patient plasma.8 Interestingly, inflamma
tory proteins synthesized in the liver, such as C reactive 
protein and lipopolysaccharide-binding protein, were also 
found to be upregulated in the plasma proteome, reflecting 
a systemic proinflammatory state. Raised serum vitamin 
B12 levels are an almost universal finding in GPS 
patients,3,8 although the mechanisms leading to B12 

elevation remain undefined. Transcobalamin I, a B12 bind
ing protein, is a major constituent of neutrophil specific 
granules. It might be hypothesized that its leakage to 
circulation could contribute to total B12 elevation, as 
reported for myeloproliferative neoplasms.45 However, 
transcobalamins were not listed among the proteins upre
gulated in the GPS plasma proteome8 and the mechanism 
underlying raised B12 levels remains to be determined. In 
addition to neutrophil abnormalities, this study also 
revealed decreased side scatter properties in eosinophils 
and reduced content of proteins which localize to granule 
structures in the proteome of GPS monocytes,8 hinting to 
a more widespread role of NBEAL2 in granule biology.

A comprehensive study of neutrophil structure and 
function recently performed in 13 GPS patients further 
confirmed the reduction in specific and gelatinase granular 
compartments, as shown by immune electron microscopy 
and proteomic analysis, while azurophilic granules were 
preserved.18 As previously shown for CD11b,25 surface 
expression of CD66b, an integral membrane component 
of specific granules, was elevated at baseline, further 
pointing to degranulation and did not increase signifi
cantly upon activation. Accordingly, the release of the 
content of specific granules, such as lactoferrin, triggered 
by specific stimuli, was significantly impaired, while that 

Figure 3 Abnormalities in the innate and adaptive immune response in GPS. GPS neutrophils display reduced numbers of specific (red circles) and gelatinase (yellow circles) 
granules. Whereas azurophilic (blue circles) granules are preserved in GPS patients, they are decreased in GPS animal models. Proteins resident in specific and gelatinase 
granules are expressed at the cell membrane, such as CD11b, CD66b and CD35, and elevated in plasma, indicating degranulation. Neutrophil extracellular trap formation 
(NETosis) is impaired. NK cell number and function are decreased in GPS animal models, although it is unknown whether it is also altered in patients. Altogether, these 
abnormalities may contribute to higher susceptibility to infections. Autoimmune manifestations and/or autoantibodies (AutoAb) are present in around half of GPS patients, 
coupled to upregulation of immune response markers in CD4+ cells. Liver-derived acute phase reactants are elevated in patient circulation, reflecting ongoing inflammation.
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of azurophilic granules was unaffected. Intriguingly, in 
contrast to GPS circulating neutrophils, neutrophils 
derived from in vitro differentiation of patient hemato
poietic progenitors displayed normal abundance of speci
fic granules, suggesting intact granule biosynthesis during 
granulopoiesis but lack of retention or premature exocy
tosis of specific granules during egress from the bone 
marrow or in the bloodstream. Functional studies of 
blood neutrophils showed preserved production of reac
tive oxygen species, extracellular release of neutrophil 
proteases, such as elastase, and killing of gram-positive 
and -negative bacteria and fungi. Interestingly, however, 
neutrophil extracellular trap (NET) formation was blunted 
or substantially reduced in response to classic NET indu
cers, such as PMA, urate crystals and Candida albicans, 
which engage different NET-triggering pathways.18 

Considering that upstream steps of NET formation, such 
as ROS production and myeloperoxidase and elastase 
reactivity were not altered in GPS neutrophils, this finding 
suggests that, in addition to azurophilic granules, specific 
granules may play a previously unrecognized role in NET 
formation. This granule subset may be particularly impor
tant in the late phases of NETosis, as reflected by defec
tive membrane rupture and chromatin web release, 
whereas initial steps such as chromatin decondensation 
and cell rounding proceeded normally.18 It remains to be 
explored whether a particular specific granule component 
is responsible for this function. Increased susceptibility to 
infections, particularly mild upper respiratory infections 
and otitis media, has been previously pointed out in iso
lated case reports,3,11,25,46 and was recently reported to 
affect 17% of GPS patients in the large international 
cohort mentioned above.8 However, severe or life- 
threatening infections do not appear to occur frequently 
in GPS patients.

Immune function and pathogen defense were also 
assessed in Nbeal2 knockout mice, by two different 
groups. By analyzing public repositories of gene expres
sion data, Sowerby et al disclosed strong NBEAL2 
expression in cells of the immune system, reaching the 
highest levels in neutrophils and NK cells, both of 
which rely heavily on their granule content to fulfill 
their role in innate immunity.47 Neutrophil content of 
primary, specific and gelatinase granules was found to 
be markedly reduced in Nbeal2 deficient mice. 
Proteomic analysis of Nbeal2-/- neutrophils revealed 
significant enrichment of granule- and vesicle- 
associated components among downregulated proteins 

and, accordingly, release of granular proteins, such 
as elastase, was severely dampened. Although 
Nbeal2-/- neutrophils showed preserved phagocytosis 
and enhanced respiratory burst when challenged with 
gram-positive bacteria (Staphylococcus aureus), mice 
developed uncontrolled infection and had a worse out
come. In addition to neutrophil phenotypic defects, low 
numbers and functional abnormalities were shown for 
NK cells in this animal model, mainly consisting in 
altered degranulation, as shown by attenuated upregula
tion of lysosomal protein LAMP-1 triggered by specific 
stimuli. Considering that perforin and granzyme released 
from NK lytic granules are essential for NK cell- 
mediated cytotoxicity, the defect in NK cell degranula
tion could contribute to defective immunity found in 
these mice.47 As shown for bacterial disease, increased 
susceptibility to viral (CMV) infection was demon
strated for Nbeal2-deficient mice, consistent with the 
important role of NK cells in antiviral immunity. In 
line with this study, Claushuis et al corroborated the 
decrease in all neutrophil granule subtypes in Nbeal2 
knockout mice and extended these findings by demon
strating increased levels of neutrophil granular proteins, 
such as MPO and elastase, in circulation.48 Reactive 
oxygen species production and phagocytic capacity by 
Nbeal2−/− neutrophils were normal in this study, as 
well as bacterial (K. pneumoniae) growth, although 
organ damage during infection and endotoxemia was 
enhanced. Another study showed that the content of 
storage vesicles of mast cells was reduced in Nbeal2-/- 
mice,49 suggesting the involvement of yet another cell 
type in the repertoire of GPS abnormalities.

Altogether, these findings clearly demonstrate that 
NBEAL2 deficiency leads to neutrophil abnormalities in 
human GPS and animal models. However, certain differ
ences are evident between both models, highlighting that 
granular biosynthesis or trafficking may differ between 
human and mice neutrophils. The intrinsic mechanisms 
underlying the effect of NBEAL2 in granule formation in 
leukocytes and whether this process shares the same path
ways and interacting proteins operating in platelets are 
currently unexplored issues. Increased susceptibility to 
infection and worse outcome has been described in 
Nbeal2-/- mice, whereas, although GPS patients do not 
usually suffer severe infections, an increase in mild, parti
cularly, respiratory infections, has been reported. 
Defective NK cell function in Nbeal2 knockout mice 
adds further complexity to the defect in innate immunity. 
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It would be interesting to study whether the NK compart
ment is also altered in human GPS.

Autoimmune Manifestations
In addition to deranged innate immunity, there is evi
dence of a deregulated adaptive immune response in 
GPS patients. The association between GPS and auto
immune disease was first suggested by the finding of 
NBEAL2 variants in patients from two different pedi
grees presenting with an autoimmune lymphoprolifera
tive (ALPS)-like syndrome who concomitantly showed 
GPS typical platelet abnormalities.11 Recently, autoim
mune features were frequently found in GPS patients 
recruited by Sims et al, including autoimmune disease 
(26%) and the presence of at least one autoantibody 
(59%).8 Autoimmune manifestations involved several 
systems, including Hashimoto’s thyroiditis, rheumatoid 
arthritis, skin diseases, such as alopecia, discoid lupus 
erythematosus and vitiligo, and atypical autoimmune 
lymphoproliferative syndrome. Autoantibodies were 
directed against different target proteins, with rheuma
toid factor, perinuclear anti-neutrophil cytoplasmic, anti- 
thyroperoxidase and antinuclear antibodies among the 
most frequently detected. Markers of immune response 
were upregulated in GPS CD4+ T helper cells at the 
protein and transcript level, as shown by the analysis of 
the proteomic and RNA-seq profile.8 Overrepresented 
molecules were enriched in proteins with immunomodu
latory function, such as Bruton tyrosine kinase, which is 
crucial for B cell development and has been suggested 
to be involved in autoimmunity.50 On the basis of these 
novel findings, this study highlights the presence of 
immune dysregulation in GPS patients. A more detailed 
phenotypic and functional characterization of B and 
T cells and their subsets in GPS patients would be 
useful to gain further insight into the mechanisms under
lying autoimmunity and help explain the aberrant 
immune pattern.

As mentioned before, a proinflammatory signature in 
GPS plasma proteome, as shown by upregulation of liver- 
derived inflammatory markers,8 was another prominent 
feature of this work. This finding might reflect chronic 
activation of liver resident cells by myeloid-derived pro
ducts leaking to the bloodstream or, alternatively, low- 
grade chronic infection. The potential relationship between 
chronic immune stimulation and the development of auto
immunity may deserve consideration. Conversely, sus
tained autoimmunity may, in turn, trigger further 

inflammation, contributing to the ongoing proinflamma
tory state (Figure 3).

Treatment
Most GPS patients are treated symptomatically, according to 
the severity of bleeding manifestations. Patients may bleed 
spontaneously or secondary to surgical intervention, child
birth or trauma. Non-specific hemostatic measures, such as 
anti-fibrinolytics, local hemostatic measures, avoidance of 
non-steroidal anti-inflammatory drugs and/or platelet trans
fusions are usually adopted to prevent or reduce excessive 
bleeding. Eltrombopag has been shown to increase platelet 
counts in certain inherited platelet conditions, such as MYH9- 
related disorder, ANKRD26-related thrombocytopenia, 
X-linked thrombocytopenia/ Wiskott-Aldrich syndrome, 
monoallelic Bernard-Soulier syndrome or ITGB3-related 
thrombocytopenia.51 The efficacy and safety of thrombo
poietin receptor agonists in GPS remains unknown. 
Considering that these agents may promote bone marrow 
fibrosis, their use in GPS should be viewed with caution, 
especially if long-term treatment is considered. Successful 
hematopoietic stem cell transplantation has been achieved in 
a GPS patient with severe myelofibrosis and pancytopenia, 
with full hematopoietic recovery and resolution of bone 
marrow fibrosis.52 On this basis, stem cell transplantation 
may represent a curative treatment option for selected 
patients who experience a severe clinical course.

In conclusion, recent evidence has expanded the phe
notypic spectrum of GPS, providing new information 
which is relevant to patient care. The combined study of 
GPS patient samples and animal models has provided 
novel insight into the pathogenesis of this rare disorder. 
Future research will be required to further elucidate the 
effects of NBEAL2 in granule biogenesis and trafficking 
and to define its precise function in the biology of blood 
cells, including platelets and leukocytes, thus contributing 
to dissect its role in hemostasis and immunity. Increasing 
knowledge of the mechanisms underlying GPS will hope
fully provide tools for developing appropriate therapies.
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Purpose: Sickle cell anemia (SCA) is a chronic hematologic condition that requires frequent 
hospitalization representing a significant economic burden on the health services. The aim of 
this study was to explore the causes and underlying factors of hospitalization among children 
with SCA, as well as the factors affecting their length of hospital stay.
Patients and Methods: This retrospective study included children and adolescents less 
than 16 years old who were admitted in a group of private hospitals in Jeddah, Saudi Arabia, 
during the period from January 2018 to December 2019.
Results: A total of 94 patients were included in this study, 59.6% were males, with a mean 
age 7.29 ± 3.82 years. The majority of the patients (91.5%) had sickle cell disease. The most 
common cause of hospital admission was vaso-occlusive crises (VOC) (64.9%) followed by 
infection (24.5%), acute chest syndrome (ACS) (18.1%), and acute hemolytic crisis (12.8%). 
We found no significant difference between gender and different causes of admissions (p > 
0.05). While in relation to age group, limb pain and back pain were found to be significantly 
more frequent among children ≥ 7 years old (p = 0.03,0.04), while infections were sig
nificantly more frequent among children < 7 years old (p = 0.003). We analyzed the length of 
hospital stay and different factors, and we found that the mean length of hospital stay was 
significantly higher among children who were admitted with infections (p = 0.01) and ACS 
(p < 0.001) and among children who are non-compliant on hydroxyurea (p = 0.04).
Conclusion: The most common cause of hospitalization among children with SCD in 
Jeddah, Saudi Arabia, was VOC followed by infection, ACS and acute anemia. The length 
of hospital stay was more prolonged among children with infection and ACS, as well as 
children who were non-compliant to hydroxyurea.
Keywords: vaso-occlusive crisis, acute chest syndrome, infection, hydroxyurea

Introduction
Sickle cell anemia (SCA) is an autosomal recessive worldwide genetic disorder. That is 
caused by single point mutation in the gene encoding the β-globin chain of hemoglobin. 
This disorder affects many organs in the human body with high morbidity and mortality 
rates. Those patients also suffer a poorer quality of life than others.1 In this disease, red 
blood cells become sickle shaped due to a hemoglobin gene mutation forming what is 
called sickle hemoglobin (Hb S). These irregularly shaped blood cells are very viscous 
causing them to get stuck in blood vessels at different sites and block or sluggish the 
circulation to the various organs. As a result of this sluggish circulation, pain and 
damage to the organs can occur.2
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SCA is found in almost all the world especially the 
Mediterranean countries, African, South and Central 
America in addition to Middle Eastern countries.1 Many 
Arab countries reported the presence of SCA in different 
countries with different prevalence. In Qatar and Oman, 
the prevalence was (3.9% and 3.8%) respectively. In the 
United Arab Emirates, it reaches about 1.9%.3 The situa
tion in Saudi-Arabia is different. SCA is reported as one of 
the significant health issues among children there. The 
prevalence of SCA differs according to the region with 
the highest prevalence was reported in the Eastern regions 
(0.17%) while in the Southern areas, and in Al Madinah, it 
was only (0.01%).4,5 Although the mutation in patients 
with SCD is the same. However, clinically it is very 
diverse, ranging from a severe, life threatening state to 
a benign, almost asymptomatic form. In Saudi Arabia, 
the clinical phenotype of SCD has two major forms. In 
the Eastern province, where the Saudi-Indian haplotype is 
prevalent, the disease has mild features in which splenic 
complications and bone pathology are more common. In 
addition, painful crisis and vasculopathy occur at a later 
age. However, the disease in the Western province is more 
severe, consistent with the Benin haplotype.6

Patients with SCA suffer from chronic hemolytic ane
mia which can lead to sudden life-threatening events. This 
is usually triggered by acute sickling of red blood cells and 
microvascular occlusion resulting in pain or damage to 
organs especially when there are repeated attacks.7 

Severe complications of SCA in most of cases require 
hospitalization which represents a burden on both the 
health care system and the family. Also, sickle cell patients 
report poorer quality of life (QoL) in comparison with the 
general population and other chronic non-communicable 
diseases.8–10

The hospital admission pattern of children with SCA 
varies in different parts of the world. The most common 
causes of hospitalization in these cases include painful 
crisis and infection. Also acute sequestration crisis and 
acute chest syndrome were reported in many cases. In 
addition, the hospitalization may be for receiving blood 
transfusions for anemia.11

One of the most useful preventive measures from SCA 
complications is the neonatal screening programs. These 
programs allow early initiation of prophylactic vaccina
tions. Also screening with transcranial Doppler ultrasono
graphy annually is recommended in addition to the use 
hydroxyurea.12 So, the present study was conducted to 
explore the causes of hospitalization among children with 

SCA in a group of private hospitals in Jeddah, Saudi 
Arabia, as well as, the factors underlying their length of 
hospital stay.

Patients and Methods
This was a retrospective study which was conducted at Ibn 
Sina, Al Jedaani Al Safa and New Al Jedaani Hospitals in 
Jeddah. The present study included all children and ado
lescents below the age of 16 years with Sickle cell disease 
who were admitted to Ibn Sina Hospital and Al Jedaani 
Hospitals in the period from January 2018 to 
December 2019. We excluded patients with incomplete 
data and patients with sickle cell trait. Data were held 
confidentially. This study was conducted in accordance 
with the Code of Ethics of the World Medical 
Association (Declaration of Helsinki) for experiments in 
humans. This study was approved by the Ethical commit
tee of Ibn Sina National College for medical Sciences. 
Informed consent was not needed because the study was 
conducted retrospectively. Patients’ data obtained from the 
medical records were kept confidential. The enrolled 
patients were divided into two groups: group 1: included 
children <7 years old and group 2: included children ≥7 
years old.

Data Collection
Clinical data was obtained by reviewing patients’ 
Hospital electronic files. Data collection sheets included: 
sociodemographic data (age at presentation, gender, 
nationality and provenance area), diagnosis, medications 
(Oral penicillin V [ospen], folic acid and hydroxyurea), 
data related to the current admission including: cause of 
admission (vaso-occlusive crisis, acute chest syndrome, 
infection, hemolytic crisis and blood transfusion), clin
ical examination (pallor, jaundice and hepatomegaly ± 
splenomegaly), complete blood count, outcome (dis
charge with complete recovery, discharge with disability 
or death), number and causes of previous hospitaliza
tions and history of previous operations. Recurrent 
admissions was defined as ≥ 3 admissions /year. Vaso- 
occlusive crises are episodes usually present with sudden 
onset of severe pain, often localized to the extremities, 
chest, back or abdomen. VOC is the result of obstruction 
and reduction of the blood flow to the vital organs by the 
sickled red blood cells leading to ischemia, necrosis and 
pain.13
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Data Management
The collected data were coded, entered, presented, and 
analyzed by computer using Statistical Package for 
Social Science (version 22, SPSS Inc., Chicago, IL) soft
ware program. Quantitative variables were expressed as 
the mean ± standard deviation (SD) while the qualitative 
variables were expressed as a number and percentage. 
Independent t-test was used to compare the difference 
between two means. Chi-square test was used to detect 
the relation between different qualitative variables. The 
results were considered statistically significant when the 
significant probability (P value) of < 0.05.

Results
This study included 94 children and adolescents with 
sickle cell disease. We excluded three patients with 
sickle cell trait and one patient who was admitted for 
tonsillectomy. Of these patients, 56 (59.6%) were males 
and 38 (40.4%) were females with a median age of 7.65 
(ranged from seven months to 14 years). Patients were 
divided into two age groups: 40 (42.6%) patients were < 
7 years old and 54 (57.4%) patients were from ≥ 7 to 14 
years old. Most of the admitted patients had sickle cell 
anemia (91.5%) and only 8.5% of them had sickle/β 
thalassemia. Regarding the long-term treatment modal
ities; 61 (64.9%) children were on regular folic acid 
tablets, 37 (39.4%) children were taking oral penicillin 
V (ospen) daily and 30 (31.9%) children were taking 
hydroxyurea (HU) (Table 1). Regarding treatment given 
during the admission, all patients received intravenous 
fluids, 61 patients (64.9%) received analgesics, 23 
patients (24.5%) received antibiotics and 29 patients 
(30.9%) needed blood transfusion. All patients were dis
charged safely from the hospital with complete recovery.

The causes of hospital admissions of the studied chil
dren are demonstrated in Figure 1. In this study, the most 
common cause of hospitalizations among our children was 
vaso-occlusive crisis (VOC) (64.9%), 45.7% of them pre
sented with pain in the limbs (Figure 2). Infections repre
sent the second cause of hospitalizations among our 
patients (24.5%) in the form of herpetic stomatitis, viral 
upper respiratory tract infections, severe gastroenteritis, 
encephalitis and osteomyelitis. The third cause of hospita
lization was acute chest syndrome (18.1%). Acute hemo
lytic crisis represented 12.8% of the causes of 
hospitalization.

Regarding the relation between the causes of admis
sions and gender, we found no significant difference 
between males and females regarding the different causes 
of hospital admissions (p >0.05). Also, we did not find any 
significant difference between Saudi and non-Saudi chil
dren regarding the causes of admissions (p >0.05). 
Analyzing the causes of admissions in relation to age 
groups, we found a significant higher percent of painful 
crises (VOC) (p = 0.02), limb pain (p = 0.027) and back 
pain (p = 0.042) among children > 7 to 14 years old. 
However, infection was significantly higher among chil
dren less than 7 years old (p=0.003) (Table 2).

The median (IQR) length hospital stay among children 
with SCA was 4 (2) days. We statistically analyzed the 
length of hospital stay in relation to age groups, gender, 

Table 1 Basic Characteristics of the Studied Group

Basic Characteristics Study Group 
(n=94)

Number %

Age
< 7 years 40 42.6

≥ 7–14 years 54 57.4

Sex
Male 56 59.6

Female 38 40.4

Nationality
Saudi 51 54.3
Non-Saudi 43 45.7

Diagnosis
SCD 84 89.4

Sickle thalassemia 10 10.6

Treatment Modalities
Oral penicillin V (ospen) 37 39.4

Folic acid tablets 61 64.9
Hydroxyurea 30 31.9

Blood transfusion
Regular 26 27.7

On demand 68 72.3

Length of hospitalization (days) (mean ± SD) 4.1 ± 1.94

Minimum 1 day

Maximum 10 days

Hematologic parameters (mean ± SD)

White blood cells (109/l) 17.1 ± 7
Hemoglobin (g/dl) 8.2 ± 1.5

Platelets (109 /l) 380.7 ± 301.4

Reticulocyte count (%) 5.5 ± 2.2
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causes of admission and medications. We observed 
a significantly higher percent of children who stayed in 
the hospital for more than 4 days among children admitted 
due to infection (p=0.01) and ACS (p < 0.001). Also, 
a significantly higher percent of children who were non- 
compliant to HU stayed for more than 4 days in the 
hospital (p = 0.04) (Table 3). Forty (42.6%) children had 
history of recurrent hospital admissions (≥3 admissions / 
year). We found a statistically significantly relation 
between recurrent hospital admissions and non- 
compliance to HU intake (p = 0.002). However, there 
was no statistical relation between regular blood transfu
sions and frequency of hospital admissions (p =0.98).

Discussion
Chronic conditions such as SCA require frequent utiliza
tion of the health services at different levels. These ser
vices include screening, vaccinations, drugs, blood 
transfusion and hospitalizations for different reasons. All 
these measures are provided to reduce patients’ morbidity 
and mortality but cause significant economic burden on the 
health system.14

Vaso-occlusive crisis is due to obstruction of the 
microcirculation by sickled red blood cells, leading to 
ischemic injury of the affected organ and pain. Painful 
crises represent the most distinguishing clinical feature of 
SCD and are the leading cause of emergency department 
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Figure 1 Bar-chart showed the different causes of admissions among children with SCA.
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Figure 2 Bar-chart showed the frequency of vaso-occlusive crisis by body region.
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visits and hospital admissions for affected patients.15 The 
present study showed that VOC was the most common 
cause (64.9%) of hospitalizations among children with 
SCD. These results are consistent with the studies done 
in Nigeria, Kuwait, Iraq, and Oman who reported VOC 
among 61.5%, 63.2%, 73.8% and 83% of their admitted 
patients respectively.7,16–18 Previous Saudi studies done 
in Al-Madinah Al-Munawarah and Makkah Al- 
Mukarramah reported similar results in which VOC was 
the main cause of hospitalizations among their studied 
group of patients with a percent of 49.7% and 55.9% 
respectively.11,19 VOC is considered one of the most 
common causes for hospitalizations in most of studies 
and this may be attributed to that those children are 
usually physically active without taking care of proper 
hydration which predisposes them to dehydration and 
thrombosis.20

The majority of children included in our study were 
presented with limb and back pains with a significantly 
higher frequency among children between 7 and 14 years 
old. Most children with SCA experience painful crisis, of 
variable severity and frequency, by the age of 6 years. Pain 
can affect any part of the body but frequently affects the 
extremities, back and chest areas. Bone pains in VOC 
result from infarction of the bone marrow, which usually 
involve bones where the bone marrow is active which 
varies according to the age of the patient. Acute dactylitis 
is the most common presentation in the first 18 months of 
life due to affection of the metatarsals and metacarpals. As 
the child grows older, pain often involves the long bones, 
sites that retain marrow activity during childhood. 

Proximity to the joints and occasional sympathetic effu
sions lead to the belief that the pain involves the joints.19

In the present study, infection was the second cause of 
hospitalization among our patients. This was consistent 
with a study done in Basra, Iraq7 who found that infections 
were the second common cause of hospitalizations with 
a percentage of 9.3%. Regarding previous studies done in 
Saudi Arabia there were difference in the percentage of 
infection rates among patients with SCA. An earlier study 
done in Al-Madinah Al-Munawarah in 1998, infection was 
the second cause of hospital admissions with a percent of 
67.9%.5 However, in 2019 another study which was con
ducted at the Maternity and Children Hospital in Al- 
Madinah Al-Munawarah reported a regression of infection 
to be the third cause of admissions with a percentage of 
17.5%.11 Patients with SCA have several factors that make 
them more liable to severe bacterial infections, however, 
the most important of which is poor splenic function.21

ACS is the most common cause of morbidity and 
mortality in children and adults with SCD. It accounts 
for about 25% of deaths and can follow VOC. It can be 
triggered by hypoxia due to hypoventilation of the chest 
caused by VOC. Also, it can also occur as a result of fat 
embolism originating from the distal bone in VOC.22 ACS 
was the third cause of admissions among our patients 
(18.1%). This is consistent with previous studies done by 
Hawasawi et al in Saudi Arabia,5 and by Salman and 
Hassan in Iraq, who found ACS to be the third cause of 
admissions among their patients.7 In another study con
ducted in Kuwait, acute chest syndrome was the fourth 
reported cause of admissions among children with SCA 
(6.6%).16

In the present study, we analyzed the relation between 
different causes of admissions and patient’s age and sex. 
We did not find a significant relation between gender and 
different causes of hospital admissions among children 
with SCA. Similarly, Abd Elmoneim et al11 reported no 
significant difference between males and females regard
ing causes of hospitalization. When considering the causes 
of admissions in relation to age group, we found that 
painful crises, limb and back pains were significantly 
more common among children between 7 and 14 years 
old. However, infections were found to be significantly 
more in children < 7 years old. Abd Elmoneim et al11 

reported that younger children aged < 12 years showed 
significantly high frequency of acute chest syndrome 
(26.5%) but acute painful crisis (66.4%) was significantly 
reported in older patients (age ≥12 years). This may be 

Table 2 Relation Between Causes of Hospital Admissions and 
Age Group Among the Studied Group

Clinical 
Presentation

Age Group (n= 94) P-value

< 7 Years 
(n= 40)

≥ 7 Years 
(n= 54)

Painful crisis (n=61) 21 (34.4%) 40 (65.6%) 0.02*

Limb pain (n=43) 13 (30.2%) 30 (69.8%) 0.03*

Back pain (n=32) 9 (28.1%) 23 (71.9%) 0.04*
Abdominal pain (n=16) 7 (43.8%) 9 (56.2%) 0.92

Acute chest syndrome 

(n=17)

9 (52.9%) 8 (47.1%) 0.34

Acute hemolytic crisis 

(n=12)

5 (41.7%) 7 (58.3%) 0.95

Infections (n=23) 16 (69.6%) 7 (30.4%) 0.003*
Recurrent crisis (n=40) 15 (37.5%) 25 (62.5%) 0.39

Notes: n = number, chi-square test; *Significant value.
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explained by that acute chest syndrome is probably trig
gered by chest infection and younger children are more 
susceptible to both chest infection in addition to 
gastroenteritis.22

Regarding the length of hospital stay we found a higher 
rate of prolonged hospitalization (>4 days) among children 
who were admitted with infection and ACS, as well as, 

among children who are non-compliant to HU. Similarly, 
Salman and Hassan reported that the use of HU was 
associated with shorter length of hospital stay and fewer 
hospital readmissions.7 Also, we found that non- 
compliance to HU was significantly related to recurrent 
hospital admissions. Previous studies showed that HU 
improves hematological parameters and has a role in the 

Table 3 The Length of Hospital Stay in Relation to Different Factors

Variables Length of Hospital Stay p-value

≤ 4 Days > 4 Days

Number % Number %

Gender Females 23 39.7% 15 41.7% 0.847
Males 35 60.3% 21 58.3%

Age groups < 7 years 22 37.9% 18 50.0% 0.25
≥ 7 years 36 62.1% 18 50.0%

Nationality Non-Saudi 26 44.8% 17 47.2% 0.821
Saudi 32 55.2% 19 52.8%

VOC No 17 29.3% 16 44.4% 0.135
Yes 41 70.7% 20 55.6%

Limb pain No 32 55.2% 19 52.8% 0.821
Yes 26 44.8% 17 47.2%

Back pain No 34 58.6% 28 77.8% 0.057
Yes 24 41.4% 8 22.2%

Abdominal pain No 49 84.5% 29 80.6% 0.622
Yes 9 15.5% 7 19.4%

Generalized pain No 52 89.7% 29 80.6% 0.214
Yes 6 10.3% 7 19.4%

Infections No 49 84.5% 22 61.1% 0.01*
Yes 9 15.5% 14 38.9%

ACS No 55 94.8% 22 61.1% <0.001*
Yes 3 5.2% 14 38.9%

Hemolytic crisis No 48 82.8% 34 94.4% 0.099
Yes 10 17.2% 2 5.6%

Recurrent crisis No 35 60.3% 19 52.8% 0.471
Yes 23 39.7% 17 47.2%

Ospen No 39 67.2% 18 50.0% 0.096
Yes 19 32.8% 18 50.0%

Folic acid No 19 32.8% 14 38.9% 0.55
Yes 39 67.2% 22 61.1%

HU No 35 60.3% 29 80.6% 0.04*
Yes 23 39.7% 7 19.4%

Notes: chi-square test, *Significant value. 
Abbreviations: VOC, vaso-occlusive crisis; ACS, acute chest syndrome; HU, hydroxyurea.
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reduction of the complications related to SCD (mainly 
acute painful crises), the required hospitalizations, and 
the length of hospital stay.23,24

Conclusion
Forty (42.6%) children had history of recurrent hospital 
admissions (≥3 admissions /year). The most common 
cause of hospitalisation among children with SCD in 
a group of private hospitals in Jeddah, Saudi Arabia was 
VOC which reached up to 70%. Other causes included in 
order; infection, ACS and acute anemia. The length of 
hospital stay was more prolonged among patients with 
infection and ACS. Non-compliance to medications was 
the main underlying factor for admission and prolonged 
stay at hospital. Physicians should pay more attention to 
patient education concerning the importance of good 
hydration especially in countries with warm weather, and 
the compliance to medications like oral penicillin V and 
hydroxyurea.
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Background: Thrombocytopenia is a common disorder of HIV (human immunodeficiency 
virus) infection. The magnitude of thrombocytopenia and associated factors among HIV- 
infected patients receiving ART (anti-retroviral treatment) are not studied well in this study 
area. The aim of this study was to determine the prevalence of thrombocytopenia and 
associated factors in pre- and post-ART patients who attended Debre Berhan Referral 
Hospital (DBRH) in North-East Ethiopia.
Methods: A hospital-based cross-sectional study was conducted from October to 
December 2020 in DBRH, North-East Ethiopia. From the total ART patients, 272 study 
participants were selected randomly. Socio-demographic variables and clinical characteristics 
of the patients were collected by standard questionnaires. Measurement of platelet count and 
CD4 count were made by Sysmex XT2000i hematology machine and BD FACS count 
analyzer, respectively. Data were analyzed with SPSS software version 23 and multivariate 
logistic regression was done. P-value less than 0.05 was taken as statistically significant.
Results: The prevalence of thrombocytopenia was 22.7% with 95% CI: 17.8–27.5 in pre- 
ART and 14.7% with 95% CI: 11.0–19.9 in post-ART HIV-infected patients with 
a significant difference at P <0.0001. HIV patients with CD4 counts <200 cells/µL were 
more likely to have thrombocytopenia (35.0%) than patients with CD4 counts ≥200 with a P 
<0.04 in pre-ART patients. Patients on zidovudine (AZT)-based therapy were more likely to 
have thrombocytopenia (16.3%) than patients on tenofovir (TDF)-based therapy (14.8%) 
with P<0.79; however, this did not show any significant association.
Conclusion: The prevalence of thrombocytopenia decreased significantly after the begin
ning of ART. HIV patients with low CD4 count and on AZT-based treatment showed high 
risk of thrombocytopenia. According to this study, thrombocytopenic patients were observed 
even after the initiation of ART. As a result, to decrease thrombocytopenic associated 
mortality and morbidity, there should be continuous screening for HIV-infected patients.
Keywords: ART, HIV, thrombocytopenia, Ethiopia

Introduction
HIV infection is characterized by progressive damage to the body’s immune system 
which results in a number of opportunistic infections, and immunological and 
hematological complications.1 Hematological abnormalities, which can involve all 
lineages of blood cells and include anemia, thrombocytopenia as well as leucope
nia, are the most common complications of HIV infection.2 Among these, throm
bocytopenia is a frequent complication and it can occur at any stage of HIV 
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infection.3 Thrombocytopenia is the second most common 
complication next to anemia and is found in 3–40% of 
individuals with HIV infection.4 The cause of thrombocy
topenia has not yet been established.5 The possible 
mechanism may include immune-mediated platelet 
destruction, impaired megakaryocytes or a direct attack 
of megakaryocytes by HIV virus, hypersplenism, opportu
nistic infections, malignancy, and myelosuppression effect 
of medication.5–7

Thrombocytopenia has been linked to adverse sequelae 
and is regarded as an independent predictor of morbidity 
and mortality among HIV-infected group, owing to 
increased risk of bleeding, which may occur in mucus 
membranes, skin, soft tissue and intracranial sites.8 It is 
associated with increased morbidity and mortality, accel
erated deterioration in CD4 counts and accelerated pro
gression to full-blown acquired immunodeficiency 
syndrome (AIDS).9

Immune thrombocytopenic purpura (ITP) is the most 
common cause of thrombocytopenia in HIV-infected indi
viduals, and often occurs at the initial stages of infection.10 

The pathogenesis of ITP is still not clear, but both anti
body mediated and T-cell mediated processes seem to be 
involved in ITP-associated platelet destruction.10 HIV- 
associated ITP remains an important clinical problem in 
the era of the widespread use of ART. Although most 
patients respond to primary ITP treatment and there are 
few treatment-related complications, nearly all patients 
require retreatment for recurrent ITP.11

Several studies reported that the prevalence of throm
bocytopenia was higher in ART naive patients compared 
with patients who were on ART.4,8,12 For instance, a study 
conducted in Uganda showed that the prevalence of throm
bocytopenia was 17.8% in ART naive patients and 13.0% 
in patients on ART.8 Another study conducted in Addis 
Ababa, Ethiopia reported that the prevalence of thrombo
cytopenia was 25% in ART naïve patients and 5.7% in 
patients who took ART at least for six months.12

The highest prevalence of thrombocytopenia was asso
ciated with low CD4 counts,2,8 advanced stages of HIV/ 
AIDS, and patents on zidovudine (AZT) based therapy,8,12 

but the prevalence of thrombocytopenia did not differ by 
sex, ethnicity or age.2,13 Many commonly used antiviral 
drugs affect platelet count and activation. Combined ART 
(cART) alone is often sufficient to correct thrombocytope
nia, and the development of recurring thrombocytopenia 
upon cART discontinuation in some patients further 
strengthens the correlation.14 The ability of the nucleoside 

analog reverse transcriptase inhibitor (NRTI) azidothymi
dine (AZT, zidovudine) to affect platelet number has been 
extensively studied alone and in cART and AZT is 
reported to produce myelodysplastic syndrome with 
thrombocytopenia in mice.15 Although hematologic 
abnormalities have been widely reported in HIV-related 
infection, there are few data on the prevalence of throm
bocytopenia and associated factors among HIV-infected 
patients in pre- and post-antiretroviral treatment in 
Ethiopia. This study provides further information on HIV- 
associated thrombocytopenia, and it can serve as 
a baseline for future studies. The aim of this study is to 
determine the prevalence of thrombocytopenia and asso
ciated factors in pre- and post-ART among HIV patients 
who attended the ART clinic at DBRH, North-East 
Ethiopia.

Methods and Materials
Study Area
This study was conducted at the ART clinic of DBRH, 
which is located in Debre Berhan town, North Shewa 
zone, Amhara region, North East Ethiopia. This institution 
was selected based on the availability of patients from all 
parts of the zone and this hospital is the only hospital 
serving as both a teaching and referral hospital in this 
zone. Beginning from September to December 2020, 
about 2015 patients were on ART at DBRH.

Study Period
The study was conducted from September to 
December 2020.

Study Design
A hospital-based cross-sectional study was conducted.

Source Population
All adult HIV-infected people who were enrolled at the 
ART clinic of DBRH.

Study Population
All adult HIV-infected people who fulfilled the inclusion 
criteria were included in this study.

Inclusion and Exclusion Criteria
Age above or equal to 18 years old, HIV-infected indivi
duals who have been taking ART for at least six months, in 
DBRH were included in this study. Pregnant women, 
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referred patients, patients with hematologic disorders, or 
severely sick patients during the data collection period 
were excluded from this study.

Sample Size Determination
The sample size was calculated by a single population 
statistical formula as follows:

N = z2 (p (1-p)/d2, we consider the prevalence of 
thrombocytopenia = 19% from a study done previously.2 

5% level of precision(d), with 95% confidence interval and 
15% non-response rate were added. Substituting the 
values on the above-mentioned formula, n = 1.962 

(0.19*0.81)/0.052 236.48 after the non-response rate was 
added, gave the final sample size of approximately 272.

Sampling Technique and Procedures
The samples in this study were collected randomly by 
a lottery method until the desired sample was reached 
from the study population who can fulfill the inclusion 
criteria at the time of study period.

Study Variables
Dependent Variable
Prevalence of thrombocytopenia.

Independent Variables
Age, sex, clinical stages of HIV infection, CD4 count, and 
types of ART drugs.

Data Collection and Procedures
The standard questionnaire was prepared after observing 
of several literatures, and data were collected by trained 
ART clinic staff nurses. Socio-demographic information 
and clinical characteristics of the patients were collected 
in face to face interviews and a review of medical regis
tration books. Blood samples were then collected by 
laboratory technicians and sent for hematology analysis. 
According to standard procedures, platelet count and CD4 
cell counts were done by using Sysmex XT2000i hema
tology analyzer and BD FACS count system, respectively. 
To enhance the quality of data, the standard procedures 
were followed in every aspect of the procedures and 
quality of CD4 and hematology analyzer was checked by 
running the quality control along with each 
patient’s sample. Beside that we trained the data collectors 
and a pre-test of the questionnaire was made plus the 
collected data was checked each day by the principal 
investigators.

Thrombocytopenia is defined as platelet counts less 
than 150,000 cells/µL. It was further classified as mild 
(100,000–150,000 cells/µL), moderate (50,000–100,000 
cells/µL) and severe thrombocytopenia (platelet counts 
<50,000 cells/µL).12

Data Processing and Analysis
Data were coded and entered by EPI data software version 
3.1 and exported to SPSS software version 23 for analysis. 
The results of descriptive data were presented as frequency 
and percentages, whereas the continuous variables were 
expressed as mean ± standard deviation. Univariate analy
sis was performed to determine the associations between 
dependent and independent variables using crude odds 
ratio (COR) with a 95% confidence interval (CI). Those 
independent variables with a P <0.2 in univariate analysis 
were included in multivariate logistic regression models. 
P <0.05 in multivariate logistic regression was considered 
as a statistically significant association.

Result
General Characteristics of the Study 
Participants
Among the 272 study participants, 110 (40.4%) were 
males and 162 (59.6%) were females. The mean age of 
the study participants was 40.494±10.88 years. Most of the 
study participants were WHO stage I category in pre-ART 
patients.

Platelet Counts and CD4 Counts of Study 
Participants
The mean platelet count was 184.94±58.02X103/µL in pre- 
ART patients and 294.32±83.7/µL in patients on ART 
(P<0.0001). The mean CD4 count showed an increment 
from 264.75±184.5 cells/µL in pre-ART patients to 
544.0261.3cells/µL in post-ART patients (P<0.0001). The 
most widely used ART regimen in this study was 1j (TDF- 
3TC-DTG) (Table 1).

Thrombocytopenia and Associated 
Factors in Pre-ART Patients
The overall prevalence of thrombocytopenia in pre-ART 
patients was 62 (22.7% with 95% CI: 17.8–27.5), out of 
this the prevalence of thrombocytopenia was 27.27% in 
males and 19.4% in females. From the total thrombocy
topenic patients before ART, 73.8%, 23.0%, and 3.3% 
had mild, moderate, and severe thrombocytopenia cases 
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respectively (Figure 1). In the current study the majority 
of thrombocytopenia cases (28.81%) was observed in the 
age group ≥ 50 years, however, the difference was not 
statistically significant. HIV patients who had low CD4 
counts (<200) were significantly associated with the 
highest prevalence of thrombocytopenia with a P <0.04 
(Table 2).

Thrombocytopenia and Associated 
Factors in Post-ART Patients
The prevalence of thrombocytopenia was 40 (14.7% with 
95% CI: 11.0–19.9) in post-ART patients. Of these 
patients, 80.0%, 17.5%, and 2.5% had mild, moderate, 
and severe thrombocytopenia (Figure 1). The prevalence 
of thrombocytopenia was decreased significantly after 
initiation of ART by 8.0% (P <0.0001). Out of the total 
thrombocytopenic patients 16.51% were males and 
13.58% were females. The highest prevalence of thrombo
cytopenia was 16.33%, which was observed in the age 
groups between 30–39 years compared with the other 
age groups. The probability of having thrombocytopenia 
was high in patients on AZT-based therapy compared with 
TDF-based therapy. The prevalence of thrombocytopenia 
was 15.38% in patients whose CD4 counts were <200 
cells/µL, while the prevalence of thrombocytopenia in 
patients whose CD4 counts were ≥350 cells/µL was 
15.21% (Table 3).

Discussion
Hematological disorders are common among HIV-infected 
individuals.1,4,11 Thrombocytopenia is a common hemato
logical syndrome of HIV/AIDS-infected patients,9,12 

which is not affected by age group or gender difference.2

In the current study the prevalence of thrombocytope
nia was 22.7% in pre-ART patients and 14.7% in post- 
ART patients. A similar study done in Uganda showed that 
the prevalence of thrombocytopenia was 17.8% in ART 
naive patients and 13.0% in patients on ART at least for 
six months.7 Another study conducted in Addis Ababa, 
Ethiopia reported that the prevalence of thrombocytopenia 
before initiation of ART was 25.0% and it was 5.7% after 
six months of ART .9 This variation may be due to 
differences in cut-off value platelet counts for the defini
tion of thrombocytopenia, sample size, study design and 
study area.

In the current study the prevalence of thrombocytope
nia in post-ART patients was decreased; this might be due 
to the possibility of opportunistic infections, hematologic 
and immune mediated related disorders being reversed in 
post–ART patients9,13 In this study the prevalence of 
thrombocytopenia did not show any statistical 
significant differences among age groups, or gender dif
ference. This was in agreement with a previous study.1

Table 1 Socio-Demographic and Clinical Characteristics of HIV- 
Positive Patients Taking ART at DBRH, North-East Ethiopia, 2020

Variables Frequency Percentage

Age in years

18–29 34 12.5
30–39 97 35.9

40–49 82 30.0

≥50 59 21.6

Sex

Male 110 40.4

Female 162 59.6

Marital status

Single 23 49.8

Divorced 39 27.5

Married 135 8.4
Widowed 75 14.3

Educational status

Illiterate 74 27.1

Primary school 92 33.7
High school 63 23.1

Certificate and above 44 16.1

WHO clinical stages

Stage I 144 52.9
Stage II 36 13.2

Stage III 87 31.9

Stage IV 5 1.8

Types of ART regimen

1c 14 5.1

1d 10 3.7

1e 75 27.6
1j 130 47.8

2f 19 7.0

2h 18 6.6
Not registered 6 2.2

Notes: 1c = AZT-3TC-NVP, 1d = AZT-3TC-EFV, 1e = TDF-3TC-EFV, 1f = TDF- 
3TC-NVP, 1j = TDF-3TC-DTG, 2f = AZT-3TC-ATV/r, 2h = TDF-3TC-ATV/r.
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This study showed that the prevalence of thrombocy
topenia in pre-ART patients was significantly associated 
with low CD4 counts (<200) with a P<0.04. Similar to this 
result a study conducted in China reported that thrombo
cytopenia was significantly associated with low CD4 

counts in pre-ART patients.14 However, the prevalence of 
thrombocytopenia after the commencement of ART did 
not show a statistically significant difference after initia
tion of ART. This finding is supported by another study 
done in Gondar, Ethiopia which showed that the 

Figure 1 Degree of thrombocytopenia among HIV-infected patients on ART in DBRH, North-East Ethiopia.

Table 2 Thrombocytopenia and Associated Factors in Pre-ART HIV-Infected Patients Attending DBRH, North –East Ethiopia, 2020

Variables Thrombocytopenia COR AOR P-value

Yes (%) No (%)

Age in groups

18–29 8(23.5%) 26(76.5%) 1.32(0.49–3.48) 1.22(0.44–3.36) 0.28
30–39 15(15.3%) 83(84.7%) 2.24(1.02–4.92) 1.93(0.84–4.44)
40–49 22(26.8%) 60(73.2%) 1.1(0.52–2.32) 0.94(0.43–2.07)

≥50 17(28.8%) 42(71.2%) 1 1

Sex

Male 30(27.3%) 80(72.7%) 0.63(0.36–1.12) 0.74(0.4–1.38) 0.35
Female 31(19.1%) 131(80.9%) 1 1

WHO clinical stages

Stages I & II 34(18.8%) 147(81.2%) 1.89(1.1–3.38) 1.58(0.84–2.95) 0.15
Stages III & IV 28(30.4%) 64(69.6%) 1 1

CD4 counts (cells/µL

<200 41(35.0%) 76(65.0%) 0.33(0.16–0.69) 0.42(0.18–0.92) 0.04

200–349 10(12.0%) 73(88.0%) 1.29(0.52–3.25) 1.42(0.55–3.67)
≥350 11(15.1%) 62(84.9%) 1
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prevalence of thrombocytopenia did not show a statistical 
significance with a P-value of 0.129.3 This difference in 
results might be due to the increment of CD4 count after 
the initiation of ART.15 In this study the risk of thrombo
cytopenia was higher in WHO clinical stages III and IV 
compared with WHO clinical stages I and II. This finding 
was in agreement with a previous study.7

The current study revealed that patients on an AZT-based 
ART regimen had a higher prevalence of of thrombocytope
nia compared with those on a TDF-based regimen. A study 
conducted in Ethiopia showed the prevalence of thrombocy
topenia was higher among HIV-infected patients after the 
initiation of ART.9 However, there was no significant asso
ciation between the presence of thrombocytopenia and types 
of ART-based regimen. The high prevalence of thrombocy
topenia observed in zidovudine-based therapy could be due 
to destruction of both platelets and mega karyotypes by an 
immune-mediated reaction which can occurin a zidovudine 
containing ART-regimen.16

Conclusion
In the present study the prevalence of thrombocytopenia 
decreased significantly after the initiation of ART. HIV 
patients with low CD4 counts, advanced clinical stages 
and on AZT-based therapy had ahigh chance of developing 
thrombocytopenia. According to this study, the 

thrombocytopenic patients were observed even after the 
initiation of ART. In order to decrease thrombocytopenic 
associated mortality and morbidity there should be contin
uous screening for HIV-infected patients.

Abbreviations
AIDS, acquired immunodeficiency syndrome; ART, anti
retroviral therapy; AZT, zidovudine; CD4, cluster of dif
ferentiation; HIV, human immunodeficiency virus; TDF, 
tenofovir; WHO, World Health Organization.
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Table 3 Thrombocytopenia and Associated Factors in HIV-Infected Patients on ART Attending DBRH, North –East Ethiopia, 2020

Variables Thrombocytopenia COR AOR P-value

Yes (%) No (%)

Age in groups

18–29 4(11.8%) 30(88.2%) 1.35(0.38–4.77) 1.35(0.38–4.79) 0.86
30–39 16(16.3%) 82(83.7%) 0.92(0.38–2.25) 0.87(0.36–2.13)
40–49 11(13.6%) 70(86.4%) 1.15(0.44–2.97) 1.15(0.44–3.03)

≥50 9(15.3%) 50(84.7%) 1 1

Sex

Male 18(16.5%) 91(83.5%) 0.79(0.4–1.56) 0.79(0.39–1.58) 0.49
Female 22(13.6%) 140(86.4%) 1

ART regimen

AZT based 7(16.3%) 36(83.7%) 0.89(0.37–2.12) 0.88(0.35–2.21) 0.79
TDF based 33(14.8%) 190(85.2%) 1

CD4 counts (cells/µL

<200 2(15.4%) 11(84.6%) 0.97(0.21–4.65) 0.96(0.19–4.78) 0.86

200–349 5(11.9%) 37(88.1%) 1.33(−0.49–3.63) 1.34(0.47–3.79)
≥350 33(15.2%) 184(84.8%) 1
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Background: Iron overload is a major problem in patients with transfusion-dependent beta- 
thalassemia (TDT). Reports on the correlation between iron overload and endocrine function 
with growth retardation in such a population in Indonesia have not been established. 
Therefore, this study aims to obtain a profile of iron load and endocrine function of adult 
transfusion dependent beta-thalassemia patients and their correlation with growth retardation.
Methods: A cross-sectional study was performed, involving adult homozygous and HbE 
beta-thalassemia patients receiving blood transfusions at the Cipto Mangunkusumo Hospital, 
Jakarta. Iron overload was represented by serum ferritin (FS) and transferrin saturation (TS), 
while the endocrine function was examined by the Thyroid Stimulating Hormone-sensitive 
(TSHs), free T4 (fT4), and insulin-like growth factor-1 (IGF-1). The results were analyzed 
using bivariate analysis plus Pearson and Spearman correlation tests.
Results: In general, 58 subjects were selected from 224 adult transfusion dependent beta- 
thalassemia patients, consisting of 31 males (53.4%) and 27 females (46.6%). Furthermore, 
their median age was 21 (18–24) years, while the subclinical hypothyroid proportion was 
32.7% and low IGF-1 levels were detected in 79.3% of the total population. There was 
a weak negative correlation between FS and fT4 (Spearman rho=−0.361; p=0.003), as well 
as IGF-1 (Spearman rho=−0.313; p=0.008), but FS and TSHs had no correlation (Spearman 
rho=0.074; p=0.29). Also, there was no correlation between ST with TSHs (Spearman 
rho=0.003; p=0.492), fT4 (Spearman rho=0.018; p=0.448), and IGF-1 (Spearman rho= 
−0.142; p=0.143).
Conclusion: Based on serum ferritin, iron overload is discovered to have a negative 
correlation with free T4 and insulin-like growth factor-1.
Keywords: IGF-1, TSHs, fT4, serum ferritin, transferrin saturation, transfusion-dependent 
thalassemia

Background
Thalassemia is a hereditary disease caused by a defect in the synthesis of globin. 
Moreover, beta-thalassemia is the commonest type, affecting about 80–90 million 
people or 1.5% of the global population. Indonesia is one of the countries with 
a high thalassemia prevalence of the disease, where the beta-thalassemia trait carrier 
is estimated as about 3–10%.1,2 With a population of approximately 250 million and 
a 20% birth rate, about 5000 babies are predicted to be born with beta-thalassemia. 
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Based on the data from Cipto Mangunkusumo Hospital 
(RSCM) in 2016, 9031 people were suffering from thalas
semia major in Indonesia. Also, up to 441 adult patients 
(age over 18 years) were recorded in Kiara thalassemia 
and Hematology-oncology department of Internal 
Medicine clinics.3

Thalassemia major (TM) is one of the thalassemia phe
notypes characterized by severe anemia. Patients with TM 
require regular red blood cell transfusions, which are man
datory for their survival, therefore this condition is called 
TDT. Repeated red blood cell transfusions lead to iron over
load in tissues or organs, thereby causing an impairment 
called iron toxicity which has several targets including the 
endocrine system. In addition, endocrine disorders are often 
detected in those suffering from TDT. Some studies indicated 
approximately 40–50% of thalassemia patients that received 
adequate transfusion therapy remained to have endocrine 
disorders such as a decrease in hormone levels or substances 
produced by the endocrine organs.4–8

Many of the thalassemia patients in Cipto 
Mangunkusumo Hospital experience growth retardation 
which has an impact on their psychosocial development. 
Several factors contribute to the development of growth 
retardation such as inadequate transfusion causing chronic 
anemia, iron overload, malnutrition, and desferrioxamine 
toxicity. Iron overload in endocrine organs leads to hypo
gonadism, disorders of growth hormone-insulin-like 
growth factor 1 (GH-IGF-1) axis, and hypothyroidism.9–12

Iron toxicity is caused by an overload of the respective 
element, a condition related to non-transferrin-bound iron 
(NTBI). Furthermore, NTBI examination has not been 
standardized and is not available in Indonesia, but TS is 
used as a surrogate marker of this process.13–15

T2* MRI is the gold standard for assessing iron overload 
and toxicity.16,17 However, in centers with limited resources, 
serum ferritin (SF) is often used to assess iron overload. 
Besides, the pancreas is an endocrine organ routinely mea
sured using MRI T2*. The examination has become 
a standard procedure in developed countries, but it is still 
only used for study purposes in Indonesia. Since this sophis
ticated modality is not available nationwide, TS and SF are 
targeted to be used as surrogate markers of iron overload.

Soesanti et al18 conducted a study on 67 children with 
thalassemia in 2012. The result showed the prevalence of 
endocrine disorders as follows: 64% growth retardation, 
41% hypothyroidism, and 20% late puberty. There is no 
publication of endocrine function in adult TDT beta 
patients with growth retardation in Indonesia yet. 

Therefore, this study aims to determine the correlation 
between iron overload and endocrine function.

Methods
This was a cross-sectional study that obtained a profile of 
iron load and endocrine function correlation in adult beta 
TDT patients with growth retardation in Cipto 
Mangunkusumo Hospital in December 2017. The endo
crine function was observed by the thyroid hormone levels 
(Thyroid Stimulating Hormone-sensitive/TSHs and free 
T4/fT4) and insulin-like growth factor-1 (IGF-1).

Patients diagnosed with beta-thalassemia and beta-HbE 
(with high-performance liquid chromatography/HPLC or 
microcapillary) aged 18 years with growth retardation 
were included as subjects. The exclusion criteria were 
HbsAg or anti-HCV positive patients or when the subject 
did not agree to participate. This study was approved by 
the Ethical Committee of the Faculty of Medicine, 
Universitas Indonesia, as listed on the Ethical Approval 
Letter number 1133/UN.2.F1/ETIK/2017. All patients pro
vided appropriate informed consent and were treated in 
accordance with the Declaration of Helsinki.

The subjects were recruited consecutively from Kiara 
thalassemia Polyclinic and Hematology-oncology depart
ment of Internal Medicine clinic. Each of them passed 
through venous blood sampling prior to the transfusion 
process. The blood samples collected were up to two 
tubes, namely 7 mL and 3 mL in size. The TSHs, FT4, 
Ferritin, SF, and TS examinations were performed at the 
clinical pathology laboratory of Cipto Mangunkusumo 
Hospital Jakarta, using chemiluminescence immunoassay 
(CMIA) method by Abbott™ Architect® i1000/i2000 
device. Levels of SI and TIBC were measured using the 
direct colorimetric method by Abbott™ Architect® c4000/ 
8000 device. Meanwhile, IGF-1 level was measured using 
the Solid-Phase method Electro-Chemiluminescence 
Immunoassay (ECLIA) by Siemens™ Immulite® 1000.

The data obtained were analyzed using Pearson’s corre
lation test for those with normal distribution or Spearman 
correlation test for the ones with an abnormal (non- 
parametric) distribution. Since data distribution was abnor
mal, the nonparametric Spearman correlation was used.

Results
In December 2017, 68 people were diagnosed with growth 
retardation among 224 adult TDT beta patients in Kiara 
thalassemia Polyclinic and Hematology-oncology depart
ment of Internal Medicine clinic. Then, 10 of the 68 that 
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met the inclusion criteria were not willing to continue, 
therefore only 58 completed the study.

The subjects were 27 (46.6%) females and 31 (53.4%) 
males (Table 1). Furthermore, their median age was 21 years, 
with a range of 18 to 24 years. The number of homozygous 
beta-thalassemia patients was 31 (53.4%) and those with HbE 
beta-thalassemia were 27 (46.6%). The Mid Parental Height as 
a benchmark target for the patient’s height was 161.25 cm. 
Meanwhile, the average height of the subjects was 149.05 cm.

The Proportion of Endocrine Disorders 
on Study Subjects
Table 2 shows the proportion of low IGF-1 was 79.3%, and 
subclinical hypothyroidism was 32.7%. The subclinical 
hypothyroidism was characterized by elevated TSHs (≥5 mu/ 
L) with normal fT4 levels, and most patients had no 
complaints.

The Correlation Between Iron Overload 
and Endocrine Function in Adult TDT 
Beta Patients
The results from Spearman’s test showed no significant corre
lation between transferrin saturation with TSHs, fT4, and IGF- 
1 (Table 3).

Meanwhile, there was a weak significant correlation 
between serum ferritin with fT4 and IGF-1 (r = −0.361; 
p = 0.003 and r = −0.313; p = 0.008), but FS and TSHs 
had no correlation (Table 4)

It can be concluded that there is a negative correlation 
between serum ferritin with fT4 and IGF-1. However, FS 
and TSHs have no correlation, hence transferrin saturation 
does not correlate with TSHs, fT4, and IGF-1.

Discussion
This study is the first to report the proportion of endocrine 
function disorders in adult TDT patients with growth 
retardation and its correlation with iron overload in the 
Indonesian population, particularly in the RSCM Jakarta.

The average values of the subjects’ TSHs and fT4 were in 
the normal range. But, there were 32.7% of patients with 
subclinical hypothyroidism, a condition that has an unclear 
mechanism in TDT beta occurrence. This is probably due to 
thyroid tissue damage causing iron overload which releases 
free radicals, while the pituitary has not been damaged. Low 
TSHs and fT4 levels were not detected, indicating there was 
no serious damage to the pituitary and thyroid glands due to 
iron overload.

In this study, the proportion of low IGF-1 was 79.3% with 
an average median value of 60.5 ng/mL. Poggi et al8 did not 
report the proportion of low IGF-1, but only a mean value of 

Table 2 Proportion of Endocrine Function in Adult Beta TDT 
Patients with Growth Retardation

Variables n (%)

Euthyroid or normal 39 (67.3)

Hypothyroidism 0

Subclinical hypothyroidism 19 (32.7)

IGF-I

Normal 12 (20.7)
Low 46 (79.3)

Abbreviations: TDT, transfusion dependent thalassemia; IGF-1, insulin-like growth 
factor-1.

Table 1 Baseline Characteristics of Research Subject

Variables N = 58

Gender, n (%)

Male 31 (53.4)
Female 27 (46.6)

Diagnosis, n (%)
Homozygous Beta Thalassemia 31 (53.4)

HbE Beta Thalassemia 27 (46.6)

Age (years), median (min-max) 21 (18–24)
Pre-transfusion hemoglobin, mean (SD) 8.98 (1.15)

Weight (kg), median (min-max) 40.9 (27–60)

BMI (kg/m2), median (min-max) 18.79 (14.60– 
76.18)

Height (cm), mean (SD) 149.05 (8.47)

Mid Parental Height/MPH (cm), mean (SD) 161.25 (9.21)
Serum ferritin (ng/mL), median (min-max) 5,340 (355– 

22,352)
Transferrin saturation (%), median (min-max) 100 (9–107)

TSHs (mu/L), median (min-max) 3.36 (0.66–8.4)

fT4 (ng/dL), median (min-max)) 1.11 (0.76–1.96)
IGF-I (ng/mL), median (min-max) 60.5 (24–206)

MRI T2 * Pancreas, median (min-max) 13.41 (3.96–57.4)

Abbreviations: SD, standard deviation; TSHs, thyroid stimulating hormone- 
sensitive; FT4, free T4; IGF-1, insulin-like growth factor-1; MRI, magnetic resonance 
imaging.

Table 3 Correlation Between Transferrin Saturation with TSH, 
fT4 and IGF-1

Variables R P

Transferrin saturation-TSHs 0.003 0.492

Transferrin saturation-FT4 0.018 0.448
Transferrin saturation-IGF1 −0.142 0.143

Abbreviations: TSHs, thyroid stimulating hormone-sensitive; FT4, free T4; IGF-1, 
insulin-like growth factor-1.
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88.2±39.9 ng/mL. However, Rashid et al20 obtained 51.43%, 
and Soliman et al5 obtained 67%. Also, Scacchi et al22 reported 
46.8% and Moayeri, and Oolomi25 discovered 42% in the 
group that was growth retarded. From the description above, 
the proportion of low IGF-1 in this study was greater than in 
previous ones possibly due to the higher iron overload.

Iron overload on the pituitary, thyroid, and liver causes 
iron toxicity that damages the cells playing a role in the 
synthesis of TSH, fT4, and IGF-1. Consequently, the 
levels of these hormones are reduced, leading to hypothyr
oidism or growth retardation.

In the test conducted, transferrin saturation had no sig
nificant correlation with TSH, fT4, and IGF-1. Supposedly 
as a surrogate marker of iron overload, TS correlated with 
endocrine variables. This was probably because transferrin 
saturation measurements were performed only once. Hence, 
the effect of iron overload for a long time was not envi
saged. Similarly, Al-Hakeim et al24 reported there was no 
transferrin saturation correlation with TSH and T4.

There was a weak negative correlation between serum 
ferritin with fT4 and IGF-1 (r = −0.361; p = 0.003 and r = 
−0.313; p = 0.008), but serum ferritin and TSHs had no 
significant correlation (r = 0.074; p = 0.29). The correlation 
between FS with fT4 and IGF-1 showed a decreased fT4 and 
low IGF-1 due to iron overload in the thyroid gland and liver. 
In contrast to Soliman et al19 there is no significant correla
tion between FS and IGF-1. This is related to Eshragi et al21 

that did not obtain any correlation between FS and hypothyr
oidism as well as Zervas et al23 that obtained no correlation 
between FS and thyroid disorders. In other Soliman et al19 

studies, a negative correlation was obtained between FS and 
fT4, however, FS and TSH had no correlation, which is 
similar to this current study.

Conclusions
In general, the proportion of IGF-1 is quite high, namely 
79.3%, while that of subclinical hypothyroidism is 32.7% 
and MRI T2* pancreas is 87.5% in the group of adult TDT 

beta patients that experienced growth retardation. Proportions 
of with low value of in adult patients who experienced a beta 
TDT beta growth retardation. As assessed by serum ferritin, 
there is a negative correlation between iron overload with fT4 
and IGF-1. However, there is no correlation between FS and 
TSHs, hence transferrin saturation does not correlate with 
TSHs, fT4, and IGF-1.
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Abstract: Despite von Willebrand disease (VWD) being the most common inherited 
bleeding disorder, its accurate diagnosis is frequently shrouded by diagnostic pitfalls. 
VWD is frequently under-diagnosed, over-diagnosed and misdiagnosed, leading to signifi
cant avoidable patient morbidity and health care system burden. At the heart of this dilemma 
lies the heterogeneity and complexity of von Willebrand factor (VWF) and associated 
defects, and the necessity of coalescing clinical and laboratory features to obtain an accurate 
diagnosis. Common pitfalls include poor clinical and scientific understanding and familiarity 
with VWD, incomplete clinical history and lack of routine use of standardised bleeding 
assessment tools (BAT), difficulty in accessing a comprehensive repertoire of laboratory 
tests, significant pre-analytical, analytical and post-analytical issues, and lack of expertise in 
laboratory testing and interpretation. Errors, resulting in under-diagnosis, over-diagnosis, and 
misdiagnosis of VWD, are presented and discussed. Strategies to minimise errors include 
better education of clinicians and laboratory staff on VWD, routine use of validated BAT, 
utilising a comprehensive gamut of laboratory investigations according to a standardised 
algorithm, and repeating testing to minimise pre-analytical errors. Recommendations on 
appropriate patient selection for VWD testing, how VWD should be investigated in the 
laboratory, and how to ensure test results are accurately interpreted in the correct clinical 
context are detailed. 
Keywords: von Willebrand disease, VWD, diagnosis

Introduction
von Willebrand disease (VWD) is the most common inherited bleeding disorder.1,2 

Despite this, VWD is one of the most commonly misdiagnosed or overlooked 
entities in everyday clinical practice. Of interest, VWD may be both over- and 
under-diagnosed, as well as misdiagnosed, either as another entity or as a different 
subtype of the disorder. This review will detail the causes underlying the diagnostic 
uncertainties overshadowing VWD and provide solutions on how to overcome 
these.

von Willebrand Disease
VWD was first described by Finnish physician Erik Adolf von Willebrand in 1926, 
following the presentation of a young girl with recurrent episodes of bleeding, 
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which were clinically distinct from haemophilia.3 VWD is 
caused by quantitative or qualitative deficiencies in a 
plasma protein now called von Willebrand factor (VWF). 
VWF is a large, complex protein that has essential roles in 
primary and secondary hemostasis.4 High-molecular- 
weight VWF multimers mediate platelet adhesion at sites 
of vascular injury in primary hemostasis by binding to 
connective tissue and platelets.4 VWF also plays a key 
role in secondary hemostasis, acting as a chaperone to 
clotting factor VIII (FVIII) by binding to and stabilizing 
it in the circulation.4 The multifunctional nature of VWF 
explains the heterogeneity in clinical symptoms and bleed
ing risk seen in VWD, as well as the resulting diagnostic 
challenges.5

VWD is autosomally inherited and arises due to muta
tions in VWF, mapped at 12p13.3 and comprised of 52 
exons.6 Approximate exon locations have been mapped to 
binding locations on the VWF protein with corresponding 

defects. The majority of mutations in VWD are missense, 
with some having variable penetrance, particularly in Type 
1 VWD.4

VWD is classified into three major types (summarised 
in Table 1). Type 1 reflects a mild to moderate reduction in 
functionally normal VWF; Type 2 involves the expression 
of functionally abnormal VWF; and, Type 3 is the (near) 
complete absence of VWF.4 65–80% of identified VWD 
cases are Type 1, whereas Type 2 and 3 account for 
20–35% and <1% of cases, respectively.7 A potential sub
type of Type 1 called VWD Type 1C has been proposed. 
In contrast to classic VWD type 1, where there is a 
reduction in the production of VWF and/or a mild 
increased clearance, VWD Type 1C is characterised by a 
significant increase in clearance of VWF resulting in low 
VWF levels and an exaggerated but short-lived response to 
desmopressin.8 Type 2 VWD is separated into four ‘sub
types’ (2A, 2B, 2M, 2N), according to the functional 

Table 1 Classification Scheme for von Willebrand Disease, Inheritance, Genetic Defect and Phenotypic Presentation

Type Mechanism Inheritance Genetic Defect Clinical Phenotype

1 Partial quantitative deficiency VWF Autosomal 

dominant

Missense mutation (85– 

90%), null-alleles (10– 

15%), variable 
penetrance

Severity of bleeding associated with level of VWF (the 

lower the level, the more severe the bleeding 

presentation)

2A Decreased VWF-dependent platelet 
adhesion due to deficiency of HMW 

VWF multimers

Autosomal 
dominant 

and 

recessive

Missense mutations, 
mainly in D3, A2 and CK 

domains 

Missense mutations in 
propeptide 

Exons 5, 28 and 52

Severity of bleeding associated with level and 
functionality of VWF.

2B Increased affinity of VWF for platelet 

GPIb

Autosomal 

dominant

Missense mutations in 

A1 domain 

Exon 28

Generally, presents with moderate or moderately 

severe bleeding.

2M Decreased VWF-dependent platelet 

adhesion without a selective 
deficiency of MHW VWF multimers

Autosomal 

dominant

Missense mutations in 

A1 domain 
Exons 28, 45

Severity of bleeding associated with level and 

functionality of VWF.

2N Decreased binding affinity of VWF 
for Factor VIII

Autosomal 
recessive

Missense mutations in D’ 
and D3 domains 

Exons 5, 10, 18

Generally present with moderate or moderately 
severe bleeding and may have a phenotype more 

typically seen in mild or moderate hemophilia A (due 

to factor VIII deficiency): soft tissue, joint, and urinary 
bleeding, and bleeding after invasive procedures.

3 Complete deficiency of VWF Autosomal 
recessive

Null-alleles, often 
consanguinity

Most severe form of VWD, and patients show 
bleeding symptoms similar to moderate or severe 

hemophilia A.

https://doi.org/10.2147/JBM.S266791                                                                                                                                                                                                                                   

DovePress                                                                                                                                                            

Journal of Blood Medicine 2021:12 756

Colonne et al                                                                                                                                                        Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


defect. A separate defect affecting the platelet receptor for 
VWF, namely glycoprotein Ib (GPIb) is called platelet 
type (PT-) VWD.

VWD diagnosis requires the presence of both clinical 
features, such as a personal (typically lifelong) history of 
primarily mucocutaneous bleeding, and laboratory evi
dence of absence, deficiency, or defect in VWF. This is 
usually accompanied by a family history of the disease.

VWD has a variable clinical presentation due to the 
heterogeneity of the disease.9 VWD is mainly associated 
with mucocutaneous bleeding, although there are more 
severe bleeding phenotypes, which carry significant mor
bidity and mortality.10 Mucocutaneous bleeding may pre
sent as spontaneous or minimally provoked bruising, 
excessive bleeding from minor wounds, gum bleeding, 
epistaxis, menorrhagia and bleeding from the gastrointest
inal tract.11 Site of bleeding may also change with patient 
age, with higher rates of gastrointestinal bleeding reported 
in older age groups.12 Other than spontaneous bleeding, 
patients with VWD also experience bleeding after invasive 
procedures, such as surgery or tooth extraction and during 
hemostatic challenges, such as childbirth or trauma.6 The 
severity of VWD ranges from very mild, with bleeding 
only after major procedures, up to spontaneous bleeding, 
including muscle and joint bleeding, in the most severe 
cases.

Clinical presentation and bleeding history can also 
assist with diagnosis (see Table 1). Type 1 VWD has a 
range of clinical presentations, from mild to severe, with 
bleeding phenotype broadly corresponding to the level of 
plasma VWF. Type 3 presents as the most severe pheno
type of VWD, and is sometimes likened to moderate to 
severe hemophilia A. Type 2A and 2M presentations cor
respond to the quantity and functionality of VWF. Types 
2B and 2N VWD generally present as a moderate to severe 
bleeding phenotype. Type 2N may also present with joint 
bleeding or urinary bleeding and presents as phenotypi
cally similar to mild-to-moderate hemophilia A, but 
instead is due to the inability of VWF to appropriately 
bind to (and thus protect) Factor VIII.6

The assessment of bleeding history is the most impor
tant initial step in the analysis of a suspected bleeding 
tendency, as laboratory evaluation will only be initiated 
after the appropriate clinical suspicion.9 The severity of 
bleeding diathesis can be judged by the frequency of 
bleeding events as well as the age of onset.11 A patient’s 
bleeding phenotype can be identified and quantified with 
the use of various tools including the International Society 

on Thrombosis and Haemostasis (ISTH) bleeding assess
ment tool (BAT) and should be used to aid in clinical 
suspicion of a diagnosis of VWD (Table 2).13 A lack of 
understanding of the difference between “normal” and 
“abnormal” bleeding symptoms is a common reason for 
misdiagnosis of VWD.13

Bleeding frequency and severity are influenced by 
many factors, which must be carefully evaluated to avoid 
diagnostic oversight. Important considerations for diagno
sis are the age and gender of the patient, their comorbid
ities, their family history of bleeding diathesis and diet (for 
relative vitamin C intake). It is essential to ascertain 
whether the patient is using any anticoagulant or antiplate
let medications, as well as otherwise undisclosed over-the- 
counter or herbal remedies, such as glucosamine, ginkgo, 
garlic, ginseng, fish oil, primrose oil, echinacea, dong quai 
or feverfew, all of which can dampen hemostasis and thus 
increase bleeding risk.14 Concurrent diagnoses such as 
joint hypermobility may also exaggerate joint-based 
symptoms.

Differential diagnoses for an individual who presents 
with symptoms consistent with VWD include mild hae
mophilia A or mild haemophilia B, vitamin C deficiency, 
platelet function disorder, or deficiency of other coagula
tion factors (II, VII, X or XI). In addition, should VWD be 
identified, the type of VWD should also be characterised. 
Optimal management of patients depends on an accurate 
diagnosis, and an error in diagnosis will potentially lead to 
inappropriate testing and compromise patient manage
ment, including over-diagnosis and unnecessary treatment.

Laboratory Testing
While thorough clinical evaluation is essential to guide 
appropriate investigations in the workup of VWD, a lack 
of expertise in laboratory testing and interpretation 
remains a common reason for diagnostic inaccuracies.

The first step to a correct laboratory diagnosis is ensur
ing the most appropriate tests are performed for the correct 
indication. Testing for VWD should be considered when 
there is a bleeding history, a positive family history, a mild 
unexplained thrombocytopenia, a mildly prolonged acti
vated partial thromboplastin time (APTT), or an apparent 
hemophilia A in a female. Even males “diagnosed” with 
hemophilia A should be considered for VWD testing, as 
Type 3 or Type 2N VWD can sometimes be misdiagnosed 
as hemophilia A.

An approach to testing is outlined in Table 3.6,15 

Laboratory assessment should commence with a review 

Journal of Blood Medicine 2021:12                                                                                                 https://doi.org/10.2147/JBM.S266791                                                                                                                                                                                                                       

DovePress                                                                                                                         
757

Dovepress                                                                                                                                                        Colonne et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Table 2 ISTH Bleeding Assessment Tool (BAT)

Score

Symptoms 
(Up to 
Time of 
Diagnosis)

0§ 1§ 2 3 4

Epistaxis No/trivial >5/year or >10 

minutes

Consultation 

only*

Packing/cauterization or 

antifibrinolytic

Blood transfusion, replacement 

therapy^^ or desmopressin

Cutaneous No/trivial ≥5 bruises of >1 cm 

in exposed areas

Consultation 

only*

Extensive Spontaneous haematoma 

requiring blood transfusion

Bleeding 

from minor 
wounds

No/trivial >5/year or >10 

minutes

Consultation 

only*

Surgical hemostasis Blood transfusion, replacement 

therapy^^ or desmopressin

Oral cavity No/trivial Present Consultation 
only*

Surgical hemostasis or 
antifibrinolytic

Blood transfusion, replacement 
therapy^^ or desmopressin

Gastro 
intestinal 

bleeding

No/trivial Present (not 
associated with 

ulcer, portal 

hypertension, 
hemorrhoids, 

angiodysplasia)

Consultation 
only*

Surgical hemostasis or 
antifibrinolytic

Blood transfusion, replacement 
therapy^^ or desmopressin

Hematura No/trivial Present 

(macroscopic)

Consultation 

only*

Surgical hemostasis, iron 

therapy

Blood transfusion, replacement 

therapy^^ or desmopressin

Tooth 

extraction

No/trivial or 

none done

≤25% of all 

procedures, no 

intervention**

>25% of all 

procedures, no 

intervention**

Resuturing or packing Blood transfusion, replacement 

therapy^^ or desmopressin

Surgery No/trivial or 
none done

≤25% of all 
procedures, no 

intervention**

>25% of all 
procedures, no 

intervention**

Surgical hemostasis or 
antifibrinolytic

Blood transfusion, replacement 
therapy^^ or desmopressin

Menorrhagia No/trivial Consultation only* 

or Changing pads > 

every 2 hours or 
Clot and flooding or 

PBAC score >100#

Time off work/ 

school >2/year 

or 
Antifibrinolytics/ 

hormonal/iron 

therapy

Combined treatment with 

antifibrinolytics and hormonal 

therapy or Present since 
menarche and >12 months

Acute menorrhagia requiring 

hospital admission and 

emergency treatment or Blood 
transfusion, replacement 

therapy^^ or desmopressin or 

Dilatation and curettage or 
endometrial ablation or 

hysterectomy

Post-partum 

hemorrhage

No/trivial or 

no deliveries

Consultation only* 

or Use of syntocin 

or Lochia >6 weeks

Iron therapy or 

Antifibrinolytics

Blood transfusion, replacement 

therapy^^ or desmopressin or 

Examination under anaesthesia 
and/or uterine balloon/package 

to tamponade uterus

Any procedure requiring critical 

care or surgical intervention (eg 

hysterectomy, internal iliac 
artery legation, uterine artery 

embolization, uterine brace 

sutures)

Muscle 

haematomas

Never Post trauma, no 

therapy

Spontaneous, 

no therapy

Spontaneous or traumatic, 

requiring desmopressin or 
replacement therapy^^

Spontaneous or traumatic, 

requiring surgical intervention 
or blood transfusion

(Continued)
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of the full blood count and blood film to investigate any 
platelet deficiencies or clumping. Blood group assessment 
is also important, given group O individuals are known to 
have a lower baseline VWF level.15 Routine coagulation 
tests, including prothrombin time (PT) and APTT are often 
useful as a baseline screen.

Most importantly, a group of tests useful for evaluating 
VWD should also be performed. At a bare minimum, the 
VWD screening tests should include a factor VIII activity 
assay, a VWF protein level assessment (VWF:Ag; “anti
gen”), and sufficient tests to properly investigate the activ
ity of VWF. Most laboratories utilise ELISA (enzyme- 

Table 3 Laboratory Work Up of a Patient with Suspected VWD

Investigation Purpose

FBC + blood film Platelet deficiencies 

Morphological changes

PT/APTT/fibrinogen Screen of factor deficiencies

Blood group To check for group O

FVIII 

VWF:Ag 
VWF:RCo or VWF:GPIbR (or VWF:GPIbM) 

VWF:CB

Initial screen for VWD

DDAVP Challenge 

VWF:FVIIIB 

Platelet aggregometry - RIPA 
Multimer assays

Extended testing for VWD: Type 1C VWD, Type 2N VWD 

2A vs 2B vs PT-VWD

Genetic studies Confirmatory testing: Type 2A, 2B, 2M, 2N, PT-VWD, Type 3 VWD

1-hour and 4-hour desmopressin trial Type 1C VWD

Table 2 (Continued). 

Score

Symptoms 
(Up to 
Time of 
Diagnosis)

0§ 1§ 2 3 4

Hemarthrosis Never Post trauma, no 
therapy

Spontaneous, 
no therapy

Spontaneous or traumatic, 
requiring desmopressin or 

replacement therapy^^

Spontaneous or traumatic, 
requiring surgical intervention 

or blood transfusion

CNS bleeding Never Subdural, any intervention Intracerebral, any intervention

Other 
bleeding^

No/trivial Present Consultation 
only*

Surgical hemostasis, 
antifibrinolytics

Blood transfusion or 
replacement therapy^^ or 

desmopressin

Notes: In addition to the guidance offered by the table, it is mandatory to refer to the text for more detailed instructions. §Distinction between 0 and 1 is of critical 
importance. Score 1 means that the symptom is judged as present in the patient’s history by the interviewer but does not qualify for a score 2 or more. *Consultation only: 
the patient sought medical evaluation and was either referred to a specialist or offered detailed laboratory investigation. **Example: 1 extraction/surgery resulting in bleeding 
(100%): the score to be assigned is 2; 2 extractions/surgeries, 1 resulting in bleeding (50%): the score to be assigned is 2; 3 extractions/surgeries, 1 resulting in bleeding 
(33%): the score to be assigned is 2; 4 extractions/surgeries, 1 resulting in bleeding (25%): the score to be assigned is 1. #If already available at the time of collection. ^Include: 
umbilical stump bleeding, cephalohematoma, cheek hematoma caused by sucking during breast/bottle feeding, conjunctival hemorrhage or excessive bleeding following 
circumcision or venipuncture. Their presence in infancy requires detailed investigation independently from the overall score. ^^Use of hemostatic blood components and 
rFVIIa. Reproduced from Rodeghiero F, Tosetto A, Abshire T, Arnold DM, Coller B, James P, Neunert C, Lillicrap D; ISTH/SSC joint VWF and Perinatal/Pediatric Hemostasis 
Subcommittees Working Group. ISTH/SSC bleeding assessment tool: a standardized questionnaire and a proposal for a new bleeding score for inherited bleeding disorders. J 
Thromb Haemost. 2010;8(9):2063–2065. © 2010 International Society on Thrombosis and Haemostasis.13
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linked immunosorbent assay) or LIA (latex immunoassay) 
based methods to test for VWF:Ag, both offering low 
variability, high sensitivity, and full automation 
capabilities.6 ELISA assays may predominate in research 
laboratories due to the common use of ELISA methodol
ogy for other research analysis. LIA assays tend to dom
inate in diagnostic laboratories. The newest addition of 
CLIA (chemiluminescent immunoassays)-based testing 
methods is less readily available, although they offer the 
best low-level sensitivity and lowest assay variation in 
VWF:Ag testing.6 Importantly, no VWF:Ag assay identi
fies any functional parameter for VWF.

The activity assays for VWF should incorporate both 
an assessment of the ability of VWF to bind platelets and 
collagen, and where indicated also to FVIII. Thus, a risto
cetin cofactor (VWF:RCo) or platelet GPIb recombinant 
surrogate to ristocetin cofactor assay (VWF:GPIbR) is 
required to assess for VWF platelet binding and a collagen 
binding assay (VWF:CB) is required to assess for VWF 
collagen binding; in our view, this pair of assays is 
required for all VWD investigations. An alternate gain of 
function “mutant” GPIb assay (VWF:GPIbM) is used in 
some laboratories instead of VWF:RCo or VWF:GPIbR.6 

In general, VWF:RCo, VWF:GPIbR and VWF:GPIbM all 
represent platelet GPIb binding assays, and in diagnostic 
laboratories, they are usually performed as agglutination 
assays, including LIA-based.6 VWF:GPIbR is also avail
able using CLIA. VWF:CB is usually performed by 
ELISA or increasingly by CLIA. Again, research labs 
may also perform some VWF activity assays, including 
VWF:GPIbM, by ELISA.

In cases of suspected 2N VWD, an additional assay, 
the factor VIII binding assay (VWF:FVIIIB) is also 
recommended. These tests will allow identification of the 
two quantitative deficiencies (Type 1 and Type 3 VWD), 
as well as all the qualitative defects.

In brief, a low level of VWF:Ag with a similar level of 
activity (VWF:RCo, VWF:GPIbR, VWF:GPIbM, VWF: 
CB), suggests Type 1 VWD; a level of VWF:Ag and 
activity of <5% likely indicates Type 3 VWD; a dispropor
tion of VWF activity and VWF:Ag, suggests a qualitative 
(Type 2) VWD. If Type 1 VWD is suspected, a VWF 
propeptide assay may be considered in those who do not 
have a sustained response to DDAVP to confirm Type 1C 
subtype, indicative of reduced survival of VWF in 
plasma.16 A provisional exclusion or diagnosis of VWD 
may require further testing for confirmation. This may 
include repeat testing of the same panel of tests or 

extending the test panel. For example, while a discordant 
low ratio of RCo/Ag and CB/Ag provides a likely indica
tion of Type 2A, 2B, or PT-VWD, separating out these 
disorders, or diagnosis of difficult cases, requires an 
extended test repertoire, such as utilisation of the ristocetin 
induced platelet agglutination assay (RIPA), genetic test
ing or VWF multimer analysis. An appropriate testing 
algorithm is shown in Figure 1. Genetic testing is some
times also useful in Type 3 VWD cases.

Though not as well recognised, it is important to con
sider Type 1C VWD when subtyping VWD. Accurate 
identification of Type 1C VWD has significant therapeutic 
implications, as management of bleeding or prophylaxis 
against bleeding will likely require treating with VWF con
centrates rather than desmopressin, given the short half-life 
of native VWF in these patients. Type 1C VWD can be 
identified by the abnormally high ratio of VWF pro-peptide 
to VWF:Ag associated with this condition due to the 
increased clearance of the mature VWF molecule compared 
with the pro-peptide.17,18 Pro-peptide measurement is not 
readily available in clinical practice, and in some cases, the 
ratio can be normal despite rapid clearance of VWF.19 

Another method for detection of Type 1C VWF is via a 
desmopressin trial with a 1- and 4-hour post-infusion VWF 
level measurement, with Type 1C VWD patients expected 
to show a >30% decrease of VWF levels from peak levels 
at 4 hours post desmopressin infusion.16,19

The current definition of VWD is not restricted to those 
with VWF gene mutations.4 Underscoring this is the com
plexity, limited availability, high cost, and low clinical 
utility of genetic testing generally associated with 
VWD.5 A significant proportion of patients have no iden
tifiable VWF mutations on readily available genetic 
methods.4 In particular, quantitative defects, such as seen 
in Type 1 VWD, often bear unsuccessful genetic analyses, 
despite undertaking evaluations of the entire VWF gene, 
and therefore also proving very costly.4,5 A positive result 
is more likely attainable for qualitative VWF defects or 
Type 2 VWD, as often a more directed analysis of the 
VWF gene can be performed, thereby making this more 
cost-effective.5 The diagnostic uncertainty that generally 
accompanies Type 2 VWD further increases the utility of 
genetic testing in these scenarios. In general, it is recom
mended to only perform genetic testing in select investiga
tions, such as for confirmatory testing of Type 2A, 2B, 
2M, 2N, PT-VWD given their diagnostic difficulty, and 
selected cases of Type 3 VWD, for example, to assist with 
pre-natal diagnoses (Table 3).5
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Causes of Misdiagnosis
The complexity and breadth of tests required for the 
proper diagnosis of VWD leads itself to being an entity 

that is commonly under-diagnosed, misdiagnosed, or over- 
diagnosed.5,6,15,20–22 Both clinical and laboratory-related 
issues contribute to this. This is summarized in Table 4.

Figure 1 A simplified algorithm that describes the VWD diagnostic process using laboratory testing. This considers the differential utility of different VWF methods, as well 
as VWF multimers, and potentially genetic testing. 
Abbreviations: Ag, antigen; CB, collagen binding; FVIII, factor VIIII; GPIb, glycoprotein Ib (the platelet VWF receptor); GPIbM, GPIb mutation-based assay; GPIbR, 
recombinant GPIb-based assay; HMW, high molecular weight (VWF); RCo, ristocetin cofactor; RIPA, ristocetin induced platelet aggregation; VWF, von Willebrand factor; 
VWD, von Willebrand disease.
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Table 4 Summary of Diagnostic Errors Encountered in von Willebrand Disease and How to Avoid Them

Examples Overcoming Errors

Over 
diagnosis

Mild bleeding symptoms with no confirmatory laboratory 
investigations 

Inadequate clinical correlation of laboratory results

Correlation of laboratory and clinical data 
Accurate clinical history taking

Extraneous influences to plasma VWF levels (group O blood group, 

exercise, pregnancy)

Correlation of laboratory and clinical data 

Accurate clinical history taking 

Repeating VWD laboratory testing prior clinical decisions 
are made

Incorrect laboratory reference ranges Establishing laboratory-specific reference ranges that are 

clinically relevant

Pre-analytical sample issues – overfilled collection tubes, 

contamination with anticoagulants, high haematocrits, EDTA plasma/ 

serum samples, excessive heating of samples, delay in laboratory 
processing, pneumatic tube systems

Minimising pre-analytical sample issues 

Repeating VWD laboratory testing prior clinical decisions 

are made

A lack of expertise in laboratory testing and interpretation Utilising a laboratory with experience in VWD testing with 
well-studied reference ranges 

Improved education of laboratory scientists and medical 

practitioners on VWD and its laboratory investigation

Under 

diagnosis

Lack of awareness and familiarity with VWD clinical phenotype Improved education of medical practitioners on VWD

Extraneous influences to plasma VWF levels (Non-group O blood 

groups, exercise, pregnancy, African ancestry, older age) 

High biological variability of VWF levels and activity (acute phase 
reactant, adrenalin associated with physiological stressors, sex 

hormone changes in pregnancy/oral contraception/menstruation, 

nicotine/caffeine exposure, medications such as NSAIDs, previous/ 
current thromboembolic disease)

Thorough clinical evaluation of patients with bleeding 

complaints

Pre-analytical sample issues – overfilled coagulation tubes with 
inadequate mixing and partial clotting, excessive delays in sample 

testing causing sample stasis, improper collection tubes

Blood collection is undertaken appropriately in a citrate 
tube filled to the correct level 

Samples processed and transported in a timely manner 

without overheating 
Repeating VWD laboratory testing prior clinical decisions 

are made

Utilising inappropriate screening tests/test panels or a panel that is too 

restricted

Utilising the best methodologies available and a broad gamut 

of tests

Analytical issues secondary to acquired antibodies (eg rheumatoid 

factor, paraproteins, human anti-mouse antibodies or HAMA)

Recognizing affected patients 

Recognizing effect of specific acquired antibodies on specific 

diagnostic assay 
Improved education to assist laboratories to consider these 

issues when performing diagnostic testing and reporting 

results

A lack of expertise in laboratory testing and interpretation Improved education of laboratory scientists and medical 

practitioners on VWD and its laboratory investigation

(Continued)
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Overdiagnosis of von Willebrand Disease
Overdiagnosis has been extensively described in the 
medical literature, and commonly identifies “problems” 
that were never destined to cause morbidity, or results 
in over-medicalisation of normal physiology through 
expanded definitions of disease.23 Mild bleeding symp
toms may be a common feature of normal life and are 
thus often identified by the general public, particularly 
with regard to mucosal bleeding from dental proce
dures, epistaxis or menorrhagia.7 Such symptoms may 
lead to an overdiagnosis of VWD, particularly when 
VWD has been described in as much as 1% of the 
population, whereas only 0.05% actually present for 
investigation.6 In many of these patients, a true haemo
static challenge may never be obtained, and they may 
be labelled as von Willebrand-like bleeding without 
confirmatory laboratory investigations. Asking ques
tions to distinguish normal from abnormal bleeding, 
together with the use of an appropriate bleeding assess
ment tool, is critical. This is particularly important in 
patients who have a family history of VWD, but have a 
normal bleeding phenotype, therefore not meeting diag
nostic criteria for VWD.

Among those having laboratory investigations, there 
are several factors that may lead to an overdiagnosis of 
VWD, such as laboratory reference ranges, extraneous 
influences on plasma VWF levels (such as the ABO sys
tem) and current high availability of laboratory testing.6 

Laboratories, which are not performing the full repertoire 
of tests, sometimes incorrectly interpret results, especially 
given recent changes in test methods used.6 Patients with 
an O-type blood group have up to 25% less plasma VWF 
than non-O type, and are therefore more likely to be 
falsely diagnosed as having VWD.15

Pre-analytical factors may also contribute to overdiag
nosis, including inadequate patient history. Accurate his
tory taking is considered one of the best screening tests for 
the risk of bleeding.13 Overfilled collection tubes, samples 
contaminated with anticoagulants, samples with high hae
matocrit, EDTA plasma or serum samples can all result in 
falsely low levels of VWF and/or its activity. Excessive 
heating of collected samples (eg, due to poor sample 
transport), delay in time taken to reach a laboratory, and 
use of pneumatic tube systems causing platelet activation 
and VWF adhesion may also affect VWF testing and are 
recommended to be avoided.24

Table 4 (Continued). 

Examples Overcoming Errors

Incorrect 

diagnosis

Lack of awareness and familiarity with VWD clinical phenotype and 

what abnormal bleeding symptoms are

Improved education of medical practitioners on VWD and 

what constitutes an abnormal bleeding phenotype

Misinterpretation of laboratory results Complete clinical assessment of patients and correlation 

with laboratory results

Use of inappropriate or restrictive test panels Utilising the best methodologies available and a broad gamut 

of tests

Pre-analytical errors including use of poorly mixed thawed plasma, 

filtered plasma or serum

Blood collection is undertaken appropriately in a citrate 

tube filled to the correct level 

Samples processed and transported in a timely manner 
without overheating 

Repeating VWD laboratory testing prior clinical decisions 

are made

Analytical issues secondary to acquired antibodies (eg rheumatoid 

factor, paraproteins, human anti-mouse antibodies or HAMA)

Recognizing affected patients 

Recognizing effect of specific acquired antibodies on specific 
diagnostic assay 

Improved education to assist laboratories to consider these 

issues when performing diagnostic testing and reporting 
results

A lack of expertise in laboratory testing and interpretation Improved education of laboratory scientists and medical 
practitioners on VWD and its laboratory investigation
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Overdiagnosis of VWD can lead to increased patient 
morbidity and health care system burden. Overdiagnosis 
can result in unnecessary intervention for patients who 
require urgent or elective surgery by restricting the loca
tions of appropriate interventions (such as dedicated bleed
ing centre facilities). Overdiagnosis can lead to 
unnecessary medical anxiety and extended familial testing, 
in addition to potentially exposing patients to an increased 
thrombotic risk with therapies.

Underdiagnosis of von Willebrand 
Disease
Underdiagnosis of VWD can also occur, and, for example, 
result from under-recognition of the VWD clinical pheno
type and/or a lack of awareness of VWD, both resulting in 
appropriate VWD diagnostic investigations not being per
formed. A mild bleeding phenotype, such as with Type 1 
VWD in a male, may not be clinically apparent, especially 
if there have been limited haemostatic challenges, such as 
surgery, dental work, or trauma. Females presenting with 
excessive uterine bleeding are often not tested for VWD, 
as menorrhagia may not be recognised as a “bleeding 
disorder” symptom.

High biological variability of VWF levels and activity 
also contributes to diagnostic uncertainty of VWD (espe
cially in Type 1 and Type 2). VWF levels can increase 
transiently as an acute-phase reactant in inflammatory con
ditions, with increased adrenalin associated with exercise or 
other physiological stressors, recent caffeine exposure, and 
with changes in sex hormones as seen with pregnancy, the 
oral contraceptive pill, and menstruation.25,26 VWF levels 
hit a nadir on days 1 to 4 of the menstrual cycle, and testing 
at this phase of menses, when VWF levels are at their 
lowest and least likely to be elevated due to hormonal 
effects, is recommended to avoid underdiagnosis of 
VWD.27 Furthermore, there is an increase in VWF levels 
with increasing age, with African ancestry, and non-group 
O blood groups.22,28 These factors, if unappreciated, can 
result in underdiagnosis of VWD, especially if laboratory 
testing is not repeated or appropriately timed, and correlated 
with clinical bleeding history.

Pre-analytical issues related to test sample integrity are 
also an important factor leading to missed diagnoses of 
VWD. Using an overfilled coagulation tube may lead to 
inadequate mixing with partial clotting that can falsely 
elevate FVIII levels.22 Excessive delays in testing with 
sample stasis can result in potential shortening of routine 

APTT and factor activation that may result in false high 
levels.22 Ensuring blood collection is undertaken appro
priately in a citrate tube filled to the correct level, with 
samples being processed and transported in a timely man
ner will assist with avoiding issues related to sample 
integrity.

Laboratory-related analytical issues can also result in 
an underdiagnosis of VWD. Using inappropriate screening 
tests or an inappropriate test panel or a test panel that is 
too restricted is a commonly recognised issue.6,22 For 
example, performing only a VWF:Ag test as the initial 
screening test, has the potential of missing Type 2 VWD, 
as many Type 2 VWD have VWF:Ag within the normal 
range.22 Performing only the VWF:Ag and the highly 
variable classical VWF:RCo as screening tests with exclu
sion of VWF:CB, as is commonly practiced worldwide, 
can also result in missed VWD diagnosis, especially Type 
2 VWD.29 A study of North American specialised coagu
lation laboratories found that only one third of laboratories 
correctly identified Type 2 VWD when using either VWF: 
Ag and VWF:RCo tests.30 The presence of various 
acquired antibodies, such as rheumatoid factor, parapro
teins, and human anti-mouse antibodies or HAMA, can 
result in a false normal laboratory test result with some 
assay methods, especially in immune assays such as latex- 
based immunoturbidimetric assays (LIA) which are com
monly utilised in the investigation of VWD.22 Another 
issue is not utilising the best methodologies available. 
Utilising VWF:Ag assays that lack a high degree of sensi
tivity to VWF can result in the underdiagnosis of Type 3 
VWD, since falsely high VWF levels may be reported. 
The newer chemiluminescence latex immunoassay tech
nology (CLIA) for ristocetin cofactor activity measure
ment using non-platelet recombinant GPIb receptor 
(VWF:GPIbR) has been shown to have superior sensitivity 
and reduced variability to other methods, and is recom
mended in preference to traditional VWF:RCo testing 
methods in current bleeding disorder guidelines.31–33 As 
another example, testing only for FVIII, and not testing for 
VWF parameters, may miss patients with Type 3 and Type 
2N VWD, and falsely identify haemophilia A.

Underdiagnosis of VWD can lead to increased patient 
morbidity and mortality. Underdiagnosis may result in an 
increased uncorrected bleeding risk in patients when sub
jected to haemostatic challenges, such as surgery. Under- 
recognised VWD can cause ongoing preventable morbid
ity in patients, such as those with excessive uterine bleed
ing. Underdiagnosis of VWD can also result in missed 
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identification of similarly affected family members given 
the variable expressivity and penetrance of genes encoding 
VWF, as well as lost opportunities for pre-pregnancy 
counselling of patients.7 Under-recognition of VWD also 
precipitates misdiagnosis or incorrect diagnoses of other 
bleeding disorders, which may result in patients receiving 
incorrect treatment.

Incorrect Diagnosis of von 
Willebrand Disease
Pre-analytical and analytical issues that potentiate under
diagnosis of VWD can also result in misdiagnosis of 
bleeding disorders. Lack of familiarity with the different 
VWD types, misinterpretation of laboratory results, or use 
of inappropriate or restrictive test panels, can lead to 
qualitative types of VWD (Type 2 VWD) being misdiag
nosed as Type 1 VWD.6 A common issue is pre-analytical 
errors, such as poorly mixed thawed plasma, filtered 
plasma or serum, leading to identification of a false 
VWD phenotype. This is especially a problem that results 
in misdiagnosis of Type 1 VWD as Type 2 VWD.6 

Analytical issues stemming from acquired antibodies, 
which can result in a false normal VWF:Ag on LIA test, 
in combination with a low activity assay, can also lead to a 
false Type 2 VWD diagnosis in a Type 1 VWD.

VWD may also be misdiagnosed as an entirely differ
ent bleeding disorder. Whilst haemophilia is well ingrained 
in the clinician’s mind, VWD, despite its higher preva
lence, remains an esoteric entity to many, resulting in 
missed ordering of specific VWD tests. This can result in 
certain types of VWD being incorrectly diagnosed as 
haemophilia A. If VWD testing is completely disregarded, 
a patient with severe Type 3 VWD may be inadvertently 
diagnosed with haemophilia A, due to associated low 
FVIII activity found in both conditions. This potential 
pitfall should especially be considered when there is no 
family history of severe haemophilia A. Even if a select 
panel of screening VWD tests are performed, not perform
ing an FVIII binding assay when a low FVIII activity is 
detected can result in the misdiagnosis of Type 2N VWD 
as haemophilia A. The correct diagnosis of Type 2N VWD 
can only be achieved by performing a VWF:FVIII binding 
assay or by genetic testing. Misdiagnosis of VWD as 
haemophilia A has significant negative clinical implica
tions, as treating severe VWD patients with recombinant 
FVIII products devoid of any VWF will not alleviate their 
bleeding diathesis. Such a misdiagnosis can also result in 

significant issues when it comes to genetic and pre-preg
nancy counselling, given the autosomal inheritance of 
VWD and X-linked inheritance of haemophilia A.

VWD may also be misdiagnosed as immune thrombo
cytopenic purpura (ITP) or an inherited platelet disorder, 
particularly in cases of Type 2B VWD associated with 
thrombocytopenia. It is important to consider VWD in 
any patient that presents with a thrombocytopenia, or 
with abnormal platelet function, especially if there is a 
family history or prolonged personal history of a bleeding 
phenotype. Accurate diagnosis is important to avoid unne
cessary and potentially harmful treatments, such as immu
nosuppression, splenectomy and platelet transfusions. 
Alternatively, Type 2B VWD and PT-VWD may be mis
diagnosed for the other. Here, RIPA testing with mixing 
studies will point to the correct type; and, genetic testing 
of VWF and GPIb may be required (Table 3).

Acquired von Willebrand Syndrome
Acquired von Willebrand syndrome (AVWS) is a rare, 
potentially underdiagnosed bleeding disorder that may 
also be misdiagnosed as congenital VWD (Table 5).34,35 

Diagnosis of AVWS is challenged by the same problems 
already mentioned for congenital VWD. In addition, diag
nosis of AVWS is further hampered by the lack of a single 
diagnostic test that can rule in or rule out this disorder.34 

The main distinguishing features from inherited VWD are 
lack of family history, late onset bleeding phenotype, and 
presence of a suspicious underlying condition.34 In diffi
cult cases, testing family members, genetic analysis, and 
specialised assays such VWF pro-peptide levels and VWF 
mixing studies may be helpful. Differentiating the two 
conditions, one acquired and the other congenital, is 
important, as the disease course, management principles, 
and prognosis may differ.34

It is noted that several primary conditions can lead to 
AVWS, and there are several potential mechanisms 
involved in AVWS (Table 5). First, AVWS can be due to 
decreased protein production, such as in hypothyroidism, 
leading to a Type 1 deficiency of VWF. Second, VWF can 
be absorbed onto aberrant cells, such as in blood cancers, 
leading to clearance of plasma VWF. This may lead to 
either a Type 1 or 2 AVWS, depending on whether or not 
high molecular weight (HMW) is preferentially absorbed. 
Third, structural blood vessel deformities or the presence 
of artificial surfaces can lead to loss of VWF, typically 
HMW forms, again leading to a Type 2 AVWS. 
Absorption of VWF can also occur during extracorporeal 
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membrane oxygenation. Fourth, antibodies against VWF 
may be formed in autoimmune disease and certain blood 
disorders, and thus also leading to clearance of VWF, or 
interference to its function.

In addition to potentially being underdiagnosed or mis
diagnosed as congenital VWD, AVWS can also be over- 
diagnosed in certain conditions. For example, during 
extracorporeal membrane oxygenation, additional con
founders may be present leading to an increased bleeding 
phenotype, such as anticoagulation, to provide blood com
patibility with foreign surfaces.

Recommendations
In order to avoid the underdiagnosis, overdiagnosis and 
misdiagnosis of VWD, it is important to consider three 
central questions.

Who Should Have VWD Testing?
It is important to have VWD readily present in the reper
toire of differential diagnoses one considers in order to 
avoid underdiagnosing and misdiagnosing this common 
inherited disorder. It is, however, equally important not 
to cast a mindless wide net of VWD testing without first 
considering the pre-test probability of the diagnosis. 
Testing in situations of low pre-test probability, especially 
if paired with an inadequate test panel and pre-analytical 
sample issues, sets the stage for inaccurate diagnoses 
including overdiagnosis and misdiagnosis that can lead to 
significant patient morbidity. VWD testing should be 

considered in patients with a significant rather than trivial 
bleeding history, a family history of significant bleeding or 
VWD, or in patients with laboratory abnormalities, such as 
a mild unexplained thrombocytopenia, a mild prolonged 
APTT or an apparent factor VIII deficiency.

How Should VWD Testing Be Performed?
The importance of a comprehensive test panel that utilises 
the best methodologies cannot be overstated. Having a 
basic understanding of the type of tests and methodologies 
utilised by local laboratories will help understand the 
potential pitfalls and rigor of the diagnostic process. A 
suitable diagnostic algorithm is provided (Figure 1).

How to Ensure VWD Test Results are 
Correctly Interpreted?
It is important to always repeat VWD studies on a fresh 
sample for confirmation of initial test results. VWD testing 
should always be supplemented by a full blood count, 
coagulation studies, and blood group analysis (Table 3). 
The results should be interpreted in context with any 
anticoagulant use, hormone therapy, pregnancy and poten
tial physiological stressors, or testing timed to minimise 
the impact of these factors. Utilising the results of a 
desmopressin trial can also be helpful in providing sup
porting evidence of the diagnostic possibilities.6 

Correlation between clinical phenotype and bleeding his
tory is essential for an accurate diagnosis. Finally, family 
studies can be a valuable adjunct, especially when trying 

Table 5 Pathogenesis of Acquired von Willebrand Disease34,35

Mechanism Examples

Reduced protein production, leading to reduced production of VWF Hypothyroidism

Adsorption to surface of transformed cells or platelets Myeloproliferative neoplasms 

Multiple myeloma 
Lymphoma

Mechanical destruction of VWF under high shear stress and increased proteolysis Aortic stenosis 
Paravalvular leak 

Hypertrophic obstructive cardiomyopathy 
Congenital heart disease 

Left ventricular assist device use 

Extracorporeal membrane oxygenation devices

Autoantibody-mediated clearance or functional interference Myeloma 

Lymphoma 
Autoimmune conditions – eg systemic lupus erythematosus
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to disentangle differential diagnoses such as acquired 
bleeding disorders and X-linked hemophilias.

Conclusions
VWD is a complex, heterogenous condition, which lends 
itself to significant diagnostic dilemmas and inaccuracies, 
and in turn leads to significant avoidable patient harm 
including inappropriate testing, overdiagnosis, underdiag
nosis and inadequate treatment. Utilising a structured 
approach, the careful consideration of differential diag
noses, the integration of accurate clinical and laboratory 
features, as well as ensuring tests are repeated to minimise 
pre-analytical errors, are all important aspects in ensuring 
the accuracy of the diagnosis of VWD.
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Background: Primary central nervous system (CNS) lymphoma is an uncommon non- 
Hodgkin disease limited to the CNS, and most cases are diffuse large B-cell lymphomas. 
Other pathologies, including lymphoplasmacytic lymphoma (LPL), are exceedingly rare and 
poorly understood. The clinical presentation of primary CNS LPL is diverse. It depends on 
the original site and the tumor’s extension. There is currently no consensus on a treatment 
strategy for this uncommon manifestation. To our knowledge, no previously published case 
was successfully treated with radiation therapy alone.
Case Presentation: We present here a case of primary CNS LPL. A 46-year-old, pre
viously healthy woman was presented with a worsening headache and lower extremity 
numbness. Multifocal enhanced masses were detected in an MRI with biopsy results con
sistent with LPL. A complete staging workup was performed with no evidence of systemic 
disease. The patient received external-beam radiotherapy alone and had a complete remis
sion. After 2 years of follow-up, she remains disease-free.
Conclusion: Radiation alone is a promising treatment option for primary CNS lympho
plasmacytic lymphoma.
Keywords: lymphoplasmacytic lymphoma, primary CNS lymphoma, radiation therapy

Introduction
Lymphoplasmacytic lymphoma is a low-grade, B-cell neoplasm composed of 
small lymphocytes, plasmacytoid lymphocytes, and plasma cells that typically 
involve the bone marrow and it is associated with an immunoglobulin M (IgM) 
gammopathy.1 The diagnosis of LPL is mainly based on the histological 
evaluation of involved tissue, usually bone marrow or lymph nodes. 
Although the vast majority of LPL cases are Waldenström macroglobulinemia 
(WM), there are some exceptions not satisfied with the diagnosis of WM.1 

They include tumors producing other immunoglobulins, combined immunoglo
bulins, mixed cryoglobulins, gamma heavy chains, or non-gammopathy 
disease.2 Primary CNS lymphoma is an uncommon variant of non-Hodgkin 
lymphoma that involves the brain, leptomeninges, spinal cord, or eyes without 
systemic involvement. In literature, only a few cases diagnosed with LPL in 
the setting of primary CNS lymphoma have been reported. The current treat
ment strategy is not consistent due to the rarity and limited knowledge of this 
entity.
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Case Presentation
A forty-six-year-old female was presented to the emergency 
department of our hospital with a two-month-headache and 
progressive numbness of her right leg. She also complained 
of nausea and dizziness 2 weeks before admission. The 
patient’s medical and family history revealed no signifi
cance. On admission, the patient seemed excitable with 
a Glasgow Coma Scale (GCS) of 14 (E:4; V:4; M:6); other 
vital signs were in their normal ranges. In a general exam
ination, no lymphadenopathy or organomegaly was found. 
A neurological examination revealed numbness in her right 
lower limb with no motor dysfunction, cranial neuropathy, 
or signs of increased intracranial pressure. However, mag
netic resonance imaging (MRI) of her brain showed multi
focal lesions scattered across the left occipital and parietal 
lobes; the largest one measured 16 mm in its transverse 
dimension. These lesions demonstrated a hypointense signal 
on the T1W sequence, a hyperintense signal on FLAIR, and 
no abnormal diffusion restriction on DWI images (Figure 1). 
They also revealed rim enhancement following gadolinium 
contrast injection.

Concern for brain metastases prompted further diagnostic 
procedures, including thoracic and abdominal contrast CT, 
lumbar and thoracic spine MRI, endoscopy of the gastroin
testinal tract and ENT, but they identified no abnormalities. 
The patient then underwent a surgical biopsy with two sam
ples resected from the two largest masses in the left occipital 

lobe. Microscopically, the lesions were composed of small 
lymphocytes and neoplasm cells with plasma cell morpholo
gical features. The immunohistochemical (IMH) test showed 
tumor cells are positive for CD79a, CD138, CD38, and 
MUM-1, but negative for CD3 and CD20 (Figure 2). These 
microscopic and IMH findings were consistent with lympho
plasmacytic lymphoma. Quantitative determination of the 
serum globulin test showed an increase in IgE at 740 IU/ 
mL; other globulin levels were in their normal ranges (IgG 
1206 mg/dL, IgM 155 mg/dL, IgA 220 mg/dL, Free Kappa 
12.2 mg/L, Free Lambda 12.5 mg/L). Her serum protein 
electrophoresis and serum immunoelectrophoresis tests iden
tified no monoclonal gammopathy. Bone marrow biopsy and 
cerebrospinal fluid (CSF) analysis detected no cancerous 
involvement. Pieces of the evidence above confirmed the 
diagnosis of stage I primary CNS LPL, according to the 
Arbor-Cotswold staging system for lymphomas.

Since the disease was confined to her brain and she 
denied every chemotherapy approach, we decided to 
treat her with whole-brain radiation at a 32 Gy dose 
(20 fractions of 1,6 Gy per faction). She also received 
a combination of dexamethasone during radiation ther
apy. Her headache was relieved after 2 weeks, and the 
left-foot numbness occasionally only after treatment. 
Two years after irradiation, clinical examination and 
imaging workup revealed no neurological deficits or 
recurrences.

Figure 1 Contrasted brain MRI revealed enhanced masses in the occipital and parietal lobes (arrow).
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Discussion
Lymphoplasmacytic lymphoma is an uncommon variety of 
non-Hodgkin lymphoma composed of small lymphocytes, 
plasmacytoid lymphocytes, and plasma cells. It accounts 
for about less than 1% of hematologic malignancies and is 
even rarer in Asia, with an incidence of 0.31–0.43 cases 
per million.3 Waldenström macroglobulinemia (WM), the 
most common subset of LPL, is featured by an elevated 
serum level of monoclonal immunoglobulin M and bone 
marrow involvement.4

Primary CNS lymphoma is a very rare subgroup of 
extranodal non-Hodgkin lymphoma that is confined to the 
brain parenchyma, leptomeninges, the eye or spinal cord 

and has no evidence of extra-CNS involvement. Its clinical 
expression are not specific and vary by site of involve
ment, including focal neurologic deficits, neuropsychiatric 
symptoms, signs of increased intracranial pressure, and 
seizures. Due to the lack of specific symptoms, 
a definitive diagnosis of primary CNS lymphoma requires 
a pathological assessment of the involved tissue. Some 
cases can be diagnosed through the histopathological eva
luation of a vitreous biopsy or through a CSF analysis. 
Diffuse large B-cell lymphoma causes most cases of pri
mary CNS lymphoma, while in rare cases, other entities 
such as T-cell, lymphoplasmacytic lymphoma and 
Burkitt’s lymphoma are encountered. Primary CNS LPL 

Figure 2 Immunohistochemistry results: (A) CD79a (+); (B) CD138 (+); (C) CD3 (-); (D) GFAP (-).

Journal of Blood Medicine 2021:12                                                                                                 https://doi.org/10.2147/JBM.S326165                                                                                                                                                                                                                       

DovePress                                                                                                                         
771

Dovepress                                                                                                                                                    Nguyen Van et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


clinical features and optimal treatment remain poorly 
understood due to the rarity of cases and the difficulty of 
diagnosis.

In the literature, we found no more than 30 cases of 
primary CNS LPL published (via a PubMed search for 
“primary CNS” and “lymphoplasmacytic lymphoma” in 
case reports). We presented here nine cases with detailed 
patient information (Table 1); the other cases reported are 
listed in the references.5–7

LPL, like other primary CNS lymphomas, can manifest 
in the brain, meninges, or spinal cord, but no eye involve
ment has been reported. However, brain parenchyma is the 
most common primary site (Table 1). Its clinical expression 
are atypical and vary by site of involvement, including focal 
neurologic deficits, neuropsychiatric symptoms, signs of 
increased intracranial pressure, or seizures. Intracranial 
masses are usually detected by a head and neck MRI.9 In 
addition, other laboratory assessment tools such as Positron 
Emission Tomography Scan (PET-CT), blood immunoglo
bulin tests and bone marrow biopsy are performed to detect 
other site involvement and exclude WM criteria. 
Pathological evaluation of tissue, which is essential for con
firming LPL diagnosis, typically demonstrates infiltration by 
small lymphocytes, plasmacytoid lymphocytes, and plasma 
cells with intranuclear inclusion (Russell bodies) in some 
reported cases.8 The typical immunophenotype of LPL 

includes expression of CD19, CD22, CD20, CD38, and 
CD79a and the negative T-cell marker CD3, BCL. Because 
of limited features clinically and pathologically, LPL needs 
to be approached as a diagnosis of exclusion.

A major differential diagnosis of primary CNS LPL is 
Bing-Neel syndrome (BNS). Fintelman et al proposed 
restricting the definition of BNS to patients with previously 
confirmed WM and CNS signs not due to hyperviscosity or 
lymphocyte transformation.16 Minnema et al 2017 have pro
vided guidelines for the diagnosis, treatment, and response 
criteria for Bing-Neel syndrome. It emphasizes the role of 
cerebral spinal fluid analysis with multiparameter flow cyto
metry in establishing B-cell clonality, protein electrophoresis 
and MRI of the brain and spinal cord.17 However, bone 
marrow involvement and IgM monoclonal paraprotein are 
essential criteria for WM, but they were omitted in our case, 
so the diagnosis of primary CNS LPL was established. It is 
also noted that Bing-Neel syndrome can be diagnosed with
out fulfilling WM diagnostic criteria.18

There is still no consensus guideline for optimal treat
ment for patients with primary CNS LPL. The chosen thera
pies in reported cases included tumor resection, 
chemotherapy, radiation therapy, and targeted therapy. The 
reviewed case with the best outcome is a 50-year-old patient 
diagnosed with a mass at the T4 level of the spinal cord. She 
was treated by complete surgical resection only 

Table 1 Comparison of Clinical Features of Documented Case Reports

Reference Gender/ 
Age

Primary Site Treatment Follow-Up

Abbi KK et al Case 18 F/53 Left parietal lobe Therapeutic Surgery/Tumor bed 

RT

1 year with no recurrence

Yan et al Case 29 F/43 Cerebellopontine angle Total tumor resection/CT 6 months with no recurrence

Layden et al Case 3 

201110

M/50 Hypothalamic region Tumor biopsy/CT 6 months of stable disease

Ikeda et al Case 411 F/43 Hypothalamus and optic 

chiasm

Lim T et al Case 512 M/50 T4 spinal cord Total tumor resection Alive in remission after 51 

months

Lim T et al Case 612 M/38 Corpus callosum Tumor biopsy/CT 2.6 months

Braks et al Case 713 F/42 Right centrum semiovale Tumor biopsy/ CT + intrathecal 6 months with no recurrence

Carrasco et al Case 814 F/49 Sellar and suprasellar region Total tumor resection 4 years with no recurrence

Kanavaros et al Case 915 F/59 Corpus callosum Tumor biopsy
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(corpectomy) and lived without neurological sequelae and 
had no relapse after 51 months. Interestingly, in the treat
ment of primary CNS lymphoma, the majority of which is 
DLBCL, surgery has a limited role because the primary 
CNS lymphoma nature tends to be systemic rather than 
localized. Up to now, high-dose intravenous methotrexate 
(MTX) is the most effective agent against primary CNS 
lymphoma. In contrast, other combined regimens used in 
treating systemic lymphoma are either ineffective or 
intolerable.

Radiation therapy used to be used as a single-modality 
regimen to treat primary CNS lymphoma in the ‘70s.19 

Nowadays, radiation therapy plays a restricted role in 
primary CNS lymphoma and is only used as 
a consolidation modality after induction of MTX or as 
a salvage treatment after disease recurrence or persistence. 
However, primary CNS lymphoma is a radiosensitive dis
ease, with over 90% of patients achieving a response and 
symptoms relieved in 84%.20 For patients who are unsui
table or unwilling to engage in chemotherapy, whole-brain 
radiation is an acceptable alternative, despite the higher 
risk of disease progression and late neurotoxicity. Since 
low-grade B-cell lymphomas, including LPL, have a better 
prognosis than diffuse large B-cell lymphoma, radiation 
therapy alone is also a promising pathway, besides che
motherapy and surgical resection. One of the late toxicity 
of whole-brain radiation therapy is damage to the hippo
campus. However, with the advancement of radiotherapy 
techniques today, it is possible to minimize the late toxi
city of whole-brain radiation therapy.21 Further investiga
tion and randomized trials should be executed to confirm 
the effect and validate the optimal radiotherapy dose.

Conclusion
Primary CNS lymphoplasmacytic lymphoma is an uncom
mon variety of non-Hodgkin lymphoma very similar to the 
Bing – Neel syndrome. The definitive diagnosis is mainly 
based on pathology and immunohistochemistry. Currently, 
the treatment strategy is not uniform but individualized 
depending on each case. We report a clinical case of 
a patient with primary CNS lymphoplasmacytic lymphoma, 
and was treated with radiation therapy alone. We suggest that 
radiotherapy may be an encouraging strategy for this disease.

Abbreviations
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Assessing and Management of Neurotoxicity After 
CAR-T Therapy in Diffuse Large B-Cell Lymphoma
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Program, Richmond, VA, USA; 
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Abstract: Chimeric antigen receptor T-cell (CAR-T) therapy represents the most important 
advances in cancer immunotherapy, especially in hematological malignancies such as B-cell 
lymphomas. CAR-T cell therapy has significant activity in poor risk B-cell lymphomas. 
CAR-T cell therapy is associated with potentially life-threatening toxicities such as cytokine 
release syndrome (CRS) and neurotoxicity (NT). While CRS pathophysiology and manage
ment are well established, the understanding and treatment of NT continues to develop. All 
current CAR-T products approved for DLBCL have been associated with NT with some 
differences in their severity. As cell therapies continue to advance and its access broadening, 
it will be imperative for clinicians to be aware of the signs and symptoms of NT, its 
stratification and basic management. 
Keywords: CAR-T, neurotoxicity, ICANS, encephalopathy

Introduction
Immunotherapy with chimeric antigen receptor T-cell (CAR-T) therapy is one of 
the most important advances in the treatment of cancer and, particularly, hemato
logic malignancies. In lymphoma, CAR-T cells targeting CD19 have been widely 
developed resulting in three commercially available products and several ongoing 
clinical trials.1 In diffuse large B-cell lymphoma (DLBCL), there are currently three 
CAR-T cell products approved (after at least 2 lines of therapy): axicabtagene 
ciloleucel (axi-cel), tisagenlecleucel (tisa-cel) and lisocabtagene ciloleucel (liso- 
cel). Axi-cel, tisa-cel and liso-cel are genetically modified anti-CD19 autologous 
T-cells that are designed to target CD19 in B-cell malignancies. Based on the 
ZUMA-1, JULIET and TRANSCEND-NHL-001 studies, all three showed promi
nent activity in poor risk relapsed/refractory DLBCL with an overall response rate 
(ORR) between 50% and 82% with many patients having a durable response.2–5

The efficacy of CAR-T cell therapy is offset by potential class-effect toxicities 
that could be life-threatening and will require the implementation of appropriate 
measures to mitigate these side effects. CAR-T cell therapy is associated with high 
rates of unique toxicities, namely cytokine release syndrome (CRS) and neurotoxi
city (NT). CRS is a well-known syndrome driven by a rapid release and expansion 
of inflammatory cytokines that leads to several systemic symptoms and clinical 
findings such as fevers, hypoxemia, constitutional symptoms, hypotension, tachy
cardia and organ dysfunction.6,7 The pathophysiology and management of CRS is 
well described and standardized, and involves the use of anti-cytokine therapy (ie, 
tocilizumab) with/without steroids. This treatment strategy leads to a rapid 
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resolution of symptoms.6–8 Unlike CRS, the understanding 
of NT pathophysiology and management is less estab
lished and continues to evolve.9

Pathophysiology
The pathophysiology of NT, currently known as immune 
effector cell-associated neurotoxicity syndrome (ICANS), 
continues to develop. Current knowledge highlights the dis
ruption of the blood brain barrier (BBB) caused by inflamma
tion and increased cytokines as a key initiating factors.10 BBB 
disruption is triggered by endothelial cell activation as early 
event, which subsequently leads to BBB breakdown, increased 
permeability and coagulopathy as demonstrated in a mouse 
model.11 In healthy states, angiopoietin-1 (ANG1) and −2 
(ANG2) remain in normal ratios, hence preventing endothelial 
activation. During severe ICANS, levels of ANG2 and ANG2: 
ANG1 ratio are significantly increased representing a disrup
tion of the BBB and capillary leak.11 In addition, patients with 
severe ICANS had increased levels of pro-inflammatory cyto
kines such as tumor necrosis factor alpha (TNF-a), interferon 
gamma (IFN-g) and interleukin (IL)-6 that are likely released 
by CD14+ myeloid derived suppressor cells (MDSCs) which 
are also increased during NT.11,12 The presence of high levels 
of Von Willebrand Factor (WWF), high molecular weight 
WWF multimers and depleted ADAMTS 13 levels also sup
ported the endothelial activated and coagulopathic state during 
severe ICANS.11

Other mouse models demonstrated the role of MDSCs 
and monocytes in NT pathophysiology and their key role as 
main sources of the above-mentioned pro-inflammatory 
cytokines including IL-1.13,14 Additionally, intratumoral 
interactions between CAR-T and macrophages/monocytes 
mediated by the CD40 ligand seems to be associated with 
CRS (and perhaps NT).13 Administration of anakinra (an IL- 
1 antagonist) prevented the development of CRS and NT in 
mouse models, without affecting the CAR-T cell efficacy.14

Clinical Predictors and Biomarkers
Clinical Predictors
In general, neurological events have been reported more 
frequently and with more severity with axi-cel than tisa-cel 
and liso-cel, likely related to the type of costimulatory 
domain (CD28 vs 4–1BB). The pivotal ZUMA-1 study of 
axi-cel in R/R DLBCL, that included 111 patients, reported 
grade ≥3 NT in 28% of patients. High tumor burden and 
CAR-T peak/expansion were associated with grade ≥3 
ICANS.2,15 The frequency of grade 3/4 NT in the JULIET 

trial (tisa-cel for R/R DLBCL) was 12%, majority presenting 
with concurrent CRS.3 There were no specific factors asso
ciated with NT but appears that high tumor burden and 
elevated lactate dehydrogenase (LDH) were associated with 
severe NT.16 The TRANSCEND trial of liso-cel for R/R 
DLBCL reported grade ≥3 NT in 10% of cases. Similar to 
the findings of ZUMA-1 and JULIET, patients with higher 
tumor burden (16%), elevated LDH (19%) and higher CAR 
expansion/peak were more likely to develop grade ≥3 NT.5

In the off-trial setting, axi-cel had an incidence of grade 
>3 NT between 30% and 35%. Bulky disease (>10 cm), 
higher day 0 and peak C-reactive protein (CRP) and peak 
ferritin levels were associated with severe NT.17,18 Similarly, 
higher baseline LDH levels and development of CRS were 
associated with NT severity.19 In another retrospective 
experience, the Massachusetts General Hospital reported 
that high CRP, LDH ≥ 400 and thrombocytopenia were 
associated with grade ≥3 NT.20 Again, development of 
CRS was predictive of increased frequency and severity of 
NT, as previously seen in leukemias.20,21

In one of the largest datasets of neurotoxicity in lym
phoma, the Dana Farber Cancer Institute developed a poten
tial scoring system that could predict NT incidence and 
severity. This included age, LDH, baseline CRP, CRS (sever
ity and timing), lymphoma histologic type, ferritin, leuko
cytes, number of doses of tocilizumab. A score of 6 or higher 
was predictive of grade 2 or higher NT.22

Biomarkers and Cytokines
Several cytokines have been implicated with the develop
ment and severity of ICANS in clinical studies. In patients 
with B-cell lymphoblastic leukemia treated with CAR-T cell 
therapy, the Memorial Sloan Kettering demonstrated that IL- 
1a, IL-2, IL-3, IL-5, IL-6, IL-10, IL-15, IFN-g, G-CSF, GM- 
CSF, and MCP1 were elevated and correlated with severe 
NT.23 The Fred Hutchinson Cancer and Research Center 
showed that increased levels of IL-6, IL-8, IFN-g, TNF-g 
and monocyte chemoattractant protein 1 (MCP-1) were asso
ciated with incidence and severity of neurotoxicity.24 The 
ZUMA-1 study showed that increased levels of IL-1Ra, IL- 
2Ra, IL-6, IL-8, IL-10, IL-15, IFN-g, granzyme B, GM-CSF 
and ferritin were seen in patients with grade > NT.2 The role 
of GM-CSF supporting inflammatory macrophages and 
monocytes generating CRS and NT has been established.12,25

In 75 patients who received axi-cel as standard of care 
for R/R LBCL at the Moffitt Cancer Center, point of care 
cytokine profiling was performed baseline (at the condi
tioning chemotherapy starting day and daily until 
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discharge or up to 60 days post CAR-T cell infusion).26 

Baseline levels of IL-6, ANG2, ANG2/ANG1 ratio and 
ferritin were associated with severe NT. Peak levels of IL- 
6, IL-15, IFN-g, GM-CSF and ANG2/ANG1 were also 
seen in patients with grade ≥3 NT.26 Gene expression 
profiling by Nanostring in lymphoma tissue samples 
showed that low T-cell signature and high macrophage 
signature score were associated with NT severity, reflect
ing the role of the lymphoma microenvironment in the 
development of CAR-T related toxicities.26

Clinical Findings
ICANS occurs with a variable frequency and severity after 
CAR T cell therapy in DLBCL. It usually starts after the 
onset of CRS and, many times, after its resolution. 
Symptoms of ICANS can occur concomitantly with CRS, 
especially with severe grades of toxicities.22,27 Based on 
the published data of the 3 FDA approved CAR T-cell 

products for DLBCL, the median time to onset of neuro
toxicity ranges from 5 to 9 days following CAR-T cell 
infusion; however, the incidence and clinical findings dif
fer between patients receiving different products.2,3,5

Initial symptoms of ICANS do not have a specific 
pattern and can be vague. In most patients, early symp
toms of ICANS include word-finding difficulty, reduced 
attention, calculation defect, tremors, impaired handwrit
ing and lethargy.6,7 A clinical finding in the early phase of 
ICANS that seems to be very specific is expressive aphasia 
which can progress into global aphasia at later stages.24

Overall, neurotoxicity is, in general, self-limited. A 
summary of neurological events noted with approved 
CAR T-cell products for the treatment of DLBCL is 
shown in Table 1. Some symptoms and signs have been 
excluded from the definition of ICANS even though they 
may be associated with CAR T-cell therapy including 
headaches, hallucinations, asterixis, tremors and 

Table 1 Neurological Events Noted with Approved CAR T-Cell Products for Large B-Cell Lymphoma

Axicabtagene Ciloleucel Lisocabtagene Maraleucel Tisagenlecleucel

Encephalopathy: Includes encephalopathy, 
cognitive disorder, confusional state, 

depressed level of consciousness, disturbed 

attention, hypersomnia, leukoencephalopathy, 
memory impairment, mental status changes, 

paranoia, somnolence, and stupor

Encephalopathy: Includes encephalopathy, 
confusional state, encephalopathy, mental status 

changes, somnolence, lethargy, amnesia, 

cognitive disorder, depressed level of 
consciousness, memory impairment, flat affect, 

depersonalization, disturbance in attention, 

incoherent, and hypersomnia

Encephalopathy: Includes encephalopathy, 
cognitive disorder, confusional state, depressed 

level of consciousness, disturbance in 

attention, lethargy, mental status changes, 
somnolence, and automatism

Delirium: Includes agitation, delirium, 

disorientation, hallucination, hyperactivity, 
irritability, restlessness, and delusion

Delirium: Includes delirium, agitation, 

disorientation, delusion, hallucination, visual 
hallucination, and irritability

Delirium: Includes delirium, agitation, 

hallucination, hallucination visual, irritability, 
and restlessness

Headache Headache: Includes headache and migraine Headache: Includes headache and migraine

Dizziness: Includes dizziness, presyncope, 

syncope

Dizziness: Includes dizziness and syncope Sleep disorder: Includes sleep disorder, 

nightmares, and insomnia

Aphasia: Includes aphasia, dysphasia Aphasia: Includes aphasia, dysarthria, dysphemia, 

dysphonia, slow speech, and speech disorder

Anxiety

Tremor Tremor: Includes tremor and essential tremor

Ataxia Ataxia: Includes ataxia and gait disturbance

Motor dysfunction: Includes muscle 
spasms, muscular weakness

Cerebellar: Includes cerebellar syndrome, 
dysmetria, balance disorder, dyskinesia and 

impaired hand-eye coordination

Seizure

Dyscalculia

Myoclonus

Note: Data from references.3–6
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myoclonus because they are usually treated symptomati
cally without triggering specific interventions such as cor
ticosteroids. Also, headaches have been deemed not an 
appropriate indicator of ICANS leading to the exclusion 
from the definition as this is a non-specific symptom often 
seen in patients receiving chemotherapy or during febrile 
episodes in the absence of focal neurological deficits.7 

Electroencephalographic typically shows diffuse general
ized slowing with or without triphasic waves suggesting 
diffuse encephalopathy.28

Severe cases of ICANS with death have been 
described. Rapidly evolving cerebral edema and death 
from cerebral toxicity have been seen with anti-CD19 
CAR T-cell and it was first described in the ROCKET 
study (JCAR015) where five patients developed fatal 
cerebral edema and death, which lead closure of the 
trial.28–30 The incidence of fatal neurotoxicity following 
anti-CD19 CAR T-cell therapy has been reported to be 
3%.11 As mentioned above, in LBCL, rates of severe 
NT in the pivotal trials ranged from 10% to 28%.2,3,5 It 
appears that the difference in the incidence of neuro
toxicity may be accredited to the different costimulatory 
domains of the CAR T-cell constructs (CD28 or 
4–1BB); however, no randomized trials have compared 
CAR T-cell constructs with different costimulatory 
domains in LBCL.

Radiological findings have been noted, specially, in 
severe NT, aside from the well-known cerebral edema, 
reported with JCAR015.30 Patients with severe NT had 
T2-FLAIR hyperintensities involving the brain stem, tha
lamus and corpus callosum that resolves with improve
ment of NT.24 Some acute changes with leptomeningeal 
enhancement, vasogenic edema and microscopic bleeding 
have been reported as well.11

Grading and Stratification
There were not well-developed and consensual systems to 
grade neurotoxicity that were available during the early 
phase of clinical trials with CAR-T cells in R/R DLBCL. 
Subsequent pivotal studies that lead to the approval of the 
currently commercially available CAR T-cell constructs 
adopted the National Institutes of Health (NIH) Common 
Terminology Criteria for Adverse Events (CTCAE).

In order to improve grading and surveillance of 
neurotoxicity, the CAR-T-cell-therapy-associated 
TOXicity (CARTOX) Working Group was formed, com
prising investigators from different disciplines and mul
tiple institutions to establish recommendations for 
monitoring, grading and management of CAR T-cell 
associated toxicities, this was called CARTOX-10 and 
included an assessment of the patient’s orientation, nam
ing, writing, and orientation (Table 2).28 Additionally, 
the CARTOX system developed the term CAR T-cell- 
related encephalopathy syndrome (CRES) that included 
the evaluation of motor symptoms, seizures, and signs 
of elevated intracranial pressure (ICP) (Table 3). The 
ICP was evaluated by determination of cerebrospinal 
fluid (CSF) opening pressure and papilledema grading, 
according to the modified Frisén scale.28,31 CARTOX-10 
was further refined giving birth to what is widely known 
as the immune effector cell-associated encephalopathy 
(ICE) score. The ICE score includes testing of simple 
commands, orientation, naming, writing, attention while 
removing the cumbersome, time consuming and poten
tially inaccurate evaluation of the ICP which may be not 
practical during daily practice.

Evidently, with the growing number of patients receiv
ing adoptive cell therapy in particular CAR T-cell, there is 
a need to improve patient care and outcomes by allowing 

Table 2 Encephalopathy Assessment Tools for Neurotoxicity Grading

CARTOX-10 ICE

Orientation: Time (year, month), place (city, hospital), 
president/prime minister of country of residence: 5 points 

Naming: Ability to name three objects (eg, point to clock, pen, 

button): 3 points 
Writing: Ability to write a standard sentence (eg, “our 

national bird is the bald eagle”): 1 point 

Attention: Ability to count backwards from 100 by 10: 1 point

Orientation: Time (year, month), place (city, hospital): 4 points 
Naming: Ability to name 3 objects (eg, point to clock, pen, chair): 3 points 

Writing: Ability to write a standard sentence (eg, “our national bird is the bald 

eagle”): 1 point 
Attention: Ability to count backwards from 100 by 10: 1 point 

Following commands: Ability to follow simple commands (eg, “Show me 2 

fingers” or “Close your eyes and stick out your tongue”): 1 point

Total: 10 points Total: 10 points

Notes: Data from references.6,8 Scoring: 10, no impairment; 7–9, grade 1 ICANS; 3–6, grade 2 ICANS; 0–2, grade 3 ICANS; 0 due to patient unarousable and unable to 
perform ICE assessment, grade 4 ICANS. 
Abbreviations: CARTOX-10, CAR-T-cell-therapy-associated toxicity 10-point neurological assessment; ICE, immune effector cell-associated encephalopathy.
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the standardized comparison of toxicities profiles and the 
efficacy of therapeutic interventions across studies and 
institutional practices under a common criterion. On that 
line, the American Society for Transplantation and 
Cellular Therapy (ASTCT) published a consensus grading 
system for CRS and ICANS which has been adopted as a 
systematic approach for reporting of CAR T-cell related 
toxicities.7 ICANS was defined as

A disorder characterized by a pathologic process involving 
the central nervous system following any immune therapy 
that results in the activation or engagement of endogenous or 

infused T cells and/or other immune effector cells. 
Symptoms or signs can be progressive and may include 
aphasia, altered level of consciousness, impairment of cog
nitive skills, motor weakness, seizures, and cerebral edema.7 

In addition to the ICE score, ICANS grading also requires 
assessment of other neurological domains including level 
of consciousness, motor symptoms, seizures and signs of 
elevated ICP/cerebral edema with or in the absence of 
encephalopathy (Table 4).

It is clear that CTCAE is suboptimal for grading and 
assessment of neurotoxicity. As opposed to CTCAE v4.03, 

Table 3 Grading of CAR T-Cell-Related Encephalopathy Syndrome (CRES)

Symptom or Sign Grade 1 Grade 2 Grade 3 Grade 4

Neurological 
assessment score (by 

CARTOX-10*)

7–9 (mild 
impairment)

3–6 (moderate 
impairment)

0–2 (severe impairment) Patient in critical condition, and/or obtunded 
and cannot perform assessment of tasks

Raised intracranial 

pressure

N/A N/A Stage 1–2 papilledema**, or CSF 

opening pressure <20mmHg

Stage 3–5 papilledema**, or CSF opening 

pressure ≥20mmHg, or cerebral edema

Seizures or motor 

weakness

N/A N/A Partial seizure, or non-convulsive 

seizures on EEG with response to 
BZD

Generalized seizures, or convulsive or non- 

convulsive status epilepticus, or new motor 
weakness

Notes: Data from reference.8 *As noted on Table 2; **Papilledema grading according to modified Frisén scale.12 

Abbreviations: CAR, chimeric antigen receptor; CARTOX-10, CAR-T-cell-therapy-associated toxicity 10-point neurological assessment; N/A, non-applicable; CSF, 
cerebrospinal fluid; EEG, electroencephalogram; BZD, benzodiazepine.

Table 4 ASTCT Immune Effector Cell-Associated Neurotoxicity Syndrome (ICANS) Consensus Grading for Adults

Neurotoxicity 
Domain

Grade 1 Grade 2 Grade 3 Grade 4

ICE score*/** 7–9 3–6 0–2 0 (patient is unarousable and unable to perform 

ICE)

Depressed level 

of 

consciousness†

Awakens 

spontaneously

Awakens 

to voice

Awakens only to tactile stimulus Patient is unarousable or requires vigorous or 

repetitive tactile stimuli to arouse. Stupor or 

coma

Seizure N/A N/A Any clinical seizure focal or generalized that 

resolves rapidly or nonconvulsive seizures 
on EEG that resolve with intervention

Life-threatening prolonged seizure (>5 min); or 

Repetitive clinical or electrical seizures without 
return to baseline in between

Motor findings‡ N/A N/A N/A Deep focal motor weakness such as hemiparesis 
or paraparesis

Elevated ICP/ 
Cerebral edema

N/A N/A Focal/local edema on neuroimaging¥ Diffuse cerebral edema on neuroimaging; 
decerebrate or decorticate posturing; or cranial 

nerve VI palsy; or papilledema; or Cushing’s triad

Notes: Data from reference.8 ICANS grade is determined by the most severe event (ICE score, level of consciousness, seizure, motor findings, raised ICP/cerebral edema) 
not attributable to any other cause; for example, a patient with an ICE score of 3 who has generalized seizure is classified as grade 3 ICANS. *As noted on Table 2. **A 
patient with an ICE score of 0 may be classified as grade 3 ICANS if awake with global aphasia, but a patient with an ICE score of 0 may be classified as grade 4 ICANS if 
unarousable. †Depressed level of consciousness should be attributable to no other cause (eg, no sedating medication). ‡Tremors and myoclonus associated with immune 
effector cell therapies may be graded according to CTCAE v5.0, but they do not influence ICANS grading. ¥Intracranial hemorrhage with or without associated edema is not 
considered a neurotoxicity feature and is excluded from ICANS grading. It may be graded according to CTCAE v5.0. 
Abbreviation: N/A, not applicable.
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CAR T-Cell-Related Encephalopathy Syndrome (CRES) 
and American Society for Transplantation and Cellular 
Therapy (ASTCT) grading systems provide a more speci
fic and accurate assessment of the occurrence and severity 
of neurotoxicity after CAR T-cell therapy as demonstrated 
by retrospective application of the three grading systems to 
the same patient data set from the JULIET trial.27,28

Management
The management of neurotoxicity post CAR T-cell therapy 
continues to evolve and constitutes an area of ongoing 
research. Different management algorithms have been 
published including consensus programs and institution- 
specific interventions.2,3,28,32 Despite considerable varia
tion in practice in terms of when and how to treat neuro
toxicity, there are basic steps that guide most interventions. 
The CARTOX working group published one of the first 
general guidelines based on their extensive experience 
using axicabtagene ciloleucel for the management of 
CRS and neurotoxicity.28 The Society of Immunotherapy 
of Cancer (SITC) has recently released a clinical guideline 
for the management of CAR-T cell related complications 
including ICANS.8

In general, patients should have baseline neurological 
assessment prior to the infusion of CAR T-cell followed by 
close monitoring of new neurological signs/symptoms 
after CAR T-cell infusion. In most institutions, the baseline 
assessment includes a full neurological history and exam
ination and a brain MRI to rule out any structural neuro
logical abnormalities or possible central nervous 
involvement by lymphoma. Following CAR T-cell infu
sion, serial monitoring of ICE score, at least daily, is 
recommended (Table 3).6 Patients with presumed ICANS 
should undergo a detailed neurological examination and 
ICE scoring conducted by a medical provider experienced 
in the management of CAR-T cell patients. Evaluation by 
neurologist is encouraged, specially for severe cases. 
Neuroimaging is recommended, being a brain MRI with 
and without contrast the preferred modality if the clinical 
status of the patient allows it.28,33 For unstable and/or 
agitated patients, CT brain may be preferred. 
Neuroimaging of patients with ICANS usually show unre
markable findings for any structural pathology that explain 
neurotoxicity symptoms, even in patients with severe 
ICANS; however, it is needed to rule out other causes, 
such as intracranial hemorrhage or lymphoma involvement 
of the CNS.11,20,24,28 In some cases, patients with moder
ate to severe neurotoxicity might show patchy T2 

hyperintensities throughout the white matter or T2 hyper
intensities in the bilateral thalami, dorsal pons, and cere
bral edema have been reported.2,11,24,28,30

Work up for patients with ICANS should also 
include some basic laboratory evaluation including 
CRP, CBC, CMP, fibrinogen, prothrombin time test, 
and international normalized ratio (PT/INR).24 The 
CSF analysis as well as opening pressure should be 
pursued unless there is a contraindication. CSF should 
be assessed for chemistry, cytology, microbiology and 
virology.11,24,28,33 EEG is recommended even with low- 
grade ICANS and in patients with seizures or suspected 
non-convulsive status epilepticus. Findings on EEG in 
patients with neurotoxicity, include diffuse slowing and 
frontal intermittent rhythmic delta activity, generalized 
background slowing and generalized periodic discharges 
which are both non-specific signs of diffuse cerebral 
dysfunction also seen in metabolic encephalopathy, 
infections, or centrally acting medications.11,24,34 

Febrile patients require infectious workup with blood 
cultures, urine analysis, urine culture, chest X-ray, etc. 
per institutional guidelines.

The therapeutic strategy to follow is based on the grade 
of neurotoxicity and the coexistence of cytokine release 
syndrome. The treatment of neurotoxicity involves suppor
tive care, frequent neurological monitoring and 
neuroimaging.7,8,35 Many institutions start prophylactic 
antiseizure therapy; however, the clinical evidence of ben
efit is not clear. The preferred antiseizure drug is levetir
acetam, due to its minimal drug interactions.8 Previously, 
the negative impact of high-dose corticosteroids on the in 
vivo expansion of CAR T-cells and the presumed deleter
ious effect on the antileukemia control was described in a 
small cohort of patients with relapsed/refractory B cell 
acute lymphoblastic leukemia treated with autologous T 
cells expressing the 19–28z CAR specific to the CD19 
antigen.36 Most recently, in a retrospective analysis a 
higher cumulative dose and prolonged and early steroid 
use is associated with early progression as well as shorter 
overall survival after anti-CD19 CAR T-cell therapy in 
DLBCL patients.37 Regarding cytokine-directed therapy, 
tocilizumab is not usually recommended for treatment of 
neurotoxicity in the absence of concurrent CRS, because 
its inability to cross the blood-brain barrier and may para
doxically increase the concentration of IL-6 in the central 
nervous system.24 In the ZUMA-1 study, patients who 
received prophylactic tocilizumab on day 2 following axi
cabtagene ciloleucel infusion had a higher incidence of 
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grade ≥3 neurotoxicity per CTCAE v4.03 compared to 
patients that did not receive prophylactic tocilizumab.12 

Data from preclinical models suggesting that anti-IL-1- 
based therapies might provide a new therapeutic target 
for the management of neurotoxicity has led to the devel
opment of a significant number of clinical trials 
(NCT03430011, NCT04359784, NCT04148430, etc.).14 

Since IL-1 seems a key mediator of neurotoxicity, the 
use of anakinra (an IL-1 receptor antagonist) could be a 
therapeutic strategy with potential efficacy.38 The group at 
MD Anderson Cancer Center has also reported the out
comes of a small cohort of patients receiving anakinra for 
the management of high-grade ICANS and HLH. In this 
series, 4 of 6 patients that received IL-1 blockade with 
anakinra for the management of high-grade ICANS 

experienced clinical benefit.39 Our approach for the man
agement of ICANS is noted in Table 5.

Future Strategies
As the use of CAR-T therapy continues to expand for 
other conditions (multiple myeloma, acute leukemias, 
other B-cell malignancies, etc.), NT or ICANS will remain 
as one of the most important challenges. It also has the 
potential to add to the cost of care and physical burden for 
patient candidates for CAR-T cell therapy.19,40

A potential best strategy is the development of strategies 
to prevent NT. Given the preliminary efficacy of IL-1 
blockade in improving NT in CAR-T treated patients, sev
eral trials using anakinra for NT prevention are ongoing 
(NCT04205838, NCT04359784, NCT04148430). In 

Table 5 Management of ICANS

ASTCT ICANS 
Grade

Management

Grade 1 -Consider seizure prophylaxis with levetiracetam if not already started. 

-Review of medications, avoid medications that can cause CNS depression. 
-Swallowing assessment and aspiration precautions. 

-Neurocognitive assessment Q6hrs using ICE scoring system. 

-Neurology consult. 
-Consider EEG. 

-Consider lumbar puncture with opening pressure and samples for chemistry, cytology, virology, & culture. 

-Brain imaging (MRI preferred if no contraindication). Spinal MRI based on neurological findings. 
-For febrile patients, infectious workup per institutional guidelines. 

-Consider tocilizumab if concurrent CRS.

Grade 2 -Supportive care and workup per Grade 1. 

-Consider dexamethasone 10mg IV every 6hrs or methylprednisolone equivalent. 

-Tocilizumab if concurrent CRS. 
-Consider transfer to intensive care unit.

Grade 3 -Supportive care and workup per Grade 1. 
-Transfer to intensive care unit. 

-Dexamethasone 10–20mg IV every 6 hours or methylprednisolone equivalent. 

-High-dose methylprednisolone (1000mg/day) for focal/local edema. 
-Seizure control with benzodiazepines (for short-term control) and levetiracetam ± lacosamide. 

-If evidence of increased ICP (stage 1–2 by fundoscopy or opening pressure >20 mmHg), urgent neurology consultation to 

guide management. 
-Repeat neuroimaging if persistent grade ≥3 ICANS.

Grade 4 -Supportive care and workup per Grade 1. 
-Transfer to intensive care unit, may need mechanical ventilation for airway protection. 

-High-dose methylprednisolone 1000mg/day for 3 days followed by taper. 

-Seizure control per Grade 3. 
-Management of raised ICP per neurology/neurosurgery intensive care recommendations. May use hyperosmolar therapy 

(mannitol/hypertonic saline), hyperventilation strategy.

Note: Data from references.6,8,17,18 

Abbreviations: ASBMT, American Society for Transplantation and Cellular Therapy; ICANS, immune effector cell-associated neurotoxicity syndrome; CRS, cytokine 
release syndrome; EEG, electroencephalogram; ICE, Immune effector Cell-associated Encephalopathy; ICP, intracranial pressure; IV, intravenous.
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xenograft models of acute leukemia, the use of lenzilumab 
has shown that blocking GM-CSF, may reduce the inci
dence of CRS and NT without affecting CAR-T cell 
efficacy.41 This is being investigated in the ZUMA-19 trial 
which combines lenzilumab with axi-cel for patients with 
R/R LBCL (NCT04314843). Finally, short course of ster
oids prophylactically may reduce the incidence of CRS and 
NT. The cohort 6 of the ZUMA-1, patients received dex
amethasone 10 mg on days 0 (prior to the infusion), 1 and 
2.42 While the rate of grade ≥3CRS was significantly 
decreased, grade ≥3 NT rates did not change significantly 
but the incidence of NT within 72 hours from CAR-T cell 
infusion was lower.42 It is unclear whether this approach 
will be adopted widely; however, it may become attractive 
given its low cost and toxicity.
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Abstract: The current COVID-19 pandemic emerged in December 2019, in China, affecting 
millions of people worldwide. COVID-19 is mainly a disease of the respiratory system, yet 
systematic complications have also been reported among SARS-CoV-2 infected patients. 
Thrombotic complications are one of the severe clinical outcomes of COVID-19, especially 
among critically ill patients, and are associated with poor prognosis. To date, many studies 
have concluded that COVID-19 increases the incidence of thrombotic events and coagulo
pathies; however, the exact mechanism behind such a disease outcome is not well known. 
Various pathophysiological mechanisms for thrombotic events in COVID-19 have been 
proposed, these include virus-induced endothelial cell damage, inflammation, and excess 
production of pro-inflammatory cytokines. As a result, most critically diseased COVID-19 
patients are managed with prophylactic anticoagulant, yet some still develop thrombotic 
episodes. Therefore, better understanding of the mechanisms behind the thrombotic compli
cations is needed to develop treatments that specifically target such pathways, which may aid 
in better disease management and improve the prognosis. 
Keywords: COVID-19, SARS-CoV-2, thrombosis, thromboembolism

Introduction
In December 2019, the Chinese Center for Disease Control and Prevention identi
fied the presence of a novel coronavirus in throat swab samples from a series of 
pneumonia cases of unknown etiology, that presented with dry cough, dyspnea, and 
fever.1 The newly-identified virus was named as Severe Acute Respiratory 
Syndrome Coronavirus 2 (SARS-CoV-2), since it resembled SARS-CoV that 
emerged in 2002–2003 and resulted in high morbidities and mortalities. By 
March 2020, the World Health Organization declared a global pandemic, and the 
disease caused by the virus was named Coronavirus disease 2019 (COVID-19).2 

Subsequently, many countries around the world implemented various preventive 
strategies to minimize the rate of the virus spread. Yet, SARS-CoV-2 affected 
millions of different age groups worldwide. The latest statistics show the infected 
cases exceeded 158 million with more than 3 million deaths worldwide.

The novel coronavirus, SARS-CoV-2, belongs to the coronaviridae family, 
which are positive-sense single-stranded enveloped RNA viruses. There are four 
different genera for coronaviruses, and SARS-CoV-2 belongs to the β 
coronaviruses.3 SARS-CoV-2 and coronaviruses in general have four essential 
structural proteins (Figure 1), namely spike (S) glycoprotein, envelope (E) glyco
protein, membrane (M) glycoprotein, and nucleocapsid (N) protein. These proteins 
are necessary for successful viral attachment and penetration of the host cells, 
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synthesis of viral proteins, maturation, and release of the 
viral progeny.4 The viral S protein, a transmembrane pro
tein that protrudes from the viral surface, has been con
sidered as an important factor in the pathogenesis of 
coronaviruses including SARS-CoV-2. S glycoprotein 
aids in the viral attachment and fusion to the host cell 
membrane.5

Thrombotic episodes are one of the severe complica
tions of COVID-19, particularly in critically ill patients, 
which can be associated with poor prognosis. A growing 
body of evidence suggests that COVID-19 increases the 
incidence of thrombotic complications; however, the exact 
mechanisms are not fully elucidated. Therefore, the cur
rent review aims to provide an overview of the available 
literature to outline the current knowledge of the risks, 
pathogenesis, and the therapeutic interventions for throm
botic complications that are associated with the COVID- 
19 pandemic.

Pathogenesis of COVID-19 Infection
SARS-CoV-2 is a zoonotic virus that evolved in a way to 
be able to be transmitted from human-to-human.6 SARS- 
CoV-2 can transmit from one individual to another either 
by direct transfer through aerosols or indirectly via con
taminated surfaces. SARS-CoV-2 contains large RNA gen
omes flanked by 5′ and 3′ untranslated regions containing 
cis-acting secondary RNA structures necessary for RNA 
synthesis and replication. At the 5′ end, the viral RNA 
possesses two large open reading frames (ORFs; ORF1a 
and ORF1b) that occupy two-thirds of the nonstructural 
genome.7 The currently proposed pathogenesis of SARS- 

CoV-2 is derived from the knowledge that is available on 
SARS-CoV, where the viral spike protein binds to host’s 
angiotensin-converting enzyme 2 (ACE2) receptor, which 
is differentially expressed on various tissues, including 
respiratory tract cells, gastrointestinal tract cells, cardiac 
muscle cells, and endothelial cells.8

A successful binding of the spike protein to ACE2 and 
the internalization of the virus requires the presence of the 
specific protease transmembrane serine protease 2 
(TMPRSS2) that cleaves and activates ACE2.9 With the 
successful viral entry into the cells, host replication 
machinery is used, and viral progenies are produced, 
which can further infect adjacent cells (Figure 2). Indeed, 
recent evidence shows TMPRSS2 is expressed in human 
endothelial cells obtained from the lungs which may 

Figure 1 Schematic representation of SARS-CoV-2 structure.

Figure 2 Activation of the spike protein by TMPRSS2 at (or close to) the cell 
surface, leading to fusion of the viral membrane with the plasma membrane.
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explain the pulmonary complications of COVID-19.10 

Furthermore, smokers and patients with moderate-to- 
severe COPD had been found to have higher levels of 
ACE2 mRNA and protein levels in lung tissue. 
Furthermore, hypertensive patients were found to have 
the more severe form of the disease, suggesting antihyper
tensive therapy may play a role in developing serious 
COVID-19 infection due to enhanced ACE2 and SARS- 
CoV-2 interactions.11

Upon entry, the viral genome is released into the cyto
sol, this leads to the immediate translation of ORF1a and 
ORF1b which encode for 15–16 non-structural proteins. 
The majority of these non-structural proteins make up the 
viral replication and transcription complex (TRC). In turn, 
the TRC houses RNA-processing and modifying enzymes 
as well as a RNA proofreading mechanism that is essential 
for maintaining the integrity of the viral genome. 
Translation of ORF1a and ORF1b results in polyproteins 
that are co-translationally and post-translationally pro
cessed into the single non-structural proteins, which leads 
to the formation of the viral replication and transcription 
system. As non-structural proteins are formed and 
expressed, the synthesis of viral replication machinery 
also takes place, which consists of perinuclear double- 
membrane vesicles (DMVs), convoluted membranes 
(CMs), and small open double-membrane spherules 
(DMSs) forming a protective and suitable microenviron
ment for viral genomic RNA replication and transcription 
of subgenomic mRNAs. The newly synthesized viral 
genomic RNA results in budding into the lumen of secre
tory vesicular compartments, which are then secreted from 
the infected cell by exocytosis.7,12

The clinical presentations of COVID-19 are highly 
variable from one individual to another. COVID-19 ranges 
from asymptomatic to severe disease that could result in 
death. However, mild-to-moderate flu-like symptoms are 
the most common presentations among COVID-19 
patients, including fever, dry cough, sore throat, runny 
nose, and, in some cases, involvement of the lower respira
tory tract that may lead to acute respiratory distress syn
drome (ARDS).13 Other general symptoms such as 
weakness, headache, and gastrointestinal symptoms 
including diarrhea and vomiting have also been 
reported.14 Moreover, to a lower extent some of the 
COVID-19 patients experienced loss of smell and taste.15 

Some affected individuals could further progress to severe 
forms of the disease, where they develop severe pneumo
nia, pulmonary edema, septic shock, and organ failure that 

would result in death.16 Thromboembolic events and acute 
kidney injury have also been reported as COVID-19 
complications.13 Indeed, laboratory findings such as 
thrombocytopenia, increased prothrombin time, and acti
vated partial thromboplastin time along with elevated 
D-dimer were reported among critically ill patients, 
which further supports the thrombotic and coagulopathy 
complications in COVID-19 patients. Together these find
ings indicate that COVID-19 is a systematic disease with 
serious thrombotic complications that require more 
attention.

Thrombotic Complications of SARS-CoV- 
2 Infection
A number of studies have reported thrombotic and hyper
coagulability complications among COVID-19 cases. 
These complications represent a serious worsening of the 
disease since it is associated with adverse outcomes. 
A recent systematic review reported that among 2,928 
COVID-19 severely diseased patients, 56.3% developed 
thrombosis, and 34% of ICU admitted patients were found 
to have thrombotic complications, where 16.1% were 
reported with deep vein thrombosis and 12.6% with pul
monary embolism.17 Many other independent studies have 
reported different rates of thrombotic complications 
among COVID-19 patients (Table 1). It is now established 
that critically ill COVID-19 patients were associated with 
a higher incidence of thrombotic events than other 
COVID-19 patients. This could be associated with higher 
levels of pro-inflammatory and dysregulated fibrinolytic 
states among severe COVID-19 cases.

Indeed, it was reported in a cohort of 54 COVID-19 
patients who died from the infection, it was found those 
patients had higher levels of D-dimer, troponin, and inter
leukin-6 (IL-6).18 Furthermore, Wang et al19 reported that, 
among 199 COVID-19 patients, elevated levels of 
D-dimer, fibrinogen degradation products, prolonged pro
thrombin time, and thrombin time were found to be higher 
among patients with severe disease manifestations. These 
findings indicate that COVID-19 is associated with abnor
mal coagulation and subsequently leads to thrombotic 
complications and severe disease outcome. Moreover, 
Harenberg et al20 reported there was an initial increase in 
the prothrombin time and activated partial thromboplastin 
time, but later both are decreased due to consumption of 
coagulation factors. These findings were also associated 
with an increase in the platelet count, fibrinogen, and 
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D-dimer. In addition, in a cohort of 248 COVID-19 cases, 
Yao et al21 reported that D-dimer levels were higher 
among 185 patients, and it was significantly increasing 
with an increase in disease severity.

Interestingly, the ABO blood group system has also 
been suggested to contribute to susceptibility and severity 
of COVID-19 infection. Indeed, a study by Marcos et al22 

concluded that blood group O was associated with lower 
ICU admission and thrombotic complications when com
pared to other blood groups. Furthermore, blood group 
B had significantly higher rates of thrombotic complica
tions and was associated with more ICU. A possible 
mechanism for this is that plasma levels of Von 
Willebrand factor ((VWF) a glycoprotein essential for 
thrombus formation) levels are lower in group O patients 
when compared to non-O blood group patients.

Pathogenesis of Thrombotic 
Complications of COVID-19
Various factors have been reported to be associated with 
increased incidence of coagulopathies among COVID-19 

patients. These include patients’ age, and coexistence of 
chronic disease such as cardiovascular disease, diabetes, 
and hypertension.23 Indeed, COVID-19 patents with 
chronic disease such as diabetes have been shown to 
have increased pro-inflammatory mediators IL-6, suggest
ing these patients are at higher risk of developing more 
serious complications of COVID-19.24,25 In addition, 
males have been shown to have been more at risk of 
developing thrombotic complications. Indeed, various 
COVID-19 reports have so far shown that elderly patients 
are severely affected by the infection and they account for 
most of the severe cases that requires ICU admission, with 
a higher incidence of thrombosis.26

The exact mechanism responsible for COVID-19 
induced thrombosis is not fully understood. However, 
several mechanisms have been put forward in an attempt 
to explain these complications among COVID-19 patients. 
Such mechanisms include increased platelet activation and 
activation coagulation cascade and/or decreased fibrinoly
sis, in addition to immune activation. However, a central 
mechanism involves virus-induced endothelial damage. 

Table 1 Incidence of Thrombotic Complications Among COVID-19 Patients

Author Number of 
Subjects, N

Incidence of Thrombotic 
Event

Type of Thrombotic Event

Jenner et al17 2,928 90.3% experienced thrombotic 

complications (34% of ICU 

patients 
56.3% non-ICU patients)

Deep vein thrombosis (DVT) reported (16.1% of ICU 

patients) 

Pulmonary embolism (12.6% of ICU patients) 
Venous thrombosis (56.3% routine screening)

Chen et al56 88 46% Deep vein thrombosis

Shah et al57 187 N=81 (43.3%) Pulmonary embolism (22.5%) 
Deep vein thrombosis (11.8%) 

Arterial complications (13.4%)

Gibson et al58 72 N=12 (16.7%) Lower extremity of deep vein thrombosis

Monfardini et al59 34 N=26 (76%) Pulmonary thromboembolism

Avruscio et al60 85 (41 critical cases) N=43 (50.6%) Pulmonary embolism (9.8%) 

Deep vein thrombosis (42.4%) 
Superficial vein thrombosis (3.5%)

Al-Samkari et al61 400 (144 critically ill) N=38 Venous thromboembolism 
Arterial thrombosis

Demelo-Rodriguez 
et al62

156 N=23 Deep vein thrombosis

Piazza et al63 1,114 N=66 Venous thromboembolic event (4.6%) 
Deep vein thrombosis (3.5%) 

Pulmonary embolism (0.7%) 

Disseminated intravascular coagulation (1.3%)
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Endothelial cells express the ACE2 receptor which is 
a SARS-CoV-2 target receptor. Ut has been suggested 
that viral penetration of endothelial cells inflicts tissue 
damage and subsequently exposure of collagen, a potent 
platelet agonist, leading to platelet adhesion and activa
tion, furthermore, injured endothelial cells release tissue 
factor.27,28 Initially this leads to the activation and the 
recruitment of platelets, and further release of platelet 
granules content that aid in the platelet plug formation,29 

whilst tissue factor activates the extrinsic pathway of the 
coagulation cascade. Subsequently this leads to the activa
tion of the intrinsic pathway of coagulation cascade, for
mation of thrombin that converts fibrinogen to fibrin which 
further stabilizes platelet plug, and forms thrombus.28,30 

Evidence of increased ACE2 expression on the endothelial 
cells of SARS-CoV-2 infected patients has been reported, 
which suggest a higher probability of endothelial cells 
damage that leads to thrombotic outcome.31

Abnormal fibrinolysis has also been suggested to con
tribute to thrombotic events during COVID-19 infection. 
Wright et al32 reported that among 44 ICU admitted 
patients, 57% experienced a complete lack in the lysis of 
the clots, suggesting defective fibrinolysis. This was later 
supported by the increased levels of plasminogen activator 
inhibitor 1 among COVID-19 patients, which inhibits the 
plasminogen activator and leads to a decrease in the fibrin 
degradation.33

The immune system and homeostasis complement each 
other in order to defend against a pathogen and prevent 
further dissemination of the pathogen, by a process known 
as immuno-thrombosis. This physiological mechanism 
could be dysregulated, leading to the formation of excess 
thrombus formation.34 When endothelial cells are infected 
with SARS-CoV-2, they undergo pyroptosis, a form of cell 
death.35 This process is associated with the release of 
cellular content such as pathogen associated molecular 
pattern (PAMPs), and damage associated molecular pat
terns (DAMPs) causing inflammation. DAMPs and 
PAMPs interact with pattern recognition receptor and Toll- 
like receptor on innate immune cells triggering immune 
response and the release of pro-inflammatory cytokines 
and this enhances the expression of tissue factor.35,36 

Therefore, some patients develop an induced immune 
response to SARS-CoV-2 that is defined as cytokine 
storm.37 COVID-19 patients are found to have increased 
levels of specific chemokines and cytokines, which include 
IL-6, interferon-gamma, and IL-2.38 IL-6 is reported to 
increase the production of platelets in COVID-19 patients, 

enhances the expression of tissue factor on monocytes and 
endothelial cells, and by itself can lead to further endothe
lial damage.38 To a similar extent it has been reported that 
interferon-gamma also increases the production of plate
lets and causes endothelial dysfunction, creating 
a prothrombotic status. On the other hand, IL-2 in 
COVID-19 patients is reported to increase the production 
of plasminogen activator inhibitor-1, which reduces 
fibrinolysis39 (Figure 3).

In addition to these proposed mechanisms, the comple
ment system has also been implicated in the development 
of thrombotic complications in COVID-19 patients. 
Indeed, in a study conducted by Magro et al,40 it was 
found that there is a continuous activation of the alterna
tive and the lectin pathways of the complement system, 
that was supported by the presence of terminal C5b-9 
complement complex on the vessels of the affected indi
vidual’s lungs. The membrane attack complex, C5b-9, has 
the ability to activate platelets, endothelial damage, and 
enhance the release of VWF. Individual complement com
ponents, including C5a, have the ability to induce the 
production of tissue factor, plasminogen activator inhibi
tor-1 and IL-6, which further stimulate thrombus 
formation.41 Furthermore, since SARS-CoV-2 invades the 
cells through an ACE2 receptor, this causes downregula
tion of the receptor and subsequent upregulation of angio
tensin II, which is normally degraded by ACE2. High 
levels of angiotensin II cause vasocontraction,42 increased 
levels of tissue factor, and plasminogen activator inhibitor, 
therefore favoring a hypercoagulable state.43

Clinical Manifestation of Thrombotic 
Events in COVID-19 Patients
Thrombotic complications of COVID-19 have been reported 
from the start of this pandemic and are highly reported 
among severely ill patients.17 Severe infection with SARS- 
CoV-2 has been reported to be associated with the develop
ment of microvascular and macrovascular thrombosis that 
eventually leads to an increase in the mortality rates. 
Macrovascular and microvascular thrombosis results from 
platelet activation and the activation of the coagulation cas
cade and subsequent thrombus formation in blood vessels of 
varying sizes that could cause partial or complete occlusion 
of the blood vessels.44,45 Venous thromboembolism and 
arterial thrombosis are among the macrovascular thrombotic 
complications of COVID-19. Both forms of venous throm
boembolism, pulmonary embolism, and deep vein 
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thrombosis have been reported among COVID-19 patients. It 
was reported that among 1,765 patients the rate of venous 
pulmonary embolism in COVID-19 patients was around 
22%, with higher incidence rates among ICU admitted 
patients.46 Whilst some patients experienced deep vein 
thrombosis. Zhang et al47 reported that among 143 hospita
lized COVID-19 patients, 66 (46.2%) developed deep vein 
thrombosis, and it was common in elderly patients and was 
associated with poor disease outcome and higher mortality 
rates. These rates could be even higher than the reported data, 
since not all COVID-19 patients undergo computerized 
tomography, mainly because of the risk of spreading the 
infection. Moreover, a meta-analysis involved 46,348 
COVID-19 cases reported that around 7% had increased 
levels of troponin which is associated with myocardial injury 
is also reported among COVID-19 patients.48 Identifying the 
risks and incidence rate of these complications among 
COVID-19 is essential for determining the best procedures 

for diagnosing such outcomes for best patient’s management. 
Furthermore, COVID-19 patients also experience coagula
tion abnormalities that are similar but not identical to throm
botic thrombocytopenic purpura, or hemolytic uremic 
syndrome or disseminated intravascular coagulation (DIC). 
Higher levels of D-dimer, thrombocytopenia and prolonged 
prothrombin time in COVID-19 patients suggest the occur
rence of DIC, yet in DIC the levels of D-dimer is higher than 
that of COVID-19 and thrombocytopenia is more predomi
nant. In addition, COVID-19 patients with thrombotic com
plications have high levels of ferritin and lactate 
dehydrogenase along with platelet rich plaques in the lungs 
and other organs, yet there is no schistocytes that are nor
mally present in the case of thrombotic microangiopathies.49 

This indicates that thrombotic manifestation in COVID-19 
have unique features and the mechanism behind this varia
tion need to be investigated for better disease diagnosis and 
management.

Figure 3 Pathogenesis of thrombotic complications of COVID-19. SARS-CoV2 infection induces endothelial damage triggering endothelial release of cytokines, increasing 
capillary permeability. PAMPs and DAMPs induced activation of neutrophils, and macrophages results in localized production of cytokines, procoagulants, and complement 
activation, leading to further endothelial damage and tissue factor release. Endothelial damage exposes collagen and other prothrombotic mediators leading to thrombus 
formation. 
Notes: Adapted from Brosnahan SB, Jonkman AH, Kugler MC, Munger JS, Kaufman DA. COVID-19 and Respiratory System Disorders: Current Knowledge, Future Clinical 
and Translational Research Questions. Arterioscler Thromb Vasc Biol. 2020;40(11):2586–2597.64 © 2020 The Authors. Creative Commons Attribution License (https:// 
creativecommons.org/licenses/by/4.0/legalcode). https://www.ahajournals.org/doi/pdf/10.1161/ATVBAHA.120.314515?download=true.
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Management of COVID-19 Associated 
Thrombotic Complications
Due to the rapidly evolving literature, there are no unified 
guidelines on how best to diagnose and manage thrombo
tic and hypercoagulability in COVID-19 patients. This is 
partly due to the variability in incidence among studies 
which can be attributed to differences in population. 
However, most of the published guidelines recommend 
using prophylactic anticoagulant for all hospitalized 
COVID-19 patients, to avoid such severe disease 
outcomes.50 Most of the guidelines suggest the use of 
daily low-molecular-weight heparins or subcutaneous 
unfractionated heparin. Low-molecular-weight heparin is 
considered more beneficial than other prophylactic regi
mens, particularly in COVID-19 cases, as it has been 
previously reported that it has a longer half-life than 
unfractionated heparin,51 acts as an inhibitor for viral 
attachment by binding to SARS-CoV-2 spike protein,52 

and it has immunomodulatory and anti-inflammatory 
effects.53 Despite using thromboprophylaxis, some criti
cally ill patients still developed thrombotic complications. 
This could be due to heparin resistance and lower levels of 
anti-activated factor X in these patients, which could be 
attributed to high levels of fibrinogen and reduced antith
rombin levels in COVID-19 patients, yet the exact 
mechanism for heparin resistance among COVID-19 
patients is not known.54 Therefore, it is recommended to 
use higher doses of prophylactic anticoagulant, as it was 
reported that with higher doses the levels of anti-activated 
factor X are higher, which could aid in preventing throm
bosis. Yet, this finding cannot be generalized since it is not 
known if all COVID-19 hospitalized subjects would ben
efit from higher doses of thromboprophylaxis without 
leading to additional complications.

Venous thromboembolism is mainly managed by the 
use of therapeutic anticoagulants. The best choice of the 
anticoagulant as a treatment depends on patients’ renal and 
hepatic functions, gastrointestinal function, and thrombo
cytopenia. Furthermore, for patients admitted to hospital 
and receiving direct care it is preferred to use low- 
molecular weight heparin, unfractionated heparin (UFH), 
or fondaparinux (particularly for patients with heparin- 
induced thrombocytopenia), but for out-patients it is better 
to use direct oral anticoagulants. In addition, a number of 
drugs have been studied to be used as a treatment for 
sepsis-induced thrombotic complications, and it is sug
gested that they might have a therapeutic role in 

COVID-19 and these include; Danaparoid, that weakens 
thrombin production, Sulodexide, which potentiates anti- 
proteolytic activity of anti-thrombin and heparin co-factor, 
antithrombin, that inactivates coagulation enzymes, and 
thrombomodulin, which acts as a co-factor for thrombin.55

Conclusion
SARS-CoV-2 infection rates are still increasing with an 
increase in the morbidity and mortality rates. There is 
accumulating evidence that COVID-19 is associated with 
various systematic complications, including thrombotic 
and hypercoagulability. Yet, the exact mechanism of such 
complication is not fully understood. However, a central 
mechanism that has been postulated is SARS-CoV-2 
induced endothelial damage via ACE2 receptor. 
Endothelial injury and inflammation result in a series of 
reactions leading to the activation of the coagulation path
ways and platelet. Moreover, increased levels of pro- 
inflammatory mediators complement cascade activation 
and shut down of anti-thrombotic pathways have been 
shown to play a role in the pathogenesis of thrombotic 
complications. However, the available data are limited, 
and further investigations are required for better under
standing of the disease mechanisms.
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Abstract: After 77 years since the initial description, Waldenström macroglobulinemia 
(WM) remains as a bone marrow neoplastic disorder with lymphoplasmacytic differentiation 
oversecreting a monoclonal immunoglobulin M (IgM). However, many biological and 
genetic aspects of this entity have been unraveled and it is now easy to correctly diagnose 
patients with this illness. The diagnosis requires the presence of a monoclonal IgM compo
nent and bone marrow lymphoid infiltration must be demonstrated. In addition, other small 
B-cell lymphoid neoplasms with plasma cell differentiation must be discarded. Although the 
clinical picture is highly heterogeneous, the diagnosis is much easier today compared to the 
past, since now we can demonstrate the presence of somatic mutations, especially the L265P 
mutation in the MYD88 gene, highly characteristic of WM (>90% of the patients), followed 
by the WHIM-like mutations in the CXCR4 gene (~35%). The identification of these 
mutations is very important, because they can modulate the response to new treatments 
with Bruton’s tyrosine kinase (BTK) inhibitors. Thus, the conventional prognostic factors 
that predict the outcome of these patients (anemia, thrombopenia, high M component, high 
B2M, and advanced age), must be complemented with the genetic evaluation of the patient, 
that can help us in the prediction of the risk of transformation from asymptomatic to 
symptomatic forms (Del6q) and/or from indolent forms of the disease to aggressive lym
phomas (CD79b mutations). 
Keywords: Waldenström’s macroglobulinemia, IgM-MGUS, pathology, biology, diagnosis, 
prognosis

Introduction
Waldenström’s macroglobulinemia (WM) is a B-cell lymphoproliferative disorder 
which is defined by bone marrow (BM) infiltration by small lymphocytes, lympho
plasmacytoid cells and plasma cells together with the presence of a detectable mono
clonal immunoglobulin M (IgM).1,2 According to the 2008 World Health Organization 
(WHO) classification system of lymphoid neoplasms, the pathological disorder under
lying WM is a lymphoplasmacytic lymphoma (LPL).3 By the end of 2011, 
a remarkable fact that has changed the view of WM was presented at this year annual 
meeting of the American Society of Hematology, as it was the presence of the 
MYD88L265P mutation in most cases of this disease,4 which has been highlighted in 
the last 2016 WHO classification of lymphoid malignancies.5 Other recent advances in 
the genomic profiling of patients with Waldenström macroglobulinemia (WM) have 
enhanced our understanding of its pathogenesis.6,7 Thus, the highly recurring somatic 
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mutation in the MYD88L265P is now recognized in >95% of 
cases, while CXCR4 mutations are present in 30–40% of 
WM patients.6–8 Such studies have also shown that the 
genomic status can impact not only the diagnosis but also 
the clinical presentation, treatment outcome and overall 
survival of patients.6,7

Classification and Epidemiology
WM patients may have a long asymptomatic course, called 
Smoldering WM, also known as asymptomatic WM (AWM). 
Although some authors have defined AWM as a WM with 
a serum monoclonal IgM ≥30 g/l and/or ≥10% BM lympho
plasmacytic infiltration without end-organ damage,9 the 
International Waldenström’s Macroglobulinemia Group 
(IWMG)1,2 and the WHO1,2 consider that it would be inap
propriate to suggest disease definitions based on arbitrary 
values for laboratory parameters, such as IgM concentration 
and percentage of BM lymphocytes. Thus, patients with an 
IgM monoclonal protein and unequivocal evidence of BM 
infiltration by lymphoplasmacytic lymphoma should be con
sidered to have WM irrespective of the IgM concentration. 
Then, when we are in front of an asymptomatic patient with an 
IgM monoclonal component in the absence of unequivocal 
BM or other tissue infiltration, an IgM Monoclonal 
Gammopathy of Uncertain Significance (IgM-MGUS) must 
be diagnosed. We still can have a small group of patients with 
an IgM monoclonal component, with no demonstrable tissue 
infiltration but pathological consequences of the IgM protein, 
such as peripheral neuropathy, amyloidosis, or skin lesions 
among others; in these cases, we will be in front of a so-called 
IgM related disorder. Finally, we also can see some isolated 

patients with IgM monoclonal component and some tissue 
infiltration by LPL but in the absence of BM infiltration; 
such patients should be considered as ‘pure’ LPL, together 
with those rare cases in whom the M-component is an IgG 
and/or IgA. These definitions can be found in Table 1.

WM represents approximately 1–2% of all hematologic 
malignancies with 150–200 new cases per year in Spain.10 

WM mostly occurs in adult Caucasians with a median age in 
the seventh decade of life. The annual incidence of WM is 3– 
4 cases per million persons per year and increase with the age 
or familial predisposition that is observed in approximately 
20% of patients.11,12 Virus C Hepatitis is also associated with 
WM.13 IgM monoclonal gammopathy of undetermined sig
nificance (IgM-MGUS) and AWM are defined as clinical 
precursor states to symptomatic WM.14 Thus, patients with 
IgM-MGUS have a 10.8 higher relative risk of developing 
WM.15

Clinical Features
The clinical presentation of WM is variable (Tables 2 and 
3). Symptoms can be related to tumor infiltration, either in 
the BM or as extramedullary infiltration, or they can be 
related to specific immunological or chemical properties of 
the monoclonal component.

Symptoms and Signs Derived from 
Lymphoma Infiltration
B Symptoms
In symptomatic WM patients, the presence of B symptoms 
including fever, night sweats, and weight loss is not 
uncommon.

Table 1 Classification of Immunoproliferative Disorders with Monoclonal IgM

Symtomsa 

Attributtable to 
Tissue Infiltration

Symtomsb 

Attributable to IgM
Bone Marrow 
Infiltrationc

Ig Monoclonal Proteinb

Symptomatic WM (+) (+) (+) IgM
Asymptomatic WM (–) (–) (+) IgM

IgM-related disordersd (–) (+)c (–)b IgM

IgM MGUS (–) (–) (–)b IgM
Lymphoplasmacytic 

lymphomae

(+/–) (+/–) (+/–) IgM > IgG > IgA or absent

Notes: aSymptoms attributable to tumor infiltration will include any of the following manifestations: B symptoms, cytopenia(s), or symptomatic organ infiltration (ie central 
nervous system: Bing-Neel syndrome). bThere is no definition of an IgM concentration threshold to differentiate between MGUS and WM. cPatients with demonstrated 
bone marrow infiltration by lymphoplasmacytic lymphoma have a WM, while patients without evidence of infiltration have an MGUS. Detection of clonal B-cells by flow 
cytometry or MYD88 L265P mutation by polymerase chain reaction will help in this definition, but in the absence of morphological evidence of bone marrow infiltration 
these patients should still be classified as having an MGUS. dThere are patients who have symptoms attributable to the IgM monoclonal protein but no overt evidence of 
tissue infiltration by LPL. These patients may show peripheral neuropathy, Schnitzler Syndrome, symptomatic cryoglobulinemia, amyloidosis, or cold agglutinin disease. 
eAnatomo-clinical entity present in patients in whom, having a lesion with histological diagnosis of LPL, there are no criteria of WM (they lack on IgM M-component and/or 
bone marrow infiltration). As other indolent lymphomas they can have or not of symptoms related to the infiltration or M-component.
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Bone Marrow Failure
Diagnosis of WM requires the presence of lymphoplasmacytic 
lymphoma in the BM (Table 2) with or without other histolo
gical infiltration. A BM aspiration and biopsy, together with 
immunophenotyping and genetics will establish the diagnosis 
of WM and will help to differentiate it from IgM MGUS, IgM 

multiple myeloma (MM) and other IgM-secreting lymphopro
liferative disorders, such as marginal zone lymphoma (MZL) 
and chronic lymphocytic leukemia (CLL).16–18 A typical 
effect of BM infiltration is anemia that is the most common 
symptom of WM and the usual cause to start therapy. Anemia 
is due to BM infiltration, but iron metabolism dysfunction and 

Table 2 Inside the Bone Marrow: Histology, Immunophenotype and Molecular Features

Bone Marrow Relevant Findings

Morphological 
evaluation

Pleomorphic B lineage cells at different stages of maturation: B lymphocyte cells with lymphoplasmacytic differentiation with 
small population of clonal plasma cells. The presence of prominent mast cells is frequent.

Flow cytometry 1) B-cell monoclonal population: 
sIgM +,CD19+,CD20+,CD22 +,CD79 +, CD25+, CD27+, FMC7+, BCL-2+, 

Up to 10–20% of WM cases may be CD5+, CD10+, or CD23+. 

2) Plasma cell population: CD138+ CD38++, CD19+, CD45+, CD56-, CD117-

Molecular aspects MYD88 L265P mutation: > 90%. The presence of MYD88 L265P mutation supports the diagnosis of WM 
CXCR4 mutation: 30–40%

Cytogenetics 6q21 deletion, is the most common cytogenetic abnormality reported in 30–60% of WM patients (can be seen by 
fluorescence in situ hybridization, FISH)

Histology Diffuse, interstitial and /or nodular infiltration of small B lymphocytes, lymphoplasmacytoid and plasma cells, with the 
predominately intertrabecular pattern associated with the restriction of light chains.

Table 3 Outside the Bone Marrow: IgM Related Symptoms

Clinical Features IgM Related Disease

New onset headaches, blurred vision, mucosal bleeding, hearing loss, tinnitus, neurologic disorders, retinopathy 

and retinal hemorrhage

Hyperviscosity

Distal, symmetric, progressive, sensorio-motor peripheral neuropathies with predominantly demyelinating 

features in the nerve conduction studies. (50% of cases anti-MAG +) 

IgM antibodies against other neural targets: gangliosides GM1, GD1a, GD1b, GT1b, GM2 and GM3 and the 
paragloboside, sulphate-3-glucuronyl para-globoside (SGPG).

Peripheral neuropathies related 

to IgM

Raynaud like symptoms, acrocyanosis, ulcerations on extremities, purpura, cold urticaria Cryoglobulinemia I

Arthralgias, sensorimotor neuropathies, purpura, renal failure. Cryoglobulinemia II

Extra vascular Hemolytic anemia (cold exposure), Raynaud phenomenon, acrocyanosis. Cold agglutinins

Recurrent thrombotic events Antiphospholipid syndrome

Peripheral sensory neuropathies with axonal pattern associated with autonomic nerve dysfunction. 

Other organ involvements: kidneys, heart, lung, liver and Gastointestinal tracts.

Amyloidosis AL

Chronic urticarial eruptions, recurrent fever, arthralgia ± lymphadenopathy Schnitzler’s Syndrome, 

(Auto-inflammatory disease)

Renal Failure ± Proteinuria (Moncolnal- IgM +/_ Light chain deposition) Proliferative glomerulonephritis, 

Amyloidosis AL 
Cryoglobulinaemia II
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hemolysis can play a role. Iron deficiency is very common in 
WM because hepcidin, a negative regulator of iron absorption, 
is elevated in the serum of WM patients, probably related with 
the MYD88 alterations.19,20 Other cytopenias, as leukopenia 
and thrombocytopenia can also be present in around 15% of 
patients.

Extra-Medullary Disease (EMD)
At diagnosis, 10–15% of WM patients have EMD: lym
phadenopathy, hepatosplenomegaly, pleural or abdominal 
effusions, among others (Table 3). At relapse, nearly 60% 
of patients can present adenopathy. The IWMG recom
mends an initial assessment of EMD by imaging in all 
new diagnosed patients, and at the time of relapse.21 In 
a retrospective single center study in Dana-Farber Cancer 
Institute, among 985 patients with WM that were evalu
ated at diagnosis, only 4.4% of patients have extranodal/ 
extramedullary disease; 21% of them presented EMD at 
diagnosis and 79% developed EMD during the outcome. 
Most frequent EMD sites involved were lungs (30%), soft 
tissue (21%), cerebrospinal fluid (23%), kidneys (8%), and 
bones (9%).22

Bing-Neel Syndrome (BNS) is a rare but interesting 
presentation of WM, observed in about 1% of patients. 
BNS should be suspected in patients with WM who 
develop central neurological symptoms. Such symptoms 
include motor deficits, balance disorder, gait abnormal
ities, cranial nerve deficits, seizures, headaches, and atypi
cal peripheral neuropathy. The gold standard for BNS 
diagnosis is the demonstration of WM cells on cerebro 
spinal fluid (CSF) examination or brain biopsy. The eva
luation of these patients should include brain and whole 
spine magnetic resonance imaging with gadolinium 
enhancement, and CSF sampling. CSF should be evaluated 
by morphology, flow cytometry and molecular studies.23 

Flow cytometry of CSF is the most sensitive technique to 
detect tumor cells in the central nervous system,24 but 
PCR assays to detect IGH gene rearrangements and 
mutated MYD88L265Pon CSF can also help to support 
the diagnosis of BNS. In patients with focal brain lesions 
but no CSF involvement, a stereotaxic biopsy should be 
programmed.23

Symptoms Related to IgM
IgM paraprotein can cause specific complications due to 
its physical-chemical properties, autoantibody activity, tis
sue deposition and non-specific interactions with other 
proteins.

Hyperviscosity Syndrome (HVS)
Hyperviscosity syndrome (HVS) related to high IgM 
levels is a hallmark of symptomatic WM. It has been 
described in 10–15% of cases with variable manifestations 
that include headache, blurred vision, confusion, and 
mucosal bleeding.25 We should identify patients at high 
risk of symptomatic hyperviscosity that might support the 
decision to treat asymptomatic patients before irreversible 
damage occurs. Although the size of the monoclonal com
ponent is not exactly related to symptoms, they are rarely 
observed with a serum IgM level below 3 g/dL, while they 
are frequent in patients with a serum IgM ≥6 g/dL (median 
time to symptomatic hyperviscosity of ~3 months).26 The 
funduscopic examination is very reliable to detect clini
cally significant hyperviscosity by seeing changes in the 
retinal vessels. Plasmapheresis should be carried out as an 
emergency procedure in high-risk HVS patients. The panel 
of the 8th International workshop on WM recommended 
that patients with serum IgM levels >3g/dL should 
undergo funduscopic evaluation by an experienced 
ophthalmologist to identify vessel tortuosity/retinal 
hemorrhages.21 These findings would suggest the need 
for immediate therapy.

Cryoglobulins
Cryoglobulinemia refers to the presence of serum proteins 
(immunoglobulins) with heterogeneous etiopathogenetic 
and immunochemical properties that precipitate at the 
temperatures below 37°C [98.6 F] and redissolve at 
37°C. Cryoglobulins can deposit in medium and large- 
sized blood vessels, leading to a systemic inflammatory 
syndrome characterized by fatigue, arthralgia, purpura, 
neuropathy, glomerulonephritis, endothelial injury and 
end-organ damage. Brouet criteria classify cryoglobuline
mia into three (I, II & III) subgroups based on their 
immunoglobulin (Ig) composition.27 Type 
I cryoglobulinemia, which develops in the setting of pro
tein-secreting monoclonal gammopathies, is the one 
usually associated to WM. It is characterized by Raynaud 
phenomenon, acrocyanosis ulcers, purpura and cold urti
caria. In contrast, in type II or mixed cryoglobulinemia, 
the cryoglobulins are composed of a mix of monoclonal 
IgM with rheumatoid factor (RF) activity and polyclonal 
IgG, usually associates Hepatitis C virus infection, and 
leads to purpura, renal failure, arthralgias and sensorimo
tor neuropathies.28 Type III is characterized by polyclonal 
IgM with RF activity and polyclonal IgG, and it is not 
associated to WM.
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Accordingly, in WM patients suspected of having cryo
globulins, serum samples should be obtained in a warm 
bath to avoid cryoprecipitation. Plasmapheresis will be 
a choice of therapy in WM patients with severe cryoglo
bulinemia. A blood warmer will be necessary to prevent 
cryoglobulin precipitation during plasmapheresis.27

Cold Agglutinin Syndrome (CAD)
Another cause of Anemia is hemolysis in WM patients. 
A hemolytic panel including reticulocyte counts, lactate dehy
drogenase, haptoglobin, direct Coombs test, and cold aggluti
nins should be performed, in all patients with anemia and WM. 
We should think about of CAD, if the WM patient presents 
hemoglobinuria after cold exposure.29 CAD is produced by 
IgM with immunological activity: IgM acts as an autoantibody 
against red blood cell antigens, producing Hemolytic anemia, 
and sometimes Raynaud phenomenon, acrocyanosis, and 
livedo reticularis. In patients with severe cold agglutininemia, 
plasmapheresis should be started promptly to remove cold 
agglutinins.

Polyneuropathy
The prevalence of peripheral neuropathy (PNP) in WM at 
diagnosis is around 30%, but 50% of them can be affected at 
some time during the course of their disease.30 Although PNP 
may be related to lymphoplasmacytic infiltration nerve fibers, 
it most commonly is due to IgM deposition, presence of 
autoantibodies, cryoglobulinemia or amyloidosis.

When a WM patient is suspected to be affected by 
PNP, the first point to evaluate is whether or not the 
monoclonal gammopathy is the cause of PNP. 
The second point will be to distinguish if the PNP can 
be associated to specific plasma cell disorders, such as 
primary amyloidosis, that could have a specific approach 
and treatment.31

Usually, IgM monoclonal gammopathy associated PNP 
presents as a distal, acquired, demyelinating, and sym
metric neuropathy with M protein (DADS-M).31 Nerve 
conduction tests should be performed in all WM patients, 
and different patterns of nerve damage can appear: demye
linating, axonal or mixture pattern. All these patients 
should be tested for myelin-associated globulin antibodies 
(anti-MAG antibodies). A clinically significant result 
[>70.000 Bühlmann Titer Units (BTU)] strongly suggests 
a PNP caused by the M-component. Up to 50% of patients 
with IgM-associated demyelinating PNP have anti-MAG 
antibodies in the setting of IgM MGUS or WM.31 If anti- 
MAG are negative, patients should be tested for antibodies 

against other neural targets, including the gangliosides 
GM1, GD1a, GD1b, GT1b, GM2 and GM3 and the para
globoside, sulphate-3-glucuronyl para-globoside (SGPG). 
GM1 antibodies may be causally associated with 
a multifocal motor neuropathy, as well as IgM GD1b 
antibodies. IgM disialosyl antibodies could be associated 
with CANOMAD: Chronic Ataxic Neuropathy with 
Ophthalmoplegia, M-protein, cold Agglutinins and 
Disialosyl ganglioside (IgM Anti-GD1b/ GT1b/GQ1b) 
antibodies.32 In CANOMAD, nerve conduction tests 
show a mixed pattern of axonal loss and demyelinating 
features. 30–40% of IgM-related demyelinating neuropa
thies have no identifiable antibodies.30 In these cases, 
clinical judgment is the only possibility to connect IgM 
and PNP. It is important to identify them, because treat
ment could be needed to avoid a prolonged demyelination, 
that can induce irreversible axonal damage. In addition, 
other causes of PNP should be always ruled out: diabetes, 
cobalamin deficiency, thyroid dysfunction, etc.33

Amyloidosis
Systemic immunoglobulin light-chain (AL) amyloidosis is 
a rare complication of WM caused by the aggregation of 
misfolded proteins that deposit as fibrils in several organs, 
including kidneys, heart, peripheral nerves, liver, and gas
trointestinal tract. Monoclonal IgM-related light chain AL 
accounts for 6% of all cases of AL.34 Several studies have 
shown that the pattern of organ involvement is different 
from non-IgM Amyloidosis, with higher frequencies of 
lung, soft tissue, and peripheral nervous system involve
ment, and lower frequencies of heart.34,35 In these cases, 
PNP is usually due to amyloid deposition in the nerves. 
The neuropathy in AL amyloidosis often has an axonal 
pattern whereas IgM monoclonal gammopathy associated 
PNP without amyloidosis often has a demyelinating nat
ure. Autonomic function also tends to be impaired in 
neuropathy associated with AL amyloidosis, which is not 
frequent in non-amyloidotic WM neuropathy. The prog
nosis of patients with IgM-related AL amyloidosis might 
be more favorable than those with non-IgM AL 
amyloidosis.36

Diagnosis
The diagnosis of WM is clinicopathological, requiring the 
histologic evidence of BM infiltration by LPL as well as 
the presence of an IgM monoclonal gammopathy detected, 
at least, by immunofixation.1,21,37 A summary of the tests 
that are essential or highly recommended to be performed 
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during the diagnostic work-up of patients with WM is 
shown in Table 4.

Laboratory Findings
Hemogram
50–70% of patients have normocytic and central anemia, 
although a peripheral component can also be found (blood 
loss, cold agglutinins, hemodilution).21 White blood cells 
are usually normal, but lymphocytosis (>4×109/L) is pre
sent in one-fourth of patients, usually monoclonal, and 
neutropenia is possible. Thrombopenia only appears in 
<20% of cases. Blood smear shows stacks or aggregations 
of red blood cells (rouleaux phenomenon) due to parapro
teinemia, and sed rate (SR) is increased.

Biochemistry
The biochemistry of patients with WM is usually normal. 
Renal damage can occur in patients with WM, but they 
guide more towards the diagnosis of IgM myeloma. The 
biochemical profile can also provide data of hemolysis 
and/or other organ lesions, related or not to WM.21

Viscosity is usually increased in WM because in 
serum and plasma it is mainly determined by proteins. 
Among them, IgM has one of the highest molecular 
weight (950 kDa), with a high length/width ratio and 
the possibility of pentamerize.25 This provides a very 
high intrinsic viscosity to IgM, being responsible of 
plasma viscosity in a higher way than any other immu
noglobulin. Thus, while 5000 mg/L of IgM easily 

promote HVS, an IgA component would require 
a serum level higher than 7000 mg/dL.

Serum and Urinary Proteinogram
Total proteins are increased by IgM paraprotein. 
Electrophoresis reveals the existence of a monoclonal IgM 
band that must be identified by immunofixation. Unlike 
MM, the levels of polyclonal Ig (IgG and IgA) are usually 
normal (immunoparesis is rare in WM),1 but this could 
change with novel tests, such as free Heavy/Light chain 
assessment.38 Finally, 30–50% of WM patients present 
with Bence Jones proteinuria, generally low (<2 g/24 hours).

The determination of serum-free light chains (sFLC) is 
a useful study in MW, since it avoids interpretation pro
blems derived from the polymerization of the IgM chains. 
sFLC assessment has a prognostic value, because patients 
with >60 mg/L of the involved light chain have less 
hemoglobin (Hb) and more Beta2microglobulin (B2M),39 

and patients with >80 mg/L of involved light chain had 
more progressive disease and shorter treatment-free 
survival.38,40 The Heavy/Light chain (HLC) test could 
help to identify cases with special risk of progression.38

Detection of Tumor Traits in Peripheral Blood
Flow cytometry has demonstrated that WM cells can be 
detected in PB, but the efficacy is lower than that we can 
observe in BM.41 The MYD88L265Pcan also be detected in 
PB, but we need to use advanced techniques to increase 
the detection capacity, for instance by using CD19+ 

Table 4 Essential Evaluation of Patients with Waldenström Macroglobulinemia (WM)

Evaluation  

● Clinical history and physical examination  
● Familial history for WM and other B-cell lymphoproliferative disorders  

● Funduscopic examination: fotographic documentation  

● Review of systems

If clinically indicated  

● Cryoglobulins  
● Cold agglutinin titre  

● Serum viscosity  

● Screening for von Willebrand disease  
● 24-h urine protein quantification

Bone marrow aspiration and biopsy  
● Immunohistochemistry  

● Flow cytometry  

● Testing for MYD88 L265P gene mutation  
● FISH analysis of del(6q21) and del(17p)

Laboratory studies  
● Complete blood count  

● Complete metabolic panel  

● Serum immunoglobulin levels (IgA, IgG, IgM)  
● Serum and urine electrophoresis with immunofixation  

● Serum free light assessment  

● Serum beta-2-microglobulin level
Total body CT-scan with IV contrast  

● In patients being considered for therapy  

● PET-CT if transformation is suspected

Notes: Modified from reference 37: Castillo JJ, Garcia-Sanz R, Hatjiharissi E, Kyle RA, Leleu X, McMaster M, Merlini G, Minnema MC, Morra E, Owen RG, Poulain S, Stone 
MJ, Tam C, Varettoni M, Dimopoulos MA, Treon SP, Kastritis E. Recommendations for the diagnosis and initial evaluation of patients with WaldenströmMacroglobulinaemia: 
A Task Force from the 8th International Workshop on WaldenströmMacroglobulinaemia. Br J Haematol. 2016 Oct;175(1):77–86. doi: 10.1111/bjh.14196. Epub 2016 Jul 5. 
PMID: 27378193; PMCID: PMC5154335.
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selected cells, cell free DNA (liquid biopsy)42 or droplet 
digital PCR.43 Probably, the most efficient approach could 
be a combination of cfDNA and ddPCR, although we 
cannot forget that the presence of the mutation is not 
sufficient for WM diagnosis, while the absence of 
MYD88L265P does not completely excludes it.

Histology
The 2008 World Health Organization (WHO) classifica
tion defines LPL as a B-cell lymphoid neoplasm composed 
of small B lymphocytes, lymphoplasmacytoid cells and 
plasma cells, usually involving BM and sometimes 
lymph nodes and spleen, which does not fulfill the criteria 
for any of the other small B-cell lymphoid neoplasms.2 

Thus, LPL remains an exclusionary diagnosis because 
there are no unique and uniform clinically applicable fea
tures that characterize the small lymphoid cells or the 
plasma cells.44 LPL is characterized by BM infiltration 
of small B lymphocytes with a predominately intertrabe
cular pattern. In addition, an interstitial, nodular or diffuse 
pattern can be observed. A paratrabecular pattern of infil
tration is unusual, which help to distinguish LPL from 
other subsets of lymphoma, such as MZL that exhibits 
this paratrabecular pattern much more frequently.21 For 
the diagnosis of WM, variable numbers of plasmacytoid 
lymphocytes and plasma cells, often with positive periodic 
acid–Schiff intranuclear pseudoinclusions (Dutcher 
bodies), must also be present.44

BM biopsy (Table 2) shows the presence of light chain 
restricted lymphocytes, lymphoplasmacytoid and plasma 
cells, in which monoclonality is easy to be demonstrated 
by molecular or flow cytometric techniques in simple BM 
aspirates.45 A typical feature of LPL is the presence of 
prominent mast cells that are often recognized in the 
spicules of aspirate smears with Giemsa stain or in the 
histologic sections with tryptase immunohistochemical 
stain. Finally, LPL may also be associated with immuno
globulin deposition, amyloid, or crystal storing 
histiocytosis.2

Outside the BM, the presence of LPL is not frequently 
seen. Lymphoid tissue infiltration is often difficult to be 
assessed, especially when differential diagnosis includes 
nodal MZL, splenic MZL, or other small B-cell neo
plasms with plasmacytic differentiation. Three patterns 
of lymph node involvement by LPL have been described, 
the most classic being lymph nodes with intact sinuses, 
a relatively monotonous lymphoplasmacytic 

proliferation, small residual follicles without large germ
inal centers or prominent follicular colonization.44 In the 
spleen, LPL typically involves both the splenic white and 
red pulp with diffuse pattern. Periarteriolar aggregates of 
plasmacytoid cells, small lymphocytes, immunoblasts are 
consistent in LPL. Increased mast cells, and hemosiderin 
can also be seen. When BM is not involved and mono
clonal IgM is not present (IgG/IgA/absent 
M-component), MYD88L265P mutation is less frequently 
seen.46,47

Large cells are uncommon in LPL-IgM unless histolo
gical transformation occurs. If transformation is suspected, 
a lymph node biopsy is recommended,48 especially after 
a PET-CT scan to select one of the most actives adenopa
thies from the metabolic point of view.49

Immunophenotypic Features
Immunophenotypic evaluation is of great value in the 
differential diagnosis of B-cell lymphoproliferative disor
ders and must be performed on BM samples (Table 2). 
The immunophenotypic profile of lymphoplasmacytic 
cells in WM expresses pan B-cell antigens CD19, 
CD20, CD22, and CD79, as well as CD25+, CD27+ 
and light chain-restricted surface IgM.50,51 It is also typi
cally characterized by the lack of expression of CD5, 
CD10, CD11c, CD23 and CD103, which is in contrast 
with most other mature lymphoid malignancies, except 
MZL. However, several studies have observed that in 10– 
20% of WM cases tumor cells can express CD5, CD23 or 
CD10.52–54

Multiparametric flow cytometric immunophenotyping 
also demonstrates the presence of monoclonal plasma cells 
(PC) with the same restricted light-chain expression as the 
lymphoplasmacytic population.50 The antigenic profile of 
these plasma cells shows a phenotypic profile similar to 
normal PC and clearly different from that of myeloma 
patients: CD138+++, CD19+, CD45+, CD38+, CD56–, 
with high proportion of PC with the same light-chain 
restriction as the IgM monoclonal component seen in the 
serum.50 This means that the genetic program of the final 
B-cell differentiation is altered in WM cells, which can 
explain why Robert et al observed the abnormal co- 
expression of CD138 and PAX5 in 23% of plasma cells 
in samples from a series of LPL patients. This finding 
contrasts with MZL, where PAX5 cells (B lymphocytes) 
completely lack of CD138, while CD138+ cells (plasma 
cells) have switch off PAX5 expression.50
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Cytogenetic Features
Conventional karyotypic analysis is not mandatory for the 
routine diagnostic assessment of WM patients as it is very 
difficult to obtain tumor metaphases in vitro. 6q deletion 
(usually from 6q21 to 6q23), that can be seen by fluores
cence in situ hybridization (FISH), is the most common 
cytogenetic abnormality reported in 30–60% of WM 
patients.55–58 Such deletions are associated with more 
aggressive IgM gammopathies and a high probability of 
symptomatic transformation.58 Chromosome 6q deletions 
involve genes that modulate Nuclear Factor-κB (NF-KB), 
BCL2, Bruton Tyrosine Kinase (BTK), apoptosis and differ
entiation, which could help to explain why this deletion is 
associated with poor clinical features and a higher risk of 
symptomatic evolution. Other genes whose deletion could 
justify such relationship are genes with important regulatory 
functions, such as IBTK, HIVEP2, and FOXO3.8

FISH studies may be also be useful to detect some 
abnormalities that could help in the differential diagnosis, 
such as the detection of the t(11;14), very frequent in IgM 
myeloma60,61 and virtually absent in WM.46 In addition, it 
can detect several other abnormalities that are in common 
to other B-cell lymphoproliferative disorders: del(13q14) 
in 3–16% of cases, del(17p23) in 7–15%, del(11q22) in 
8%, +8 in 11%, and +4 in 8%.57,59–61

Molecular Genetics
MYD88 Mutations
Whole genome sequencing (WGS) in WM patients has 
identified several somatic mutations in WM.8 However, 
a mutation in the myeloid differentiation primary response 
88 (MYD88) gene, more specifically, the MYD88L265P 

mutation, is now considered the hallmark of WM (and 
LPL), since it is present in more than 90% of the 
patients.6 MYD88 is a protein adapter that activates the 
IL-1 receptor signaling pathway via interleukin-1 promot
ing BTK constitutive activation. BTK is a kinase with 
a critical role in B-cell receptor (BCR) signaling that 
regulates immune response, cell proliferation and cell 
death and seems to be directly related to B-cell lympho
proliferative disorders as WM. Although rarely, 
MYD88L265P is also present in other B cells disorders, so 
it is not completely specific of WM, by now. Some WM 
patients in whom MYD88L265P mutation is negative can 
have a MYD88 variant but placed in a different point 
respect the L265 position.62 Thus, some series reach a 
100%41 of incidence of WM patients and 87% of IgM- 

MGUS patients.46 These frequencies, together with the 
differential response to first generation BTK inhibitors 
hast prompted to some authors to consider that wild type 
MYD88 (MYD88WT) WM could be a different disease.63 

In addition, MYD88WT WM patients have a different 
genomic landscape that shows other NF-κB activating 
mutations, impart epigenomic dysregulation, or impair 
DNA damage repair (DDR). These patients show 
a shorter survival, especially if they have DDR mutations 
and a higher incidence diffuse large B-cell lymphoma 
transformation when compared with WM patients who 
carry the conventional MYD88 mutation.64

The MYD88L265P mutation is consider pathogenic in 
WM, since it leads to an amino-acid change in the 
MYD88 protein and is present in most cells and cases. It 
is an activating change and triggers interleukin-1 receptor– 
associated kinase (IRAK), Bruton’s tyrosine kinase (BTK), 
and hematopoietic cell kinase (HCK) growth and survival 
signaling, that in turn activate NF-KB-p65 dependent 
nuclear translocation and malignant cell survival.64 The 
presence of MYD88 mutation in IgM-MGUS reveals its 
role as a potential early oncogenic factor, but most of 
these IgM-MGUS patients never evolve into WM or other 
lymphoproliferative disorders, so this mutation cannot be 
considered as a unique pathogenic factor in WM.

The method and DNA source for the MYD88 mutation 
detection can affect the result.65 There is no standardized 
method for MYD88L265P mutation detection and several 
methods can be used with various approaches and detec
tion limits. This justify why the detection rate can range 
between 40% and 87% in IgM MGUS,46,66 and from 71% 
to 100% in WM.6,46,65 Currently, most authors recommend 
allele-specific polymerase chain reaction (AS-PCR)67 

which usually provides sensitivities beyond 1% and are 
sufficient for most diagnostic purposes,68 although droplet 
digital PCR are becoming more and more popular.43

CXCR4 Mutations
In 30–40% of patients with WM, tumor cells have somatic 
activating mutations in the C-terminal domain of 
C-X-Chemokine receptor type 4 (CXCR4) gene, similar 
to nonsense (NS) and frameshift (FS) germline mutations 
found in the “warts, hypogammaglobulinemia, infections 
and myelokathexis (WHIM) syndrome.8,69 CXCR4 is 
a classical G protein coupled receptor (GPCRs) located 
on chromosome 2 and acts as a conventional chemokine 
receptor, the normal ligand of CXCR4 is CXCL2 who 
coupled to CXCR4 initiate intracellular signaling cascades 
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that control chemotaxis, migration, proliferation and 
stemness.70 CXCR4 mutations in WM were the first ever 
reported in human cancer with a wide range of possibili
ties, which makes difficult to develop of a PCR-based 
diagnostic test. The most frequent (50%) mutated region 
is the amino acid S338X at position 1013 with nucleotide 
changes C > G, and C > A, both resulting in a stop codon. 
The second one is a S338 frameshift mutation in 21% of 
the cases, but there are more than 40 different mutations 
described.71 Most of such mutations introduce a premature 
stop codon or a frameshift that cuts the end of the CXCR4 
protein avoiding its metabolization, thus prolonging its 
effects.

This over function of CXCR4 explains why patients 
with such mutations have a higher BM disease burden, 
higher serum immunoglobulin M levels and more cases of 
symptomatic hyperviscosity.7 Asymptomatic patients also 
present mutations in CXCR4, but this fact seems to 
increase the risk of progression into symptomatic disease. 
In WM patients treated with a BTK-inhibitor the presence 
of CXCR4 mutations reduce the therapeutic effectiveness, 
and in vitro CXCR4 mutant cells treated with BTK- 
inhibitor are rescued by CXCL12 from apoptosis.71 

Accordingly, CXCR4 mutation emerges as a relevant 
molecular abnormality to be taken into account in WM 
not only for diagnosis, but also as a potential actionable 
target.

Other Somatic Mutations
Near 50% of WM harbor recurrent mutations in other 
genes.72–74 Somatic mutations in ARID1A are present in 
17% of patients with WM, including nonsense and frame
shift variants. Although this frequency has not been repro
duced by others,74 patients with ARID1A mutations are 
presumed to have more advanced disease which concurs 
with the fact that it is located at chromosome 6q, as its 
homolog ARID1B. In addition, ARID1A could modulate 
TP53 and is thought to act as an epigenetic tumor sup
pressor in ovarian cancer.67 TP53 mutations are rare in 
WM (<5%), but they are associated with poor survival.67

Mutations in CD79A and CD79B can be found in 8– 
12% of patients with WM.67,73,74 Both are components 
of the BCR pathway and can form heterodimers with 
each other, so activating mutations of these components 
could contribute to the chronic BCR signaling observed 
in WM cells.67 In one study, mutations in CD79A and 
CD79B were nearly exclusive of CXCR4 mutations, sug
gesting that CD79A/B mutations may also have an 

independent role in facilitating mutated MYD88- 
directed progression in WM.75 In addition, CD79B muta
tions have been associated with disease transformation in 
a some WM patients.76 The number of detectable genetic 
abnormalities in IgM monoclonal gammopathies is 
increased as the aggressiveness of the disease is 
increased. In a recent study evaluating the 12 most fre
quently mutated genes in WM, the percentage of patients 
with alterations was increasing as the monoclonal gam
mopathy progressed: 21% in IgM MGUS, 35% in AWM 
and 50% in symptomatic WM.74

Risk Assessment & Prognosis
According to the type of IgM monoclonal gammopathy, 
we have different classifications of risk assessment that are 
specific for the different stages.

Risk Assessment in IgM-MGUS
When we are in front of a patient with a MGUS, the first 
thing that we have to consider is that, among the different 
heavy chain isotypes of the heavy chain that can exist, 
IgM is the one with the highest risk of malignant 
transformation.15 These patients can evolve to non- 
Hodgkin lymphoma, WM, AL amyloidosis or CLL with 
a risk 11-fold higher than a matched control population. 
Probability of progression is higher for patients with an 
abnormal serum-free light-chain ratio (outside normal lim
its) and a high serum monoclonal protein level (≥1.5 g/ 
dL), especially if both are associated. Thus, the 20 year 
probability of malignant progression is 55% when both 
risk factors are present, 41% if there is one, and 19% there 
is none of them.15

Risk Assessment in Asymptomatic WM
When a patient fits with the AWM criteria (Table 1), the 
risk assessment to score the probability of transformation 
into a symptomatic disease can be done through several 
systems, but the most recent one is based on four risk 
factors: Immunoglobulin M ≥4500 mg/L, BM lymphoplas
macytic infiltration ≥70%, β2microglobulin ≥4.0 mg/dL, 
and albumin ≤3.5 g/dL.77 With these risk factors, the 
current progression risk-classification identifies three 
groups of asymptomatic WM with a different median 
time to develop symptomatic disease: patients whose risk 
scores were below the first quartile (low risk, have 
a median time from diagnosis to transformation of 9.3 
years), patients whose risk scores were in the interquartile 
range (intermediate risk, 4.8 years) and those whose risk 
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scores were above the third quartile (high risk, 18 years).77 

This new classification, whose access is facilitated through 
a ready-to-use webpage tool (http://www.awmrisk.com) 
could be of help to identify patients with high-risk AWM 
who may need closer follow-up or benefit from early 
intervention.

Risk Assessment in Symptomatic WM
Finally, if our patient fits the criteria of symptomatic WM, 
we should use the International Prognostic Scoring System 
(IPSS)78 that includes five variables associated with poor 
prognosis:

Anemia: Hb ≤115 g/L,
Thrombopenia: ≤100×109/L,
Monoclonal component: >70 g/L,
Age: >65 years
β2-microglobulin: >3 mg/L.
Using these risk factors we can construct three risk- 

groups:

1. Low risk: when there is no one risk-factor or only 
one, excluding the age. The median survival is 14y

2. Intermediate risk: if the patient is older than 65 or 
there are 2 risk-factors. The median survival is 8y

3. High risk: if there are more than two risk factors. 
The median survival is 4y

Since this IPSS is based on patients treated with old- 
fashioned therapies, more recently Kastritis et al developed 
a revised score (rIPSSWM) that found four parameters asso
ciated with poor prognosis: age (66–75 and ≥76 years), 
β2microglobulin ≥4 mg/L, serum albumin <3.5 gr/dL, and 
LDH ≥250 IU/L (ULN < 225). Accordingly, five different 
prognostic groups were constructed with a 3-year WM- 
related death rate of 0, 10, 14, 38, and 48% (p < 0.001) and 
10-year survival rate of 84%, 59%, 37%, 19%, and 9%. This 
system includes two extremes: very-low risk and very-high 
risk groups. It is conceivable to recommend the modification 
of current strategies a better management approach in them.5 

However, we should take into account that IPSSWM and 
rIPSSWM, are merely based on clinical and biochemical 
parameters, lacking on molecular and genetic characteristics 
that could be crucial for the future risk assessment in WM.18

Summary
Clinical-biological work-up in WM must include a deep patho
logical evaluation that help in the correct diagnostic assign
ment of the patient in order to correctly prescribe the patient 

treatment. Diagnosis should be precise and identify what spe
cific IgM monoclonal gammopathy is present in our patient, 
including as much as immunophenotypic and genetic informa
tion is possible to be obtained, including bone biopsy and BM 
cell data. In addition, a prognostic risk group assignment must 
be provided. Both, genomic and prognostic information will be 
used for a correct therapeutic indication. According to the 10th 
IWWM updated consensus, first line of therapy for newly 
diagnosed symptomatic patients WM could include alkylating 
drugs (Cyclophosphamide and Bendamustine) plus 
Rituximab, proteasome inhibitors (Bortezomib, Carfilzomib) 
plus Rituximab, or BTK inhibitors (Ibrutinib) with or without 
Rituximab. Second and further therapeutic lines will depend on 
the former response duration and toxicities, making possible 
the reuse of previous regimens or changing into others. The 
treatment initiation should be strictly guided by a correct diag
nosis (especially differentiating between symptomatic and 
asymptomatic forms) knowing that that responses to novel 
BTK inhibitors could be influenced by the molecular charac
teristics of the disease.79 This reinforces the necessity of an 
exquisite evaluating approach for these patients as we have 
pointed out in this review.
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Background: The coagulopathy of COVID-19 still awaits more clarification, and one 
approach that has not been investigated is to compare the hemostatic changes between 
COVID-19 and non-COVID-19 infected patients.
Objective: This study aims to study COVID-19 coagulopathy by measuring markers of 
endothelial injury and coagulation, including anticoagulants (TFPI, protein C, protein S, and 
AT) in COVID-19 patients and compare them with non-COVID-19 patients early in the 
course of the disease.
Methodology: This is an observational, prospective cross-sectional study comparing the 
levels of protein C, protein S, antithrombin (AT) III, clotting factor (F) VIII, von Willebrand 
factor (vWF) and coagulation screening tests (PT and a PTT), fibrinogen, D-dimer in 
COVID-19 patients admitted during the same time with non-COVID-19 infections. The 
demographic and clinical data of the patients were collected from electronic medical records 
during admission. Blood tests were extracted within 24 hours of admission for both groups.
Results: Fifty-four (66.7% males) consecutive COVID-19 patients and 24 (59% males) non- 
COVID-19 controls were enrolled in the study from October 2020 till December 2020. COVID- 
19 patients were significantly older than non-COVID-19 (57.7±14.2 vs 50±19.8 years, p=0.005). 
Fibrinogen level was significantly higher in COVID-19 patients compared to controls (5.9±1.48 
vs 3.9±1.57, p<0.001). There was no statistically significant difference in the level of FVIII, 
protein C, S, ATIII, and D-dimer between the two groups. The level of vWF Ag was statistically 
higher in COVID-19 patients (276.7±91.1 vs 184.7±89.4, p=0.0001). There was significant 
thrombocytopenia and lymphopenia among COVID-19 patients. Inflammatory markers, CRP, 
ferritin, and LDH, were increased in COVID-19 patients compared to non-COVID-19, but the 
difference was not statistically significant. High fibrinogen and vWF AG levels were the two 
independent variables found in COVID-19 patients.
Conclusion: The level of vWF Ag is increased early in the course of COVID-19 infection. 
This can be used as a biomarker for endothelial injury, which is peculiar to COVID-19 
infection.
Keywords: COVID-19, vWF, fibrinogen, coagulopathy, endothelium

Introduction
Coronavirus disease (COVID-19) started in Wuhan, China, as multiple cases of 
pneumonia of unclear cause.1–3 On 11th March 2020, WHO declared COVID-19 as 
a pandemic after affecting more than 118,319 patients globally.4 Currently, more 
than 127 million cases are confirmed worldwide with 2,799,030 deaths.5 In the 
Kingdom of Saudi Arabia, the total number of cases has reached 388,860 with 6656 
deaths, according to the last report (29th March 2021) from the Saudi Ministry of 
Health and the Saudi Centre of Disease Prevention and Control (CDC).6
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It is well known now that severe acute respiratory syn
drome corona virus2 (SARS-CoV-2) utilizes angiotensin- 
converting enzyme 2 (ACE2) receptor to enter human host 
cells.31 Specifically, SARS-CoV-2 surface spike protein 
binds to human ACE2 on the surface of the cell through its 
receptor-binding domain (RBD) which is activated by trans
membrane protease serine 2 (TMPRSS2). This in turn 
induces virus-plasma membrane fusion and subsequent cell 
entry. Therefore, it plays a fundamental role in SARS-CoV-2 
cellular infectivity as well as reduced viral recognition by 
neutralizing antibodies. Its expression by endothelial cells of 
the respiratory and digestive tracts explains many of the 
clinical presentations of COVID-19 infection.32–34

Patients with DM have an upregulation of ACE2 
expression (total and glycosylated forms) on the surface 
of the cells secondary to the renin-angiotensin system 
activation.35 This contributes to the higher prevalence 
and worse prognosis of COVID-19 infection in patients 
with type 2 DM in conjunction with microvascular damage 
and overt inflammation mediated by high plasma levels of 
IL-6 and other pro-inflammatory cytokine.36

Similarly, the higher binding of COVID-19 and ACE2 
could explain the higher rate of hypertension among 
patients infected with covid-19 and their complicated 
course. ACE2 is a known modulator of the renin- 
angiotensin system (RAS) and responsible for many of 
the pathways underlying hypertension.37

Recently, many papers have reported an increased pre
valence of venous and arterial thrombosis in COVID-19 
patients.7–10 This is especially true in patients with non-O 
blood groups who have higher risk for arterial and venous 
thrombosis. Possibly related to alteration in hemostatic 
markers, vWF and FVIII, and over-inflammation.38

Similarly, postmortem studies have demonstrated the 
presence of widespread multiple microthrombi.11 

Pulmonary embolism and deep vein thrombosis have also 
been reported in-69%of critically ill patients.9

During the last year, COVID-19 coagulopathy has been 
the subject of numerous publications, and it is now well 
established that the laboratory findings in COVID-19 coa
gulopathy are quite different from the usual findings of 
disseminated intravascular coagulation (DIC) seen com
monly in septicemia.12,13

In hospitalized COVID-19 patients, the most observed 
abnormalities are elevations of plasma fibrinogen and 
D-dimer, along with a parallel rise in markers of inflam
mation (eg, CRP and cytokines), and minimum prolonga
tion of prothrombin time (PT), activated partial 

thromboplastin time (aPTT), thrombin time (TT) and 
mild thrombocytopenia (platelet count ~100 x109/L).14,15 

This does not fit in the findings noted in classical DIC.16

These unique features of COVID-19 have been 
researched extensively in the last few months, and no 
consensus on its pathophysiology has been reached. 
A recent article in Nature has described it rightly as the 
COVID-19 mystery.17,18

With this background in mind, we conducted a cross- 
sectional study to explore the mechanism of clot formation 
in COVID-19, specifically the level of clotting factor (F) 
VIII, von Willebrand factor (vWF), and natural anticoagu
lants in COVID-19 infection on admission to the hospital 
and compared it to the non-COVID-19 patients. We 
believe this approach of comparing markers of endothelial 
injury and coagulation between patients with COVID-19 
pneumonia and bacterial pneumonia would bring out dif
ferences in the coagulopathy between these two groups of 
patients and thereby shed some light on the peculiar 
mechanism of the COVID-19 coagulopathy and better 
understanding of its pathophysiology, which may pave 
the way for novel therapeutic and/or preventive measures 
to prevent this potentially fatal complication•

Materials and Methodology
This study is a cross-sectional prospective observational 
study comparing COVID-19 patients confirmed by posi
tive real-time polymerase chain reaction rt-PCR test, 
Roche Light Cycler® 480, of nasopharyngeal swabs, and 
non-COVID-19 patients admitted at King Khalid 
University Hospital, Riyadh, Saudi Arabia, between 
October 2020 and December 2020.

Informed consent was obtained from all patients or 
their next of kin for reviewing their electronic medical 
records and collection of blood samples for the laboratory 
coagulation tests. The study was conducted in accordance 
with the Declaration of Helsinki. The study was approved 
by the Institutional Review Board of the College of 
Medicine-King Saud University, clinical trial number 
E-20-5099.

Patient Selection
The study included patients aged 18–80 years. We 
excluded incompetent or mentally disabled patients, oncol
ogy patients, pregnant or lactating women, patients known 
to have nephrotic syndrome and liver cirrhosis, and 
patients recently diagnosed with venous thromboembolism 
(<3 months) and those on anticoagulants.
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For the control patients (non-COVID-19) two negative 
screening rt-PCR test and diagnosis of community- 
acquired pneumonia (ATS definition) was required for 
enrolment.19

Demographic and clinical data were collected from the 
patients’ electronic charts and recorded in a data entry 
form. These included age, sex, basal metabolic rate 
(BMI), smoking, comorbidities, medication, and clinical 
presentation for COVID-19.

The metrics for all the baseline laboratory investiga
tions were collected from the system (HbA1C, D-dimer, 
CBC with differential count, serum ferritin, LDH, Cr, 
BUN, AST, ALT, Albumin, Bilirubin LDH and CRP).

Using a citrated tube, blood samples for natural coagula
tion factors inhibitors (Protein C, S, Antithrombin (AT) III) 
were extracted by the attending nurse, within 24 hours of 
admission, for both COVID-19 and non-COVID-19 patients. 
Samples were then transferred to Hematopathology 
Laboratory at King Khalid University Hospital.

Coagulation Tests
The performed assays included PT, aPTT, fibrinogen, 
D-dimer, quantification of coagulation FVIII, and physio
logical inhibitor proteins (protein C, free protein S, and 
AT). The PT, aPTT, and plasma fibrinogen assays were 
determined on the NeoPTimal using STA®, PTT A ⑤, 
Liquid FIB respectively and D-Dimer assay on the 
Liatest® D-Di PLUS. The Protein S, Protein C, antithrom
bin assays were determined on the Staclot, Stachrom, 
Stachrom ATIII STA®, respectively. The ristocetin cofac
tor activity of vWF-Rco was determined by vWF: RCo 
and vWF: Ag using Liatest ® vWF: Ag STA®.

Statistical Analysis
For descriptive and inferential statistical data analyses, 
Statistical Package for Social Sciences software, version 
25.0 (IBM SPSS Inc., Chicago, IL), was used. Both 
descriptive and inferential statistics involving the Chi- 
square test and T-independent Test were used to present 
the results. For each test, a p-value of less than 0.05 was 
considered statistically significant. Multiple logistic 
regression analysis and ROC curves were used to identify 
the independent variable.

Results
Fifty-four (66.7% males) consecutive COVID-19 patients 
and 24 (59% males) non-COVID-19 controls were 
enrolled in the study, from October 2020 till 

December 2020. The control group patients were diag
nosed with community-acquired pneumonia, and 6 of 
them had acute decompensated heart failure. Seven 
patients (7.4%) of COVID-19 patients died, 2 patients 
developed PE and one patient DVT during hospitalization. 
The severity of Infection with Covid 19 was moderate in 
15 patients, severe in 20 patients who required high flow 
oxygen or CPAP. Out of nineteen patients (35%) admitted 
to ICU, seven were put on mechanical ventilation (37%), 
and eight patients received anti-IL-6 (tocilizumab) therapy. 
Blood group O positive was the predominant ABO phe
notype in both Covid-19 and non-COVID-19 patients, 
56% and 48%, respectively.

COVID-19 patients were significantly older than non- 
COVID-19 patients (57.7 + 14.2 years vs 50 ±19.8 years, 
p=0.005) and were more obese (BMI = 31.3 ±7.5 vs 25.7 
±6.9 kg/m2, P=0.003). Their mean Glycosylated Hb 
(HbA1C) was 7.69±2.1% (Table 1). Thirty-one patients 
(57%) of Covid-19 patients had type2DM and were on 
anti-hyperglycemic drugs, while 24 patients (44.4%) were 
hypertensive There were more smokers in the control 
group compared to the COVID-19 group (Table 2). 
There was no difference in comorbid conditions between 
the COVID-19 and non-COVID-19 groups apart from 
chronic lung disease, which was more common in the 
COVID-19 group (18.5% vs 0%, p=0.024) (Table 3). 
Forty-nine patients (90.7%) of COVID-19 patients versus 
18 patients (75%) of controls received LMWH, enoxaparin 
for VTE prophylaxis, but the difference was not statisti
cally significant (p=0.065). Additionally, the use of anti
platelets was similar among the 2 groups (22.2% vs 
33.3%, p=0.3)(Table 3)

Laboratory Results
Plasma fibrinogen was significantly higher in COVID-19 
patients compared to controls (5.9 ±1.5 vs 3.9 ±1.57, 
p=0.000). There was no statistically significant difference 
in the level of proteins C, S, ATIII between the two 
groups. Similarly, the level of FVIII, although it was 
elevated in both groups high, it did not differ significantly 
between the 2 two groups (196.8 ±83.3% vs 227.4±82.9%, 
p=0.138). However, the level of factor vWF AG was 
statistically higher in COVID-19 patients (276.7 ±91.01 
vs 184.7 ±89.4, p=0.0001) (Table 1). There was a trend 
towards increased vWF activity in Covid-19 patients, but 
this did not reach statistical significance, probably due to 
the small sample size (191,5.31±68,8.18% vs 177.1 
±64.5%, p=0.08). The level of clotting FVIII was 
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increased in COVID-19 as well as in non-COVID-19 
patients, with no significant difference between the two 
groups (p=0.138).

There was significant thrombocytopenia and lympho
penia in the COVID-19 group, but there were no differ
ences found in coagulation tests PT, aPTT, and D-dimers 
levels (Table 1). Inflammatory markers CRP, Ferritin in, 
and LDH were highly elevated in both COVID-19 and 
non-COVID-19 patients, but there was no statistical dif
ference between both COVID-19 and non-COVID-19 
patients (Table 1).

In the multivariate logistic regression analysis of the 
laboratory values, high fibrinogen and vWF: AG levels 
were the 2 independent variables found in COVID-19 
patients (Table 4). Plasma fibrinogen (OR = 2.552; 95% 
CI= 1.2835.077; P <0.05) and vWF Ag (OR = 1.011; 95%) 

COVID-19 patients were used to generate ROC curves 
(Figure 1). The area under the ROC curve of 0.0.652 for 
age (P >0.05), of 0.738 for BMI (P <0.05), of 0.678 for 
smoking (P <0.05), of 0.309 for sex (P <0.05), of 0.202 for 
lymphopenia (P 5), of 0.797 for Hg (P <0.05), of 0.404 for 
PT (P <0.05), of 0.862 for fibrinogen (P < 0.05) and of 
0.795 for VWF Ag (P <0.05) (Figure 1).

Discussion
This study investigated some of the markers of endothelial 
dysfunction, coagulation factors, and level of natural antic
oagulants early in the course of COVID-19 infection in 
comparison to non-COVID-19 patients admitted with 
community-acquired pneumonia CAP during the same 
time period. We found that the level of vWF Ag, which 
is a marker of endothelial injury, was significantly higher 

Table 1 The Laboratory Result Values of COVID-19 Patients and Control Subjects

Parameters Reference Values COVID-19 Patients NON COVID-19 Controls Calculated T-Value Sig. (P-value)

Mean S.D. Mean S.D.

WBC 4.000–11.000 *10^9/L 8.17 6.24 9.23 4.75 −0.742 0.46

Lymph 1.0–5.0*10^9/L 1.25 1.17 2.12 1.49 −2.65 0.010*
Haemoglobin 130–180 gm/L 12.75 1.76 11.22 1.82 3.47 0.001*

Platelets 140–450*10^9/L 215.62 100.61 333.16 113.03 −4.58 0.0001*

PT sec 12.1–15.7 14.05 1.41 14.64 2.05 −1.21 0.236
aPTT sec 25.7–39.5 42.01 8.00 38.15 9.92 1.76 0.081

D dimer ug/mL 0.2–0.45 1.85 4.19 1.51 1.15 0.357 0.72

Fibrinogen g/l 2--4 5.90 1.48 3.93 1.57 4.95 0.0001*
Protien c % 70–130 92.52 18.85 94.45 21.95 −0.395 0.69

Protien S % 55–143 66.39 19.91 65.91 26.49 0.08 0.93

APCR sec >120 152.47 43.79 162.99 29.47 −1.07 0.29
AT III % 80–120 88.98 14.49 84.20 16.37 1.28 0.203

FVIII % 60–150 196.77 83.29 227.37 82.93 −1.49 0.14

VWF Activity % 50–160 191,5.3 68,8.2 177.08 64.54 –1.74 0.08
VWF Ag % 50–160 276.70 91.02 184.70 89.36 4.14 0.0001*

HgA1C 4.0–6.0% 7.69 2.07 8.61 3.32 −0.918 0.38

Creatinine 53–115 mcmole/L 98.0 51.22 97.79 104.94 0.011 0.991
ALT 16–61 unit/L 51.96 34.06 58.50 99.83 0.5 0.76

AST 15–37 unit/L 58.02 66.64 45.95 87.63 0.624 0.54

Albumin 34.00–50.00 gm/L 30.09 4.37 30.84 6.64 −0.509 0.61
Bilirubin 3.00–17.00 umole/L 8.90 5.51 17.12 22.58 −1.76 0.09

Ferritin 30–400 mcg/L 585.67 817.22 106.075 371,67 −0.501 0.61

LDH 84–246 unit/L 392.88 139.24 251,125 375.67 −1.73 0.09
CRP 0.00–3.00 mg/L 85.07 73.170 51.34 44.77 1.26 0.21

Troponin 0.00–19.00 ng/L 20.16 53.27 15.64 28.74 0.357 0.72
BNP < 100 pg/mL 756.48 1122.29 2616.53 6222.86 −1.07 0.30

Notes: Data are presented as mean ± standard deviation or number (%). WBC – White blood cells. *Indicates values with statistical significance. Significant differences in lab 
results between patients and control subjects include lymphocyte count, Hemoglobin, Platelets, fibrinogen and VWF Ag. 
Abbreviations: PT, prothrombin time; aPTT, activated partial thromboplastin time; PC, protein c; PS, protein S; ATIII, antithrombin III; APCR, activated protein 
C resistance; F VIII, FACTOR VIII; VWFAg, Von Willebrand Factor Antigen; VWFACT, Von Willebrand Factor Activity; HgA1C, hemoglobin A1C; ALT, alanine trans 
aminase; AST, aspartate trans aminase; LDH, lactate dehydrogenase; CRP, C reactive protein; BNB, brain natriuretic peptide.
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in COVID-19 patients than in bacterial infections. Its 
release following SARS-CoV-2 infection of endothelial 
cells leads to platelet activation and increased levels of 
FVIII. We also found an Increased level of D-dimer and 
fibrinogen early in COVID-19 infection. Our findings 
highlight the important role of endotheliitis in COVID-19 
coagulopathy.

The high level of vWF Ag and activity may indicate 
that endothelial stimulation has taken place very early in 
the course of COVID-19, resulting in the release of vWF 
from the endothelium. This process is mediated by ACE2 
receptors for SAR-Cov-2 on the surface of endothelial 
cells20 and contributes to the upregulation of fibrinogen 
and other procoagulants. This goes in parallel with the 
increase in the inflammatory markers IL6, ferritin, LDH. 
CRP and suggests that VWF can be a predictive marker of 
severe infection.21,39 The direct infection of the endothe
lial cells also leads to platelet activation and increased 
levels of VWF and FVIII, all of which contribute to 

thrombin generation and fibrin clot formation.22 The resul
tant endothelial cell activation can, to a great extent, 
explain the pulmonary microvascular thrombosis found 
in post-mortem examination of deceased patients with 
COVID-19,23,24 The level of FVIII in this study cohort 
of COVID-19 patients was increased early in the disease 
and the platelet count was mildly reduced.

Interestingly, the levels of natural anticoagulants (Pr C, 
S, ATIII) in COVID-19 patients were low normal but were 
not different from that found in patients with non-COVID 
-19 patients with CAP. This could indicate that depletion 
of natural anticoagulants occurs in both bacterial and viral 
infection at a later stage.

In addition, this study found that biomarkers of coagu
lation (such as D-dimer, fibrinogen, platelet count) were 
affected early in the COVID-19 infection. Previous studies 
reported that D-dimer could be used to differentiate 
between COVID-19 patients with severe versus mild 
disease.22,25

Table 2 Demographic Profile of Study Participants

Cases Controls

Parameters Mean ± S.D Mean ± S.D

Age(year) 57.69 ± 14.23 50 ± 19.79 P=0.005
BMI(Kg/m2) 31.34 ± 7.55 25.69 ± 6.91 P=0.003

Age Group Frequency Percentage Frequency Percentage Chi-Square P-value

≤ 46 (year) 7 13% 10 41%

4756(year) 21 38.9% 3 12.5%
57–65(year) 12 22.2% 2 8.3% 12.58 0.005

66 + (year) 14 25.9% 9 37.5%
Total 54 100% 24 100%

Smoking Frequency Percentage Frequency Percentage Chi-Square P-value

Ex-smoker 4 7.4% 3 12.5%

Non smoker 27 50% 19 79.2%
Smoker 2 3.7% 2 8.3% 12.9 0.005

Unknown 21 38.9% 0 0%

Total 54 100% 24 100%

Gender Frequency Percentage Frequency Percentage Chi-Square P-value

Male 36 66.7% 10 59.0%

Female 18 33.7% 14 41.0% 4.26 0.035

Total 54 100% 24 100%

Nationality Frequency Percentage Frequency Percentage Chi-Square P-value

Saudi 39 73.6% 23 95.8%

Others 14 26.4% 1 4.2% 5.12 0.022

Abbreviation: BMI, body mass index.
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Table 4 Multivariate Logistic Regression Analysis of the Laboratory Result Values Obtained from COVID-19 Patients and Control

Parameter Univariate Analysis Multivariate Analysis

OR 95% C.I. for OR Sig. (P-value) OR 95% C.I. for OR Sig. (P-value)

Lower Upper Lower Upper

Age 1.029 0.998 1.061 0.063 0.976 0.914 1.042 0.470

BMI 1.138 1.039 1.247 0.005* 1.071 0.940 1.220 0.305

Smoking 2.925 1.411 6.063 0.004* 1.649 0.318 8.555 0.552
Sex 0.357 0.133 0.960 0.041 0.439 0.039 4.925 0.504

Lymphocyte 0.614 0.395 0.953 0.030* 0.816 0.452 1.473 0.500

Hemoglobin 1.565 1.173 2.089 0.002* 1.462 0.854 2.505 0.166
Platelets 0.812 0.602 1.095 0.172 0.879 0.435 1.778 0.721

Fibrinogen 2.528 1.565 4.085 0.0001* 2.552 1.283 5.077 0.008*

VWF Ag 1.011 1.005 1.018 0.001* 1.011 0.999 1.024 0.080*

Notes: *Indicates values with statistical significance. The independent variables found in Covid-19 patients are Fibrinogen and VWF Ag. 
Abbreviations: BMI, body mass index; VWFAg, Von Willebrand Factor Antigen.

Table 3 Comparison of Co-Morbid Conditions Between (COVID-19 Patients and Control Individuals)

Parameters Patients Control Chi-Square P-value

Frequency Percentage Frequency Percentage

Diabetes Mellitus 31 57.4% 13 54.2% 0.071 0.7

DM Type 1 0 0% 1 4.2%

DM Type 2 31 57.4% 12 55.1% 2.56 0.277

Hypertension 24 44.4% 12 50% 0.206 0.650

Heart failure 6 11.1% 6 25% 2.46 0.11

Diastolic 4 7.4% 4 16.7%

Systolic 2 3.7% 1 4.2% 4.03 0.25

Atrial Fibrillation 1 1.9% 0 0% 0.74 0.39

Ischemic heart disease 4 7.4% 4 12.5% 0.501 0.48

Stroke 2 3.7% 1 4.2% 0.01 0.92

Chronic Kidney Disease 5 9.3% 4 16.7% 0.85 0.35

On dialysis 38 66.7% 0 0% 29.7 0

Chronic Lung Disease 10 18.5% 0 0% 5.1 0.024*

Name of VTE prophylaxis Frequency Percentage Frequency Percentage Chi-Square P-value

Enoxaparin 49 90.7% 18 75% 3.39 0.065

Unfractionated Heparin 5 9.3% 6 25%

Antiplatelet 12 22.2% 8 33.3% 1.08 0.3

Notes: *Indicates values with statistical significance. No difference in co-morbid conditions was found between patients and control subjects apart from Chronic Lung 
disease. No significant difference was found regarding the type of VTE prophylaxis. 
Abbreviation: VTE, venous thromboembolism.
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A cut-off value of D-dimer of ≥2 µg/mL (fourfold 
increase) within 24 hours after hospital admission was 
reported by Zhang et al to predict in-hospital mortality with 
a sensitivity of 92.3% and a specificity of 83.3%.26 Of note, 
the two study groups were not different in the anticoagulant 
agent used for VTE prophylaxis (Table 3); therefore, the 
changes noted in D-dimer, fibrinogen and coagulation factors 
were not related to the type of anticoagulant agent.

The increase in fibrinogen noticed early in COVID-19 
infection helps differentiate bacterial sepsis or DIC from 
COVID-19 induced coagulopathy.27 Besides, the asso
ciated thrombocytopenia and prolonged activated partial 
thromboplastin time tend to be mild.18 This supports the 
theory that arterial thrombosis in COVID-19 is the result 
of direct endotheliitis caused by SARS-CoV-2 infection of 
endothelial cells through the two receptors of angiotensin- 
converting enzyme which results in disseminated micro
thrombosis, reactive endotheliitis and release of von 
Willebrand (vWF) multimers.18,39 This seems to be pecu
liar for COVID-19 and not shared with other viruses that 
present with decreased plasma fibrinogen concentrations, 

such as Ebola or Dengue, responsible for hemorrhagic 
fever and associated with the hypercoagulable state.28

In this study, the lymphocyte count of COVID-1919 
pts was statistically lower than non-COVID-19 and 
occurred early in the disease. This is in agreement with 
previous studies that reported lymphopenia in 70.3% of 
hospitalized COVID-19 patients29 and can be considered 
as a biomarker of adaptive immune response and was 
found to be associated with COVID-19 severity.30

Limitations of This Study
Including the small sample size and being a single- 
center study, other inflammatory markers, eg, ferritin. 
IL 6 and procalcitonin were not compared among the 
two groups. Future studies in a larger number of patients 
are needed to confirm our findings and probably try to 
identify other soluble and cellular markers of early 
endothelial derangement. This will help to further reveal 
the role of endotheliitis in the procoagulant mechanism 
of SARs-cov2 infection, eg, plasma VWF propeptide 
(VWF pp).

Figure 1 ROC curves for multivariate logistic regression models of significant variables among COVID-19-patients.
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Conclusion
Endothelial injury activation markers are increased early 
in COVID-19 infection, which is peculiar to COVID-19. 
The levels of VWF-Ag and fibrinogen are higher in 
COVID-19 infection than in non-COVID-19 bacterial 
infections.

We probably need to target endothelial injury in early 
COVID-19 to halt the activation of the coagulation system 
and consumption of natural anticoagulants and triggering 
of inflammatory response.

VWF Ag can be used as a biomarker for endothelial 
injury in COVID-19 early in the course of infection and 
may play a role as a prognostic indicator as demonstrated 
in other recent studies.
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Background: COVID-19 wreaked havoc on the healthcare system, with more than 
36 million cases reported globally. Although the pediatric population makes up a lesser 
proportion of total COVID-19 patients than adults, the clinical status, age and comorbidities 
warrant identifying possible prognostic factors associated with disease severity in this group. 
The current study aimed to explore the incidence of thrombosis, overall outcome, and 
different hematological and coagulation markers in children with COVID-19.
Methods: This is a single-center prospective study of 43 patients (age < 14 years) with 
confirmed COVID-19 diagnosis recruited from April to August 2020. Data for clinical 
presentation were collected and analyzed. The samples were tested for different hematolo
gical and coagulation markers.
Results: Twenty-nine (67.4%) were symptomatic at presentation, with fever being the most 
common symptom (n = 23, 53.5%), followed by respiratory (n = 5, 11.6%) and gastro
intestinal symptoms (n = 3, 7%). Co-morbid conditions were recorded in 26 (60.5%) 
patients, with malignancy being the commonest (n = 9, 20.9%). In this cohort of patients 
with age <14 years, hypertension, respiratory symptoms and ABO group-A were significantly 
associated with pediatric intensive care unit (PICU) admission during the course of treat
ment. Patients with elevated FVIII and fibrinogen levels at presentation were more likely to 
have an extended length of hospital stay (LOS) (P–value =0.036 and 0.032 respectively). No 
thrombotic event was observed in our cohort. D-dimer values were higher (above 0.5 µg/mL) 
in 24 (55.8%) patients at admission. We found an association between high D-dimer and 
PICU admission and LOS.
Conclusion: Although we did not observe thrombosis in our cohort, serial measurements of 
D-dimer and elevated FVIII bear a prognostic value in predicting the need for critical care in 
children with COVID-19. Further studies with larger sample size can aid in the establishment 
of prognostic factors for the pediatric COVID-19 population.
Keywords: COVID-19, children, hematological and coagulation markers

Introduction
A novel β coronavirus, 2019-nCoV or SARS-CoV-2 infection leading to 
Coronavirus disease-19 (COVID-19), emerged in Wuhan, China, in 
December 2019.1 Despite exceptional patient care and healthcare technology, the 
alarming mortality rate demands research to identify prognostic factors associated 
with COVID-19. The clinical severity of the disease is variable, from mild respira
tory symptoms to severe cases requiring intensive care. The virus has caused more 
than 2 million deaths globally.2
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One of the various manifestations of COVID-19 is 
hypercoagulability.3 There are no clear criteria to predict 
the cases that will progress to severe clinical symptoms 
that may require intensive care. Venous and arterial throm
bosis has been reported in COVID-19, with the involve
ment of microcirculatory systems.4 Different mechanisms 
induced by thrombosis coupled with intra-alveolar fibrin 
deposition can lead to lethal respiratory failure.5–7 Several 
hematological markers may aid in optimizing treatment at 
earlier stages and may predict prognosis in real-time.8,9 

Changes in coagulation test, including elevated D-dimers, 
had been reported in (3.7–68%) and fibrinogen in (5.7% in 
mild and 19.1% severe cases) and have been shown to be 
reliable predictors of poor outcome in hospitalized 
COVID-19 adult patients.8,10

In the general population, venous thrombosis occurs at 
an annual incidence of about 1/1000 in adults11 and 0.07– 
0.14/10,000 in children. In hospitalized children, VTE 
occurs in 5.3/10,000.12 In children <13 years with 
COVID-19, the rate of VTE is reported to be 1.3%.13 In 
a larger cohort of 180 pediatric patients, although a 2% 
mortality with Covid-19 was reported, yet no incidence of 
VTE was found.14 Data regarding the prognostic factors in 
the pediatric age group are scarce. D-dimers, a probable 
biomarker of disease severity and mortality in COVID-19, 
have not been tested regularly in pediatric patients. While 
several hematological societies have published recommen
dations for the anticoagulation of hospitalized sympto
matic adult patients with COVID-19,15 such guidelines, 
however, cannot be established for pediatric patients due 
to a dearth of data in that population.

The current study aimed to evaluate the changes in 
hematological and coagulation markers, such as CBC, 
different WBCs, D-dimer, Fibrinogen (FIB), 
Antithrombin (AT), Protein C (PC), Protein S (PS) von 
Willebrand factor antigen (vWF Ag), and factor VIII as 
prognostic factors in pediatric patients with COVID-19.

Methods
Patient Population
From April to August 2020, a total of 43 children (age <14 
years) were hospitalized with COVID-19 related symp
toms. The study complied with the Declaration of 
Helsinki, and informed consent was obtained from the 
patients’ guardians after appropriate approval by the 
Institutional Review Board of the hospital. In this prospec
tive study, patients’ demographics, details on symptoms, 

COVID-19 stage, sequential hematological profile, treat
ment, and outcome were recorded throughout their stay in 
the hospital. Inclusion criteria were all PCR confirmed 
COVID-19 patients <14 years with the need for in- 
hospital treatment.

Excluded were patients transferred from other hospitals 
and patients already admitted or intubated at admission; 
outpatient patients and those with negative COVID-19 
testing were excluded from data analysis.

Blood Sample Collection
Blood Samples comprising 10 cc of EDTA, 10 cc of 
Citrated blood (at 3.2%), and 5 cc sodium heparin were 
collected at admission, 3rd day, 7th day, and 14th day for 
those who stayed for up to 14 days. CBC and complete 5 
parts differential were tested from the EDTA samples 
using an automated SYSMEX XN-10 instrument 
(Sysmex Corporation, Kobe, Japan). Serum creatinine 
and C reactive protein were measured using an automated 
chemistry analyzer COBAS 601 (Roche Diagnostics, 
Basel, Switzerland). ABO blood grouping was carried 
out via Diamed Gel card (Changsha Yingtai Instrument 
Co., Ltd).

The samples for the coagulation tests were centrifuged 
within two hours and aliquoted for testing different coa
gulation markers, including prothrombin time (PT), inter
national normalization ratio (INR), activated 
thromboplastin time (APTT), D-dimer, FIB, AT, PC, PS, 
vWF Ag, and FVIII using STAR Max® (Diagnostica 
Stago, Marseille, France).

COVID-19 Clinical Stages
To explore the correlation between disease severity and 
coagulation markers, we used a hospital-based clinical 
staging system for COVID-19 to assess disease severity. 
The system divides patients into stages A to E, as shown in 
Table 1.

Statistical Analysis
After performing quality checks on the dataset, descriptive 
statistics were calculated. Measures of central tendency 
and dispersion for continuous variables are provided as 
the mean and standard deviation for normally distributed 
data, while median with range for data that did not con
form to normality assumptions and categorical variables as 
number and percentage. To test the significance of associa
tion between categorical variables, we used the Chi-square 
test or Fisher’s exact. Independent-samples Mann– 
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Whitney U-Test and Kruskal–Wallis Test were used to test 
the significance of the difference between two and more 
than two categories of continuous variables. Correlation 
between various continuous variables was calculated using 
Spearman correlation coefficient. A p-value of less than 
0.05 was considered to be statistically significant. All data 
analysis was performed using SPSS version v23 (IBM 
Corp, Armonk NY, USA).

Results
Demography
Our cohort consisted of 43 children with confirmed 
COVID-19 diagnoses. The male-to-female ratio was 
1:1.3 with a median age of 5.8 years (range “r”= 4 
months – 13.3 years). Twenty-nine (67.4%) were sympto
matic at presentation, with fever being the most common 
symptom (n=23, 53.5%), followed by respiratory (n=5, 
11.6%) and gastrointestinal symptoms (n=3, 7%). Co- 
morbid conditions were recorded in 26 (60.5%) patients, 
with malignancy being the commonest (n=9, 20.9%). The 
COVID-19 staging was done for all the patients using 
standard COVID-19 staging, as shown in Table 1.16–19 

COVID-19 stage B was the most common stage at the 
time of presentation (n=27, 62.8%), followed by stage 
A (n=14, 32.6%).

Length of Stay at the Hospital and 
Pediatric Intensive Care Unit (PICU)
The median duration of hospital stay was nine days (r =1– 
48). PICU admission rate was 11.6% (n=5), with an aver
age time to transfer to PICU from the pediatric care wards 

of 2.6 ±3.2 days (r= 0–7 days). Patients’ demographics 
and clinical characteristics associated with PICU admis
sion are presented in Table 2, showing that younger 
patients, hypertension, respiratory symptoms, and ABO 
group-A were significantly associated with PICU admis
sion during treatment. Of the 41 patients with known ABO 
groups, no significant association between the COVID-19 
stage and ABO groups was observed at presentation (P– 
value =0.638). Overall, the average length of stay (ALOS) 
was significantly higher in patients with COVID-19 stage 
B (9.8 days, r= 2–23) as compared to Stage A (6.8 days, r= 
1–12, P–value=0.046). Contrarily, ALOS was not signifi
cantly different across different ABO groups (P–value 
=0.374). There is no association between stage B and 
ALOS (P–value =0.081). Patients with elevated FVIII, 
fibrinogen, and D-dimer at presentation were more likely 
to have an extended length of hospital stay (P–value 
=0.036, 0.032, and 0.034, respectively).

Risk Factors and Associations with 
Hospital Stay and PICU Admission
None of our patients experienced any thrombotic event 
during the admission period, even though D-dimer 
values were higher (above 0.5 µg/mL) in 24 (55.8%) 
patients at admission (Figure 1), with 4 out of those 24 
(16.7%) requiring PICU admission. An associative trend 
was observed between high D-dimer values and COVID- 
19 stage at admission, with 75% (18 of 27) of stage 
B patients having high D-dimer (P–value=0.081). There 
was also a trend for patients with higher D-dimer at 
admission to have an ICU visit (4 of 24, 16.7%) 

Table 1 Hospital-Based Clinical Staging System for COVID-19 to Assess Disease Severity

Stage Clinical 
Presentation

Characteristic Features

Stage A Asymptomatic Patients with no signs or symptoms of infection

Stage B Mild Infection Upper respiratory tract infection symptoms and other mild symptoms (including fever and gastrointestinal 
symptoms) without evidence of pneumonia

Stage C Moderate 
Infection

Patients with hypoxia with oxygen saturation less than 93% at rest or presence of pneumonia not requiring 
ICU admission

Stage D Severe Infection Pneumonia requiring ICU admission or any of the following: 

1. Respiratory rate of 30 breaths/min 

2. Arterial oxygen partial pressure to fractional inspiratory oxygen ratio (PaO2/FiO2) less than 300 
3. More than 50% lung involvement on imaging within 24–48 hours 

4. Critical respiratory failure requiring mechanical ventilation, septic shock, or multi-organ dysfunction
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compared to their counterparts (1 of 19, 5.3%, P–value 
=0.363). More than half of our patients continued to 
have high D-dimer throughout the course of their admis
sion (Supplementary Table 1). No significant change in 
neutrophil, lymphocyte count, C-Reactive protein levels, 
or hemoglobin was observed during the hospital stay, as 
shown in Supplementary Table 2.

VTE Prophylaxis
VTE with Enoxaparin 1 mg/kg daily was given to only six 
(14%) patients; two were PICU admission. Clinical profile 
and symptoms observed at admission, day 3, 7, and 14 are 
presented in Supplementary Table 1, while sequential 
laboratory profile is detailed in Supplementary Table 2. 
Only one patient with malignancy was positive for Lupus 
anticoagulant; was put on VTE prophylaxis (1 mg/kg) for 

11 days and discharged afterward without any remarkable 
event.

PICU Support Prerequisites
The median PICU length of stay was 3 days (r= 2–11), 
where one patient required intubation and ventilation; how
ever, the patient recovered well. All patients were dis
charged from the hospital in a generally good condition. 
There was no association between age at diagnosis, BMI, 
D-dimer, and hypertension at presentation. The median 
length of stay at the hospital was not significantly different 
for patients with D-dimer higher than 0.5 µg/mL (median 9 
days, r= 1–48 days) compared to their counterparts (median 
8 days, r= 2–20 days, P–value=0.094). There was a weak 
positive correlation between D-dimer at presentation and 
hospital stay (Spearman’s rho 0.325, P–value=0.034).

Table 2 Demographics and Clinical Parameters of COVID-19-Infected Patients

Parameters All Cases (n=43) No ICU Visit (n=38) With ICU Visit (n=5) P–value

Demographic and clinical

Age (years) 5.8 (0.04–13.3) 5.9 (0.06–13.32) 1.4 (0.04–7.12) 0.04

Gender (female/male) 24/19 20/18 (52.6%) 4/1 (80.0%) 0.363
BMI 15.7±2.9 15.8±2.9 15.0±2.8 0.58

Comorbidities (positive/negative) 26/17 (60.5%) 22/16 (57.9%) 4/1 (80.0%) 0.633
Hypertension 2/41 (4.7%) 0/38 (0%) 2/3 (40.0%) 0.011

Diabetes 1/42 (2.3%) 1/37 (2.6%) 0/5 (0%) 1.000

Bleeding 0/43 (0%) 0/38 (0%) 0/5 (0%) –
Previous VTE 0/43 (0%) 0/38 (0%) 0/5 (0%) –

Malignancy 9/34 (20.9%) 8/30 (21.1%) 1/4 (20.0%) 1.000

Hyperlipidemia 1/42 (2.3%) 1/37 (2.6%) 0/5 (0%) 1.000
Stem Cell Transplantation 6/37 (14.0%) 4/34 (10.5%) 2/3 (40%) 0.135

Symptoms (positive/negative) 27/16 (62.8%) 23/15 (60.5%) 4/1 (80.0%) 0.635

Fever 23/20 (53.5%) 19/19 (50.0%) 4/1 (80.0%) 0.351
Respiratory 5/38 (11.6%) 2/36 (5.3%) 3/2 (60.0%) 0.008

GIT related 3/40 (7.0%) 3/35 (7.9%) 0/5 (0%) 1.000

COVID-19 Stage 0.072

Stage A 14 (32.6%) 14 (36.8%) 0 (0%)

Stage B 27 (62.8%) 23 (60.5%) 4 (80%)
Stage C 1 (2.3%) 0 (0%) 1 (20%)

Stage D 1 (2.3%) 1 (2.6%) 0 (0%)

Stage E 0 (0%) 0 (0%) 0 (0%)

ABO groups (n=41) 0.049

A 13 (31.7%) 9 (25.0%) 4 (80.0%)
AB 2 (4.9%) 2 (5.6%) 0 (0%)

B 8 (19.5%) 7 (19.4%) 1 (20.0%)

O 18 (43.9%) 18 (50.0%) 0 (0%)

Notes: The variable BMI was normally distributed while age followed a non-normal distribution. Data are presented as mean±standard deviation for normally distributed 
and median (minimum-maximum) for non-normally distributed variable. 
Abbreviations: GIT, gastrointestinal tract; DIC, disseminated intravascular coagulopathy; INR, international normalized ratio; PT, prothrombin time; HCT, hematopoietic 
cell transplant.
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Five patients out of 43 patients needed PICU support. 
Four (80%) had high D-dimer compared to only one with 
normal D-dimer (P–value=0.363). The average length of 
stay at the PICU for these four patients was 6.5 ±4.7 days 
(r= 2–11), while it was two days for the one with normal 
D-dimer (≤0.5 µg/mL). A weak association was found 
between COVID-19 stage at presentation and the level of 
D-dimer (P–value=0.081).

Laboratory and Coagulation Factors
WBC showed an increasing trend from the day of admis
sion (7.5 ±4.3) to Day 14 (8.1±4.7) at admission, whereas 
HgB was declining (111.7±19.1 vs 76±36.1). No such 
trend was observed in platelet, neutrophils and lympho
cytes. The mean and median of other laboratory para
meters are presented in Supplementary Table 2.

No statistically significant correlation was found for 
low PC and PS or high vWF Ag at presentation with 
respect to D-dimer or outcome (Table 3).

Median D-dimer values at admission were found to be 
higher in patients with malignant disorders (0.78 µg/mL, 
n=9) compared to those with non-malignant diseases (0.52 
µg/mL, n=34); however, the difference was not found to 

be statistically significant (P–value =0.369). No significant 
correlation or association was noted between D-dimer and 
FVIII at admission (P-values 0.393 and 0.262).

Discussion
COVID-19 has wreaked havoc on the healthcare system 
and caused over one million deaths globally, which indi
cates disease severity and a lack of prognostic factors to 
estimate the patient outcomes and plan treatment strate
gies. Thrombosis had been linked to disease severity in the 
adult population, for which management guidelines are 
released by multiple hematology organizations.20,21 

Children appear to account for a much lesser proportion 
of total COVID-19 infected patients. Various studies have 
reported a low incidence of thromboembolic complications 
in children with COVID-19. In a study containing 91 
pediatric patients, one developed VTE.22 None of our 
patients experienced any thrombotic event, even though 
only six (14%) received VTE prophylaxis. It is paramount 
to unfold prognostic biomarkers in children with COVID- 
19 as this population is unique due to its potential vulner
ability, younger age, co-existing and co-morbid conditions 
with a lack of data to guide and determine therapeutic 

Figure 1 Sequential D-dimer values.
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measures and prognostic factors. Dong et al, in an epide
miological study, reported 34.1% laboratory-confirmed 
and 65.9% suspected pediatric patients of COVID-19.23

Elevated D-dimer of >1 μg/mL is associated with poor 
prognosis and mortality in adult COVID-19 patients.24 

Our data demonstrate that higher D-dimer can predict 
disease severity leading to longer hospitalization and 
PICU stay, which is in contrast to Del Borrello et al pro
spective study on 35 pediatric COVID-19 patients, where 
he found D-dimer values apparently do not distinguish 
mildly affected COVID-19 patients from more severely 
affected cases.25

D-dimer values were higher in 55.8% of patients at 
admission. A weak positive correlation was found between 
D-dimer at presentation and hospital stay at an individual 
level in our cohort. No significant association between 
high D-dimer at admission with COVID-19 stages or risk 
factors was found in our study. Tang et al20 had reported 
an overall mortality of 11.5%, significantly higher D-dimer 
and fibrin degradation product (FDP) levels, longer pro
thrombin and activated partial thromboplastin times in 
non-survivals compared to survivors on admission.7 This 
discrepancy in results indicates that the prognostic factors 

in COVID-19 are different between adult and pediatric 
populations, warranting further investigation.

Zou et al26 have also reported a significant increase in 
fibrinogen levels in 5.7% of COVID-19 patients with mild 
disease and 19.1% patients with severe disease. In criti
cally ill COIVD-19 patients, a prothrombotic diathesis has 
been reported with significantly higher fibrinogen levels.27 

Our study findings are similar to the reported data whereby 
the fibrinogen levels increase with time in admitted 
patients.

The attributable risk for severe disease from COVID- 
19 in children is challenging to discern. Feldstein et al 
reported that 92% of patients aged <1–20 years had posi
tive biomarkers like elevated erythrocyte sedimentation 
rate or C-reactive protein level, lymphocytopenia, neutro
philia, elevated ferritin level, hypoalbuminemia, elevated 
alanine aminotransferase level, anemia, thrombocytopenia, 
and an elevated D-dimer level indicating inflammation.14 

Our reported results are in concordance with the study of 
Feldstein et al.

None of the pediatric subjects included in this study 
died, suggesting minimal disease mortality among this age 
group. The susceptibility of children for being infected 

Table 3 Length of Stay by Coagulation Biomarkers at Admission

At Presentation Hospital Stay P-value

< 3 Days 3–7 Days 7–14 Days 14 and 
Above

Protein C 0.802
Low 0 (0%) 1 (14.3%) 1 (4.5%) 0 (0%)

Normal 3 (100%) 6 (85.7%) 20 (90.9%) 5 (100%)

Protein S 1.000

Low - - - -

Normal 3 (100%) 7 (100%) 21 (95.5%) 5 (100%))

vW Ag 0.388

Low - - - -
Normal 3 (100%) 4 (57.1%) 15 (68.2%) 2 (40%)

High 0 (0%) 3 (42.9%) 7 (31.8%) 3 (60%)

FVIII 0.036

Low - - - -

Normal 3 (100%) 6 (85.7%) 18 (81.8%) 1 (20%)
High 0 (0%) 1 (14.3%) 4 (18.2%) 4 (80.0%)

Fibrinogen 0.151
Low (n=5) 0 (0%) 0 (0%) 5 (23.8%) 0 (0%)

Normal (n=25) 3 (100%) 7 (100%) 12 (57.1%) 3 (50%)
High (n=7) 0 (0%) 0 (0%) 4 (19.0%) 3 (50%)
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with SARS-CoV-2 is similar to those of adults; however, 
the disease is less severe among children, and thus mor
tality is also low.28–30 Various immunological hypotheses 
have been put forward to support these findings. Firstly, 
the angiotensin-converting enzyme 2 (ACE2) receptor, 
a binding site for SARS-CoV-2, is lower in children than 
adults.31 Secondly, children usually have few 
comorbidities.32,33 However, the morbidity associated 
with COVID-19 is significantly higher in populations 
with a high prevalence of childhood obesity.34 These find
ings suggest that the risk of being infected is similar for 
children and adults; however, children are less prone to 
severe disease outcomes.

Another similarity between adult and pediatric infected 
patients admitted to PICU is the high percentage of blood 
group A as previously reported by Yaylac et al; a similar 
trend was observed in our study.35 Additionally, comorbid
ities affected the PICU admission and length of stay sig
nificantly. In our cohort, co-morbid conditions were 
recorded in 26 (60.5%) patients, with malignancy being 
the commonest (20.9%). One of the limitations of our 
study was the small sample size presenting some weak 
associations.

Conclusion
We observed a very low incidence of VTE in children with 
COVID-19, with a weak association between D-dimer and 
COVID-19 stage at presentation, but no significant corre
lation of natural anticoagulants with PC, PS, and AT. We 
suggest that serial measurements of D-dimer and FVIII 
bear a prognostic value in predicting the need for critical 
care in children with COVID-19 patients. Further studies 
with a larger sample size can aid in the establishment of 
prognostic factors in this patient group.
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Background: The use of regular blood transfusions and iron chelation therapy to treat 
thalassemia has improved survival and increased the incidence of osteoporosis. Moreover, 
iron toxicity is one of the contributing factors that reduce bone mass density in adult 
transfusion-dependent beta-thalassemia patients. Therefore, this study aims to determine 
the proportion of low bone mass density in adult thalassemia patients and transferrin 
saturation, as well as serum ferritin, which correlates to the skeletal condition.
Methods: This is a cross-sectional study conducted in Thalassemia and Hematology 
Medical Oncology Clinics of Cipto Mangunkusumo Hospital in March 2016. The anthropo
metric data and hemoglobin levels were obtained before transfusion. Subsequently, the 
average ferritin levels, bone mineral density, and radiographic results were obtained.
Results: The percentage of adult thalassemia major and intermedia patients with low bone 
mass density was 68%. Also, there was a weak inverse correlation between bone mass 
density and transferrin saturation (r = −0.329, p = 0.01), while no correlation was shown 
between bone mass density and ferritin (r = −0.088, p = 0.504). The transferrin saturation 
cutoff point value used to distinguish the incidence of low and normal bone density in 
patients with transfusion-dependent beta-thalassemia was 89.5%. In addition, there was weak 
correlation between Singh index and bone mass density (r = 0.273, p = 0.038).
Conclusion: Among the transfusion-dependent beta-thalassemia patients, 68% had low 
bone mass density, which inversely correlated to transferrin saturation. Furthermore, the 
cutoff value of transferrin saturation to differentiate the incidence of low and normal bone 
density in thalassemia major compared to thalassemia intermedia was 89.5%. Singh Index 
correlates weakly with bone mass density and might be used to detect low bone mass density 
in remote healthcare facilities.
Keywords: bone mass density, ferritin, thalassemia, transfusion dependent beta, transferrin

Background
Thalassemia is a group of hereditary disorders associated with the defective synth
esis of alpha or beta-globin, which are inherited as pathologic alleles of the globin 
genes on the chromosomes 11 (β) and 16 (α).1 The damage of the membrane 
structure leads to accelerated apoptosis and premature destruction of the erythroid 
precursors in the bone marrow (ineffective erythropoiesis).2 Meanwhile, ineffective 
erythropoiesis reduces bone mass density and increases the incidence of fractures.3

The provision of regular blood transfusions has been shown to increase the 
survival of patients with thalassemia; however, it leads to the occurrence of iron 
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overload, which progresses to iron toxicity. The iron toxi
city is mediated through non-transferrin bound iron 
(NTBI), a free radical, which is among the factors that 
contribute to organ damage in thalassemia.4,5 Since NTBI 
levels are measured only at several research centers 
abroad, therefore, to measure iron toxicity, surrogate mar
kers such as saturation transferrin and serum ferritin are 
used.6

Iron toxicity functions as one of the contributing fac
tors to bone density reduction in adult patients with tha
lassemia. Moreover, ineffective erythropoiesis causes 
expansion of the bone marrow and leads to mechanical 
disruption of the bone structure.7 Currently, there have not 
been studies on the correlation between transferrin satura
tion and ferritin parameters with bone density or NTBI 
receptors in bone.

The use of transfusion and iron chelation therapy to 
treat thalassemia patients has improved survival; however, 
regular transfusions cause an increase in the incidence of 
osteoporosis.8–11 Out of the population of patients with 
thalassemia that have received adequate transfusion ther
apy, the incidence of osteoporosis reported was approxi
mately 66%.12 A previous study by Hashemieh et al13 

reported a 23% increased incidence of osteopenia in tha
lassemia major and 8% in thalassemia intermedia.13 

Furthermore, a study also stated that incidence of osteo
porosis is increased by 60% in thalassemia major and 
intermedia are 60% and 81.6%<, respectively.13 

Meanwhile, bone disorder as a complication of thalasse
mia causes negative psychological impact, lowers the 
quality of life, and increases treatment costs.

In Indonesia, the incidence of osteoporosis/low bone 
density is between 28% and 32%.14 The pathogenesis of 
reduced bone density in thalassemia is associated with the 
expansion of bone marrow caused by ineffective erythro
poiesis, sexual maturation disorders, hormonal disorders 
such as hypothyroidism, hypoparathyroidism, diabetes 
mellitus, and direct iron toxicity on the bone. 
Furthermore, the use of desferrioxamine iron chelation 
therapy also plays an important role in the incidence of 
low bone density.15

The measurement of bone mass dual X-ray absorptio
metry (DXA) in the lumbar area, femoral neck, and fore
arm is a non-invasive examination that accurately assesses 
bone density,16 however, these tests are not widely avail
able in Indonesia. To overcome this limitation, a simple 
Singh Index measurement using a conventional X-ray 
modality is considered. Although this method is widely 

available, studies on the evaluation of bone density in 
patients with thalassemia had not been examined, espe
cially in Asian population. Therefore, this study aims to 
determine the proportion of low bone mass density in adult 
thalassemia patients and the correlation between transfer
rin saturation and serum ferritin with the skeletal 
condition.

Methods
This is a cross-sectional study conducted in Thalassemia 
together with Hematology and Medical Oncology Clinics 
of Cipto Mangunkusumo Hospital in March 2016. The 
inclusion criteria were patients above 18 years, which 
were diagnosed with thalassemia based on High- 
Performance Liquid Chromatography (HPLC) or microca
pillary, received a regular red blood transfusion at least 
once a month, and agreed to participate in the study. 
Subsequently, blood samples, inspection dual X-ray 
absorptiometry (DXA), and bone radiographs were 
acquired, while GE® Lunar iDXA™ system was used to 
measure bone densitometry. In this study, the exclusion 
criteria were patients that refused to participate, use drugs 
that affect bone density such as corticosteroids, and are 
with clinical signs of infection such as fever.

The data collected included name, age, complete 
address, phone number, weight, height, puberty status, 
hemoglobin level before transfusion, average ferritin 
levels during the last 6 months to 1 year, bone density 
measurement with DXA instruments, and bone radio
graphic examination.

The data obtained were analyzed using IBM™ SPSS 
Statistics® 20 and Statistical correlation tests were carried 
out using non-parametric Spearman test. The Z-score from 
bone densitometry was analyzed as a continuous variable 
that correlated with the serum ferritin, transferrin, and 
femoral Singh index. Dichotomous bone mass density 
data were only used to determine the percentage of 
patients with low bone density.

This study was conducted in line with the Declaration 
of Helsinki and was approved by the Ethical Committee of 
the Faculty of Medicine, Universitas Indonesia. Also, 
appropriate informed consent was from all subjects.

Results
Demographic Data
The data were from 60 patients, which consisted of 27 
males (45%) and 33 females (55%). The median age was 
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25 years, which ranged from 18 to 68 years as shown in 
Table 1. Meanwhile, the median level of ferritin was 3881 
ng/mL with the lowest value of 645 ng/mL and the highest 
value of 15,437 ng/mL. The median transferrin saturation 
was 86% with the lowest value of 20% and the highest 
value of 120%. These results showed that the median bone 
mass density values were −1.1 with the lowest value of 
−5.7 and the highest of 2.6. (Table 1).

The Proportion of Low Bone Mass 
Density
Bone mass density was evaluated using the Dual X-ray 
Absorptiometry (DXA). The results showed that 41 (68%) 
patients had low bone mass density (Z score <-2), while 19 
(32%) had normal bone density (Z score ≥ 2).

The Correlation Between the Saturation 
of Transferrin or Ferritin in Bone Density
The transferrin saturation, ferritin, and bone mass density 
of 60 patients were examined with the Kolmogorov– 
Smirnov test for normality, which obtained a probability 
value of 0.000 (p<0.05); therefore, non-parametric tests 
were used. Spearman correlation test was used to deter
mine the correlation between transferrin saturation and 
ferritin with the bone mass density.

There was a weak inverse correlation between trans
ferrin saturation and bone mass density (r=−0.329, 
p=0.01), while there was no significant correlation 
between the levels of serum ferritin with bone mass den
sity (r=−0.088, p=0.504) (Table 2).

The Cut-Off Point of Transferrin 
Saturation Associated with Low Bone 
Density
Curve analysis by the receiver operating curve (ROC) was 
generated to determine the portion of patients predicted to 
have a low bone mass density in adult thalassemia major 
and intermedia by the transferrin saturation values. 
Figure 1 showed a ROC curve value of transferrin satura
tion 0.727, p-value 0.005, and 95% CI 0.595–0.858, which 
indicated a good value. Moreover, the cut-off point to 
determine transferrin saturation to distinguish low and 
normal bone densities in adult patients with thalassemia 
major and intermedia was analyzed. Based on the result, a 
transferrin saturation value of 89.5% was obtained as the 
most excellent point (Figure 2).

Cut Point (Cut-Off) of Serum Ferritin 
Associated with Low Bone Density in 
Adult Thalassemia Patients
Based on previous analysis (Table 2), there was no sig
nificant correlation between ferritin and bone density, and 
can not be determined as cut-off point ferritin value to 

Table 1 General Characteristics of Research Subjects

General Characteristics N = 60

Gender, n (%)

Male 27 (45%)

Female 33 (55%)

Classification of Thalassemia

Thalassemia major (TM) 19 (32%)

Thalassemia intermedia (TI) 41 (68%)

Classification of thalassemia

Thalassemia Beta Thalassemia 26 (43%)

Beta/HBE 34 (57%)

Iron status

Ferritin (ng/mL), median (min-max) 3881 (645–15,437)

Transferrin saturation, median (min-max) 86 (20–120)

Anthropometry

Weight (kg), median (min-max) 43 (25–85)

Height (cm), median (min-max) 154 (123–170)

Short stature, N (%) 28 (47%)

Facies Cooley, N (%) 32 (53%)

BMD Z score, median (min-max) −1.1 (−5.7 to 2.6)

Laboratory values

Pre-transfusion hemoglobin (mg/dL), mean (SD) 8.08 (1.09)

hsCRP (mg/L), mean (SD) 3.15 (0.34–4.4)

Magnesium (mEq/L), mean (SD) 2.02 (0.24)

Sodium (mEq/L), mean (SD) 137.38 (4.30)

Potassium (mEq/L), mean (SD) 4.06 (0.42)

Chloride (mEq/L), median (min-max) 99 (89–114)

Calcium (mg/dL), mean (SD) 8.91 (0.49)

Phosphate (mg/dL), median (min-max) 4 (2.2–6.20)

Transferrin saturation (%), median (min-max) 86 (20–112)

Serum ferritin (ng/mL), median (min-max) 3881 (645–15,437)

Femoral Singh Index, median (min-max) 5 (1–6)

Abbreviations: BMD, bone mass density; SD, standard Ddeviation; hsCRP, high- 
sensitive C-reactive protein.

Table 2 Correlation of Transferrin Saturation, Serum Ferritin 
and Singh Index with Bone Mass Density

Variables r p*

Transferrin saturation – BMD −0.329 0.010

Serum Ferritin – BMD −0.088 0.504

Femoral Singh Index – BMD 0.273 0.038

Note: *Spearman correlation test. 
Abbreviation: BMD, bone mass density.
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distinguish low and normal bone density in patients with 
thalassemia major and intermedia adults.

The Correlation Between Bone Density 
Values with Singh Index in Thalassemia 
Adult Patients
The Singh index value and the bone mass density in 60 
patients were examined based on the Kolmogorov– 

Smirnov test to obtain a normality probability value of 
0.000 (p < 0.05). Furthermore, the Spearman correlation 
test was conducted to evaluate the correlation between 
Singh index and bone mass density. The results showed 
that there was weak correlation (Table 2) between Singh 
Index and bone mass density (r = 0.273, p-value = 0.038).

Discussion
The wide range of serum ferritin and transferrin saturation 
values occurred due to the differences in patients’ com
pliance with iron chelation therapy. The amount of blood 
transfusion should not be a confounding factor since the 
subjects receive regular blood transfusion every month. In 
this study, the ferritin value used was obtained by calculat
ing the average ferritin values through several examina
tions in the previous year. Since the value can be 
influenced by many factors besides the iron content in 
the blood such as inflammation and hepatic impairment, 
averaging several measurements minimized that concern.

There were 68.3% subjects with low bone density. This 
value is higher than the incidence of low bone mass 
density in the general population (23%),14 In addition, 
47% of the patients had short stature. Increased incidence 
of low bone density and osteoporosis in patients with 
thalassemia was also reported by Hashemieh et al10 in 
Iran (65%) and Merchant et al17 in India (81%). Based 
on the similarity of our results with other studies, low bone 
mass density is considered a frequent complication in 
patients with thalassemia, which requires early diagnosis 
and prompt management.

Figure 1 Transferrin saturation values receiver operating characteristic (ROC) curve 
for prediction of future occurrence of low bone density in adult thalassemia patients.

Figure 2 Cutoff point of transferrin saturation in distinguishing incidence of low bone density in adult patients with thalassemia.
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This study analyzed the correlation between bone mass 
density with transferrin saturation, ferritin serum, and Singh 
index. The result showed an inverse correlation between 
bone mass density and transferrin saturation with a value of 
r=−0.329 and p=0.01. On the other hand, there was no 
significant correlation between bone mass density and ferri
tin (r=−0.088 p=0.504). This is the first study that obtained 
a significant correlation between the bone mass density and 
transferrin saturation in adult patients with thalassemia. 
Although the correlation was weak, it was statistically sig
nificant. Piga et al18 showed a correlation between non- 
transferrin-bound iron (NTBI) with transferrin saturation 
(r=0.52 p <0.001), but there was no correlation with 
serum ferritin. These findings might suggest that transferrin 
saturation can be used as a surrogate of bone mass density if 
the examination is not available.

These results also showed that there was no significant 
correlation between ferritin and bone density, which was 
similar to a previous study by Jensen et al.10 Ferritin is a 
protein that works as a storage of iron in the human body. 
Moreover, the levels are influenced by many factors 
besides iron overload, such as inflammatory reactions, 
liver damage, and malignancy.19,20 To overcome this 
issue, hs-CRP values were measured to exclude inflamma
tory conditions, while the average values of ferritin were 
used by examining 3 to 5 measurements in the last one- 
year. Nonetheless, after excluding infection and averaging 
the serum ferritin levels, there was still no significant 
correlation between serum ferritin and bone mass density.

The Singh index is chosen since it can be obtained 
from plain femoral radiograph, which is available world
wide, even in remote healthcare facilities. Since bone mass 
density examination is not available throughout Indonesia, 
we want to determine if it can be used to detect low bone 
mass density. We found weak correlation between Singh 
Index and bone mass density (r = 0.273, p-value = 0.038). 
This study provides preliminary data for further research 
to strengthen the evidence supporting the use of Singh 
index for detection of low bone mass density in patients 
with thalassemia.

With the discovery of the correlation between transfer
rin saturation with bone mass density, we determined the 
cut-off point of transferrin saturation to distinguish the 
incidence of low and normal bone density in adult patients 
with thalassemia. The Receiver Operator Curve (ROC) 
obtained a value of Area Under the Curve (AUC) 0.727 
(95% CI: 0.595–0.858), which showed that transferrin 
saturation has a good value to distinguish between low 

and normal bone density. Based on the ROC curve 
obtained, transferrin saturation values best cut-off point 
was 89.5%.

The limitation of this study is the absence of hormonal 
assessment and its relation to bone mass density; therefore, 
it is recommended for future study. The clinical applica
tion of this study is to show that transferrin saturation can 
be used as a surrogate marker of low bone density in adult 
patients with thalassemia that has not pass through DXA 
examination.

Conclusion
The percentage of low bone mass density in patients with 
thalassemia major and intermedia adults in Cipto 
Mangunkusumo Hospital was 68%. Based on the results, 
there was a significant inverse correlation between bone 
mass density with transferrin saturation, while there was 
no correlation between bone mass density with ferritin 
saturation in adult thalassemia major and intermedia 
patients. There was weak correlation between the Singh 
index and femoral bone density. Transferrin saturation 
cutoff point value to distinguish between the incidence of 
low and normal bone density is 89.5%.
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Abstract: Effusion-based lymphomas (EBL) are usually high-grade B cell non-Hodgkin’s 
lymphomas which involve effusion fluid in a body cavity, typically presenting as a pleural 
effusion, without evidence of disease elsewhere. They are most frequently seen in HIV- 
infected individuals and are biologically driven by human herpesvirus-8 virus (HHV-8). 
HHV-8 (+) EBL is recognized as primary effusion lymphoma (PEL) under the World Health 
Organization classification. HHV-8 (-) EBL has been reported in association with Hepatitis 
C virus (HCV) infection, Epstein-Barr virus (EBV) infection, fluid overload, liver cirrhosis, 
renal dysfunction, cardiac arrhythmias, myocardial infarction, and heart failure. These cases 
can be labeled as primary EBL (PEBL). We describe a non-germinal center B cell diffuse 
large B cell lymphoma (NGCB-DLBCL) presenting as PEBL in an immunocompetent 81- 
year-old male who had an extensive cardiac history and tested negative for HIV, HHV-8, and 
EBV. He was treated with thoracentesis and standard anthracycline-based chemoimmu
notherapy and has remained in complete remission for over 5 ½ years since his original 
diagnosis. Our case indicates that NGCB-DLBCL can present as PEBL and is potentially 
curable with the standard chemoimmunotherapeutic approach. 
Keywords: HHV-8 negative EBL, non-germinal center diffuse large B cell lymphoma, 
primary effusion-based lymphoma, primary effusion lymphoma

Introduction
Diffuse large B-cell lymphoma (DLBCL) can frequently involve extra nodal tissues in 
a secondary process, including body cavities.1 On rare occasions, however, such 
lymphomatous involvement of a body cavity can develop as a primary malignancy 
without evidence of lymphoma elsewhere. The 2016 revised WHO classification of 
lymphoid neoplasms describes primary effusion lymphoma (PEL) as a large B-cell 
lymphoma universally associated with human herpesvirus-8 (HHV-8) infection.2 

Conversely, primary HHV-8 negative effusion-based lymphoma (HHV-8 (-) EBL) is 
a distinct category of non-Hodgkin lymphoma (NHL) characterized by the absence of 
HHV-8 infection and has only been reported in various case reports, case series, and 
literature reviews.3–23 HHV-8 (-) EBL typically manifests as a primary serous effusion 
in a body cavity without a distinct tumor mass and is often discovered in immuno
competent hosts who are HIV negative.24 HHV-8 (-) EBL has been reported in 
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association with hepatitis C virus (HCV) infection, Epstein- 
Barr virus (EBV) infection, fluid overload, liver cirrhosis, 
renal dysfunction, cardiac arrhythmias, myocardial infarc
tion, and heart failure.5,7–9,16,25 Herein, we describe a rare 
case of NGCB-DLBCL presenting as primary HHV-8 (-) 
EBL in an immunocompetent 81-year-old male with 
a complex cardiac history who has been effectively cured 
following treatment with thoracentesis and anthracycline- 
based chemoimmunotherapy.

Case Presentation
An 81-year-old male with coronary artery disease, valvular 
heart disease status post mitral valve replacement and tri
cuspid annuloplasty ring implant, coronary artery bypass 
graft, persistent atrial fibrillation, hypertension, and conges
tive heart failure with preserved ejection fraction (EF 60%) 
presented to his cardiologist’s office complaining of 
increased fatigue, cough, orthopnea, and exertional dyspnea 
for 3–4 weeks. He denied any significant weight loss, 
drenching sweats, increased lymph node size, fevers, or 
chills. Eight months prior to current presentation during 
hospitalization for a heart failure exacerbation, the patient 
was noted to have small bilateral pleural effusions (left 
greater than right) and underwent left-sided thoracentesis 
at that time, which revealed no evidence of infection or 
malignancy. Only one month following that time, the patient 
underwent mitral valve replacement surgery and during the 
procedure, the patient underwent bilateral drainage for re- 
accumulating pleural effusions. Only one month prior to 
current presentation, the patient was again noted to have 

another right-sided pleural effusion accredited to heart fail
ure, and the decision was made to up-titrate the patient’s 
diuretic regimen instead of undergoing thoracentesis.

Upon current presentation, chest x-ray reconfirmed a large 
right-sided pleural effusion, and the patient subsequently 
underwent repeat diagnostic and therapeutic thoracentesis 
with serous fluid removed. Cytology was positive for large 
lymphoma cells (Figure 1A and B). By immunostaining, 
lymphoma cells were positive for CD20, PAX-5, BCL-2, 
BCL-6, and MUM-1, and were negative for CD138, CD10, 
and MYC. The Ki-67 proliferation index was high at >90% 
(Figure 1C–H). Fluorescence in situ hybridization (FISH) 
testing on lymphoma cells revealed that 55% of nuclei had 
three intact copies of MYC located at 8q24, indicative of 
trisomy 8 or an 8q duplication. Pathologic findings were 
consistent with NGCB-DLBCL. An extensive infectious 
workup, including Epstein-Barr virus (EBV) in situ hybridi
zation testing, HHV-8 immunostaining, hepatitis C virus 
RNA quantitative serum testing, hepatitis B core antibody 
testing, HIV antibody screening, and QuantiFERON Tb-gold 
analysis were all negative. Computed tomography (CT) scan 
of the chest, abdomen, and pelvis showed no evidence of 
pleural-based abnormalities or lymphadenopathy. Full-body 
positron emission tomography (PET) scan further demon
strated no evidence for any fluorodeoxyglucose (FDG) avid 
process (Figure 2). Bone marrow aspirate and biopsy was 
negative for lymphoma. The diagnosis of primary effusion- 
based lymphoma (PEBL) was made.

Due to the patient’s age and with concern towards his 
ability to tolerate standard anthracycline-based 

Figure 1 The pleural fluid contained numerous large atypical lymphocytes on the cytospin slide ((A) Giemsa and Wright stain, x 50) and cell block ((B) Hematoxylin and 
eosin stain, x 40). Immunohistochemistry studies showed the lymphocytes were positive for PAX 5, CD20, BCL2, BCL6, MUM1 (weak) with a high proliferative rate by Ki- 
67 90% ((C–H) x 20).
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chemoimmunotherapy with R-CHOP (rituximab, cyclo
phosphamide, doxorubicin, vincristine, and prednisone), 
the patient was initially treated with one dose of rituximab 
(375mg/m2) as single agent therapy followed by rituxi
mab and cyclophosphamide (750mg/m2) for two cycles, 
which were well tolerated. He was then transitioned to 
R-CHOP with a 30% reduction in doxorubicin dosing due 
to concerns for cardiac toxicity. Before the second cycle of 
R-CHOP, he was noted to have a persistent moderate 
right-sided pleural effusion, and he underwent thoracent
esis with negative cytology for lymphoma cells. The 
patient subsequently completed an additional 5 cycles of 

R-CHOP (for a total of 6 cycles). CT chest, abdomen, and 
pelvis following treatment completion revealed no suspi
cious lymphadenopathy with a small stable right-sided 
pleural effusion. Thereafter, the patient was monitored 
with surveillance imaging every 4–6 months and did not 
require any further thoracenteses due to resolution of his 
previous pleural effusion. Currently, he remains in com
plete remission 5½ years after the time of his original 
diagnosis.

Discussion
High-grade B cell lymphomas primarily involving effusion 
fluid can be divided into primary effusion lymphoma 
(PEL), which is positive for HHV-8 and usually found in 
association with HIV infection, and primary effusion- 
based lymphoma (PEBL), which is negative for HHV-8. 
Although they share similar clinical presentations, there 
are several key differentiating features between these two 
entities. PEBL notably occurs in patients above 70 years of 
age while the median diagnostic age of PEL has been 
reported to be as low as 44 years.5,7,9,22 Unlike PEL, 
which often carries a poor prognosis with an estimated 
median survival of 6 months,26 PEBL is associated with 
better survival outcomes. The largest review series invol
ving 64 patients with PEBL recently reported an overall 
survival (OS) of 84.7% at two years.7 PEBL has also been 
proven to show better response rates to chemotherapy in 
comparison to PEL despite similar treatment profiles, with 
first-line therapy typically consisting of CHOP-like ther
apy with or without rituximab. Alexanian et al also dis
covered a significant difference in treatment outcomes in 
response to systemic chemotherapy among PEBL and PEL 
patients when they reported a treatment response in 82.1% 
and 36.9% of patients, respectively.5 This same review 
also demonstrated that PEBL carried a much higher rate 
of CD20 expression compared to PEL as 71% of PEBL 
patients demonstrated CD20 positivity versus only 15% of 
PEL patients. In the case of PEBL, it has been further 
reported that increased age and CD20 positivity appear to 
be favorable independent prognostic factors, both of which 
were present in our patient.10 For this reason, and as we 
and others have suggested elsewhere, CD20 targeting ther
apy with rituximab in combination with thoracentesis of 
effusion fluid seems to be an acceptable alternative treat
ment option in CD20 positive patients who cannot with
stand CHOP-like chemotherapy due to increased age or an 
inadequate performance functional status.11,14,18 Our 
patient was able to successfully complete R-CHOP after 

Figure 2 PET scan demonstrated no abnormal FDG processes throughout the 
body. Large right-sided pleural effusion was present, but without any hypermeta
bolic activity (arrows).

Journal of Blood Medicine 2021:12                                                                                                 https://doi.org/10.2147/JBM.S328529                                                                                                                                                                                                                       

DovePress                                                                                                                         
835

Dovepress                                                                                                                                                        Kuhlman et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


initial treatment with rituximab monotherapy and rituxi
mab-cyclophosphamide.

Other reports of PEBL have also interestingly documen
ted complete remission following thoracentesis alone as well 
as spontaneous regression without any treatment whatsoever, 
with remissions lasting up to multiple years in certain 
cases.7,9,19,21,27 This response of PEBL to drainage alone is 
in clear discrepancy with PEL as Alexanian et al’s review 
notably reported that 70% of PEBL patients experienced 
partial or complete remission following thoracentesis alone 
as compared to only 18% of PEL patients.5 Although thor
acentesis alone is a promising treatment option, we propose 
that thoracentesis alongside R-CHOP should be used in 
eligible patients since the data supporting thoracentesis 
alone is quite limited at this time. Moreover, most of the 
available data has demonstrated prolonged remissions pri
marily following reception of CHOP-like chemotherapy with 
or without rituximab. Most notably, in Kaji et al’s review, 
86% of patients who received systemic CHOP or CHOP-like 
therapy demonstrated an overall response of 95%, with 73% 
achieving complete remission.7 These and other reports, 
including the current case, suggest that CHOP or CHOP- 
like chemotherapy with or without rituximab should be the 
first-line treatment for eligible patients with PEBL. It appears 
that therapeutic agents in R-CHOP can penetrate and achieve 
therapeutic concentrations in the effusion fluid, thereby kill
ing lymphoma cells as well as modulating effusion fluid 
milieu. Nonetheless, the interesting phenomenon of sponta
neous remission following thoracentesis alone, in combina
tion with PEBL’s favorable prognosis when compared to 
PEL, seems to suggest a unique mechanism of action in the 
lymphomagenesis of this entity that is clearly distinct from 
PEL. These findings suggest that PEBL is more biologically 
dependent on effusion fluid milieu when compared to PEL 
which is driven by HHV-8. Thoracentesis may be therapeutic 
in the case of PEBL due to the clearance of lymphoma cells 
as well as removal of the effusion fluid which seems to 
promote lymphomagenesis.

Although the exact etiology of PEBL remains undeter
mined, multiple conditions have been found in association 
with this distinct entity, including fluid overload states, 
HCV infection, EBV infection, cardiac arrhythmias, myo
cardial infarction, heart failure, renal dysfunction, liver 
cirrhosis, and hypothyroidism.5,7–9,16,25 In two of the lar
gest reviews analyzing PEBL patients, approximately half 
of cases had fluid overload preceding a lymphoma 
diagnosis.5,7 This is also the case in our patient. It is 
important that clinicians include primary lymphomatous 

effusions in their differential diagnosis when patients pre
sent with recurrent pleural effusions as PEBL can be easily 
misdiagnosed as fluid overload. It is possible that condi
tions predisposing to fluid overload lead to effusions with 
milieu conducive to lymphomagenesis. Localized inflam
mation in a confined environment of effusion may play 
a role in the lymphomagenesis of PEBL, analogous to 
pyothorax-associated lymphoma (PAL) which develops 
in the setting of chronic uncontrolled pyothorax. Unlike 
PAL, PEBL typically lacks evidence of inflammation, such 
as serosal membrane thickening, and the effusion fluid is 
typically serous, not exudative nor purulent. Moreover, 
PAL usually occurs in those with a history of pulmonary 
tuberculosis and is strongly associated with EBV infection 
and positivity for EBV latent genes (LMP-1, EBNA-1, 
EBNA-2). Our patient demonstrated no evidence of sero
sal membrane thickening and his pleural fluid was serous, 
not purulent. He further lacked any history of tuberculosis 
and tested negative on QuantiFERON Tb-gold analysis 
and EBV in situ hybridization. Also included in our 
patient’s differential diagnosis was extranodal Burkitt lym
phoma, but the absence of MYC rearrangement on FISH 
analysis and the presence of large cell morphology on 
histological analysis was consistent with NGCB-DLBCL. 
Cytogenetically, trisomy 8 has been reported in certain 
cases of PEBL.12,16,17,23,28,29 Our patient likely possesses 
trisomy 8 as FISH testing revealed three copies of MYC 
with negative staining for MYC on immunostaining.

Conclusion
In conclusion, NGCB-DLBCL can present as PEBL in the 
setting of cardiac conditions predisposing to fluid overload 
and is potentially curable with the standard anthracycline- 
based chemoimmunotherapeutic approach. Therapeutic 
agents in the R-CHOP regimen appear to have excellent 
penetration into effusion fluid with significant therapeutic 
impact. Effusion fluid removal by thoracentesis likely has 
therapeutic impact via eradication of lymphoma cells as 
well as removal of fluid milieu which promotes lympho
magenesis. We suggest that both thoracentesis and anthra
cycline-based chemoimmunotherapy should be employed 
when treating eligible patients with PEBL.

Ethics and Consent
Written informed consent was obtained from the patient 
for the publication of this manuscript and any accompany
ing images. Institutional approval was not required for 
publication.
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Background: The adverse health effects of chronic gasoline exposure may be related to 
impairment of the hematopoietic system with bone marrow suppression, an increased risk of 
blood cell morphology abnormality and developing cancer.
Objective: To assess the effect of gasoline exposure on hematological parameters among 
gas station workers in Mekelle City, Tigray Region, Northern Ethiopia.
Methods: This cross-sectional study was carried out on 43 subjects (exposed group) and 77 
subjects (unexposed group) with matched age and sex. Socio-demographic characteristics and 
duration of exposure data were collected using a structured questionnaire and an observation 
checklist. Sysmex XP-300 was used for hematological analysis and stained peripheral blood smear 
was examined for any abnormality. Data were entered and analyzed using SPSS version 23.
Results: Of exposed individuals, 28/43 (65.1%) and 49/77 (63.6%) of controls were males. 
The average exposure time was 5.19±4.38 years, with an average working hour of 11.74 
±1.89 hours/day. The mean RBC count (1012/L), HCT (%), HGB (g/dl) and platelets count 
(109/L) of the exposed group were significantly lower (4.88±0.573, 43.29±3.71, 15.04±1.33 
and 248.95±58.19) compared with controls (5.35±0.533, 44.95±3.10, 15.59±1.26 and 292.45 
±62.17) at p<0.05, respectively. The MCH (pg) (30.48±2.06 vs 29.52±1.66) and MCHC (g/ 
dl) (34.83±0.988 vs 34.32±0.927) were significantly higher in the exposed group compared 
with controls (p<0.05). HCT, RBC, HGB and platelet counts were significantly decreased 
with increased years of exposure (p<0.05). The peripheral blood film examination revealed 
basophilic stippling and macrocytosis in 9.3% of the exposed group.
Conclusion: Long-term exposure to gasoline at gas stations affected RBC parameters and 
platelet count. A significant negative correlation was noted between duration of exposure and 
HGB, HCT and platelet count, warranting implementation of protective measures at gas 
stations.
Keywords: gas station, gasoline, hematological parameters, petroleum

Introduction
Changes in blood parameters are probably the early detectable variations under 
stress conditions like gasoline exposure and used for assessing the health condition 
of exposed individuals.1,2

Exposure to several chemicals is implicated in the derangement of hematologi
cal profile with characteristic pancytopenia, mainly aplastic anemia and an 
increased risk of developing cancer (acute myeloblastic leukemia). Morphological 
effect on red blood cells (RBCs) like microcytosis and inclusion also occurs.3–5 Gas 
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station workers are exposed to gasoline by inhalation dur
ing refilling or through contaminated food at service 
stations.6 Gasoline is a very volatile liquid, with several 
organic and inorganic constituents.6 Some of its constitu
ents are known to be highly toxic or carcinogenic to 
humans.7,8 Many of the toxicological effects associated 
with the exposure to gasoline can be attributed to specific 
components of gasoline, such as benzene, toluene, ethy
lene and xylene, which are also known as volatile organic 
compounds (VOCs).8

Effects of gasoline exposure are time dependent. If 
unprotected individuals are exposed for long periods, it 
may lead to permanent suppression of bone marrow func
tioning, accompanied by reduction in the formation of new 
blood cells causing aplastic anemia.1,9,10 Such disorders 
are believed to be caused by toxic Benzene metabolites. 
Benzene is metabolized in the liver to its primary metabo
lite phenol by cytochrome P4502E1 (CYP2E1) through 
the benzene oxide intermediate. It is subsequently meta
bolized by CYP2E1 to hydroquinone (HQ).11,12 HQ is 
transported to the bone marrow and oxidized to benzoqui
nones, which eventually release reactive oxygen species 
(ROS) damaging hematopoietic cells.14,15 Therefore, 
chronic exposure to benzene is believed to be associated 
with many bone marrow failures and hematological malig
nancies like acute myeloid leukemia (AML), aplastic ane
mia myelodysplastic syndrome, acute lymphoblastic 
leukemia and chronic myeloid leukemia.13,16

Several authors have reported that toxicity of gasoline 
comes mainly from benzene metabolites.11–15 According 
to existing evidence, petroleum hydrocarbons have the 
potential to cause deoxyribo nucleic acid (DNA) damage 
in gasoline-exposed individuals and exposure to petrol 
vapor induces genotoxic effects, confirming that the gas 
station workers have a high risk of cancer due to their 
daily occupational exposure.17,20,21 Once gasoline is 
inhaled, benzene, as the main ingredient of gasoline, 
enters the lungs then is passed to the blood stream from 
which it goes to the liver, where three main phenolic 
metabolites of benzene are released, transient phenol and 
accumulated hydroquinone and catechol, in relatively high 
concentrations.18,19 Benzene is a lipophilic agent, so its 
metabolites go directly to fatty tissues such as bone mar
row where actual toxic species are generated.15,19,22

It has been shown that genetic polymorphisms of xeno
biotic metabolizing enzymes may modulate the susceptibil
ity of individuals to toxic compounds like the glutathione 

S-transferase (GST) superfamily, which plays an important 
role in detoxification of various toxicants.23 It is reported that 
these enzymes are involved in detoxification of several tox
ins, including some of the compounds present in gasoline.24 

Evidence is provided also for wide toxic effects of benzene 
metabolites with prolonged exposure including: pancytope
nia and leucopenia24–26 and other blood disorders such as 
leukemia.26 The gasoline component has a known carcino
gen primarily affecting the hematopoietic system. The 
effects of systemic gasoline exposure can cause acute and 
chronic clinical disorders of the cardiovascular, respiratory, 
neurological, gastrointestinal, liver, renal and dermatological 
local effects, and immunological, metabolic and allergic 
reactions. While several studies pointed to the risk of occu
pational exposure to gasoline on hematological profiles and 
other tests of the above disorders, there are no published 
studies in this regard in the country, so this study tries to 
address only the hematological profile of exposed attendants.

Materials and Methods
Study Design and Setting
A comparative cross-sectional study was conducted upon gas 
station attendants at Mekelle City during the period from 
January to April 2018. Mekelle is capital city of Tigray 
Regional State and is located in the Northern part of 
Ethiopia, at 783 km from the capital city of Ethiopia, Addis 
Ababa, with an elevation of 2254 meters (7395 feet) above sea 
level.

Study Population
Study Groups
There were 13 gas stations in Mekelle City and around the 
city. The study included 43 out of the total 49 gas station 
attendants, with a response rate of 87.8%. Adult males and 
females aged 18–60 years, working for at least six months 
at those gas stations and who volunteered to participate in 
the study were recruited.

Comparison Group
Seventy-seven age and sex matched apparently healthy 
non-exposed control participants from Mekelle 
University, Ayder Comprehensive Specialized Hospital 
Department of Medical Laboratory staff and graduate stu
dents were recruited in this study by using a non- 
probability convenient sampling method.

Participants with the following data were excluded 
from the study: history of any acute infection, chronic 
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diseases, individuals on medication affecting blood cell 
count and individuals with a blood disorder already.

Data Collection Process
Data was collected over a three-month period by question
naire interviews focusing on socio-demographic data, 
years of exposure, working time (hours/day), knowledge 
of gasoline exposure, utilization of protective methods, 
health status, smoking habits and medication history.

Specimen Collection and Analysis
About 5 mL of blood was collected in Ethylene a Diamine 
Tetraacetic Acid (EDTA) test tube from participants who 
completed the questionnaire and who agreed to give blood. 
Four workers did not volunteer to participate, and an 
additional two were excluded due to acute infection and 
pregnancy cases. Complete blood count (CBC) tests, 
including total RBC count, total WBC count, Hb and Hct 
levels, total platelet, MCV, MCH, MCHC, mean platelet 
volume, and red blood cell distribution width (RDW), 
absolute and relative counts of lymphocyte and neutrophil, 
were analyzed using the 3-part hematological auto analy
zer (Sysmex XP-300, Sysmex Corporation, Kobe, Japan) 
within 2 hours of blood collection. Sysmex XP-300 per
forms rapid and accurate analysis of a 17-parameter CBC, 
including a 3-part WBC differential.36

Data Quality Control
The quality of the collected blood and the participant 
information were ensured by collecting and processing 
using a standard operating procedure to address pre- 
analytical, analytical and post-analytical errors. Blood 
was collected using a standard operating procedure. The 
blood sample container was labeled with the participant’s 
unique code to minimize errors. The quality of the col
lected samples was checked for hemolysis, clot, correct 
volume, etc. Site assessment and pre-test of data collection 
were done prior to data collection and the data was 
checked for completeness, quality and clarity of question
naire and modified accordingly.

The reliability of the study findings, especially the 
analytical part, was guaranteed by implementing 
a quality control (QC) sample for the complete blood 
count and peripheral morphology through the whole pro
cess of laboratory works. The results of the complete 
blood count (CBC) and peripheral morphology were regis
tered with correct values and units. Data were entered 
using double-entry method to trace data entry errors. 

Specimens were transported and analyzed within 2 hours 
of collection and, if delayed, refrigerated at 4–8 °C.

Data Analysis
Data were entered and statistically analyzed using the 
Statistical Package for the Social Sciences (SPSS) version 
23. The one-way ANOVA test was used for analysis of 
variance between quantitative dependent variables and qua
litative variables, such as the relationship between hemato
logical parameters by duration of work, age group, level of 
education and so on. The multiple comparisons were made 
using the post hoc test for the duration of exposure. The 
independent samples t-test procedure was used to compare 
means of quantitative variables between gas station workers' 
and controls' hematological parameters. Pearson correlation 
coefficient was used to assess measured parameters with 
years of exposure, working hours and age. P-values less 
than 5% (p <0.05) at 95% confidence intervals was taken 
as statistically significant.

Ethical Considerations
The study was conducted after approval by the research 
and ethics committee of the Department of Medical 
Laboratory Sciences, College of Health Science of 
Addis Ababa University. The research committee is an 
authorized professional body for giving permission to 
researchers to conduct their studies with ethical concern 
in the area. An official letter of request was sent to 
Mekelle University, Ayder Comprehensive Specialized 
Hospital to obtain approval to carry out hematological 
analysis in the central laboratories. Written informed 
consent to voluntarily participate was obtained from all 
study participants after explaining the purpose of the 
study. The confidentiality of the data was also assured. 
After all, this study was conducted in accordance with 
the Declaration of Helsinki.

Results
Socio-Demographic Characteristics of 
the Study Participants
In this study, a total of 120 participants, 43 exposed and 
77 controls, was enrolled. There was no statistically 
significant age and sex difference between the exposed 
and the control groups (p=0.444, p=0.540), respectively 
(Table 1).
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Years of Exposure, Working Hours and 
Awareness Related to Gasoline Exposure
The average exposure time was 5.19±4.38 years (mini
mum 8 months and maximum 16 years), with an average 
daily exposure of 11.74±1.89 hours. The working hour 
was more than 12 hours/day among 58.1% of the partici
pants. The highest number of workers, 17 (39.5%), had 
worked in the gas station for less than two years, whereas 
12 (27.9%) and 14 (32.6%) of them worked 3–7 and for 

more than 8 years, respectively. All the study population 
had no history and habit of smoking cigarettes.

Hematological Profile of Gasoline 
Exposed and Control Groups
The means and standard deviations of hematological 
indices of exposed and unexposed groups are presented 
in Table 2. These results show that the hematological 
markers in both study groups were within the normal 

Table 2 Complete Blood Count Picture of the Study Group Using Independent Samples t-Test at Mekelle City, Tigray Region, 
Northern Ethiopia, from January to March 2018 (n=120)

Parameters Exposed Group(n=43) (mean±SD) Control Group(n=77) (mean±SD) 95% Confidence Interval of the 
Difference

Lower Upper p-value

RBC (×1012/L) 4.88±0.573 5.35±0.533 −0.674 −0.261 p<0.001

HGB (g/d) 15.04±1.33 15.59±1.25 −1.033 −0.063 p=0.027

HCT (%) 43.29±3.71 44.95±3.10 −2.919 −0.403 p<0.010
MCV (fl) 87.37±4.98 85.87±4.36 0.238 3.226 0.090

MCH (pg) 30.48±2.06 29.52±1.66 0.313 1.686 0.006
MCHC (g/dl) 34.83±0.99 34.32±0.92 0.153 0.873 0.006

RDW (%) 12.87±0.59 12.95±0.84 −0.419 0.253 0.626

WBC (×109/L) 6.32±1.73 6.44±1.38 −0.692 0.452 0.679
Lymphocyte (%) 36.02±11.20 34.71±10.04 −2.644 5.254 0.514

Neutrophil (%) 52.14±12.05 54.72±10.44 −6.739 1.589 0.223

Lymphocyte (×109/L) 2.16±0.59 2.16±0.58 −0.224 0.219 0.980
Neutrophil (×109/L) 3.37±1.46 3.60±1.31 −0.745 0.289 0.384

Platelet (×109/L) 248.95±58.19 292.45±62.17 −66.418 −20.583 p<0.001

MPV (fl) 10.74±1.21 10.96±1.78 −3.492 3.054 0.895

Abbreviations: HGB, hemoglobin; HCT, hematocrit; RBC, red blood cell; WBC, white blood cell; RDW, red cell distribution width; MCV, mean cell volume; MCH, mean 
cell hemoglobin; MCHC, mean cell hemoglobin concentration; g/dl, gram per deciliter; fl, femtoliter; pg, picogram.

Table 1 Socio-Demographic Profile of the Study Group Using t-Test and χ2 Tests at Mekelle City, Tigray Region, Northern Ethiopia, 
from January to March 2018 (n=120)

Confounding Factors Gas Station Attendant (n=43) Control Group (n=77) Test of Significance

Gender

Male n (%) 28 (65.1%) 49 (63.6%) χ2 = 0.008, p=0.540

Female n (%) 15 (34.9%) 28 (36.4%)

Age in years n (%)

19–26 17 (39.5%) 29 (37.7%)
27–34 16 (37.2%) 37 (48.1%)

35–44 6 (14%) 9 (11.7%)
>45 4 (9.3%) 2 (2.6%)

Mean±SD 30.09±8.49 29.06±6.07 t=0.768, p=0.444

Marital status

Single n (%) 22 (51.2%)

Married n (%) 21 (48.8%)

Abbreviation: SD, standard deviation.

https://doi.org/10.2147/JBM.S286743                                                                                                                                                                                                                                   

DovePress                                                                                                                                                            

Journal of Blood Medicine 2021:12 842

Teklu et al                                                                                                                                                             Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


ranges. The absolute mean number of RBC (1012/L), per
centages of hematocrit (%) (p<0.0001), level of hemoglo
bin (g/dl) (p=0.027) and absolute mean number of platelets 
(109/l) (p<0.0001) were significantly lower among the 
exposed subjects compared with the control group. The 
mean cell hemoglobin (pg) and mean cell hemoglobin 
concentration (g/dl) were significantly higher in the 
exposed participants compared with the control group, at 
p=0.006.

Effects of Exposure to Gasoline on 
Hematological Parameters
The hematological parameters like HCT levels, RBC count, 
HGB concentration, platelet count, MPV value, 
lymphocyte percent and neutrophil percent decreased as 
years of exposure increased. Most participants exposed for 
longer than eight years had significantly lower values of 
hemoglobin (g/dl), PCV (%), RBC (1012/L) and platelet 
(109/L) compared to those exposed for ≤2 years as well as 
3–7 years. The average values of RBC, HGB, HCT and 
platelet were similar between individuals exposed for <2 
and 3–7 years (Table 3).

Correlation of Hematological Indices 
with Years of Exposure, Working 
Hours and Age of the Exposed Group at 
Mekelle City
As illustrated in Table 4, there was a negative correlation 
between RBC, HGB, HCT and platelet with years of 
exposure (r = −0.619, p<0.001, r = −0.581, p<0.001, r = 
−0.524, p<0.001, r = −0.499, p = 0.001), respectively. 
Whereas, absolute number of neutrophil was positively 
correlated with years of exposure (r = 0.337, p = 0.027). 
There was also a negative correlation of RBC (r = −0.418, 
p = 0.005), HGB (r = −0.368, p = 0.015) and platelet (r = 
−0.330, p = 0.030) with age.

Peripheral Blood Morphology 
Examination Results
Of the examined peripheral blood films from the exposed 
group, 37 (79.1%) of the results were normal, 4 (9.3%) 
had macrocytosis with increasing corresponding MCV 
value, basophilic stippling inclusions and one participant 

had microcytic red cells with reduced MCV value 
(77.1 fl).

Discussion
This study aimed to assess the effect of gasoline and 
gasoline products exposure on hematological parameters 
among gas station workers as compared with controls in 

Table 3 Comparison of the Hematological Indices with Years of 
Exposure in Exposed Group Using Post Hoc Analysis at Mekelle 
City, Tigray Region, Northern Ethiopia, from January to 
March 2018 (n=43)

Years of Exposure Parameters p-value

RBC(1012/l) (Mean±SD)

≤2 year vs 3–7 year 5.17±0.40 vs 5.07±0.58 0.587

≤2 year vs ≥8 year 5.17±0.40 vs 4.37±0.40 <0.0001
3–7 year vs ≥8year 5.07±0.58 vs 4.37±0.40 <0.0001

HGB (g/dl)

≤2 year vs 3–7 year 15.72±1.08 vs 15.25±1.55 0.271

≤2 year vs ≥8 year 15.72±1.08 vs 14.03±0.70 <0.0001
3–7 year vs ≥8year 15.25±1.55 vs 14.03±0.70 0.010

HCT (%)

≤2 year vs 3–7 year 45.15±2.94 vs 43.55±4.86 0.202
≤2 year vs ≥8 year 45.15±2.94 vs 40.80±1.59 <0.001

3–7 year vs ≥8year 43.55±4.86 vs 40.80±1.59 0.041

WBC (109/L)

≤2 year vs 3–7 year 5.90±1.28 vs 6.11±1.65 0.744
≤2 year vs ≥8 year 5.90±1.28 vs 7.01±2.13 0.078

3–7 year vs ≥8year 6.11±1.65 vs 7.01±2.13 0.187

LYM (%)

≤2 year vs 3–7 year 37.47±9.84 vs 41.07±12.32 0.366
≤2 year vs ≥8 year 37.47±9.84 vs 29.91±9.54 0.053

3–7 year vs ≥8year 41.07±12.32 vs 29.91±9.54 0.010

NUE (%)

≤2 year vs 3–7 year 50.80±10.47 vs 46.49±13.7 0.318
≤2 year vs ≥8 year 50.80±10.47 vs 58.63±9.83 0.062

3–7 year vs ≥8year 46.49±13.7 vs 58.63±9.83 0.009

Platelet (109/l)

≤2 year vs 3–7 year 267.05±54.74 vs 280.16±39.07 0.472
≤2 year vs ≥8 year 267.05±54.74 vs 200.21±45.54 <0.0001

3–7 year vs ≥8year 280.16±39.07 vs 200.21±45.54 <0.0001

Abbreviations: HGB, hemoglobin; HCT, hematocrit; RBC, red blood cell; WBC, 
white blood cell; LYM, lymphocyte; NUETRO, neutrophil; CI, confidence interval; g/ 
dl, gram per deciliter.
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Mekelle City, Tigray Region. It also tried to identify risk 
factors associated with gasoline product exposure in gas 
station workers and the relationship between duration of 
gasoline exposure and hematological parameters. The find
ings are pointing toward the fact that gasoline and its 
content have adverse effects on the hematological para
meters with a longer period of exposure.

The observed statistically significant decrease in the 
measured parameters of exposed participants, such as red 
blood cell (RBC), hemoglobin (HGB) concentration, 
hematocrit (HCT) and platelet (PLT) count, compared to 
controls may be due to several toxic effects arising from 
the gasoline and its products. Benzene, one of the main 
constituents of gasoline, is a well-known systemic toxicant 
in humans and a cause of aplastic anemia. It is hemato
toxic and depresses the bone marrow, leading to pancyto
penia (a general depression of erythrocytes (red blood 
cells), leucocytes (white blood cells) and thrombocytes 
(platelets).9 These studies demonstrate that benzene is 
indeed a hematotoxicant.

The results of the present study showed that the mean 
hemoglobin concentration, mean RBCs count, mean hema
tocrit value, platelet count of gas station workers were 
significantly lower than those of the comparison group. 
Decreases in hemoglobin content and RBC count could be 
attributed to shortened life span of RBC as well as impair
ment of heme synthesis by the metabolic end product of 
free radicals of benzene and other aliphatic hydrocarbon 
constituents of gasoline. These free radicals can alter the 
erythrocyte membrane and heme protein synthesis in bone 
marrow.10,11,14 This result is similar with the study 

conducted in hematological assessment of gasoline expo
sure among gas station workers by Schnatter et al,28 Nair 
et al,29,30 and Neghab et al.27 A decrease in RBC count can 
lead to a decrease in PCV. But the hematocrit, RBC count, 
hemoglobin and platelet count were not consistent with 
those reports which described the hematological changes 
of individuals occupationally exposed to gasoline as sig
nificantly high, such as Saadat et al31 and Firouzkouhi 
et al.32 Reduction in the value of RBC, HCT and HGB 
content as reported in this study would eventually lead to 
anemia, a condition which agrees with the report of Uko 
et al.33

In this study, MCV, mean MCH and MCHC value were 
significantly higher in exposed than comparison group. 
This finding is in agreement with another study by 
Firouzkouhi et al32 and by Nair et al,29 as they observed 
statistically significant increases in MCH and MCHC 
values. Even though the MCV value is not significantly 
higher in the exposed group, it shows a similar increase to 
the result reported by Schnatter et al.28 The increases in 
MCV, MCH and MCHC in this study can be due to 
macrocytosis induced by benzene, because benzene is an 
ingredient of gasoline. It has been established that toxic 
constituents of petroleum such as benzene and lead are 
activated in the bone marrow, where the substances exert 
cytotoxic effects that could be mediated through destruc
tion in DNA function. A defect in DNA synthesis that 
interferes with cellular proliferation and maturation can 
lead to large` erythrocytes.20

This study also indicates that total RBC count, hemo
globin concentration and HCT value decreased in gas 

Table 4 Correlation of Hematological Indices with Years of Exposure, Working Hours, and Age for the Exposed Group Using 
ANOVA Statistical Analysis at Mekelle City Tigray Region, Northern Ethiopia, from January to March 2018 (n=43)

Parameters Years of Exposure Working Hours Age of Exposed

r p-value r p-value r p-value

RBC (109/l) −0.619 <0.001 0.292 0.057 −0.418 0.005
HGB (g/dl) −0.581 <0.001 0.266 0.085 −0.368 0.015
HCT (%) −0.524 0.000 0.332 0.129 −0.270 0.080

MCV (fl) 0.152 0.330 −0.195 0.209 0.172 0.269
MCH (pg) 0.044 0.779 −0.273 0.076 0.050 0.750

WBC (109/l) 0.268 0.082 0.017 0.912 0.166 0.289

Lymphocyte (109/l) −0.041 0.794 −0.054 0.730 −0.022 0.890
Neutrophil (109/l) 0.337 0.027 0.000 1.000 0.154 0.324

Platelet (109/l) −0.499 0.001 0.160 0.307 −0.330 0.030
MPV (fl) 0.222 0.153 0.242 0.117 0.113 0.470

Note: Bold text is to indicate test is significant at p<0.05. 
Abbreviations: HGB, hemoglobin; HCT, hematocrit; RBC, red blood cell; MCV, mean cell volume; MCH, mean cell hemoglobin; WBC, white blood cell; MPV, mean platelet 
volume; CI, confidence interval; g/dl, gram per deciliter; fl, femtoliter.
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station workers as the duration of exposure increased from 
less than 2 years to more than 8 years. These findings were 
different from the studies conducted by Uzma et al,34 

which showed that, during the early period of exposure 
(1–5 years and 5–10 years), the average Hb, HCT and 
RBC counts were unchanged, but as the years of exposure 
increased to more than 10 years, there was a statistically 
significant increase in the concentration of Hb, RBC count 
and HCT value. Platelet counts of the present study sig
nificantly decreased as year of exposure increased from 
two years to eight years and is consistent with a previous 
study by Uzma et al.34 Nevertheless, the decrease in total 
RBC count, hemoglobin concentration and HCT value in 
workers with longer periods of exposure as the duration of 
exposure increases from less than 2 year to more than 8 
years were consistent to study conducted by Uko et al.33 In 
the present study, the reported WBC count was unchanged 
as year of exposure increased but it was decreased in the 
study done by Uko et al.33

The peripheral blood smear of the study participants 
showed basophilic stippling and macrocytosis (9.3%). In 
line with this finding, Firouzkouhi et al32 and Uko et al33 

reported basophilic stippling and macrocytosis, respec
tively, from the gasoline exposed attendants. However, 
this finding is not consistent with Elderdery et al,35 

which reported a microcytic picture in 50% of their parti
cipants and a quarter (26%) showed a normocytic picture. 
This inconsistency might be because of population differ
ence, performance and the gasoline constituent difference 
in the study.

Finally, this study has some drawbacks. There were no 
records for baseline and periodic medical examination of 
workers to identify changes that could be attributed to 
gasoline exposure. Being a small-scale study with a few 
gas station attendants and participants limits the general
ization of results to the total populations of gas station 
attendants in other places. However, in the absence of any 
similar data, this study has also its own strength in that it 
assesses the effect of occupational exposure to gasoline for 
the first time, which could attract attention for appropriate 
intervention.

Conclusion and Recommendation
The present study has shown that occupational exposure 
to gasoline and its constituent products has a significant 
effect on some hematological parameters. Moreover, 
long-term exposure to gasoline-specific components of 
gasoline, such as benzene, toluene, ethylene, xylene and 

lead, might have some effects on the human hematopoie
tic system leading to suppressed bone marrow or might 
cause ineffective erythropoiesis and thrombopoiesis. It 
has been observed that chronic ingestion of gasoline 
might result in a significant reduction in RBC count, 
Hb concentration and total platelet count. The toxicity 
of gasoline components usually causes RBC inclusion 
(basophilic stippling, Heinz’s bodies, and pappenheimer 
bodies) and oxidation of hemoglobin, which decrease the 
life of RBC and cause hemoglobin synthesis defects, 
hence decreasing the parameters.
Gas station workers with chronic exposure to gasoline 
products should have periodic medical examinations 
including the evaluation of their hematological profile 
and measurement of blood benzene and blood lead levels. 
In this regard, gas station owners should provide basic 
personal protective equipment like face masks and the 
government should make blood benzene and blood lead 
level analyzer auto machines available. Further research is 
recommended to include other gas station workers in the 
other parts of the country with large sample sizes of these 
workers occupationally exposed to gasoline.

Abbreviations
AML; acute myeloid leukemia, CBC; complete blood 
count, CI; confidence interval, DNA; deoxyribo nucleic 
acid, fl; femtoliter, GST; glutathione S-transferase, HGB; 
g/dl; gram per deciliter, hemoglobin, HCT; hematocrit, 
HQ; hydroquinone, K2EDTA; di-potassium ethylene dia
mine tetra acetic acid, km, kilometr, MCH; mean cell 
hemoglobin, MCHC; mean cell hemoglobin concentration, 
MCV; mean cell volume, MPV; mean platelet volume, 
PCV; packed cell volume, PPM; parts per million, pg; 
picogram, QC; quality controls, RBC; red blood cell, 
RDW; red blood cell distribution width, ROS; reactive 
oxygen species, SD; standard deviation, SPSS; Statistical 
Package for Social Sciences, TLC; total leukocyte count, 
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Background: Among the blood group antigens identified, ABO and Rhesus are the most 
important in transfusion medicine. ABO blood group antigens are the most immunogenic 
followed by Rhesus (D antigen). These blood groups’ frequency distribution varies among 
different regions and races of the world. This study aimed to identifying the frequency 
distribution of ABO blood group and rhesus factors among blood donors in Ethiopia.
Methods and Materials: Aretrospective cross-sectional study was conducted from 
September 12/2019 to March 18/2021 at Bahir Dar blood bank service. After getting 
a permission letter from the blood bank, data were collected from the blood bank donor 
data registration system, and descriptive statistical results were presented in number (fre
quency) and percentage. A Chi-square test was used to show the difference in the frequency 
distribution of ABO and Rh blood groups among sex and blood donation site.
Results: From 40,053 blood donors, 67.7% were males and younger donors (within the age 
range of 18–24 years) account for 63.7%. All donations were from voluntary non- 
remunerated blood donors. The most common blood group was blood group O (41.5%) 
followed by A (29.8), B (23.2%), and AB (5.5%). Considering ABO and Rh blood group 
altogether blood group O positive with 37.9% was the predominant blood group followed by 
A positive (27.2%), B positive (21.4%), AB positive (5%), O negative (3.6%), A negative 
(2.6%), B negative (1.8%), and AB negative (0.4%). The majority of study participants were 
91.5% Rh (D) positive.
Conclusion: This study showed that blood group O was the predominant followed by A, B, 
and AB and most of the blood donors’ blood groups were Rh-positive (91.5%). About 68.9% 
of the total donations were from the first time donor.
Keywords: ABO blood group, rhesus factor, frequency distribution

Introduction
Blood donation is a crucial part of worldwide healthcare. It includes blood collec
tion, testing, storage, and transfusion to the patient. Among tests performed on 
collected blood for transfusion includes blood grouping and screening for transfu
sion transmissible infectious diseases. The term blood group refers to the entire 
blood group system comprising red blood cell (RBC) antigens and a series of genes 
controlled the specificity of the blood group, which can be allelic or linked closely 
on the same chromosome. Blood type refers to a particular pattern of reaction to 
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testing antisera within a given system. About 38 blood 
group system genes have been recognized and all known 
alleles sequenced.1,2

Among blood group systems identified, ABO (with 
blood types A, B, AB, and O) and Rhesus (with Rh 
D-positive or Rh D-negative blood types) are the most 
important in transfusion medicine. ABO blood group anti
gens are the most immunogenic of all the blood group 
antigens followed by Rh (D antigen).3 The most common 
cause of death from a blood transfusion is transfusion of 
incompatible ABO blood type due to a clerical error. 
These antigens are expressed on the RBC surface and 
determine an individual’s blood group.4 The Austrian 
scientist Karl Landsteiner discovered A, B, and O blood 
types in 1900, and Alfred Von Decastello and Adriano 
Sturli discovered the fourth type AB, in 1902. Karl 
Landsteiner and Alexander S. Wiener discovered Rh 
blood group in the late 1930s.5

ABO and Rh blood group frequency distribution varies 
among different regions and races of the world. Blood 
group A was the most frequent in Japan, while blood 
group O was the predominant blood group among 
Chinese and Americans.6,7 A study by Liu et al in China 
showed that the frequency distribution of blood groups O, 
A, B, and AB was 35.54%, 31.90%, 24.14%, and 8.42%, 
respectively. The distribution of the Rh (D) negative group 
was found to be 0.55% among Chinese blood donors.7,8 

A systematic review study in India revealed that O blood 
group (34.56%) was the predominant followed by 
B (34.10%), A (23.16%), and AB (8.1%). Based on Rh 
type, Rh(D) positive and Rh(D) negative population were 
94.13% and 5.87%, respectively.9 In the United States of 
America, the frequency distribution of blood group 
O varies from 39.8% in Asian donors to 56.5% in 
Hispanic donors, and the proportion of Rh (D) negative 
varies from 1.7% in Asian donors to 17.3% in White non- 
Hispanic donors.6 Blood group A (43.8%) was the most 
frequent and AB the least frequent, and Rh positivity rate 
was 85% in Turkey.10

In Tanzania, the most common blood type was blood 
group O (52%), followed by blood group A (26%), blood 
group B (19%) and blood group AB (3%), and 98% (n = 
1773) of participants were Rh-positive.11 Studies in 
Nigeria and Uganda also revealed blood group O as the 
most frequent blood group followed by blood group A, B, 
and AB was the least frequent blood group.12,13 Studies in 
Ethiopia showed that blood group O was the dominant 
blood group followed by A, B, and AB, and the Rh- 

positive blood group account for the highest 
percentage.14–16

The objective of this study was to determine the dis
tribution of ABO and Rh blood groups among blood 
donors at Bahir Dar blood bank. This data is valuable to 
manage blood availability by blood type since this study 
showed the ABO and Rh blood distribution by donation 
site.

Methods and Materials
A retrospective cross-sectional study was conducted on 
40,053 blood donor data collected from September 12/ 
2019 to March 18/2021 at Bahir Dar blood bank service. 
The blood bank is located in the capital city of Amhara 
regional state, Bahir Dar, Ethiopia. The city is situated in 
northwest Ethiopia 565 kilometers far from Addis Ababa 
the capital city of Ethiopia. The blood bank serves more 
than 28 governmental and private health facilities. It has 
developed its own blood donor data management system 
which can store data, perform statistical analysis, send 
a different text to the blood donor like: “thank you for 
donating blood”, “donor blood type”, “reminder for next 
donation, and post-donation counseling”.

Blood was collected from voluntary non-remunerated 
blood donors, through a mobile campaign and at the blood 
bank, transported to the blood bank by maintaining the 
cold chain at 2–10°C with a cold box. After arrival at the 
blood bank, blood was arranged by blood unit number and 
stored in a blood bank refrigerator (2–6°C). Forward ABO 
blood grouping was performed by slid method with known 
antisera (anti-A and anti B). Rh group was determined by 
test tube method by using anti-D reagents and Coombs test 
was performed to detect weak D antigen (Mediclone, 
Mediclone Biotech, India) and reverse blood grouping 
was performed with known 5% A and B cell suspension 
prepared in the laboratory. ABO and Rh blood type of the 
blood donors were registered into the computerized blood 
donor data management system. The data were collected 
after getting a seal of approval from Bahir Dar blood bank. 
The data registered on an excel sheet on the blood bank 
blood donor data registration system were checked for 
completeness and transferred into SPSS version 23 for 
further analysis.

Descriptive statistical analysis was performed to show 
the frequency distribution, in number and percentage, of 
ABO and Rh blood group among blood donors, and a chi- 
square test was employed to test the absence of ABO and 
Rh blood group distribution difference by sex, blood 
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donation site, and p-value less than 0.05 were considered 
as statistically significant. Bonferroni post hoc test was 
performed to detect which cells from the contingency 
table are significantly different. The data were collected 
after getting acquiescence from the blood bank and we 
used only donor ABO and Rh blood group, age, sex, and 
site of blood donation based on the code given at the blood 
bank. Other than these we did not use other voluntary 
blood donor data like name and phone number. All the 
data were secured, protected, and accessed only by the 
investigators.

Result
In this study, which includes 40,053 voluntary non- 
remunerated blood donors, the majority of blood donors 
were males (67.7%), and most of them (63.7%) were 
within the age range of 18–24 years (mean age 24.4 
years) (Table 1). Students, from universities and high 
school, account for 56.6% of the total (Table 2). As to 
this investigation, most blood donors (60.2%) were from 
the Bahir Dar city administration and 68.9% of donations 
were from the first-time donor. A total of 80,567 units of 
blood were collected from 40,053 blood donors. The most 
frequent blood group was blood group O (41.5%) followed 
by A (29.8), B (23.2%), and AB (5.5%). Considering ABO 
and Rh blood group altogether blood group O positive 

(37.9%) was the most predominant blood group followed 
by A positive (27.2%), B positive (21.4%), (91.5%), AB 
positive (5%), O negative (3.6%), A negative (2.6%), 
B negative (1.8%), and AB negative (0.4%). About 
91.5%of the blood donors were Rh (D) positive and 
8.5% were Rh (D) negative (Table 3).

Distribution of ABO and Rh Blood 
Groups with Sex and Blood Donation Site
ABO and Rh frequency were not significantly different 
(P= 0.64) between males and females. The proportions of 
the B, O, and AB blood groups were significantly different 
across blood donation sites (P = 0.012). As compared with 
others, Meshenti donation site had a significantly higher 
(46.9%) and Motta lower (40.4%) proportion of the blood 
group O, while Merawi (27.0%) and Sekela (7.0%) had 
a higher proportion of B and AB blood group respectively. 
Rh-positive blood groups were significantly less frequent 
among donors around Gimjabet (86.3%) and Durbete 
(89.6%) as compared to other donation sites (<0.0001) 
(Table 4).

Discussion
In Ethiopia, even though there are 40 blood banks, blood 
and blood component supply is in short supply to meet the 

Table 1 Age and Sex Distribution of Voluntary Non-Remunerated Blood Donors from September 12/2019 to March 18/2021 at Bahir 
Dar Blood Bank

Age Total

18–24 25–29 30–34 35–39 40–44 >45

Sex Female 10,767 1115 453 270 168 167 12,940 (32.3)
Male 14,737 4765 3755 1890 1009 957 27,113 (67.7%)

Total 25,504 (63.7%) 5880(14.7%) 4208(10.5%) 2160 (5.4%) 1177 (2.9%) 1124 (2.8%) 40,053 (100%)

Table 2 Occupational Distribution of Blood Donors from 
September 12/2019 to March 18/2021 at Bahir Dar Blood Bank

Occupation Frequency Percent

Civil Servant 7272 18.2

Driver 421 1.1
Private worker 6012 15.0

Student 22,676 56.6

Teacher 459 1.1
Unemploy 2421 6.0

Others 792 2.0

Total 40,053 100.0

Table 3 ABO and Rh Blood Group Distribution of Blood 
Donors from September 12/2019 to March 18/2021 at Bahir 
Dar Blood Bank

Rh blood Group of Blood 
Donors

Total

Negative (%) Positive (%)

ABO A 1036 (8.7%) 10,897 (91.3%) 11,933 (100.0%)
AB 179 (8.2%) 2009 (91.8%) 2188 (100.0%)

B 726 (7.8%) 8570 (92.2%) 9296 (100.0%)

O 1451 (8.7%) 15,185 (91.3%) 16,636 (100.0%)

Total 3392 (8.5%) 36,661 (91.5%) 40,053 (100.0%)
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national demand. Bahir Dar blood bank is the outstanding 
blood bank in the country, which satisfies the need for 
blood and blood component supply for its catchment 
health facilities. The need for the determination of the 
distribution of ABO and Rh blood groups arises to main
tain the adequacy of safe blood supply.

In this study, which involved 40,053 blood donors at Bahir 
Dar blood bank, male blood donors accounted for 67.7%, 
while 32.3% were females. In line with our finding studies 
done in Ethiopia (Arba Minch Jima and Debre Tabor) and 
Tanzania indicated that males were more involved in blood 
donation than females.11,14,16 This might be due to female 
donors are more likely to be different than male donors due 
to medical grounds, such as low hemoglobin levels, low body 
weight, pregnancy, and breastfeeding. Of the total blood 
donors in our investigation, the younger population (18–24 
years) and students were the most common blood donors. 
The reason behind might be due to this portion of the popula
tion are dynamic and easily convinced.

In this investigation, the most common blood group 
was O (41.5%) followed by A (29.8), B (23.2%), and AB 
(5.5%) which was in line with other findings showed that 
blood group O as the most common followed by A, B and 
AB.13,14,17,18 However, a research conducted in Turkey 
and Pakistan indicated that blood group A was the 
predominant,19,20 while others revealed B was the most 
common blood group.21,22 This difference in the frequency 
distribution of ABO blood group might be due to genetic 
variations of the study participant.

As to our finding Rh-positive blood group was the most 
predominant which covered 91.5% and the rest (8.5%) was 
Rh-negative. Similarly, a study in Debre Tabor, Ethiopia indi
cated that Rh positive blood group was the most frequent with 
92.7% and the remaining 7.3% was Rh-negative.14 However, 
a study in Gambela, Ethiopia reported a higher (19.37%) 
proportion of Rh-negative.23 Considering ABO and Rh blood 
group altogether, blood group O positive (37.9%) was the most 
predominant blood group whereas AB negative (0.4%) was the 
rarest. Similarly, a study in Ethiopia and Uganda showed 
O positive as the most frequent and AB negative the least 
blood group,13,14 but a study by Jahanpour et al in Tanzania 
showed A negative (3%) followed by B negative and 
O negative 2% each.11 This study also showed that ABO and 
Rh blood group distribution varies among different blood 
donation sites so that the local blood bank will make use of 
this finding to adjust bloodstock by blood type.

Conclusion
In this study, blood group O was the most common fol
lowed by A, B, AB. Most of (91.5%) of the blood donors’ 
blood group were Rh-positive. About 68.9% of the total 
donations were from the first-time donor. To make these 
donors regular non remunerated blood donors strong pro
motion activities are required. Our study also showed that 
the distribution of ABO and Rh blood groups varies 
among blood donation sites and it will be help full for 
the blood bank to adjust bloodstock by blood type.

Table 4 ABO and Rh Blood Group of Blood Group Distribution by Donation Site

site of Donation ABO Rh

A (%) AB (%) B (%) O (%) Negative (%) Positive (%)

Adet 296 (30.5%) 54 (5.6%) 224 (23.0%) 398(40.9%) 68 (7.0%) 904 (93.0%)

Bahirdar 7150 (29.6%) 1390 (5.8%) 5630 (23.3%) 9953 (41.3%) 1935 (8.0%) 22,188 (92.0%)
Bicolo 42 (26.1%) 9 (5.6%) 38 (23.6%) 72 (44.7%) 7 (4.3%) 154 (95.7%)

Chagni 381 (30.1%) 62 (4.9%) 287 (22.7%) 537 (42.4%) 107 (8.4%) 1160 (91.6%)

Dangila 689 (30.5%) 102 (4.5%) 504 (22.3%) 962 (42.6%) 206 (9.1%) 2051 (90.9%)
Durbete 476 (32.5%) 74 (5.0%) 315 (21.5%) 601(41.0%) 152 (10.4%) 1314 (89.6%)*

Gemejabet 98 (30.5%) 18 (5.6%) 68 (21.2%) 137 (42.7%) 44 (13.7%) 277 (86.3%)*

GendaMoy 382 (29.3%) 61 (4.7%) 325 (24.9%) 536 (41.1%) 114 (8.7%) 1190 (91.3%)
Kosober 975 (28.9%) 163 (4.8%) 786a (23.3%) 1448 (42.9%) 321 (9.5%) 3051 (90.5%)

Merawi 227 (26.7%) 35 (4.1%)* 230 (27.0%)* 359 (42.2%) 79 (9.3%) 772 (90.7%)

Meshenti 80 (25.6%) 15 (4.8%) 71 (22.8%) 146(46.8%)* 31 (9.9%) 281 (90.1%)
Mota 1060 (31.9%) 182 (5.5%) 735 (22.2%) 1341 (40.4%)* 300 (9.0%) 3018 (91.0%)

Sekela 77 (23.4%) 23 (7.0%)* 83 (25.2%) 146 (44.4%) 28 (8.5%) 301 (91.5%)

Total 11,933 (29.8%) 2188 (5.5%) 9296 (23.2%) 16,636 (41.5%) 3392 (8.5%) 36,661 (91.5%)

Notes: *Donation sites with, significantly, higher or lower proportions of B, AB, O, and Rh-positive blood group (P=0.012, and <0.0001 respectively).
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Background: The prevalence of chewing Catha edulis Forsk and the use of ascorbic acid is 
increasing from time to time. Their subchronic effects on hematological indices are not well 
examined. The present study was aimed to investigate their subchronic effects on hemato
logical indices in rats.
Materials and Methods: A total of 36 adult (7–8 weeks) wild-type rats weighing between 
213 and 229g were used in this study. They received Catha edulis Forsk extract (Ce) (100 
milligrams/kilogram, 200 milligram/kilogram and 300 milligram/kilogram b.w), Catha edu
lis Forsk juice (2.5 mL/kg), ascorbic acid (AA 200 milligram/kilogram), and 2% tween 80 in 
distilled water (T80W- v/v) for twelve weeks. Hematological indices were measured with 
Sysmex KX-21. Data were analyzed by SPSS version 21.0 and Microsoft Excel.
Results: Neutrocytes (p < 0.01), lymphocytes (p < 0.05), plateletcrit (p < 0.05), average size 
of platelets (p < 0.05), platelet size variability (p < 0.01), platelet–large cell ratio (p < 0.05) 
and neutrocytes/lymphocytes ratio (p < 0.001) were significantly greater, while hemoglobin 
concentration per red blood cell (p < 0.05) and hemoglobin concentration per volume of red 
blood cells were significantly reduced (p < 0.05) in rats received khat. The red cell distribu
tion width (p < 0.05), platelet size variability (p < 0.05) and platelet–large cell ratio 
(p < 0.01) were significantly greater in rats received ascorbic acid.
Conclusion: Crude Catha edulis Forsk extract and juice changed some hematological 
indices and increased platelet activities. The platelet activity was also increased by ascorbic 
acid. The mechanisms for these changes need to be investigated.
Keywords: Catha edulis Forsk, ascorbic acid, hematological indices

Introduction
Catha Edulis Forsk (CEF) is one of the stimulants chewed by the people of 
Ethiopia.1 It is extensively chewed regardless of its adverse effects. Anemia, cancer, 
schizophrenia, anxiety, depression, diabetes mellitus, and inflammation are more 
common among CEF chewers.2 Hematological changes are observed in these 
diseases.3 It also affects the therapeutic effects of drugs.4,5 Certain disease condi
tions are aggravated by CEF.6,7 Cathinone, Cathine, tannins, ascorbic acid (AA), 
and electrolytes are some of the composites in it.8,9 The compounds found in this 
psychostimulant are expected to affect hematological indices.

Its subacute effects on hematologic indices have been evaluated in an animal 
model. Most of the findings are controversial and incomplete.10 AA has been taken 
as a protective agent against different diseases effects.11–14 The purpose of taking 
AA is to regulate hematological and other changes in disease conditions. Acute 
administration of AA reduces oxidative stress and increases blood cell counts.15 

Correspondence: Abebaye Aragaw 
Leminie  
Email abebaye.aragaw@aau.edu.et

Journal of Blood Medicine 2021:12 855–862                                                                   855
© 2021 Leminie et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the 

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Journal of Blood Medicine                                                                    Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 9 July 2021
Accepted: 15 September 2021
Published: 25 September 2021

http://orcid.org/0000-0002-5113-0687
mailto:abebaye.aragaw@aau.edu.et
http://www.dovepress.com/permissions.php
https://www.dovepress.com


Yet, no studies have been conducted on subchronic hema
tological effects of CEF and AA.

Investigate the subchronic effects of CEF and AA on 
hematological indices in rats is the aim of the current 
study.

Materials and Methods
Diethyl ether, chloroform (Sigma-Aldrich, Germany), 
Tween 80, AA, and 70% ethanol were chemicals used in 
this study. These chemicals were purchased from local 
suppliers in Addis Ababa, Ethiopia.

Plant Materials Collection
Bundles of fresh CEF leaves (9kg) were collected from 
Aweday, Eastern Ethiopia. The plant specimen was identi
fied and a voucher number (October 16, 2018, AA002) 
was given. The leaves have been deposited at the National 
Herbarium of Ethiopia, Addis Ababa University.

Plant Material Extraction
After the edible parts of the leaves were separated and 
washed with tap water, the leaves were freeze-dried at 
−20OC16 for 2 days and crushed using mortar and pestle. 
Two hundred grams of freeze-dried crushed leaves were 
placed into a conical flask wrapped with aluminum foil. 
A total of 400 mL organic solvents, ie, 300 mL diethyl 
ether and 100 mL chloroform (3:1v/v ratio) were added 
into the flask. The mixture was shaken under dark condi
tions for 48hrs using a rotary shaker (New Brunswick 
Scientific Co, USA) at 120 rpm and 20OC. It was then 
filtered initially using cotton gauze followed with grade 
I Whatman filter paper (Cat No 1001 150). The organic 
solvents were then removed through evaporation using 
Rota-vapor under a controlled temperature of 36°C, rota
tion of 120 rev/min, and 240 Pascal negative pressure. The 
water in the extract was removed through lyophilization 
and the dry residue was weighed using an analytical bal
ance and stored in a desiccator till used. The CEF juice 
(ChJ) was prepared from 12g/kg b.w of fresh leaves using 
2% tween 80 in distilled water (v/v). In this study, 12 
grams of fresh CEF leaves for a rat weighing 1 kilogram 
was taken as a selected dose. The leaf extract for each rat 
was calculated according to the weight of each rat (calcu
lated dose = Weight of the rat (g) * the selected dose (g)/ 
1000 (g)). The fresh leaves with tween 80 in distilled 
water (T80W) were crushed using a blender machine. 
The juice was then squeezed and filtered using the gauze 
and grade I Whatman filter paper. The T80W used to 

extract the given weight of the leaves was determined 
based on the total weight of each rat and vehicle volume 
used (2.5 mL/kg b.w).

Animal
A total of 36 adult wild-type male white albino rats aged 
between 7 and 8 weeks were used. Their weight was 
ranged between 213 and 229g. They were purchased 
from Laboratory Animal Breeding Section of the 
Ethiopian Public Health Institution. Three rats per plastic 
cage under natural light and dark (12:12hrs) cycles at 
room temperature were housed. Pellet and water were 
available ad libitum throughout the experimental period. 
Rats were weighed twice a week to ensure appropriate 
dosing based on body weight changes. Department of 
Medical Physiology and Institutional Review Board 
(IRB) Committee of the College of Health Sciences 
approved the study. Rules in animal care and use17 have 
been used during animal handling.

Grouping and Dosing
Rats were randomly assigned into six groups (n= 6/group) 
and received T80W, CEF extract (Ce) 100 milligram/kilo
gram, 200 milligram/kilogram and 300 milligrams/kilogram, 
AA (200 milligram/kilogram), and CEF juice (ChJ 2.5 mL/ 
kg). They were administered for twelve weeks. T80W was 
used as a vehicle and the quantity for CEF extract and AA 
were selected based on previous reports.18,19

Test Substances and Volume 
Determination
Fresh CEF extract, AA, ChJ, and vehicle were prepared 
every day. CEF extract was dissolved in T80W. AA was 
powdered and dissolved in T80W to make a stock solution 
of 80 mg/mL. Dose of the extract administered in each rat 
was calculated based on the total body weight (b.w) of 
each rat. Appropriate standard vehicle volume (2.5 mL/kg 
b.w) was used to determine how much volume was used to 
dissolve the calculated dose of CEF extract and AA. Each 
rat in its respective group received a single daily oral 
vehicle, CEF extract, ChJ, and AA. 1 mL was the final 
volume and all these were administered orally.

Blood Collection
The procedure used by Ketema et al20 was used during blood 
withdrawal. Three milliliters of whole blood were collected 
from each rat through cardiac puncture after they were 
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anesthetized using sodium pentobarbital (1mL/kg b.w). 
Blood was collected at 9:am and put into a tube containing 
ethylenediaminetetraacetic acid (EDTA) 24 hours after the 
last administration of test substances. Total leukocytes, 
Neutrocytes (NEUT), lymphocytes (LYMPH), monocytes 
(MONO), Eosinophils (EO), basophils (BASO), 
Hemoglobin (Hg), Hematocrit (HCT), Red blood cell size 
(RBCs), and red blood cell size variability (RsV) were ana
lyzed by CBC machine (Sysmex KX-21). Hemoglobin con
centration per red blood cell (HgpRBC), Hemoglobin 
concentration per volume of red blood cells (HgpvRBCs), 
platelet, Platelet size variability (PsV), plateletcrit (PCT), and 
platelet-large cell ratio (P-LCR) were also analyzed. NEUT to 
LYMPH ratio (NLR) was determined from quantified cells.

Data Analysis
The statistical analysis was done using SPSS version 21.0 
and graphs were plotted using Microsoft Excel. Mean ±S. 
E.M have been used to express the values. Differences in 
hematological indices between three and more groups 
were analyzed using one-way ANOVA followed by 
Tukey’s post hoc analysis. An independent t-test was 
also used in this study to compare values obtained from 
only two groups such as the test versus control groups.

Results
Significant differences in total leukocyte count (F(5, 30) 

=1.61, p > 0.05), MONO (F (5, 30) = 1.37, p > 0.05), EO (F 
(5, 30) = 1.64, p > 0.05) and BASO (f (5, 30) = 1.39, p > 
0.05) were not observed between groups. Significant dif
ference in NEUT (F (5, 30) = 6.42, P < 0.001), LYMPH (F 

(5, 30) = 3.27, p < 0.05) and NLR (F (5, 30) = 6.97, p < 
0.001) was observed between groups.

NEUT and NLR in rats receiving CEF extract were 
significantly higher when compared with the T80W (t (26.07) 

=−3.72, p < 0.01, 95% CI [−11.69,-3.37] and t (24.72) = −3.22, 
p < 0.01, 95% CI [−20.28,-4.44]) and AA (t (7.44) = −2.34, 
p < 0.05; 95% CI [−9.25,-0.11] and t (27.99) = −2.06, p < 0.05; 
95% CI [−17.06,-0.06], respectively) as shown in Figure 1.

Rats received Ce100 milligram/kilogram had signifi
cantly higher NEUT (p < 0.001, 95% CI [7.09, 29.21]) and 
NLR (p < 0.001, 95% CI [13.46, 54.49]) compared with 
rats received T80W (Table 1). NEUT and NLR in rats 
received Ce100 milligram/kilogram were also significantly 
higher when compared with rats received AA (p < 0.01, 
95% CI [4.25, 26.37] and p < 0.01, 95% CI [9.65, 50.69], 
respectively). However, LYMP was significantly less in 
this group of rats when compared with rats received 
T80W (p < 0.05, 95% CI [−31.12,-0.89]) (Table 1).

Significant differences in RBC count (F (5, 30) = 2.75, p < 
0.05), HGB (F (5, 30) = 3.69, p-value less than 0.05), HCT (F 
(5, 30) = 3.60, p < 0.05) and RBCS (F (5, 30) = 4.07, P value 
less than 0.01) were observed between groups. Post hoc 
analysis results indicated no significant differences in RBC 
count, Hg concentration, and HCT (Table 1).

HgpRBC in rats received the Ce was significantly less 
than in those received T80W (t (24.27) = 3.57, p < 0.05; 
95% CI [0.41, 1.52]) as shown in Figure 1. Rats received 
Ce 100 milligram/kilogram (p < 0.05, 95% CI [0.07, 
11.63]), Ce 200 milligram/kilogram (p value less than 
0.05, 95% CI [−11.97,-0.41]) and Ce 300 milligram/kilo
gram (p < 0.05, 95% CI [−12.73,-1.17]) had significantly 
less RBCS than received AA 200 milligram/kilogram. 

Figure 1 Effects of Catha edulis Forsk on HgpRBC, NEUT, and NLR in Rats. Each bar represents the mean ± SEM of these indices in rats received AA, T80W, and khat. 
**Statistical difference at p < 0.01 and *Statistical difference at p < 0.05 when rats received CEF, AA and T80W were compared to each other. 
Abbreviations: CEF, Catha edulis Forsk; AA, ascorbic acid; HgpRBC, hemoglobin concentration per red blood cell; NEUT, neutrocyte; NLR, neutrocyte to lymphocyte ratio.
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RsV in rats received Ce300 milligram/kilogram (p < 0.05, 
95% CI [0.01, 4.57]) and AA (p < 0.05, 95% CI [0.10, 
4.66]) was significantly higher when compared with rats 
received T80W (Table 1).

Significant differences were observed in aPs (F (5, 30) 

= 3.82, p < 0.01), PCT (F (5, 30) = 5.51, P-value less than 
0.01), PsV(F (5, 30) = 7.14, p < 0.001) and P-LCR (F 
(5, 30) = 8.95, p < 0.001) between groups. But, no 
significant difference in platelet count F (5, 30) =0.79, 
p > 0.05) among the groups was observed. PCT was 
higher in rats received Ce100 milligram/kilogram and 
Ce300 milligram/kilogram compared to rats received 
T80W (P-value less than 0.05, 95 CI [0.05, 0.57] and 
p < 0.05, 95% CI [0.05, 0.57], respectively). PCT in 
these groups was also significantly higher when com
pared to rats received AA (p < 0.05, 95% CI [0.01, 
0.53] and p < 0.05, 95% CI [0.01, 0.53], respectively). 
PsV in rats received Ce300 milligram/kilogram was sig
nificantly greater than in received T80W (p < 0 0.01, 
95% CI [0.31, 2.80]). Rats received Ce100 milligram/ 

kilogram (p < 0.01, 95% CI [−9.43, −1.57]), Ce200 
milligram/kilogram (p-value less than 0.001, 95% CI 
[−10.23, −2.37]) and Ce300 milligram/kilogram (p < 
0.01, 95% CI [−9.25, −1.39]) had significantly less 
P-LCR than rats received ascorbic acid. As shown in 
the table, rats receiving ChJ 2.5 mL/kg had higher 
P-LCR than in rats received T80W (p- vale was less 
0.05, 95% CI [0.60, 8.46].

Discussion
In this study, total leukocytes, monocytes, basophils, and 
eosinophils were not affected by crude CEF extract and 
juice (Table 1). Alele et al21 also revealed that total 
leukocyte was not affected by this extract. However, Bin- 
Jaliah et al10 and Ketema et al20 revealed that total 
leukocyte was reduced by CEF extract indicating that 
this extract suppressed immunity. Disagreement between 
these findings might be because of variation in extraction 
solvent, duration of administration, and animal species 
used to see the effects.

Table 1 Effect of Catha edulis Forsk and Ascorbic Acid on Hematological Indices

Parameter Group

T80W AA200 mg/kg Ce100 mg/kg Ce200 mg/kg Ce300 mg/kg ChJ2.5 mL/kg

WBC(103/μL) 9.06±0.56 10.57±1.83 7.02±0.68 6.91±0.82 8.20±1.01 8.25±1.03

MONO (%) 4.07±0.43 4.53±0.83 3.88±0.49 3.00±0.46 2.97±0.10 3.33±0.64
EO (%) 0.89±0.21 1.30±0.54 0.50±0.05 1.12±0.07 0.63±0.09 0.67±0.06

BASO (%) 0.30±0.04 0.10±0.04 0.17±0.06 0.18±0.04 0.25±0.12 0.15±0.03

NEUT 9.23±0.55 12.06±1.08 27.37±5.60***ee 12.87±1.50 11.42±1.99 15.32±0.78
LYMP (%) 84.42±3.21 82.65±2.35 68.42±6.40* 82.48±1.76 86.20±2.97 80.28±2.31

NLR (%) 10.99±0.76 14.79±1.74 44.96±10.92***ee 15.79±2.14 13.39±2.67 19.25±1.41

RBC (106/μL) 8.75±0.16 6.66±1.21 9.28±0.47 8.84±0.218 9.17±0.48 6.55±1.21
Hg (g/dL) 16.95±0.26 12.22±2.08 16.93±0.48 15.80±.52 17.10±0.51 11.53±2.30

RBCs (%) 48.46±0.59 35.07±5.78 48.88±1.11 45.77±0.71 48.28±0.72 34.88±6.19

sRBCs (fL) 54.13±0.49 59.24±2.48 53.38±0.42 e 53.05±0.98 e 52.28±0.48e 57.08±1.76
HgpRBC (pg) 18.94±0.05 18.47±0.46 18.42±0.46 18.37±0.48 18.67±0.47 17.78±0.58

HgpRBCs (g/dL) 35.13±0.24 33.01±0.99 34.53±0.75 34.50±0.94 35.40±0.49 31.42±1.30*

RsV(fL) 31.73±0.56 34.11±0.55* 33.38±0.56 31.31±0.32 34.02±0.75* 30.92±0.29
PLT(103/μL) 476.83±22. 381.83±102.6 509.00±111.7 543.17±90.9 607.33±126.3 379.17±119.1

PCT (%) 0.35±0.03 0.38±0.08 0.65±0.03*e 0.43±0.07 0.65±0.03*e 0.37±0.08

aPs(fL) 8.39±0.24 8.90±0.47 8.29±0.08 8.11±0.06 11.37±.1.36* 8.90±0.92
PsV(fL) 9.28±0.26 10.28±0.21* 9.30±0.10 8.95±0.28 10.89±0.51** 9.33±0.08

P-LCR (%) 13.48±0.87 18.79±0.8** 13.28±0.91e 12.48±0.74e 13.47±0.86e 18.01±1.15*

Notes: Hematological indices in rats (n= 6/group) receivedT80W, AA 200mg/kg, Ce(100 mg/kg, 200 mg/kg, and 300 mg/kg) and ChJ 2.5 mL/kg represented as mean ± SEM 
of. ***Statistical difference at p < 0.001; **Statistical difference at p< 0.01 and *Statistical difference at p < 0.05 when rats received Ce100mg/kg, Ce200mg/kg, Ce300mg/kg, 
ChJ 2.5 mL/kg and AA 200mg/kg were compared with rats received T80W. eestatistical difference at p <0.01 and estatistical difference at p <0.05 when rats received 
Ce100 mg/kg, Ce200 mg/kg, Ce300 mg/kg, ChJ 2.5 mL/kg were compared with rats received AA 200mg/kg. 
Abbreviations: Ce, Catha edulis Forsk extract; μL, microliter; sRBCs, size of red blood cells; dL, deciliter; fL, femtoliter; NEUT, Neutrocytes; pg, picogram; NLR, Neut to 
Lymph ratio; Hg, hemoglobin; HgpRBC, hemoglobin concentration per red blood cell; HgpvRBCs, hemoglobin concentration per volume of red blood cells; PCT, plateletcrit; 
RsV, red blood cell size variability; PsV, platelet size variability; aPs, average platelet size; P-LCR, platelet-large cell ratio; T80W, tween 80 in distilled water; mg/kg, milligram/ 
kilogram; AA, ascorbic acid; khJ, Catha edulis Forsk juice.
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Even though the statistical difference in the total leu
kocytes did not observe between rats receiving the vehicle 
and AA in this study, previous studies indicated that white 
cell count was significantly increased by vitamin C.19,22 In 
the previous study, Vitamin C (30 milligrams/kilogram and 
70 milligrams/kilogram) was given for four weeks twice 
per day. However, it was administered (200 milligrams/ 
kilogram) for twelve weeks per day in the current evalua
tion. Discrepancy between these findings might be attrib
uted to the dose and duration of administration. These 
findings showed that vitamin C administered for a short 
period with a minimum dose increases white blood cells. 
In our study, neutrocytes and NLR were increased signifi
cantly while lymphocytes count was reduced, particularly 
by the lower dose. The tolerance effects of CEF might be 
less at the lower dose. Although much has not been done 
on the tolerance effects of CEF, a previous study showed 
that CEF responses are gradually reduced, indicating that 
it has a tolerance effect.23

An increase in the Neutrocytes count by extract in this 
study might be because of its inflammatory,24,25 oxidative 
stress,26,27 adrenocortical function, and sleep physiology28 

effects. CEF increases adrenocortical function and cortisol 
secretion.6,29 In turn, cortisol increased neutrophil count.30 

On the other hand, stress increases neutrophil count31 and 
cathinone in CEF causes oxidative stress.26,32 CEF- 
induced sleep restriction increases neutrophil count.33,34 

Like the previous study,10 the lower dose of CEF extract 
reduced lymphocyte count in our study. However, another 
study revealed that lymphocyte count was increased in 
schizophrenic patients.35 CEF increased dopamine levels 
in healthy and schizophrenic patients.7 Bogale et al36 

reported that schizophrenic-like symptoms were observed 
in mice received CEF extract. In this way, CEF should 
have increased lymphocyte count, but opposite result was 
obtained in our study that might be because of variation in 
the duration of administration.

Reduction in lymphocyte count observed in the current 
study might be through ECF hematopoietic effects. 
A previous study indicated that the destruction of dopami
nergic cells affected blood cell synthesis.37,38 On the other 
hand, this stimulant affects bioavailability of dopamine in 
body fluid.7 Adrenalin level that affects hematopoiesis 
could be affected by khat. Another study indicated that 
sympathetic fibers innervating bone marrow released adre
nalin and dopamine affect stem cell activities.28 This indi
cates that dysregulation of adrenergic and dopaminergic 
fibers might be associated with hematopoietic disturbances.

The higher neutrophil-to-lymphocytes ratio observed in 
this study could be associated with depression effects of 
the CEF.2,26 This ratio is high in patients with severe 
depression disorder.3 Psychiatric disorders associated 
with subchronic inflammation increased NLR and CEF 
showed inflammatory responses.3,24,25 CEF extract and 
juice did not affect red blood cell count, hemoglobin con
centration, size of red blood cells (sRBCs), and Hematocrit 
(HCT) in this study (Table 1). However, when the compar
ison was made between rats received CEF and AA, sRBCs 
were less in rats at all doses of the extract (Table 1). 
Nevertheless, Owu et al39 showed that AA (vitamin C, 
200 milligrams/kilogram) administered in rats for 28 days 
reduced sRBCs indicating that the duration of vitamin 
C administration could contribute to the differences.

Rats received higher dose of the extract and AA had 
greater RsV compared with rats received vehicle. Catha 
edulis Forsk juice also reduced MCHC when compared 
with vehicle (Table 1). However, in the study conducted 
before, the PCV and hemoglobin concentration were signifi
cantly reduced, while RBCS was increased.10 The discre
pancy could be attributed to the dose of the extract, duration 
of administration, and solvent used to extract the plant mate
rial. The dose of the Catha edulis Forsk extract used by Bin- 
Jaliah et al10 was 500 milligram/kilogram and administered 
for only one week, while the higher dose in our study was 
300 milligrams/kilogram administered for twelve weeks. The 
solvent used in this previous study was hydro-ethanol while 
diethyl/chloroform (v/v; 3:1) was used in our study. Like in 
our study, Bin-Jaliah et al10 also revealed that RsV was 
increased by the crude extract of CEF.

In this study, the increase in RsV in rats received CEF 
might be the result of the adverse effects of Catha edulis 
Forsk on the liver. Previous studies indicated that RsV 
significantly increased in patients with progressive liver 
fibrosis and inflammation.40,41 On the other hand, CEF 
chewing was associated with acute liver injury, subchronic 
inflammation and cirrhosis.24,42

In this study, CEF juice reduced HgpvRBC (Table 1). 
Another study also showed CEF reduced HgpvRBCs.24 

However, Ketema et al20 showed that statistical difference 
in HgpvRBCs was not observed between mice received 
the extract and vehicle.

The solvent, animal model and duration of administra
tion difference used by the previous and current study 
might be the reason for variation in the results. Ketema 
et al20 used methanol to extract CEF and was administered 
for four weeks in mice while we used diethyl ether and 
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chloroform to extract the leaves and administered for 
twelve weeks in rats.

Hemoglobin reduction in each RBC observed in this 
study might be resulted from its effect on iron absorption 
problems across the gastrointestinal tract. Previous studies 
indicated that tannins reduced absorption of iron and vita
mins; involved in the synthesis of red blood cells.43,44 One 
of the components found in the leaves of CEF is tannin,8,9 

suggesting that CEF affects iron and vitamin absorption. 
Another study also showed that CEF reduced level of iron 
and vitamin B12 in the serum.45 Gastrointestinal problems 
such as esophagitis, gastritis, delaying gastric empty and 
impaired intestinal absorption, some of the effects of the 
leaves.2 Liver problems induced by CEF24 could also be 
attributed to bleeding problems and iron deficiency among 
people who are chewing the leaves of CEF.46

The average HgpRBC reduction in rats received CEF 
(Figure 1) in our study might be because of its effect on 
the renal system. Erythropoietin is one of the proteins 
involved in the synthesis of RBCs and this could be 
affected by CEF extract. However, Ketema et al20 and Bin- 
Jaliah et al10 also could not see any significant differences 
in HgpRBC in mice and rats, respectively.

Statistical difference in the total number of platelet has 
not been seen in our study (Table 1). Alsalahi et al24 and 
Alele et al21 also found analogous outcomes. But Ketema 
et al20 reported that its methanolic extract (100 and 200 
milligrams/kilogram) administered for four weeks reduced 
platelet number in mice. Contrarily, a study conducted by 
Bin-Jaliah et al10 revealed that its hydro-ethanolic extract 
(500 milligrams/kilogram) administered for one week 
increased platelet count in the rat model. The dissimilarity 
of these findings might be because of administration dura
tion and extraction solvent variation.

In this study, lower and higher doses of CEF extract 
increased PCT, while the higher dose increased PsV and 
aPs. Its juice significantly increased the P-LCR. These 
findings indicated that CEF increases platelet activities. 
Strong platelet activity is represented by higher PCT, 
PsV, and P-LCR.47 platelet activities are increased when 
there is organ inflammation,48 anxiety and depression 
disorders.49 On the other hand, an increase in platelet 
activities and oxidative stress are among the risk factors 
for thrombosis.50,51 This, in turn, indicated that CEF might 
aggravate organ inflammation, anxiety disorders, and 
thrombosis. Previous studies indicated that organ inflam
mation is more prevalent among people who are using 
CEF.25,52

AA also increased P-LCR and PsV. Studies indicated 
that a higher dose of ascorbic acid contributed to oxidative 
stress,53 the release of thromboxane A2 and prostaglandin 
E2 in subjects with depression and thrombosis.54 Platelet 
activities were higher in patients with depression, schizo
phrenia and other psychiatric problems and contributed to 
the secretion of serotonin.55

In conclusion, CEF extract, CEF juice, and AA altered 
some of the hematological indices. AA and CEF increased 
platelet activities and size variability of red blood cells. The 
mechanisms of action for these changes need to be studied.
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Purpose: The main objective of this research was to investigate the opinion of the popula
tion of Saudi Arabia on the use and acceptability of the Wateen application.
Methods: This research was a quantitative cross-sectional study in which an online ques
tionnaire was distributed among the target population who were healthy people over 18 years 
of age that had used or known about the Wateen application. A total of 352 participants 
responded to the questionnaire. The data collection was carried out between November and 
December 2020. A basic descriptive statistical analysis was used to analyze the data.
Results: The participants had used the Wateen app to follow the donation record, as 
a reminder of donation dates, to find lists and blood bank locations, to request blood 
donation, and to find donation requests on social media. After receiving the blood donation 
request from the Wateen app, majority of the respondents felt encouraged, motivated, and 
educated to donate blood, and about blood donation, respectively. Participants also indicated 
that the application helped them to find donors. Besides, majority of the respondents stated 
that the Wateen app had reduced the gap between blood donors and the need for blood. 
However, few participants expressed that they had not received or observed a post about the 
Wateen application on social media networks.
Conclusion: The results of this research indicated that there is a general acceptance of 
the use of the Wateen app among the participants of this study. However, the importance 
of the Wateen app needs to be further advertised so that it can be used in the blood 
donation process in all regions of Saudi Arabia. In this way, the people of Saudi Arabia 
will be more aware of the importance of the Wateen app in the blood donation process, 
and the goal of the Ministry of Health of bridging the gap between donation centers and 
blood donors could be achieved.
Keywords: Wateen application, blood donation, m-health, Saudi Arabia, user acceptability

Introduction
Blood donation is a humanitarian, altruist, noble, and solidary act supported by all 
health organizations in the world.1–3

Blood transfusion saves lives and improves health … Providing safe and adequate 
blood should be an integral part of every country’s national health care policy and 
infrastructure.2 

In this regard, statistics from the World Health Organization have indicated that 
118.5 million blood donations were collected worldwide in 2020.2 Forty percent of 
these donations were collected in high-income countries where 16% of the world’s 
population lives.2
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With the advancement of information and communica
tion technologies, new technological tools such as social 
networks and applications have been used for the blood 
donation process on a global scale.1,3–12 However, finding 
blood donors is a challenging problem for blood banks in 
almost all countries.13 In this sense, some specific applica
tions have been developed such as the Blood application 
of the Red Cross, the Blood Donor Finder application of 
Neologix, BLOODR, and others.4,7,11,13 The Red Cross 
Blood app has been used to locate and make appointments 
with blood banks and donation centers, the Blood Donor 
Finder allows users to find the closest donors when they 
need a blood donation, and BLOODR provides proper 
communication between patients and donor regarding the 
donation requirements.4,7,13 Also, Ouhbi et al carried out 
a systematic search of blood donation applications avail
able in Apple apps, Google Play, BlackBerry App World, 
and Windows Mobile stores.1

In Saudi Arabia, some studies have been carried out to 
investigate the blood donor system in this country that 
relies mainly on voluntary and involuntary donors.14–17 

One of these studies conducted in the central region of 
Saudi Arabia revealed that blood donation was not satis
factory, probably due to misconceptions, lack of education, 
and an unfavourable attitude towards the donation.15 

Another study conducted with Saudi male students from 
King Saud University found that 98% of participants con
sidered donating blood to be important and suggested that 
campaigns were needed to raise awareness and motivate 
students about the importance of blood donation.17 

Similarly, Al-Johar et al found that in Saudi Arabia the 
attitude of female students towards donating blood was 
positive and their contribution to the donation system 
could be increased by conducting awareness and education 
campaigns.16 Also, in a survey conducted by Statista in 
Saudi Arabia in 2018, it was observed that 58% of respon
dents agreed to donate blood to help others.18 In a different 
context, Abdel Gader et al investigated the attitudes, feel
ings, beliefs, and motivations of a sample of blood donors 
from Saudi Arabia.14 The results indicated that 91% of the 
participants thought that it was not necessary to pay for the 
blood donation.14 Furthermore, 34% of the participants did 
not complain about donating blood routinely, and 67% of 
them did not mind going to the donation center to donate 
blood.14 Also, 91% of the participants considered donating 
blood to be a religious duty.14 About this last result, 
religion is strongly rooted in the Saudi society where the 
Muslim religion is prevalent.14 It is worth mentioning that 

this religion motivates the donation of blood in safe con
ditions for both the donor and the recipient.14 Concerning 
this topic some studies have pointed out that the religious 
beliefs can have a positive or negative impact on the blood 
donation process.19,20 In this sense, a study carried out in 
Nigeria revealed that 20.3% of the participants did not 
donate blood and did not accept blood transfusions due 
to their religious beliefs.21

In this regard, to reduce the gap between donors and 
blood banks in the Kingdom of Saudi Arabia and facilitate 
the blood donation process, the Minister of Health 
launched the Wateen app in 2019 (March).22 The objective 
of this initiative was to provide blood to all blood banks in 
the Kingdom, promote donation and awareness campaigns 
on voluntary blood donation, facilitate the procedures of 
the blood donation process, and improve the experience of 
voluntary blood donors.23 The application was called 
“Wateen” to relate it to the aorta, which is the major artery 
in the human body.23 The name also refers to the fact that 
giving blood means giving life.23 The Wateen app has 
become the official blood donation app in Saudi 
Arabia.23 This application offers multiple uses for blood 
donors, non-donors, or representatives of blood banks.24 

Through the Wateen application, the user can request 
a blood donation from the Wateen community, share dona
tion requests on social networks, know the list and loca
tions of blood banks, follow donation records, and receive 
reminders about campaigns and donation dates.24 The 
Health Ministry hopes that using this technology, blood 
banks will have a sufficient supply of blood and its com
ponents in the future.23

According to the literature review, there have been no 
studies on the use of the Wateen app in Saudi Arabia. And, 
to the best of the authors’ knowledge, there are no pub
lished studies on the acceptability of blood donation apps 
by blood donors and requesters. In this sense, the main 
objective of this research was to investigate the opinion of 
the population of Saudi Arabia on the use and acceptabil
ity of the Wateen application.

Methods
Study Settings and Participants
This research was a quantitative cross-sectional study 
aimed at determining the use and acceptability of the 
Wateen app among the population of Saudi Arabia. In 
achieving the research aim, the different tasks including 
planning, data collection, data analysis, preparing the 
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report were divided among the research team in order to 
simplify the process of achieving research tasks and mini
mize the risks. In this investigation, an online question
naire was distributed among the target population who 
were healthy people over 18 years of age who had used 
or known about the Wateen application. The participants 
were informed about the objective of the study with a brief 
introduction to the Wateen application. In addition, their 
consent to participate in the study was requested and it was 
clearly stated to them that participation was completely 
voluntary and without obligation to answer the question
naire. The Institutional Review Board at Imam 
Abdulrahman Bin Faisal University in Dammam, Saudi 
Arabia, approved the ethical protocol of this research and 
it was conducted in accordance with the Declaration of 
Helsinki. Informed consent was obtained from the 
participants.

Inclusion and Exclusion Criteria
The population included in the study were healthy people 
over 18 years of age who had used or known about the 
Wateen application. The rest of the population was 
excluded.

Description of the Questionnaire
The questionnaire was designed and revised by the 
research team constituted by an assistant professor, 
a master student, and a specialist who worked in a blood 
bank laboratory of a Saudi Arabian hospital. The ques
tionnaire consisted of two sections and twelve questions. 
The questions were closed-ended and multiple choice. 
Question 10 had an open entry to allow the participant to 
write a comment. Also, question 12 had the option “other”. 
The questionnaire is shown in Appendix 1.

The first section had 3 questions about the demo
graphic information of the participants: What is your gen
der? (male, female); What is your age group in years? (18– 
25, 26–30, 31–35, 36–40, 41–45, 46–51, >52); Where do 
you live? (East province, West province, Central province, 
North province, South province).

The second section had 9 questions about the usage 
and acceptability of the Wateen application: Did you use 
the Wateen application before? (yes, no); Do you know 
anyone who used the Wateen application? (yes, no); What 
did you use the Wateen application for? (blood donation 
request from the Wateen community, donation requests in 
social networks, list and locations of blood banks, follow 
the donation record, all of the above); Did the Wateen 

application motivate you to donate blood? (yes, no); Did 
the Wateen application educate you about the donation 
process? (yes, no); From your personal experiences, did 
the Wateen application help you to find blood donors for 
your patient/family member/beloved one? (yes, no); Do 
you believe that the Wateen application reduced the gap 
between blood donors and the need for blood in hospitals? 
(yes, no; if no, why … ?); Did you ever receive broadcasts 
or see a post or campaign requesting blood donation 
through the Wateen application on social media platforms? 
(yes, no); What was your most likely response when you 
received the blood donation request on the Wateen appli
cation? (nothing, share it with others, it encouraged me to 
donate blood, other).

Validity and Reliability of the 
Questionnaire
The questionnaire was validated by 3 experts in the field of 
blood donation. In addition, a pilot test was conducted 
with 10 participants to test the reliability of the question
naire. The responses were consistent, indicating that the 
questionnaire was reliable. Furthermore, Cronbach’s alpha 
was used to test the reliability of the items. All the relevant 
items in the questionnaire achieved alpha values greater 
than 0.80 indicating good reliability.

Data Collection
As the objective of this study was to identify and evaluate 
the usability and acceptance of Wateen application for 
blood donation process, the need to include a diverse 
group with large sample was realised. To calculate the 
sample size (S), Cochran’s formula28 was used.

S ¼
Z2pq

e2 

● e is the desired level of precision (ie, the margin of 
error),

● p is the (estimated) proportion of the population 
which has the attribute in question,

● q is 1 – p.

At p = 0.5, and 95% confidence interval, and at least 5%— 
plus or minus—precision; a 95% confidence level gives us 
Z values of 1.96, per the normal tables, so the sample size 
was calculated to be 385.

S = ((1.96)2 (0.5) (0.5))/(0.05)2 = 385
To achieve the estimated sample, the research team 

realized the need to use various online platforms for 
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distributing the survey, and random sampling technique 
was adopted to reach maximum population, as it ensures 
that results obtained from your sample should approximate 
what would have been obtained if the entire population 
had been measured.29 Accordingly, the questionnaire was 
developed using QuestionPro application,30 to which 
a survey link was generated. The survey link was distrib
uted through WhatsApp, Twitter, Instagram, and other 

social media platforms. Data collection was carried out 
between November and December 2020.

Data Analysis
A basic descriptive statistical analysis was used to analyze 
the data collected from the questionnaire. The results were 
presented in percentages in tables and figures.

Results
The demographic information of the 352 participants of 
this study is shown in Table 1. This table indicates that 
51.4% of the respondents were male. Moreover, the major
ity of the participants (69.3%) were under 35 years of age. 
Also, almost half of the respondents (48.6%) were from 
the East province of Saudi Arabia.

Regarding the use of the Wateen application, Figure 1 
reveals that (57.1%, 201/352) of the participants had used 
the Wateen application before. Similarly, Figure 2 displays 
that (45.2%, 159/352) of the respondents knew people who 
had used the Wateen app previously. The t-tests were con
ducted considering all the participants (N=352) to identify if 
there is any difference in the findings between the different 
participant groups (Table 2). Focusing on the usage of 
Wateen application, significant difference was observed 
among the male (N=181, Mean=0.66) and female (N=171, 
Mean=0.47) participants with t-value = 8.438 and p-value < 
0.0001 (p<0.05) at 95% confidence interval. Furthermore, 
the usage of the application was analyzed between two 

Table 1 Demographic Information of the Participants (n=352)

Demographic Characteristics n (%)

Gender
Male 181 (51.4)

Female 171 (48.6)

Living location

East province 171 (48.6)
West province 52 (14.8)

Central province 112 (31.8)

North province 5 (1.4)
South province 12 (3.4)

Age (years)
18–25 137 (38.9)

26–30 62 (17.6)

31–35 45 (12.8)
36–40 32 (9.1)

41–45 33 (9.4)

46–51 25 (7.1)
> 52 18 (5.1)

Figure 1 Usage of the Wateen App (n=201).
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groups: participants aged 30 or less; and participants aged 
more than 30 years. Significant difference was observed 
among the participants aged 30 years or less (N=199, 
Mean=0.84) and the participants aged more than 30 years 
(N=153, Mean=0.57) participants with t-value = 12.4585 
and p-value < 0.0001 (p<0.05) at 95% confidence interval.

Also, according to Table 3, the participants had used the 
Wateen app to follow the donation record (35.8%, 72/201), 
as a reminder of donation dates and campaigns (24.4%, 49/ 
201), find lists and blood bank locations (16.9%, 34/201), 
request blood donation from the Wateen community (10.0%, 
20/201), find donation requests on social media (6.0%, 12/ 
201), and all of the above objectives (7.0%, 14/201).

In addition, Table 4 indicates that after receiving the 
blood donation request from the Wateen app, 85.6% (172/ 
201) of the respondents felt encouraged to donate blood, 
10.0% (20/201) of them shared the information with 
others, 2.5% (5/201) answered “nothing”, and 2.0% (4/ 
201) replied “other”.

Similarly, Figure 3 shows that (94.0%, 189/201) of the 
participants were motivated to donate blood by the Wateen 
app. Alike, Figure 4 indicates that 81.6% (164/201) of the 
respondents were educated about the donation process by 
the Wateen app. As well, Figure 5 illustrates that 30.8% (62/ 
201) of the participants who used the Wateen app indicated 
that the application helped them to find donors. T-tests were 
conducted considering all the participants who used Wateen 

application (N=201) to identify if there are and difference in 
the findings between the different participant groups 
(Table 2). Focusing on the motivation of Wateen application 
for engaging in blood donation, significant difference was 
observed among the male (N=104, Mean=0.58) and female 
(N=97, Mean=0.72) participants with t-value = 6.1319 and 
p-value < 0.0001 (p<0.05) at 95% confidence interval. 
Furthermore, the results were analyzed between two groups: 
participants aged 30 or less; and participants aged more than 
30 years. Significant difference was observed among the 
participants aged 30 years or less (N=112, Mean=0.72) and 
the participants aged more than 30 years (N=89, 
Mean=0.54) participants with t-value = 4.1819 and p-value 
< 0.0001 (p<0.05) at 95% confidence interval.

Related to the reduction of the gap between blood 
donors and the need for blood, Figure 6 shows that 
89.1% (179/201) of the respondents stated that the 
Wateen app had reduced this gap. T-tests were conducted 
considering all the participants who used Wateen applica
tion (N=201) to identify if there are and difference in the 
findings between the different participant groups (Table 2). 
Focusing on the education/learning enabled by Wateen 
application about blood donation, no significant difference 
was observed among the male (N=104, Mean=0.64) and 
female (N=97, Mean=0.68) participants with t-value = 
0.9318 and p-value =0.3526 (p>0.05) at 95% confidence 
interval. Furthermore, the results were analyzed between 

Figure 2 Knew people who used the Wateen App (n=159).

Journal of Blood Medicine 2021:12                                                                                                 https://doi.org/10.2147/JBM.S328981                                                                                                                                                                                                                       

DovePress                                                                                                                         
867

Dovepress                                                                                                                                                        AlOtaibi et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


two groups: participants aged 30 or less; and participants 
aged more than 30 years. No significant difference was 
observed among the participants aged 30 years or less 
(N=112, Mean=0.74) and the participants aged more than 
30 years (N=89, Mean=0.69) participants with t-value = 
1.7292 and p-value = 0.853 (p>0.05) at 95% confidence 
interval.

On the other hand, Figure 7 suggests that 48.9% (172/ 
352) of the participants expressed that they had not 

received or observed a post about the Wateen application 
on social media networks. Concerning this issue, most of 
the respondents expressed the following weaknesses of the 
blood process using the Wateen app:

1. The Wateen application needs more advertising on 
the most powerful social media platforms to 
increase awareness of the population.

2. In the application, there is no way to communicate 
between the donor and the person who needs the 
blood.

3. Unfortunately, Wateen App does not connect with 
all hospitals in the Kingdom.

Table 4 Response When the Blood Donation Request from the 
Wateen App Was Received (n=201)

Participants’ Responses n (%)

Nothing 4 (2.0)
Share it with others. 20 (10.0)

It encouraged me to donate blood. 172 (85.6)

Other 5 (2.5)

Table 2 T-Tests Results

N Mean Standard Deviation df t-value p-value

Usability: By gender

Male 181 0.66 0.25 350 8.438 <0.00001*
Female 171 0.47 0.16

Usability: By age

≤ 30 years 199 0.84 0.21 350 12.4585 <0.00001*
> 30 years 153 0.57 0.19

Motivation: By gender

Male 104 0.58 0.13 199 6.1319 <0.00001*
Female 97 0.72 0.19

Motivation: By age

≤ 30 years 112 0.72 0.26 199 4.1819 <0.00001*
> 30 years 89 0.54 0.35

Education: By gender

Male 104 0.64 0.21 199 0.9318 0.3526 (p>0.05)
Female 97 0.68 0.38

Education: By age

≤ 30 years 112 0.74 0.18 199 1.7292 0.0853 (p>0.05)

> 30 years 89 0.69 0.23

Note: *Statistically significant.

Table 3 Use of the Wateen App for (N= 201)

Participants’ Responses n (%)

A blood donation request from the Wateen 

community

20 (10.0)

Donation requests in social networks 12 (6.0)

List and locations of blood banks 34 (16.9)

Follow the donation record 72 (35.8)

Reminders of donation dates and donation 

campaigns around you

49 (24.4)

All of the above 14 (7.0)
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Discussion
Regarding the outcomes of this research on the use of the 
Wateen app in the blood donation process in Saudi Arabia, 
it was observed that more than half of the respondents 
(57.1%) had used the Wateen app. Also, the Wateen app 
motivated and encouraged most of the participants to 

donate blood when they received the request for blood 
donation.

It is argued31 that acceptability of digital health inter
ventions may usefully be considered an emergent property 
of a complex, adaptive system of interacting components 
(eg, affective attitude, beliefs), which in turn influences 

Figure 3 Wateen App motivation to donate blood (n=201).

Figure 4 Wateen App education about donation (n=201).
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(and is influenced by) user engagement. Accordingly, this 
study identified that usability and motivation among the 
participants regarding the Wateen application for blood 
donation were identified to be satisfactory, though signifi
cant differences existed among both genders and different 
age groups. Young participants were identified to be more 
motivated and found good usability of the application 

compared to older patients (Table 2). While male partici
pants found it to have high usability, female participants 
identified it to be more motivating. Secondly, acceptability 
is important due to its ability to predict and explain key 
outcomes of interest, including user engagement and inter
vention effectiveness. Findings revealed that the partici
pants found the application to be effective for learning 

Figure 6 Wateen App reduced gap between blood donors and the need for blood (n=201).

Figure 5 Help of the Wateen App to find blood donors (n=201).
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about blood donation, which can raise interest and engage
ment. Finally, precisely what people find acceptable is 
deeply contextualized and interlinked with prevailing 
social and cultural norms. The Saudi culture reflects 
a positive approach for blood donation, indicating the 
influence of culture on the acceptability of the application.

Since the Wateen app was recently launched by the 
Ministry of Health (March 2019), the aforementioned 
results suggested that there was a relatively high accep
tance and use of the Wateen app among the participants in 
Saudi Arabia.23 These results are aligned with the fact that 
applications can be valuable tools for the blood donation 
process and are accepted nationally and internationally for 
this purpose.4–7,11,13,25 Furthermore, we also think that the 
high acceptance of the Wateen application is because the 
Arab people consider that blood donation is 
a humanitarian, noble, and religious activity.14 It is perti
nent to mention that, in general, the Arab people have 
a positive attitude towards blood donation.16–18

Another relevant part of this study was determining 
what the participants used the Wateen app for. The results 
described in Table 2, insinuate that a culture about blood 
donation is being implemented in Saudi Arabia. This cul
ture would increase if the chain of the donation process 

was smooth and made it easier for donors to follow the 
donation record, remind them of the date of donation 
campaigns, list the blood available in nearby donation 
centers, and facilitate other functions available in the 
application. It can be suggested that the creation of 
a blood donation culture in Saudi Arabia is feasible 
because the Saudi population has a motivating positive 
approach towards donating blood.14,16–18 Until now, the 
majority of respondents thought that the Wateen app had 
narrowed the gap between blood donors and the need for 
blood.

Based on the results of this study, it would be very 
helpful to powerfully advertise the Wateen app to a wider 
audience via social media platforms and other sources. In 
connection with this comment, Alanzi et al have pointed 
out that social media platforms can help implement 
a robust blood donation program in Saudi Arabia that 
would encourage and motivate people to donate blood.3 

Similarly, Abdelgader et al have indicated that there is 
a high potential for volunteer donors in Saudi Arabia, but 
proper administrative planning is necessary to ensure that 
blood banks rely on voluntary donations and fill gaps in 
the donation system of the Kingdom.26 In the same con
text, if the Wateen app were linked or connected to gov
ernment apps like Absher, Saudi citizens who are eligible 
to donate blood would be more aware of the potential of 
this app for donation purposes.27 Furthermore, studies31,32 

observed that eHealth interventions can be adopted in 
times of health emergency, as a convenient, safe, scalable, 
effective, and green method of providing clinical care. In 
this regard, since the Wateen app is a national app 
endorsed and launched by the Saudi Arabian Ministry of 
Health, it must be connected to all public and private 
hospitals. By incorporating the above-mentioned require
ments into the blood donation process in Saudi Arabia, the 
Wateen app would be a potentially valuable tool in pro
moting blood donation to a high proportion of the popula
tion of this country. However, there are few issue 
identified in this study, which include poor advertising, 
communication issues on the application, and lack of con
nectivity of the application with all hospitals. Accordingly, 
the reviews in the play store33 indicated few negative 
reviews and poor rating (2.1/5) for the Wateen application. 
Considering these factors, it is important for the develo
pers (Ministry of Health) to address the technical issues in 
the application and improve its usability by linking the 
application with all major hospitals across the country to 
simplify the blood donation process.

Figure 7 Post requests for blood donation through Wateen App on social media 
(n=352).
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Conclusion
The results of this research indicated that there is 
a general acceptance of the use of the Wateen app 
among the participants in this study. Based on the 
findings, this study can have various practical implica
tions. Firstly, it allows the decision-makers (Ministry 
of Health) in evaluating the application and making 
necessary improvements to it. Secondly, in evaluating 
the participants’ usability aspects analyzed by the 
demographic characteristics, necessary decisions can 
be made in order to increase the usability among the 
targeted population. Furthermore, the findings also help 
the decision-makers in understanding the various issues 
associated with the application such as technical/ 
usability issues and address them for increasing the 
usability.

The main limitations of this study were related to the 
fact that the questionnaire was conducted online, which 
resulted in a limited number of participants. In addition, 
limited time and resources also posed a challenge. 
Furthermore, no studies related to the acceptability of 
blood donation applications by blood donors and reques
ters were found in the literature. This fact restricted our 
discussion because we were unable to compare the 
results of this research with other studies related to the 
acceptability of blood donation apps.

While the stated limitations have no impact in terms of 
nullifying the results observed in this investigation, future 
studies will be addressed to minimize these limitations. Also, 
it would be interesting to study the barriers to using the Wateen 
app. Furthermore, it would be important to compare the 
Wateen app with other apps available around the world, 
including apps accessible on Google Play and Apple app 
stores. Future research may focus on addressing these limita
tions, develop strategies for increasing the use of eHealth 
interventions such as Wateen for various healthcare needs 
and evaluate them.
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C A S E  R E P O RT

Successful Treatment of Factor X Deficiency in 
a Patient with Lymphoplasmacytic Lymphoma with 
Bendamustine Plus Rituximab Regimen: A Case 
Report and Literature Review

Tarinee Rungjirajittranon 
Yingyong Chinthammitr 
Chattree Hantaweepant

Division of Hematology, Department of 
Medicine, Faculty of Medicine Siriraj 
Hospital, Mahidol University, Bangkok, 
Thailand 

Background: Acquired factor X deficiency is an uncommon condition, and affected indi
viduals have severe and spontaneous bleeding. The associated conditions include malig
nancy, infection, burn, and inflammatory bowel disease. Many previous studies reported 
association between lymphoproliferative disease and factor X disappearance. Amyloid 
deposition causing factor X absorption was the most common mechanism. Here, we report 
a case of stage IV lymphoplasmacytic lymphoma (LPL) with factor X deficiency who was 
successfully treated with bendamustine plus rituximab (BR) regimen.
Case Presentation: A 52-year-old Thai woman presented with heavy menorrhea, hoarseness, 
and widespread ecchymosis at her extremities. On physical examination, the patient had bilateral 
periorbital purpura and vocal cord hematoma. Coagulation testing showed prolonged prothrom
bin time (PT) and prolonged activated thromboplastin time (aPTT); however, after mixing with 
1:1 normal pooled plasma, PT and aPTT were both corrected to normal levels. Factor assays 
demonstrated markedly decreased factor X levels, but no presence of factor X inhibitor. Bone 
marrow examination revealed numerous abnormal lymphoplasmacytoid lymphocytes with 
kappa light chain expression. Serum free light chain assay also showed kappa light chain 
restriction [kappa 716.16 mg/L, lambda 16.96 mg/L, ratio 42.23 (0.26–1.65)]. The patient was 
diagnosed as lymphoplasmacytic lymphoma with factor X deficiency. She received chemother
apy with 6 cycles of bendamustine plus rituximab (BR) regimen. The patient responded 
favorably to treatment, she remains in lymphoma remission at one year after diagnosis, and 
her factor X level was more than 20%.
Conclusion: We performed a literature review to identify previous case reports about 
lymphoma-associated factor X deficiency or inhibitor to determine a possible explanation 
in our patient. It is important to emphasize that when patients present with acquired factor 
deficiency, including factor X, lymphoproliferative disease is commonly one of the under
lying conditions. Furthermore, the recovery of coagulation factor deficiency is possible if 
successful remission of lymphoma can be achieved.
Keywords: factor X, lymphoproliferative disorder, lymphoplasmacytic lymphoma, 
amyloidosis

Introduction
Factor X, which is a vitamin k-dependent coagulation factor, is synthesized by 
hepatocytes.1 It is activated by tissue factor and FVIIa from the extrinsic pathway.2 

Factor IXa and factor VIIIa from the intrinsic pathway work concomitantly to change 
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factor X to active form.2 The resulting effect is the formation of 
thrombin and fibrin clots.2 Bleeding manifestation in deficient 
patients is well correlated with the amount of residual factor 
X activity.3 Patients with a factor X level less than 10–20 IU/dL 
usually experience severe and spontaneous bleeding.4–6 The 
estimated prevalence of congenital factor X deficiency (Stuart- 
Prower disease) is approximately 1 in 1 million; however, data 
specific to factor X acquired deficiency/inhibitor remains 
scarce.3,6 Being different from other coagulation factors, the 
presence of factor X auto-inhibitor is less common than factor 
X deficiency.7 Previous studies reported factor X inhibitor to be 
associated with respiratory tract infection, leprosy, gastrointest
inal lymphoma, burn, and inflammatory bowel disease.8–11 In 
contrast, the most common cause of acquired factor 
X deficiency is light chain amyloidosis, which is a plasma 
cell dyscrasias that is characterized by deposition of amyloid 
fibrils from abnormal monoclonal immunoglobulins.12 The 
proposed mechanism of factor X deficiency in systemic amy
loidosis is rapid clearance of factor X by amyloid fibril absorp
tion and probably splenic sequestration.13,14 Here, we report 
a case of an adult Thai female patient who was recently 
diagnosed as lymphoplasmacytic lymphoma with factor 
X deficiency due to suspected amyloid deposition.

Case Presentation
A 52-year-old Thai woman presented with heavy menorrhea 
for 4 months. Two months later, she felt fatigue, anorexia, and 
noticed spontaneous hematoma along her extremities. Two 
weeks ago, she had a low-grade fever and odynophagia, so 
she visited a primary hospital and physical examination 
showed a cachectic woman with an 8 cm hematoma at her 
left forearm. Throat exam showed ecchymosis at the epiglottis 
and vallecula. Non-blanchable erythematous patches were 
noticed at both upper eyelids (Figure 1). Other organ systems 

were within normal limits. During admission at that primary 
hospital, her laboratory tests showed prolonged prothrombin 
time (PT) and prolonged activated thromboplastin time (aPTT) 
with no recovery after plasma and vitamin K replacement 
(Figure 2). However, her hematoma was improved without 
new bleeding symptoms. She was then transferred to our 
hospital, which is a national tertiary referral center, for further 
investigation. Her initial complete blood count showed hemo
globin of 8.5 g/dl, mean corpuscular volume of 80 femtolitres, 
a white blood cell count of 6.9 × 109/L (neutrophil 65.4%, 
lymphocyte 62%, monocyte 5%), and increased platelet count 
of 800 × 109/L. Blood chemistry showed LDH level of 235 U/ 
L (normal 135–214 U/L), normal liver function tests, and 
normal creatinine level. Coagulation study showed prolonged 
PT and prolonged aPTT (65.7 seconds (10.5–12.5) and 85.1 
seconds (22.0–31.0), respectively). After mixing with 1:1 nor
mal pooled plasma, PT and aPTT was 13.8 seconds and 28.8 
seconds, respectively. The fibrinogen level was 410 mg/dl 
(200–400). The levels from coagulation factor II, V, and 
X assay were 117.7% (50–150%), 125.5% (50–150%), and 
2.1% (50–150%), respectively. The Bethesda assay of factor 
X inhibitor was negative. The result of the mixing study 
suggested that this patient had no functional auto-antibodies. 
However, our patient’s PT and aPTT levels did not improve 
after plasma or vitamin K replacement. Bone marrow Wright’s 
stain and pathological examination showed 50–60% infiltra
tions of kappa+/CD20+ small lympho-plasmacytoid lymphoid 
cells (Figure 3). Congo red stain was negative. Serum protein 
electrophoresis and immunofixation were normal. Free kappa 
light chain was markedly elevated [Kappa 716.16 mg/L, 
Lambda 16.96 mg/L, ratio 42.23 (0.26–1.65)]. A diagnosis of 
stage IV lymphoplasmacytic lymphoma was made. Based on 
the presence of typical skin changes and light chain monoclo
nal gammopathy, factor X deficiency from systemic 

Figure 1 Periorbital purpura; skin changes in this patient.
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amyloidosis was suspected. To demonstrate amyloid deposi
tion, we carefully performed an abdominal fat pad biopsy 
immediately after fresh frozen plasma replacement. No bleed
ing consequence developed after the procedure, and the result 
was negative. More extensive biopsy was not performed due to 
a concern about bleeding complication. Echocardiography 
showed no specific pattern of cardiac amyloidosis. Computed 
tomography scan of neck, chest, and abdomen revealed 

multiple enhancing mediastinal lymph nodes, the largest of 
which was 1.5 cm in diameter.

Systemic chemotherapy of bendamustine plus rituxi
mab (BR) for 6 cycles was the chosen regimen to mini
mize toxicities. A good correlation between factor 
X normalization and disease remission was demonstrated. 
Improvement in abnormal laboratory results after treat
ment are shown in Table 1. Since our patient’s residual 

Figure 3 Bone marrow aspirate smear.

Figure 2 Treatment and coagulogram at previous hospital.
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factor X increased to more than 10 IU/dL, she had no 
spontaneous bleeding. At 12 months after diagnosis, she 
maintained a good response after BR regimen with a factor 
X level of approximately 22%.

Discussion
We have described a case that well represents lymphopro
liferative disorders associated with coagulation factor defi
ciency. Many previously published studies reported 
acquired coagulation inhibitors accompanying lymphoma, 
mostly acquired hemophilia A or factor VIII inhibitors.15– 

20 Similarly, acquired factor X deficiencies or inhibitors 
showed association with lymphoproliferative diseases via 
three mechanisms.7,21 The most prevalent mechanism was 
amyloid fibril absorption.22 The second most commonly 
reported mechanism was non-functional antibody that 
enhanced factor X clearance from circulation.23 The third 
and least common mechanism involves a pathologic func
tional antibody that was difficult to detect by citrate-based 
assays because it is a calcium-ion dependent anti-FX IgG 
antibody.8,24,25 All of these cases required complicated 
treatments not only to manage severe bleeding, but also 
to control the primary disease (Table 2).

In our case, the in vitro mixing study demonstrated 
correctable aPTT to normal value, and PT to near-normal 
value by normal pool plasma. It showed factor deficiency 
pattern. However, both prolonged values were uncorrectable 

after in vivo plasma and vitamin k replacement even though 
bleeding was clinically improved. The cause of factor 
X disappearance could be from either non-functional anti
body or amyloid substances deposition. We hypothesized 
that the cause of factor X deficiency in this patient was from 
amyloid deposition. The evidence to support our hypothesis 
is that periorbital purpura, which was the pathognomonic 
skin sign, indicated weakening vascular integrity by amy
loid deposition even though it occurred in only 15% of 
patients.26 Moreover, the persistent low level of factor 
X after immunosuppressive treatment implied that it was 
not the natural course of autoimmune disease.23 However, 
the level was high enough to prevent spontaneous bleeding. 
Due to concerns about patient safety, we decided not to 
perform any further biopsy to confirm our presumption of 
amyloidosis. A previous study by TashiroH22 also could not 
demonstrate amyloid deposition in bone marrow or skin 
from antemortem biopsy; however, autopsy showed amy
loid depositions in multiple organs, including liver, spleen, 
kidney, bone marrow, lymph nodes, adrenal glands, lungs, 
and heart. Those authors identified factor X accompanied 
by amyloid fibrils. Similarly, their patient’s mixing study 
was correctable, but the coagulogram was not improved 
after replacement with substantial amounts of plasma and 
anti-inhibitor coagulant complex. The mechanism may be 
rapid clearance of factor X from circulation with subsequent 
rapid distribution of amyloid throughout the body.13

Table 2 Previous Case Reports of Lymphoma with Factor X Deficiency/Inhibitor

Name of 

Author and 

Year of 

Publication

Age and 

Sex of 

Patients

Type of 

Lymphoma

Bleeding 

Manifestation

Factor 

X Level  

at 

Diagnosis 

(%)

Treatment Outcome After 

Treatment (Follow- 

Up Time)

Etiology of 

Decreased 

Factor X Level

Meenhuis A et al 

(2015)23

81-year- 

old man

Nodal 

marginal 

zone 

lymphoma

Soft tissue and 

intra-muscular 

hematoma

3–4% Chlorambucil and rituximab Normalization of factor 

X level (1 year after 

diagnosis)

Non-inhibitory 

antibody

Tashiro H et al 

(2018)22

37-year- 

old 

woman

Lympho- 

plasmacytic 

lymphoma

Not mentioned 2% -Steroids 

- Cyclophosphamide 

- Rituximab 

- Fludarabine 

- Cladribine 

- Bortezomib 

- Thalidomide 

-Allogeneic SCT with matched 

sibling donor 

(RIC conditioning regimen)

Not improved Sequestration by 

amyloid fibrils

Abbreviations: SCT, stem cell transplantation; RIC, reduced intensity conditioning regimen; CR, complete remission.
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Our case demonstrates successful treatment of lympho
plasmacytic lymphoma and bleeding complication by BR 
regimen. However, a strategy to prolong our patient’s survival 
poses an additional and more complex challenge. Autologous 
and allogeneic stem cell transplantation should be carefully 
considered due to the high rate of non-relapse mortality in 
lymphoplasmacytic lymphoma.27 The benefits and drawbacks 
of this treatment alternative will be discussed with our patient 
so that a plan can be in place when and if our patient relapses.

Conclusion
Acquired factor deficiency is an acquired bleeding disor
der that frequently presents with occult primary cause, 
especially hematologic malignancies. We presented an 
interesting case of factor X deficiency associated with 
lymphoproliferative disorder. The patient was treated 
with 6 cycles of BR regimen, she remains in lymphoma 
remission at one year after diagnosis, and her factor 
X level has increased to more than 20%.

Abbreviations
aPTT, activated thromboplastin time; PT, prothrombin time.
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Introduction: High collision-risk physical activity can increase bleeding risk in people with 
hemophilia A, as can increasing the time between factor VIII (FVIII) administration and physical 
activity. FVIII prophylaxis may be tailored to planned activities to prevent activity-related bleeding.
Aim: To explore the relationship between physical activity levels, FVIII infusion timing, and 
occurrence of bleeding in patients with severe/moderately severe hemophilia A without FVIII 
inhibitors receiving antihemophilic factor (recombinant) (rAHF; ADVATE®; Baxalta US 
Inc., a Takeda company, Lexington, MA, USA).
Methods: SPACE was a 6-month, prospective, multicenter, observational outcomes study 
(NCT02190149). Enrolled patients received an eDiary application and a wearable activity 
tracker, which recorded physical activity, rAHF infusion, and occurrence of bleeding. 
Physical activity risks were ranked using National Hemophilia Foundation criteria.
Results: Fifty-four patients aged 11–58 years (n = 47 prophylaxis, n = 7 on-demand) were 
included in the analysis. Patients had a mean (SD) 8.14 (10.94) annualized bleeding rate, and 
recorded 4980 intervals between an rAHF infusion and physical activity; 1759 (35.3%) of 
these intervals were ≤24 hours. Analysis of recorded eDiary data showed that the risk of 
activity-related bleeding did not significantly increase with time between last infusion and 
activity, but did increase with higher-risk physical activities. Analysis of activity tracker 
recorded data showed that the risk of bleeding reported by patients as spontaneous increased 
with prolonging time (≤24 to >24 hours) from last infusion to physical activity start (odds 
ratio 2.65, p < 0.05). Joint health data collected at baseline were not included in the 
regression analysis because of small sample size; therefore the study could not assess 
whether patients with more joint disease at baseline were at higher risk of injury-related 
and reported spontaneous occurrence of bleeding.
Conclusion: These results show that activities with a high risk of collision lead to an 
increased risk of bleeding. Further investigation is warranted to explore potential benefits of 
FVIII infusion timing to reduce the risks of activity-related occurrence of bleeding.
Keywords: hemophilia A, recombinant factor VIII, physical activity, post-authorization 
study, prophylaxis, bleeding

Introduction
In people with hemophilia A (PwHA), prophylactic factor VIII (FVIII) replacement 
therapy has been the standard of care for bleeding prevention by maintaining 
plasma FVIII activity levels of ≥1%.1,2 The World Federation of Hemophilia 
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(WFH) 2020 guidelines recommend FVIII activity levels 
of ≥3%.3 FVIII prophylaxis reduces frequency of bleeding 
with the goal of improving quality of life in PwHA.4–6 

Individualized prophylactic regimens that aim to tailor 
FVIII levels to lifestyle and physical activity requirements 
are likely to offer further beneficial effects in minimizing 
bleeding risk while facilitating the physical and psychoso
cial benefits of exercise.7,8

Limited data exist on the relationship between FVIII 
levels and bleeding risk in PwHA and physically active 
lifestyles. Participation in vigorous, high-risk collision 
sports has been associated with a transient increase in 
bleeding risk, with most activity-related episodes mani
festing within 1 hour of physical activity.9 While tailoring 
FVIII replacement therapy to a patient’s physical activity 
pattern is likely to be beneficial, it has only recently 
become part of routine practice.10 The evolution of hemo
philia treatment in recent years, including the development 
of extended half-life FVIII products and non-factor repla
cement therapies,11 has meant that personalization of treat
ment is now becoming more widespread. Indeed, 
personalization of therapy based on each individual’s 
activities and lifestyle is recommended in the WFH 2020 
guidelines.3

Patient questionnaires have typically been used to 
monitor physical activity in relation to occurrence of 
bleeding in PwHA. The use of commercial activity track
ers in hemophilia research is limited, but continuous and 
long-term monitoring of activity with activity trackers was 
suitable in PwHA in an observational prospective study.12 

Mobile applications for recording and monitoring occur
rence of bleeding and dosing regimens offer an innovative 
method of data collection in clinical studies, with applica
tions in telehealth for promoting appropriate use of clot
ting factors in patients with hemophilia.13

The prospective non-interventional Study of 
Prophylaxis, ACtivity and Effectiveness (SPACE) 
explored the effect of physical activity levels and timing 
of antihemophilic factor (recombinant) (rAHF; 
ADVATE®; Baxalta US Inc., a Takeda company, 
Lexington, MA, USA) infusion on occurrence of bleeding 
in patients with hemophilia A.

Materials and Methods
Study Design and Conduct
This prospective, multicenter, post-authorization, 6-month, 
observational outcomes study (NCT02190149) was 

conducted at 21 centers in the United States from 
June 2014 to June 2016. The study was approved by 
independent ethics committees for all participating sites 
and conducted in accordance with standards of good clin
ical practice in effect at the time of the study and the 
Declaration of Helsinki. All patients (or their legally 
authorized representatives) were provided with informa
tion about the purpose of the study and gave written 
consent before enrolment.

Patients
Inclusion criteria were: patients aged 13–65 years with 
severe or moderately severe hemophilia A (FVIII ≤2%), 
receiving rAHF and with a history of plasma-derived or 
recombinant FVIII replacement therapy for ≥150 exposure 
days. Patients with hemophilia B (factor IX [FIX] ≤2%) 
receiving recombinant factor IX, nonacog gamma (BAX 
326, Rixubis®; Baxalta US Inc., a Takeda company, 
Lexington, MA, USA) were also eligible, but those results 
are not reported here. Patients with an inhibitor titer of 
≥0.6 Bethesda units, or being treated for an inhibitor, or 
who had elective surgery planned within 6 months after 
enrolment that might interfere with daily activities, or 
those continuously requiring walking assistance devices 
were not eligible for enrolment.

Procedures
At baseline, investigators recorded treatment regimens 
(prophylaxis vs on-demand) and infusion timing schedules 
for patients receiving prophylactic rAHF (routine prophy
laxis: 20–40 IU/kg every other/every third day; dosage 
targeted to maintain FVIII trough levels ≥1%).13 Patients 
remained on rAHF treatment as directed by their physician 
throughout this non-interventional study (12-month 
recruitment period, 6-month observation period). Patients 
received a customized eDiary smartphone application 
(Exco InTouch, an ERT company, Nottingham, United 
Kingdom) and a wearable activity tracker (Fitbit®; Fitbit, 
Inc., San Francisco, CA, USA), which recorded data dur
ing the observation period (ie, period between eDiary/ 
activity tracker start and end dates) and at study comple
tion (Figure 1A). The eDiary application was downloaded 
onto the patient’s smartphone and served as the primary 
data collection tool for patient physical activity, infusion 
timing, and occurrence of bleeds; if the patient did not 
have access to a suitable phone, one was provided for the 
study duration. During the observation period, upon occur
rence of a bleeding episode, patients recorded in the 
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Enrolled
(N = 64) 

Activity data in eDiary
(n = 56) 

Passed screening
(n = 61)

Failed screening 
(n = 3) 

Excluded from rAHF treatment analysis 

Treated with rFIX (n = 1)

Excluded from rAHF treatment analysis 

No infusions recorded (n = 2)
No activity tracker data recorded (n = 2)

Excluded from rAHF treatment analysis 

No infusions recorded (n = 2)

Treated with rAHF
(n = 60) Safety population

Full analysis set

Activity data and rAHF infusion data 
in eDiary
(n = 54)

Completed study
(n = 42)

B

Discontinued study
(n = 19)

Patient with 2 SAEs 
(n = 1)
Investigator withdrew†

(n = 4)
Individual withdrew‡ 

(n = 11)
Other reasons 
(n = 3)§

A
Patient screening
• Moderately severe or severe  
 hemophilia A (FVIII level ≤2%)
• Aged 13-65 years
• Receiving rFVIII
• Prior treatment with FVIII ≥150 EDs

Baseline CRF (investigator reported)
• Demographics
• Medical history
• Prescribed treatment regimen
• Bleeding history
• Available joint outcome measurements
• Number of target joints 
• Other¶

eDiary baseline survey (patient reported) 
• Activity levels 
• Satisfaction with activity level
• Bleeding history

HAL or PedHAL questionnaire 

eDiary (patient reported) 
• Treatment (eg, infusion timing)
• Physical activity
• Occurrence of bleeding episodes

Safety calls to patient by site every 
month

Data entry reminder phone calls to 
patients as needed

eDiary survey 
• Changes in treatment regimen
• Activity level
• HAL or PedHAL questionnaire††

Patients receive:
• SPACE eDiary
• Activity tracker

Patients use:
• SPACE eDiary
• Activity tracker

Patients use:
• SPACE eDiary

6-month observation period Study completion

Figure 1 (A) SPACE study design and timing of assessments. (B) Patient disposition. †For inactivity (n = 1), loss to follow-up (n = 1), non-compliance with required 
reporting (n = 1), or non-compliance with data entry (n = 1). ‡Technical problems, difficulty committing time (n = 6); non-compliance, withdrew consent (n = 5). §Non- 
compliance (n = 1) and technical difficulties (withdrawn per protocol; n = 2). ¶Other data includes number of concomitant medications, non-drug therapies and available 
pharmacokinetic data history. ††Completed 1 week before study end. 
Abbreviations: CRF, case report form; ED, exposure day; FVIII, factor VIII; HAL, Hemophilia Activities List; PedHAL, Paediatric Hemophilia Activities List; rFIX, 
recombinant factor IX; rAHF, antihemophilic factor (recombinant); SAE, serious adverse event.
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eDiary the doses and reasons for infusions (routine pro
phylaxis or on-demand [ie, treatment for new occurrence 
of bleeding]). Lastly, the patients captured changes in 
treatment regimen at the time of study completion. Data 
collected via the activity tracker included steps taken and 
active minutes. Additionally, upon activity-related occur
rence of bleeding, patients indicated what type of activity 
was associated with the occurrence of bleeding.

Objectives
The primary study objective was to explore the relation
ship between physical activity level, rAHF infusion tim
ing, and occurrence of bleeding episodes in PwHA during 
a 6-month observation period. Secondary objectives 
included collecting physical activity data (type, frequency) 
using a patient self-reported eDiary and a consumer-based 
activity tracker.

Data Collection and Analyses
Estimation of Time Since Last Infusion to Start of 
Activity
To estimate the time (ie, number of hours) since the last 
rAHF infusion to the start of physical activity, each day 
was divided into the following four 6-hour cycles: 
Morning, 06:00 to 12:00; afternoon, >12:00 to 18:00; 
evening, >18:00 to sleep; and night, 24:00 to <06:00.

Physical Activity
At baseline, patients documented in the eDiary the physi
cal activity type, average number of days per week spent 
participating at each risk level, barriers to participation, 
and information on FVIII infusions before planned activ
ities. Patients rated their activities in the eDiary according 
to the National Hemophilia Foundation “Playing it safe” 
activity listing, which identifies a risk collision score asso
ciated with various activities; if an activity was not listed, 
patients were asked to estimate the risk level.14 Activities 
were thus classified into one of the following three cate
gories based on the associated risk: (1) significant colli
sions are not expected; (2) significant collisions might 
occur, and (3) significant collisions are inevitable. During 
the observation period, patients recorded type, duration, 
and timing of activities undertaken daily in the eDiary. 
Timing of physical activity was recorded as a time range 
(ie, not the exact time); for the purposes of the analysis, 
the “morning” time range was set to start at 06:00 (morn
ing), the “afternoon” time range at 12:00 (noon) and the 

“night” range at 18:00 (night). The activity tracker 
recorded daily totals for steps taken and active minutes.

Occurrence of Bleeding
At baseline, patients recalled from memory the number 
and location of occurrences of bleeding (eg, total and joint 
bleeds) during the 6 months before the date of informed 
consent, as well as the number and location of target 
joints, which were recorded on the case report form. 
Information on bleed history was also compiled from 
patient medical records. During the study’s 6-month obser
vation period, patients recorded location, cause (any, activ
ity-related, spontaneous, or other), type (joint or non- 
joint), and duration of occurrence of bleeding in the 
eDiary (retrospective entry for previous 2 days of data 
was permitted). If no end date was recorded for 
a bleeding episode, the study site followed up with the 
individual for bleed status. If the patient did not record/ 
report bleed or infusion timing data during the allowed 
window of time, the data were considered missing. Only 
observed data were used in the analysis.

The number of bleeding episodes that happened during 
the study period was summarized by treatment regimen 
(prophylaxis or on-demand) vs type of bleed and by age 
group vs bleed type. Bleed frequency, annualized bleeding 
rate (ABR), and annualized joint bleeding rate (AJBR) 
were calculated for patient-level data.

Safety
From the time of informed consent to study completion, 
patients reported serious adverse events (SAEs) directly to 
study sites (ie, not in the eDiary); additional safety infor
mation was collected during follow-up calls every other 
month. SAEs included medical occurrences where the out
come was fatal, life-threatening, required inpatient hospi
talization, or was a medically important event. AEs were 
categorized according to the Medical Dictionary for 
Regulatory Activities (version 19.0). The potential causal 
relationship between rAHF treatment and an SAE was also 
evaluated.

Treatment Adherence
Measures of adherence to prophylactic treatment during 
the 6-month observation period included dose adherence 
(proportion of total prescribed dose actually administered) 
and infusion timing schedule adherence vs baseline regi
men. Infusion schedule was calculated both as 
a proportion of planned infusions administered and 
a proportion of planned infusions administered on 
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schedule (within a 1-day window). All parameters were 
reported as means (SDs) of proportions.

Compliance to Data Entry
Data entry compliance was calculated as proportion of 
days during the observation period with complete entries. 
Patients received a motivational phone call every other 
month to ensure data entry compliance. Individuals with 
no recorded data for 2 consecutive weeks or for a total of 3 
weeks were withdrawn from the study. Compliance was 
categorized by quintiles.

Data Collection Procedures
Patients were trained to use an integrated web portal (Exco 
InTouch database), which linked to the eDiary and activity 
tracker data. Data from the eDiary were automatically 
exported to the clinical database. Patients had to sync 
their activity tracker data to the web portal daily if their 
smartphone did not have the required capabilities for auto
matic syncing. A reminder message was sent to patients 
after a few days if they forgot to connect their activity 
tracker.

Statistics
To obtain 50 evaluable patients, the enrolment target was 
60 patients. Because study objectives were exploratory, no 
formal power calculations were performed to determine 
sample size. Results were summarized by treatment regi
men using descriptive statistics (Table S1 includes vari
ables and subgroup definitions used in the analysis). The 
safety population comprised all patients who were treated 
with ≥1 rAHF dose. The full analysis set (FAS) population 
comprised patients in the SAS with valid eDiary activity 
data recorded.

Longitudinal logistic regression models were used to 
evaluate the dynamic association between physical activity 
levels, time since last infusion to start of physical activity 
cycle, and activity-related bleeding risk of patients in the 
FAS, regardless of treatment discontinuation. eDiary and 
activity tracker data were analyzed separately. Covariates 
are described in Table S1. Occurrence of bleeding epi
sodes in each cycle was modelled as a binary dependent 
variable, and outcomes were expressed as the odds of 
bleeding in a given situation (odds ratio [OR] [95% con
fidence interval (CI)]) vs in absence of the situation (activ
ity vs no activity). For safety data, p-values were 
calculated using chi-square or Fisher’s exact tests for 
categorical variables.

Results
Patients
Of 64 patients enrolled, 60 with hemophilia A receiving 
rAHF were eligible and 54 had both activity and rAHF 
infusion data recorded in the eDiary (FAS). Forty-two 
patients completed the study; 3 failed screening and 19 
discontinued prematurely (Figure 1B). Information on data 
entry compliance for both eDiary and activity tracker 
entries was available for 53/54 patients, of whom 16 
(30.2%) had entries for ≥60% of observation days 
(Table S2).

Mean (SD) age at screening was 23.7 (12.1) (range 
11.0–58.0) years (Table 1). One patient in the FAS was 
younger than the lower age limit for study eligibility (13 
years) and received a waiver to permit enrolment. Patients 
had a mean (SD) 5.0 (9.0) bleeding episodes (all bleeds) in 
the 6 months before providing informed consent. The 
majority of patients (47/54) received prophylaxis. The 
most common prophylactic dosing schedule at baseline 
and during the observation period was three infusions per 
week (n = 26, 55.3%), then infusions every second day (n 
= 8, 17.0%), then twice per week (n = 7, 14.9%). One 
patient in each regimen group at baseline switched regi
mens during the study.

Physical Activity
Physical activity intensity data recorded via the eDiary 
were available for 54 patients at baseline and 34 at study 
completion. In the 6-month pre-observation period, mean 
(SD) number of days per week spent on mild, moderate, 
and strenuous activity was 2.74 (2.29), 2.30 (1.70), and 
1.65 (1.75), respectively. At study completion, mean (SD) 
number of days spent on each activity per week was 2.50 
(2.29), 2.50 (1.80), and 2.35 (1.95) days, respectively 
(Table 2). Of 34 evaluable patients with available physical 
activity data at study completion, 29 (85.3%) patients 
reported that they infused prior to activity (27/31 patients 
on prophylaxis; 2/3 on-demand regimen).

Among all 54 patients (prophylaxis or on-demand 
treatment) during the 6-month observation period, there 
were 4980 total intervals recorded between an rAHF infu
sion and the next recorded physical activity (morning, 
noon, or night). Overall, patients administered most infu
sions >24 hours before initiating activity (64.7%, 3221/ 
4980 intervals); 479 (9.6%) intervals were ≥5 days. 
Overall, 27.8% of patients infused 1–2 days before starting 
an activity; the proportion was consistent across the 
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activity risk level categories. Of 4980 total intervals, 3761 
(75.5%) were associated with low-risk activities and 196 
(3.9%) with high-risk activities (Table 3).

Occurrence of Bleeding
During the 6-month observation period, 17/54 (31.5%) 
patients reported no bleeding episodes (Table S3). The 

Table 1 Patient Baseline Characteristics

Treatment Regimen

Characteristic Total N = 54 On-Demand n = 7† Prophylaxis n = 47†

Age, y, mean ± SD 23.7 ± 12.1 26.6 ± 17.9 23.3 ± 11.3

Race, n (%)

White 44 (81.5) 6 (85.7) 38 (80.9)

Black 7 (13.0) 0 (0) 7 (14.9)
Asian 3 (5.6) 1 (14.3) 2 (4.3)

Body mass index, kg/m2 mean ± SD‡ 25.0 ± 7.3 20.2 ± 5.8 25.7 ± 7.3

No. of bleeding events per patient during the 6 months before enrollment, median (min–max)

All bleeding events 2 (0.0–60.0) 3 (0.0–60.0) 2 (0.0–16.0)

Type‡

Joint 1 (0.0–30.0) 3 (0.0–30.0) 1 (0.0–14.0)

Non-joint 0 (0.0–30.0) 1 (0.0–30.0) 0 (0.0–15.0)

Cause

Spontaneous 0 (0.0–15.0) 0 (0.0–7.0) 0 (0.0–15.0)
Activity-related 0 (0.0–60.0) 1 (0.0–60.0) 0 (0.0–16.0)

Unknown 0 (0.0–3.0) 0 (0.0–1.0) 0 (0.0–3.0)

Total no. of target joints per patient at screening, mean ± SD 0.6 ± 1.4 0.6 ± 1.5 0.6 ± 1.4

Notes: †One patient, who was treated with prophylaxis at baseline, received only one on-demand treatment during the observation period and was included in the on-demand 
group. One patient who was treated on-demand at baseline changed to prophylaxis treatment. ‡Based on a total of 53 patients (on-demand, n = 7; prophylaxis, n = 46).

Table 2 Physical Activity Duration and Intensity at Baseline and Study End (eDiary Data)

Treatment Regimen

Total On-Demand Prophylaxis

Baseline (during the 6 months before the study)

Patients, n 54 7 47

Days per week by intensity level, mean ± SD

Strenuous 1.65 ± 1.75 2.57 ± 2.44 1.51 ± 1.61

Moderate 2.30 ± 1.70 2.57 ± 1.90 2.26 ± 1.69
Mild 2.74 ± 2.29 1.71 ± 2.06 2.89 ± 2.31

Study end

Patients, n 34 3 31

Days per week by intensity level, mean ± SD

Strenuous 2.35 ± 1.95 1.67 ± 0.58 2.42 ± 2.03

Moderate 2.50 ± 1.80 2.33 ± 0.58 2.52 ± 1.88
Mild 2.50 ± 2.29 0.33 ± 0.58 2.71 ± 2.28
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remaining 37 patients reported 185 bleeding episodes in 
total. Overall (n = 54), mean (SD) number of bleeds per 
person was 3.43 (5.06) for all bleeds, of which 1.52 (2.94) 
were reported by patients as spontaneous and 1.39 (2.11) 
as related to physical activity. For 31 patients receiving 
prophylaxis, there were 3.02 (4.72) bleeds per person (1.21 
[2.41] reported by patients as spontaneous, and 1.26 [2.03] 

reported as activity-related); for six patients receiving on- 
demand treatment, there were 6.14 (6.77) bleeds per per
son (3.57 [5.13] reported as spontaneous and 2.29 [2.63] 
reported as activity-related).

At study end, mean (SD) ABR for all bleeds was 8.14 
(10.94) among patients with ≥5 months of data during the 
observation period. ABR for all bleeds was higher for 

Table 3 rAHF Infusions by Time from Most Recent Infusion Before Start of Physical Activity Based on NHF Activity Risk Level (eDiary 
Data)

NHF Activity Risk Level

Total N = 54 1 (Low) 1.5 (Low to 
Moderate)

2 (Moderate) 2.5 (Moderate 
to High)

3 (High)

Infusion intervals 

included in analysis, n†

4980 3761 488 935 330 196

Time between infusion and start of activity, n (%)

≤8 h 560 (11.2) 412 (11.0) 79 (16.2) 122 (13.0) 32 (9.7) 26 (13.3)
8–12 h 310 (6.2) 246 (6.5) 28 (5.7) 61 (6.5) 27 (8.2) 13 (6.6)

12–24 h 889 (17.9) 710 (18.9) 55 (11.3) 148 (15.8) 76 (23.0) 44 (22.4)

1–2 d 1382 (27.8) 1047 (27.8) 130 (26.6) 283 (30.3) 92 (27.9) 52 (26.5)
2–3 d 802 (16.1) 632 (16.8) 74 (15.2) 124 (13.3) 37 (11.2) 33 (16.8)

3–5 d 558 (11.2) 411 (10.9) 57 (11.7) 98 (10.5) 31 (9.4) 19 (9.7)

≥5 d 479 (9.6) 303 (8.1) 65 (13.3) 99 (10.6) 35 (10.6) 9 (4.6)

Notes: †eDairy recorded time of infusions but not activity time. It was assumed that the activity occurred in the morning at 6 AM, afternoon at 12 PM, and night at 6 PM. 
Abbreviations: NHF, National Hemophilia Foundation; rAHF, antihemophilic factor (recombinant).
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Figure 2 Annualized bleeding rates (ABR) at study end by treatment regimen. (A) All bleeds. (B) Joint bleeds. †Patients with ≥5 months of follow-up data. 
Abbreviation: AJBR, annualized joint bleeding rate.
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patients receiving on-demand therapy vs prophylaxis 
(Figure 2A). AJBR was 4.09 (8.05) overall, with 
a higher AJBR observed for patients receiving on- 
demand treatment vs prophylaxis (Figure 2B).

Safety
Overall, 10 AEs, of which 7 were SAEs, were reported in 
7 patients (all on prophylaxis); none of these AEs or SAEs 
were considered related to rAHF. The proportion of 
patients experiencing AEs did not differ significantly 
between age groups (Table S4).

Treatment Adherence and rAHF 
Consumption
For dose adherence assessment, the mean (SD) propor
tion of total rAHF dose received vs dose prescribed 
was 0.65 (0.31). For schedule adherence, the mean 
(SD) proportion of infusions received on schedule vs 
infusions planned was 0.48 (0.32) based on gap 
between infusions and 0.64 (0.28) based on number 
of infusions (Table 4); 19.1% (9/47) of patients 
received 80–100% of the prescribed prophylactic 
rAHF dose and 19.1% (9/47) received 80–100% of 
planned infusions (based on gap between infusions). 
Individuals aged ≥18 years were more adherent to 
prophylactic rAHF than those aged <18 years, with 
statistically significant differences for schedule adher
ence but not dose adherence (Table 4).

Risk of Physical Activity-Related and 
Spontaneous Bleeds
According to data recorded in the eDiary, activity-related 
bleeding risk tended to increase commensurately with phy
sical activities classified as higher risk (odds of activity- 
related bleeding for level 3 risk activity were 5 times that 
for no activity in those receiving prophylaxis; OR [95% CI] 
5.06 [1.33–19.27], p = 0.0173; Table 5A). There was no 
significant correlation between bleeds recorded in the 
eDiary as activity-related and the time since last rAHF 
infusion.

Regression analysis of activity tracker data showed no 
significant relationship between odds of physical activity- 
related occurrence of bleeding with either physical activity 
type or time between last rAHF infusion and start of 
physical activity (Table 5B), although prolonging time 
from last rAHF infusion to start of physical activity from 
≤24 to >24 hours was significantly associated with higher 
risk of bleeding reported by patients as spontaneous (OR 
range, 2.61–2.65; all p < 0.05; Table 6).

Discussion
This study was designed to elucidate the temporal relation
ship between physical activity levels, FVIII infusion timing, 
and occurrence of bleeding episodes in adolescents and 
adults with hemophilia A who were prescribed rAHF in the 
United States. As expected, a higher-risk physical activity 
correlated with greater probability of bleeding reported as 
physical activity-related. However, eDiary and activity 

Table 4 Treatment Adherence to Prophylaxis

Age Group

Parameter Total Age <18 y Age ≥18 y p- 
value

Adherence to dose: Proportion of total prescribed dose administered
Patients, n 43† 19 24

Mean ± SD 0.65 ± 0.31 0.55 ± 0.26 0.73 ± 0.33 0.0547

Adherence to schedule (gap between infusions): Proportion of planned infusion administered 

according to schedule within a 1-day window

Patients, n 47 21 26
Mean ± SD 0.48 ± 0.32 0.36 ± 0.27 0.57 ± 0.33 0.0351

Adherence to schedule (number of infusions): Proportion of planned infusions administered 
according to schedule within a 1-day window

Patients, n 47 21 26

Mean ± SD 0.64 ± 0.28 0.53 ± 0.21 0.73 ± 0.29 0.013

Note: †Five patients were not included due to missing data.
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Table 5 Effect of Physical Activity and Time Since Last rAHF Infusion to Start of Activity on Risk of Bleeding Events Reported as 
Activity-Related by Patients with Hemophilia A Receiving Prophylactic rAHF: Logistic Regression Model Based on Data from the (A) 
eDiary and (B) Activity Tracker

A. eDiary data (N = 47)†,‡

Parameter Odds ratio 95% CI p-value

Model 1: Activity vs no activity

Activity: Yes vs no 1.74 0.81–3.77 0.1571

Time since last infusion to activity start§:
12–24 vs ≤12 h 1.17 0.53–2.59 0.6966

>24 vs ≤12 h 1.00 0.36–2.77 0.9928

Last infusion dose, IU/kg 1.00 0.98–1.02 0.9030

Model 2: Physical activity by risk level

Activity level¶

Risk levels 1 and 1.5 vs no activity 1.65 0.77–3.56 0.2006
Risk levels 2 and 2.5 vs no activity 1.92 0.83–4.44 0.1255

Risk levels 3 vs no activity 5.06 1.33–19.27 0.0173

Time since last infusion to activity start§:

12–24 vs ≤12 h 1.13 0.51–2.51 0.7696

>24 vs ≤12 h 1.01 0.37–2.75 0.9892

Last infusion dose, IU/kg 1.00 0.97–1.02 0.8697

Model 3: Time spent on physical activities

1–30 min of activity vs no activity 1.47 0.56–3.82 0.4331
31–60 min of activity vs no activity 1.95 0.71–5.36 0.1938

>60 min of activity vs no activity 2.92 0.94–9.14 0.0650

Time since last infusion to activity start§:

12–24 vs ≤12 h 1.15 0.53–2.51 0.7265
>24 vs ≤12 h 1.02 0.37–2.77 0.9757

Last infusion dose, IU/kg 1.00 0.97–1.02 0.8794

Age 0.95 0.89–1.01 0.1152

Model 4: Time spent on the physical activity by risk level

Every 30 min spent on activity risk levels 1 and 1.5 1.03 1.01–1.04 0.0043
Every 30 min spent on activity risk levels 2 and 2.5 1.05 0.93–1.18 0.4673

Every 30 min spent on activity risk level 3 1.23 1.18–1.29 <0.0001

Time since last infusion to activity start§:

12–24 vs ≤12 h 1.20 0.55–2.62 0.6423

>24 vs ≤12 h 1.02 0.38–2.72 0.9648

Last infusion dose, IU/kg 1.00 0.97–1.02 0.8039

Age 0.96 0.91–1.01 0.1415

Model 5: Time spent on common physical activities

Every 30 min spent on common activities

Walking (risk level 1) 1.19 1.08–1.30 0.0002
Body sculpting (risk level 1.5) 1.61 1.00–2.59 0.0502

Running and jogging (risk level 2) 2.09 1.31–3.32 0.0019

(Continued)
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Table 5 (Continued). 

Power lifting (risk level 3) 7.58 3.95–14.55 <0.0001

Other activities 1.02 1.00–1.04 0.0658

Time since last infusion to activity start§:

12–24 vs ≤12 h 1.17 0.52–2.62 0.7055
>24 vs ≤12 h 1.01 0.36–2.86 0.9811

Last infusion dose, IU/kg 1.00 0.97–1.02 0.8205

Age 0.95 0.88–1.02 0.1243

B. Activity tracker data (N = 46)†

Parameter Odds ratio 95% CI p-value

Model 1: Activity calories

Activity calories: 1–1000 vs 0 2.75 0.70–10.88 0.1491

Activity calories: >1000 vs 0 3.00 0.77–11.68 0.1124
Time since last infusion to activity start††:   

>24 vs ≤24 h

0.92 0.45–1.88 0.8148

Last infusion dose, IU/kg 0.99 0.96–1.01 0.3102
Age 0.96 0.91–1.02 0.1848

Model 2: Steps performed

Steps: 1–6000 vs 0 2.49 0.64–9.69 0.1891

Steps: >6000 vs 0 3.15 0.81–12.2 0.0975
Time since last infusion to activity start††:   

>24 vs ≤24 h

0.92 0.45–1.88 0.8308

Last infusion dose, IU/kg 0.99 0.96–1.01 0.2959
Age 0.96 0.91–1.02 0.1617

Model 3: Time spent on activities

1–120 min of activity vs no activity 2.57 0.50–13.24 0.2584

121–240 min of activity vs no activity 2.25 0.67–7.62 0.1920
>240 min of activity vs no activity 3.48 0.89–13.63 0.0731

Time since last infusion to activity start††:   

>24 vs ≤24 h

0.92 0.45–1.89 0.8206

Last infusion dose, IU/kg 0.99 0.97–1.01 0.3022

Age 0.96 0.91–1.02 0.1608

Model 4: Time spent on the activity by risk level

Every 30 min spent on lightly active activity 1.03 0.95–1.12 0.4279
Every 30 min spent on fairly active activity 1.06 0.90–1.26 0.4786

Every 30 min spent on very active activity 1.04 0.73–1.47 0.8360

Time since last infusion to activity start††:   
>24 vs ≤24 h

0.91 0.45–1.87 0.8055

Last infusion dose, IU/kg 0.99 0.97–1.01 0.3322

Age 0.96 0.91–1.01 0.1472

Notes: P-values of <0.05 indicate statistically significant associations. †Logistic regression models were used to evaluate the dynamic association between physical activity 
and time since last infusion on bleeding risk with time-varying activity level in the current cycle, time since last rAHF infusion to the beginning of the activity cycle, and age at 
baseline (fixed covariate). Generalized estimating equations were used to account for intra-person correlations. ‡Among the 47 patients receiving prophylaxis, 22 
experienced a total of 50 activity-related bleeding events that were included in this analysis. §eDiary data did not record the exact timing of activities. Time since last 
rAHF infusion was estimated by dividing each day into four cycles (6 AM to 12 PM [morning], 12 PM to 6 PM [afternoon], 6 PM to sleep [evening], 12 AM to 6 AM [night]), 
with activities assumed to start at the beginning of a designated cycle. ¶Risk levels rate from 1 (low) to 3 (high); see Table S1 for more details. ††The activity tracker did not 
record the exact timing of activity but reported the number of activity minutes by risk level daily. Therefore, the data were structured by date for each patient. 
Abbreviation: rAHF, antihemophilic factor (recombinant).
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tracker data did not show that a longer time between last 
rAHF infusion and start of physical activity (≤24 vs > 24 
hours) was associated with significantly greater risk of occur
rence of bleeding reported by patients as physical activity- 
related. Although most patients infused before physical 
activity, nearly 65% of infusions occurred >24 hours 
(35.3% ≤24 hours) before initiating physical activity. rAHF 
infusion was timed more closely to physical activity and 
occurred more frequently among patients engaging in higher- 

risk activities, although 60% of infusion intervals for level 
2.5–3 activities exceeded 24 hours. Together, these findings 
suggest that less than half of patients adjusted rAHF infusion 
timing for higher-risk physical activities.

The study cohort presented in this analysis represented 
a generally healthy population with hemophilia A, with 
a number of pre-study bleeding episodes comparable with 
that of prophylactically treated patients with severe hemophilia 
A in the United States.15 Time since last infusion was not 

Table 6 Effect of Physical Activity and Time Since Last rAHF Infusion to Start of Activity on the Risk of Bleeding Events Reported as 
Spontaneous by Patients with Hemophilia A Receiving Prophylactic rAHF: Logistic Regression Model (Activity Tracker Data; N = 46)†,‡

Parameter Odds Ratio 95% CI p-value

Model 1: Activity calories

Activity calories: 1–1000 vs 0 2.43 1.01–5.87 0.0484
Activity calories: >1000 vs 0 2.25 0.90–5.62 0.0840

Time since last infusion to activity start§:   

>24 vs ≤24 h

2.65 1.05–6.67 0.0386

Last infusion dose, IU/kg 0.98 0.95–1.00 0.0644

Age 0.99 0.96–1.02 0.4659

Model 2: Steps performed

Steps: 1–6000 vs 0 2.76 1.15–6.62 0.0225

Steps: >6000 vs 0 1.97 0.82–4.72 0.1299

Time since last infusion to activity start§:   
>24 vs ≤24 h

2.65 1.05–6.62 0.0399

Last infusion dose, IU/kg 0.98 0.95–1.00 0.0607

Age 0.99 0.96–1.02 0.5006

Model 3: Time spent on activities

1–120 min of activity vs no activity 2.68 1.06–6.75 0.0368

121–240 min of activity vs no activity 2.28 0.92–5.64 0.0760

>240 min of activity vs no activity 2.19 0.88–5.47 0.0921
Time since last infusion to activity start§:   

>24 vs ≤24 h

2.65 1.04–6.72 0.0409

Last infusion dose, IU/kg 0.98 0.95–1.00 0.0595
Age 0.99 0.96–1.02 0.4855

Model 4: Time spent on the activity by risk level

Every 30 min spent on lightly active activity 1.01 0.94–1.09 0.8197

Every 30 min spent on fairly active activity 1.02 0.80–1.22 0.8308
Every 30 min spent on very active activity 0.92 0.68–1.25 0.5969

Time since last infusion to activity start§:   

>24 vs ≤24 h

2.61 1.02–6.69 0.0452

Last infusion dose, IU/kg 0.98 0.95–1.00 0.0594

Age 0.99 0.96–1.02 0.4492

Notes: P-values of <0.05 indicate statistically significant associations. †Logistic regression models were used to evaluate the dynamic association between activity and time 
since last infusion on bleeding risk with time-varying activity level in the current cycle, time since last rAHF infusion to the beginning of the activity cycle, and age at baseline 
(fixed covariate). Generalized estimating equations were used to account for intra-person correlations. ‡Among the 46 patients in the analysis, 19 had a total of 57 bleeds 
reported as spontaneous. §Activity tracker data did not record the exact timing of activity, but reported the number of activity minutes by risk level daily. Therefore, the data 
were structured by date for each individual. 
Abbreviation: rAHF, antihemophilic factor (recombinant).
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significantly associated with an increased risk of activity- 
related bleeds, and this may be partially explained by patient- 
reported categorization of bleeding types as “any”, “sponta
neous”, “activity-related”, or “other”. Some patients may have 
had difficulty identifying an occurrence of bleeding as physical 
activity-related vs spontaneous. Therefore, “activity-related” 
occurrence of bleeding may have been under-reported.

The study design did not mandate for exact timing of 
physical activities to be recorded; activity time was 
reported in the eDiary as morning, afternoon, and night 
(the statistical approach to these data was using 6-hour 
cycles), and assumed all activities occurred before bleed
ing onset. While this methodology may accurately reflect 
the sequence of physical activity and physical activity- 
related occurrence of joint bleeding episodes, it may not 
for other bleeding types (ie, spontaneous, any, and other). 
The 6-hour cycles may therefore have been too imprecise 
to robustly explore the relationship between timing of 
rAHF infusion and physical activity and bleed risk. 
Further, patient entries were retrospective and based on 
memory, thus subject to recall bias.16 In addition, activity 
tracker data may have been skewed towards including 
physically active patients and those interested in tracking 
physical activity. The results may therefore not be indica
tive of causal relationships and the findings should be 
interpreted with caution. Further, it may suggest that the 
National Hemophilia Foundation “Playing it safe” activity 
listing could predict high-risk activities inaccurately.

Analysis by physical activity level as a group meant 
that data were not skewed by individual patient physical 
activity levels. Nevertheless, further research on patient 
physical activity in relation to FVIII treatment patterns is 
warranted, preferably with inclusion of pharmacokinetic 
data so that correlations between FVIII levels and physical 
activity can be investigated. The small sample size 
of regression models for the physical activity level group 
would likely reduce their ability to control for confounding 
risk factors such as bleeding history.

Although joint health data were collected at baseline, 
they were not included in the regression analysis 
because of small sample size; therefore the study could 
not assess whether patients with more joint disease at 
baseline were at higher risk of injury-related and 
reported spontaneous bleeding. Lastly, only one-third 
of patients were ≥60% compliant with both eDiary and 
activity tracker data entry.

ABRs for all bleeds in this study were similar to 
bleeding rates from other real-world settings,17,18 

although somewhat higher than rates reported at year 3 
of rAHF treatment in the observational AHEAD study,19 

and after ≥5 years of rAHF treatment in the AHEAD 
study.20 This may be explained by suboptimal prophy
laxis adherence compared with other studies.18 

Hemophilia A treatment adherence rates vary across 
studies due in part to lack of standardized estimation 
methods21 and barriers to prophylaxis adherence in 
a real-world setting.22 In the current study, adolescents 
exhibited worse adherence than adults, which is consis
tent with findings from elsewhere.23 We observed 
a small number of reported AEs or SAEs, none of 
which were considered related to rAHF.

Conclusions
The findings of this study did not demonstrate that a longer 
time between last rAHF infusion and physical activity start 
was associated with risk of occurrence of bleeding 
reported by patients as physical activity-related. Further 
studies designed to address the limitations herein 
described are needed to confirm the association between 
physical activity level, timing of infusions, and the occur
rence of bleeding in patients with hemophilia A.
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compliance with applicable privacy laws, data protection, 
and requirements for consent and anonymization. Data 
requests should follow the process described in the Data 
Sharing section on https://clinicaltrials.takeda.com/ and 
https://vivli.org/ourmember/takeda/.

Additionally, Friedrich Maritsch (friedrich.maritsch@ta
keda.com) can be contacted regarding data-sharing 
information.

Acknowledgments
The authors acknowledge all participating patients and all 
study site staff, including clinical investigator Susan 
Lattimore. This study was funded by the sponsor, 
Baxalta US Inc., a Takeda company, Lexington, MA, 
USA. Medical writing support for this paper was provided 
by Rosalind Bonomally, MSc, of Excel Medical Affairs 

https://doi.org/10.2147/JBM.S327180                                                                                                                                                                                                                                   

DovePress                                                                                                                                                            

Journal of Blood Medicine 2021:12 894

Konkle et al                                                                                                                                                          Dovepress

Powered by TCPDF (www.tcpdf.org)

https://clinicaltrials.takeda.com/
https://vivli.org/ourmember/takeda/
https://www.dovepress.com
https://www.dovepress.com


(Fairfield, CT, USA), and was funded by Baxalta US Inc., 
a Takeda company, Cambridge, MA, USA.

Author Contributions
All authors contributed to the study concept and design. 
BAK, DVQ, LR, MR, VCR, SLC, and ALD were clinical 
trial investigators, and were involved in the execution of 
the study and acquisition of data. All authors participated 
in interpreting the data and critically reviewing the paper. 
All authors read and approved all versions of the paper 
before submission, including the final manuscript before 
submission, and agreed on the journal to which the paper 
was submitted. All authors take responsibility and are 
accountable for the contents of the paper.

Disclosure
BAK has received research support from Baxalta, Pfizer, 
Sanofi, Sigilon, Takeda, and Uniqure; and consulting fees 
from BioMarin, CSL Behring, Pfizer, Sanofi, Takeda, 
Sigilon, Spark, and Uniqure. DVQ has received consulting 
fees/honoraria from Bayer, BioMarin, Genentech, Novo 
Nordisk, Sanofi, and Octapharma; and has been a speaker 
for BioMarin, Genentech, Novo Nordisk, Sanofi, and 
Takeda. LR has participated on advisory boards for Bayer, 
CSL Behring, Genentech, Roche, HemaBiologics, and 
XaTek. MR has received research support for Oregon 
Health & Science University from BioMarin, Bioverativ/ 
Sanofi, Catalyst Biosciences, Genentech, Hema Biologics, 
Novo Nordisk, Shire/Takeda, Spark, and uniQure; has been 
a consultant for the American Thrombosis and Hemostasis 
Network, Bayer, Bioverativ/Sanofi, CSL Behring, 
Genentech, Grifols, Kedrion, LFB, Novo Nordisk, 
Octapharma, Pfizer, Shire/Takeda, and uniQure; has been 
on the board of directors of the Foundation for Women and 
Girls with Blood Disorders and Partners in Bleeding 
Disorders; and is an employee of Oregon Health & 
Science University. VCR has received research support 
from Grifols, Pfizer, and Takeda. SLC has received honor
aria from CSL Behring, Genentech, Kedrion, and Novo 
Nordisk; has received research support from the American 
Thrombosis and Hemostasis Network; and has been on the 
board of directors for the American Thrombosis and 
Hemostasis Network and the Hemostasis and Thrombosis 
Research Society. ALD has received research support from 
BioMarin and Takeda; and personal fees from CSL 
Behring, Genentech, Medscape, and uniQure. ML is an 
employee of Shire US Inc., a Takeda company, and 

a Takeda stock owner. MW is an employee of Shire 
International GmbH, a Takeda company, and a Takeda 
stock owner. The authors report no other conflicts of interest 
in this work.

References
1. Aledort L, Mannucci PM, Schramm W, Tarantino M. Factor VIII 

replacement is still the standard of care in haemophilia A. Blood 
Transfus. 2019;17(6):479–486. doi:10.2450/2019.0211-19

2. Srivastava A, Brewer AK, Mauser-Bunschoten EP, et al. Treatment 
Guidelines Working Group on Behalf of the World Federation of 
Hemophilia. Guidelines for the management of hemophilia. 
Haemophilia. 2013;19(1):e1–e47. doi:10.1111/j.1365-2516.2012.02909.x

3. Srivastava A, Santagostino E, Dougall A, et al. WFH guidelines for 
the management of hemophilia, 3rd edition. Haemophilia. 2020;26 
(Suppl 6):1–158. doi:10.1111/hae.14046

4. Manco-Johnson MJ, Abshire TC, Shapiro AD, et al. Prophylaxis versus 
episodic treatment to prevent joint disease in boys with severe hemophilia. 
N Engl J Med. 2007;357(6):535–544. doi:10.1056/NEJMoa067659

5. García-Dasí M, Aznar JA, Jiménez-Yuste V, et al. Adherence to prophy
laxis and quality of life in children and adolescents with severe haemo
philia A. Haemophilia. 2015;21(4):458–464. doi:10.1111/hae.12618

6. Krishnan S, Vietri J, Furlan R, Duncan N. Adherence to prophylaxis 
is associated with better outcomes in moderate and severe haemophi
lia: results of a patient survey. Haemophilia. 2015;21(1):64–70. 
doi:10.1111/hae.12533

7. Manco-Johnson MJ. Collision sports and risk of bleeding in children 
with hemophilia. JAMA. 2012;308(14):1480–1481. doi:10.1001/ 
jama.2012.13303

8. Negrier C, Seuser A, Forsyth A, et al. The benefits of exercise for 
patients with haemophilia and recommendations for safe and effective 
physical activity. Haemophilia. 2013;19(4):487–498. doi:10.1111/ 
hae.12118

9. Broderick CR, Herbert RD, Latimer J, et al. Association between 
physical activity and risk of bleeding in children with hemophilia. 
JAMA. 2012;308(14):1452–1459. doi:10.1001/jama.2012.12727

10. Wang M, Álvarez-román MT, Chowdary P, Quon DV, Schafer K. 
Physical activity in individuals with haemophilia and experience with 
recombinant factor VIII Fc fusion protein and recombinant factor IX 
Fc fusion protein for the treatment of active patients: a literature 
review and case reports. Blood Coagul Fibrinolysis. 2016;27 
(7):737–744. doi:10.1097/MBC.0000000000000565

11. Trinchero A, Sholzberg M, Matino D. The evolution of hemophilia 
care: clinical and laboratory advances, opportunities, and challenges. 
Hamostaseologie. 2020;40(3):311–321. doi:10.1055/a-1175-6530

12. Carrasco JJ, Pérez-Alenda S, Casaña J, Soria-Olivas E, Bonanad S, 
Querol F. Physical activity monitoring and acceptance of a commercial 
activity tracker in adult patients with haemophilia. Int J Environ Res 
Public Health. 2019;16(20):3851. doi:10.3390/ijerph16203851

13. Qian W, Lam TT, Lam HHW, Li CK, Cheung YT. Telehealth inter
ventions for improving self-management in patients with hemophilia: 
scoping review of clinical studies. J Med Internet Res. 2019;21(7): 
e12340. doi:10.2196/12340

14. Anderson A, Forsyth A. Playing it safe: bleeding disorders, sports 
and exercise; 2005. Available from: http://www.hemophilia.ca/files/ 
PlayingItSafe.pdf. Accessed June 8, 2019.

15. Manco-Johnson MJ, Soucie JM, Gill JC. Joint Outcomes Committee 
of the Universal Data Collection, US Hemophilia Treatment Center 
Network. Prophylaxis usage, bleeding rates, and joint outcomes of 
hemophilia, 1999 to 2010: a surveillance project. Blood. 2017;129 
(17):2368–2374. doi:10.1182/blood-2016-02-683169

Journal of Blood Medicine 2021:12                                                                                                 https://doi.org/10.2147/JBM.S327180                                                                                                                                                                                                                       

DovePress                                                                                                                         
895

Dovepress                                                                                                                                                          Konkle et al

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.2450/2019.0211-19
https://doi.org/10.1111/j.1365-2516.2012.02909.x
https://doi.org/10.1111/hae.14046
https://doi.org/10.1056/NEJMoa067659
https://doi.org/10.1111/hae.12618
https://doi.org/10.1111/hae.12533
https://doi.org/10.1001/jama.2012.13303
https://doi.org/10.1001/jama.2012.13303
https://doi.org/10.1111/hae.12118
https://doi.org/10.1111/hae.12118
https://doi.org/10.1001/jama.2012.12727
https://doi.org/10.1097/MBC.0000000000000565
https://doi.org/10.1055/a-1175-6530
https://doi.org/10.3390/ijerph16203851
https://doi.org/10.2196/12340
http://www.hemophilia.ca/files/PlayingItSafe.pdf
http://www.hemophilia.ca/files/PlayingItSafe.pdf
https://doi.org/10.1182/blood-2016-02-683169
https://www.dovepress.com
https://www.dovepress.com


16. Rudrapatna VA, Butte AJ. Opportunities and challenges in using 
real-world data for health care. J Clin Invest. 2020;130(2):565–574. 
doi:10.1172/JCI129197

17. Lou M, Ullman M, Baker J, et al. Comparison of clinical character
istics and health care utilization among individuals with hemophilia 
A and B in the hemophilia utilization group studies (HUGS) cohorts. 
Presented at: World Federation of Hemophilia 2016 World Congress; 
July 24-28; 2016; Orlando, FL.

18. Kruse-Jarres R, Oldenburg J, Santagostino E, et al. Bleeding and 
safety outcomes in persons with haemophilia A without inhibi
tors: results from a prospective non-interventional study in a 
real-world setting. Haemophilia. 2019;25(2):213–220. 
doi:10.1111/hae.13655

19. Khair K, Mazzucconi MG, Parra R, et al. Pattern of bleeding in 
a large prospective cohort of haemophilia A patients: a three-year 
follow-up of the AHEAD (Advate in haemophilia A outcome data
base) study. Haemophilia. 2018;24(1):85–96. doi:10.1111/hae.13361

20. Tsakiris DA, Oldenburg J, Klamroth R, et al. Effectiveness and safety 
outcomes in patients with hemophilia a receiving antihemophilic 
factor (recombinant) for at least 5 years in a real-world setting: 
6-year interim analysis of the AHEAD international and German 
studies.Presented at: 62nd American Society of Hematology Annual 
Meeting; December 5-8, 2020.

21. Young G. New challenges in hemophilia: long-term outcomes and 
complications. Hematology Am Soc Hematol Educ Program. 
2012;2012:362–368. doi:10.1182/asheducation.V2012.1.362.3798344

22. Pipe SW. New therapies for hemophilia. Hematology Am Soc 
Hematol Educ Program. 2016;2016(1):650–656. doi:10.1182/ashedu
cation-2016.1.650

23. Thornburg CD, Duncan NA. Treatment adherence in hemophilia. Patient 
Prefer Adherence. 2017;11:1677–1686. doi:10.2147/PPA.S139851

Journal of Blood Medicine                                                                                                                Dovepress 

Publish your work in this journal 
The Journal of Blood Medicine is an international, peer-reviewed, 
open access, online journal publishing laboratory, experimental and 
clinical aspects of all aspect pertaining to blood based medicine 
including but not limited to: Transfusion Medicine; Blood collec
tion, Donor issues, Transmittable diseases, and Blood banking 
logistics; Immunohematology; Artificial and alternative blood based 

therapeutics; Hematology; Biotechnology/nanotechnology of blood 
related medicine; Legal aspects of blood medicine; Historical per
spectives. The manuscript management system is completely 
online and includes a very quick and fair peer-review system. 
Visit http://www.dovepress.com/testimonials.php to read real quotes 
from published authors.  

Submit your manuscript here: http://www.dovepress.com/journal-of-blood-medicine-journal

DovePress                                                                                                                          Journal of Blood Medicine 2021:12 896

Konkle et al                                                                                                                                                          Dovepress

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1172/JCI129197
https://doi.org/10.1111/hae.13655
https://doi.org/10.1111/hae.13361
https://doi.org/10.1182/asheducation.V2012.1.362.3798344
https://doi.org/10.1182/asheducation-2016.1.650
https://doi.org/10.1182/asheducation-2016.1.650
https://doi.org/10.2147/PPA.S139851
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com
https://www.dovepress.com


Journal of Blood Medicine

ISSN: (Print) (Online) Journal homepage: www.tandfonline.com/journals/djbm20

Integrated Hemophilia Patient Care via a National
Network of Care Centers in the United States: A
Model for Rare Coagulation Disorders

Leonard A Valentino, Judith R Baker, Regina Butler, Miguel Escobar, Neil
Frick, Susan Karp, Kollet Koulianos, Susan Lattimore, Diane Nugent, Joseph
N Pugliese, Michael Recht, Mark T Reding, Michelle Rice, Constance B
Thibodeaux & Mark Skinner

To cite this article: Leonard A Valentino, Judith R Baker, Regina Butler, Miguel Escobar, Neil
Frick, Susan Karp, Kollet Koulianos, Susan Lattimore, Diane Nugent, Joseph N Pugliese, Michael
Recht, Mark T Reding, Michelle Rice, Constance B Thibodeaux & Mark Skinner (2021) Integrated
Hemophilia Patient Care via a National Network of Care Centers in the United States: A
Model for Rare Coagulation Disorders, Journal of Blood Medicine, , 897-911, DOI: 10.2147/
JBM.S325031

To link to this article:  https://doi.org/10.2147/JBM.S325031

© 2021 Valentino et al. Published online: 21 Oct 2021.

Submit your article to this journal Article views: 535

View related articles View Crossmark data

Citing articles: 24 View citing articles 

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=djbm20

https://www.tandfonline.com/journals/djbm20?src=pdf
https://www.tandfonline.com/action/showCitFormats?doi=10.2147/JBM.S325031
https://www.tandfonline.com/action/showCitFormats?doi=10.2147/JBM.S325031
https://doi.org/10.2147/JBM.S325031
https://www.tandfonline.com/action/authorSubmission?journalCode=djbm20&show=instructions&src=pdf
https://www.tandfonline.com/action/authorSubmission?journalCode=djbm20&show=instructions&src=pdf
https://www.tandfonline.com/doi/mlt/10.2147/JBM.S325031?src=pdf
https://www.tandfonline.com/doi/mlt/10.2147/JBM.S325031?src=pdf
http://crossmark.crossref.org/dialog/?doi=10.2147/JBM.S325031&domain=pdf&date_stamp=21%20Oct%202021
http://crossmark.crossref.org/dialog/?doi=10.2147/JBM.S325031&domain=pdf&date_stamp=21%20Oct%202021
https://www.tandfonline.com/doi/citedby/10.2147/JBM.S325031?src=pdf
https://www.tandfonline.com/doi/citedby/10.2147/JBM.S325031?src=pdf
https://www.tandfonline.com/action/journalInformation?journalCode=djbm20


P E R S P E C T I V E S

Integrated Hemophilia Patient Care via a National 
Network of Care Centers in the United States: 
A Model for Rare Coagulation Disorders

Leonard A Valentino, 1,2 

Judith R Baker, 3 Regina Butler,4 

Miguel Escobar, 5 Neil Frick,1 

Susan Karp,6 Kollet Koulianos,1 

Susan Lattimore,7 

Diane Nugent, 3 

Joseph N Pugliese,8 

Michael Recht,7,9 Mark T Reding,10 

Michelle Rice,1 

Constance B Thibodeaux,11 

Mark Skinner12,13

1National Hemophilia Foundation, 
New York, NY, USA; 2Departments of 
Internal Medicine and Pediatrics, Rush 
University, Chicago, IL, USA; 3Center for 
Inherited Blood Disorders, Orange, CA, 
USA; 4Children’s Hospital of Philadelphia, 
Philadelphia, PA, USA; 5Department of 
Internal Medicine, University of Texas Health 
Science Center at Houston, Houston, TX, 
USA; 6University of California, San Francisco, 
San Francisco, CA, USA; 7Department of 
Pediatrics, Oregon Health & Science 
University, Portland, OR, USA; 8Hemophilia 
Alliance, Lansdale, PA, USA; 9American 
Thrombosis and Hemostasis Network, 
Rochester, NY, USA; 10Department of 
Internal Medicine, University of Minnesota 
Medical Center, Minneapolis, MN, USA; 
11Departments of Internal Medicine and 
Pediatrics, Hemophilia Center, Tulane 
University School of Medicine, New 
Orleans, LA, USA; 12Institute for Policy 
Advancement Ltd, Washington, DC, USA; 
13Department of Health Research Methods, 
Evidence and Impact, McMaster University, 
Hamilton, ON, Canada 

Abstract: Rare, chronic diseases such as hemophilia and other congenital coagulation 
disorders require coordinated delivery of services for optimal outcomes. Hemophilia 
Treatment Centers (HTCs) are specialized, multidisciplinary health-care centers providing 
team-based care to meet the physical, psychosocial, and emotional needs of people with 
hemophilia (PWH) and may serve as a model for other rare coagulation disorders. Health- 
care purchasers, as well as the general medical community, may not appreciate the breadth 
and quality of services provided by HTCs. They exemplify the acculturalization and actua
lization of integrated care by providing comprehensive diagnostic and treatment services that 
reduce morbidity, mortality, avoidable emergency room visits, hospitalizations, and overall 
costs, while promoting a longer lifespan and improved patient functioning and outcomes. 
This is accomplished by a team-based approach relying upon a shared decision-making 
model to effectively prevent complications and manage symptoms in PWH, who are depen
dent on high-cost treatments. This article provides a concise yet comprehensive description 
of the core components of an HTC and the regional and national networks in the United 
States, which together achieve their incomparable value for all stakeholders.
Keywords: hemophilia, coagulation disorders, integrated care, patient-centered care, health- 
care delivery network, multidisciplinary

Plain Language Summary
Hemophilia Treatment Centers (HTCs) and the regional and national network to which they 
each belong deliver integrated, patient-centered care that reduces morbidity, mortality, and 
overall costs, while promoting a longer lifespan and improved outcomes. However, 
a comprehensive presentation of the HTC Network of care in the United States has not 
been published since 2005.

During the intervening years, there have been dramatic changes in the diagnosis and 
treatment of hemophilia and other rare coagulation disorders and rapid evolution in the 
importance of patient-centered, integrated, value-oriented care. For example, there is more 
widespread acceptance of prophylaxis as the standard of care for severe hemophilia and there 
are many more factor and non-factor therapies available for patients to consider. In addition, 
there has been a dramatic shift in the patient populations served by HTCs, including many 
more middle-aged and older adults, women, and people with other rare coagulation dis
orders. Moreover, there are new organizations, such as the American Thrombosis and 
Hemostasis Network (ATHN), that did not exist in 2005 and which now play a central 
role, and advances in information technology and telemedicine that have revolutionized the 
ways in which care is provided.
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This article was written to help inform the medical and public 
health communities about the inner workings of a complex but 
highly coordinated approach to delivery of health-care services to 
this unique population, and to advance widespread recognition of 
the benefits of this model of care to ensure that sufficient funding 
and support continues into the future.

Introduction
Hemophilia is a rare inherited, bleeding disorder caused by 
a deficiency of coagulation factor VIII (FVIII) or factor IX 
(FIX), known as hemophilia A or B, respectively. The pre
valence (per 100,000 males) is 17.1 cases for all severities of 
hemophilia A, and 3.8 for hemophilia B.1 Bleeding occurs 
most commonly in joints, soft tissues, and muscles; it can be 
serious, causing debilitating pain and musculoskeletal com
plications, resulting in morbidity or even death.1,2 Acute and 
chronic complications result in a major impact on health- 
related quality of life (HRQoL) for people with hemophilia 
(PWH).2 The mainstay of treatment in PWH is intravenous 
factor replacement therapy, for either prevention of bleeding 
(prophylaxis) or its treatment on demand.1 Prophylaxis has 
been proven to maintain joint status and function but requires 
maintenance therapy over a lifetime.3 Moreover, PWH who 
develop hemophilic arthropathy require a multimodal 
approach, including medical treatment, surgery, rehabilita
tion, and exercise.4 Women with hemophilia and bleeding 
require the same care as males during hemostatic challenges 
such as surgery, pregnancy, childbirth, and menstruation.5

Over the past 4 decades, Hemophilia Treatment 
Centers (HTCs) have emerged as specialized, multidisci
plinary health-care centers with unique expertise to meet 
the physical, psychosocial, and emotional needs of PWH 
and other congenital coagulation disorders. Optimal out
comes are achieved with a team-based, multidisciplinary, 
shared decision-making model. Specifically, HTCs offer 
integrated and comprehensive diagnostic and treatment 
services, including prevention education, counseling, case 
management, care coordination, outreach, research, sur
veillance, and outpatient pharmacy services. These ser
vices ensure that PWH and other congenital coagulation 
disorders have access to highly specialized care to reduce 
morbidity and enhance wellness, promote a longer life
span, and improve patient/family functioning; while at the 
same time reducing avoidable emergency room visits, 
hospitalizations, and overall costs.6,7

In 2020, the last full year for which we have complete 
data, HTCs in the United States (US) provided care for 
37,541 people with bleeding disorders, compared with 

25,450 in 2012.8 In the US, HTCs are at a crossroads: 
hemophilia treatment is rapidly evolving toward greater 
complexity, utilization of HTC services by those with 
other congenital coagulation disorders is on the rise,9 and 
the generation of sufficient revenue to fund integrated care 
services has moved to the forefront.10–13 The evolution 
and increased complexity of hemophilia treatment, 
coupled with the introduction of precision medicine prin
ciples, molecular medicines, and requisite surveillance to 
monitor these developments, along with the ability to 
provide sufficient education to engage in shared decision- 
making, requires ever more expertise on the part of clin
icians to ensure that PWH receive state-of-the-art care as 
HTC teams incorporate these advances.14

Furthermore, several populations are growing overall 
HTC utilization. First is the increasing number of PWH 
who reach older ages over the last 20 years.15 Previously, 
viral contamination of hemophilia medications with both 
hepatitis C and human immunodeficiency virus (HIV) 
decimated the community.16 Viral comorbidities, plus pro
gressive painful musculoskeletal deterioration, combine 
with aging to add complexity to the population’s disease 
management.17 The lifespan of PWH has extended from 
13 years in the early 1900s to approximately 70 years 
today.18 Finally, HTCs are increasingly serving diverse 
populations: between 1990 and 2010, the number of 
women treated at HTCs has increased by 346%, and the 
proportion of other congenital coagulation disorders, such 
as von Willebrand disease (VWD), has also substantially 
increased.9

Purchasers of health care, as well as the general medical 
community, may not have a complete appreciation of the 
breadth and quality of services provided by US HTCs. This 
article is intended to provide a concise yet comprehensive 
description of the core components of all US HTCs and 
illustrate how they function as a highly effective national 
network within a regional structure. Furthermore, it articu
lates for all stakeholders the value chain of services resulting 
in the lowest total cost of care while achieving optimal health 
outcomes for affected individuals and families.

The HTC Model
Integrated Care
HTCs provide value to PWH and other congenital coagu
lation disorders, their caregivers, health-care providers 
(HCPs), insurers, and policymakers in the form of inte
grated disease management. This integration is possible 
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through a core care team (Table 1) including 
a hematologist/medical director, nurse coordinator, physi
cal therapist, and social worker, and access to a specialized 
coagulation laboratory.7,19,20 This is complemented by an 
extended team, comprising professionals in related disci
plines such as orthopedic surgery, as well as nutritionists, 
genetic counselors, psychologists, and others available 
upon referral (Table 1, Figure 1).7,21 Other extended 
team members include those who facilitate research activ
ities at the HTC, such as data managers and clinical 
research nurses.22

Expertise
The sustainability of provider expertise is ensured at 
HTCs, where clinicians focus on congenital coagulation 
disorders, and where training is regularly provided. Private 
practice hematologists and health maintenance organiza
tions do not have the clinical experience, teamwork-based 
model,23 or capacity to make the investment in quality and 

expertise that HTCs have, nor do they have ready access to 
clinical trials that most HTCs have.24

Adherence to Clear Guidelines
Guidelines inform and set a foundation for standardization 
and assurance of baseline levels of care. To this end, the 
National Hemophilia Foundation (NHF) partnered with 
McMaster University to develop an evidence-based clin
ical practice guideline on “Care Models for Hemophilia 
Management,” which have been implemented at HTCs 
across the country.19 The current HTC standard of care is 
in line with these clinical practice guidelines, ensuring 
consistent care for PWH within the HTC network.22,25 

Moreover, HTCs also adhere to treatment guidelines, stan
dards, and recommendations established by the Medical 
and Scientific Advisory Council (MASAC) of the NHF26 

as well as the World Federation of Hemophilia (WFH) 
Guidelines for the Management of Hemophilia, which 

Table 1 Requirements for HTC Funding Through the Hemophilia Care Act of 1975

Core multidisciplinary team comprising:   

● Hematologist   

● Registered nurse   

● Physical therapist   

● Social worker

Extended multidisciplinary team:   

● Internist   

● Pediatrician   

● Orthopedic surgeon   

● Oral surgeon/dentist   

● Psychologist/psychiatrist   

● Genetic counselor   

● Educational/vocational rehabilitation counselor   

● Nutritionist

Facilities:   

● Specialized coagulation laboratory that satisfies defined standards   

● Blood bank that satisfies defined capability and has appropriate blood product resources

Additional:a   

● Instruct patient/family members in administering CFC in a home setting (home visits conducted by the HTC nurse)   

● Provide a written comprehensive care plan to the patient and their primary physician   

● Establish an outreach program and encourage all PWH and health-care providers in the geographic area served by the HTC to participate in the program   

● Train professional and other personnel about hemophilia and its management   

● Commit to collecting reimbursement from third-party payers (ensuring that PWH receive product for home treatment)   

● Establish a database for reporting outcomes   

● Participate in the community through the creation of an advisory council   

● Create a patient information source

Notes: Adapted with permission from Aledort LM. The evolution of comprehensive haemophilia care in the United States: perspectives from 
the frontline. Haemophilia. 2016;22(5):676–683. © 2016 John Wiley & Sons Ltd.21 a As HTCs continued to evolve, additional services were provided, including an infusion 
certification program, vocational guidance, and family planning. 
Abbreviations: CFC, clotting factor concentrate; HTC, hemophilia treatment center; PWH, person/people with hemophilia.
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include recommendations for 24-hour patient care and 
access to safe and effective hemostasis products.20

Specialty Coagulation Laboratory 
Services
Laboratory services and interpretation of test results are 
a large part of diagnosis, management, and monitoring for 
PWH and represent a core service in HTCs.27 Large HTCs 
have their own specialty laboratories, while smaller HTCs 
have access to the laboratory services at larger HTCs, as 
well as those of the Centers for Disease Control and 
Prevention (CDC). Samples can be shipped from centers 
within the region, or when necessary, to HTCs outside the 
region. The quality of care of PWH and others with con
genital coagulation disorders depends on the highest qual
ity and timeliness of laboratory services. Speed of results 
and relationship with hospital-based coagulation labora
tories as opposed to commercial laboratories is vital to 
ensuring optimal outcomes for PWH.28

Coordinated Pharmacy Services
Coordination of care reaches beyond communication 
between HCPs and PWH. Embedding pharmacy services 
into HTCs enhances care coordination and real-time 
response, facilitates shared decision-making, and reduces 
fragmentation that occurs when pharmacy services are 
handled by a separate entity. Notably, the pharmacies within 
the HTCs are consistent with the MASAC’s26 minimum 
standards for specialty pharmacies serving PWH, including 

knowledgeable staff, comprehensive access to ancillary 
services and medications that treat hemophilia, timeliness, 
accuracy, accessibility, safety, and thoroughness.29 Most 
HTCs participate in the federal 340B program, 
a discounted prescription drug purchasing program, and 
are registered with Health Resources Services 
Administration (HRSA) as comprehensive HTC 340B pro
grams (https://www.hrsa.gov/opa/index.html). In accor
dance with the principal aim of the program to enable 
covered entities to reach more patients and provide more 
comprehensive services, any income generated through 
340B drug discounts is to be used for the direct benefit of 
PWH, thereby providing a critical revenue stream to sup
port HTC services including patient care and education, 
staff salaries, and care coordination.30

Although PWH may use any pharmacy allowed by their 
insurer, using the HTC pharmacy facilitates case manage
ment and the opportunity for collaboration between the 
patient and the medical and pharmacy teams, enabling 
more agile care coordination in real time, ensuring accurate 
and complete reporting while achieving the lowest total cost 
of care and optimal health outcomes.31,32

HTCs Function Within a National 
Network
In addition to the expertise within each HTC, their value is 
enhanced by the existence of the US Hemophilia Treatment 
Center Network (USHTCN), which supports fully integrated 
and consistent disease management and education across all 

Figure 1 MASAC Standards and Criteria for the Care of Persons with Congenital Bleeding Disorders. Data from Reding and Kenney.21
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HTCs. The network not only provides operational organiza
tion and administration of HTCs, but also facilitates educa
tion and training of HCPs and PWH.25

Operational Organization
Eight regional HRSA grantees administer and support 
149 HTCs, comprising the USHTCN.33 Core centers 
serve many functions including disbursement of funds 
and monitoring to ensure that HTCs conform to the 
HRSA and CDC requirements.29 Regional HTC net
works are administered via a Regional Director and 
Regional Administrator, roles with standardized 
responsibilities in accordance with the HRSA and the 
CDC. Regional core centers organize Executive 
Committees, promulgate policies and procedures, con
vene ad hoc working groups, engage with partners, and 
liaise with community-based organizations. These 
functions provide a consistent foundation for organized 
communication and education among and between 
HTCs.34

Provider Education and Training
Within the United States, there are a limited number of 
expert HCPs who are concentrated in the 149 US 

HTCs, necessitating a highly organized and efficient 
network model to maximize these scarce resources 
and support cost-effective educational opportunities. 
The WFH Guidelines also acknowledge this need and 
recommend networking strategies to provide educa
tional opportunities benefiting HCPs including regional 
conferences, discipline-specific work groups, informa
tion distribution lists, shadow-experiences in HTC 
clinics, and mentorship of new colleagues.20 Beyond 
educating HCPs who are focused on treating people 
with congenital coagulation disorders, the network 
model also supports the education of community phy
sicians and physical therapists, homecare nurses, emer
gency room staff, school personnel, and others.11,34,35

In summary, the USHTCN provides operational 
organization and excellence to enhance communication 
and education, thereby creating a living and learning 
network that constantly evaluates and revises treatment 
standards and recommendations. For example, only 
through this network approach could over 35,000 pub
lications in the past decade on various types of coagu
lation disorders (Figure 2), many of which were 
generated by  HTCs, be assimilated, vetted, and uti
lized to advance patient care and improve patient 

Figure 2 Proliferation of Knowledge Generation in Hemophilia and Other Coagulation Disorders. 
Notes: EndNote™ version 20.1 (Clarivate, London, UK) was used to search the literature available in PubMed® National Library of Medicine database and retrieve a list of 
references by combining the individual year of publication (2010–2020) with each of the following Medical Subject Heading (MeSH) search terms: “hemophilia”, “von 
Willebrand Disease”, platelet disorders”, or “other coagulation disorders”. The number of citations for each MeSH term and year were recorded in an Excel spreadsheet 
(Microsoft 365, Redmond, Washington).
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outcomes. Importantly, much of this quality improve
ment is neither reimbursed nor paid for by federal 
grants and exists as unfunded mandates to ensure the 
highest quality of care for PWH.

Unique Benefits of Integrated Care 
Provided by HTCs
Comprehensive Care and Educational 
Support Across the Lifespan
The operational organization of US HTCs enables respon
siveness to patient needs, identifying gaps in care and 
planning educational opportunities around these gaps. 
The benefits extend to safety and surveillance efforts to 
enhance outcomes and HRQoL for PWH by reducing the 
likelihood of serious adverse events due to the bleeding 
disorder or its treatment while enhancing shared decision- 
making and self-sufficiency focusing on the PWH as 
a partner rather than only as a consumer of health care.34

Treatment plan development beginning in early childhood 
and extending through adulthood includes disease and treat
ment education; case management; rehabilitation; genetic 
counseling and testing; dental and orthopedic care; pain man
agement; and nutritional, psychosocial, and vocational coun
seling. Education is provided to parents of newborns and 
continues as children develop the capacity to participate in 
decisions regarding their own treatment (eg, self-infusion 
education). HTCs facilitate the transition from adolescent to 
adult health services and preparedness for health-care 
independence.34

As adults, PWH are directly engaged in their medical 
care using the shared decision-making model and are fully 
supported in their aspiration to live as normal a life as 
possible with respect to education, employment, physical 
activity, and all other aspects of living.36,37 

Comprehensive case management by the HTC’s core 
care team enables the provision of genetic testing and 
counseling, surgical coordination, rehabilitation and phy
siotherapy expertise, and advanced training.7,38 Across the 
lifespan, women with bleeding disorders require specia
lized care that includes attention to heavy menstrual bleed
ing pre-menopause,39 as well as pre- and post-surgery 
planning to control for heavy blood loss associated with 
surgery, pregnancy, and postpartum and during times of 
spontaneous and traumatic joint bleeding.40–42

The lifespan of PWH is increasing, necessitating devel
opment of care expertise for elderly PWH. Three issues 
associated with aging for PWH are general age-associated 

disease, motor coordination/falls, and specific symptoma
tology associated with hemophilia such as renal insuffi
ciency and joint disease increasing the incidence of falls. 
Elderly PWH express comorbidities associated with gen
eral aging, such as obesity and hypertension. However, the 
presentation of these diseases can look different in PWH 
than the general population.43,44

Improving Patient Outcomes by Evidence 
Generation
Comprehensive and strategic collection, curation, analysis, 
and dissemination of data concerning the care and out
comes of PWH and other congenital coagulation disorders 
is achieved through a collaboration between the PWH, 
HTCs, CDC, American Thrombosis and Hemostasis 
Network (ATHN; https://athn.org/), and the USHTCN. 
Initially, the focus of this effort was on infectious disease 
(such as viral hepatitis and HIV) and health complications 
associated with joint disease, but has expanded to examine 
specific bleeding complications for women and babies, as 
well as HRQoL.45–47 For example, the Community Counts 
Project, administered by ATHN in partnership with the 
USHTCN, collects data for public health tracking of the 
complications of congenital coagulation disorders 
(Table 2).45,48 Near real-time reporting of data in an elec
tronic data visualization tool allows for faster detection of 
trends and potentially faster response times.45

Beyond patient care data, the HTC infrastructure also 
provides PWH with an opportunity to participate in clin
ical research trials, including novel therapeutics; this is the 
standard of care at many centers. For example, from 2012 
to 2018, the “My Life, Our Future” (MLOF) Research 
Repository processed information from over 11,000 male 
and female participants who contributed their genetic data 
and biologic samples to create the world’s largest hemo
philia scientific resource. This rich dataset was realized 
through extensive partnership between PWH, ATHN, 
Bloodworks Northwest, the NHF, and Bioverativ.49 

ATHN is currently housing the MLOF Research 
Repository on behalf of the community. Examples of 
ongoing projects include understanding the genetic, epige
netic, and antibody signatures of inhibitor responses in 
PWH, and studying factors associated with bleeding in 
women with hemophilia.49 Another example of using 
data to demonstrate better outcomes comes from the 
3-year retrospective data abstraction study conducted by 
the Hemophilia Surveillance System, including data on 
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Table 2 Comparison of the Universal Data Collection and the Community Counts Surveillance Systems

System Details Universal Data Collection System Community Counts System

Time frame 1998 through September 2011 October 2011 to present (however, the full data collection system 

was not implemented until 2013)

Primary focus ● Track blood safety through HIV and viral hepatitis monitoring 

● Track hemophilia complications with a focus on infections and joint 

disease

● Continued tracking of bloodborne infections and joint disease 

● In-depth tracking of other hemophilia complications and 

additional indices relevant to the aging hemophilia population

Data source Federally funded HTCs Federally funded HTCs

Funding Cooperative agreement awarded to 12 HTC regional centers Cooperative agreement awarded to ATHN to serve as Community 

Counts coordinating center; ATHN administers subcontracts with HTC 

regional centers, which then administer contracts to individual HTCs

Partnerships ● USHTCN: includes regional medical directors, regional  

administrators, and health-care providers at individual HTCs 

● Multidisciplinary committees with representation from CDC and 

USHTCN established to advise on all aspects of UDC 

implementation

● USHTCN 

● ATHN 

● Multidisciplinary committees with representation from CDC, 

USHTCN, and ATHN established to advise on all aspects of 

Community Counts implementation

System components ● Patient registry: clinical data from medical records and direct patient 

inquiry 

● Laboratory specimens 

● Mortality reporting

● Patient registry: clinical data from medical records and direct 

patient inquiry 

● Laboratory specimens 

● Mortality reporting 

● HTC population profile: minimal data collection about the entire 

hemophilia population served by HTCs

Consent for registry 

participation

● UDC designated by CDC as research 

● Participants (or parents of minor children) asked to provide 

informed consent

● Community Counts designated by CDC as non-research public 

health surveillance not requiring consent 

● Participants still asked to provide written authorization for 

participation in the registry

Patient registry clinical 

data forms

● Initial visit form: historic and current clinical data 

● Subsequent annual visit forms: clinical information since the last 

registry submission

● Initial visit form: historic and current clinical data 

● Subsequent annual visit forms: clinical information since the last 

registry submission

Patient registry: types 

of data reported on 

clinical forms

● Demographics 

● Weight and height 

● Family history 

● History of HIV, hepatitis C, and liver disease 

● Bleeding disorder diagnoses 

● Treatment regimen and products 

● Bleeding episodes 

● Mobility restrictions and joint procedures 

● HTC laboratory results, including levels of circulating clotting factor 

and inhibitor titers 

● Joint range of motion 

● HIV risk-reduction measures 

● Optional supplemental quality of life questionnaire (since 2005)

● Demographics 

● Weight and height 

● Family history 

● History of HIV, hepatitis C, and liver disease 

● Bleeding disorder diagnoses 

● Treatment regimen and products 

● Bleeding episodes: more extensive information than UDC 

● Mobility restrictions and joint procedures 

● HTC laboratory results, including levels of circulating clotting 

factor and inhibitor titers 

● Additional information on patient inhibitors to treatment   

products 

● Chronic pain 

● Opioid use for chronic pain 

● Health-care use 

● Comorbid medical conditions (eg, cancer, cardiovascular disease)

(Continued)
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PWH from 6 states. This study indicated a 40% reduction 
in mortality in PWH who were treated at HTCs, compared 
with those treated in other health-care settings.50 

Additionally, a 20% reduction in bleed-related hospitaliza
tions among PWH cared for at an HTC who were on 
a medically supervised self-infusion program was also 
reported.51 More recently, a small study of PWH in 
Indiana showed a reduction in the use of emergency 
department services from 33.3% of those treated outside 
of an HTC to 17.6% of those who were being treated 
through an HTC.52

Quality improvement (QI) is also a key function of the 
network, with a focus on 3 areas: patient engagement, 
medical home, and adolescent transition. The data and 
quality metrics are essential; the network continues to 
strive to improve the principles and practices used to 

diagnose and treat PWH so that the manifestations of 
their disease and its complications are minimized to 
achieve better outcomes and reduce disease burden on 
the individual and his/her family, while achieving optimal 
health outcomes at the lowest total cost of care—all steps 
toward health equity.53

Assessing Patient Satisfaction
Improvements in HRQoL such as reduced unemployment 
and a reduction in mortality are important outcomes, but 
patient satisfaction with treatment can have a profound 
impact on the patient’s experience and subsequent treat
ment adherence. HTCs conducted national patient satisfac
tion surveys in 2015 and 2018, with another underway in 
2021.54 The 2015 and 2018 surveys engaged 5006 and 
4767 PWH, respectively. Nationally, over 90% of 

Table 2 (Continued). 

System Details Universal Data Collection System Community Counts System

Patient registry data 

submission

● Primary submission source throughout UDC: paper forms 

submitted through US postal system, although some HTCs 

developed and submitted electronic forms via secure FTP 

● Forms entered and transferred to electronic database and reviewed; 

HTCs asked to resolve data discrepancies and provide missing data 

● HTCs encouraged to submit data continuously rather than 

submitting in batches

● Before 2015: paper forms submitted through US postal system   

and entered into an electronic database 

● Since 2015: data submitted electronically via an online data   

capture system developed and maintained by ATHN 

● Review of forms submitted on paper and electronically; HTCs   

asked to resolve data discrepancies and provide missing data 

● Some data checks integrated into ATHN system (ie, to occur in   

real time) 

● HTCs encouraged to submit data continuously rather than in batches

Laboratory specimens 

and tests

● Serum specimens  

∘Hepatitis A, B, and C  

∘HIV  

● Plasma specimens (for select years)  

∘Hepatitis C RNA

● Serum specimens  

∘Hepatitis C  

∘HIV  

● Plasma specimens  

∘Inhibitors to treatment products

Laboratory specimen 

shipping timeline

● Centrifuged and shipped to CDC on cold packs within 30 hours of 

blood draw

● Centrifuged and shipped to CDC on cold packs within 72 hours 

of blood draw or frozen and shipped on dry ice within 30 days of 

blood draw

Laboratory 

accreditation

● CLIA-certified laboratory 

● Test use FDA-approved kits or CLIA-approved in-house developed 

tests

● CLIA-certified laboratory 

● Test use FDA-approved kits or CLIA-approved in-house 

developed tests

Biobank Both serum and plasma specimens stored long term (with participant 

permission)

Both serum and plasma specimens stored long term (with 

participant permission)

Publication of 

surveillance data

● Publication of key findings in MMWR or peer-reviewed journals 

● Periodic comprehensive surveillance reports published on CDC 

website

● Publication of key findings in MMWR or peer-reviewed journals 

● Periodic comprehensive surveillance reports published on CDC 

website 

● Data visualization tool

Notes: Reproduced from Schieve L, Byams V, Dupervil B, et al. Evaluation of CDC’s Hemophilia Surveillance Program — universal data collection (1998–2011) and 
community counts (2011–2019), United States. MMWR Surveill Summ. 2020;69(5):1–18.45 

Abbreviations: ATHN, American Thrombosis and Hemostasis Network; CDC, Centers for Disease Control and Prevention; CLIA, Clinical Laboratory Improvement 
Amendments; FDA, [US] Food and Drug Administration; FTP, file transfer protocol; HIV, human immunodeficiency virus; HTC, Hemophilia Treatment Center; MMWR, 
Morbidity and Mortality Weekly Report; UDC, Universal Data Collection; USHTCN, US HTC Network.
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respondents, regardless of age, sex, race, ethnicity, diag
nosis, disease severity, or where they lived, reported being 
usually or always satisfied with overall HTC care; compo
nents of HTC care (each >90% satisfaction nationally) 
were core team members, HTC care processes and ser
vices, and adolescent transition to adult care guidance.55,56 

Addressing patient satisfaction also involves finding areas 
for improvement. In 2013, the National HTC Patient 
Needs Assessment Survey was mailed to PWH being 
actively treated at 129 HTCs. Question topics included 
management and information, access and barriers to care, 
coping, resources, and transition. Over 90% of respondents 
agreed or strongly agreed that care at HTCs was patient 
centered and reported HTC care as important or very 
important; <3% reported not receiving the services they 
need. The survey also identified gaps in care including 
dietary advice, genetic testing, information on aging with 
hemophilia, sexual health, and basic needs resources; addi
tionally, minority respondents reported more barriers.57

Focusing on Value of Care and 
Collaboration with Payers
Integrated care brings value from a public health perspec
tive, in the form of potential cost savings to the system and 
to PWH, which can dramatically impact HRQoL. Figure 3 
illustrates how many of the features of HTC care and its 

clinical benefits contribute to lowering the total cost of 
care for PWH treated at an HTC. Payers have acknowl
edged that they did not fully recognize the comprehensive 
medical and support services that HTCs provide and the 
positive impact those services have on patient HRQoL and 
cost of care.58

Strengthening relationships and fostering mutual 
understanding between health plans and HTCs could 
further improve outcomes for PWH while providing 
a more favorable cost-to-benefit ratio. The 
Comprehensive Care Sustainability Collaborative 
(CCSC), initiated by NHF in 2014, has served as 
a springboard for bringing payers and HTCs together to 
explore and develop opportunities to work collaboratively 
and enhance communication and understanding between 
payers and providers to assure optimal patient outcomes at 
the lowest total cost of care.11 As of 2020, the CCSC 
advisory board comprises a wide-ranging group of stake
holders, including medical and operational directors repre
senting 8 HTCs, national and regional health plans, and 
the voice of the self-funded employer. One key learning 
from the CCSC inaugural consensus meeting was that 
HTCs are providing a level and range of multidisciplinary 
care that is far more comprehensive than what has gener
ally been recognized by purchasers of health-care services. 
After multiple iterations in the CCSC, participants agreed 

Figure 3 Benefits of Care at an HTC are Associated with Lower Total Cost of Care. Data from National Hemophilia Foundation.6 

Abbreviation: ED, emergency department.
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on 2 sets of reporting metrics (payer and HTC). These 
metrics are being assessed in pilot programs (Table 3).59

Advocating for PWH Locally, Regionally, 
and Nationally
HTCs are actively involved in collaborating with the NHF 
and other patient advocacy organizations to advance the 
interests of PWH and their families.60 Families and PWH 
rely on the NHF for its infrastructure, which includes 50 
chapters that provide community support. Through the 
NHF and its chapters, families can connect with support 
networks, essential education, and advocacy efforts. In 
addition to national advocacy efforts, HTCs build partner
ships with local foundations and support advocacy at state 
and national levels;61 HTC staff serve in many advisory 
and other leadership capacities locally and at NHF.

Funding Mechanisms for HTCs
HRSA has identified specific criteria to qualify for 
a limited grant; these criteria ensure consistency within 
the network and support a specific standard of care at each 
center. HTCs that receive HRSA grant funding are 
required to provide evidence of optimal care using 
a multidisciplinary team-based approach.62

With the passage of the Veterans Health Care Act of 
1992, regional HRSA grantees and subcontracting HTCs 
were included as entities eligible to participate in the 340B 
drug discount program. Though HTCs receive some federal 
support, they depend on revenue from their pharmacy pro
grams to help finance clinical, educational, counseling, sur
veillance, and many laboratory services. Most of the 
federally designated comprehensive HTCs with established 
340B programs who participated in a survey indicated that 

Table 3 Final HTC- and Payer-Reported Metrics for Use in Pilot Programs

Payer-Reported Metrics HTC-Reported Metrics

Cost of factor 
● Total factor cost 

● Total factor cost per patient 

● Site of care  
∘Facility (hospital/ED)  

∘Ambulatory (infusion center, physician’s office, HTC)  

∘Home/self

Patient classification 
● Diagnosis (A or B)  

∘Severity (mild, moderate, or severe)  

∘Inhibitor status (yes or no)

Prescribed dose/dispensed dose/weight (± range) when dispensed via 

a specialty pharmacy 
● Product 

● Total units 

● U/kg 
● Units dispensed 

● Prescribed dose/dispensed dose  

∘±10% according to MASAC guidelines; payers desire ±5%

Prescribed dose/dispensed dose/weight (± range) when dispensed at an 

integrated HTC pharmacy 
● Product 

● Total units 

● U/kg 
● Units dispensed 

● Prescribed dose/dispensed dose  

∘±10% according to MASAC guidelines; payers desire ±5%

ED visits/hospitalizations 
● With hemophilia listed as first/second diagnosis code (ie, in first 2   

lines of claim)

ED visits/hospitalizations 
● With hemophilia listed as first/second diagnosis code (ie, in first 2 lines of   

claim)

Total cost per patient 

● Total cost of pharmacy claims 

● All other medical claims costs 
● Total cost per patient

Home infusion 

● PWH/families independently infusing at home (%) 

● PWH/families infusing at home with nursing assistance (%)

Patient contacts (eg, in person, telephone, e-mail) 
● Comprehensive care visits 

● Other visits 

● Case management contacts 
● Collaboration with other providers

Notes: Reproduced from Tarantino MD, Pindolia VK. Hemophilia management via data collection and reporting: initial findings from the Comprehensive Care 
Sustainability Collaborative. J Manag Care Spec Pharm. 2017;23(1):51–56. Available from: https://www.jmcp.org/doi/10.18553/jmcp.2017.23.1.51.59 

Abbreviations: ED, emergency department; HTC, Hemophilia Treatment Center; MASAC, Medical and Scientific Advisory Council; PWH, person/people with hemophilia.
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they rely on their 340B-associated income to help fund the 
staff hours of their on-site social workers, physical therapists, 
and nurses.30 At issue is the fact that many essential facets of 
integrated care that are typically delivered via the HTC staff 
are not billable or are minimally billable. For example, 29 
centers in the survey reported that in 2013 alone, 62,640 
medical coordination encounters and 57,072 urgent/emer
gent telephone triage encounters occurred, most of which 
were non-billable services. In the same survey, 28,880 
encounters for psychosocial and vocational services were 
provided by 30 centers in 2013, again mostly non-billable.30

Charting a Course for the Future of 
HTC-Based Care
The HTC model can be adapted to the changing health- 
care needs of PWH as it is primed to take advantage of the 
evolving technology of the twenty-first century. For exam
ple, telehealth and telemedicine at HTCs help to overcome 
access barriers, allowing HTC care to be offered to anyone 
regardless of their proximity to a center. These interven
tions are supported by preliminary evidence of their feasi
bility and effectiveness, especially for those who face 
transportation, mobility, or economic barriers, either in 
the United States or in developing countries;63 however, 
the benefits remain to be conclusively demonstrated. 
Telemedicine increases opportunities for collaboration, 
promoting communication between HTC staff and local 
HCPs to ensure seamless care.64

One example of successful telehealth implementation 
includes telerehabilitation for people who need musculos
keletal rehabilitation. Telerehabilitation can greatly 
improve a patient’s experience and attitude toward essen
tial physical movement needed for recovery. 
Videoconferencing can also be useful for remotely evalu
ating bleeding or providing integrated care with multiple 
providers on the line at the same time.65 The third national 
HTC Patient Satisfaction Survey, underway in Q1 2021, 
asks respondents about satisfaction with telehealth/teleme
dicine, and the extent to which COVID-19 was a barrier to 
obtaining needed HTC services. Adding these questions 
illustrates the capacity of the USHTCN to rapidly assess 
its ability to respond to emerging events (eg, the pan
demic) from the patient perspective in a uniform way 
across centers nationwide.54

Monitoring and self-auditing procedures for PWH in 
HTCs are also evolving with technology. Cellphone tools 
and apps have been developed to record information, 

including details on bleeding episodes, pain, and the use 
of coagulation factors, potentially allowing for virtual 
treatment supervision.65 Enhanced real-world evidence 
collection would stand to improve patient outcomes 
through increased health surveillance, and potentially 
offer payers more evidence in support of the advantages 
of integrated care offered by HTCs.6 HTCs serve PWH 
and their families who express high satisfaction, a high 
level of needs met, and improved outcomes spanning 
HRQoL to cost savings.21,56

The value of the HTC model and the USHTCN are 
clear; but HTCs are in a state of financial jeopardy, cur
rently heavily reliant on 340B pharmacy-generated 
income. To continue to provide essential services for 
PWH and other rare coagulation disorders, it is imperative 
not only that HTCs receive optimal and fair reimburse
ment but also that PWH have access to HTCs. Revisions 
to federal regulations and funding schemes are essential to 
maintain the quality and level of services currently being 
offered to PWH. Increased reimbursement for existing 
billing codes, as well as new codes that more accurately 
reflect the services delivered, would be an important step 
toward securing the future of HTCs. Another critical step 
would be reducing or eliminating exclusionary practices 
that limit access within health-care networks.

Looking to the future, HTCs are poised to partner on 
the critical health priorities of the country. With the current 
structure, HTCs could serve a larger number of people 
with VWD and other rare coagulation disorders, who 
currently make use of the integrated care model, along 
with PWH. Refinement over 40 years has created the 
foundation for sustainability and the possibility of growth, 
with the potential for expanded services to PWH and 
individuals with other rare coagulation disorders that 
require a similar level of integrated, multidisciplinary care.

Conclusion
People with congenital coagulation disorders have been 
well served by the HTCs and USHTCN operating in the 
United States for over 40 years. Herein, we have described 
what HTCs do and how they do it through a team-based, 
multidisciplinary approach that incorporates the affected 
person in shared decision making. We have shown that 
PWH/caregivers are highly satisfied and have presented 
evidence for why this model of care has been and will 
remain the gold standard in the United States. This article 
can serve as a reference document for all stakeholders in 
the care of PWH and other rare coagulation disorders. The 
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unique benefits of the HTC network system of care have 
been clearly demonstrated. Taking all the benefits into 
account, we believe that purchasers of health care will 
conclude, as we do, that HTCs provide the highest- 
quality care for their beneficiaries, delivering optimal 
health outcomes at the lowest total cost of care.
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Introduction: Over the past decade, there has been an increase in novel therapeutic options 
to treat hemophilia A. It is still unclear how these novel treatments are used in the manage
ment of patients with hemophilia A, particularly those with challenging clinical scenarios 
who are typically excluded in clinical trials.
Purpose: This study aimed to understand the areas of consensus and disagreement among 
hematologists regarding the preferences toward therapeutic approaches for difficult-to-treat 
patients with severe hemophilia A without inhibitors.
Patients and Methods: During February–June 2020, a three-round modified Delphi study 
was conducted to generate consensus among 13 US experts in the field of hemophilia. 
Experts were asked about their preferences toward therapeutic options for patients with 
challenging clinical situations, including age-related morbidities (eg, myocardial infarction, 
joint arthropathy), increasing demand for high-impact physical activities, early onset osteo
porosis, and newborns with hemophilia A. Consensus was defined as ≥75% agreement 
between the panelists.
Results: Consensus was reached on many, but not all cases, leaving uncertainty about 
appropriateness of therapeutic approaches for some patients where clinical evidence is not 
available or driven by physicians’ or patients’ preferences toward therapeutic options. 
A majority of panelists preferred FVIII replacement therapy rather than emicizumab pro
phylaxis for the challenging cases presented due to established evidence on safety, efficacy, 
and level of bleed protection for FVIII treatment.
Conclusion: Recommendations emerging from this study may help guide practicing hema
tologists in the management of challenging hemophilia A cases. Future studies are needed to 
address treatment options in the clinical cases where no consensus was reached.
Keywords: emicizumab, expert elicitation, FVIII, treatment, management

Introduction
Patients with hemophilia A (PwHA) experience spontaneous bleeds resulting in 
a significant clinical burden and poor quality of life (QoL).1,2 While Factor VIII 
(FVIII) replacement treatment, the standard of care for the management of hemo
philia A3 is safe and effective, it carries a known risk of inhibitor development 
(approximately 30% of PwHA develop inhibitors), profoundly impacting the 
patient’s QoL, morbidity and mortality with increased need for venous access and 
infusions, despite less effective bleed control.4,5 These challenges have led to the 
emergence of novel, non-factor replacement therapies that can impact bleeding at 
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different stages of the coagulation cascade, often times 
with an easier method of delivery or decreased frequency 
of administrations.3,4

The increased availability of treatment options for 
PwHA presents a unique opportunity to create individua
lized, patient-centered regimens. However, the acceler
ated pace of innovation also demonstrates physician 
awareness of novel treatment options along with combi
nation with existing treatments may be lacking, particu
larly when considering the management of severe PwHA 
(SPwHA) without inhibitors. In routine clinical practice, 
therapeutic decisions are often challenged by real-world 
clinical needs, particularly in PwHA without inhibitors 
with more severe bleeding phenotype, who are involved 
in high-impact physical activities, and who report arthro
pathy symptoms or have age-related comorbidities such 
as cardiovascular diseases, osteoporosis, renal failure, 
etc. Uncertainty in management of such cases in the 
absence of robust guidelines, leads to a high degree of 
variability in therapeutic approaches and poor outcomes.

The current study employed a Delphi method to 
address uncertainties in the treatment and management of 
high-risk cases of SPwHA without inhibitors. The Delphi 
method is recommended for use in obtaining consensus in 
the healthcare setting when “gold-standard” evidence is 
not available or available evidence lacks sufficient details 
to apply to the subset of patients observed in clinical 
practice.6,7 The study also identified patients’ and clinical 
characteristics that influence physicians’ treatment deci
sion-making in the management of PwHA.

Study Participants and Methods
Delphi Panel Participants Selection
The Delphi panel participants were recruited through 
recommendations from two hemophilia experts and based 
on the existing literature. This study included expert panel 
members who a) were board-certified physicians in either 
adult or pediatric hematology b) had current or previous 
clinical practice for at least 5 years, c) had at least 50% of 
time or effort dedicated to treating patients, d) treated at 
least 15 patients with hemophilia during the past 12 
months, e) had at least 10 relevant peer-reviewed publica
tions in the evaluation and treatment management of 
patients with hemophilia, and f) practiced in the United 
States only. Experts who were unable to speak or read 
English were not included in the panel. A total of 51 
potential panelists were identified and contacted with an 

introductory email outlining the study and participation 
requirements.

Delphi Panel Instrument
A targeted literature review was conducted to identify 
currently available treatments and their advantages and 
limitations, guidelines for the management of hemophilia 
A, factors influencing decision-making of hematologists 
while selecting or switching treatments, and challenging 
clinical scenarios in SPwHA without inhibitors. 
Subsequently, a survey instrument was developed based 
on findings from the targeted literature review and inputs 
from two hemophilia experts with emphasis on challen
ging clinical scenarios or situations where treatment- 
decision making has not been well established.

Delphi Panel Implementation
A modified Delphi panel consisting of three rounds of 
a web-based questionnaire was conducted between 
February and June 2020 (Figure 1). The Delphi survey 
was implemented using the web-based Delphi platform- 
Welphi.8 All responses of panelists were kept anonymous 
and consent from panelists was obtained during each 
round. Experts who did not complete the Delphi survey 
round within the allotted time were not eligible to partici
pate in the subsequent rounds. Panel members who agreed 
to participate were provided honoraria for participation in 
each round. The study was conducted in a double-blind 
manner, where the panel members had no knowledge 
about the study sponsor, and the study sponsor, as well, 
was not aware of the experts’ names and their work- place 
organizations. Additionally, the study panelists were also 
blinded from their fellow panelists, thus all responses were 
anonymous.

Round 1 of the Delphi exercise was intended to establish 
the experts’ baseline – a) preferences for different treatment 
options in challenging clinical scenarios involving SPwHA 
without inhibitors, b) assessment of outcomes associated 
with switching from factor replacement therapy to a non- 
factor replacement option, and c) identification of key fac
tors considered in the treatment decision-making process. 
Experts were asked to review each clinical scenario and 
provide their likelihood estimates for each therapeutic 
option, as per their clinical knowledge. Likelihood estimates 
ranged from 1–100 with lower values indicating an expert’s 
lower preference for a particular treatment option in his/her 
patients. For a few survey questions, experts were asked to 
rank factors affecting treatment decision-making in 
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hemophilia A. In round 2, an online forum discussion was 
conducted in which experts were presented with aggregate 
group responses from round 1 as well as additional probing 
questions where needed. Experts were asked to review the 
aggregate findings from round 1 and provide feedback on 
any response(s) they chose, using the “comments” feature 
in Welphi. This round facilitated discussion among the 
panelists, allowing them to argue for different treatment 
approaches in any of the clinical scenarios, while also 
sharing their individual clinical experiences and expertise 
while avoiding oversaturation and participation fatigue.9,10 

In round 3, the experts completed the same questionnaire as 
that in round 1, but now responding with the additional 
knowledge and discussion gleaned from round 2. Final 
responses were analyzed as described for round 1. Panel 
members were also asked to complete a brief demographic 
and professional background survey. Using the Department 
of Health and Human Services regulations, 45 CFR 46.104 
(d)(2), Advarra Institutional Review Board (IRB) exempted 
this study from IRB oversight.

Descriptive analyses were conducted to summarize panel 
members’ characteristics, including demographics and exper
tise in hemophilia management. For clinical scenarios, pane
lists were asked to indicate appropriateness of treatment 
described. A scale from 1 to 100 was provided, where 1–50 
ratings were considered “not appropriate or not recom
mended” and 51–100 ratings were considered as “appropri
ate/recommended”. In analyzing the responses, consensus was 
considered to be present if at least 75% of panelists reported 
“not appropriate” or “appropriate” ratings during round 3.11–14 

For likelihood questions, the median and interquartile range 

(IQR) were also calculated.15 For ranking questions, variations 
in proportion of panelists choosing different treatment options 
or responses as high rank compared to lower ranks were 
analyzed to gauge the presence or absence of consensus 
among panel members. All analyses were conducted in the 
programs built into Welphi and Microsoft Office Excel.

Results
Participant Characteristics
Out of 51 hemophilia experts invited, 14 experts agreed to 
participate; 13 experts completed all three rounds of the 
Delphi study and therefore, formed a panel. 
Approximately 25 invited experts expressed interest in 
the study but could not participate due to clinical respon
sibilities encountered during the COVID-19 pandemic. All 
13 panelists provided consent to participate in the study. 
A majority of the panelists were male (69.2%), white 
(76.9%) and aged 31–50 years (46.2%) (Table 1). Most 
panelists (53.8%) had been treating PwHA for 10–19 
years. Most panelists (76.9%) spent their time providing 
direct patient care in a hemophilia treatment center. Most 
panelists (61.5%) treated both adult and pediatric PwHA 
and 46.1% panelists treated more than 50% SPwHA with
out inhibitors during the past three months.

Panelists’ Preferences for Hemophilia 
Management in Challenging Scenarios
PwHA with Cardiovascular Comorbidities
The panel was asked to indicate their preferred therapeutic 
option for a 69-year-old SPwHA without inhibitors 

Figure 1 Modified Delphi process.
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diagnosed with a non-ST-elevation myocardial infarction 
(current therapy: dual antiplatelet therapy (DAPT) with 
FVIII prophylaxis) (Table 2). The panel reached consensus 
around “FVIII prophylaxis to achieve desired FVIII levels 
and then episodic FVIII therapy along with DAPT” as not 
an appropriate therapeutic option for this patient (84.6% 
panelists reported likelihood ≤50%). During round 2 dis
cussion, panelists argued that due to high risk of bleeding 
while on DAPT, continuous FVIII prophylaxis would be 
an appropriate therapy.

For a patient with recently documented AF with CHA2 

DS2VASc score=2, on episodic FVIII replacement therapy 
prior to the diagnosis of AF, panelists reached consensus 
that “continuing episodic FVIII replacement therapy only 
with DOACs” was not a recommended treatment (100.0% 
panelists reported likelihood ≤50%) (Table 2). The panel 
did not reach consensus on whether “emicizumab prophy
laxis along with episodic FVIII and DOAC” was an appro
priate treatment and reported in round 2 that emicizumab 
might provide more favorable coverage than FVIII pro
phylaxis in SPwHA with cardiovascular comorbidities; 
however, the risk of emicizumab-associated thrombotic 
complications in these patients is still unknown. During 
round 2, panelists expressed needing more information on 
pharmacodynamics and efficacy profile of emicizumab to 
reach consensus.

PwHA with Increasing Demand for Physical Activity 
and Musculoskeletal-Related Disorders
The panelists were asked which therapy they would pre
scribe to a 19-year old SPwHA without inhibitors with 
a history of joint bleeds yet interested in participating in 
high-intensity sport activities (current therapy: extended 
half-life FVIII prophylaxis) (Table 2). All panelists agreed 
that “FVIII prophylaxis with on-demand FVIII treatment 
post-bleeds” was not an appropriate treatment for this 

Table 1 Characteristics of Delphi Participants, Their 
Professional Background, and Hemophilia Patients They Treat

Characteristic n %

Total 13

Demographic characteristics

Age group

31–50 years 6 46.2%

51–70 years 6 46.2%

71–90 years 1 7.7%

Sex

Female 3 23.1%

Male 9 69.2%

Other 1 7.7%

Race

White 10 76.9%

Asian 2 15.4%

Other 1 7.7%

Professional background

Year when medical license was obtained

1950–1990 4 30.8%

1991–2000 4 30.8%

Later than 2000 5 38.4%

Number of years working in the field of hemophilia A

10–19 years 7 53.8%

20–29 years 5 38.5%

≥ 30 years 1 7.7%

Principal practice locationa

Hemophilia treatment center 10 76.9%

University hospital or university affiliated clinic 3 23.1%

Number of hemophilia A patients treated at the principal practice 

location

≤125 5 38.5%

126–150 2 15.4%

151–175 1 7.7%

>175 5 38.5%

Characteristics of hemophilia patients treated at clinical practice 

location

Hemophilia A patient population typically treated

Pediatric 5 38.5%

Both pediatric and adult 8 61.5%

SPwHA managed during past three months

≤40% 4 30.8%

41–50% 3 23.1%

>50% 6 46.1%

(Continued)

Table 1 (Continued). 

Characteristic n %

SPwHA prescribed emicizumab

6–10% 3 23.1%

11–20% 5 38.4%

21–30% 1 7.7%

More than 30% 4 30.8%

Note: aPrincipal practice location is the practice location where hematologist 
spends the most hours per week. 
Abbreviation: SPwHA, severe patient with hemophilia A.
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patient and during round 2, highlighted the need for pre- 
activity FVIII bolus for these patients. During round 2, 
panelists discussed that emicizumab prophylaxis may pro
tect patient from joint bleeds; however, in round 3, they 
did not reach consensus given implicit concerns with the 
cost of combined treatment as well as broad access/reim
bursement issues.

The panel was asked about how they managed SPwHA 
without inhibitors scheduled for a joint surgery (current 
therapy: emicizumab prophylaxis). Based on available 
evidence and extensive clinical experience using FVIII 
peri-operatively, the panel reached consensus on the most 
appropriate treatment as “FVIII replacement therapy as 
needed during and immediately post-surgery in addition 
to patient’s current, stable emicizumab prophylaxis” 
(100.0% panelists reported likelihood >50%) (Table 2).

For SPwHA suffering early onset osteoporosis and 
treated historically with on-demand FVIII therapy but 
recently started on emicizumab prophylaxis, panelists 
reached consensus on “switching to FVIII prophylaxis” 
(76.9% panelists reported likelihood ≤50%) and “switch
ing to FVIII prophylaxis along with episodic FVIII regi
men” (76.9% panelists reported likelihood ≤50%) as 
inappropriate treatment (Table 2). The majority of pane
lists (69.2%) preferred continuing emicizumab prophylaxis 
with the hope that the patient’s physical activity would 
increase and result in some bone remodeling, however 
consensus was not reached.

Newborn PwHA
For a newborn PwHA with a brother diagnosed with severe 
hemophilia, on FVIII prophylaxis with a prior history of 
intracranial hemorrhage, panelists reached consensus on 
a least recommended treatment as “starting FVIII prophy
laxis immediately” (92.3% panelists reported likelihood 
<50%) and “waiting until 6 months and starting FVIII 
prophylaxis” (84.6% panelists reported likelihood ≤50%) 
(Table 2). Panelists did not reach consensus on starting 
emicizumab prophylaxis immediately, however, the panel 
reached consensus on “wait until 6 months and start emici
zumab prophylaxis” as not an appropriate therapeutic option 
(76.9% panelists reported likelihood ≤50%).

The panel, when asked how to manage a newborn 
PwHA with post-circumcision bleeding, reached consen
sus on “FVIII prophylaxis” (92.3% panelists reported like
lihood ≤50%) and “emicizumab prophylaxis” (84.6% 
panelists reported likelihood ≤50) as not recommended 
treatments (Table 2). A majority of panelists agreed that 

they would wait for the infant to be 6–9 months before 
starting FVIII prophylaxis. The panel reached consensus 
on “episodic FVIII prophylaxis followed by emicizumab 
prophylaxis” as a recommended treatment (76.9% pane
lists reported likelihood >50%) with episodic FVIII bolus 
and provide prophylaxis through easy subcutaneous 
administration of emicizumab.

In round 2, panelists agreed that FVIII prophylaxis is 
predictable, has long-standing safety data and can be 
adjusted, however, panelists expressed their low prefer
ence toward FVIII prophylaxis due to the difficulty in 
accessing veins in infants and the risk of inhibitor devel
opment. During round 2 discussion, panelists reported that 
emicizumab prophylaxis is easy to administer subcuta
neously in infants; however, there is a lack of clinical 
evidence around emicizumab’s ability to protect infants 
from bleeding events and to prevent intracranial hemor
rhage. At present, panelists noted that treatment decision- 
making in the management of newborn PwHA is largely 
based on the preferences of physicians and patients.

Panelists’ Opinions on Outcomes Related to 
Treatment Switching
Based on currently available efficacy and safety data for 
emicizumab, the panel agreed to switch treatment from 
a FVIII therapy to emicizumab prophylaxis if a SPwHA 
without inhibitors had 4–5 bleeds during the previous year 
or had more than 5 bleeds during the previous year 
(Table 3). Panelists, however, did not reach consensus 
that SPwHA without inhibitors should be switched from 
FVIII therapy to emicizumab prophylaxis if a patient had 
0–1 bleeds or 2–3 bleeds during the previous year. There is 
no standard cut-off for the number of bleeds during the 
previous year to determine when to switch from the FVIII 
treatment to emicizumab prophylaxis. Yet, panelists 
seemed to prefer emicizumab prophylaxis to provide pro
tection against bleeds if patient had at least 4 bleeds during 
the previous year while on FVIII therapy. More data on 
efficacy and safety of emicizumab prophylaxis compared 
to FVIII treatment may further help clinicians to make 
treatment decisions. Panelists also reached consensus that 
switching from prophylaxis with factor replacement ther
apy to emicizumab is only likely to reduce bleeding events 
by <10% or 10–40%. Panelists did not reach consensus on 
whether switching prophylaxis from FVIII replacement 
therapy to emicizumab would impact medication adher
ence among SPwHA without inhibitors.
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Factors Affecting Treatment Decision-Making in 
SPwHA
Panelists reached consensus that the primary factors con
sidered when switching treatment from factor replacement 
therapy to non-factor treatment in SPwHA were difficulty in 
venous access (Figure 2), long-term efficacy and/or effec
tiveness, and physician or patient preferences toward treat
ment options (Figure 3). Regarding health system related 
factors, the majority of panelists (38%) reported patients’ 
knowledge of and preferences toward treatment options is 
most important to consider while switching treatment for 
SPwHA without inhibitors (Figure 4). While only 8% of 
panelists ranked institution-level policies (such as those 
related to prescribing procedures, dose distribution systems, 
outpatient prescription availability, etc.) as the most impor
tant health system related factors considered in treatment 
decision-making in management of SPwHA, approximately 
23% panelists considered insurance coverage policies (such 
as those related to type of plan, access to and reimburse
ment of hemophilia treatments, out-of-pocket payment, 
management tactics employed in pharmacy or medical ben
efits by health plan) as major factors in treatment decision- 
making for SPwHA.

Results of round 1 are presented in Tables 4 and 5.

Discussion
Existing guidelines for the management of hemophilia 
A3,16 and clinical trials evaluating efficacy and safety of 
therapeutic options often do not provide recommendations 
on how to manage specific clinical scenarios. In particular, 
age-related comorbidities such as cardiovascular disease, 
early onset osteoporosis, increased bleeding risks asso
ciated with physical activity or a major surgery, or new
born infants with severe bleeding are often exclusion 
criteria for enrollment in randomized clinical trials.17 

This further limits the applicability of evidence-based 
guidelines, possibly leading to misconceptions about avail
able treatments. These gaps can only be bridged by achiev
ing consensus among clinicians, typically drawn from their 
practice-based experience(s). Delphi techniques represent 
the most reliable consensus methods in healthcare.14,18–20 

In the present Delphi study, cases of SPwHA without 
inhibitors of uncertain management were presented to 
a panel of 13 specialized clinicians in hemophilia, who 
answered a questionnaire on the appropriateness of treat
ment strategies. This is the first study of its kind, aimed at 
obtaining a consensus on complex and real-life cases of 
SPwHA without inhibitors, where definitive guidelines are 
not applicable.

Figure 2 Factors considered by hematologists while switching SPwHA without inhibitors from FVIII prophylaxis to emicizumab prophylaxis. 
Note: *Panelists provided their likelihood estimates ranging from 1–100, where 1 means highly unlikely and 100 means extremely likely.
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For SPwHA with age-related morbidity such as cardi
ovascular disease (CVD), panelists reached consensus that 
episodic FVIII prophylaxis would not be adequate to reach 

targeted trough levels of FVIII required to avoid risk of 
bleeding associated with antithrombotic treatments. While 
the majority of panelists preferred FVIII prophylaxis, as 

Figure 3 Hemophilia treatment characteristics considered by hematologists while switching treatment for SPwHA without inhibitors.

Figure 4 Health system related factors considered by hematologists while switching treatment for SPwHA without inhibitors.
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recommended by the World Federation of Hemophilia 
(WFH) guidelines21 and available limited evidence in the 
literature,22,23 a few panelists differed in their opinions 
around prophylaxis and consensus was not achieved. The 
uncertainty expressed by panelists toward emicizumab 
prophylaxis along with antithrombotic therapies was 
based on limited experience and lack of evidence-based 
guidelines on the use of emicizumab in elderly patients 
with CVD. Data on real-world adverse effects of emicizu
mab are still being collected; to this end, the thrombotic 
risk of emicizumab in elderly patients receiving antithrom
botic treatments, remains unknown.24,25

In children and young adolescents with severe hemo
philia A, physical activity, particularly high contact sports 
or prolonged activity, significantly increases the risk of 
bleeding.26 The management of hemophilia A becomes 
particularly challenging if a patient is not highly adherent 
to prophylaxis.27 For such patients, the panelists high
lighted that this patient requires pre-activity episodic 
FVIII replacement therapy to mitigate the risk of bleeding; 
an on-demand, episodic regimen would not be adequate. 
Panelists needed more efficacy and/or effectiveness data to 
use emicizumab prophylaxis in these patients. HAVEN-3 
trial results showed that emicizumab prophylaxis reduced 
joint bleeds as compared to no prophylaxis; however, no 
results were reported for young adults undergoing exten
sive physical activity.28

The surgical setting represents a challenge in the man
agement of SPwHA due to the risk of peri-operative 
bleeding. The panel agreed that for a SPwHA without 
inhibitors undergoing a major surgical procedure such as 
arthroscopic surgery, FVIII replacement therapy is 
required during and post-surgery to secure hemostasis 
and wound healing; in such a scenario, emicizumab pro
phylaxis is not adequate as the hemostatic efficacy is not 
yet well established. Although HAVEN-3’s intraindividual 
comparison of PwHA demonstrated emicizumab prophy
laxis had significantly lower bleeds than previous FVIII 
prophylaxis, this cannot be extrapolated to a surgical set
ting, particularly given that the trial excluded patients 
experiencing bleeds due to surgery/procedures.28,29

SPwHA are also at increased risk of developing 
reduced bone mineral density, which poses greater risk of 
fractures and osteoporosis.30,31 For these patients, pane
lists reached consensus that switching to FVIII prophy
laxis with or without episodic FVIII regimen would not be 
appropriate. While the role of FVIII in overall bone health 
is promising, there is very limited evidence supporting the 

role of FVIII prophylaxis in maintaining bone health.32 

Although panelists preferred emicizumab prophylaxis with 
or without episodic FVIII more than FVIII prophylaxis 
with or without episodic FVIII, consensus was not 
reached. While a recent analysis of data from HAVEN-3 
trial found that emicizumab promoted joint health in peo
ple with hemophilia A,28 the long-term effect of emicizu
mab prophylaxis on bone density compared to routine 
FVIII prophylaxis is still unknown.

Strengths and Limitations
Our study has several strengths. Our study panel consisted 
of experts in the field of hemophilia who have wide 
experience treating PwHA in real-world settings. Use of 
the Delphi method as a structured expert elicitation tech
nique enabled capturing of perspectives and opinions 
across a broad spectrum of experts. This methodology 
facilitated an in-depth exploration of attitudes and opi
nions that is not possible in quantitative surveys. 
Anonymity among panelists during online discussion 
forum in round 2 coupled with careful moderation of the 
forum by the moderators helped avoidance of an indivi
dual dominance that may result from strong verbalization 
or professional dominance, which may have led to biased 
results. This is often a concern in group-based approaches 
in qualitative studies, however anonymity and thoughtful 
direction helped prevent it in the study. In addition, anon
ymity allowed panelists to change their opinion on the 
basis of arguments presented by the other panel members 
during online discussion forum and avoided group pres
sure for conformity. These advantages of Delphi method 
are likely to increase reliability of consensus, as elucidated 
in previous studies.33,34

The study was limited by its small sample size and 
questions’ generalizability. However, there is no gold stan
dard of sample size for Delphi panels. Moreover, the 
sample size of this study aligns with the commonly 
observed number of experts involved in the previously 
published Delphi studies in hematology.35–38 In addition, 
the clinical scenarios were designed using typical practice 
patterns in the US and may not adequately reflect clinical 
variations encountered worldwide. Given that panelists 
volunteered and were compensated to participate in the 
study, self-selection bias may be present. However, study 
participants did not differ meaningfully in clinical exper
tise or practice setting from those who declined to partici
pate. While we undertook a comprehensive literature 
search covering a full spectrum of challenging clinical 
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scenarios, it is possible that relevant clinical scenarios 
were missed. Nevertheless, we anticipate that these study 
results provide unique views and valuable insights from 
the perspective of hematologists into current issues sur
rounding treatment decision-making for SPwHA.

Conclusion
The panelists achieved consensus for appropriate and inap
propriate use of FVIII and emicizumab prophylaxis including, 
appropriate use of FVIII replacement therapy during and 
immediately post-surgery in addition to emicizumab prophy
laxis for patients with elective surgery, and episodic FVIII 
followed by emicizumab prophylaxis for a newborn with post- 
circumcision bleeding. A majority of panelists preferred FVIII 
replacement therapy rather than emicizumab prophylaxis due 
to established evidence on safety, efficacy, and level of bleed 
protection for FVIII treatment. The recommendations emer
ging from this study may support or extend guidelines for 
practicing physicians when treating SPwHA without inhibi
tors. Further studies are needed to identify appropriate thera
peutic approaches in those clinical cases for which consensus 
was not reached.
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Abstract: Antiphospholipid syndrome (APS) is an autoimmune disorder characterized by 
multiple episodes of venous and arterial thromboses or recurrent fetal losses in the presence 
of antiphospholipid antibodies against β2GP1, frequently accompanied by moderate throm
bocytopenia. Catastrophic APS (CAPS) is a severe manifestation of APS. COVID-19 may 
have an intense hypercoagulable state in critically ill patients. SARS-CoV2 may potentiate 
pathogenic APS effects, including the activation of endothelial cells, monocytes, platelets, 
and complement, resulting in a proinflammatory state and prothrombotic events. The 
endothelial tropism of SARS-CoV2 may also modify the clinical presentation of COVID- 
19 in susceptible individuals and trigger flares of underlying vascular diseases. We report 
a case of a 64-year-old woman with a history of triple-positive APS who had multiple 
thrombotic and bleeding episodes after being found to have a COVID-19 infection tempo
rally associated with CAPS development that was successfully treated with eculizumab, 
preventing further macro- and microvascular thrombotic events at 1 month follow-up. Our 
case highlights the need for more research regarding the mechanism by which COVID-19 
may potentiate APS and lead to the development of CAPS. 
Keywords: antiphospholipid syndrome, phospholipid autoantibodies, catastrophic APS, 
COVID-19, severe acute respiratory syndrome coronavirus 2, eculizumab

Introduction
Antiphospholipid syndrome (APS) is an autoimmune disorder characterized by 
multiple episodes of venous and arterial thromboses or recurrent fetal losses in 
the presence of antiphospholipid antibodies (aPL Abs) against β2GP1, and is 
frequently accompanied by moderate thrombocytopenia.1 Rarely, APS may be 
associated with fulminant multiorgan failure or catastrophic APS (CAPS). CAPS 
is characterized by widespread small-vessel occlusions that lead to multiorgan 
failure. In an international study of CAPS-registry patients’ lupus anticoagulant, 
IgG anticardiolipin and IgG anti β2GP Abs were the most often implicated aPL Abs 
in CAPS. Although affecting only 1% of patients with APS, CAPS is frequently 
fatal if not recognized and treated promptly.2 In spite of its clinical significance, 
with an approximate mortality rate of 40%, the pathophysiology remains somewhat 
enigmatic. Activation of the complement is required for the full clinical manifesta
tion of APS. APS serum activates the complement in vitro, and patients with CAPS 
have been found to have a high rate of complement-gene mutations.3 In 
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a descriptive analysis of 500 CAPS patients, the most 
common precipitating factor of CAPS was infection.4 

Infections, including COVID-19, are considered trigger 
factors of CAPS. It could be possible that SARS-CoV2 
can induce CAPS; however, no evidence has been found 
for this. A study of COVID-19 patients showed aPL 
Abs were common in critically ill patients.5 El Hasbani 
et al wrote a review article that discussed APL in the 
setting of COVID-19.6 Eculizumab inhibits the activation 
of complement C5, and is approved for use in paroxysmal 
nocturnal hemoglobinuria and atypical hemolytic uremic 
syndrome. We present a patient with a history of APS who 
had multiple thrombotic and bleeding episodes consistent 
with CAPS, likely triggered by SARS-CoV2 infection, 
that was successfully treated with eculizumab.

Case Presentation
A 64-year-old woman with a history of type 2 diabetes 
mellitus and triple-positive APS presented with acute 
encephalopathy. Her vital signs were normal on admission, 
with no significant physical examination findings except 
for altered mental status. Laboratory studies revealed 
hemoglobin (Hb) concentration of 131g/L, white blood 
cell (WBC) count of 11.8×109/L, absolute lymphocyte 
count (ALC) of 1.5×109/L, platelet count of 173×109/L, 
and D-dimer of 0.54 µg/mL. MRI of the brain revealed 
chronic microvascular ischemia. Therapeutic unfractio
nated heparin was initiated, given her history of APS and 
multiple venous thrombotic events. On day 10, she devel
oped a fever and hypoxia and tested positive for SARS-Co 
V2. Dexamethasone and remdesivir were initiated. 
Remdesivir was discontinued after 3 days, due to worsen
ing kidney function. Subsequent laboratory testing 
revealed Hb concentration 86 g/L, WBC count 11×109/L, 
ALC 0.77×109/L, and platelet count 93×109/L. APL Ab 
testing revealed a positive lupus anticoagulant, cardiolipin 
IgG >112 U/mL, IgA >65 U/mL, β2GP1 IgG >112 U/mL, 
and IgA >65 U/mL. Her platelet count had decreased to 
67×109/L. A coagulation profile showed a prothrombin 
time of 23.3 seconds, international normalized ratio of 
2.1, activated partial thromboplastin time of 132 seconds, 
fibrinogen activity of 832 mg/dL, and D-dimer of 1.56 µg/ 
mL. On the following day, the patient developed acute 
respiratory distress requiring noninvasive ventilation. CT 
of the chest demonstrated diffuse bilateral ground-glass 
opacity a 4.3 cm left adrenal mass, concerning in terms 
of adrenal hemorrhage (Figure 1). Intravenous (IV) 

methylprednisolone 500 mg was initiated. On day 19, the 
patient showed a significant decrease in Hb concentration 
and had retroperitoneal hemorrhage on imaging. Her antic
oagulation was stopped. She later had acute venous throm
bosis of the right superficial femoral vein. Because of 
intolerance to anticoagulation, an inferior vena cava filter 
was placed. She developed acute right-sided weakness 
on day 21 of admission, and the brain MRI showed new 
areas of subacute watershed infarctions with areas of con
cern in terms of hemorrhagic conversion (Figure 2). 
A direct antiglobulin test was positive, serum haptoglobin 
concentration was low, and serum lactate dehydrogenase 
concentration was elevated on further evaluation of ane
mia and thrombocytopenia, which raised concern regard
ing autoimmune hemolytic anemia. With new-onset 
ischemic stroke, acute venous thrombosis, and adrenal 
hemorrhage, the patient met the criteria for CAPS. She 
underwent single-volume plasma exchange daily for 5 
consecutive days. She also received two doses of IV 
rituximab 1,000 g and two doses of intravenous immuno
globulin 1 mg/kg. APL Abs and coagulation parameters 
were monitored every other day, and initially decreased, 

Figure 1 CT of abdomen and pelvis without contrast, showing large right-sided 
retroperitoneal mass (10×11×16 cm) concerning for hematoma of varying age.
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but later continued to increase. Because of the rise in Ab 
titers and limited improvement in her clinical status, she 
was given IV eculizumab 900 mg weekly for refractory 
CAPS. She received two doses of eculizumab prior to 
discharge, and was started on prophylactic enoxaparin. 
The patient did not have any recurrent thrombotic events, 
and her mentation and right-sided weakness had continued 
to improve at 1-month follow-up.

Discussion
CAPS is a severe manifestation of APS. It is characterized 
by multiple thromboses involving three or more organs, 
systems, or tissue types, histopathology of small-vessel 
occlusion in at least one organ, acuity of manifestations, 
and aPL Ab positivity. When all four criteria are present, 
a “definite CAPS” diagnosis is confirmed. With our 
patient, she met the criteria for CAPS. Known risk factors 
of CAPS include infection, surgery, malignancy, anticoa
gulation withdrawal, low INR, obstetric complications, 
drugs, and systemic lupus erythematosus flares.7

Critically ill patients with COVID-19 are known to 
have a profound hypercoagulable state. The exact mechan
ism of COVID-associated thrombophilia is still being elu
cidated, but it is likely to have a multifactorial 
etiopathogenesis. Hypoxia and prolonged immobilization 
are important predisposing factors, but the diffuse inflam
matory state and resulting “cytokine storm” seem to be the 
primary triggers.6,8 In addition, endothelial dysfunction, 

characterized by increased levels of von Willebrand factor, 
systemic inflammation, activation of Toll-like receptors, 
a procoagulatory state, and tissue factor–pathway activa
tion are among the suggested mechanisms.6 Another pos
sible underrecognized mechanism may be the induction of 
aPL Ab production in severe COVID.9 Molecular mimicry 
leading to anti-β2GP1 Ab production has also been 
a proposed cause of secondary APS and CAPS. A small 
case series reported elevated aPL Abs in COVID-19 
patients, and CAPS is associated with consistently ele
vated aPL Abs.6,9–11

Given that mortality rate in CAPS is approximately 
50%, early identification and treatment is crucial. 
Nevertheless, due to the rarity of the disease, there have 
been no randomized controlled trials to guide therapy. The 
typical treatment approach for CAPS is multiagent therapy 
that includes high-dose corticosteroids, intravenous immu
noglobulin, and plasma exchange.12 Recent reports sug
gest that rituximab treatment may improve clinical signs 
and immunological profiles in CAPS management, and it 
is thus used in patients who have failed to respond to the 
standard therapy described.13 In our patient’s case, despite 
rituximab therapy, she continued to experience rising aPL 
Ab levels and worsening coagulation-profile results. As 
such, our patient received a trial of eculizumab, to which 
she responded well clinically. Also, the aPL titers and 
coagulation parameters decreased while our patient was 
on eculizumab. These parameters were consistently fol
lowed on an inpatient/outpatient basis.

Eculizumab is a humanized monoclonal Ab approved 
for use in paroxysmal nocturnal hemoglobinuria and aty
pical hemolytic uremic syndrome, but has been used in the 
treatment of refractory CAPS.14–16 To our knowledge, this 
is the first case describing successful treatment of COVID- 
associated CAPS successfully treated with eculizumab. As 
complement activation plays a crucial role in animal mod
els of APS thrombosis, eculizumab is considered a last 
resort for CAPS treatment. To date, data are restricted to 
eleven isolated case reports that indicated a dramatic 
improvement of CAPS after eculizumab. Inconsistent 
results with its use on clinical outcomes have been 
reported by Yelnik et al.17 Ongoing randomized trials are 
investigating the role of anti-C5 drugs in severe COVID- 
19; however, several case series have suggested promising 
effects on clinical outcomes in patients with severe 
COVID-19.18 Ours is the first case describing successful 
treatment of COVID-associated CAPS with eculizumab. 
The absence of further episodes of thrombosis despite 

Figure 2 Brain MRI showing new areas representing subacute watershed infarc
tions with several punctate areas of acute infarction within the bilateral anterior 
cerebral artery/middle cerebral artery watershed territories.
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stagnant aPL Ab levels in our patient treated with eculi
zumab highlights the potential role of complement- 
mediated thrombosis in CAPS.

Conclusion
In a subset of patients with severe COVID-19, increased 
production of aPL Abs may play a role in the development 
of CAPS. Studies are needed to evaluate the presence of 
aPL Abs and CAPS in patients with COVID-19. SARS-Co 
V2 may exaggerate the clinical manifestations of APS, 
including activation of endothelial cells, monocytes, plate
lets, and complement, resulting in proinflammatory and 
prothrombotic states. The endothelial tropism of SARS- 
CoV2 may also modify the clinical presentation of 
COVID-19 in susceptible patients. Few studies have 
showen that patients with CAPS have mutations in com
plements, which increase complement activation. 
However, further studies are needed to elucidate the role 
of complement in CAPS. There have been case series 
reporting eculizumab use in refractory CAPS. High- 
quality studies like randomized control trials are needed 
to evaluate the efficacy of eculizumab in refractory CAPS. 
Our case highlights the need for more research regarding 
the mechanism(s) by which COVID-19 may potentiate 
APS predisposing to CAPS and treatment of refractory 
CAPS with eculizumab.
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Purpose: To assess the efficacy and FVIII consumption of BAY 94-9027 versus N8-GP in 
prophylaxis in adolescent and adult patients with severe hemophilia A (HA).
Patients and Methods: A systematic literature review was conducted to identify studies on 
the efficacy of BAY-94-9027 and N8-GP for prophylaxis in patients with HA aged ≥12 years 
without a history of inhibitors. Eight studies met systematic literature review inclusion 
criteria, but only data from PROTECT VIII on BAY 94-9027 and PATHFINDER 2 on N8- 
GP could be used for an indirect comparison. Matching-adjusted indirect comparison 
(MAIC) and simulated treatment comparison were performed.
Results: No significant differences (unadjusted and adjusted) were observed in the mean 
annualized bleeding rate (ABR) for any bleed and proportion of patients with zero bleeds 
when comparing BAY 94-9027 to N8-GP. The adjusted treatment difference [incidence rate 
ratio (IRR)] in terms of ABR was 1.11 (95% CI, 0.85–1.44). The odds ratio (OR) of any 
bleed, measuring the relative effect of BAY 94-9027 versus N8-GP on the proportion of 
patients with zero bleeds, was 1.03 (95% CI, 0.60–1.77). FVIII consumption was signifi
cantly lower in BAY 94-9027 [mean adjusted difference=−1292.57 IU/kg/year (95% CI, ‒ 
2152.44 to ‒432.70)]; a 26.7% reduction in consumption of BAY-94-9027. The results of the 
sensitivity analyses were similar to the main analysis for mean ABRs, percentages of patients 
with zero bleeds, and significant reduction in rFVIII consumption. For patients on BAY 94- 
9027 every-5-days and every-7-days, no differences versus every-4-days N8-GP were 
observed for the mean ABR for any bleed [IRR=0.90 (95% CI, 0.68‒1.20)] and proportion 
of patients with zero bleeds [OR=1.06 (95% CI, 0.56‒2.02)].
Conclusion: BAY 94-9027 prophylaxis demonstrated 26.7% lower annual consumption when 
compared to N8-GP with similar efficacy in terms of ABR and percentage of patients with zero 
bleeds.
Keywords: BAY 94-9027, N8-GP, prophylaxis, bleed, coagulation factor VIII, adults, factor 
VIII consumption

Introduction
The current standard of care in patients with hemophilia (HA) is a regular replacement of 
or prophylactic treatment with coagulation factor VIII using either recombinant (rFVIII) 
or plasma-derived (pdFVIII) clotting factor concentrates intended to prevent recurrent 
bleeds and subsequent joint damage.1,2 Patients on prophylaxis have been shown to 
require fewer hospital admissions and surgical interventions, less frequent unscheduled 
visits for breakthrough bleeds, and report better quality of life and less time off school/ 
work.1
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Although hemophilia is a rare disease, it is associated 
with high aggregate costs and imposes a high financial 
burden on individuals, healthcare systems, and society in 
general. Hemophilia is a chronic condition that requires 
lifelong treatment, with individual costs varying based on 
disease severity, complications, and treatment regimen.3 

Medications to treat hemophilia cost more than $270,000 
annually per patient on average in the US.4 If complica
tions occur, the annualized cost can exceed $1 million.5

The latest advances in product development aim to extend 
the half-life of FVIII using fusion to protein conjugates (Fc 
part of IgG1 or albumin), chemical modification (PEGylation), 
and protein sequence modification.6 Extended half-life rFVIII 
products, such as damoctocog alfa pegol (BAY 94-9027, Jivi, 
Bayer AG, Berkeley, USA), have decreased the frequency of 
infusions from about three to one to two per week.7,8 BAY 94- 
9027 effectively prevented and treated bleeds with individu
ally tailored dose regimens at intervals up to every 7 days.8 

Little is known about the comparative efficacy of different 
extended half-life (EHL) rFVIII products. There are no head- 
to-head efficacy trials, and the comparison is even more diffi
cult because of lack of randomized trials with a common 
comparator arm. A comparison of BAY 94-9027 versus two 
EHL rFVIII agents (efmoroctocog alfa (rFVIIIFc), Elocta 
from Sobi, Orphan Biovitrum AB, Stockholm, Sweden and 
rurioctocog alfa pegol (BAX 855), Adynovate/ Adynovi, 
Takeda, Lexington, MA, USA) for prophylaxis in patients 
with severe HA was previously performed using the method 
of matching-adjusted indirect comparison (MAIC).9 The 
results showed that a mean FVIII consumption was over 
20% lower with BAY 94-9027 than with rFVIIIFc and median 
consumption tended to be lower with BAY 94-9027 than with 
BAX 855. Furthermore, mean annualized bleeding rates 
(ABRs) and percentages of patients with zero bleeds were 
similar between BAY 94-9027 and comparators. Prophylaxis 
with BAY-94-9027 and turoctocog alfa pegol (N8-GP, 
Esperoct, Novo Nordisk, Bagsvaerd, Denmark) has not been 
compared yet as N8-GP was not yet available (FDA approval 
received Feb 201910). Therefore, we conducted this analysis to 
assess the efficacy and FVIII consumption of those agents in 
adolescent and adult patients with severe HA based on existing 
clinical trial data using the same methodology as earlier.

Materials and Methods
Data Sources and Feasibility Analysis
A systematic literature review was conducted to identify 
relevant sources of data. The objective of the systematic 

literature review was to identify all clinical evidence in 
patients with HA aged ≥12 years regarding the efficacy of 
BAY-94-9027 and N8-GP for prophylaxis in patients with
out a history of inhibitor. Searches in key databases 
(MEDLINE and MEDLINE In-Process, EMBASE and 
Cochrane Library) were performed on December 3, 2019 
and November 18, 2019. Additionally, a hand search of 
ClinicalTrials.gov was performed to identify other relevant 
data. The search was restricted to full-text articles.

After screening titles and abstracts of 76 publications, 7 
were included in the full-text review. A total of 5 studies (6 
records) met the final inclusion criteria and were included in 
the systematic literature review. Three studies assessed BAY 
94-9027: the PROTECT VIII study8 was partially rando
mized, an extension of the PROTECT VIII11 study was an 
open-label study, and Phase I trial12 was nonrandomized. 
Three studies assessed N8-GP (the PATHFINDER 2 
study13 was partially randomized, but the two follow-ups 
on some patients who completed the PATHFINDER 2 
study14 were nonrandomized). As the baseline characteristics 
of patients continuing in the extension phase of 
PATHFINDER-2 were not available, extension studies were 
excluded. It was not possible to adjust for differences in 
characteristics of patients between extension studies. 
Additionally, outcomes were reported in the PATHFINDER 
2 extension publication by regimen, with patients contribut
ing to several regimens if they switched. Therefore, if we 
used data by regimen, there would be an additional problem 
of comparability due to lack of data on periods of time for 
which patients were observed on different regimens. If we 
used pooled data from different regimens, then some patients 
would be double counted. The phase I trial was excluded as 
well.

In summary, the analysis was based on the main phases of 
two clinical trials: PROTECT VIII on BAY 94-9027 and 
PATHFINDER 2 on N8-GP. The PROTECT VIII study is an 
open-label Phase II/III trial of parallel design with one on- 
demand and three prophylaxis arms (different schedules and 
doses) and nonrandomized allocation between on-demand and 
prophylaxis arms. The PATHFINDER 2 trial on N8-GP is an 
open-label, nonrandomized Phase III trial of parallel design 
with one on-demand and one prophylaxis arm. Both studies 
had similar inclusion criteria (indication, age range, length of 
previous treatment), but there were differences in characteris
tics of included populations. The reported outcomes were 
defined similarly in the PROTECT VIII and PATHFINDER 
2 studies: annualized medians and means of any treated bleeds 
and medians of spontaneous bleeds and rates of patients with 

https://doi.org/10.2147/JBM.S321288                                                                                                                                                                                                                                   

DovePress                                                                                                                                                            

Journal of Blood Medicine 2021:12 936

Vashi et al                                                                                                                                                             Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


no bleeds during the study. Moreover, both studies reported 
a mean annualized consumption in consistent units (IU/kg). 
The length of the main phase observation period was 36 weeks 
in the PROTECT VIII trial and approximately 1 year in the 
PATHFINDER 2 trial. Individual patient data (IPD) for 
the PROTECT VIII trial were provided by Bayer. For the 
PATHFINDER 2 trial, only aggregate study-level information 
was available.

Study Outcomes
The primary outcomes of interest were ABRs (any bleeds) 
and annualized consumption of factor VIII (IU/kg/y). Due 
to different observation periods between compared studies, 
the proportion of patients with zero bleeds was considered 
as a secondary outcome only.

Statistical Analyses
Although both PROTECT VIII and PATHFINDER 2 trials 
had control arms (on-demand arms), methods for unanchored 
(without a common comparator) trials were applied, ie, the 
data from on-demand arms were not considered. Patients 
were not randomly allocated to on-demand arms; therefore, 
the outcomes observed in prophylaxis and on-demand arms 
were not comparable. MAIC and regression methods [simu
lated treatment comparison (STC)] – both recommended by 
the National Institute for Health and Care Excellence 
Decision Support Unit for indirect treatment comparison 
(ITC) of nonrandomized trials – were applied.15 MAIC was 
chosen as the primary scenario as it uses fewer assumptions 
regarding the type of relationship between adjustment vari
ables and outcomes. The purpose of a MAIC is to reduce bias 
caused by differences in the characteristics of the populations 
(eg, baseline demographic characteristic, disease severity, or 
prior treatments) of included trials.

In this analysis, MAIC was implemented in the follow
ing steps. First, a weight was assigned to each participant 
of the PROTECT VIII study such that the weighted study- 
level baseline characteristics of PROTECT VIII reflected 
the baseline characteristics of the PATHFINDER 2 study. 
Second, the parameters measuring the effect of BAY 94- 
9027 (as mean of ABR) were estimated using the assigned 
weights such that the greater a weight assigned to 
a patient, the higher the impact on the estimated treatment 
effect. In each of these two steps IPD of PROTECT VIII 
was used. Finally, a relative effect of BAY 94-9027 com
pared to N8-GP was estimated using the weighted effect of 
BAY 94-9027, as estimated in the previous steps of the 
MAIC, and the effect of N8-GP as reported in publications 

of the PATHFINDER 2 study. This process is illustrated in 
Appendix Figure 1.

Outcomes of interest were compared between trials in 
planned prophylaxis treatment groups [intention-to 
treat (ITT)].

Primary analyses focused on a comparison of ABR 
and consumption using pooled prophylaxis arms in the 
PROTECT VIII study. Prophylaxis arms [twice weekly 
(n=24), every 5 days (n=43), and every 7 days (n=43)] 
were assumed comparable and pooled into one prophy
laxis group, as there were no significant differences in 
outcomes of interest between groups. Prophylaxis pri
mary efficacy outcome (ABR) as well as a mean annual
ized total FVIII consumption (IU/kg/year) were based on 
data from weeks 11 to 36 (end of run-in/randomization 
to end of the main phase). The same rule was applied to 
the percentage of patients with zero bleeds, a secondary 
efficacy outcome. Patients in the prophylaxis arm were 
initially treated with 25 IU/kg BAY 94-9027 twice 
weekly during a 10-week run-in period, which was 
used to identify patients who experienced more frequent 
bleed and therefore were not expected to benefit from 
less frequent infusions and were therefore not 
randomized.8

To assess the mean ABR for any bleed, a Poisson 
regression model on the number of bleeds per patient, 
allowing for overdispersion using imputed ABR for miss
ing data was used in the PATHFINDER 2 study.13 The 
same methodology was applied to the patient-level ABR 
data from the PROTECT VIII study. The following cov
ariates available in both trials were considered for popula
tion adjustment and weight calculations: age (years); race 
(white/Asian/other), weight (kg), prior prophylaxis treat
ment (yes/no), prior number of bleeds >2 in prior prophy
laxis treatment, and prior number of bleeds >19 in prior 
on-demand treatment.

Relative treatment effects, comparing BAY 94-9027 vs 
N8-GP for assessed outcomes, and associated 95% con
fidence intervals (CI) were estimated for both weighted 
(adjusted comparison) and unweighted (naïve comparison) 
estimates from the IPD analysis of PROTECT VIII com
pared to previously published estimates from 
PATHFINDER 2:

● Incidence rate ratio (IRR) with 95% CI was reported 
for ABR for any bleeds,

● Odds ratio (OR) with 95% CI was reported for the 
percentage of patients without bleeding events,
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● Mean differences with 95% CI were reported for 
annualized consumption.

All calculations were done using R 4.0.2.

Sensitivity Analysis
Four sensitivity analyses were conducted for primary and 
secondary outcomes to test the robustness of the results for 
the comparison between BAY-94-9027 and N8-GP used as 
prophylactic treatment in patients with severe HA. Sensitivity 
analysis 1 was an ITC analysis using STC with all pooled 
prophylaxis arms of the PROTECT VIII trial. Sensitivity 
analysis 2 was a MAIC analysis using ITC between the 
prophylaxis arm of the PATHFINDER 2 study and pooled 
every-5-days and every-7-days prophylaxis arms of the 
PROTECT VIII study. Sensitivity analysis 3 was a MAIC 
analysis using ITC between the prophylactic arm of the 
PATHFINDER 2 study and pooled biweekly and every- 
5-days prophylaxis arms of the PROTECT VIII study. In the 
last analysis, we compared all outcomes of interest including 
the run-in period; therefore, outcomes were summarized from 
week 0 to 36 for all pooled prophylaxis arms of the PROTECT 
VIII trial.

Results
Baseline Characteristics and Effective 
Sample Size
Baseline characteristics before and after matching of all 
variables simultaneously (main scenario) are presented in 
Table 1. Before matching, the mean age of patients from 
the PROTECT VIII study was higher than that of the 
PATHFINDER 2 study (P < 0.01). There were also higher 
percentages of patients of Asian race with number of 
bleeds >19 in the prior on-demand treatment group in the 
PROTECT VIII study compared to the PATHFINDER 2 
study (P > 0.05 and P < 0.05, respectively).

The post-matching characteristics in the PROTECT 
VIII study were comparable to those in the 
PATHFINDER 2 study. The effective sample size of the 
PROTECT VIII study was 61.94 (60.73% of the original 
sample of 102 patients).

ITC of BAY 94-9027 vs N8-GP
Adjusted estimates for mean ABR for any bleed were close 
to the crude mean ABR number reported in the PROTECT 
VIII trial (Figure 1). No statistically significant differences 
were observed in the mean ABR, primary efficacy outcomes 

when comparing BAY 94-9027 to N8-GP, nor in unadjusted 
or adjusted analyses. The adjusted treatment difference 
between BAY 94-9027 to N8-GP considering ABRs, ie the 
IRR of bleed, was 1.11 (95% CI, 0.85‒1.44). Statistically 
significant differences were observed in factor VIII con
sumption, noted lower in BAY 94-9027 compared to N8- 
GP with the mean adjusted difference of ‒1292.57 IU/kg/y 
(95% CI, ‒2152.44 to ‒432.70). This difference reflects 
a 26.7% reduction in the units consumption of BAY-94- 
9027 compared to N8-GP. A lack of significant difference 
was also observed for the proportion of patients without 
bleeds when comparing BAY 94-9027 to N8-GP. The OR 
of any bleed, measuring the relative effect of BAY 94-9027 
versus N8-GP on the proportion of patients with zero bleeds 
was 1.03 (95% CI, 0.60‒1.77). Moreover, the MAIC- 
adjusted median ABR for spontaneous bleeds were the 
same between compared treatments and equaled zero.

Sensitivity Analysis
The results of the sensitivity analyses were similar to the 
main analysis with no statistical difference in mean ABRs 
and a statistically significant reduction in rFVIII consump
tion. The adjusted treatment effect in terms of ABR, ie the 
IRR of bleed, was 0.88 (95% CI, 0.66‒1.16) using the STC 
method instead of MAIC, 0.90 (95% CI, 0.68–1.20) when 
pooling only patients treated with every 5 days and every 7 
days regimens, 1.09 (95% CI: 0.02–66.36) when pooling 
those treated with biweekly and every 5 days regimens for 
BAY 94-9027 and 1.11 (95% CI 0.86–1.45) when pooling all 
prophylaxis arms and including run-in period (Table 2). The 
STC-adjusted mean annualized consumption was signifi
cantly lower in the PROTECT VIII study compared to the 
PATHFINDER 2 study with an adjusted difference of ‒ 
1336.31 IU/kg/year (95% CI, ‒2064.74 to ‒607.88). 
A similar difference in consumption was observed when 
pooling patients treated with every 5 days and every 7 days 
regimens for BAY 94-9027; (adjusted difference of −1453.26 
(95% CI, ‒2291.62 to ‒614.91) IU/kg/year and when pooled 
biweekly and every 5 days prophylaxis PROTECT VIII arms 
were used (adjusted difference of ‒1137.62 IU/kg/year (95% 
CI, −1855.45 to −419.79), see Table 2.

The results of the sensitivity analyses were also similar 
when the secondary outcome was considered. No statistically 
significant difference in the proportion of patients with zero 
bleeds between BAY 94-9027, and N8-GP was observed for 
none of the sensitivity analysis scenario (Table 2).
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Discussion
HA is a rare disease, which may explain why no head-to- 
head efficacy studies comparing active treatments were 
identified in the systematic literature review. For ethical 
reasons, existing studies are nonrandomized, and more
over, patients with a prophylaxis history should not be 
allocated to on-demand arms. Naive, unanchored, compar
isons of results observed in different treatments in differ
ent studies are of low credibility due to many confounding 
factors (eg, population, outcomes, study design). Methods 
such as MAIC and STC used for this analysis may reduce 
bias related to known differences between study popula
tions because the population of one study is adjusted to 
reflect the population of the other one.

According to the previous MAICs,9 ABR (considered 
the most clinically meaningful efficacy endpoint16) and 
percentages of patients with zero bleeds were similar 
were similar comparing BAY 94-9027 with rFVIIIFc, 
BAX 855, and rAHF-PFM. (Appendix Table 1). A recent 
MAIC with rFVIIIFc17 suggested no difference in the 
proportion of patients with zero bleeds between individua
lized rFVIIIFc and BAY 94-9027 pooled prophylaxis 
arms, but a significantly lower mean ABR in the 
rFVIIIFc individualized prophylaxis group versus the 
BAY 94-9027 pooled prophylaxis population (mean dif
ference [MD] − 1.9; 95% confidence interval [CI] − 3.5 to 
− 0.4). In the publication by Batt et al,9 the mean ABR 
after weighting for difference in baseline characteristics 
was similar between BAY 94-9027 and individualized 
rFVIIIFc: 4.25 vs 2.91 (P > 0.05). The difference in the 
results might be explained by different set of variables 
used in weighting of individualized data, population selec
tion, as well as different summary measures compared. 

The publication of Hakimi et al17 has a relatively high 
effective sample size, which helps reaching statistical sig
nificance, but this was associated with the use of fewer 
adjustment factors. There was no adjustment on prior use 
of prophylaxis. Additionally, the population was selected 
to be specific to only one of the treatment arms studied for 
rFVIIIFc compared to a pooled analysis of all treatment 
arms from the PROTECT VIII trial. Furthermore, the 
recent publication17 was based on a comparison of arith
metic means of ABR, while that of Batt et al9 compared 
mean ABRs based on a negative binomial model. ABR 
was highly skewed in the PROTECT VIII trial, therefore 
means based on a negative binomial model would be 
a better summary here than arithmetic means. The study 
by Hakimi et al also did not consider the difference in the 
quantity of medication consumed between rFVIIIFc and 
BAY 94-9027.

The present analysis demonstrates similar findings for 
BAY 94-9027 and N8-GP in both ABR (IRR of 1.11 (95% 
CI, 0.85‒1.44; p-value 0.4490)) and number of patients 
with zero bleeds (1.03 (95% CI, 0.60‒1.77; p-value 
0.9039)). As ABR appears to be similar between products, 
other criteria need to be considered when choosing 
between products. The quantity of medications used for 
treating HA and preventing complications correlate with 
cost and are a key factor. This study showed that the use of 
medication is over 20% lower with BAY 94-9027 than 
with N8-GP, as previously shown vs rFVIIIFc, the reduc
tion of the mean annualized consumption of FVIII was 
here 26% (3552.43 IU/kg/year vs 4845.00 IU/kg/year, 
respectively). This might be considered as an important 
advantage of BAY 94-9027.

Our main finding of reduced factor consumption while 
maintaining similar bleed rates has relevance to a clinical 

Table 1 Quality of Baseline Characteristics Matching (Main Scenario)

Variables Prematching Characteristics Postmatching Characteristics

PATHFINDER 2 PROTECT VIII (IPD) P value PROTECT VIII P value

N 175 102* 61.94 (60.73%)

Age, mean [years] (SD) 30.60 (12.50) 34.54 (12.95) 0.0021 30.60 (12.49) 1.000
Weight, mean [kg] (SD) 75.00 (14.40) 76.74 (17.15) 0.3652 75.00 (14.40) 1.000

Asian race (%) 18 26 0.1152 18 1.000

White race (%) 77 71 0.2682 77 1.000
Prior PPX (%) 85 80 0.2844 85 1.000

Prior no. of bleeds >2 in prior PPX (%) 50 57 0.3090 50 1.000

Prior no. of bleedings >19 in prior OD (%) 50 85 0.0145 50 1.000

Notes: *Eight patients had missing values for at least one variable used for matching. 
Abbreviations: IPD, individual patient data; OD, on-demand treatment; PPX, prophylaxis.
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audience, given the financial burden HA care has on health 
care budgets. It is therefore important to consider the 
underlying reasons for our findings and the implications 
for translation into clinical practice benefits under real- 
world conditions. First, differences in pharmacokinetics 
may account in part for the effects observed in our study. 
Head-to-head pharmacokinetic studies comparing BAY 
94-9027 and N8-GP are not available. Compared to the 
PEGylated rFVIII concentrate, BAX 855, BAY 94-9027 
showed significantly increased exposure (area under the 
curve (AUC) ratio 1.22 [95% confidence interval 1.11– 
1.33], P = 0.0004) due to slower clearance (ratio 0.82 
[0.75–0.90], P = 0.0004).18 Likewise, compared to 
rFVIIIFc, BAY 94-9027 showed higher exposure (AUC 
ratio 1.26 [1.14–1.38], P = 0.0001) and slower clearance 
(ratio 0.80 [0.72–0.87], P = 0.0001).19 The differences in 
FVIII clearance is thought to be linked to the structure of 
the low-density lipoprotein receptor and size of 
PEGylation extending the FVIII half-life. Also, the type 
of conjugation, eg, site-specific conjugation as used in 

BAY 94-9027, may contribute to extending the pharmaco
kinetics and/or pharmacodynamics or change its 
dynamics.18,20 Thus, PEGylation is one of the factors 
likely explaining the similar >20% reduction in factor 
use when comparing the BAY 90-9027 clinical trials to 
it’s the other factor concentrates. Second, differences in 
study design may in part explain the reduced factor con
sumption with BAY 94-9027 as compared with N8-GP as 
seen in our study. N8-GP was used at the same dosing 
regimen (50 IU/kg every 4 days) for all patients in the 
PATHFINDER 2 study. In contrast, the PROTECT VIII 
study had a run-in phase of 10 weeks (BAY 94-9027 dosed 
25 IU/kg twice-weekly) that stratified patients with low 
bleeding risk (0 or 1 breakthrough bleeds, later-on rando
mized to prophylaxis every 5 or every 7 days) vs higher 
bleeding risk (≥2 breakthrough bleeds, later-on prophy
laxis twice-weekly). This stratification resulted in spend
ing more factor concentrate on prophylaxis in patients with 
higher bleeding risk as compared to patients with lower 
bleeding risk and finally resulted in similar ABR across all 

Figure 1 Comparison of ABR, consumption and proportion of patients with zero bleed between BAY94-0927 and N8-GP. 
Abbreviations: ABR, annualized bleeding rate; CI, confidence interval; OR, odds ratio; p, p-value; IRR, incidence rate ratio.
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dosing tiers. Therefore, not only product characteristics 
but guidance for dosing and individualized regimens 
based on response to treatment have an impact on the 
balance between resource utilization and clinical 
outcomes.

In the absence of randomized studies with an identical 
comparator, the ITC methodological guidelines allows for 
the use of the MAIC as a reasonable method for compar
ing nonrandomized, unanchored trials with adjustments 
made for patient characteristics at baseline, thereby mini
mizing the bias of comparing effects from trials with 

different baseline.15 By comparing studies with similar 
outcome definitions (excluding those from the observation 
period), we minimized study design. Finally, by perform
ing sensitivity analyses around different pooled treatment 
regimens and other ITC approach (STC), we confirmed the 
results as they were in line with those obtained in the main 
analysis.

The use of MAIC or STC instead of naive (nonad
justed) comparison carries some limitations as it reduces 
bias only if all key treatment modifiers and prognostic 
factors are included for an adjustment. In our case, 

Table 2 Indirect Treatment Comparison Between BAY-94-9027 and N8-GP in Prophylaxis Hemophilia Treatment (Sensitivity 
Analyses)

Variables PATHFINDER 2 PROTECT VIII Comparison of PROTECT-VIII vs PATHFINDER 2

Crude Estimates Adjusted 

Estimates

Crude Estimates Adjusted Estimates

ABR for any bleeds* Mean (95% CI) Mean (95% CI) Mean (95% CI) IRR (95% CI); p IRR (95% CI); p

STC – pooled all PPX arms 3.7 (2.96–4.66) 4.09 (3.72–4.48) 3.24 (2.81–3.73) 1.10 (0.85–1.43); 0.4492 0.88 (0.66–1.16); 0.3490

MAIC – pooled Q5D and Q7D PPX 

arms

3.7 (2.96–4.66) 3.81 (3.40–4.26) 3.34 (2.86–3.90) 1.03 (0.79–1.34); 0.8351 0.9 (0.68–1.20); 0.4818

MAIC – pooled BIW and Q5D PPX 

arms

3.70 (2.96–4.66) 4.01 (3.54–4.53) 4.02 (0.07–243.84) 1.08 (0.83–1.42); 0.5617 1.09 (0.02–66.36); 0.9686

MAIC – pooled all PPX arms (including 

run-in period)

3.70 (2.96–4.66) 4.10 (3.75–4.50) 4.12 (3.70–4.58) 1.11 (0.86–1.43); 0.4269 1.11 (0.86–1.45); 0.4226

Consumption (IU/kg/year) Mean (95% CI) Mean (95% CI) Mean (95% CI) Difference (95% CI); p Difference (95% CI); p

STC – pooled all PPX arms 4845.00 (4127.17– 

5562.83)

3546.90 (3536.15– 

3557.64)

3508.69 (3247.15– 

3445.14)

−1298.1 (2016.02 to −580.19); 

0.0004

−1336.3 (−2064.74 to 

−607.88); 0.0001

MAIC – pooled Q5D and Q7D PPX 

arms

4845 (4127.17– 

5562.83)

3436.50 (3343.39– 

3529.61)

3391.74 (2958.67– 

3824.81)

−1408.5 (−2132.34 to 

−684.65); 0.0001

−1453.3 (−2291.62 to 

−614.91); 0.0007

MAIC - pooled BIW and Q5D PPX 

arms

4845 (4127.17– 

5562.83)

3681.2 (3531.25– 

3831.16)

3707.38 (3706.53– 

3708.23)

−1163.8 (−1897.12 to 

−430.47); 0.0019

−1137.6 (−1855.45 to 

−419.79); 0.0019

MAIC – pooled all PPX arms (including 

run-in period)

4845 (4127.17– 

5562.83)

3353.06 (3343.47– 

3362.65)

3341.52 (2893.12– 

3789.93)

−1491.94 (−2209.84 to 

−774.04); <0.0001

−1503.48 (−2349.85 to 

−657.10); 0.0005

Proportion of patients with zero 

bleed (%)

Proportion  

(95% CI)

Proportion  

(95% CI)

Proportion  

(95% CI)

OR (95% CI); p OR (95% CI); p

STC – pooled all PPX arms 40 (33–48) 38 (29–48) 42 (32–51) 0.93 (0.56–1.53); 0.7719 1.08 (0.66–1.77); 0.7655

MAIC – pooled Q5D and Q7D PPX 

arms

40 (33–48) 41 (30–52) 41 (28–55) 1.04 (0.61–1.80); 0.8779 1.06 (0.56–2.02); 0.8587

MAIC – pooled BIW and Q5D PPX 

arms

40 (33–48) 38 (26–49) 41 (0–1) 0.90 (0.50–1.62); 0.7261 1.05 (0.00–19×106); 0.9951

MAIC – pooled all PPX arms (including 

run-in period)

40 (33–48) 33 (24–42) 35 (25–46) 0.73 (0.44–1.21); 0.2229 0.83 (0.48–1.42); 0.4907

Notes: *Based on Poisson model. The effective sample size when pooling Q5D and Q7D PPX arms was 40.31 (51.68% of the original sample) and 33.14 (51.78% of the 
original sample) when pooling BIW and Q5D PPX arms of PROTECT VIII study. 
Abbreviations: ABR, annualized bleeding rate; BIW, twice weekly, IRR, incidence rate ratio; MAIC, matching-adjusted indirect comparison; OD, odds ratio; PPX, 
prophylaxis; Q5D, every 5 days; Q7D, every 7 days; STC, simulated treatment comparison.
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a clinically important factor of the prior number of target 
joints bleeds21,22 was not considered as this parameter was 
not reported in the PATHFINDER 2 study. It is also 
possible that there are other unknown effect modifiers 
that were not considered in the analysis. It is notable that 
MAIC adjusts for differences in patient characteristics 
only, but not for any difference in the study design or 
outcome definitions. Furthermore, the main phase of the 
PATHFINDER 2 study was twice as long as in the 
PROTECT VIII study, which could have additional impli
cations. First, it could affect the comparison of proportions 
of patients with zero bleeds and result in a bias in favor of 
BAY 94-9027, because the longer patients are followed, 
the more likely they are to experience at least one bleed. 
This efficacy outcome was considered as secondary end
point of interest. And second, it may also affect the com
parison of ABR as the frequency of bleeding tends to 
decrease over time in patients treated on prophylaxis.23 

The same trend was observed in PROTECT-VIII extension 
study. Mean ABR (based on negative binomial model) 
observed at the end of main phase of PROTECT VIII 
was 4.07,9 while the one observed in extension study (5 
years of follow-up) was 3.49.11 Therefore, the ABR com
parison may be biased against BAY 94-9027. Finally, 
considered study periods were short, and the study with 
longer data would provide more robust evidence to 
changes in ABR.

Conclusions
Prophylactic treatment with BAY 94-9027 shows similar 
efficacy in terms of ABR and percentage of patients with 
zero bleeds and is consistent with a 26.7% lower annual factor 
consumption, suggesting potential cost savings with its use.

Abbreviations
ABR, annualized bleeding rate; CI, confidence interval; 
EHL, extended half-life; Fc, fragment crystallizable; 
FVIII, factor VIII; HA, hemophilia A; Ig, immunoglobu
lin; IRR, incidence rate ratio; ITC, indirect treatment 
comparison; IU, International units; OR, odds ratio; SD, 
standard deviation; STC, simulated treatment comparison.
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Abstract: Thrombotic thrombocytopenic purpura (TTP) is an uncommon life-threatening 
condition characterized by hemolytic disorders. The coexistence of systemic lupus erythe
matosus (SLE) with TTP is extremely rare, although Africans are at increased risk due to 
inherited risk factors. This report describes a rare clinical manifestation of TTP associated 
with SLE in a Sudanese patient. A 41-year-old Sudanese woman presented to the emergency 
department with symptoms and features that were suggestive of malaria, for which she had 
been treated accordingly. However, a few days later she complained of fever, and was found 
to have a body temperature of 39.5°C, jaundice, anemia, and thrombocytopenia. Soon after 
admission, she developed confusion and unrecordable blood pressure. After the patient 
had stabilized, clinical assessment, immune-system investigation (antinuclear antibody pro
file, complements, blood panel), and imaging revealed a diagnosis of TTP associated with 
SLE. The patient received imipenem 500 mg, five sessions of plasmapheresis (60 mL/kg), 
methylprednisolone 1 g pulse for 3 days, and rituximab 375 mg/week. Three weeks later, the 
patient was discharged after her condition had improved, and she is now on regular follow- 
up. 
Keywords: TTP, SLE, African female, rituximab and plasmapheresis

Introduction
Systemic lupus erythematosus (SLE) is a systemic autoimmune disease character
ized by the presence of autoantibodies directed against nuclear antigens.1 The 
disease can presents with different features such as fever, skin changes, and hair 
loss. In severe cases of SLE patients can present with renal, hematological or 
central nervous system involvements.2

Thrombotic thrombocytopenic purpura (TTP) is a life-threatening condition 
characterized by affecting the capillaries and arterioles of multiple organs, mainly 
caused by deficiency in ADAMTS13, also known as von Willebrand factor–cleav
ing protease (VWFCP).3 VWFCP is significant in inhibiting spontaneous micro
vascular platelet clumping, an essential pathophysiological finding in TTP. In most 
TTP patients, ADAMTS13, the main regulator of VWF size, is severely deficient.4

TTP can occur through autoimmune inhibitors in acquired cases, such as 
infections, SLE, and neoplasms, or hereditarily through mutation of the 
ADAMTS13 gene in the plasma. TTP in SLE patients is extremely rare — 
<0.5%.5 Surprisingly, connective tissue diseases, including SLE, may occur with 
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low ADAMTS13 levels, suggesting probable pathophy
siology for the coexistence of TTP and SLE.6 The aim of 
this report was to describe a rare occurrence of TTP as the 
first presentation of SLE in Sudanese patients.

Case Presentation
A 41-year-old Sudanese woman presented to the emer
gency department with a 2-day history of high-grade 
fever (39.5°C) associated with fatigue, nausea, and vomit
ing. Clinical evaluation and a blood test revealed 
a diagnosis of malaria, for which treatment was adminis
tered. During the next few days, her symptoms worsened, 
in addition to yellow sclera and low hemoglobin (5.5 g/dL) 
and platelets (43 cells/mL). The patient was transferred to 
our rheumatology department at Omdurman Military 
Hospital for further evaluation. Clinical findings were 
normal except for jaundice (bilirubin 3.2 mg/dL). She 
indicated that her sister had Behçet’s disease. Upon admis
sion, she developed a severe headache associated with 
confusion and fever, her blood pressure was unrecordable, 
and her Glasgow Coma Scale score was 9/15. The rapid- 
response team was called, and she was admitted to a high- 
dependency unit, where she received six units of fresh 
frozen plasma, two pools red blood cells, and kept under 
close observation. After her condition had stabilized, 
laboratory investigations were requested (Table 1). 
A diagnosis of SLE and TTP was made, and she was 
given imipenem 500 mg, acyclovir 75 mg, electrolyte 
correction, IV normal saline 0.9%, skin and bladder care 
(five sessions of plasmapheresis), and methylprednisolone 
1 g pulse for 3 days, followed by prednisolone 1 mg/kg in 
a tapering manner. A few days later, after the infection had 
been controlled, the patient received four doses of ritux
imab 375 mg/week with caution. Two weeks later, she was 
discharged in good general condition, with normal results 
on complete blood count and renal function testing. She 
was discharged on hydroxychloroquine 200 mg, azathiopr
ine 50 mg, prednisolone 10 mg, pantoprazole 40 mg, 
calcium supplement 500 mg, and omega 3. On review at 
two weeks, she was completely well without any 
complaints.

Discussion
TTP is an uncommon life-threatening condition, and 
occurs in <0.5% of SLE patients.7 It was first reported in 

Table 1 Lab results

Investigations Results References

WBC count 18.6 cells/µL 4–11×109/L 
cells/µL

Hb 5.5 g/dL 12–16 g/dL

Platelets 43 cells/µL 150–450 

cells/µL

Serum creatinine 1.6 mg/dL 0.5–1.1 mg/ 
dL

Serum K 2.2 mmol/L 3–3.5 mmol/ 
L

Serum albumin 2.5 g/dL 2.4–4 g/DL

Total protein 5.6 g/dL 6–8.3 g/dL

Total bilirubin 3.2 mg/dL 0.2–1.3 mg/ 

dL

Alanine 

aminotransferase

26 U/L 10–130 U/L

Aspartate 

aminotransferase

76 U/L 10–34 U/L

Alkaline 

phosphatase

56 U/L (24–147 U/L) 24–147 U/L

Urine general Cast granular + no bilirubin

7–9 pus cells

Fatty cast ++

Peripheral blood 
smear

BFFM and ICT negative

Reticulocyte 
count

9.1% 0.5%–1.5%

Coagulation 
profile

INR (1.5) 
PT (17 seconds) 

APTT (28.6 seconds)

INR (1:2) 
PT (10–12 

seconds) 

PTT (30–45 
seconds)

Septic screen for 
blood and urine

No growth

Viral screen (HIV/ 
HCV/HBV)

Negative

Direct Coombs 

test

Negative

(Continued)
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1924, but the pentad of microangiopathic hemolytic ane
mia, severe thrombocytopenia, renal insufficiency, neuro
logical abnormalities, and fever was first published in 
1966.8 SLE is a chronic autoimmune disease that affects 
mainly women of reproductive age,9 and is characterized 
by the production of various autoantibodies that target 
different organs, resulting in many clinical symptoms and 
signs, such as malaise, fever, headache, myalgia, arthral
gia, and loss of weight.10,11 In this case, the patient pre
sented with clinical features of TTP and exhibited 
a progressive deteriorating course. The enormous potential 
for misrecognizing this disorder may be due to the com
plex picture of SLE presenting as TTP.12 The differential 
diagnosis for this case could be Evans syndrome, as it also 
occurs with fever, fatigue, mucosal bleeding, pallor, cyto
penia, and jaundice,13 which are the same features that 
presented in this patient. However, Evans syndrome is 
characterized by autoimmune hemolytic anemia and 
a positive direct Coombs test result,13,14 in contrast to 
anemia in TTP, which is microangiopathic anemia due to 
fragmented red blood cells and a negative direct Coombs 
test result, as in this patient. Other main differentials 
include disseminated intravascular coagulopathy (DIC), 
which is also characterized by cytopenic anemia and 
hemolysis, but in contrast to Evans syndrome and TTP, 
coagulation in DIC is deranged. An absence of 

coagulopathy is the key differential, as all coagulation, 
fibrinolysis, and platelet systems are activated in DIC.15

Despite the fact that many patients with TTP in sub- 
Saharan Africa are at greater risk of mortality due to the 
absence of prompt diagnostic facilities and access to ade
quate therapy, an African patient with SLE and TTP may 
be at even greater risk. The clinical presentation of a TTP 
patient may not essentially compel a clinician to undertake 
workup for a primary connective tissue disease, such as 
SLE, as both conditions can have overlapping features. In 
our case, TTP was the first presentation of SLE, contrary 
to previous reports of TTP usually presenting in patients 
previously managed for SLE for years, with a high SLE 
Disease Activity Index score and coexisting nephritis.12,16 

Children with hematological conditions, such as venous 
thromboembolism, are managed by heparin, which may 
cause by what is known as heparin-associated thrombocy
topenia. This may present similarly to TTP.17

Arthritis, polyarthralgia, hair loss, fever, osteonecrosis, 
and myopathy are common presentations reported in pre
vious studies of TTP patients with SLE.18 However, in 
addition to hair loss and fever, our patient also presented 
with confusion, jaundice, anemia, and low platelet count, 
which led to a high index of suspicion. We thus undertook 
a complement assay, and immunological 
findings reinforced the diagnosis of SLE. Furthermore, 
the occurrence of neurological complications in SLE 
patients of African descent may cause difficulty in diag
nosis and proper management.

The clinical overlap between these two diseases has 
been described more commonly in young black female 
patients, and since certain severe manifestations have 
been found in SLE patients of African descent, TTP may 
constitute another such manifestation with notable links to 
genetic attributes.19

Our patient exhibited clinical and laboratory features 
for the diagnosis of SLE, which included skin changes, 
such as malar rash, positive immunological markers like 
anti-Smith antibodies and anti-dsDNA, abnormal antinuc
lear antibody profile, and high antinuclear antibody titers.

Plasma exchange continues to be the mainstay of treatment 
in patients with TTP, even with concomitant SLE and showing 
a low response20,21 (Table 2), emphasizing the significance of 
looking out for this association, early diagnosis, and aggres
sive management with plasma exchange and immunosuppres
sion, which is life-saving. Although there was no significant 
improvement in platelet count, after hepatitis infection had 
been ruled out, four doses of IV rituximab 375 mg/m2 once 

Table 1 (Continued). 

Investigations Results References

ANA profile Titer: 1/1,000 

Pattern: fine speckled nuclear

Positive for anti-Sm, SSA/Ro60, 

borderline for SSA/Ro52.

Complements C3 156 mg/dL (90–180), C4 

42 mg/dL (10–40)

Antiphospholipid 

antibodies

Negative

ECG Sinus tachycardia

Chest X-ray Normal

Abdominal US Normal

Echocardiography Normal

Brain MRI Normal
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weekly led to dramatic improvement in the patient’s condition 
and normalization of the platelet count.22 Critical care specia
lists need to develop a multidisciplinary approach urgently, 
emphasizing early recognition and initiation of treatment to 
ensure better outcomes in this scenario.

Limitation
ADAMTS13-antibody testing, one of the investigations to 
confirm acquired TTP, was not done on the patient, as it is 
not available in Sudan.

Conclusion
A middle-aged Sudanese woman presented with fever, 
jaundice, confusion, unrecordable blood pressure, anemia, 
and thrombocytopenia. Immunological studies confirmed 
a diagnosis of TTP on top of SLE, which is a very rare 
association. The patient received antibiotics, plasmapher
esis, methylprednisolone, and rituximab. Her condition 
improved well, and she was discharged and followed up. 
Initial diagnosis can overlap with malaria, as happened in 
this case, as severe malaria can cause thrombocytopenia. 
Therefore, it is important to consider TTP in patients 
presenting with hemolytic anemia and thrombocytopenia, 
as SLE and TTP can occur concomitantly and share simi
lar hematological manifestations.

Data Sharing Statement
All the data used in the study are available from the first 
and corresponding authors on reasonable request.

Consent
Signed consent was obtained from the patient for publica
tion of the case details.

Ethics Approval and Consent to 
Publish
Obtained from the Sudan Federal Ministry of Health.

Disclosure
The authors report no conflicts of interest in this work.
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Abstract: Stem cell transplantation has been investigated as treatment for severe and 
progressive systemic sclerosis (SSc) for the past 25 years. To date, more than 1000 SSc 
patients have been transplanted worldwide. Overall and event-free survival have increased 
over the years, reflecting stricter patient selection criteria and better clinical management 
strategies. This review addresses long-term outcomes of transplanted SSc patients, consider
ing phase I/II and randomized clinical trials, as well as observational studies and those 
assessing specific aspects of the disease. Clinical outcomes are discussed comparatively 
between studies, highlighting advances, drawbacks and controversies in the field. Areas for 
future development are also discussed. 
Keywords: systemic sclerosis, stem cell transplantation, long-term outcomes, progression- 
free survival

Introduction
Systemic sclerosis (SSc) is a chronic autoimmune disease characterized by tissue 
fibrosis, pronounced alterations in the microvasculature and frequent abnormalities 
in cellular and humoral immunity.1 Combined pathogenic mechanisms of inflam
mation, fibrosis and microvascular damage affect the skin and internal organs, 
including the lungs, heart, gastrointestinal tract and kidneys.2 Conventional treat
ment includes systemic immunosuppression, vasodilators and more recently, anti
fibrotic therapy.3 However, a subset of patients with severe and progressive disease 
is refractory to these approaches. A meta-analysis from 2012 showed that despite 
newly available medications, more standardized treatment protocols and strategies 
to enable early diagnosis, mortality in SSc had not decreased in 40 years.4 In fact, 
none of the available conventional treatments reverse the natural course of the 
disease or demonstrate prolonged benefit.5 Currently, interstitial lung disease, 
pulmonary hypertension and cardiac involvement are the major causes of death in 
patients with SSc.2,6 Patients with rapidly progressive cutaneous involvement and 
visceral involvement have poor prognosis, with mortality rates reaching 30% after 5 
years of diagnosis, despite conventional treatment.7,8

In the mid-1990s, given the lack of effective therapeutic options for refractory 
autoimmune diseases, and after reports of patients who underwent stem cell trans
plantation for hematological indications but that presented improvement of coin
cidental autoimmune conditions, autologous hematopoietic stem cell transplantation 
(AHSCT) was considered as treatment for patients with severe SSc.9,10 Since then, 
several studies with series of patients and phase I/II clinical trials have shown the 
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efficacy of AHSCT in SSc.11–15 More recently, rando
mized controlled trials have demonstrated the superiority 
of transplantation over conventional treatment.16–18

Experience with AHSCT for SSc has increased over 
time, and protocols have been refined, in special regarding 
patient selection. Consensus meetings and discussions 
within medical specialty societies also established recom
mendations and guidelines to improve patient 
outcomes.9,19–21 Today, almost 25 years after the first 
transplant, SSc is the most frequently transplanted rheu
matic disease in the world. Toxicity associated with the 
procedure has decreased and long-term disease control has 
improved. As a consequence, transplanted SSc patients 
have lived longer lives and it is possible to collect data 
from long-term follow-up. In this study, we revisit the 
literature, with special emphasis on the last 10 years, 
discussing short and long-term clinical outcomes of 
patients with SSc undergoing AHSCT.

We searched the literature in PubMed and Science 
Direct databases, within a defined period from 1995 to 
2021, using words “stem cell transplantation” and “sys
temic sclerosis”. Only studies in English were included. 
The articles were initially evaluated by title and abstract 
and, if necessary, in more detail. Among the available 
articles, only those with clinical data on autologous hema
topoietic stem cell transplantation were selected. Research 
articles were preferred over case reports, review articles, 
commentaries, and editorials. Studies were excluded if 
included less than 5 patients, addressed conditions differ
ent than systemic sclerosis or included only pediatric 
patients. We mostly selected articles from the past 10 
years, although older important publications have been 
referenced. Within the selected articles, the following 
data were extracted: transplant-related mortality, overall 
survival, progression-free survival, relapse or progression 

of SSc, disease progression, changes in modified Rodnan 
Skin Score (mRSS), changes in lung function, quality of 
life, fertility and long-term complications such as malig
nancies and secondary autoimmune diseases.

Transplant Procedure
Autologous stem cell transplantation is a form of intensive 
immunotherapy that aims to eradicate the autoreactive 
adaptive immune system. Autologous stem cells are har
vested and cryopreserved before beginning of the proce
dure. These cells, thawed and reinfused intravenously to 
the patient after administration of an immunoablative con
ditioning regimen, provide accelerated hematopoietic 
reconstitution and enables reinstatement of a renewed 
immune system, with long-lasting tolerance to autoanti
gens (Figure 1). Autologous hematopoietic stem cell trans
plantation deeply modifies the immune system, promoting 
an immunological balance that halts inflammation and 
tissue destruction, enabling disease control, and, to some 
degree, tissue repair.22

Most transplant centers use a non-myeloablative con
ditioning regimen consisting of high doses of cyclopho
sphamide plus anti-thymocyte globulin. Higher intensity 
regimens including total body irradiation or thiotepa have 
been preferred by a few centers.14,18,23,24 Different regi
mens have been compared and discussed for their advan
tages and drawbacks, mainly addressing aspects related to 
safety and efficacy, but so far, there are no specific 
recommendations.25 There is also considerable debate 
about the benefits of graft selection, as numerous trans
plant centers manipulate the harvested autologous hema
topoietic stem cells before cryopreservation, positively 
selecting the graft for CD34+ cells. Graft selection elim
inates most mature lymphocytes and may reduce the risks 
of reinfusing autoreactive cells within the graft. On the 

Figure 1 Schematic representation of the transplant procedure. Autologous stem cells are mobilized from the bone marrow to the peripheral blood, from where they are 
harvested by leukapheresis and cryopreserved (1). The graft can be selected before cryopreservation or remain unmanipulated. The patient then undergoes an 
immunoablative conditioning regimen (2), followed by intravenous administration of the autologous cells, which are thawed immediately before infusion (3). After 
a period of aplasia, there is reconstitution of the immune system (4), and the patient is discharged from the hospital. Long-term outcomes are evaluated over time.
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other hand, it delays immunological recovery and may 
increase the incidence of viral infections after 
AHSCT.26,27 Attempts to compare clinical outcomes 
from patients transplanted with or without graft selection 
have conflicting results, and further prospective investiga
tions are needed.28–30

Overall Survival and Toxicity
Since the initial reports from the end of the last century, 
numerous phase I/II studies have shown feasibility and 
beneficial outcomes of AHSCT (Table 1).11–15 In the last 
decade, three randomized controlled studies – ASSIST 
(Autologous Systemic Sclerosis Immune Suppression 
Trial, 2011), ASTIS (Autologous Stem Cell 
Transplantation versus Immunosuppression trial, 2014) 
and SCOT (Scleroderma: Cyclophosphamide or 
Transplantation trial, 2018) – have shown that AHSCT is 
superior in efficacy and safety than monthly intravenous 
cyclophosphamide (CY) pulses (Table 2).16–18 A fourth 
study retrospectively compared the results of AHSCT 
with those of a historical cohort of SSc patients who 
shared similar clinical characteristics.38 This was a single- 
center study, and updated knowledge on patient selection 
and intra-transplant management translated into lower 
transplant-related mortality and higher overall survival. 
Table 2 describes the main characteristics and patient out
comes from each trial.

ASSIST was a groundbreaking study in 2011, and the 
first to show benefits of transplantation over conventional 
therapy, despite the small number of enrolled patients and 
short follow-up of only 2 years.16 According to the 
authors, study enrollment was stopped earlier than origin
ally planned. An interim analysis showed failure of equi
poise, since there was significant difference in outcomes 
between groups after inclusion of only 19 patients, favor
ing transplant. ASTIS, published in 2014, was 
a multicenter European trial that had a higher transplant- 
related mortality and lower overall survival than the other 
two studies.17 The higher transplant-related toxicity of 
ASTIS was ascribed to the lack of a thorough evaluation 
of patients for cardiac involvement before 
transplantation.39 The importance of cardiac screening 
only became fully known and incorporated into practice 
around 2010, at the end of patient recruitment in 
ASTIS.32,40 As a result, it is possible that patients with 
severe cardiac involvement were enrolled for transplanta
tion, increasing the death rate. Nevertheless, after 1 year of 
follow-up, in accordance with the other comparative trials, 

ASTIS showed superiority of transplantation over conven
tional cyclophosphamide treatment.

The SCOT trial used a myeloablative and thus high- 
intensity conditioning regimen, including total body 
irradiation.18 Although the described transplant-related 
mortality was acceptable in this trial, and lower than that 
of ASTIS, the 85% incidence of major (grade 4) trans
plant-related adverse effects evidences the potential toxi
city of the regimen. In the past, total body irradiation, 
which included irradiation of the lung tissue, was asso
ciated with severe adverse events and high mortality in 
transplants for SSc patients.11 Total body irradiation regi
mens may also be associated with scleroderma renal 
crises, as patients undergoing AHSCT that include TBI 
are more likely to develop acute kidney insufficiency.41 As 
a result of this experience, lung and renal shielding are 
adopted in TBI-based regimens for SSc patients.18,42 The 
available evidence in the literature is not sufficient to 
define whether the intensity of the transplant regimen 
associates with better or worse clinical outcomes. Higher 
intensity regimens may provide more efficient and long- 
lasting eradication of the autoreactive immune system, but 
non-myeloablative regimens may be safer. It is most likely 
that multiple factors are involved and that other aspects, 
such as patient selection, have a stronger influence on the 
process.

Transplant-associated cardiac toxicity is a current con
cern in AHSCT for SSc patients. Most conditioning regi
mens include high doses of cyclophosphamide, and this 
alkylating agent is associated with dose-dependent acute 
myocardial injury through direct endothelial capillary 
damage.43 On the other hand, cardiac involvement is 
a frequent and underdiagnosed manifestation of SSc, as 
patients may be asymptomatic, and at early stages, echo
cardiography may overlook diastolic dysfunction.44,45 To 
date, pre-transplant cardiac evaluation has been formally 
recommended by the European Society for Blood and 
Marrow (EBMT) and partners, and once incorporated by 
transplant centers, should contribute to a reduction in 
transplant-related mortality.20 In parallel, alternative con
ditioning regimens, including lower doses of cyclopho
sphamide or different non-cardiotoxic agents, are also 
under investigation.24,46

Over the 20 past years, transplant-related mortality has 
declined from over 17% to less than 6%, and some centers 
have reported zero deaths from the procedure.16,38,47 

Systemic sclerosis is a complex disease and internal 
organ damage increases the toxicity of the procedure. 
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Table 2 Main Characteristics of Comparative Studies, Including Randomized Controlled Trials

Burt et al 2011 
(ASSIST)16

van Laar et al 2014 
(ASTIS)17

Sullivan et al 2018 (SCOT)18 Del Papa et al. 201738

Study design Phase II, randomized 1:1, 

open-label 

cross-over to HSCT 
allowed at 12 mo 

North American single- 

center 
2006–2009

Phase III, randomized 1:1, 

open-label 

European multicenter 
(EBMT) 

2001–2009

Phase II, randomized 1:1, open- 

label 

North American multicenter 
2005–2011

Phase II, retrospective 

historical SSc control group 

Italian, single-center 
2003–2011

Comparisons HSCT vs 6-mo 
intravenous CY

HSCT vs 12-mo 
intravenous CY

HSCT vs 12-mo intravenous CY HSCT vs historical cohort

Inclusion 

criteria

<60 y of age 

Disease duration ≤4 y 

Diffuse SSc 
mRSS ≥15 

Internal organ 

involvement

18–65 y of age 

Disease duration ≤2–4 ya 

Diffuse SSc 
mRSS ≥15 

Internal organ involvement

18–69 y of age 

Disease duration ≤4 y 

Diffuse SSc 
mRSS ≥16 

Internal organ involvement

Diffuse SSc 

Disease duration ≤4 y 

mRSS ≥14 
Clinical activity score (ESSG) ≥3

Exclusion 

criteria

PAPm >25mmHg or 

PAPsys >40mmHg 
LVEF <40% 

Creatinine >177µmol/L 

>6 Intravenous CY 
courses

PAPm>50mmHg 

LVEF <45% 
Creatinine >40mL/min 

Cumulative IV CY dose 

>5g or Cumulative oral CY 
dose >3g

Mean PAP >30mmHg 

LVEF<50% 
FVC <45% predicted 

DLCO <40% predicted 

Creatinine clearance <40mL/min 
Cumulative IV CY dose >3g/m2 

or 

Oral CY dose >4 months, or 
>6 Intravenous CY courses

PAH 

LVEF <45% 
DLCO <50% predicted, 

Prior renal crisis

Number of 
participants

19 (10 HSCT + 9 CY 
arm)

156 (79 HSCT + 77 CY 
arm)

75 (33 HSCT + 32 CY arm) 18 HSCT + 36 SSc controls

Median age 45 y 43.8 y 45.9 y 41 y

Disease 

duration

13.6 mo 16.8 mo 27 mo 24 mo

Transplant 

regimen

CY200 + rabbit ATG CY200 + rabbit ATG TBI + CY120 + equine ATG CY200 + rabbit ATG

Total body 

irradiation

No No Yes No

CD34+ 

selection

No Yes Yes Yes

Follow-up 

after AHSCT

2.6 y (median) 5.8 y (median) 4.5 y (minimum) 5 y (minimum)

Overall 

survival

100% at median 2.6 y for 

both groups

80% in HSCT vs 65% in CY 

at 4 y 
75% in HSCT vs 60% in CY 

at 8 y

86% in HSCT vs 51% in CY at 6 y 89% in HSCT vs 39% in SSc 

controls at 5 y

Transplant- 

related 

mortality

0% 10.6% (8/79 HSCT) 3% (1/33 HSCT) 5.6% (1/18 HSCT)

(Continued)
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Therefore, the expertise of the transplant team in selecting 
the appropriate patients, and thereby excluding those with 
too advanced organ damage, and in managing intra- 
transplant events and complications, is essential for good 
patient outcomes. An EBMT study from 2010 retrospec
tively analyzed data from multiple autoimmune disease 
transplants, showing that less experienced transplant cen
ters, ie, those with lower number of transplanted patients, 
had higher transplant-related deaths. These results indicate 
that there is an important learning curve associated with 
outcomes, especially considering that SSc is a disease 
difficult to manage during AHSCT.48

Tissue damage is accumulated over time in SSc.49 Patients 
earlier in disease course have less internal organ impairment 
and should thus present less transplant-related toxicity and 
perhaps better disease control after AHSCT. In line with this, 
recent prospective studies have included patients with disease 
duration limited to 2 to 4 years.16–18,38 Indeed, a very recent 
prospective study conducted by the EBMT showed, by 

multivariate analysis, that mRSS above 24 at baseline and 
older age at transplantation were significantly associated 
with lower progression-free survival, corroborating that 
patients should be enrolled earlier in disease course.30 The 
contribution of this selection strategy to the final patient out
come is unknown, but an ongoing study that aims to enroll 
patients for AHSCT as upfront treatment and, therefore, 
shortly after diagnosis, should answer some of the pending 
questions.50

Disease Progression
Studies are heterogeneous on reports of disease control 
after AHSCT. Nevertheless, most studies demonstrate 
positive effects of AHSCT on patient outcomes. Disease 
progression, defined as worsening manifestations from 
baseline, varied between the phase I/II non-randomized 
studies, even between those with similar duration of fol
low-up. Disease progression rates varied from 11.9% at 2 
years to 30.4% at 4.4 years after ASHCT.30,31 For studies 

Table 2 (Continued). 

Burt et al 2011 
(ASSIST)16

van Laar et al 2014 
(ASTIS)17

Sullivan et al 2018 (SCOT)18 Del Papa et al. 201738

Event-free 

survival

80% in the HSCT group 

at 2 y 
11% in the CY group at 2 

y

81% in HSCT vs 74% in CY 

at 4 y

79% in HSCT vs 50% in CY at 4.5 

y 
74% in HSCT vs 47% in CY at 6 y

Not described

Progression- 

free survival

100% in HSCT vs 11% 

CY at 1 y 

88% in HSCT at 2.6 y

77% in HSCT vs 65% in CY 

at 5.8 y

Not described Not available. Higher survival in 

HSCT than in the SSc control 

group

Disease 

progression

0 in HSCT vs 89% (8/9) 

in CY at 1 y

11% in HSCT vs 35% in 

CYC at 5.8 y

18% in HSCT vs 41% in CY at 6 

years

Not available. Lower disease 

progression in HSCT than in 
controls

mRSS Improvement up to 2 y in 
HSCT 

Worsening in CY group

Improvement at 2 y in 
HSCT 

HSCT better than CY at 2 

y

Not described Improvement from baseline to 12 
mo after HSCT and stabilization 

thereafter

FVC/DLCO FVC improved more in 

HSCT than in CY 
DLCO remained stable 

and not different 

between groups

FVC improved more in 

HSCT than CY 
DLCO remained stable and 

not different between 

groups

FVC improved/stabilized in more 

patients from HSCT than from 
CY group

Stabilization of FVC and DLCO 

No difference between HSCT and 
controls

Notes: aThe protocol was amended in 2004 to shorten maximum duration of disease for enrolment to 2 years, instead of the previous 4 years. Progression-free survival 
(PFS): proportion of patients who were alive and with no worsening of disease when compared to baseline; event-free survival: proportion of patients who were alive and 
with no worsening of disease from best improvement after transplant. 
Abbreviations: SSc, systemic sclerosis; HSCT, hematopoietic stem cell transplantation; mRSS, modified Rodnan’s skin score; ESSG, European Scleroderma Study Group 
scoring system; LVEF, left ventricle ejection fraction; PAP, pulmonary artery pressure; PAPsys, systolic PAP; PAPm, mean PAP; CY, cyclophosphamide; CY200, CY at a dose of 
200mg/kg; ATG, anti-thymocyte globulin; TBI, total body irradiation; PAH, pulmonary artery hypertension; FVC, forced vital capacity; DLCO, diffusing lung capacity for 
carbon monoxide; y, years; mo, months.
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with longer follow-up, the 8-year progression rate ranged 
from 10.5% to 24%,29,37 reaching 42% at 11 years.34 

These different rates are probably secondary to differences 
in patient selection, different criteria for progression and 
duration of follow-up.

The three randomized studies – ASSIST, ASTIS and 
SCOT – showed better disease control in transplanted 
versus conventionally treated (control) patients.16–18 This 
difference in event-free survival between transplanted and 
control groups is more pronounced in the SCOT (74% in 
transplanted vs 47% in controls), than in the ASTIS trial 
(77% in transplanted vs 65% in controls), probably owing 
to the higher transplant-related mortality of ASTIS and to 
slightly different criteria for disease progression between 
studies. In the SCOT trial, the progression rate was not 
described in traditional terms, as patient outcomes were 
measured by a specific global rank composite score 
(GRCS). This score included a hierarchy of events reflect
ing disease improvement or worsening, resulting in a final 
score that enabled comparisons between participants of the 
study. Unfortunately, the evaluating method does not allow 
outcomes to be directly compared to those from other 
studies. Nevertheless, a recent study retrospectively eval
uated the French cohort of the ASTIS trial, consisting of 
49 patients, for GRCS results, showing superiority of 
transplanted versus conventionally treated patients.51 In 
this study, GRCS was 9 for transplanted versus −19 for 
conventionally treated patients at 60 months (p=0.018), 
while in SCOT, respective results were 20 and −8 at 48 
months (p=0.008).

Skin Outcomes
Clinical trials on AHSCT for SSc show a significant 
reduction in skin thickening, assessed by the modified 
Rodnan skin score (mRSS).52 Improvement in skin invol
vement is considered when mRSS decreases by more than 
25%.16,18,30 Collectively, phase I/II studies show improve
ment of mRSS early after AHSCT, usually more pro
nounced within the first year after transplantation, and 
tending to stabilize thereafter.16,30,32,37 Longer follow-up 
studies show sustained mRSS improvement for at least 60 
and 96 months, respectively.29,37 In a post-hoc analysis of 
a phase I/II non-randomized study, patients who under
went AHSCT with and without graft selection were com
pared. CD34+ graft selection had an overall positive 
influence on patient outcomes but was specifically asso
ciated with improvements in mRSS.29

In the randomized controlled studies, the differences in 
mRSS between patients undergoing AHSCT and those 
treated with cyclophosphamide (control) are significant, 
usually with improving curves in transplanted and progres
sively worsening in control patients. In ASSIST, mRSS 
improved from 30 at baseline, to 16 at 12 months, and 9 at 
24 months after AHSCT, while scores worsened in the 
control group. Patients from the control group were 
allowed to cross over to the transplantation group after 
1 year of follow-up, and these also had improvements in 
mRSS.16 The ASTIS and SCOT trials also show superior 
efficacy of transplanted over control patients regarding 
skin involvement, with sustained outcomes at 24 and 54 
months, respectivelly.17,18

In a non-randomized, but comparative study, both 
mRSS and European Scleroderma Study Group (ESSG) 
scores showed a strongly significant reduction since 12 
months after AHSCT. When groups were compared at 
3-years, the probability that mRSS could decline to 
below 14 was above 90% in the AHSCT group, while 
only 60% in the control group.38

Improvement of the skin involvement may be also 
indirectly assessed by functional evaluations, such as 
joint range-of-motion measurements, hand grip strenght, 
finger-to-palm distance, mouth opening, and functional 
questionnaires for hand (Cochin) and upper limbs 
(DASH, Disabilities of the arm, shoulder and hand). 
A recent study showed improvements of these functional 
parameters at 6 and 12 months after AHSCT, when com
pared to baseline.53

Although the mRSS is the universally used method to 
quantify skin thickening in SSc, it bears intrinsic limita
tions and depends on evaluator expertise and opinion that 
affect reproducibility and consistency of the method.54 

Therefore, the reliability of mRSS to evaluate skin out
comes after AHSCT has been questioned. Nevertheless, 
skin biopsies, the gold-standard method to quantify cuta
neous involvement in SSc, correlate well with mRSS, as 
the degree of fibrosis decreases while mRSS scores decline 
after AHSCT.14,55

Pulmonary Outcomes
Most phase I/II studies showed stabilization or slight 
improvement in FVC after transplantation, and DLCO 
stabilization.30–33 One study showed significant improve
ment for both FVC and DLCO over 5 years and another 
study showed that FVC and DLCO improved only in the 
subgroup of patients with progressive lung disease as an 
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indication for AHSCT.36,37 The ASSIST and ASTIS ran
domized trials showed that lung function outcomes in 
transplanted patients were superior to those from the con
trol group treated with cyclophosphamide.16,17 In ASSIST, 
in addition to the favorable difference between groups, 
CVF and computed tomography volumes increased in 
transplanted patients at 24 months of follow-up.16 The 
SCOT study does not describe pulmonary function data 
in a format that enables comparisons, but there is a higher 
absolute number of patients having improved FVC after 
AHSCT than after cyclophosphamide pulses.18

A retrospective study from the EBMT did not associate 
graft selection with clinical outcomes, including pulmon
ary function test results.28 A more recent study, however, 
prospectively compared two groups of SSc patients, ran
domized for AHSCT with manipulated or non-manipulated 
graft.29 The authors showed that although overall survival 
was similar between the two groups, patients who received 
CD34+ selected grafts had better progression-free survival 
over an 8-year follow-up. Forced vital capacity also pro
gressively increased over the years in the CD34+ selected 
patients, while remained mostly stable in the non-selected 
group, with a tendency to better outcomes in the selected 
versus non-selected group.

Physical capacity, assessed by the 6-minute walk test 
(6MWT), improved after AHSCT, as an indirect evidence 
of better pulmonary function, although the cardiovascular 
and musculoskeletal systems may have participated.53 

Another method to evaluate how AHSCT affects intersti
tial lung disease is high-resolution quantitative computed 
tomography. Studies have shown improvement of lung 
volumes and/or pulmonary tissue quality (evaluated by 
density), after transplantation, associated with pulmonary 
function outcomes.16,56–58

Quality of Life
Quality of life is an important indicator of transplant out
comes, as it reflects the patient’s perspective and evaluates 
how patients are affected by the procedure in the context 
of their daily lives and environment. Quality of life assess
ments have been included in several clinical trials, but 
only one study has specifically addressed this aspect of 
evaluation in SSc patients undergoing AHSCT.59 This 
retrospective study compared Short-Form 36 (SF36) ques
tionnaire results from 41 SSc patients who underwent 
AHSCT and 65 conventionally treated (control) SSc 
patients, over a 7-year follow-up. Patient groups were 
different for physical components of quality of life, 

favoring transplant, but no difference was detected 
between groups regarding the mental components of qual
ity of life. In addition, Health Assessment Questionnaire 
(HAQ) scores were considerably lower (indicating better 
function) at all times in patients treated with AHSCT 
compared to the control group.59

Recently, a prospective, open and multicenter study 
assessed Scleroderma HAQ (sHAQ) scores in 15 patients 
who underwent AHSCT, showing significant improvement 
at 1 year and and 2 years of follow-up.30 Another single- 
center study also prospectively evaluated quality of life in 
28 SSc patients treated with AHSCT, showing improve
ment of the physical components of SF36 at 6 and 12 
months, and of the mental components of SF36 at 12 
months.53 Finally, a systematic review from 2020 analyzed 
three randomized and five uncontrolled clinical trials that 
contained information about quality of life in transplanted 
SSc patients, showing that SF36 results were heteroge
neous across studies, but with overall improvements in 
the physical components of quality of life. For the mental 
components, however, data were inconsistent.60

Fertility After AHSCT
Fertility is usually preserved in SSc patients, as there are 
no differences in rates of conception between SSc women 
and the general healthy population.61,62 In the subset of 
cyclophosphamide-treated patients, however, fertility rates 
may be compromised, due to gonadal toxicity of the treat
ment, especially in women.63 Pregnancies, on the other 
hand, may have worse outcomes in SSc women than in the 
non-SSc patients.61 An Italian study has retrospectively 
evaluated 109 pregnancies in SSc women, showing 
a higher rate of preterm deliveries, intrauterine growth 
restriction and very low-weight babies than in the general 
obstetric population.62 Male fertility is much less investi
gated and few studies have specifically addressed male 
impotency in SSc.64,65

In the setting of AHSCT, reduced fertility is 
a frequently reported complication, both in men and 
women, although SSc data are reported combined with 
other autoimmune diseases. Multicenter data from the 
EBMT that were retrospectively analyzed showed that 
among 324 adult female patients with autoimmune dis
eases that underwent AHSCT, 15 of them had 22 pregnan
cies along post-transplantation follow-up. Five of these 
patients had SSc as baseline disease, and all had received 
high-dose cyclophosphamide as part of the transplant- 
conditioning regimen. One of the SSc patients had three 
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pregnancies, including one miscarriage. There were no 
deaths during pregnancy, but one patient died shortly 
after delivery due to worsening of skin and pulmonary 
fibrosis.66

A single center from Germany described 15 patients 
(11 female), who had been previously treated with auto
logous AHSCT for severe autoimmune diseases, out of 
which 3 had SSc. All but one patient had received cyclo
phosphamide as conventional treatment prior to AHSCT 
and all received high-dose cyclophosphamide as part of 
transplant conditioning regimen. One female patient with 
SSc was considered to have impaired fertility since before 
AHSCT, remaining amenorrheic and not becoming preg
nant after AHSCT. Another female SSc patient became 
temporarily amenorrheic shortly after AHSCT, recovering 
regular menses a few months later. This woman became 
spontaneously pregnant twice after AHSCT, with success
ful preterm deliveries at 34 and 35 weeks due to premature 
labour and breech presentation, respectively.67

Secondary Autoimmune Diseases 
After AHSCT
A debated concern in the field of AHSCT for autoimmune 
diseases is whether the profound manipulation of the 
immune system in genetically predisposed patients may 
lead to development of secondary autoimmune diseases.68 

Therefore, continuous long-term surveillance of post- 
transplant immune status is recommended for patients 
who undergo AHSCT.

A study from the EBMT has reported a cumulative 
incidence of secondary autoimmune diseases of 9.8% 
over a 5-year follow-up after AHSCT, among 347 patients 
who underwent AHSCT with an autoimmune disease as 
primary indication.69 Most secondary autoimmune dis
eases were organ or tissue-specific, with variable severity. 
Two, out of the 29 patients who developed secondary 
autoimmune diseases after AHSCT, died as direct conse
quence of antiphospholipid syndrome (cerebral ischemia) 
and hemorrhage (acquired hemophylia), respectively. 
Multivariate analysis identified systemic lupus erythema
tosus as primary indication for AHSCT and use of anti- 
thymocyte globulin associated with graft selection in the 
conditioning regimen as risk factors for development of 
secondary autoimmune disease.69

Additional secondary autoimmune diseases have been 
reported in smaller case series. One, out of 26 transplanted 
SSc patients, presented morphea as a secondary 

autoimmune manifestation after AHSCT.31 In a cohort of 
14 Japanese SSc patients treated with AHSCT, one patient 
developed multiple overlapped autoimmune disorders 
including Grave’s disease, immune thrombocytopenia, 
systemic lupus erythematosus and antiphospholipid syn
drome, and a second patient developed Sjogren’s 
syndrome.34 In a case series of 6 SSc patients who under
went AHSCT with thiotepa as part of the conditioning 
regimen, two female patients developed symptomatic 
Grave’s disease with detectable autoantibodies against 
thyroid stimulating hormone (TSH) receptor, at 13 and 
19 months after AHSCT. A third male patient developed 
antibodies against SSA and polyclonal hypergammaglobu
linaemia 6 months after transplantation.24 Finally, a French 
long-term outcome study reported secondary autoimmune 
diseases in 5 (8.9%) out of 56 transplanted SSc patients; 
thyroiditis, autoimmune hemolytic anemia, myasthenia 
gravis, sarcoidosis and anti-phospholipid syndrome.35

Secondary Malignancies After 
AHSCT
Systemic sclerosis is associated with increased relative risk of 
cancer, mainly lung, liver, hematologic and bladder, although 
with a low absolute risk.70 Multiple mechanisms may con
tribute to such outcomes, including genetic background, 
defective immunological surveillance, pro-inflammatory sta
tus, epithelial hyperplasia and prior exposure to carcinogens, 
including those associated with cytotoxic treatment.71

Data on secondary malignancies in SSc after AHSCT 
are limited and variable. In addition, it is difficult to 
establish how much is influenced by the transplant proce
dure itself or by previous immunosuppressive and cyto
toxic treatment, as well as prior viral infections. The 
ASTIS trial reported only one patient developed Epstein– 
Barr virus-related post-transplant lymphoproliferative dis
ease shortly after AHSCT. Other five non-transplanted SSc 
patients from the cyclophosphamide (control) group also 
developed malignancies.17 In the SCOT study, 3 of 33 SSc 
patients from the transplant group, and one from the con
ventional-treatment control group developed cancer. The 
authors believe that the regimen including total body irra
diation may have contributed to the increased incidence of 
malignancy in the transplanted patients.18 In 
a retrospective evaluation, the French Society for Bone 
Marrow Transplantation and Cellular Therapy reported 4 
(7%) of 56 SSc patients who underwent AHSCT and 
developed cancer (oesophagus epidermoid carcinoma, 
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unspecified carcinoma, lung epidermoid carcinoma, spino
cellular carcinoma) over a median follow-up of 83 
months.35 Collectively, these results indicate that these 
patients may require longer follow-up and more detailed 
inspection for possible malignancies. Further studies 
should define if other factors, such as smoking or previous 
treatments, impose additional risks.

Future Developments
Although the field of AHSCT for SSc has grown over 
the years, translating into benefits for the patient, further 
improvements are still warranted. Strategies to discrimi
nate subjects that may achieve best results after AHSCT 
may contribute to better outcomes and to consolidate the 
procedure as a therapeutic alternative for SSc. In this 
context, a study analyzing biological samples from par
ticipants of the SCOT trial clustered patients into groups, 
according to different gene expression profiles associated 
with different pathogenic mechanisms of disease. When 
each of these groups were analysed for clinical outcomes 
after AHSCT, patients with a more fibroproliferative 
profile showed the most significant long-term benefit, 
indicating a potential biomarker for patient selection 
before AHSCT.72 More recently, this same research 
group was able to associate histological findings of fibro
blast polarization with the previously defined fibroproli
ferative gene profile, and to further correlate them with 
severity of skin involvement assessed by mRSS.73 In 
addition, ongoing prospective clinical trials aim to eval
uate the role of post-transplant maintenance therapy with 
immunosuppressors in decreasing disease reactivation 
and progression after AHSCT.74,75 Furthermore, more 
specific approaches to lessen transplant-related toxicity 
have been investigated. A recent strategy, still mostly 
limited to oncology and hematology fields, describes 
the use of antibody-targeted destruction of specific cell 
types.76,77 Conjugation of toxins to anti-CD45 antibody, 
for instance, may concentrate depletion in hematopoietic 
cells and, thus, spare non-hematopoietic cells. This may 
be a future strategy for AHSCT in SSc patients, aiming 
to reduce transplant-related toxicity. Combined, clinical 
and translational activities are essential to develop the 
field, and to have patient welfare as the most important 
goal.
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Purpose: Given the chronic shortage of blood for transfusion in Japan, promotion of 
appropriate use of fresh frozen plasma (FFP) urgently needs to be addressed by the national 
blood project in Japan. Whether FFP transfusions are administered appropriately in Japan is 
currently unclear. In this study, we aimed to investigate the outcomes of patients who 
undergo FFP transfusion and the appropriateness of use of FFP.
Patients and Methods: This multicentre, prospective, observational cohort study was 
conducted from September 2017 to April 2019 at the 15 medical institutions in Hiroshima 
Prefecture that are the top providers of FFP. All patients who underwent FFP transfusion 
during the study period were included, relevant data being extracted from the medical 
records. The indications for FFP transfusion were classified in accordance with the 
Guidelines of the Ministry of Health, Labour and Welfare of Japan. Factors associated 
with patient outcomes at day 28 after FFP transfusion were subjected to multivariable 
logistic regression analysis.
Results: In total, data of 1299 patients were eligible for analysis. At least 63.8% of 
indications for FFP were in accordance with the guideline for FFP transfusions. The 
mortality rate at day 28 after FFP transfusion was 16.2%. Older age (65–74 years: adjusted 
odds ratio [AOR]=4.3, ≥75 years: AOR=4.1), non-perioperative use (AOR=4.5), coagulo
pathy associated with liver damage (AOR=2.7), large volume of FFP transfused (AOR=2.5), 
and lack of improvement in blood coagulation following FFP transfusion were independently 
and significantly associated with death within 28 days after FFP transfusion.
Conclusion: Our findings do not support the simple conclusion that FFP transfusions 
contribute to prognosis. However, given that coagulopathy in patients with end-stage liver 
disease is infrequently improved by FFP transfusion, “inappropriate” use of FFP should be 
avoided. It is important to promote appropriate use of FFP so as not to waste blood 
resources.
Keywords: prognosis, coagulopathy, inappropriate use, compliance with guideline

Introduction
Though lower than in the USA and Germany, consumption of fresh frozen plasma 
(FFP) per 1000 people in Japan is still 1.4 times higher than in France and the UK.1 

Within Japan, the difference in FFP consumption per bed is up to four times greater 
in the prefecture with the highest consumption than in that with the lowest 
consumption. Consumption in Hiroshima Prefecture has been relatively high. 
However, the number of blood donations in Japan is continually decreasing because 
the birth rate is declining and the population is ageing.2 Therefore, given the 
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chronic shortage of blood for transfusion, promotion of 
appropriate use of FFP urgently needs to be addressed by 
the national blood project in Japan.

The Guideline for the Use of Blood Products formu
lated by the Ministry of Health, Labour and Welfare of 
Japan in 2005 states that a primary purpose of FFP trans
fusion is coagulant factor replacement in the absence of 
concentrated product.3 It also states that, to prevent over
use, neither prophylactic use of FFP nor its use in patients 
with terminal illness is indicated, despite the fact that FFP 
has historically often been transfused for these purposes. 
After the guideline had been updated in 2017 (Table 1),4 it 
came close to replicating international guidelines because 
it incorporated available evidence on blood transfusion.5–8 

The former guideline provides values for prothrombin 
time, activated partial thromboplastin time (APTT), and 
fibrinogen concentration that should trigger FFP 
transfusion,3 whereas the revised guideline states that 
these values should not be used as triggers because they 
do not reliably predict a bleeding tendency. According to 
the Japanese guidelines, FFP transfusion is indicated to 
promote recovery from bleeding tendencies associated 
with coagulopathy or coagulation factor deficiency (eg, 
liver disease, disseminated intravascular coagulation, dilu
tional coagulopathy caused by massive red blood cell 
transfusion or fluid infusion), active bleeding alone not 
being a prerequisite for FFP transfusion. However, 
because many Japanese clinicians are not familiar with 
the revised guideline, some continue to transfuse FFP 
unnecessarily without determining the causes of the bleed
ing tendency.

Almost all of the many studies that have investigated 
the appropriate use of blood component products in Japan 
have reported only differences in, or annual changes in, the 
amounts used.8–10 Therefore, whether FFP is transfused in 
accordance with the guidelines or in eligible patients only 
remains unclear. Moreover, few studies have provided 
evidence for the efficacy of FFP transfusion. Although 
the massive transfusion of FFP mentioned in some guide
lines was recently reported to be effective,11,12 the prog
nosis of patients who undergo FFP transfusion for other 
reasons is unknown.13–15

The Joint Committee for Blood Transfusion Therapy in 
Hiroshima Prefecture, which consists of representatives 
from the local government and major medical institutions, 
therefore conducted a multicentre, prospective, observa
tional study on outcomes of patients who undergo FFP 

transfusion. Use of FFP in accordance with the Japanese 
guideline was also analysed as a secondary endpoint.

Patients and Methods
This multicentre, prospective, observational cohort study 
was conducted from September 2017 to April 2019 at the 
15 medical institutions in Hiroshima Prefecture that are the 
top providers of FFP. All patients who received FFP transfu
sion in those institutions during the study period were 
included. They were registered at each institution, the goal 
being to enrol 1000 patients in total. In order to meet the 
purpose of this study and at the same time to minimize the 
on-site burden related to data collection, the following 11 
items were extracted from the medical records: 1. age; 2. sex; 
3. primary disease; 4. date and number of days of FFP 
transfusion; 5. whether FFP was used perioperatively (related 
to surgery) and, if so, the type of surgery performed; 6. the 
indications for it, and dose of FFP; 7. coagulation test results 
before and after FFP use (prothrombin time–international 
normalised ratio [PT-INR], APTT, and fibrinogen concentra
tion); 8. adverse reactions after FFP use; 9. presence and 
amount of red blood cell (RBC) transfusion; 10. duration of 
hospitalisation or discharge date; and 11. survival outcome 
28 days after the first day of FFP transfusion. The indications 
for FFP transfusion were classified into the following cate
gories in accordance with the Guidelines for the Use of Blood 
Products (revised in 2017 by the Ministry of Health, Labour 
and Welfare of Japan) (Table 1):4 coagulopathy associated 
with liver disease, coagulopathy associated with dissemi
nated intravascular coagulation (DIC), dilutional coagulopa
thy as a result of massive transfusion and fluid infusion, 
coagulation factor replacement in the absence of concen
trated product, acute correction of warfarin effects, and 
plasma exchange. Although the indications for FFP were 
determined by the clinicians in each institution, they were 
reviewed during analysis because some were obviously 
wrongly classified. If FFP had been used in the absence of 
any of the indications in the guideline, its use was defined as 
“inappropriate”. Massive transfusion was defined as transfu
sion of ≥10 units of RBCs within 24 hours. Each recruiting 
institution sent their data to the central institution, Hiroshima 
University Hospital, after anonymisation. All data were com
piled and analysed by the Department of Epidemiology, 
Infectious Disease Control and Prevention, Graduate 
School of Biomedical and Health Sciences, Hiroshima 
University. In the case of patients who had received multiple 
transfusions during the same episode, the data were merged 
and the FFP doses summed. When the same patient was 
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enrolled more than once, each patient was included in the 
analysis if the purpose of FFP transfusion was different. If the 
purpose was the same but the reason for hospitalisation was 
different, we included each instance. During the study period, 
there were 1499 FFP transfusion events at the 15 recruiting 
medical institutions. After merging repeated use of FFP dur
ing the same episodes, 1299 patients were eligible for 
analysis.

Statistical Analysis
Coagulation test values of patients before and after FFP 
transfusion were compared using a paired t-test. Outcomes 
with and without massive transfusion of FFP (≥2400 mL) 
were compared by the χ2 test. After exclusion of cases of 
plasma exchange, factors associated with mortality 28 
days after the first FFP transfusion were analysed using 
the χ2 test and logistic regression for univariate and multi
variable analysis. In the multivariable analysis, sex, age, 
and amount of transfused FFP were forced entry predic
tors, the other 11 variables being selected using the 

stepwise method (p<0.25). Statistical analysis was per
formed with JMP 14.2.0 (SAS Institute, Cary, NC, 
USA), and the significance level was set at 0.05.

Ethics
There were no burdens or anticipated risks to patients as 
a result of the medical record review. In addition, decisions 
to transfuse FFP were made by the attending physician. The 
data were anonymised at each hospital before being sent to 
the central institution, and the created database was stored 
in a password-protected computer with no external connec
tion. Careful consideration was given to the handling of 
personal information. An opt-out procedure was used for 
informed consent. The study was approved by the Ethics 
Committee of Hiroshima University (Approval No. E-976).

Results
The most common recipient age was within the seventh 
decade of life, accounting for 30.5% of the total sample 
(Figure 1) and 62.0% of the patients were men. The total 

Table 1 Guidelines for FFP Transfusion Established by Ministry of Health, Labour and Welfare of Japan (2017)

Trigger values of coagulation tests (as 

reference)

<PT> (i) INR 2.0 or higher, or (ii) 30% or lower
<APTT> Above twice the upper limit of the standard value at each medical institution

<Fibrinogen> 150 mg/dL or less, or when there is a risk of further deterioration

Indications for FFP 1) Coagulation factor supplementation

a) Complex 
coagulopathy

i. Liver disease with bleeding tendency
ii. L-asparaginase administration related

ii. Disseminated intravascular coagulation (DIC)
iv. Dilutional coagulopathy caused by massive transfusion and 

fluid infusion

b) Coagulation factor replacement in the absence of concentrated product (when 

bleeding or before invasive procedures)

c) Correction of warfarin effect

2) Plasma exchange (thrombotic thrombocytopenic purpura, hemolytic-uremic syndrome)

Inappropriate indications 1. Expansion of circulatory volume

2. For nutritional purposes

3. For promotion of wound healing

4. Administration to terminal patients

5. Prophylactic transfusion  

✓ In case of surgery or trauma that does not require a large amount of blood transfusion  

✓ Chronic liver disease  
✓ Severe burns  

✓ Acute pancreatitis

Abbreviations: FFP, fresh frozen plasma; PT, prothrombin time; INR, international normalised ratio; APTT, activated partial thromboplastin time.
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dose of FFP was 16,700 units (one unit is equivalent to 
120 mL in Japan; thus, 16,700 units = 2,004,000 mL). The 
median (min−max) FFP transfusion volume per patient 
was six (1–428) units. FFP was transfused perioperatively 
in 63.0% of cases, cardiovascular surgery being the most 
common form of surgery at 32.5%.

The rates of performing coagulation tests before FFP 
transfusion were 90.3% for PT-INR, 85.4% for APTT, and 
65.9% for fibrinogen. The post-transfusion test rates were 
86.0% for PT-INR, 79.2% for APTT, and 61.7% for fibri
nogen. Trigger values stated in the former Japanese guide
line were met for all three coagulation tests before FFP 
transfusion in 39.4% (512/1299) of cases, the values being 
confirmed to have improved after FFP transfusion in 
18.2% (236/1299).

The indications for FFP transfusion are shown in 
Figure 2. “Inappropriate” was the most frequent, account
ing for 473 cases (36.2%), followed by dilutional coagulo
pathy (424 cases, 32.6%), coagulopathy associated with 
DIC (155 cases, 11.9%), and coagulopathy associated with 
liver disease (155 cases, 11.9%). The main underlying 
diseases in the 473 patients who received FFP inappropri
ately were aortic dissection (100/473, 21.3%), ischaemic 
heart disease (39/473, 8.3%), and valvular disease (34/ 
473, 7.2%).

Outcomes 28 days after transfusion were 75.2% alive, 
16.2% dead, and 8.5% unknown. There were no severe 
adverse effects related to FFP transfusion, such as transfu
sion-related acute lung injury or transfusion-associated 
circulatory overload. The results of coagulation tests 
before and after FFP transfusion by patient outcome 28 

days after transfusion are shown in Table 2. There were 
significant improvements in all coagulation test values in 
the surviving patients (p<0.0001 for all), but no significant 
improvement in the patients who had died (PT-INR, 
p=0.1954; APTT, p=0.1891; fibrinogen, p=0.6863). The 
total number of days of FFP transfusion was also com
pared. Overall, FFP was transfused on significantly more 
days in the deceased group than in the surviving patients 
(p<0.0001). Twenty or more units (≥2400 mL) of FFP 
were transfused in 15.2% (197/1299) of all patients. The 
main reasons for using such large amounts of FFP were 
dilutional coagulopathy (38.1%), coagulopathy associated 
with DIC (17.8%), and plasma exchange (17.3%). The 
mortality rate was significantly higher among patients 
who underwent FFP transfusion of ≥20 than <20 units 
(32.0% vs 13.4%, respectively; p<0.0001, χ2 test).

Excluding the 34 patients who received FFP for plasma 
exchange, factors associated with death 28 days after FFP 
transfusion were analysed using multivariable logistic 
regression. Older age (65–74 years: adjusted odds ratio 
[AOR], 3.5; 95% confidence interval [95% CI], 1.0–11.9; 
p=0.0463 and ≥75 years: AOR, 3.4; 95% CI, 1.0–11.0; 
p=0.0452), non-perioperative use of FFP (AOR, 4.6; 95% 
CI, 2.6–8.2; p<0.0001), coagulopathy associated with liver 
damage (AOR, 2.7; 95% CI, 1.6–6.2; p=0.0190), transfu
sion of seven or more units of FFP (AOR, 2.4; 95% CI, 
1.1–4.9; p=0.0175), post-transfusion PT-INR of ≥2.0 
(AOR, 12.8; 95% CI, 4.8–34.1; p<0.0001), and post- 
transfusion APTT of ≥75 seconds (AOR, 9.5; 95% CI, 
3.1–29.0; p<0.0001) were independently and significantly 
associated factors (Table 3).

Figure 1 Age distribution of patients who underwent FFP transfusion.
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Discussion
A major strength of this study is that all cases at 15 major 
medical institutions were registered prospectively for 1.5 
years and that 1299 patients were analysed. In this study, 
the mortality rate 28 days after FFP transfusion was 
16.2%. We also found that a significant proportion of 
FFP use (36.2%) was outside the indications in the 
Japanese guidelines (Table 1). The rate of inappropriate 

use of FFP has varied from 21% to 78% in surveys 
conducted in other regions.16–23 In comparison, the rate 
in this study was not very high. Conversely, 63.8% of 
transfused FFP was used appropriately according to the 
guideline. Considering the reported 70% compliance rate 
with the guideline in general medical practice,24,25 the 
use of FFP in Hiroshima appears to be largely in com
pliance with it.4

Figure 2 Distribution of indications for FFP transfusion, and underlying disease in which the reason for FFP use was ”inappropriate”.

Table 2 Coagulation Test Values Before and After FFP Transfusion by Patients’ Outcomes at Day 28

N Before FFP Transfusion After FFP Transfusion P*

PT-INR Total 1051 1.3 (0.1–14.6) 1.2 (0.2–23.9) <0.0001
Alive 826 1.3 (0.1–14.1) 1.2 (0.2–23.9) <0.0001

Dead 151 1.6 (0.9–14.6) 1.5 (0.9–5.6) 0.1954

APTT Total 947 36.1 (7.8–321) 34.7 (1.2–378) <0.0001
Alive 746 34.9 (7.8–200) 33.5 (1.2–378) <0.0001

Dead 132 51.2 (24.5–321) 44.2 (9.9–250) 0.1891

Fib Total 654 206.6 (1–965) 236.9 (1.2–1023) <0.0001

Alive 541 213.7 (1–965) 246 (1.2–901) <0.0001

Dead 94 173.4 (25–796) 184.9 (41–1023) 0.6863

Notes: Data are shown as median (min-max). *Paired t-test between before and after FFP transfusion. 
Abbreviations: FFP, fresh frozen plasma; SD, standard deviation; PT-INR, prothrombin time–international normalised ratio; APTT, activated partial thromboplastin time; Fib, 
fibrinogen.
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Table 3 Univariate and Multivariate Analysis on Factors Associated with the Outcome at Day 28 After FFP Transfusion

Outcome at 28 Days Univariable Analysis* Multivariable Analysis#

Dead N (%) Alive N (%) OR [95% CI] p-value AOR [95% CI] p-value

Age (years)
≤39 12(10.2) 106(89.8) 1 1
40–64 48(17.1) 233(82.9) 1.8[0.9–3.6] 0.2337 1.7 [0.5–5.7] 0.4151

65–74 50(15.8) 266(84.2) 1.7[0.9–3.2] 0.4029 3.5 [1.0–11.9] 0.0463

Over 75 89(20.3) 349(79.7) 2.3[1.2–4.3] 0.0333 3.4 [1.0–11.0] 0.0452

Sex
Female 66(15.2) 368(84.8) 0.8[0.6–1.1] 0.1520 1.2 [0.7–2.0] 0.5223
Male 133(18.5) 586(81.5) 1 1

Perioperative use of FFP
No 128(31.9) 273(68.1) 4.8[3.4–6.6] <0.0001 4.6 [2.6–8.2] <0.0001

Yes 66(9.0) 671(91.0) 1 1

Indication for FFP
Coagulopathy caused by liver disease 50(33.6) 99(66.4) 6.5[3.9–10.7] <0.0001 2.7[1.2–6.2] 0.0190

Coagulopathy associated with DIC 48(33.1) 97(66.9) 6.4[3.8–10.5] <0.0001 2.1[0.9–5.2] 0.0922
Dilutional coagulopathy 59(15.7) 316(84.3) 2.4[1.5–3.8] <0.0001 1.4[0.6–2.9] 0.4094

Coagulation factor replacement 6(17.1) 29(82.9) 2.7[1.0–6.9] 0.0368 1.3[0.2–7.2] 0.7691

Warfarin effects correction 6(30.0) 14(70.0) 5.5[2.0–15.4] 0.0003 5.8[1.0–32.3] 0.0613
Inappropriate use 31(7.2) 399(92.8) 1 1

Pre-dose PT-INR
≥2 59(35.1) 109(64.9) 3.2[2.2–4.6] <0.0001 -

<2 130(14.6) 761(85.4) 1

Pre-dose APTT(seconds)
≥75 49(48.0) 53(52.0) 5.6[3.7–8.7] <0.0001 1.5[0.7–3.2] 0.2760
<75 127(14.1) 775(85.9) 1 1

Pre-dose Fibrinogen (mg/dl)
≤150 61(26.8) 167(72.3) 2.2[1.5–3.2] <0.0001

>150 78(14.3) 468(85.7) 1

Amount of transfused FFP (Units)
≥7 127(22.8) 431(77.2) 2.1[1.5–2.9] <0.0001 2.4[1.1–4.9] 0.0175

<7 73(12.3) 523(87.8) 1 1

Amount of transfused RBC 
(Units)

≥7 92(20.7) 352(79.3) 1.5[1.1–2.1] 0.0090 1.4[0.7–2.9] 0.3116

<7 102(14.7) 590(85.3) 1 1

Ratio FFP/RBC
>1.5 59(23.5) 192(76.5) 1.8[1.2–2.6] 0.0017 1.2[0.6–2.3] 0.6373

≤1.5 99(14.8) 572(85.3) 1 1

Post-dose PT-INR
≥2 44(58.5) 30(40.5) 11.7[7.0–19.4] <0.0001 12.8[4.8–34.1] <0.0001
<2 104(11.2) 829(88.9) 1 1

Post-dose APTT (seconds)
≥75 27(57.5) 20(42.3) 9.6[5.2–17.7] <0.0001 9.5[3.1–29.0] <0.0001

<75 109(12.3) 776(87.7) 1 1

(Continued)
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Seventy-one (5.5%) patients received FFP for ≥3 days, 
and 28 (2.2%) for ≥10 days. Some of these patients may 
have had end-stage liver disease with coagulopathy 
because of impaired production of blood coagulation fac
tors. Coagulopathy in patients with end-stage liver disease 
is difficult to eliminate, even with several FFP transfu
sions. This accounts for the tendency of clinicians to 
continue FFP transfusion over a long period, resulting in 
transfusion of large total volumes of FFP. In our study, 
patients who were still alive at 28 days had received FFP 
for significantly fewer days than those who had died. The 
mortality rate was also significantly higher in patients who 
had received ≥20 units of FFP than in those who had 
received <20 units. We cannot simply conclude that 
a longer duration or a large amount of FFP transfusion 
leads to a poor prognosis. However, these findings do 
indicate that FFP is still given to patients with terminal 
conditions and poor prognoses, and that such use of FFP is 
inefficient.

The second edition of the Japanese guideline states that 
blood coagulation tests are not necessary before FFP 
transfusion;4 this differs from the recommendation in the 
first edition. However, in this study we found that, in most 
institutions, coagulation tests were performed to assess the 
patients’ haemostatic status, assist decisions on whether to 
administer FFP, and determine the likely efficacy of FFP 
transfusion. Admittedly, the trigger values for the coagula
tion tests are only reference values. However, FFP may 
have been administered “inappropriately” to patients in 
whom one or more coagulation test results did not reach 
the trigger values. There were no significant differences in 

any coagulation test values between before and after FFP 
transfusion in the patients who subsequently died. This 
lack of improvement may indicate that patients whose 
conditions are very serious and who are at higher risk of 
dying have chronic rather than acute defects in 
coagulation.

The original purpose of FFP transfusion was not to 
improve patients’ prognoses but to improve coagulation 
ability, stop bleeding, and reduce RBC transfusion 
volumes. However, because FFP should be administered 
only to eligible patients to prevent wasting of resources, 
determining survival rates after FFP transfusion is still 
important in Japan. Although 36.2% of FFP use was out
side the indications and considered “inappropriate”, this 
relatively low rate suggests that all “inappropriate” use of 
FFP was not fruitless. Some of these FFP transfusions may 
have improved coagulation ability and contributed to 
restoring good haemostasis, leading to a good prognosis. 
Even though the mortality rate in this study was 16.2%, it 
cannot be concluded that FFP transfusion contributed to 
patients’ prognoses.

We used multivariable logistic regression to analyse 
factors associated with death at day 28 after FFP transfu
sion. The factors independently and significantly asso
ciated with death at day 28 after FFP transfusion were 
older age, non-perioperative use of FFP, coagulopathy 
associated with liver damage, FFP transfusion of seven 
or more units, post-transfusion PT-INR of ≥2, and post- 
transfusion APTT of ≥75 seconds. Patients with end-stage 
liver disease often have chronic coagulopathy that does not 
improve with FFP transfusion.

Table 3 (Continued). 

Outcome at 28 Days Univariable Analysis* Multivariable Analysis#

Dead N (%) Alive N (%) OR [95% CI] p-value AOR [95% CI] p-value

Post-dose Fibrinogen (mg/dl)
≤150 41(36.0) 73(64.0) 4.3[2.7–6.8] <0.0001

>150 74(11.6) 566(88.4) 1

Total number of days of FFP 
administration (days)

≥3 52(29.9) 122(70.1) 2.4[1.7–3.5] <0.0001
<2 147(15.1) 828(84.9) 1

Notes: Excluding the cases of plasma exchange (N=34), factors associated with the mortality outcome at 28 days after FFP transfusion were analysed. *Chi-square test with 
post-hoc multiple comparisons by Bonferroni correction were used to compare groups. #Logistic regression analysis with the stepwise method: sex, age, and the amount of 
transfused FFP were forced entry predictors, and the other 11 variables were selected using the stepwise method (p<0.25). R2 = 0.3084, model p-value < 0.0001, n = 1265. 
Abbreviations: OR, odds ratio; AOR, adjusted odds ratio; CI, confidence interval; FFP, fresh frozen plasma; DIC, disseminated intravascular coagulation; APTT, activated 
partial thromboplastin time; PT-INR, prothrombin time and international normalized ratio; RBC, red blood cells.
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This study had several limitations. First, although 
bleeding volume is a mortality-related factor, it could not 
be included in the multivariable analysis. In addition, we 
did not include the patients’ underlying diseases in the 
multivariable analysis because they were too diverse. As 
to specific causes of death, we confirmed that no deaths 
were due to bleeding. However, we did not further inves
tigate the causes of death.

This is the first study to comprehensively determine the 
actual circumstances and outcomes of FFP transfusion in 
major medical institutions in Hiroshima Prefecture. Surveys 
need to be performed in other prefectures and nationwide 
and the results compared with those of this study. Our 
findings indicate that it is necessary to continue to promote 
appropriate FFP use to minimise wasting of blood resources.

Conclusion
In this multicentre prospective cohort study, which was per
formed to determine the actual circumstances and outcomes 
of FFP transfusion in Hiroshima Prefecture, we found that 
FFP was transfused appropriately in at least 63.8% of cases. 
The mortality rate 28 days after transfusion was 16.2%. The 
factors independently and significantly associated with mor
tality were older age, non-perioperative use of FFP, coagulo
pathy associated with liver damage, FFP transfusion of seven 
or more units, post-transfusion PT-INR of ≥2, and post- 
transfusion APTT of ≥75 seconds.
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Differentiation of Yin, Yang and Stasis Syndromes in 
Severe Aplastic Anemia Patients Undergoing 
Allogeneic Hematopoietic Stem Cell Transplantation 
and Their Correlation with Iron Metabolism, cAMP/ 
cGMP, 17-OH-CS and Thyroxine
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Objective: To better understanding and differentiation of traditional Chinese medicine 
(TCM) syndromes in severe aplastic anemia (SAA) patients undergoing hematopoietic 
stem cell transplantation (Allo-HSCT) and their correlation with iron metabolism, cAMP/ 
cGMP, 17-OH-CS and thyroxine.
Methods: Eighteen patients with SAA who underwent HSCT were enrolled. The syndrome 
was evaluated before conditioning and days after stem cell reinfusion (−10d, −1d, +7d, +30d, 
+60d, and +90d). The correlation of TCM syndrome (Yin, Yang, and stasis) to cyclic 
nucleotides, 17-OH-CS, thyroxine, and iron metabolism were analyzed and compared to 
data from normal subjects.
Results: More “Yin deficiency” (n=11, 11/18) syndrome was observed before HSCT, and nearly 
61% was complicated with “blood stasis”. After conditioning, the proportion of “kidney Yin and 
Yang deficiency” increased to 61.6%. Fourteen days after HSCT, the syndrome developed into 
“Spleen-Kidney Yang Deficiency,” and the stasis score decreased. On +90day, majority patients 
were diagnosed with “Kidney Yang Deficiency” (35.7%) or “Spleen-Kidney Yang Deficiency” 
(28.6%), and 88.9% were diagnosed without stasis. The correlation analysis showed that cGMP 
might represent “Deficient Yang” as well as low total triiodothyronine (T3) and free T3 (FT3). 
There was also a positive relation between labile plasma iron (LPI), hepcidin, soluble transferrin 
receptor (sTfR), and “Yin deficiency”, and the last two factors, along with marrow nitric oxide 
synthase were also positively related to “Stasis” syndrome.
Conclusion: During HSCT, the syndrome evolved from “kidney Yin and Yang deficiency” 
to “kidney Yang deficiency” or “spleen–kidney Yang deficiency”, and the “stasis” along with 
“Yin deficiency” syndromes were quickly relieved within 90 days. The changes of cyclic 
nucleotides, 17-OH-CS, thyroxine, and iron metabolism indexes can be applied for better 
differentiation of TCM syndrome.
Keywords: aplastic anemia, traditional Chinese medicine syndrome, iron metabolism, 
syndrome evolution, hematopoietic stem cell transplantation

Background
Aplastic anemia (AA) is a bone marrow failure syndrome often present with 
pancytopenia. Patients with AA are at high risk of infection and hemorrhage.1 

The incidence of AA in China is ~7.4/106, which is almost three times higher 
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compared to Europe and North America.2,3 Severe AA 
(SAA) accounts for ~18%,4 with a characteristic of rapid 
disease progression and high mortality if left untreated. 
According to the guidelines and clinical practice,5 allo
geneic hematopoietic stem cell transplantation (allo- 
HSCT) and immune suppression therapy (IST) are the 
first treatment options for SAA, while disease-free survival 
(DFS) of HSCT is around 50–80%.6,7

Since 1964, traditional Chinese medicine (TCM) had 
been applied in the management of AA in China. The 
beneficial effect of TCM has also been confirmed in the 
treatment of aplastic anemia.8 And the combination of 
TCM with androgen or IST (cyclosporine with or without 
anti-thymoglobulin antibody) may significantly improve 
the overall response rate in patients with AA.9–12 In addi
tion, our previous study revealed that the combination of 
TCM during the HSCT might reduce graft failure, trans
plant-related mortality and improve the 5 years overall 
survival.13 Yet, there are still limited data available on 
how and when the TCM should be applied. In addition, 
the principle of TCM during different stages of stem cell 
transplantation remains unclear.

The basic TCM syndrome is based on “qi and 
blood”, “Yin and Yang”, “deficiency and excess”, and 
“exterior and interior”, also known as “eight princi
ples”. “Yin and Yang” differentiation is the general 
and main principle. To better understanding the mate
rial basis of TCM syndrome, many studies have dis
closed the correlation of syndrome differentiation with 
objective indicators, including endocrine hormone 
(adrenocorticosteroids, thyroid hormones, prostaglan
dins), plasma cyclic nucleotides (cAMP, cGMP, and 
their dynamic balance), as well as energy metabolism 
situation,14,15 which have been applied as the evalua
tion index for TCM treatment.16,17 However, TCM 
syndrome is complex, and the syndrome evolution is 
not always clear. During the HSCT, we found that the 
changing of TCM syndrome occurred much more 
rapidly, and the deviation of “Yin” and “Yang” were 
more obvious, thus suggesting that HSCT can also be 
an ideal disease model for observing TCM syndrome 
evolution and verifying the material basis of “Yin”, 
“Yang”, as well as “blood stasis” syndrome in our 
AA patients. Herein, we investigated the evolution 
and characteristics of TCM syndromes in SAA patients 
undergoing HSCT, and also analyzed the correlation 
with the objective indicators, which may profit from 
developing a TCM treatment proposal for HSCT.

Materials and Methods
Participants and Recruitment
A total of 18 patients with SAA who underwent HSCT 
between December 2015 and January 2017 were recruited 
in the First Affiliated Hospital of Zhejiang Chinese 
Medical University, Hangzhou, Zhejiang, China. Twelve 
of them were male (12/18), with a median age of 28.5 (11– 
53) years, and 12 of them progressed from non-SAA. All 
the patients met the diagnostic and severity assessment 
criteria for SAA.18 The syndrome differentiation was 
made according to the “Revised Edition of Guidelines 
for The Clinical Diagnosis and Treatment of Aplastic 
Anemia (Sui Lao)” issued by the National 
Administration of Traditional Chinese Medicine in 
2013.19 Moreover, 21 healthy subjects without obvious 
syndrome deviation (equilibrium in Yin and Yang) were 
included as normal control for peripheral serum and urine 
detection, 11 males (11/21), with a median age of 39 (21– 
53) years. In addition, five bone marrow samples from 
normal bone marrow transplantation donors were also 
prepared as control bone marrow samples.

Sources of Stem Cell
Donors were selected based on the best available human 
leukocyte antigen (HLA) match at the time of transplanta
tion. HLA-A, B, C DRB1, and DQB1 loci were confirmed 
by the high-resolution molecular method. Six (6/18) 
patients were grafted from matched sibling donors, 7 (7/ 
18) from matched unrelated donors from the China 
Marrow Donor Program (CMDP), 4 (4/18) from haploi
dentical donors, and 1 (1/18) from a mismatched related 
donor.

Conditioning Regimen
All 18 patients received the same conditioning regimen: 
fludarabine (Flu) 30mg/m2×5days, rabbit anti- 
thymoglobulin antibody (ATG) 2.5mg/kg×4days, cyclo
phosphamide (CY) 100–120mg/kg in total (given in 2 or 
3 days).

GVHD Prophylaxis
GVHD prophylaxis consisted of mycophenolate mofetil 
(MMF) 1200–1500mg/m2, cyclosporine (target trough 
concentration 200–300ng/mL) per day, and methotrexate 
(MTX 15mg/m2 on day +1, and 10mg/m2 on day +3, +6, 
and +11).
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Aplastic Anemia (AA) TCM Syndrome 
Diagnosing and Scoring
Diagnosing TCM syndrome in AA was done according to 
“Revised Edition of Guidelines for The Clinical Diagnosis, 
and Treatment of Aplastic Anemia (Sui Lao)”,19 which 
included heat-toxin congestion and excessiveness syndrome, 
Yin deficiency and blood heat syndrome (spleen) kidney yang 
deficiency syndrome, (liver) kidney Yin deficiency syndrome, 
and kidney Yin and Yang deficiency syndrome. symptoms of 
the major syndrome included a pale face, dizziness, palpita
tions, and shortness of breath; symptoms of the minor syn
drome included feverish palms and soles, hectic fever and 
night sweating, dipsia, yellow urine, cold body, anorexia, and 
diarrhea. All symptoms were scored according to the severity 
(light, moderate or severe): 0, 2, 4, and 6 points, or 0, 1, 2, and 3 
points10 (Table 1). The assessment and scoring of TCM syn
drome were performed 10 days before stem cell reinfusion 
(−10d), the day before stem cell reinfusion (−1d), 7 days after 
stem cell reinfusion (+7d), and on +14d, +30d, +60d, 
and +90d.

Blood Stasis Syndrome Evaluation and 
Scoring
The diagnosis of blood stasis syndrome included the 
inspection of the tongue, facial and skin, pain assessment, 

degree of hemorrhage evaluation, assessing consciousness, 
mental and bodily sensation, pulse manifestation, and 
abdominal mass evaluation. According to the severity 
(light, moderate or severe), syndromes were scored with 
0, 1, 2, and 3 points (Table 2). With an overall score over 
4, the diagnosis of blood stasis syndrome was confirmed. 
The assessment and scoring of stasis syndrome were per
formed on −10d, −1d, +7d, +14d, +30d, +60d, and +90d.

Collection and Preparing of Clinical 
Specimens
The peripheral blood (10mL), urine (5mL), and bone mar
row (10mL) were collected from each patient and volunteer. 
After centrifugation, serum, urine, and marrow mononuclear 
cells were prepared and frozen in −70°C for further use.

ELISA Assay
Approximately 0.5 mL serum was taken from each group 
for single detection. Serum cyclic adenosine monopho
sphate (cAMP), cyclic guanosine monophosphate (cGMP), 
thyroxine (total triiodothyronine, free triiodothyronine, total 
tetraiodothyronine, and free tetraiodothyronine), iron load 
indicator (ferritin and labile plasma iron), and its regulator 
iron metabolism indicators (hepcidin, soluble transferrin 
receptor, and ferroportin) were detected after each time 

Table 1 Scoring System for Basic TCM Syndrome

Symptom Scoring

None 
(0)

Mild (2 for Major 
Syndromes, and 1 for 

Minor)

Moderate (4 for Major 
Syndromes, and 2 for Minor)

Severe (6 for Major 
Syndromes, and 3 for Minor)

Major 

syndromes

Pale face Slightly Moderate, pale without vitality Severe, pale with a white paper 

looking
Dizziness Occasionally Frequently Persistently and hard to relieve

Fatigue Slightly, can still work on daily 

life

Moderate, hard to work Severe, can only stay in bed

Palpitations and 

shortness of breath

Occasionally Frequently Recurrently and hard to relieve

Minor 

syndromes

Feverish palms and 

soles

Slightly feverish in night Moderate feverish with vexation Feel burning, and away from 

clothing

Hectic fever and night 

sweating

Occasionally, mostly on head Recurrently, on chest and waist Frequently, showing as wet body

Dipsia Occasionally Frequently, tolerable Frequently, intolerable

Yellow urine Primrose yellow Medium yellow Dark yellow

Cold body Cold in hands and feet Cold limbs Clod body, cannot relieve with 

warming

Anorexia Slightly, appetite decreases 1/3 

to 2/3

Bad, appetite decreases above 2/3 Severe anorexia, even no diet

Diarrhea Once daily Two to three times daily More than three times daily
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point (totally seven times). The levels of bone marrow 
vascular endothelial growth factor (VEGF), nitric oxide 
synthase (NOS), and reactive oxygen species (ROS) were 
detected before HSCT and monthly after HSCT (totally four 
times). All detection was performed according to the man
ufacturer’s protocol of the ELISA kit.

Statistical Analysis
The compiled data were first inputted into the Excel 
spreadsheet and were then read into SPSS15.0 biometric 
statistical software program for further analysis. Normal 
data were expressed as mean±standard deviation, and non- 
normal data were expressed as medians (interquartile 
range). Variance and pairwise comparisons were used for 

normal data, whereas non-normal data were subjected to 
non-parametric tests. The Kruskal–Wallis H-test was used 
for pairwise comparisons and the Mann–Whitney U-test 
for multiple comparisons. Binary variable regression mod
els were used to analyze the correlation among objective 
factors and TCM syndromes. A P value <0.05 was con
sidered to be statistically significant.

Results
Syndrome Differentiation Based on “Yin– 
Yang” and “Zang–Fu Viscera”
Patients were primarily diagnosed with “Yin” or “Yang” 
deficiency syndrome, and further syndrome differentiation 
was performed based on “Zang–Fu viscera”. Yin deficiency 

Table 2 Scoring System for Stasis Syndrome

Grading and Scoring

Normal (0) Mild (1) Medium (2) Severe (3)

Inspection of 

the tongue

Pink tongue, without 

ecchymosis and 
sublingual varices

Dark red tongue, with 

petechiae

Dark purple tongue, with 

petechiae and ecchymosis

Bluish purple tongue, or with 

sublingual varices

Inspection of 
the facial

No purplish black at 
face, lips, gums or eyes

Dark red less than two sites Dark red or bluish purple 
more than two sites

Purple black more than two sites

Skin 
manifestation

No rough skin nor 
scales

Rough hand and foot, but 
without scales

Rough hand and foot, with 
scales

Rough skin throughout the body with 
scales

Pain No fixed pain, prickling 
or cramping

Occasionally pain, and always 
relieved within half an hour

Pain sometimes, always 
relieved within three hours, 

and no need for drug

Persistent pain, and painkillers needed

Bleeding No bleeding, 

hypodermic 

ecchymosis, nor 
menstrual disorders

Small petechiae in one site, or 

with occasionally 

dysmenorrhea and dark 
menstruation

Petechiaes more than two 

sites, or always with 

dysmenorrhea and dark 
menstruation

Petechiaes more than three sites, or 

suffer from abdominal pain during 

menstruation, and even amenorrhea

Conscious No vertigo or forgetful Occasionally happen Happened sometimes, and 
more frequently after physical 

work

Always happen, and even during rest

Mentality No mental abnormality Occasionally happen, and 

relieved without intervene

Happened sometimes, and 

can be stopped by persuading

Always happen, and can only stopped 

by constraint or medication

Physical 

sensation

No numbness or 

hemiplegia

Occasionally happen, and 

relieved without intervene

Numbness cannot be alleviate 

by self, with mild hemiplegia

Numbness Limbs and with hemiplegia

Pulse 

manifestation

Normal pulse Hesitant pulse Thread and hesitant pulse No pulse or irregularly pulse

Lump in 

abdomen

No organ enlargement, 

mass, tissue 
hyperplasia, new 

organisms, etc.

Slightly stiff and painful with 

pressing

Moderate stiff and painful Painful and reject pressing
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syndrome was differentiated into “kidney Yin deficiency”, 
“liver–kidney Yin deficiency” and “kidney Yin and Yang 
deficiency” syndromes, and Yang deficiency syndrome was 
differentiated into “kidney Yang deficiency”, “spleen–kidney 
Yang deficiency”, “kidney Yin and Yang deficiency” syn
dromes, respectively. After careful assessment of the TCM 
syndrome and scoring, we found that before HSCT (−10d), 
the syndrome was more likely “Yin deficiency” or “Yang 
deficiency”, rather than “Yin and Yang deficiency”. During 
the conditional stage (−10d to −1d), more patients manifested 
“kidney Yin and Yang deficiency” syndrome. Moreover, 
after stem cell engraftment (+14d), more “spleen–kidney 
Yang deficiency” syndrome was seen. Finally, 2 months 
after stem cell reinfusion, the TCM syndrome became stable 
and mainly manifested as “kidney Yang deficiency” or 
“spleen–kidney Yang deficiency” syndrome (Table 3, 
Figure 1).

Blood Stasis Syndrome Evaluation During 
HSCT
The scoring of blood stasis syndrome was performed at the 
corresponding time point during HSCT. A total of 61% (11/ 
18) patients were complicated with stasis syndrome before 
HSCT (score >4). During the transplantation conditioning, 
the stasis score further increased and peaked 7 days after 
stem cell reinfusion (+7d); however, no significant differ
ences were observed (P>0.05). After the stem cell engraft
ment (around +14d), the stasis score decreased (P<0.01) and 
was kept at the same level (score ≤4) during +60d~+90d. At 
+90d, the stasis score decreased to the minimum value, and 
88.9% (16/18) had no symptoms of stasis (Table 4, Figure 2).

Typical Evolution of Tongue Manifestation 
During HSCT
Tongue manifestations have a crucial role in TCM syndrome 
differentiation. During the syndrome assessment, we also 
recorded and compared the tongue manifestation. Three 
typical evolution (Type I:2A-2E; Type II:2F-2J; Type 
III:2K-2O) of tongue manifestation during the process of 
HSCT are shown in Figure 3. The evolution of TCM syn
drome of Type I went from the firstly “spleen–kidney Yang 
deficiency” stage to “liver–kidney Yin deficiency with blood 
stasis” stage, “spleen–kidney Yang deficiency with blood 
stasis” stage, and finally of relatively stable “kidney Yang 
deficiency” stage. In Type II, the syndrome evolution was as 
follows: “kidney Yang deficiency”, to a syndrome of “Yin 
deficiency with blood stasis”, to “spleen–kidney Yang Ta
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deficiency” and finally “kidney Yang deficiency” stage. In 
Type III, the syndrome evolution was as follows: “kidney Yin 
deficiency”, to “Yin deficiency fire hyperactivity”, to “Yin 
and Yang deficiency”, and finally “kidney Yang deficiency” 
stage.

Changes of Serum cAMP and cGMP 
During the HSCT Process
The expression level of serum cAMP in the patient was 
relatively equal to the normal control, while the cGMP 
was significantly higher (P<0.01). During the process of 
HSCT, the cAMP remarkably decreased from day −1, and 
then reached the lowest level at day −60 (P<0.01). It then 
relatively increased at day −90. No differences were 
observed among day +30, +60, and +90 (P>0.05). For 
the cGMP, similar changes were observed. The cGMP 
decreased after the conditioning regimen and tended to 
stabilize after day +14, but the level was still higher than 
the normal control (P<0.01) (Figure 4).

Changes of Urine 17-OH-CS During 
HSCT Process
The urine level of 17-OH-CS in AA before HSCT was sig
nificantly higher than the normal group (P<0.01). After trans
plantation conditioning, the 17-OH-CS gradually decreased 
over time; the lowest level was observed after day +60, after 
which it remained stable until +90 (Figure 4).

Changes of Serum Thyroxine During 
HSCT Process
The serum level of total triiodothyronine (TT3), tetraio
dothyronine (TT4), and free T3 (FT3), T4 (FT4) were 
detected during the HSCT. The TT3 and FT3 were sig
nificantly lower in AA before HSCT; the level decreased 
over time (from day-1 to day+30) after transplantation. 
Sixty to 90 days after stem cell reinfusion, the TT3 and 
FT3 remarkably increased (P<0.05) and reached the same 
level detected before HSCT (Figure 5A). For the TT4 and 
FT4, the expression level did not have a great change 
during the HSCT, but they decreased on day +30 
and day +60 (P<0.05 or P<0.01) when compared to the 
level at the early stage of HSCT (day −10 to day +7) 
(Figure 5B).

Comparison of Iron Load and Its 
Regulator During HSCT Process
The serum level of iron load indexes, ferritin and labile 
plasma iron (LPI), as well as iron-absorbing regulators, 
hepcidin and soluble transferrin receptor (sTfR), were sig
nificantly higher in AA patients than the normal 

Figure 1 Evolution of TCM syndromes in severe aplastic anemia (SAA) patients undergoing allogeneic hematopoietic stem cell transplantation (HSCT) based on “Yin–Yang” 
and “Zang–Fu viscera” syndrome differentiation.

Table 4 Comparison of Stasis Score Among Different Time 
Point After During HSCT (Wilcoxon), P value

Day 14 Day+30 Day+60 Day+90

Day-10 NS 0.011 0.001 0.002
Day-1 NS 0.005 0.001 0.001

Day+7 0.013 0.003 0.001 0.000

Day 14 / 0.05 0.015 0.007
Day+30 0.05 / NS 0.047

Day+60 0.015 NS / NS

Day+90 0.007 0.047 NS /
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population before HSCT, while ferroportin (FPN) was 
much lower (P<0.05 or P<0.01). Moreover, after trans
plantation, the ferritin and LPI gradually decreased over 
time and then became stable after +60d. The LPI reached 
the lowest point on day +60 (Figure 6A). The change in 
hepcidin was much slower than ferritin, which obviously 
decreased 30 days after stem cell reinfusion (P<0.05 or 

P<0.01), while FPN gradually increased after day+7 
(P<0.05 or P<0.01) (Figure 6B).

Changes of Bone Marrow VEGF, NOS, 
and ROS During HSCT Process
The impairment of iron deposition is mainly mediated by 
oxygen-free radical damage. In this study, the marrow 

Figure 2 Evolution of “blood stasis” syndrome in SAA patients during HSCT. The stasis syndrome was differentiated, scoring and compared during different stage of HSCT. 
A total of 61% (11/18) patients were complicated with stasis syndrome before HSCT, and increased after conditioning. After the stem cell engraftment (around +14d), the 
stasis score decreasing and 88.9% (16/18) had no symptoms of stasis at +90d.

Figure 3 Typical evolution of tongue manifestation during HSCT. Type I: went from the firstly “spleen–kidney Yang deficiency” stage to “liver–kidney Yin deficiency with 
blood stasis” stage, “spleen–kidney Yang deficiency with blood stasis” stage, and finally of relatively stable “kidney Yang deficiency” stage (2A-2E); Type II: went from “kidney 
Yang deficiency”, to a syndrome of “Yin deficiency with blood stasis”, to “spleen–kidney Yang deficiency” and finally “kidney Yang deficiency” stage (2F-2J); and Type III: went 
from “kidney Yin deficiency”, to “Yin deficiency fire hyperactivity”, to “Yin and Yang deficiency”, and finally “kidney Yang deficiency” stage (2K-2O).
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serum level of VEGF, NOS, and ROS was detected. The 
expression of VEGF in bone marrow from AA patients 
was significantly lower, while NOS and ROS were much 
higher than the normal subjects (all P<0.01). After HSCT, 
the VEGF remarkably increased after +60days, and NOS 
and ROS decreased after +30days (P<0.01) (Figure 7).

Correlation Analysis Between TCM 
Syndrome Evolution and Serum 
Indicators
To analyze the indicator of “Yin” and “Yang” syndrome, 
we deleted the patient without obvious “Yin” and “Yang” 
deviation during the HSCT. Patients with “Deficiency of 
both Yin and Yang” were assigned into “Yin” deficiency 
and “Yang” deficiency group. The Spearman coefficient 
analysis was used to assess the cross-correlation of “Yin”, 
“Yang” deficiency syndrome, “blood stasis” syndrome 
with metabolism indicators (cAMP, cGMP, 17-OH-CS, 
and thyroxine) as well as iron-related indicators (ferritin, 
LPI, Hepcidin, sTfR, and FPN). Results showed that 
“Yang deficiency” was significantly negatively correlated 
with TT3, FT3, and TSH, while “Yin deficiency” 

syndrome had a strong positive correlation with cGMP, 
17-OH-CS, LPI, hepcidin, and sTfR (Tables 5 and 6). 
Considering “blood stasis” syndrome, it showed 
a remarkable positive correlation to cAMP, cGMP, 17- 
OH-CS, hepcidin, sTfR, and a negative correlation to 
FPN (Tables 7 and 8).

Discussion
Our data suggested that the main syndrome of a newly 
diagnosed patient with SAA was “Yin deficiency with fire 
hyperactivity” or “heat toxic exacerbation”,20 while those 
with non-severe chronic AA presented with “kidney defi
ciency with blood stasis”.10 For patients who were plan
ning to receive stem cell transplantation, the severe 
infection was kept under control, and the “Heat Toxic” 
syndrome was alleviated before HSCT. In this study, we 
found that the 9/18 patients were diagnosed with “Yang 
deficiency” and 11/18 with “Yin deficiency” before con
ditioning (two of them deficient in both Yin and Yang). 
For patients with “Yang deficiency”, 66.7% were diag
nosed with “spleen–kidney Yang deficiency”, while in 
“Yin deficiency” group, “kidney Yin deficiency” (36%) 
and “liver–kidney Yin deficiency” (45%) occupied the 

Figure 4 Changes of serum cAMP, cGMP and urine 17-OH-CS during the HSCT process. Data are presented as mean ± SD; *P < 0.01 (as compared with the normal 
population);+P < 0.05, and ++P < 0.01 (as compared with −10d); #P < 0.01 (as compared with −1d); @P < 0.05, @@P < 0.01 (as compared with +7d); &P < 0.05, and &&P < 0.01 
(as compared with +14d).
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majority. After conditioning, the proportion of “Kidney 
Yin and Yang deficiency” increased to 61.6% and 
decreased after stem cell transfusion. Fourteen days 
after stem cell transfusion, the TCM syndrome gradually 
developed into “spleen–kidney Yang deficiency”. The 
proportion reached the peak at +30day (61.1%) and 
became stable after +60day. On +90day, the majority of 
patients were diagnosed with “kidney Yang deficiency” 
(35.7%) or “spleen–kidney Yang deficiency” (28.6%), 
and four patients manifested with no obvious “Yin” or 
“Yang” deviation. Our research presented a whole syn
drome map during HSCT for a patient without severe 
complications.

The cyclic nucleotides (cAMP and cGMP) act as 
intercellular second messengers by stimulating hormones, 
neurotransmitters, and inflammatory mediators.21 cAMP is 
considered as “Yang”, and cGMP as “Yin” in “Yang defi
ciency” model, which can be restored by warming and 
recuperating kidney yang.22–24 However, cAMP and 
cGMP function may differ in different syndrome or dis
ease models. It is reported that in patients with “Yang 
deficiency” physique, the serum cGMP increased and 
cAMP/cGMP decreased after Yang nourishment, while 
no changes in cAMP were observed.25 Besides cyclic 
nucleotides, the hypothalamic-pituitary-adrenal (HPA) 
axis dysfunction has a crucial role in the pathological 

Figure 5 Changes of serum thyroxine during HSCT process. The serum level of total triiodothyronine (TT3), free T3 (FT3) (A) and tetraiodothyronine (TT4), free T4 (FT4) 
(B) were detected during the HSCT. Data are presented as mean ± SD; *P < 0.01 (as compared with the normal population);+P < 0.05, and ++P < 0.01 (as compared with 
−10d); #P < 0.05, ##P < 0.01 (as compared with −1d); @P < 0.05, @@P < 0.01 (as compared with +7d); &P < 0.01 (as compared with +14d); ▲P < 0.01 (as compared with 
+30d).
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basis of “Kidney Yang Deficiency”.23,26 Our results 
showed that the SAA patient had a significantly higher 
cGMP level and lower cAMP than the normal subjects; 
cGMP and cAMP remarkably decreased after condition
ing. After stem cell reinfusion, the cGMP became stable 
since +14day, and cAMP recovered around +90day. In 
addition, patients also had a higher level of 17-OH-CS, 
which decreased during the HSCT, and became stable 
around +60-+90day. The correlation analysis showed 
a positive relation between cGMP, 17-OH-CS, and “Yin 
Deficiency”, which means that cGMP may form the basis 
of “Yang” here, and the “Yang” that cGMP represented 
actually was “deficient Yang” ascribed to the “Yin defi
ciency”. The increased expression of 17-OH-CS before 

HSCT means that the activated adrenocortical function 
may also be due to hyperactivation of “deficient Yang”. 
The extremely low TT3 and FT3 in SAA before HSCT and 
their negative correlation with “Yang deficiency” sug
gested “Yang deficiency” before HSCT. All these changes 
indicated that both “Yin” and “Yang” were deficient in 
SAA; the “Yin deficiency” or “Yang deficiency” syndrome 
was actually the manifestation of deviated deficiency 
based on “Yin and Yang Deficiency”.

Owing to dysfunctional iron metabolism and excess 
transfusion, iron overload (IO) is one of AA’s most 
encountered complications, even in newly diagnosed 
patients.27,28 Analogism is regarded as a major theoretical 
construction tool of TCM, which has an important role in 

Figure 6 Comparison of iron load and its regulator during HSCT process. The serum level of iron load indexes, ferritin and labile plasma iron (LPI) (A), as well as iron- 
absorbing regulators, hepcidin and soluble transferrin receptor (sTfR) (B) were detected. Data are presented as mean ± SD; *P < 0.05, **P < 0.01 (as compared with the 
normal population);+P < 0.05, and ++P < 0.01 (as compared with −10d); #P < 0.05, ##P < 0.01 (as compared with −1d); @P < 0.05, @@P < 0.01 (as compared with +7d); &P < 
0.05, and &&P < 0.01 (as compared with +14d).
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concept design and theory systematization. In patients with 
heavy IO, hyperpigmentation occurs; some may even suf
fer from abdominal pain, which was similar to the patient 
with “Stasis” syndrome. Our previous study revealed 
a close relationship between IO and “Stasis” syndrome in 
chronic AA. Also, the iron chelation therapy contributed to 
the alleviation of “Stasis” syndrome and promoted the 
hematopoiesis,29,30 which is also in accordance with the 
TCM theory of “removing blood stasis for promoting 
tissue regeneration”. Our result showed that nearly 61% 
of the patients were diagnosed with “blood stasis” syn
drome before HSCT, and the stasis scoring increased after 
conditioning (until +7d). However, after +14day, the stasis 
score decreased, and 88.9% patients were diagnosed with
out stasis.

There was also a notable higher level of ferritin and 
LPI in AA patients, which suggested a higher iron load. 
Hepcidin is a major communicator between liver iron 
stores and the intestinal iron absorption and transport 
mechanisms that can negatively regulate the iron assimila
tion, and induce FPN endocytosis, phosphorylation, and 
catabolism. The expression of hepcidin was regulated by 
sTfR mediated HJV-BMP-SMAD pathway,31,32 and was 
upregulated in AA or myelodysplastic syndrome (MDS) 

with IO.33,34 Higher hepcidin, sTfR, and decreased FPN 
were also found in our cases. After HSCT, hepcidin started 
to significantly decrease 30 days after stem cell reinfusion, 
and FPN recovered to a normal level around +60day, while 
no obvious changes were observed on sTfR. In addition, 
the correlation analysis showed a strong positive relation 
of LPI, hepcidin, sTfR to “Yin Deficiency”, while FPN 
was negatively related with “Yin deficiency” syndrome. 
We also found a positive correlation between hepcidin and 
sTfR, and a negative correlation between FPN and “stasis” 
syndrome. All these indicated that IO might contribute to 
the formation of “stasis”, and that “Yin deficiency and 
blood stasis” may the tendentiousness syndrome in IO.

Besides the direct influence of iron overload to 
“Stasis”, the impaired angiogenesis induced by oxygen 
free radical damage may also contribute to the stasis for
mation in AA patient.35 This study showed a significantly 
lower VEGF and extremely higher NOS and ROS in bone 
marrow from patients with SAA compared to the normal 
controls, and these indexes were corrected 30 to 90 days 
after HSCT. There was positive correlation of bone mar
row NOS level to “Stasis” syndrome, and a negative cor
relation of VEGF to “Yin Deficiency” syndrome, which 
means that the oxygen free radical damage and impaired 

Figure 7 Changes of bone marrow VEGF, NOS, and ROS during HSCT process. The marrow serum level of VEGF, NOS, and ROS were detected. Data are presented as 
mean ± SD; *P < 0.05, **P < 0.01 (as compared with the normal population); ++P < 0.01 (as compared with −10d); @P < 0.05, and @@P < 0.01 (as compared with +7d).
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angiogenesis may also be the pathologic basis of “Yin 
deficiency and blood stasis” syndrome.

In conclusion, our study revealed the syndrome evolu
tion pattern in AA patients undergoing HSCT, and found the 
possible basis of “Yin deficiency”, “Yang deficiency”, and 
“stasis” syndromes, which may promote the diagnosis and 
differentiation of the syndrome. For clinical practice, our 
results suggest it is necessary to take care of “Yin” during 
the whole stage of HSCT, as herbs with “hot” nature should 
be avoided in case of exhaustion of “Yin” regardless of their 
beneficial effect on hematopoiesis at the early stage, and 
“warm” herbs should be preferred instead. In addition, it is 
also necessary to understand “Stasis” in AA, where the 
abnormal iron metabolism may have a crucial role in the 
“blood stasis” syndrome formation, and therapeutic methods 
with blood-activating and stasis-resolving may be of con
siderable importance during the process of HSCT.
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Introduction: Neutralizing antibodies to coagulation factor VIII (FVIII) remain a major 
complication associated with FVIII replacement therapy.
Aim: To assess safety and efficacy of immune tolerance induction (ITI) therapy with 
ADVATE® (antihemophilic factor [recombinant] [rAHF]) in patients who participated in 
the Prospective ADVATE Immune Tolerance Induction Registry (PAIR) study.
Methods: The PAIR study was an international, multicenter, open-label, prospective, 
observational study in patients with hemophilia A and inhibitors, prescribed rAHF ITI 
therapy in clinical practice. The primary endpoint was adverse event (AE) reporting; the 
secondary endpoints included incidence of central venous access device-related complica
tions and success rates of ITI therapy. Maintenance of immune tolerance was monitored for 
12 months post-ITI therapy.
Results: Of 44 patients, 36 completed ITI therapy, including 31 completing the 12-month 
follow-up. Most patients received rAHF 90–130 IU/kg/day (59.1%) and a mean of 6.0 doses/ 
week; the median duration of rAHF ITI therapy during the PAIR study was 600 days. Overall, 
284 AEs were reported; 56 AEs were serious, of which none were considered rAHF-related. 
Of 228 nonserious AEs, 14 (in six patients) were deemed rAHF-related: increase of FVIII 
inhibitors titer due to anamnestic response, nausea, catheter site pain, pyrexia, urticaria, upper 
respiratory tract infection, arthralgia, and hemarthrosis. None were severe or led to ITI 
discontinuation. Eighteen patients experienced ≥1 central venous access device-related com
plication, and 21 of 36 completers achieved a negative inhibitor titer. The Kaplan–Meier 
estimate of success for achievement of first negative titer at 18 months of ITI therapy was 
68.3% (95% confidence interval 51.8–83.6%) among completers. Of patients with partial or 
complete success post-ITI, 87% (20/23) maintained immune tolerance at 12-month follow-up.
Conclusion: Data suggest that rAHF ITI therapy in the PAIR study was effective, with no 
unexpected safety signals reported.
Keywords: hemophilia A, immune tolerance, post-marketing product surveillance, 
therapeutics, adverse effects

Introduction
Development of neutralizing inhibitory antibodies (inhibitors) remains a major risk 
associated with coagulation factor VIII (FVIII) replacement therapy. Estimates sug
gest that 8–44% of patients with severe hemophilia A and 3–13% of patients with 
mild or moderate hemophilia A develop inhibitory antibodies,1–4 with occurrence 
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dependent on genetic- and patient-related factors, such as 
mutations, severity of hemophilia, ethnicity, age at first 
treatment, and family history of hemophilia.1,5–8 In the 
absence of intervention, inhibitors compromise the effec
tiveness of FVIII therapy and lead to increased morbidity 
and mortality due to poor bleed control.9,10

For patients with hemophilia A and inhibitors, induction 
of FVIII immune tolerance aims to restore FVIII pharmaco
kinetics (PK) and responsiveness to FVIII therapy, which is 
the standard of care.11,12 The success rate of immune toler
ance induction (ITI) using various dosing regimens has been 
reported to range between 60 and 80% in patients with severe 
hemophilia A and inhibitors to FVIII.13–15 In a “good-risk” 
subgroup of ITI patients (inhibitor titer <10 Bethesda units 
(BU)/mL and historic peak titer of <200 BU/mL) and severe 
hemophilia A, data from a randomized, prospective study 
indicate that success rates were similar between low-dose (50 
IU/kg FVIII, three times a week) and high-dose (200 IU/kg 
FVIII, daily) regimens; however, patients receiving low-dose 
ITI therapy took longer to achieve tolerance and had higher 
bleed rates compared with the high-dose group.14 The opti
mal ITI treatment and dosage regimen is unknown, and 
information on factors that may predict ITI therapy success 
or failure emanates from ITI therapy studies.16–21

Previous reports in small patient cohorts suggest that 
ITI therapy with ADVATE® (antihemophilic factor 
[recombinant] [rAHF] ; Baxalta US Inc., a Takeda com
pany, Lexington, MA, USA) is effective and confirm an 
overall established record of safety.22,23 The international 
Prospective ADVATE Immune Tolerance Induction 
Registry (PAIR) study was designed to characterize the 
safety and tolerability of rAHF as a primary FVIII ther
apeutic agent in ITI therapy in patients with hemophilia 
A and inhibitors in clinical practices. The main objectives 
of the study were to assess the incidence of serious and 
nonserious adverse events (AEs) related to rAHF, inci
dence of central venous access device (CVAD)–related 
infections, and the success rates in patients with hemophi
lia A and inhibitors receiving ITI therapy with rAHF.

Here, we report the final analysis of the PAIR study, 
encompassing 7 years of prospective surveillance.

Materials and Methods
Study Design and Conduct
The PAIR study was an international, multicenter, open- 
label, prospective, observational study in patients with 
hemophilia A and inhibitors prescribed rAHF ITI therapy 

in clinical practice. The PAIR study was conducted at 27 
sites in 10 countries (Belgium, Canada, Denmark, France, 
Germany, Greece, Italy, Spain, United Kingdom, and 
United States). Recruitment began in July 2007, and the 
study was completed in July 2015.

Patients
Patients diagnosed at any age with hemophilia A of any 
severity, previously diagnosed with an inhibitor to FVIII 
(low-titer [<5 BU] and high-titer [≥5 BU]), and due to start 
rAHF ITI therapy as part of routine clinical practice were 
eligible for this study. The choice of rAHF ITI therapy was 
made before PAIR study participation. Previous failure of 
ITI therapy on rAHF and history of hypersensitivity reac
tions to FVIII were exclusion factors. The protocol for this 
study defined severe hemophilia A as a baseline level of 
FVIII ≤1% and non-severe hemophilia A as FVIII >1%, 
reflecting the classification of hemophilia severity at the 
time of the study. A FVIII baseline level of <1% has since 
been adopted for severe hemophilia A.12

Procedures
The rAHF ITI therapy dosing regimen and monitoring sche
dule were at the treating physician’s discretion, based on 
individual patient’s requirements. ITI therapy regimens 
described in the peer-reviewed literature14,16,19–21,24,25 or 
similar to those described in the International ITI Protocol26 

were recommended.
The observation period for each patient was from the 

time ITI therapy was initiated through 33 months of ITI 
therapy, with an additional 12-month post-observation fol
low-up after ITI therapy was considered successful or 
partially successful. If ITI therapy (partial) success was 
not achieved within 33 months of ITI therapy initiation, 
participation in the study ended.

Study-specific patient diaries were used to record the 
following variables: AEs, ITI infusion administration 
details, treatment and cause of new bleeding episodes, 
response to bleed treatment, and concomitant medications 
taken (including vaccinations). Diary data were recorded 
by investigators on case report forms (CRFs).

Investigators monitored their patients for the occur
rence of any AE. All AEs associated with rAHF during 
bleed management (not including bleed events during ITI 
therapy) were reported on the AE CRF. If an AE was 
serious, the event was recorded using separate serious 
AE (SAE) forms.
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Laboratory testing for the quantitation of FVIII, FVIII 
inhibitor, and FVIII recovery and PK was performed at 
baseline, during ITI therapy, at the end of ITI therapy, and 
at a post-observation 12-month follow-up. All testing was 
conducted at the local laboratory of the participating site 
according to locally established procedures and methods. 
Laboratory tests were not mandated by the protocol, but 
investigators could utilize the procedure in the 
International Immune Tolerance Study14 to determine the 
disappearance of the inhibitor.

The approach to the management of bleeding episodes 
(ie, breakthrough bleeding) was determined by the treating 
physician. Bleed events and hemostatic agents received at 
home or in the clinic were recorded on the Bleeding 
Episode Treatment Record CRF.

Study Endpoints and Outcome Measures
The primary endpoint was the incidence of AEs possibly 
related to rAHF during ITI therapy, categorized according 
to the Medical Dictionary for Regulatory Activities 
(MedDRA, version 17.0). The study comprised 
a retrospective and prospective period, defined respec
tively as the period of time during which rAHF ITI therapy 
was administered prior to, and following, PAIR study 
enrollment.

Secondary endpoints were the incidence of CVAD- 
related infections, general success rate of ITI therapy, 
and success rate in patients with severe hemophilia 
A (baseline level of FVIII ≤1%) and receiving rAHF as 
their primary ITI therapy, with no previous ITI therapy 
attempt and any titer inhibitor to FVIII.

Consensus recommendations of the 2006 International 
ITI Workshop define the response to ITI (ie, success) as 
a combination of a decrease and absence of inhibitors 
(usually less than 0.6 BU) and a normalization of the PK 
of FVIII.13 Per the study protocol, precise ITI success was 
categorized as complete, partial, failure, unassessable, and 
relapse, based on inhibitor titers and PK assessments per
formed in the International Immune Tolerance Study.14 

However, due to the observational nature of this study and 
as PK assessments were not available in all centers, success 
in this analysis was defined only on inhibitor titer. General 
success was defined as achieving a FVIII inhibitor titer <0.6 
BU or cut-off limit of inhibitor detection per local laboratory 
standard. Partial success occurred within 9–33 months of ITI 
treatment and was an inhibitor titer <5 BU (ie, conversion 
from high to low titer). Failure was ≥33 months of treatment 
with titer ≥5 BU, or 9–33 months of treatment with failure to 

achieve a >20% reduction in titer. Relapse was a positive 
inhibitor titer during the 12-month follow-up after inhibitor 
disappearance.

Statistical Analyses
Safety data, including incidence of CVAD-related infec
tions, were analyzed in the full analysis set (FAS), defined 
as all patients who enrolled and received at least one dose 
of rAHF ITI. The incidence of general success of rAHF 
ITI was analyzed using the completer analysis set (CAS), 
which comprised all patients who carried ITI therapy to 
completion, regardless of whether or not they were fol
lowed up for 12 months after completion. The nonpara
metric Kaplan–Meier product limit method was used to 
estimate time to ITI success (percentage of patients with 
inhibitor titers who achieved a negative FVIII inhibitor 
titer following ITI therapy) in the FAS, CAS, and per- 
protocol analysis set (PPS). The PPS was defined as the 
subset of patients in the CAS who completed ITI therapy 
with an assessable outcome (ie, all necessary inhibitor titer 
results were available in order to determine ITI therapy 
success or failure).

If the end date for a patient’s current/initial ITI regimen 
was not collected, the end date was assumed to be 1 day 
before the first recorded start date of a change in therapy or 
date of therapy completion, whichever came first. If there 
was a discrepancy between unique titer measurements 
reported in multiple places on the CRF, the result found in 
the patient’s titer log prevailed. To determine the end date of 
the initial ITI regimen, which was not collected on the CRF, 
if the initial ITI start date was not missing then the day 
before the start date of the current ITI regimen was used. 
If the initial ITI start date was missing, then the date of the 
end of the previous rAHF therapy was used.

Descriptive statistics were used to summarize continuous 
variables; frequencies were used for categorical variables. 
All data were analyzed with SAS® software package, ver
sion 9.4 (SAS Institute Inc., Cary, North Carolina, USA).

Results
The results reported in in the main text of this article are 
based on the protocol definitions of severe hemophilia 
A (baseline level of FVIII ≤1%) and non-severe hemophilia 
A (baseline FVIII >1%). Results based on the updated defini
tion of severe hemophilia (baseline level of FVIII <1%)12 are 
provided in the supplementary materials where appropriate.
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Patients
As of July 2015, all patients had completed study partici
pation. Of the 44 patients who enrolled and were exposed 
to rAHF, 36 (81.8%) completed ITI therapy and 31 
(70.5%) completed the 12-month follow-up (Figure 1).

The median age at enrollment was 23.5 months (Table 1). 
Most patients (86.4%, 38/44) had severe hemophilia 
A (baseline FVIII level ≤1%); 13.6% (6/44) had non-severe 
hemophilia A (baseline FVIII level >1%). At initiation of ITI 
therapy (ie, baseline), high-titer inhibitors were present in 15 
of 44 patients (≥10 BU in seven patients), low titers were 
present in 23 of 44 patients, and titers were unreported in six 
patients with any hemophilia severity. The most common 
type of FVIII mutation was an intron 22 inversion (43.2%, 
19/44). Most of the remaining patients reported either 
unknown (27.3%, 12/44) or other (22.7%, 10/44) mutations; 
missense and nonsense mutations were reported in 4.5% of 
patients (2/44) and 2.3% of patients (1/44), respectively.

Use of rAHF as ITI Therapy
The median duration of rAHF ITI therapy administration 
before PAIR study enrollment was 122 days (n = 34), and 
during the PAIR study it was 600 days (n = 44).

The most frequently initiated rAHF dose range (59.1%, 26/ 
44 patients) was 90–130 IU/kg/day (Table 2), which was 
initiated in patients from Germany (n = 1), Denmark (n = 1), 
Spain (n = 1), Greece (n = 1), France (n = 3/5), Italy (n = 3/5), 
the United Kingdom (n = 6/9), and United States (n = 9/17). In 
Belgium, one patient was initiated on 90–130 IU/kg/day and 
one patient on ≥200 IU/kg/day rAHF. In Canada, two of two 
patients were initiated on <90 IU/kg/day rAHF. The mean (SD) 
dose per infusion of rAHF ITI therapy was 113.4 (66.6) IU/kg; 
patients with severe hemophilia A had a higher mean (SD) 
dose per infusion than those with non-severe hemophilia 
A (119.3 [69.4] versus 77.3 [26.9] IU/kg, respectively). 
Results using the current classification of severe hemophilia 
are provided in Supplementary Table 2. The total mean (med
ian, range) number of rAHF doses per week was 6.0 (5.2, 
0.6–14.0).

Following the initial dose, 47.7% of all patients (21/ 
44) and 47.4% of patients with severe hemophilia (18/ 
38) experienced at least one dose increase during the 
study. Overall, the percentage of patients receiving dose 
increases during the study was similar for those with 
low- (<5 BU, 53.3%) and high-inhibitor titers (≥5 BU, 
44.8%) at baseline. Information on whether inhibitors 

Eligible patients
N=44 (FAS)

Completed ITI therapy
n=36 (CAS)

Completed 12-month
follow-up

n=31

Discontinued ITI therapy
n=8

Withdrawal by subject: n=2
Physician decision: n=1
Lost to follow-up: n=4
Persistent inhibitor: n=1

Discontinued before completing
12-month follow-up

n=5

ITI success not anticipated*: n=3
Successful therapy†: n=1
Received 33 months’ treatment: n=1

Figure 1 Flow of patients through the PAIR study. *Within 33 months of treatment. †As defined by the protocol. 
Abbreviations: CAS, completer analysis set; FAS, full analysis set; ITI, immune tolerance induction; PAIR, Prospective ADVATE Immune Tolerance Induction Registry.
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were low- or high-responding was not available in this 
study.

Safety
A total of 284 AEs were reported in 44 patients before (retro
spective period) and after (prospective period) PAIR study 
enrollment; 56 AEs (19.7%) were serious and not considered 
related to rAHF ITI therapy (Table 3). Before study enroll
ment, 31 AEs were reported in 10 of 34 patients, of which 
eight were SAEs reported in five patients. During the study, 
253 AEs were reported in 32 of 44 patients, of which 48 were 
SAEs reported in 21 patients. A total of 14 nonserious AEs 
considered related to rAHF ITI therapy occurred in six 
patients (13.6%), and none of these AEs were severe. These 

were pyrexia (n = 1), urticaria (n = 1), nausea (n = 2), catheter 
site pain (n = 1), upper respiratory tract infection (n = 1), 
arthralgia (n = 2), hemarthrosis (n = 2), and increase of FVIII 
inhibitors titer due to anamnestic response (n = 4).

Of 44 patients, 18 (40.9%) had a CVAD placed before 
rAHF ITI therapy initiation, 10 patients (22.7%) had their 
first CVAD placed during ITI, six patients (13.6%) had 
their CVAD replaced during ITI, and 18 patients (40.9%) 
had a CVAD placed due to complications during ITI 
therapy. In total, 18 patients experienced at least one 
CVAD-related complication. The most frequently reported 
CVAD complications included 18 episodes of local site 
line infection in five patients (11.0%), nine episodes of line 
insertion site bleed in three patients (6.8%), and eight 

Table 1 Baseline Characteristics of Patients in the PAIR Study

Characteristic FVIII ≤1% (n = 38) All Patients (N = 44)

Age at ITI therapy start, months, median (range) 19.0 (1.0–320.0) 23.5 (1.0–676)

Race, n (%)

White 24 (63.2) 29 (65.9)

Asian 1 (2.6) 1 (2.3)
Black 4 (10.5) 4 (9.1)

Hispanic 3 (7.9) 3 (6.8)

Other/missing 6 (15.8) 7 (15.9)

Family history of inhibitor, n (%)

Yes 10 (26.3) 11 (25.0)

No 25 (65.8) 30 (68.2)

Unknown 3 (7.9) 3 (6.8)

Titer, BU, median (mean, range)

At diagnosis 4.9 (19.1, 0.7–173.0) 4.9 (21.2, 0.5–173.0)

Peak before ITI therapya 12.5 (44.0, 0.7–225.2) 12.5 (43.0, 0.7–225.2)

Immediately before ITI therapy 4.0 (8.5, 0–60.6) 3.95 (8.0, 0–60.6)

Notes: Results by current classification of severe hemophilia (FVIII <1%) are provided in Supplementary Table 1. aIf peak titer before ITI therapy was not reported, the 
maximum of all titer measurements made before ITI therapy was used. 
Abbreviations: BU, Bethesda unit; FVIII, coagulation factor VIII; ITI, immune tolerance induction; PAIR, Prospective ADVATE Immune Tolerance Induction Registry.

Table 2 ITI Therapy Dosage Regimens Utilized in the PAIR Study

Dose in IU/kg/day, n (%) FVIII ≤1% (n = 38) All Patients (N = 44)

High Titera,b (n = 26) Low Titera,c (n = 12) High Titera,b (n = 29) Low Titera,c (n = 15)

≥200 4 (15.4) 0 4 (13.8) 0

~131–199 2 (7.7) 0 3 (10.3) 0
90–130 16 (61.5) 6 (50.0) 18 (62.1) 8 (53.3)

<90 4 (15.4) 6 (50.0) 4 (13.8) 7 (46.7)

Notes: Results by current classification of severe hemophilia (FVIII <1%) are provided in Supplementary Table 3. aIf peak titer before ITI therapy was not reported, the 
maximum of all titer measurements made before ITI therapy was used. b≥5 BU at baseline. c<5 BU at baseline. 
Abbreviations: BU, Bethesda unit; FVIII, coagulation factor VIII; ITI, immune tolerance induction; IU, international unit; PAIR, Prospective ADVATE Immune Tolerance 
Induction Registry.
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episodes of systemic/septic line infection in five patients 
(11.0%). Other CVAD-associated complications occurring 
in more than one patient were line insertions (five occur
rences in four patients) and line removal (two occurrences 
in two patients).

Efficacy of ITI Therapy
Of the 36 patients who completed ITI treatment (ie, those in 
the CAS), 21 (58.3%) achieved a negative titer during the 
study, two (5.6%) converted from a high- to a low-titer 
inhibitor, and eight (22.2%) experienced treatment failure 
(Table 4). Six of 13 patients (46.2%) in the CAS with severe 
hemophilia (baseline level of FVIII ≤1%) and high titer at 
baseline achieved a negative titer. Of 23 patients with partial 
or complete success after ITI therapy, 20 (87%) maintained 
immune tolerance at 12-month follow-up.

The estimated cumulative success rate of rAHF ITI 
therapy at approximately 18 months (516 days) was 

72.4% (95% confidence interval [CI] 55.5–87.0%) in the 
PPS (n = 31) and 68.3% (95% CI 51.8–83.6%) in the CAS 
(n = 36) (Figure 2). These rates were in patients with high- 
and low-titer inhibitors (PPS patients: 20 with high-titer 
and 11 with low-titer inhibitors; CAS patients: 23 with 
high-titer and 13 with low-titer inhibitors), and success 
was defined as the percentage of patients with inhibitors 
who achieved a negative FVIII inhibitor titer following ITI 
therapy. The median times to first and second negative 
titers for all patients were 4.3 months and 5.8 months, 
respectively. For those patients with a high-titer inhibitor 
at baseline, the median times to first and second negative 
titer test were 4.8 and 6.7 months, respectively. 
Specifically in children (<18 years of age), the estimated 
cumulative success rate of rAHF ITI therapy at approxi
mately 18 months was 69.4% (95% CI 51.5–85.6%) in the 
PPS and 65.4% (95% CI 48.1–82.1%) in the CAS.

Maximum inhibitor titers ≥5 BU, ≥10 BU, and ≥100 
BU were detected in 25, 22, and 17 patients, respectively, 
during ITI therapy. Of the patients who achieved 
a negative inhibitor titer (61.5%, 16/26), three patients 
(18.8%) reported a relapse at their 12-month follow-up 
appointment. The first of these patients was 56 years of 
age at ITI therapy initiation and had a peak inhibitor titer 
before ITI therapy of 1.6 BU and an inhibitor titer of 1.1 
BU at the 12-month follow-up. The second patient was 3 
years of age at ITI therapy initiation, with a peak inhibitor 
titer before ITI therapy of 196.0 BU; although relapse was 
indicated in the report, the most recent titer at 12 months 
was 0 BU. The third patient with relapse was 4 months old 
at ITI initiation and had a peak inhibitor titer of 4.3 BU 
before ITI therapy and an inhibitor titer of 0.5 BU at 
follow-up (equal to the local laboratory cut-off for inhibi
tor detection). The first patient had been receiving 
a follow-up prophylaxis regimen of 35 IU/kg every 
other day; the second patient had continued ITI therapy 
(50 IU/kg every day). The third patient had received 71 
IU/kg twice a week and 89 IU/kg once a week.

Table 4 Outcomes in Patients Who Completed rAHF ITI Therapy (CAS)

Completers, n (%) Severe Hemophilia (FVIII ≤1%) (n = 31) Non-Severe Hemophilia (FVIII > 1%) (n = 5) Total (n = 36)

General success 18 (58.1) 3 (60.0) 21 (58.3)

Partial success 2 (6.5) 0 (0) 2 (5.6)

Failure 7 (22.6) 1 (20.0) 8 (22.2)

Note: Results by current classification of severe hemophilia (FVIII <1%) are provided in Supplementary Table 4. 
Abbreviations: CAS, completer analysis set; FVIII, coagulation factor VIII; ITI, immune tolerance induction; NA, not available; PK, pharmacokinetic; rAHF, antihemophilic 
factor (recombinant).

Table 3 Summary of AEs in the PAIR Study (FAS)

AEs n (% of Total AEs)

All AEs 284 (100.0)

SAEs

Total 56 (19.7)

Considered treatment-related 0

Nonserious AEs

Total 228 (80.3)

Considered unrelated to 

treatment

214 (75.4)

Considered treatment-related 14 (4.9)

Discontinuations n (% of Total Patients) (N = 44)

Patient withdrew 2 (4.5)

Physician decision 1 (2.3)
Lost to follow-up 4 (9.1)

Other 2 (4.5)

Abbreviations: AE, adverse events; FAS, full analysis set; PAIR, Prospective 
ADVATE Immune Tolerance Induction Registry; SAE, serious adverse event.
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The median time from inhibitor diagnosis to ITI ther
apy initiation for all patients with available data (n = 42) 
was 2.5 months; the median time for patients with severe 
hemophilia (baseline FVIII level ≤1%) (n = 36) was 2.2 
months, and for patients with FVIII level >1% (n = 6) it 
was 3.7 months.

The median time from inhibitor diagnosis to ITI ther
apy initiation was 0.5 months for patients with an ITI 
therapy outcome of general success (n = 20), 34.0 months 
for patients with partial success (n = 2, high to low titer 
conversion), and 12.48 months for patients with ITI ther
apy failure (n = 7).

Treatment of Bleeding Episodes
A total of 339 bleeding episodes occurred in 33 of 36 patients 
in the CAS on rAHF during ITI therapy. Most bleeding 
episodes (n = 308) occurred in 29 of 31 patients with severe 

hemophilia (FVIII ≤ 1%), and the remaining 31 bleeding 
episodes occurred in four of five patients with non-severe 
hemophilia (FVIII >1%). The results using the current classi
fication of severe hemophilia are provided in Supplementary 
Table 5. The most frequent cause of bleeding episodes was 
trauma-related (156/339), whereas 94 of 339 bleeding epi
sodes were spontaneous. The etiologies of a further 89 bleed
ing episodes were either unknown or missing.

Most bleeding episodes that occurred during ITI 
therapy were treated exclusively with recombinant acti
vated factor VII (rFVIIa) products (n = 177), whereas 
three were exclusively treated with activated prothrom
bin complex concentrates (aPCC) and 37 with rAHF. 
For 84 bleeding episodes, treatment began with rAHF 
and alternated with rFVIIa products, and for five bleed
ing episodes, treatment began with rFVIIa products and 
alternated with rAHF.

Figure 2 Kaplan–Meier success curves for achievement of first negative titer. 
Abbreviations: CI, confidence interval; ITI, immune tolerance induction.
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Discussion
The PAIR study was an international, non-interventional 
prospective study of rAHF as ITI therapy in a real-world 
setting. The observational, non-interventional nature of the 
study enabled the assessment of safety, tolerability and 
efficacy of rAHF ITI therapy under routine conditions in 
common clinical practice. In this setting, patients had 
independently chosen to receive ITI therapy with rAHF 
and were treated by the investigators according to their 
clinical judgement and experience. The PAIR study col
lected and analyzed this real-life experience and summar
ized the most salient findings. Overall, the findings from 
the PAIR study add to previous experiences with rAHF ITI 
therapy in other clinical studies utilizing different designs 
and treatment regimens.14,22,23,27

The safety results were consistent with the known 
safety profile of rAHF, and there were no unknown or 
unexpected safety signals for treatment of bleeding epi
sodes or for ITI therapy.28–30 Most complications that 
occurred in the PAIR study related to CVAD use. These 
are known issues associated with the use of these devices, 
and education on best practices may help to mitigate them. 
Of note, there were no reports of CVAD-related throm
boses, which are a relatively common complication of 
CVAD insertion.31

The present investigation supports the efficacy conclu
sion of previous ITI therapy studies.22,23,32 rAHF was 
effective in a variety of ITI dosing regimens currently 
used in clinical practice. The estimated PPS and CAS 
cumulative success rates at 18 months were 72.4% and 
68.3%, respectively, in patients who had both high- and 
low-titer inhibitors at baseline (information on whether 
inhibitors were low- or high-responding was not avail
able). In the International Immune Tolerance Study, 
patients with severe hemophilia (defined as FVIII <1%) 
who were defined as good risk and had high-titer and high- 
responding inhibitors achieved a success rate of 69.7% (n 
= 46/66).14 This compares with 46.2% of patients with 
severe hemophilia (baseline FVIII ≤1%) and high titer in 
the present study. However, this percentage is based on 
a sample of 13 patients. In addition, the apparently lower 
success rate may be a consequence of how severe hemo
philia was defined in our study, as patients with moderate 
hemophilia generally have a lower success rate versus 
those with severe disease.

Separate retrospective analyses from two US centers 
suggested that an interval of <1 month from inhibitor 
detection to ITI therapy start was associated with 

improved outcome.15 In the present study, although the 
numbers were small, 20 patients with general success 
had an inhibitor-diagnosis-to-ITI-therapy-initiation inter
val of 0.48 months versus 12.48 months for patients with 
ITI therapy failure (n = 7) and 33.95 months for patients 
with high to low titer conversion (n = 2). The overall rate 
of relapse in the present study (13%) is in line with that 
reported by previous ITI therapy studies (2.3% to 
29.7%).33–35

The PAIR study was conducted in eight European 
countries, as well as the United States and Canada, without 
the limitation of eligibility criteria used in interventional 
clinical trials. The number of patients enrolled in all sites 
and followed up was adequate for a reliable assessment of 
ITI therapy across multiple geographies, though country- 
specific comparisons were not possible. The PAIR study 
provides important information on the administered doses 
of rAHF for ITI therapy in real-world conditions and may 
indicate patterns of dosing based on the state of disease. 
Due to the non-interventional design of the study, it is 
possible that not all data available were entered into the 
database. Of note, more than half of the patients had 
missing bleeding episode data. In addition, the subgroup 
data may have been skewed by the different sample sizes 
of patients with severe or moderately severe hemophilia 
and the fact that the patient age range was wide. Another 
potential limitation is that the study used the protocol 
definition of ≤1% for severe hemophilia, which differs 
from the current definition of <1%.12 However, the results 
using both definitions are similar and do not change the 
conclusions in this report. Finally, the number of patients 
in the study was too low for conclusions about differences 
between countries.

Conclusions
The observational PAIR study provides important real- 
world data on a widely used recombinant factor VIII 
concentrate. The results of the PAIR study are consistent 
with rAHF as an effective therapy for ITI in patients with 
hemophilia A and inhibitors. No SAEs related to treatment 
were reported. Future prospective studies may further 
define factors associated with ITI therapy success and 
failure in patients with hemophilia A.

Abbreviations
AE, adverse event; BU, Bethesda unit; CAS, completer 
analysis set; CRF, case report form; CVAD, central venous 
access device; FAS, full analysis set; FVIII, coagulation 
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factor VIII; ITI, immune tolerance induction; IU, interna
tional unit; PAIR, Prospective ADVATE Immune 
Tolerance Induction Registry; PK, pharmacokinetic; PPS, 
per-protocol analysis set; rAHF, antihemophilic factor 
(recombinant); SAE, serious adverse event.

Study Registration
The PASS-INT-004 registry study titled “Prospective 
ADVATE immune tolerance induction registry (PAIR)” 
was a non-interventional post-authorization study initiated 
in 2007. At the time of initiation, there was no legal 
requirement to register such types of studies in the clin
icaltrials.gov, EudraCT, and EUPAS registers.

Data Sharing Statement
The datasets, including the redacted study protocol, 
redacted statistical analysis plan, and individual participant 
data supporting the results reported in this article, will be 
made available within 3 months from initial request, to 
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sal. The data will be provided after their de-identification, 
in compliance with applicable privacy laws, data protec
tion, and requirements for consent and anonymization. 
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Ethics Approval and Informed 
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The PAIR study conforms to the Declaration of Helsinki 
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Background: WhatsApp was the most popular messenger app used in Saudi Arabia with 
71% of the total population using it in 2020. WhatsApp is increasingly being used as a tool 
for mobile health (m-health) interventions; however, concerning blood donation, there is 
a lack of research studies on the topic.
Objective: This study aims to measure the general awareness levels of the blood donation 
process and assess blood donation history, the motivators and inhibitors to donating blood, 
and to assess the impact of WhatsApp on the blood donation process in Saudi Arabia.
Methods: In this research study, a descriptive quantitative cross-sectional analysis was 
adopted. A questionnaire survey was designed using Google Forms and distributed online 
through social media applications to collect data. All citizens aged above 18 years of age 
were eligible to participate in the survey. There were a total of 150 participants in the study.
Results: More than 90% of participants were aware of their blood group, blood donation 
requirements, and causes to be deferred from the donation. Furthermore, 27% of participants 
donated blood because their relatives or friends needed blood, 26% donated due to human 
solidarity, 18% did not donate blood because of their health condition and 14% did not 
because of the fear of needles. About 33% of participants relied on WhatsApp to search for 
blood donors, and all the requests were fulfilled with blood donors. In addition, 94% of 
participants strongly believed that the WhatsApp application had a significant role in brid
ging the gap for blood banks’ need for blood donors.
Conclusion: Social media applications such as WhatsApp can bridge the gap between blood 
banks, blood donors and the patients in need of blood in Saudi Arabia, where there is 
a shortage of blood donors.
Keywords: WhatsApp, blood donation, Saudi Arabia

Introduction
Social media plays a significant role in rapidly transforming the healthcare needs in 
Saudi society. The global rise in social media amounts to 9.2% annually. WhatsApp 
is the most popular messenger app in Saudi Arabia with 71% of the total population 
using it in 2020.1 WhatsApp is increasingly being used as a tool for mobile health 
(m-health) interventions; however, there is a lack of research concerning blood 
donation and the use of messenger apps.2,3

Globally, 120 million people donate blood every year. However, this is insuffi
cient to reach the global need because many patients are in need of a transfusion. 
Regular blood donations are required to ensure there is always a supply for those in 
need.4–6 According to King Faisal Specialist Hospital & Research Centre 
(KFSHRC), 205 donors were needed daily: 100 donors with O blood group, 50 
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donors with A blood group, 50 donors with B blood group, 
and five donors with AB blood group in Saudi Arabia.7 In 
cooperation with the Ministry of Health, KFSHRC high
lights the Wateen application as an initiative that seeks to 
reduce the communication gap between blood banks and 
donors so that donating blood becomes easier.7 There are 
approximately 800,000 donors registered on the Wateen 
application in Saudi Arabia,8 reflecting the importance of 
integrating mobile applications and social media in the 
blood donation process. The need for an effective and 
efficient blood donation and supply process was noticed 
during the COVID-19 pandemic when the blood banks 
were alerted due to a decrease in blood supply with 
a high demand for blood transfusion for patients. Many 
blood banks used the WhatsApp platform for blood donor 
mobilization campaigns to motivate donors to donate 
blood and meet the patients’ demand for transfusion,9 

and for plasma donation, which proved to be effective 
for generating immunity among the COVID-19 
patients.10–12

A recent study13 identified four major potential chal
lenges with respect to blood donation during the COVID- 
19 pandemic: blood/component shortage, donor/staff 
safety, consumable supply/logistics and catering to the 
convalescent plasma need. In addition, frequent lockdowns 
and curfews affected the blood collection process during 
the pandemic. However, various social media applications 
were effective in acquiring and retaining blood donors in 
these conditions. Social media applications such as Twitter 
were effective in raising blood donation requests and dis
semination, reducing the gap between blood donors and 
the people in need.14,15 Among the various social media 
applications, WhatsApp was effective in managing the 
blood donation process.16 However, a similar study in 
Brazil identified there was no significant impact of 
WhatsApp in increasing the number of blood donors and 
the retention rates of existing donors. Further, the differ
ence in the blood donors’ return rates were identified in the 
study, suggesting specific interventions should be created 
according to the different stages of the donors’ careers.2 

Similarly, another study highlighted the need for drawing, 
poetry, or singing contests about donating to keep active 
communication with donors.17 However, blood transfusion 
in Saudi Arabia is essentially a hospital-based process, 
with the primary sources being from a combination of 
a growing number of voluntary non-remunerated dona
tions and family members.18 Although there are other 
sources, such as regional blood banks and the Saudi Red 

Crescent, there is a lack of communication between the 
blood banks, blood donors, hospitals and people in need.19 

Due to the growing demand for blood donors, the 
WhatsApp platform being the most useful app among 
Saudi people, and the lack of research related to this 
area, this study aims to measure the impact of WhatsApp 
on the blood donation process in Saudi Arabia.

Methods
Study Settings and Participants
In this research study, a descriptive quantitative cross- 
sectional analysis method was adopted to investigate the 
general awareness about the blood donation process, moti
vators and inhibitors of donating blood, and to measure the 
impact of WhatsApp on the blood donation process in 
Saudi Arabia. A questionnaire-based survey was con
ducted. The participants were provided with information 
about the study’s purpose at the beginning of the survey. 
Besides, voluntary participation in the questionnaire sur
vey was mentioned. The Institutional Review Board at 
Imam Abdulrahman Bin Faisal University in Dammam, 
Saudi Arabia, approved the ethical protocol of this 
research and it was conducted in accordance with the 
Declaration of Helsinki. Informed consent was obtained 
from the participants.

Questionnaire Design
The research team modified the questionnaire exported 
from Alanzi and Alsaeed study to reach the research 
objectives.16 The questionnaire survey included closed- 
ended questions with multiple choices from which the 
respondents were required to choose one of the available 
options. To ensure the participants could actively partici
pate in the study, the questions were designed in 
a straightforward format to minimize errors in the findings. 
The questionnaire survey was translated forward and back
ward into the Arabic language and an academic expert 
reviewed it to check its clarity. The questionnaire survey 
was divided into three sections. The first section contained 
three questions about the participants’ demographic data. 
(i) What is your gender? (male, female); (ii) What is your 
age group in years? (18–28, 29–39, 40–50, 51+); (iii) 
What is your nationality? (Saudi, Non-Saudi). 
The second section contained eight questions about 
a general awareness of blood donation, participants’ his
tory as blood donors, motivators and inhibitors to donating 
blood. (i) What is your blood type? (O+, O-, A+, A-, B+, 
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B-, AB+, AB-, I do not know); (ii) Did you know there are 
requirements to become a blood donor? (yes, no); (iii) Did 
you know there are causes to the donor being deferred or 
refused from blood donation? (yes, no); (iv) Did you know 
the donor can donate blood for only one component such 
as platelets? (yes, no); (v) How often did you donate 
blood? (never, first time, frequently); (vi) Did you donate 
blood before for only one blood component? (yes, no); 
(vii) What is your motivation to donate blood? (relative or 
a friend needs blood, human solidarity, personal satisfac
tion of helping others, beneficial to my health, seeing or 
receiving an advertising campaign, friends or relatives are 
blood donors and they encourage me, urgent call for blood, 
my blood type is rare and thus always necessary); (viii) 
What are your inhibitors to donate? (nothing inhibits me to 
donate, I can’t donate due to my health condition, fear of 
needles, I have been deferred from donation before, fear of 
needing blood in future, fear of infectious disease trans
mission, the sight of blood is unpleasant, I get nothing in 
return). The third section contained seven questions to 
measure the impact of WhatsApp on the blood donation 
process in Saudi Arabia. (i) Have you ever looked for 
a blood donor for you/relatives by WhatsApp? (yes, no); 
(ii) Has your blood donation request ever been fulfilled 
with blood donors by WhatsApp? (yes, no); (iii) How 
frequently do you send broadcasts or campaigning 
requests for blood donation on WhatsApp? (never, some
times, often, always); (iv) How frequently do you receive 
broadcasts or campaigning requests for blood donation on 
WhatsApp? (never, sometimes, often, always); (v) What 
are the sources of broadcasts from which you receive the 
requests for blood donation through WhatsApp? (families 
and friends, organizations, anonymous); (vi) What is your 
most likely response when you receive a blood donation 
request on WhatsApp? (nothing, donate blood only, share 
it with others only, donate blood and share it with others, 
I would have liked to donate but I could not); (vii) Do you 
think there is a role for WhatsApp in bridging the gap of 
blood banks’ need for blood donors? (yes, no, maybe). The 
questionnaire survey is shown in Appendix A.

A pilot study was conducted with ten reviewers, one 
was an academic reviewer, and the others were the 
authors’ colleagues at Imam Abdulrahman Bin Faisal 
University. The results were analyzed for validity and 
reliability using Cronbach's alpha for all items in the 
questionnaire, which were identified to be greater than 
0.80; thus, the questionnaire was validated. Furthermore, 

ethical approval was obtained from the Imam 
Abdulrahman Bin Faisal University.

The nine people were randomly selected.

Data Collection
The questionnaire survey was conducted online using the 
Google Forms platform. The participants were provided 
with information about the study and the measures taken, 
such as ensuring the anonymity, data protection, and so on. 
On the survey’s first page, a check box was provided for 
participants to agree/provide their consent to participate in 
the survey. The questionnaire survey was distributed through 
social media channels including WhatsApp, Facebook, 
Instagram, etc. The study included citizens of Saudi 
Arabia, who have donated blood, and even those who have 
not. They were selected by using a non-probability sampling 
technique, specifically a convenience sample. Since the sur
vey was sent to the public through online networks, formal 
sample size calculations were not possible.20 Thus, everyone 
who completed the questionnaire was included, as there are 
no exclusion criteria in the data collection process. The 
study was conducted for a period of four weeks from 1st 
June 2021 to 29th June 2021. The study had a total of 150 
participants.

Statistical Analysis
A basic descriptive statistical analysis in terms of frequen
cies and percentages was carried out in this study using the 
statistical package for social sciences (SPSS) version 23.

The participants’ demographic information is shown in 
Table 1. As seen in the table, 67 (45%) males participated 
in the study, while 83 (55%) females did. In addition, the 
age of the majority of the participants (78%) was below 39 
years old. Moreover, 93% of participants were Saudi.

Table 1 Participants’ Demographic Information

Demographic Characteristics Frequency Percent

Gender Female 83 55.3
Male 67 44.7

Age group in years 18–28 58 38.7
29–39 59 39.3
40–50 23 15.3

51 and above 10 6.7

Nationality Non-Saudi 10 6.7

Saudi 140 93.3
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Furthermore, Table 2 shows the participants’ general 
awareness about the blood donation process. The majority 
of participants knew their blood group; half of them were 
O+ blood group (see Figure 1), while only 5% did not 
know their blood group. Also, 94% of participants were 
aware of the requirements to become a blood donor, and 
that there were causes for donors to be deferred or refused 
from blood donation. However, the awareness level 

dropped to 59% when the participants were asked if they 
could donate blood for only one component such as 
platelets.

Table 3 shows that 44.7% of the participants had pre
viously donated blood, while 55.5% noted that they had 
never participated in a blood donation process. Of the parti
cipants, 13.3% had donated blood for only one blood com
ponent, such as platelets. With respect to the motivations 

Table 2 Participants’ General Awareness About the Blood Donation Process

General Awareness About the Blood Donation Process Frequency Percent

What is your blood type? O+ 79 52.7
A+ 36 24.0

B+ 10 6.7
AB+ 1 0.7

O- 14 9.3

A- 3 2.0
I do not know 7 4.7

Did you know there are requirements to become a blood donor? Yes 141 94.0
No 9 6.0

Did you know there are causes to the donor being deferred or refused from blood donation? Yes 141 94.0
No 9 6.0

Did you know the donor can donate blood for only one component, such as platelets? Yes 88 58.7
No 62 41.3

Figure 1 The variation of blood groups among the participants.
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Table 3 Blood Donation History and Motivators and Inhibitors for Blood Donation

Blood Donation History and Motivators and Inhibitors for Blood Donation Frequency Percent

How frequent did you donate blood? Never 83 55.3
First time 49 32.7

Frequently 18 12

Did you donate blood before for only one blood 

component?

No 130 86.7
Yes 20 13.3

What is your motivation to donate blood? Relative or a friend needs blood 41 27.3
Human solidarity 39 26.0

Personal satisfaction of helping others 34 22.7

Beneficial to my health 23 15.3
Seeing or receiving an advertising campaign 5 3.3

Friends or relatives are blood donors and they encouraged 

me

4 2.7

Urgent call for blood 4 2.7

What are your inhibitors to donate? Nothing inhibits me to donate 68 45.3
I can´t donate due to my health condition 27 18.0

Fear of needles 21 14.0

I have been deferred from donation before 13 8.7
Fear of needing blood in the future 10 6.7

Fear of infectious disease transmission 6 4.0

The sight of blood is unpleasant 4 2.7
I get nothing in return 1 0.7

Table 4 The Impact of the WhatsApp Platform on the Blood Donation Process

The Impact of the WhatsApp Platform in the Blood Donation Process Frequency Percent

Have you ever looked for a blood donor for you/relatives through WhatsApp? No 100 66.7
Yes 50 33.3

Has your blood donation request ever been fulfilled with blood donors by WhatsApp? No 101 67.3
Yes 49 32.7

How frequently do you send broadcasts or campaigning requests for blood donation 

on WhatsApp?

Never 108 72.0
Sometimes 36 24.0

Often 5 3.3
Always 1 0.7

How frequently do you receive broadcasts or campaigning requests for blood donation 
on WhatsApp?

Never 48 32.0
Sometimes 54 36.0

Often 26 17.3
Always 22 14.7

What are sources of broadcasts from which you receive the requests for blood 
donation through WhatsApp?

Families and Friends 107 71.3
Organizations 22 14.7

Anonymous 21 14.0

What is your most likely response when you receive the blood donation requests on 

WhatsApp?

I would like to donate but 

I cannot

40 26.7

Share it with others only 37 24.7

Donate blood only 13 8.7

Donate blood and share it 
with others

31 20.7

Nothing 29 19.3
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behind donating blood, 27% of the subjects stated they 
donated blood due to their relatives or friends needing 
blood. This was followed by 26% of the participants who 
noted they only donated for a sense of human solidarity, and 
23% indicated they donated blood to be satisfied when help
ing others. The remaining respondents donated blood for 
other reasons, as shown in Table 3. Related to the inhibitors 
to donating, 18% of the respondents stated they did not 
donate blood because of their health condition, and 1% 
pointed out they did not engage in the process because 
they did not get anything in return. Further, 14% noted 
they did not participate because of their fear of needles, 
while 3% found the sight of blood unpleasant.

Another relevant part of the investigation was to assess 
the impact of WhatsApp platform on the blood donation 
process. Table 4 shows that 33% of participants looked for 
blood donation opportunities by using WhatsApp, and all the 
requests for blood donation via WhatsApp were fulfilled with 
blood donors. Almost 28% of subjects, ranging from some
times to always, participated in sending broadcasts or cam
paigning for requests for blood donation on WhatsApp, while 
72% of participants responded they never participated in 
sending broadcasts or campaigning requests for blood dona
tion on WhatsApp. Further, 32% of participants stated they 
never received broadcasts or campaigning requests for blood 
donation on WhatsApp, while others, ranging from some
times to always, received broadcasts or campaigning requests 
for blood donation on WhatsApp. For the broadcasts of blood 

donation requests that participants received through 
WhatsApp, 71% were from families and friends, while 15% 
of participants received broadcasts about blood donation 
requests from organizations and others received broadcasts 
about blood donation requests from anonymous sources. 
Participants’ response to the broadcasts requesting blood 
donors was measured and 27% of them said they wanted to 
donate but couldn't, while 25% shared the broadcast with 
others only, 21% donated blood and shared broadcast, 9% 
donate blood only, and 19% of participant did nothing.

Finally, as shown in Figure 2, 94% of participants 
believed there was a role for WhatsApp in bridging the 
gap of blood banks’ need for blood donors and only 6% 
thought there was no role of WhatsApp in bridging this gap.

Discussion
Based on the analyzed results, it is evident that WhatsApp 
plays a significant role in bridging the gap for blood banks’ 
need for blood donors by using broadcasts, posts and cam
paigns in Saudi Arabia. This evidence is confirmed consid
ering the information provided in Table 4, which shows that 
most of the participants in Saudi Arabia, who have sent 
broadcasts requesting blood donation messages through 
WhatsApp have had their requests fulfilled. This finding 
suggests that WhatsApp can promote blood donation pro
grams to a high proportion of Saudi citizens. Moreover, this 
finding is supported by Alanzi and Alsaeed16 and Waheed 
et al’s9 studies where they found WhatsApp was the most 

Figure 2 The impact of WhatsApp in bridging the gap between blood banks and blood donors in the participants’ view.
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useful social media tool in receiving the blood donation 
requests. Also, Table 4 shows that most of the sources of 
broadcasts and posts received through WhatsApp were from 
friends and family. Similar to what Alanzi and Alsaeed 
found in their study, friends and family were the primary 
source of broadcasts about blood donation.16 In the same 
way, almost a half of the participants expressed they shared 
the broadcasts about the need for blood donors, while one- 
third of participants donated blood in response to the broad
casts received through the WhatsApp platform.

Furthermore, the participants expressed their opinion 
about their motivations and inhibitor factors from blood 
donation. In this sense, and according to Table 3, half of the 
participants considered that the motivation to donate blood 
was that a relative or friend needed blood, 26% felt human 
solidarity by donating, and 18% said they did not donate 
blood and were inhibited due to their health conditions.

As shown in Table 2, most participants were aware of 
the blood donation requirements and the causes for being 
deferred from donating. Nevertheless, around 60% of par
ticipants were not aware of the ability to donate only one 
component of blood. When the awareness was enhanced, 
the people who feared needing blood in the future donated 
blood for only one component, such as platelets, which 
have a life span of about eight days.21

Implementing an effective blood donation program in 
Saudi Arabia using WhatsApp platforms is possible. 
Alanzi and Alsaeed study supports these suggestions 
because their research outcome indicated that 
WhatsApp’s popularity was essential and critical in pro
moting blood donation in Saudi Arabia.16 Besides, the 
program would be more successful if it allowed the 
families and friends to share information about blood 
donation based on what is approached in our study, namely 
that families and friends were the major sources of broad
casts about blood donation. Moreover, the Saudi people’s 
awareness of blood donation through social media, TV 
advertisements and campaigns should be increased.

This research’s main limitations were limited 
resources, a small sample size, and short surveying time. 
Firstly, the sample identified in this study is low (150 
participants); as a result, generalizing the results must be 
done with care. Secondly, while there are other popular 
social media applications, only WhatsApp was considered 
for the analysis. This study has both practical and theore
tical implications. Firstly, there is a lack of research in 
Saudi Arabia on the use of social media applications in the 
blood donation process. Considering this gap, this study 

contributes to the existing literature. In addition, hospitals 
and healthcare administrative agencies can use this study’s 
findings to understand the user’s reliance on and behaviors 
surrounding using social media platforms for the blood 
donation process. Therefore, integrating these applications 
with hospitals, blood banks and donors could help improve 
the blood donation and management process.

Consequently, future studies will be addressed to avoid 
these limitations and evaluate, using statistical techniques, 
whether WhatsApp effectively improves the blood dona
tion process in Saudi Arabia if the blood banks use it and 
promote voluntary non-remunerated blood donation, 
a family member’s donation, or both contributions. It 
would also be interesting to compare a blood donor’s 
behavioral intention before and after receiving messages 
on WhatsApp and between those who donate and those 
who do not.

Conclusion
This study’s outcomes indicated that the Saudi people 
were aware of the blood donation process and half of 
them donated blood and were motivated to do so by 
a relative or a friend who needed blood and human soli
darity, while those who did not donate blood were inhib
ited by their health condition. The WhatsApp platform 
announced the need for blood donors and the needs were 
fulfilled after announcements. Meaning, WhatsApp can 
bridge the communication gap between blood banks and 
the patients in need in Saudi Arabia, where there is 
a shortage of blood donors. Furthermore, as the number 
of users on WhatsApp is considerably high, social media 
applications can be integrated into eHealth platforms to 
streamline the resources and ensure the availability and 
accessibility of blood among the hospitals and the 
patients, which can improve operational efficiency. 
Overall, social media applications such as WhatsApp 
have huge potential to improve healthcare operations, 
which need to be explored more in the future research 
studies.
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Purpose: Acute coronary syndrome (ACS) is a life-threatening cardiac disease identified by 
acute, regional reductions in coronary blood flow, resulting in myocardial ischemia, or 
infarction, and manifesting as discomfort in the chest area, neck, or arms. Frequently, ACS 
is provoked by an atherosclerotic plaque; therefore, coronary atherosclerosis is converted 
into a chronic disease to an acute medical emergency. The purpose of this study was to 
explore the differences among these variables in patients less than 45 years of age suffering 
from this major health problem compared to older adults admitted with an ACS diagnosis, 
and to adopt an optimized temporary management.
Patients and Methods: A retrospective chart review study was conducted on a total of 652 
ACS patients admitted at King Fahad Hospital of the University (KFHU) between 2015 and 
2020. The patients’ medical records were utilized for obtaining demographic data, presenting 
symptoms, risk factors, and clinical outcomes.
Results: Overall, 652 patients were enrolled. Of these, 109 patients (16.7%) were under 45, with 
a mean age of 38 ± 7. Younger patients showed a higher rate of palpitation (23.9% versus. 13.6%; 
P = 0.019). A positive smoking history and a family history of CAD were seen more often in 
younger patients (42.2% vs 27.3%, P < 0.001; 22.9% vs 9.4%, P < 0.001, respectively). Older 
patients had greater renal impairment with higher creatinine (median = 1.10 mg/dl (range, 0.3– 
13.0) vs 1.0 (0.3–19.0; p = 0. 001), BUN (median = 16.0 (mange, 0.9–141.0) vs 12.0 (0.9–49.0); 
P < 0.001)). Younger patients had higher levels of LDL and total cholesterol (median 138c. 115; 
p < 0.001) and cholesterol (median 209 vs 178.5; p < 0.001). Hospital mortality was 0.9% in 
younger patients versus 7.4% in older patients (P = 0.004).
Conclusion: Palpitations, smoking, family history, higher LDL levels, and total cholesterol 
levels were more prevalent in adults younger than 45 years old with ACS. Impaired renal 
function, hypertension, and diabetes were more in older patients with ACS.
Keywords: acute coronary syndrome, young adults, clinical features, in-hospital outcome

Introduction
Cardiovascular disease, which includes coronary heart disease and stroke, is the 
leading cause of death and disease burden globally.1 Acute coronary syndrome 
(ACS) is characterized by acute local reduction in blood flow to the myocardium, 
also known as ischemia.2 Ischemic heart disease may present with a variety of 
symptoms, eg, a symptom complex called acute coronary syndrome (ACS), which 
may lead to a diagnosis of one of unstable angina (UA), non-ST-segment elevation 
myocardial infarction (NSTEMI), or ST-segment elevation myocardial infarction 
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(STEMI). The former is a clinical diagnosis, whereas the 
latter two are diagnosed from the abnormalities seen on 
the EKG, possibly complemented by serum enzyme 
assays, eg, of troponin C.3

Atherosclerosis is a chronic inflammatory process of the 
arterial wall, and although it starts early in life, it takes years 
to be of serious pathological severity, so that young people 
do not present with ACS very often.4,5 However, in recent 
years, coronary artery disease (CAD) has been affecting 
younger patients, which raises concern due to the accompa
nying results of premature morbidity and mortality.5 Patients 
less than 45 years of age represent 6–10% of cardiac infarc
tions in the United States.5–7 Smoking was found to be the 
prevailing risk factor and was frequently found along with 
coronary events in young patients.8,9 ACS presents with 
similar clinical features irrespective of age 9 The main 
presenting symptom is chest pain in both the young as 
well as in the elderly.10 It is also important to note that the 
severity and presentation of the diseases caused by athero
sclerosis seem to differ between men and women in their 
different stages of life.11 For example, men are more likely 
to develop advanced coronary artery disease (CAD) 
compared to pre-menopausal women.12 However, post- 
menopausal women are more affected by an adverse prog
nosis than their male counterparts.12

Publications on ACS from Saudi Arabia are limited 
and there is a definite paucity of new information about 
the increasing prevalence among young patients less than 
45 years of age.13 We hypothesized that the clinical sever
ity and outcomes of ACS patients are different for young 
people compared to older patients, owing to their different 
lifestyles and cultural differences. The aim of this present 
study was to explore the demographic characteristics, car
diovascular risk factors, short-term outcomes and compli
cations in young adults below the age of 45 years 
compared to older adults who were admitted with 
a diagnosis of ACS at the King Fahd University Hospital 
between 2015 and 2020, in order to update the expertise 
on this major health problem. This study complements the 
scarce existing data on the acute coronary syndrome in 
youth and adults and is considered helpful for resource 
planning and short-term management optimization.

Materials and Methods
Setting
The study was conducted at King Fahad Hospital of the 
University (KFHU), a tertiary care university teaching 

hospital with 600 beds in the Eastern Province of Saudi 
Arabia. It is a retrospective study that was conducted using 
medical records of all ACS patients admitted between 
2015 and 2020. Demographic data, presenting symptoms, 
risk factors, and clinical outcomes were obtained. The 
local institutional research body approved this study.

Study Design and Study Population
A descriptive retrospective study was conducted with the 
sample size determined by the number of patients in King 
Fahd Hospital of the University in Al-Khobar city, and this 
was a total of 652 patients. All methods were performed in 
accordance with STROBE guidelines and regulations of 
cohort studies.

Inclusion and Exclusion Criteria
We recruited all patients who were diagnosed with ACS 
based on the international classification of diseases version 
10 ICD-10, including younger adult patients (from 18 to 
45 years old) and older patients (above 45-year-old). We 
excluded patients labeled DNR (do not resuscitate), and 
incomplete patient files (48 patients).

Statistical Analysis
All categorical variables were represented by frequency as 
percentages, and were analyzed using chi-squared and 
Fisher’s exact tests. Continuous variables were represented 
by median with range because the data did not follow the 
normal distribution. The Mann–Whitney U-test was used for 
the comparison between the two groups. All analyses were 
performed using SPSS (21 version). A P value of less than 
0.05 was considered significant by Kruskal–Wallis test.

Ethical Approval
This study was performed in accordance with the Helsinki 
Declaration of 1975 (revised in 1983) and the Imam 
Abdulrahman Bin Faisal University Institutional Review 
Board considered the descriptive and retrospective nature 
of this study and granted approval for the study to be con
ducted at KFHU (IRB-UGS-2016-01-075). Anonymized 
data were collected, analyzed, and reported only in aggregate 
form, and no identifiable participant information (image, 
face, name, etc.) was revealed in the study.

Results
A total of 652 patients were enrolled in this study without 
significant difference in gender distribution (M:F, 1:1) 
(Figure 1). Of these, 109 (16.7%) patients were less than 
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45 years of age. The mean age was 38 ± 7 vs 60 ± 11 years 
in the young and old groups, respectively (P < 0.001). 
Table 1 shows that younger patients had a higher fre
quency of palpitations (23.9% vs 13.6%; P = 0.019). 
Older patients had higher frequencies of hypertension, 
eg, a systolic blood pressure reading of >140 mmHg 
(68.7% vs 37.6%; P < 0.001), diabetes (61.1% vs 37.6%, 
P < 0.001), and history of CAD (52.3% vs 30.3%; P < 
0.001), but less frequent history of smoking, and positive 
family history, which were higher among younger patients 

(42.2% vs 27.3%, P < 0.001, 22.9% vs 9.4%; P < 0.001) 
(Table 2).

Table 3 shows the laboratory outcomes; older patients 
had significantly higher creatinine levels (median = 1.10 mg/ 
dl (range, 0.3–13.0) vs 1.0 (0.3–19.0); p = 0. 001), BUN 
(Median = 16.0 (Range, 0.9–141.0) vs 12.0 (0.9–49.0); P < 
0.001), but less in Hb, LDL cholesterol and total cholesterol, 
which were high among younger patients (14.4 g/dl (8.4– 
17.6) vs 13.5 g/dl (0.11–158); P < 0.001, 138 mg/dl (43–224) 
vs 115 mg/dl (25–411); p < 0.001, 209 mg/dl (59–303) vs 
178.5 mg/dl (18–485); p < 0.001) (Figure 2).

Table 4 shows the length of hospital admission and 
mortality, and there was a significant difference in mortal
ity, that is, the in-hospital mortality was 7.4% among older 
patients and 0.9% among younger patients (P = 0.004).

Discussion
Acute coronary syndrome (ACS) in young adults is a rare 
entity, yet it occurs. Assessing the clinical features, risk 
factors, and outcomes, which may be due to either primary 
disease or secondary complications, would set several 
measures to prevent further episodes of ACS. In this 
study, our cutoff point to define young patients was 45 
years. It was determined upon similar studies in Thailand, 
Singapore, Israel, and California.14,15 While other studies 
from Japan, Poland, Germany, Australia, New Zealand, 
and the USA have defined young adults to be under 40 
years.15 Our findings are as follows: First, 109 ACS 
patients were younger than 45 years with a mean age of 
38 ± 7. Domestic and international studies found that 5– 
10% of ACS manifest before the age of 46.16,17

Our estimated prevalence was slightly higher than the 
reported percentages. The authors attributed the increased 

Figure 1 Flowchart illustrating the inclusion and exclusion criteria for the study 
and the size of the patient groups.

Table 1 Clinical Presentations of ACS Upon Admission According 
to Age

Presentation Less Than 45- 
Year-Old 
(n= 109)

More Than 45- 
Year-Old 
(n= 543)

P value*

Chest pain 97 (89%) 444 (81.8%) 0.071**

Epigastric pain 11 (10.1%) 60 (11%) 0.929
Syncope/ Pre- 

Syncope

10 (9.2%) 48 (8.8%) 0.834

Dyspnea/ SOB 49 (45%) 243 (44.8%) 0.286
Palpitation 26 (23.9%) 74 (13.6%) 0.019**

Sweating 38 (34.9%) 185 (34.1%) 0.604

Nausea and 
vomiting

29 (26.6%) 126 (23.2%) 0.446

Cardiac arrest 3 (2.8%) 38 (7%) 0.246

Notes: *Statistical significance was set at p-values <0.05. **Statistically significant by 
Kruskal–Wallis test. 
Abbreviations: SOB, Shortness of breath; n, total number of patients.

Table 2 Risk Factors of ACS Patients According to Age

Risk Factor Less Than 45- 
Year-Old 
(n= 109)

More Than 45- 
Year-Old 
(n= 543)

P value*

HTN 41 (37.6%) 373 (68.7%) <0.001**

DM 41 (37.6%) 332 (61.1%) <0.001**
Abnormal lipid 

profile

60 (55.0%) 227 (41.8%) 0.038

Smoking history 46 (42.2%) 148 (27.3%) <0.001**
Family history 25 (22.9%) 51 (9.4%) <0.001**

CAD history 33 (30.3%) 284 (52.3%) <0.001**

Notes: *Statistical significance was set at p-values <0.05. **Statistically significant by 
Kruskal–Wallis test. 
Abbreviations: HTN, Hypertension; DM, Diabetes Mellitus; n, total number of 
patients.
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ACS exposure to health system’s transformation and 
adopting western lifestyle as a new way of living in 
Saudi Arabia as risk factors. Second, regarding risk fac
tors, older patients had a higher frequency of hypertension, 
diabetes, and a history of CAD. Also, Systemic 
Mastocytosis (SM) is proven to be a major risk factor for 
developing acute coronary syndrome.18 However, unlike 
younger patients, they had less frequent history of smok
ing and family history of ACS. Furthermore, a recent 
retrospective cohort study of two academic institutions 
suggests an increased likelihood of encountering ACS 
with a family history of hypercholesterolemia.19 Previous 

studies reported that 82% of young patients who suffered 
from ACS were smokers which makes smoking a crucial 
risk factor.20–22 Chua et al interestingly found that the rate 
of smoking patients aged ≤35 years who suffered from MI 
was significantly higher than in patients >65 years of age 
with the same condition.21

Aligning with the findings of other studies, it is sug
gested that both history of smoking and family cardiovas
cular disease are risk factors in young patients with ACS 
(Figure 2).20–22 A study in Thailand reached the same 
conclusion, whereas it discovered that the most common 
risk factor of ACS in patients aged <45 years of age was 

Table 3 Comparison of Laboratory Work Up Results in ACS Patients According to Age

Lab. Result Less Than 45-Year-Old (n= 109) (Median, 
Average)

More Than 45-Year-Old (n= 543) (Median, 
Average)

P value*

Creatinine (mg/dL) 1 (0.3–19) 1.1 (0.3–13.0) 0.001**

BUN (mg/dL) 12 (0.9–49.0) 16 (0.9–141.0) <0.001**

Hemoglobin (g/dL) 14.4 (8.4–17.6) 13.5 (0.11–158) <0.001**
Troponin (ng/mL) 1.63 (0.04–450) 1.08 (0.01–165.5) 0.286

LDL (mg/dL) 138 (43–224) 115 (25–411) <0.001**

HDL (mg/dL) 36 (10–56.0) 36 (9–172.0) 0.283
Triglyceride (mg/dL) 139 (20–1111) 126 (1.18–557.0) 0.103

Total Cholesterol (mg/dL) 209 (59–303) 178.5 (18–485) <0.001**

Notes: *Statistical significance was set at p-values <0.05. **Statistically significant by Kruskal–Wallis test. 
Abbreviations: n, total number of patients; lab., laboratory; ACS, acute chest syndrome; BUN, blood urea nitrogen; LDL, low-density lipoproteins; HDL, high-density 
lipoproteins; g, gram; mg, milligram; dL, deciliter; mL, milliliter.

Figure 2 The patient is 42 years old, suffering from atypical chest pain. He’s overweight, and his lab results came back positive for dyslipidemia. Cardiac CT scan performed 
to evaluate the presence of coronary heart disease. An ECG-gated cardiac CT acquisition was performed using an ECG-modulated radiation dose. A sublingual nitroglycerin 
tablet given three minutes prior to the procedure. (A) The left anterior descending artery presents a benign diffuse disease with moderate calcification and no apparent 
obstructive lesions (arrow). However, the presence of calcification impedes an accurate evaluation of stenosis. (B) The left ventricle is slightly dilated, the left ventricular 
volume at the end of diastolic is 211 mL, and the volume at the end of systole is 114 mL. The calculated ejector fraction is 46%. An organized small wall-mounted apical clot 
was displayed (arrow), which denotes an infarction of the old LAD territory with an organized old LV apical clot. There is an akinese of the medium and distal septum and the 
major part of the apex (not shown).
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smoking.14 A different study found that patients whose 
parents developed cardiovascular disease of early onset 
had an increased risk of cardiovascular disease.23

Both quantity and duration of smoking accelerate the 
development of atherogenic cardiovascular disease.24,25 

Furthermore, smoking also alters the defensive response of 
the immune system against vascular damage, which is char
acterized by an increase in oxidative influence on lipid per
oxidation, endothelial cell dysfunction, and generation of 
foam cells in the tunica media.25,26 It also leads to increased 
platelet aggregation, disrupts the metabolic activities of lipo
proteins, and tends to reduce HDL cholesterol.25,26 Cigarette 
smoking is linked to increased levels of inflammatory mar
kers. During the acute phase of the inflammatory process, 
C-reactive protein is elevated, white blood cells and fibrino
gen are increased, and serum albumin is decreased.24–26 

Smoking can also increase myocardial load due to stimula
tion by catecholamines and reduce consumption of O2 due to 
inhalation of carbon monoxide, which may cause tachycar
dia, vasoconstriction of blood vessels, and which may mod
ify the permeability of the vessel wall.25,26

Primary and secondary prevention specifically are 
important in this subset of patients. In addition, one 
study has shown that diabetes mellitus was more prevalent 
in younger adults. Emphasized by several authors, ACS is 
clinically similar in both young patients and the 
elderly.9,27–29 However, in our study, we found that palpi
tations occurred more frequently in younger adults.

In addition, some laboratory parameters including creati
nine, and BUN, were higher in older patients, but HGB, 
LDL, and cholesterol levels were higher among younger 
patients. This result was similar to those of previous studies.

In our study, the length of stay was not significantly 
different between the two age groups, although other stu
dies have shown that older patients with ACS had longer 
hospital stays.30,31 Besides, in-hospital mortality was 7.4% 
among older patients and 0.9% among younger patients. 

Patients who were discharged from the hospital were fol
lowed by general cardiologists in an outpatient setting 
after an average of one month and then every year. Our 
findings align with those of a recent cohort of Yang et al, 
which demonstrated equity among both age groups in 
terms of short- and long-term outcomes.32

This study confirmed a previously established correlation 
between the modifiable risk factors of ACS, and adoption of 
healthy dietary habits and exercise programs.29,32 Compared 
to the western diet, changing nutritional behaviors and seek
ing weight reduction and reducing BMI strategies in patients 
with CAD and metabolic syndrome found to show signifi
cant improvement in patients’ inflammatory and metabolic 
biomarkers.33 This current study is newly conducted by 
licensed academic physicians from various medical special
ties involved in the management of ACS including emer
gency medicine, vascular interventional radiology, 
anesthesiology, and intensive care medicine with adequate 
experience in ACS management, in a teaching hospital. 
Similar national and international studies have only exam
ined the relationship of ACS to sex and age – young or old. 
In contrast, our study examined the influence of all these 
determinants and their contribution to the clinical severity 
and outcomes in patients with ACS. Potential limitations of 
our study include the fact that our selected design was 
retrospective. However, our sample size was reasonably 
large (652 cases), which in our opinion reduced information 
bias and therefore strengthened the results. We accept the 
limitation of not to imploy the types of ACS in this study 
which might be a trigger for future studies. The changes in 
waist circumference which were reported to be linked to 
increased risk of ACS especially with waist circumference 
≥102 cm in males and ≥88 cm in females were not included 
in our data collection.33

Conclusion
Palpitations, positive smoking history, positive family his
tory, and higher lipid profile were more prevalent in adults 
younger than 45 years old with ACS than in older ones.

Impaired renal function, hypertension, and diabetes 
were more common in older patients with ACS. Younger 
patients seem to have a better outcome in terms of mor
tality with no difference in length of hospital stay.

Abbreviations
ACS, acute coronary syndrome; CAD, coronary artery dis
ease; NSTEMI, non-ST-segment elevation myocardial infarc
tion; STEMI, ST-segment elevation myocardial infarction.

Table 4 In-Hospital Outcome for ACS Patients According to Age

Outcome Less Than 45-Year- 
Old (n= 109) 
(Median, Average)

More Than 45-s 
(n= 543) 
(Median, Average)

P value*

In-hospital 

stay (days)

5 (0–97) 5 (0–26) 0.709

Mortality 1 (0.9%) 40 (7.4%) 0.004**

Notes: *Statistical significance was set at p-values <0.05. **Statistically significant by 
Kruskal–Wallis test. 
Abbreviations: n, total number of patients; ACS, acute chest syndrome.
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Abstract: Iron chelation therapy (ICT) is an important tool in the treatment of transfusion- 
dependent lower-risk myelodysplastic syndrome (MDS) patients. ICT is effective in decreas
ing iron overload and consequently in limiting its detrimental effects on several organs, such 
as the heart, liver, and endocrine glands. Besides this effect, ICT also proved to be effective 
in improving peripheral cytopenia in a significant number of MDS patients, thus further 
increasing the clinical interest of this therapeutic tool. In the first part of the review, we will 
analyze the toxic effect of iron overload and its mechanism. Subsequently, we will revise the 
clinical role of ICT in various subsets of MDS patients (low, intermediate, and high risk 
MDS, patients who are candidates for allogeneic stem cell transplantation). 
Keywords: iron overload, myelodysplastic syndrome, iron chelation therapy, hepcidin

Introduction
Myelodysplastic syndromes (MDS) are a heterogeneous group of clonal, acquired 
diseases of the hematopoietic stem cell, characterized by a variable degree of 
peripheral cytopenias due to ineffective erythropoiesis and by the risk of progres
sion to acute myeloid leukemia (AML).

The risk of progression to AML is predicted at diagnosis by several scores, 
which allow classification of MDS patients in low, intermediate, and high-risk and 
to choose the more suitable therapeutic approach.1,2

The International Prognostic Scoring System (IPSS) was designed in order to 
classify MDS patients in different risk groups and to predict the risk of AML 
transformation and overall survival (OS). IPSS is applicable at diagnosis and allows 
the classification of MDS patients into four risk groups (low, intermediate 1 and 2, 
and high risk), according to the percentage of bone marrow blasts, cytogenetic 
features, and number of cytopenias.

Subsequently, other risk scores were proposed, in order to better characterize 
patients; among the other risk scores, the revised IPSS (IPSS-R) divides MDS 
patients into five risk groups.2

Low-risk MDS are characterized by peripheral cytopenias and most patients 
become red blood cell (RBC) transfusion dependent during their disease history, 
thus determining iron overload and consequent organ damage.

MDS patients are frequently transfusion-dependent and iron overload can repre
sent a significant complication due to iron toxicity on the liver, heart and the 
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endocrine system. It was also demonstrated that iron over
load has a detrimental effect on the hematopoietic bone 
marrow, thus enhancing ineffective erythropoiesis and 
favoring the appearance of genomic abnormalities, with 
an increased risk of AML transformation.3

Several observations suggested that iron chelation ther
apy may have a positive effect on MDS patients outcome 
and on the basis of these observations a randomized trial 
was conducted in order to clarify the role of iron chelation 
therapy on low and intermediate-risk MDS patients.4

International guidelines also recommend consideration 
of iron chelation therapy in high-risk MDS patients who 
are candidates for allogeneic stem cell transplantation or in 
high risk patients who respond to disease-modifying thera
pies, such as hypomethylating agents,5,6 in order to mini
mize the detrimental effect of iron overload.

Iron chelation therapy in MDS patients is indicated 
until the patient becomes transfusion independent and/or 
until normalization of parameters indicating iron overload.

Here we review data about iron overload and iron chela
tion therapy in transfusion-dependent low and intermediate- 
risk MDS patients. This work is mainly focused on the 
clinical use of ICT in low, intermediate, and high risk 
MDS patients according to the available data from literature.

Iron Overload Mechanisms in MDS 
Patients
Iron overload is a frequent finding in MDS patients7 and 
several studies demonstrated its detrimental effect on over
all and leukemia-free survival due to iron toxic effect on 
several organs, like the liver, heart and endocrine glands.8 

Chronic transfusion therapy is the most important risk 
factor for iron overload, even if it was noticed that some 
patients develop iron overload at an earlier stage of the 
disease, even before receiving transfusions, thus suggest
ing a dysregulation of iron homeostasis factors as a cause.9 

Chronic transfusion regimen and ineffective erythropoiesis 
are the main drivers of iron overload in MDS patients.

Several studies demonstrated that hepcidin, the small 
hepatic peptide hormone able to regulate iron absorption 
by binding to its receptor ferroportin, is downregulated in 
hematologic disorders characterized by ineffective erythro
poiesis, first of all in transfusion-dependent beta- 
thalassemia. A similar pathway is supposed to be involved 
in iron overload in MDS patients.

Hepcidin action is mediated by its binding to ferro
portin, that is highly expressed on duodenal enterocytes 

and macrophages and that is internalized and degraded 
after hepcidin binding, thus blocking iron absorption. 
Hepcidin production by the liver is enhanced by 
increased plasma and hepatic iron levels and by inflam
mation, while it is downregulated in the case of ineffec
tive erythropoiesis. It has been postulated that hepcidin 
downregulation has a key role in the establishment of iron 
overload in diseases characterized by enhanced ineffec
tive erythropoiesis, such as MDS. Santini et al analyzed 
serum hepcidin levels of 113 MDS patients and demon
strated the lowest levels in refractory anemia with ring 
sideroblasts (RARS) and the highest in refractory anemia 
with excess blasts (RAEB) and in chronic myelomonocy
tic anemia (CMML).10 Notably, RARS patients are 
known to have the highest levels of toxic non- 
transferrin-bound iron.

When hepcidin is downregulated, intestinal iron 
absorption and iron release by macrophages is enhanced, 
resulting in iron overload.11–21 The excess of absorbed 
iron is in part utilized for erythropoiesis, but the increased 
number of erythroid precursors typical of MDS is not able 
to fully utilize iron, which accumulates as non-transferrin- 
bound iron (NTBI) and causes organ damage. Ultimately, 
iron overload is maintained by hepcidin inhibition 
mediated by enhanced bone marrow proliferation and 
iron is inadequately used due to ineffective erythropoiesis 
and defective red blood cell (RBC) maturation.

As stated by Santini et al, a diverse degree of hepcidin 
downregulation has been recently described in some MDS 
subtypes, in particular the lowest serum levels of hepcidin 
were observed in patients with refractory anemia with ring 
sideroblasts (MDS-RS) and refractory cytopenia with mul
tilineage dysplasia and ring sideroblasts (MDS-MLD-RS). 
Clinically, patients affected by MDS-MLD-RS are known 
to develop iron overload even before being transfusion- 
dependent and to have a pretransfusional hepcidin/ferritin 
ratio significantly decreased, with hepcidin levels inappro
priately low for the degree of iron loading (evaluated by 
serum ferritin levels).10,22 Moreover, MDS-MLD-RS sub
type (according to the WHO 2008 classification), hall
marked by the high prevalence of SF3B1 mutation and 
bone marrow erythroid precursors with iron deposits in 
their mitochondria (ring sideroblasts), are characterized by 
a particularly high degree of ineffective erythropoiesis, 
thus enhancing hepcidin inhibition.23,24 Iron incorporation 
within mitochondria prevents heme production, with con
sequent hypoxia and enhances ineffective erythropoiesis 
and hepcidin downregulation.25
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Some genetic alterations have been associated with an 
increased risk of developing iron overload in MDS 
patients.26

SF3B1 mutation is typical of MDS-RS and MDS-MLD 
-RS and it is known to inhibit erythropoiesis by the dysre
gulation of RNA splicing of the transcription factors TAL1 
and GATA1.27 SF3B1 mutation has a direct effect on iron 
accumulation, as it is associated with splicing alterations 
of some genes that regulate iron metabolism.28,29 Some 
patients with MDS show TET2 mutation, which has been 
correlated with the dysregulation of several genes involved 
in iron metabolism.30

The potential role of hemochromatosis gene mutations 
on iron regulation have been investigated in MDS patients, 
but no association with clinical outcomes could be 
established.31

Besides ineffective erythropoiesis and hepcidin regula
tion, transfusion therapy is the most important risk factor 
for iron overload in MDS patients, but it is at the same 
time a hallmark of supportive care in low and intermedi
ate-1 risk MDS patients. Every unit of transfused blood 
contains about 200 mg of iron, so patients who require 
four RBC units per month will receive about 10 g iron 
per year, whereas natural iron losses are only 1 to 2 mg 
daily and the normal amount of body iron is 4 
g. Therefore, given that iron overload can frequently 
develop in MDS patients, iron chelation therapy can be 
a useful tool to counteract this event and its harmful 
consequences.

Toxic Effects of Iron Overload
Iron overload may cause several toxic effects on different 
organs.

Heart disease, in particular arrhythmias and heart fail
ure, is one of the more common causes of nonhematologic 
morbidity and mortality in MDS patients32,33 who are, 
per se, more at risk of heart failure because of age and 
anemia.

Pascal et al demonstrated that 17–27% of transfusion- 
dependent MDS patients develop heart disease with T2* 
magnetic resonance imaging-documented iron overload.34

Furthermore, there is some evidence that clonal hema
topoiesis and the consequent inflammatory state,35–37 as 
well as vascular impairment induced by NTBI and ROS 
production predispose to atherosclerotic cardiovascular 
disease.38–42

The role of iron chelation therapy in delaying cardiac 
morbidity has been suggested by retrospective studies.43

The results of the only prospective study by Angelucci 
et al confirmed that iron chelation therapy with deferasirox 
is able to prolong significantly event free survival in 
patients with low- to intermediate-1-risk MDS compared 
to placebo.4

Iron overload first becomes evident in the liver, that is 
an iron storage organ, when hepatic stored iron is tenfold 
increased compared to normal concentration (15–20 mg/g 
dry weight vs normal: 2 mg/g dry weight).44,45 Liver iron 
overload is present in about 80% of transfusion-dependent 
MDS patients and correlates to fibrosis and liver dysfunc
tion, which lead to decreased overall survival and dismal 
prognosis. Iron chelation therapy can reduce the rate of 
hepatic-related deaths in MDS patients46 and probably can 
prevent cirrhosis.47

MDS patients have an increased risk of infections com
pared to the general population because of cytopenias, in 
particular neutropenia and impairment of the immune func
tion. Some studies show an increased incidence of bacterial, 
viral and fungal infections and infection-related mortality in 
transfusion-dependent MDS patients with signs of iron 
overlaod,48 suggesting a role of iron overload, but the 
exact mechanism is not fully understood (Figure 1). Two 
main mechanisms are thought to be related to increased risk 
of infections and iron overload: free unbound iron (NTBI) 
can be used by pathogens for their growth and excess iron is 
able to impair immune function.49

Iron can impair the function of cellular immunity, in 
particular it has a detrimental effect on macrophages, 
neutrophils and lymphocytes and decreases the production 
of cytokines and nitric oxide involved in the regulation of 
the immune response.

There is some evidence that iron chelation therapy is 
able to delay the occurrence of infections and to decrease 
the incidence of infection-related mortality, but further 
studies are needed to clarify this point.50–55

Iron Chelation Therapy: Indications 
in Low-risk MDS Patients
As previously discussed, iron overload can rapidly develop 
in MDS patients and it is recognized to be toxic for several 
organs and even for the bone marrow niche, thus favoring 
ineffective erythropoiesis, accumulation of genomic altera
tions and increased risk of AML transformation.3

So, iron chelation therapy appears to be an important 
tool in MDS patients, in order to prevent or minimize the 
detrimental effects of iron overload.
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Patients who could benefit from iron chelation therapy 
would be studied in order to demonstrate and evaluate the 
degree of iron overload and organ damage prior to therapy 
onset and during treatment. The diagnostic work-up 
includes several analyses, in particular it is important to 
establish the exact amount of the transfusion regimen and 
to calculate the consequent iron intake.

Serum ferritin and transferrin saturation represent 
important tools to evaluate iron overload and to monitor 
its trend during therapy. Even in the absence of validated 
data, a serum ferritin level above 1000 ng/mL is consid
ered to be suggestive for iron overload, but it is recom
mended to evaluate ferritin together with transferrin 
saturation, as ferritin levels can be inappropriately high 
in inflammatory states and in the presence of hepatocellu
lar necrosis.56 Transferrin saturation levels above 60–70% 
are correlated with free iron in plasma as non-transferrin- 
bound iron (NTBI) and labile plasma iron (LPI), 
a subcomponent of NTBI, that is a potent redox-active 
form which causes the increase of intracellular radical 
oxygen species (ROS) with a consequent intracellular 

oxidative stress.57 Currently, standard tests to evaluate 
NTBI and LPI are not available for clinical practice.

The prospective EPIC study (evaluation of patients’ 
iron chelation with exjade) was conducted in order to 
evaluate the possibility of using plasma markers other 
than serum ferritin (SF) to assess iron overload in transfu
sion-dependent thalassemia, sickle cell disease, and MDS. 
The study concluded that transferrin saturation (TfSat) is 
not a good marker of iron overload during chelation ther
apy while transferrin levels or total iron binding capacity 
(TIBC) or LPI could represent a valid tool for monitoring 
patients, even if further studies are needed for conclusive 
data.58

The assessment of organ damage is possible by per
forming magnetic resonance studies of the liver, heart and 
pancreas and can be repeated during therapy to evaluate its 
efficacy.

Based on these considerations, international guidelines 
recommend to start iron chelation therapy in low-risk 
MDS patients when one or more of these conditions are 
present:5,59,60

Figure 1 Iron overload and its effects in myelodysplastic syndrome.
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- Transfusion dependency and at least 20 RBC units 
transfused (currently, it is under discussion whether to start 
chelators before the 20 transfused units based on the obser
vation that oxidative stress may be present even earlier)61

- Serum ferritin levels above 1000 ng/dL
- Life expectancy longer than 12 months
About discontinuation of chelators, current guidelines 

recommend to go on with therapy as long as the transfu
sional need is present.62

Currently, two different iron chelators are available for 
the treatment of iron overload in MDS patients: deferox
amine and deferasirox. These agents differ in route and 
timing of administration as well as side-effect profiles. We 
will explain these drugs in more detail in the paragraph 
“Iron chelation: options”.

Iron Chelation Therapy: Indications 
in High-risk MDS Patients
High-risk MDS patients, according to IPSS, R-IPSS and 
WPSS prognostic scores, account for about 20–30% of the 
entire MDS population. After the introduction of disease- 
modifying therapies such as hypomethylating drugs the 
outcome among this cohort of patients improved 
significantly63 and the impact of iron overload and iron 
toxicity became evident, with a significant number of deaths 
due to infectious complications and cardiac diseases.64

An increasing number of patients can be considered as 
candidates for iron chelation therapy, with the same indi
cations regarding starting and discontinuation as low-risk 
MDS, even if some patients will not receive chelation 
therapy because of a short life expectancy or renal and/or 
hepatic impairment.

Rose et al published a retrospective study on 51 inter
mediate to very high risk, transfusion dependent, MDS 
patients (according to R-IPSS prognostic score) treated 
with deferasirox in association (71%) or not (29%) with 
azacitidine. Patients who received deferasirox had 
a significant decrease in serum ferritin and an improve
ment in liver function and in one case a hematological 
improvement was observed.65 The authors concluded that 
the results of the study were comparable, in terms of safety 
and efficacy, with those observed in lower-risk MDS.

Several studies showed that deferasirox treatment can 
reduce infection incidence among high-risk MDS 
patients6,66 and, more intriguingly, there is some evidence 
of a synergistic effect of deferasirox and hypomethylating 
agents, since it was observed that iron overload and 

consequent oxidative stress is able to enhance hyper
methylation of important tumor suppressor genes.67

On the basis of the abovementioned data, it could be 
appropriate to propose iron chelation therapy to intermedi
ate and high-risk MDS patients if they have the following 
characteristics:

- Good performance status
- Age ≤65 years
- No significant comorbidities and adequate liver and 

renal function
- Patients candidates to receive disease-modifying 

therapies (hypomethylating agents and/or allogeneic stem 
cell transplantation).

Iron Chelation Therapy: Indications 
in MDS Patients Candidate for 
Allogeneic Stem Cell 
Transplantation
Allogeneic hematopoietic stem cell transplantation 
(HSCT) is the only curative therapy for MDS patients, 
but only a minority of fit patients can be considered for 
this therapeutic option because of high risk of transplant- 
related mortality and morbidity due to the advanced age of 
most MDS patients.

Several studies confirmed that patients who have iron 
overload show an inferior outcome post HSCT68,69 and 
a prospective, multicenter study (ALLIVE) demonstrated 
a significant correlation between high levels of NTBI at base
line and the incidence of non-relapse mortality and between 
NTBI positivity and inferior overall survival (OS).70 It has 
been observed that conditioning regimen itself can increase 
NTBI levels and that NTBI/LPI levels drop after engraftment, 
when iron can be utilized again by restored erythropoiesis.

Given the detrimental effect of high levels of NTBI on 
transplant outcome, in terms of higher incidence of infec
tions and poor engraftment, patients who are candidates 
for HSCT should receive iron chelation therapy pre and 
peritransplantation.71,72

In 2019 Cremers et al showed that the reduction of iron 
overload within six months after HSCT, and not prior to 
HSCT, can improve relapse-free survival (90% in chelated 
patients vs 56% in untreated patients).73

Iron Chelation Therapy: Options
Deferoxamine, the first approved iron chelator, is charac
terized by limited use in MDS patients because it can be 
administered only by intravenous, intramuscular, or 
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subcutaneous injection and it has a very short half-life. 
Therefore, to be effective it requires a prolonged daily 
subcutaneous or intravenous infusion of 8–12 h. For this 
reason the use of deferoxamine in MDS patients has been 
limited and there are no randomized studies, that were 
conducted only in beta-thalassemia patients.

Side effects are injection reactions and ocular and otic 
toxicity.74

Another iron chelator is deferiprone, which has a very 
limited use in MDS patients because it can be responsible 
for neutropenia as a major side effect.

The most widely used iron chelator in MDS patients is 
deferasirox (DFX). DFX is an N-substituted bis- 
hydroxyphenyl-triazole, a class of tridentate iron chelators 
and it is able to bind ferric ions forming a soluble complex 
with high binding affinity for iron in its trivalent form.75–80 

Preclinical and clinical studies demonstrated that DFX is 
two to five times more effective than deferoxamine in 
binding and excreting iron and that it is able to reduce 
liver and cardiac iron burden.81–83

Angelucci et al published the results of the only rando
mized, placebo-controlled, study—the TELESTO study— 
on the use of deferasirox in low and intermediate-1-risk 
MDS patients.4

The authors demonstrated that patients receiving DFX 
had a significantly longer median event free survival (EFS) 
than patients receiving placebo (approximately one year), 
even if they were unable to explain this result with 
a specific improvement in one of the main organs affected 
by iron overload.

Serum ferritin level monitoring seemed to be the most 
suitable way to evaluate clinical benefit of DFX. The study 
did not provide a conclusive answer about the observation 
that DFX can induce hematological improvement.84 On 
the basis of the 2006 IWG criteria, hematological 
improvement was observed in 27 of 121 (22.3%) defera
sirox recipients vs 14 of 68 (20.6%) placebo recipients; 
this analysis was performed excluding patients receiving 
concomitant, potential erythroid-modifying treatments.

The study also confirmed the safety of DFX, increased 
levels of serum creatinine being the most frequent adverse 
event.

Some concerns about the TELESTO study have to be 
reported. Even if the TELESTO trial had been designed as 
a Phase 3 randomized study, slow enrollment and high 
dropout forced investigators to downgrade it to Phase 2 
trial providing only exploratory value of evidence regard
ing outcomes. Also the issue of EFS benefit was put in 

question,85 since significant separation of EFS curves 
occurred only after three years of therapy when the study 
was profoundly affected by dropout and crossover between 
the two groups.

Several studies demonstrated that DFX can induce 
additional effects other than the decrease of serum ferritin 
levels and tissue deposition of iron. These additional 
effects are about overall survival, the risk of leukemia 
transformation, and hematological improvement.

The effect of iron chelation therapy in MDS patients on 
survival was shown by a number of retrospective studies 
and by a meta-analysis that reported the results of eight 
different studies involving 1562 patients: this meta- 
analysis demonstrated a significant advantage in terms of 
overall survival in chelated MDS patients vs nonchelated 
patients, with a mean difference in median OS of 61.2 
months.62 The results coming from a meta-analysis can be 
controversial because authors could only utilize observa
tional studies (no randomized trials were available) and 
because some selection bias could have conditioned the 
results (better prognosis in patients receiving ICT, differ
ent drugs for chelation).

Leitch et al published a prospective trial which showed 
a better survival in MDS patients receiving ICT indepen
dently from age, R-IPSS score, comorbidities, and disease- 
modifying therapies.86

The IRON2 retrospective trial reported an increase in 
OS (133 vs 105 months; p=0.009) and an increase in 
cardiac event free survival (137 vs 90 months; p=0.004) 
in MDS patients receiving ICT (mostly DFX, 72%) than 
patients not treated with ICT.87

The results of the previously mentioned TELESTO 
study, further supported the significant effect of DFX on 
EFS, reporting a median EFS of 1440 days in the chelated 
patients vs 1091 days in patients not treated with DFX 
(p=0.015).4

Preclinical studies suggested that ICT can reduce the 
risk of leukemic evolution by decreasing the ROS produc
tion and consequent genetic instability.88 A prospective 
study published by Lyons et al confirmed the positive 
effect of ICT, mostly with DFX, in reducing leukemic 
evolution and increasing leukemia free survival (LFS) in 
transfusion-dependent MDS patients.89 In a cohort of 263 
patients who received ICT the LFS was 40.6 months, 
compared to 27.3 months in nonchelated patients.

Several studies showed that a significant percentage of 
MDS patients treated only with DFX obtained an improve
ment of peripheral cytopenia that could be defined as 
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a hematological improvement according to the interna
tional working group response criteria.90

In the EPIC study (evaluation of patients’ iron chela
tion with exjade) 10 to 20% of patients receiving DFX 
obtained a significant erythroid response.91 Angelucci et al 
published the results of the study conducted by the Gruppo 
Italiano Malattie Ematologiche dell’adulto (GIMEMA) 
about the use of deferasirox in transfusion-dependent, 
lower-risk MDS patients: besides the reduction in serum 
ferritin of more than 36% following 12 months of therapy, 
a significant proportion of patients (11%) obtained transfu
sion independence.92

The multicenter trial by Nolte et al showed an hema
tological improvement in 18% of lower risk MDS patients 
receiving deferasirox, platelet response being the more 
frequent one (30%) and erythroid response the less fre
quent (6%).93

In the study by List et al 51 (28%) of 173 patients 
obtained hematological improvement according to interna
tional working group 2006 criteria.94 Similar results came 
from two Italian registry data, the Roman Myelodysplasia 
Group (GROM) and the Basilicata Registry: among 118 
transfusion-dependent MDS patients receiving DFX, 
17.6% obtained an hematological improvement in the ery
throid serie, 5.9% in platelets and 7.1 in neutrophils.95

Breccia et al published their data about 40 MDS 
patients who received deferasirox outside of clinical trials: 
efficacy in serum ferritin reduction and safety were con
firmed even in association with other therapies (such as 
azacitidine); moreover, four patients had a reduction of 
transfusion requirement and a mean increase in Hb levels 
of 2 g/dL.96

The abovementioned data were consistent with results 
from Extend and EXjange studies, published by 
Gattermann et al. Treatment with deferasirox proved to 
be effective in serum ferritin levels reduction in chelation- 
naïve (p=0.0002) and prechelated patients (p=0.06).97

The main studies on the use of deferasirox in low-risk 
MDS patients are summarized in Table 1.

The biologic reason for this result is controversial, but 
the two main mechanisms that can explain the possibility 
of obtaining a hematological improvement with ICT are 
the reduction in ROS production and NFk-B pathway 
inhibition.

ICT protects from iron overload and from its detrimen
tal effects, first of all oxidative stress that may damage 
nucleic acids, proteins and lipids. Rachmilewitz et al 
showed a decrease of ROS in red blood cells (RBC) 

after three months of chelation therapy with deferasirox 
in a cohort of 15 low-risk MDS patients.98 Chan et al 
established a correlation between serum ferritin levels 
and ROS in CD34+ cells in MDS patients.99 These obser
vations suggest a role of ICT in reducing oxidative stress 
by decreasing ferritin levels and a possible positive effect 
on hematopoiesis.

In the US03 trial 9.4% of MDS patients treated with 
deferasirox obtained an hematological improvement and in 
this cohort of patients a normalization of LPI values was 
seen after chelation therapy, this further suggesting a link 
between oxidative stress and peripheral cytopenias.100

The second pathway that could explain the role of ICT 
in the improvement of cytopenias is the reduction of NF- 
kB activity. NF-kB is a transcription factor involved in 
myelopoiesis and its role in the pathogenesis of MDS is 
fully described101,102 as well as the efficacy of NF-kB 
inhibitors on leukemic cells. NF-kB pathway is activated 
by ROS, which are increased in transfusion-dependent 
MDS patients with iron overload.

Messa et al demonstrated that deferasirox, but not the 
other commercially available iron chelators, acts as 
a selective inhibitor of NF-kB in leukemic cells in vitro. 
The study suggests that deferasirox is able to inhibit NF- 
kB action independently from iron sequestering, but the 
exact cellular target is still unknown.103

These data pave the way to the use of iron chelation 
therapy in MDS patients not only for the treatment of 
secondary hemosiderosis, but also as a target therapy 
against malignant clones, in association with other 
therapies.

Conclusions
In the last few years multiple reviews have been published 
on the topic, so it is worth giving a perspective about the 
latest findings in the current review.

It is well known that the prognosis of patients with 
MDS is related both to the biological characteristics of the 
disease and, especially for lower-risk MDS, to age and 
comorbidities. It is also important to note that prognosis 
can be negatively affected by several factors, such as the 
severity of cytopenias and iron overload induced by red 
blood cell transfusions. The excess of iron not only is 
responsible for organ damage, but it is able to induce 
genomic instability and to modify the hematopoietic 
niche, favoring progression to acute leukemia.

Iron overload can be effectively treated with iron che
lation therapy and, in particular with deferasirox, the use 
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of which is recommended by international guidelines in 
lower-risk MDS patients, after the demonstration that it 
can significantly prolong event free survival and most 
likely also overall survival.

The observation that a number of MDS patients can 
obtain an improvement of peripheral cytopenias during 
therapy with deferasirox put increasing interest on this 
treatment and probably paved the way to new studies, in 
order to confirm this data. Further studies are also 
needed to evaluate and clarify the biological basis of 
hematological improvement induced by ICT in MDS 
patients.
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Clinical Utility of Subcutaneous Factor VIII 
Replacement Therapies in Hemophilia A: A Review 
of the Evidence
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Hôpital Cardiologique Louis Pradel, 
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Abstract: Hemophilia therapies have tremendously improved over the last decades with the 
development of prolonged half-life factor VIII (FVIII) and FIX concentrates, non-factor 
therapies, such as emicizumab, anti-TFPI antibodies or siRNA antithrombin and gene 
therapy. All of these new molecules significantly reduced the burden of the disease and 
improved the quality of life of patients with severe hemophilia. Emicizumab, a non-factor 
therapy, is currently the only subcutaneous molecule available for prophylactic treatment of 
severe hemophilia A. Because of the subcutaneous route of delivery and similar efficacy to 
FVIII replacement therapy, emicizumab has been rapidly adopted by patients and their 
families. This clinical observation emphasizes the relevance and need for the development 
of subcutaneous FVIII concentrates. Here, we report evidence-based advantages and interest 
in the subcutaneous route of administration for the treatment of hemophilia A and review the 
stages of development of the different subcutaneous FVIII molecules. 
Keywords: hemophilia A, factor VIII, recombinant von Willebrand factor fragment, 
prophylaxis, subcutaneous injection

Therapeutic Progress in Hemophilia A
Hemophilia A (HA) is an X-linked inherited bleeding disorder resulting from 
the partial or total deficiency of coagulation factor VIII (FVIII). Severe HA, 
characterized by a complete plasma FVIII deficiency, is a rare disease with 
a prevalence of 6 per 100,000 males.1 Patients with severe HA have a lifelong 
spontaneous bleeding tendency with frequent joint bleeds, muscle hematomas, 
intracranial hemorrhages, and hematuria occurring even in the absence of any 
noticeable trauma. Repeated joint bleeds lead to chronic arthropathy responsible 
for limitation of movements, pain, disability and decrease in patients’ quality of 
life.

Early prophylaxis is currently the standard of care for severe HA because it 
significantly reduces the risk of life-threatening bleeding, hemarthroses and joint 
damage, compared to on-demand therapy, which consists of treating bleeding 
episodes.2,3 The need for frequent intravenous injections, due to the short half-life 
of FVIII molecule, ie 10–14 hours, has been one of the major barriers to the 
widespread use of prophylaxis, associated with difficult vein access and afford
ability. Thus, in the last decades extended half-life (EHL) coagulation factors have 
been developed to reduce the number of intravenous injections. Conjugation with 
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polyethylene glycol (PEG) and fusion with albumin or Fc 
fragment of IgG1 have been used to generate several EHL 
products.4 Pharmacokinetic (PK) improvements obtained 
with EHL-FVIII products were 1.3 to 1.8 fold-increased 
terminal half-life, mean trough FVIII levels between 1 and 
3 IU/dL with infusions every 3–5 days and 30% reduction 
in the number of intravenous injections.5 These character
istics improved patient adherence to prophylaxis, quality 
of life of patients and their families and opened new 
perspectives for more personalized prophylaxis 
regimens.6 Despite the advantages of EHL-FVIII, it is to 
be noted that the improvements of PK for EHL-FVIII were 
modest compared to EHL-factor IX products produced 
with similar technologies and having 3 to 5 times- 
prolonged half-life. This difference is explained by the 
fact that EHL-FVIII molecules can still interact with endo
genous von Willebrand factor (VWF), which has 
a relatively short half-life (~15 hours) and are cleared as 
part of the FVIII-VWF complex.7 The experience with the 
first EHL molecules allowed a better understanding of the 
mechanisms responsible for the prolonged half-life and led 
to the development of new molecules. Thus, a novel 
recombinant FVIII molecule BIVV001 was recently 
bioengineered to overcome this limited half-life extension 
issue imposed by VWF.8 BIVV001 is an EHL-FVIII fused 
to Fc fragment coupled with the FVIII binding D’D3 
domain of VWF and two XTEN linkers aiming to reduce 
degradation and clearance.9 A recent Phase 1–2a open- 
label clinical trial reported a significantly prolonged half- 
life of BIVV01 that was up to four times the half-life 
associated with standard recombinant FVIII (rFVIII), 
allowing an FVIII prophylaxis with a weekly treatment 
interval.10

Despite the improvements achieved, the exclusive intra
venous route of administration of EHL-FVIII products 
remains a substantial source of burden for patients and 
caregivers. To date, only one non-factor therapy, emicizu
mab, has been administered subcutaneously. Emicizumab is 
a bispecific humanized monoclonal antibody mimicking 
activated FVIII activity into the tenase complex.11 The mole
cule, designed for prophylaxis with once a week to once 
a month regimens and delivered subcutaneously, showed 
similar effectiveness to reference molecules in patients with 
and without inhibitors.12 The transition from factor concen
trates administered intravenously to a subcutaneous route of 
administration with emicizumab has been a strong argument 
in favor of the new drug for patients and their families.

Novel Routes for the Administration 
of Coagulation Factors
For a medication to be effective it must be administered 
appropriately. The route of administration of a drug affects 
its bioavailability, which determines both the onset and the 
duration of the pharmacological effect. The vast majority 
of treatments available for hemophilia are usually deliv
ered intravenously. However, some subcutaneous drugs 
are used in certain situations, and research is very active 
for the development of new molecules with more conve
nient routes of administration.

The hemostatic drug desmopressin (DDAVP) is com
monly and effectively used in most cases of mild or 
moderate bleedings of patients with mild HA. DDAVP 
can be administered intravenously, subcutaneously and as 
a nasal spray.13 The nasal spray and subcutaneous DDAVP 
are very convenient for home treatment. Knowledge accu
mulated through research on EHL-factors and their inter
action with neonatal Fc receptor (FcRn) might open new 
perspectives for nasal delivery of coagulation factors to 
treat hemophilia. It is known that the prolonged half-life of 
these molecules is related to the FcRn-mediated recycling 
of the modified FVIII/FIX molecules. FcRn is expressed in 
the nasal airway and the olfactory epithelium, and we may 
speculate that FcRn may play a role in Fc-mediated trans
port of IgG or albumin fused to FVIII/FIX across the nasal 
epithelium and might have significant potential for intra
nasal delivery.

Recently, Nichols et al14 reported the first experience 
of orally delivered FVIII in a HA dog model. The authors 
evaluated safety and efficacy of delivering FVIII via orally 
ingestible robotic pills. Results were compared to a similar 
dose of FVIII 150 IU/kg administered intravenously or 
intraperitoneally. This early preclinical study showed that 
orally delivered FVIII restored hemostasis in HA dog. 
While waiting for the maturation of this work clinically, 
the progress achieved in adopting the subcutaneous route 
remains appealing.

Subcutaneous Coagulation Factors 
for the Treatment of Hemophilia 
A with or without Inhibitors
Subcutaneous deliveries of biotherapeutics for hemophilia, 
such as emicizumab or fitusiran (small interfering RNA 
that knocks down the synthesis of antithrombin), are con
venient alternatives to intravenously delivered factor VIII. 
The first subcutaneous monoclonal antibodies were 
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developed and Iabeled in oncology. These drugs became 
rapidly preferred by patients as they reduced the burden of 
intravenous administrations. Subcutaneously delivered 
drugs have been proven effective, safe and are associated 
with lower healthcare costs,15 even though they have dif
ferent pharmacokinetic profiles compared to their peers 
administered intravenously. Maximum serum concentra
tions (C max) of these molecules are usually delayed 
because of a slow absorption rate from the subcutaneous 
tissue. In addition, a linear relationship was reported 
between molecular weight (MW) of biotherapeutics and 
the rate of lymphatic absorption. Molecules with MW 
greater than 16,000 Da are first absorbed by lymphatic 
vessels and pass through the thoracic duct, whilst smaller 
molecules cross directly through the capillary wall into the 
blood stream.16 Human FVIII is a large molecule with an 
MW of 330,000 Da; B-domain deleted rFVIII is a metal 
ion linked 80,000- and 90,000- Da heterodimer.17

The first attempt of subcutaneous FVIII administration 
was reported in the late 1990s by Spira et al.18 However, 
subcutaneous delivery of standard FVIII resulted in lim
ited bioavailability: 5% to 10% in several animal models. 
In a mice model, Shi et al19 confirmed this observation. 
The authors investigated whether subcutaneously adminis
tered FVIII could be transferred from extra-vascular space 
into the vascular space. They did not detect FVIII in the 
plasma following subcutaneous injection.

Fatouros et al studied the mechanisms underlying the 
low bioavailability of subcutaneous FVIII.20 They con
cluded that subcutaneous rFVIII was inactivated in the 
subcutaneous tissue by proteolytic degradation, after bind
ing to phospholipids. Von Willebrand (VWF) factor and 
FVIII circulate in blood as a non-covalently linked com
plex. VWF protects FVIII from proteolytic degradation by 
phospholipid-binding proteases like activated protein C.21 

This protection is due to the binding of D3 domain of the 
VWF molecule to the C1 domain of FVIII.

In the light of this knowledge, small recombinant VWF 
fragments were bioengineered to protect FVIII from phos
pholipid binding. Among the bioengineered VWF frag
ments, the best bioavailability results were obtained with 
vWF-12 construct. In a recent preclinical study, FVIII was 
co-administered with this “protector” recombinant VWF 
fragment to mini-pigs22 and to factor VIII knock-out 
mice.23 Solecka-Witulska et al22 expressed the vWF-12 
fragment as a dimer of the VWF-D’D3 region containing 
amino acids 1 to 1268 of the VWF sequence fused to 
a highly O-glycosylated 31 amino acids sequence repeated 

twice at the C terminus. This VWF fragment has binding 
capacity to FVIII with high affinity (in the nM range) and 
inhibits the interaction between FVIII and phospholipids, 
which supports subcutaneous uptake of FVIII. Aachener 
mini-pigs received 100 IU/kg rFVIII co-delivered with 
VWF-12 fragment. Blood was taken prior, and 11 blood 
samples were taken at different time points up to 120 
h after drug administration, and FVIII antigen concentra
tions were measured in each sample. The authors showed 
that the bioavailability of rFVIII alone was 2% whilst the 
co-administration of rFVIII with VWF-12 fragment 
increased the bioavailability of rFVIII to 41%.

Recently, Vollack-Hesse et al23 compared pharmacoki
netic (PK) profiles after a single dose of rFVIII adminis
tered intravenously (200 IU/kg) or subcutaneously (1000 
IU/kg) in the presence or absence of the VWF-12 con
struct in a HA mice model. They confirmed enhanced 
bioavailability (up to 18.5%) of subcutaneous rFVIII co- 
administered with VWF-12. As expected, PK profiles of 
intravenous and subcutaneous rFVIII were very different. 
Subcutaneous FVIII had a slow absorption leading to 
a plasma Cmax 6 hours after drug administration and 
had 2.5-fold longer half-life compared to intravenous 
rFVIII. Pharmacodynamics of the co-administered rFVIII 
with vWF-12 fragment was evaluated with tail-clip assay 
that showed an efficient protection against bleeding during 
24 hours after a single subcutaneous injection. These pro
mising results, obtained using VWF-12 fragment as 
a chaperone to FVIII for subcutaneous administration, 
open new perspectives for the development of novel sub
cutaneous rFVIII molecules and an opportunity for 
patients with severe HA who may have replacement ther
apy with a subcutaneous rFVIII.

Subcutaneous delivery of coagulation factors was 
always feared for concerns about immunogenicity, parti
cularly for FVIII. The mice data reports that the formation 
of anti-FVIII IgG antibodies did not increase after subcu
taneous administration compared to intravenous route, 
which plays in favor of this approach.

Preclinical studies with glycopegylated rFVIII N8-GP 
in HA mice and cynomolgus monkeys showed improved 
bioavailability of the molecule compared to standard half- 
life FVIII.24 Using this EHL-rFVIII molecule, Klamroth 
et al25 reported the results of the first human subcutaneous 
rFVIII trial. This phase 1, double-blinded, multicenter trial 
had two parts: in the first part, patients received a single 
subcutaneous (SQ) dose (12.5–25-50 or 100 IU/kg) of 
turoctocog alfa pegol (N8-GP). The second part was 
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a multiple dose study and patients received 2000 or 4000 
IU SQ. N8-GP daily during 3 months. Administered dose 
was dependent on the patient’s body weight (below or 
≥60 kg respectively). The authors studied pharmacoki
netics, safety and preliminary efficacy of SQ N8-GP in 
previously treated patients with severe HA. The multiple 
dose study reported FVIII activity levels of 11.9% (9.0 to 
15.6) at week 1 and 9.6% (7.3 to 12.7) at week 13 of the 
study. Five of the 26 patients (19.2%) developed non- 
neutralizing anti-N8-GP binding antibodies and 1 patient 
developed inhibitors to FVIII.

In parallel, a bioengineered subcutaneous factor VIIa 
has also been developed (activated marzeptacog alfa).26 

Activated recombinant factor VII (rFVIIa), administered 
intravenously, is commonly used for the treatment of 
hemophilia with inhibitors. The molecule has a very 
short half-life of 2.3 hours (range 1.7–2.7). Activated 
marzeptacog alfa (MarzAA) is a variant of rFVIIa with 4 
amino acids substitutions. Two of the substitutions 
(Q286R and M298Q in the heavy chain) increase the 
catalytic activity of the molecule for factor X activation 
and two others (T128N and P129A, in the light chain) 
provide extended duration of biological activity. Recently, 
the results of a Phase 2 study investigating the prophylac
tic efficacy of subcutaneous MarzAA in hemophiliacs with 
inhibitors were published.27 All patients had a baseline 
annualized bleeding rate (ABR) ≥12 events/year, as deter
mined during the 6-months pre-treatment period. MarzAA 
was administered subcutaneously at a daily dose of 30µg/ 
kg for 50 days. The volume of subcutaneous injection was 
low (0.6 mL). Subcutaneous MarzAA prophylaxis reduced 
mean ABR from 19.8 (range 12.2–26.7) to 1.6 (p = 0.009).

Strengths and Weaknesses of 
Subcutaneous FVIII Molecules
The rationale behind the design of subcutaneous FVIII 
molecules is to overcome the difficulties of intravenous 
delivery. While peripheral venipuncture is the first choice 
for venous access, central venous access devices are fre
quently used to facilitate repeated administration of clotting 
factor concentrates, particularly in very young children and 
adults with poor IV access. Subcutaneous route can also 
reduce the need for central venous access devices and their 
common complications, such as infection and thrombosis.28 

The development of subcutaneous FVIII concentrates may 
improve prophylaxis feasibility and patient’s adherence. 

Each intravenous injection of prophylaxis that cannot be 
performed increases the risk of breakthrough bleeds.

In addition, there are several advantages of subcuta
neous FVIII concentrates over non-factor therapies that are 
delivered subcutaneously. These benefits include:

- The possibility of laboratory monitoring with usual, 
wildly available, easy to perform and cheap routine FVIII 
assays. The utility of laboratory monitoring is obvious in 
certain situations such as surgical settings and to indivi
dualize therapy and tailor it to patient’s needs and lifestyle.

- No need to administer other procoagulant molecules 
in case of acute bleeding or surgery. This need persists 
with nonfactor therapy in some circumstances. Adding to 
the complexity of this scenario, where monitoring poses 
a major problem and concerns about interference between 
the two drugs persist, patients used to subcutaneous injec
tions may lose with time the expertise and autonomy of 
intravascular administration. Subcutaneous FVIII mole
cules may help to overcome this issue.

- Non-factor therapies do not cover any potential 
non-hemostatic role of FVIII, and the long-term impact 
of nonfactor replacement therapy in patients with no 
inhibitors is still unclear. In addition to the concerns 
about the maintenance of immunological tolerability, 
the effect of such therapies on joint health remains the 
focus of ongoing research. Indeed, several clinical stu
dies have described osteopenia in patients with HA. 
Twenty-seven per cent of patients with severe HA 
experience osteoporosis, responsible for a significant 
risk of fracture. It has been demonstrated that FVIII 
replacement partly prevents the loss of bone mineral 
density in patients with severe HA. Some authors sug
gest that the effect of FVIII on bone might be associated 
with the regulation of RANKL–OPG, which can influ
ence the synthesis of osteoclasts and therefore bone 
resorption.29 Thus, if these preliminary data are con
firmed in well-designed clinical studies, FVIII replace
ment therapy may have a relevant advantage over non- 
factor therapies.

In addition, the main advantages of subcutaneous FVIII 
concentrates over intravenous FVIII concentrates are:

● better quality of life and comfort for patients and 
their families

● no need for central venous access devices, allowing 
to start conveniently prophylaxis at very early age

● better adherence of patients to treatment and reduced 
breakthrough bleeds
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● highest autonomy of patients with their treatment and 
lower costs

● potential lower immunogenicity as suggested by pre
clinical studies: decreased immunogenicity observed 
in animal models with co-delivery of rFVIII and 
VWF-12 fragment is promising. Some previous stu
dies reported that VWF protects FVIII against endo
cytosis by dendritic cells, and reduces the 
presentation of FVIII to immune cells. Co- 
administration of FVIII with a particular VWF frag
ment may potentially reduce the recognition of FVIII 
by the immune system. If confirmed in clinical trials, 
this will allow to study whether SQ FVIII with VWF 
can be optimal to establish immune tolerance to 
FVIII in previously untreated patients, especially 
those at high risk of inhibitor development.

However, subcutaneous route of administration may also 
have some disadvantages. Large volumes of injection may 
be an issue in young children and may require multiple SQ 
injections, which is a clear source of discomfort for 
patients.

Conclusion
In conclusion, the development of subcutaneous FVIII 
molecules is of great clinical interest, reducing tremen
dously the burden of prophylaxis in severe HA patients, 
and therefore improving treatment adherence with subse
quent reduction in breakthrough bleeds and better joint 
protection. However, even though a subcutaneous injec
tion is easier to perform than an intravenous injection, it 
remains a painful procedure. Other administration routes 
that are less painful in nature and more practical for a busy 
school or professional schedule, such as the oral or intra
nasal route, may in the future expand the recent improve
ments offered by the subcutaneous route.
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Macrophage Activation Led Acute Heart Failure 
Managed Successfully with Immunosuppression
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Abstract: Macrophage activation leading to multi-organ dysfunction/failure has been 
described in various hematologic disorders like hemophagocytic lympho-histiocytosis 
(HLH), also known as macrophage activation syndrome (MAS) and macrophage activation 
like syndrome (MALS). Congestive heart failure (CHF) appears to be an uncommon 
manifestation of macrophage activation. This novel entity of macrophage activation- 
associated cytokine-mediated CHF has not been well reported in the medical literature. We 
report two young female patients with acute CHF secondary to macrophage activation- 
associated cytokine storm. An extensive diagnostic workup was negative for other etiologies, 
such as ischemia, myocarditis, or infections. Their clinical, laboratory, and pathologic 
findings did not meet the diagnostic criteria for hemophagocytic syndrome (HPS)/MAS. 
However, both had laboratory and pathologic findings which were consistent with macro
phage activation and cytokine storm. One patient met criteria for MALS. Therapeutically, our 
patients were promptly treated with steroids with or without anti-cytokine therapy with rapid 
restoration of cardiac function. Macrophage activation-induced disease may not always fulfil 
the diagnostic criteria for the currently known macrophage activation disorders. We suggest 
that markers of macrophage activation and cytokine levels should be part of the diagnostic 
workup in patients with otherwise unexplained acute CHF. Additional research is warranted 
to further elucidate the underlying mechanism of this disorder. 
Keywords: macrophage activation syndrome, MAS, macrophage activation like syndrome, 
MALS, cytokine release storm, CRS, reversible systolic heart failure, immunosuppression

Plain Language Summary
Macrophages are cells that surround and kill microorganisms, remove dead cells, and 
stimulate the action of other immune system cells. These macrophages are found in many 
organs and produce cytokines which is a chemical that can drive inflammation. In excess 
these cytokines can affect other organs such as the heart and result in heart failure. Some 
laboratory tests that can indicate macrophage activation include elevated ferritin, triglyceride, 
and CRP. Steroids and other anti-inflammatory medications can suppress this inflammation 
and improve symptoms and organ function in these patients with macrophage activation and 
organ dysfunction. We report two cases with unexplained heart failure who were found to 
have features of macrophage activation after further workup. They both responded promptly 
to immunosuppressive treatment. We suggest that markers of macrophage activation should 
be evaluated in patients with unexplained CHF. In some proven cases of heart failure, 
secondary to macrophage activation, prompt treatment with immunosuppressants could 
lead to clinical improvement, and such treatment should be sought only after other causes 
of heart failure have been clearly ruled out and must be done by physicians with expertise in 
managing heart failure.
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Introduction
Macrophage activation leading to multi-organ dysfunction/ 
failure has been described in various hematologic disorders 
including hemophagocytic lympho-histiocytosis (HLH)/ 
macrophage activation syndrome (MAS), and macrophage 
activation like syndrome (MALS).1,2 Congestive heart fail
ure (CHF) appears to be an uncommon manifestation of 
macrophage activation.3 We found seven case reports of 
HLH presenting with systolic heart failure in the medical 
literature (Table 1), six of whom had complete recovery of 
cardiac function with immunosuppressive therapy; post 
treatment cardiac function was not reported in one case. 
Here we report two cases of acute CHF associated with 
laboratory and pathologic evidence of macrophage activa
tion and cytokine storm without meeting the diagnostic 
criteria for MAS/HLH. One patient met the criteria for 
MALS. Both cases had increased M2 macrophages in the 
bone marrow. Both cases had a dramatic response to immu
nosuppressive therapy with full recovery of cardiac function.

Case 1
A 37-year-old female without any prior co-morbidity was 
hospitalized with acute onset of severe shortness of breath 
and fatigue. The initial examination showed blood pres
sure 102/96 mmHg, pulse 121 bpm, temperature 36.8 °C, 
respiratory rate 35 bpm and SpO2 94% on 2LO2. Bilateral 
inspiratory crackles were present on chest auscultation 

with normal heart sounds, S1 and S2, with added S3. 
Initial workup (Table 2) showed hemoglobin 9.3 g/dL 
(11.6–15), hematocrit 54% (35.5–44.9), platelet 76×109 

(157–371), white cell count 2.4×109 (3.4–9.6), absolute 
neutrophil count 0.11×109 (1.56–6.45), absolute monocyte 
3.0×109 (0.26–0.81), NT proBNP 17,280 pg/mL (<140), 
troponin T 11 (<10 ng/L), triglyceride 556 mg/dL (H), 
fibrinogen 312 mg/dL (200–393), ferritin 568 (11–307 
mcg/L), CRP 92.4 (<8.0 mg/L), LDH 261 (122–222 U/ 
L), presence of heterozygous prothrombin G20210A gene 
mutation, and interleukin-6, 8.6 pg/mL (<1.8), creatine 
kinase 80 U/L (26–192). Serial troponin T levels were 10 
ng/L (6 hours after), and 8 ng/L (on day 2). Her HScore 
was 98 points based on the above results. Other lab 
workup including renal function panel, liver function 
panel, and autoimmune screen were unremarkable. Blood 
smear showed absolute neutropenia with left-shifted neu
trophils and markedly increased immature monocytes. 
Electrocardiogram (EKG) showed sinus tachycardia with 
T inversion in the inferior leads. CT chest showed moder
ate bilateral pleural effusions, interstitial edema and cen
tral perivascular ground-glass opacities. Echocardiogram 
showed ejection fraction of 25%, with severe generalized 
left ventricular hypokinesis; normal left ventricular cham
ber size and thickness; normal right ventricular chamber 
size with reduced systolic function; right ventricle pressure 
23 mmHg; right and left atrium was of normal size; mild 

Table 1 Literature Review of Prior Cases with HLH Systolic Heart Failure

Case Age Association Takotsubo 
Features

Treatment Complete Recovery 
of Cardiac Function 
on Echo

Zhou JY, et al14 45-year-old 
female

Lamotrigine Yes Etoposide, dexamethasone Yes

Otillio JK, et al15 6-year-old female Infection Yes Etoposide, cyclosporine, and 

dexamethasone

Yes

Takeoka Y, et al16 73-year-old (A) 

and 56- year-old 

female (B)

EBV (A), T cell 

lymphoma (B)

Yes (A and 

B)

Etoposide, cyclosporine, and 

dexamethasone (A); carboplatin, 

cytarabine, dexamethasone (B)

Yes (A and B)

Prakash PB, et al3 1-year old female Infection No (anakinra), methylprednisolone and 

tacrolimus

Yes

Abdin A17 59-year-old male Unclear etiology Yes High-dose steroids Yes

Ullah W, et al18 32-year-old male Infection (HIV) Yes Dexamethasone, etoposide Yes

Chizinga M, et al9 32-year-old male Systemic juvenile 
idiopathic 

arthritis (SJIA)

No (right 
sided heart 

failure)

Dexamethasone, Anakinra. Not reported, patient 
clinically improved
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mitral valve regurgitation, mild tricuspid valve regurgita
tion; normal aortic and pulmonary valve; small pericardial 
effusion (video 1). Abdominal ultrasound showed normal 
spleen and liver size. Initially she was started on broad- 
spectrum antibiotics (vancomycin, piperacillin and tazo
bactam) and diuretics. Her oxygen requirements increased 
within 24 hours of admission necessitating non-invasive 
positive-pressure ventilation with BIPAP at 50% FiO2, 
and ICU monitoring. She remained hemodynamically 
stable in the ICU and did not require inotropic support. 
After 72 hours, extensive workup for underlying infection 
including bacterial, viral, fungal and mycobacterial organ
isms were all negative; and despite antibiotics, interleukin- 
6 and ferritin continued to increase to 11.4, and 731 
respectively, with increasing liver enzymes. Bone marrow 
biopsy showed hypercellularity with diffuse infiltration by 
CD68+ macrophages and atypical megakaryocytes; the 
macrophages are predominantly type 2 macrophages 
since they are negative for pSTAT1 and positive for 
CD163 (Figure 1). Chromosome analysis, acute myeloid 
leukemia (AML) FISH panel, next generation sequencing 
(NGS) for myeloid neoplasms (11 gene panel), and mye
loproliferative neoplasm (MPN) panel (JAK2, CALR, 

MPL) were all negative. Macrophage activation associated 
cytokine-mediated disease process was suspected in the 
absence of evidence for ischemia, myocarditis, autoim
mune disorders, and infections. She was treated with dex
amethasone 40 mg daily and had significant clinical 
improvement, no longer requiring oxygen after 5 days of 
steroids. Furthermore, echocardiogram after 5 days of 
steroids showed significant improvement in EF to 55% 
with normal left ventricular chamber size, wall thickness 
and regional wall motion; normal left ventricular diastolic 
function; normal right ventricular chamber size and func
tion; estimated right ventricular systolic pressure 23 
mmHg; mild mitral valve regurgitation and mild tricuspid 
valve regurgitation; normal pulmonary valve systolic velo
city and small circumferential pericardial effusion (video 
2). There was also resolution of hematologic 
abnormalities.

She was discharged on a 6-week steroid taper. One 
month later, ejection fraction was 62% and at 2-month 
follow-up she was clinically doing well. Unfortunately, 
several months later she was found to have avascular 
necrosis of the bilateral distal femur and proximal tibia 
and is currently followed by orthopedics for further care. 
She was started on Eliquis 10 mg twice daily for 7 days 
then 5 mg twice daily for 21 days, then 2.5 mg twice daily 
for 6 months in light of the possible association of her 
prothrombin gene mutation and development of avascular 
necrosis. Her pain symptom subjectively improved with 
the initiation of anticoagulation.

Case 2
A 41-year-old female was hospitalized with subjective 
fever, nausea, vomiting, and abdominal pain which were 
present for 3 weeks. Initial examination showed blood 
pressure 66/39 mmHg, pulse 135 bpm, temperature 36.6 
°C, respiratory rate 35 bpm and SpO2 99%. Normal heart 
sounds and breath sounds were heard on auscultation. 
Initial workup (Table 2) showed hemoglobin 7.9 g/dL 
(11.6–15), hematocrit 24.7% (35.5–44.9), platelet 33×109 

(157–371), white cell count 1.1×109 (3.4–9.6), absolute 
neutrophil count 0.5×109 (1.56–6.45), troponin T 17 (<10 
ng/L), triglyceride 970 mg/dL, fibrinogen 601 mg/dL 
(200–393), ferritin 5446 (11–307 mcg/L), LDH 534 
(122–222 U/L), interleukin 2 receptor (CD25) soluble 
1599 pg/mL (≤1033), IL-6 10.2 pg/mL, prothrombin time 
14.4 (9.4–12.5 sec), INR 1.3 (0.9–1.1), activated partial 
prothrombin time 35 (25–37 sec) and elevation of liver 
enzymes (total bilirubin 3.1 mg/dL (<1.2), direct bilirubin 

Table 2 Laboratory, Bone Marrow and ECHO Findings of 
Case 1 and 2

Case 1 Case 2

Laboratory

Hb (11.6–15) 9.3 g/dL 7.9 g/dL

WCC (3.4–9.6) 

x109

2.4 /L 1.1 /L

Platelet (157–371) 76 /L 33 /L

Triglyceride 556 mg/dL 970 mg/dL

Ferritin (11–307) 731 mcg/L 5446 mcg/L

LDH (122–222) 261 U/L 534 U/L

IL 2 receptor 

(CD25) (≤1033)

—– 1599 pg/mL

CRP (<8.0) 92.4 mg/L —–

IL-6 (<1.8) 8.6 pg/mL 10.2 pg/mL

Bone Marrow Diffuse infiltration by 
CD68+ macrophages

Increased CD68 + 
macrophages

ECHO EF 25%, severe left 
ventricular 

hypokinesis

EF 21%, global 
decrease in systolic 

function
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2.7 mg/dL (0–0.3), alanine aminotransferase 81 U/L (7– 
45), aspartate aminotransferase 241 U/L (8–43), alkaline 
phosphatase 117 U/L (35–104). Serial troponin T levels 
were 13 ng/L (day 2) and 18 ng/L D3 (day 3). Other 
laboratory workup included renal function panel and auto
immune screen were unremarkable. Her HScore was 152 
based on the above results. Blood smear showed absolute 
leukopenia and lymphopenia. EKG showed sinus tachy
cardia with T inversions in V1.

Echocardiogram showed left ventricular ejection frac
tion 21% with a normal size and thickness left ventricle 
with multiple regional wall motion abnormalities in non 
−coronary distribution and associated global decrease in 
systolic function; grade 3/4 left ventricular diastolic dys
function, consistent with severely elevated left ventricular 
filling pressure; normal right ventricular chamber size with 
mild global decrease in systolic function, right ventricular 
systolic pressure 42 mmHg, tricuspid annular plane systo
lic excursion (TAPSE) was 11 mm (20–22); mitral valve 
was normal with moderate mitral valve regurgitation and 
severe tricuspid valve regurgitation. Aortic and pulmonary 
valves were normal. No pericardial effusion. Normal size 
of both right and left atrium (video 3). Abdominal ultra
sound did not show splenomegaly/hepatomegaly. She was 

started on broad spectrum antibiotics (vancomycin, piper
acillin and tazobactam) and admitted to ICU as she 
required inotropic support with milrinone starting at 
0.375 mcg/kg/min and then titrated as needed to maintain 
blood pressure. Extensive workup for underlying infection 
including bacterial, viral, fungal and mycobacterial organ
isms were all negative. Bone marrow biopsy showed 
hypocellularity with left-shifted myelopoiesis, increased 
clusters of immature myeloid precursors, and increased 
CD68+ macrophages, which were predominantly type 2 
macrophages negative for pSTAT1 and positive CD163 
(Figure 2). Chromosome analysis, AML FISH, NGS for 
myeloid neoplasms (11 gene panel), MPN panel (JAK2, 
CALR, and MPL), immunoglobulin gene rearrangement, 
and T-cell receptor gene rearrangements were all unre
markable. Macrophage activation associated cytokine- 
mediated systemic disease process was suspected and 
treated with anakinra (anti-IL1) 100 mg subcutaneous for 
7 days, and dexamethasone 10 mg once daily for 7 days 
followed by a 6-week steroid taper. She clinically 
improved rapidly and was completely off inotropic support 
after 6 days of immunosuppression treatment. Repeat 
echocardiogram after 7 days of immunosuppressive treat
ment showed significantly improved left ventricular 

Figure 1 The bone marrow biopsy shows hypercellularity with increased megakaryocytes (A, H&E x40). The immunohistochemical studies show increased interstitial 
macrophages by CD68 (PGM1) (B, x40); and they are type 2 macrophages negative for pSTAT1 (C, x 0) but positive for CD163 (D, x40).
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function with ejection fraction 70%; normal left ventricu
lar chamber size and wall thickness with hyperdynamic 
systolic function; normal right ventricular chamber size 
and function; no regional wall motion abnormalities; no 
pericardial effusion (video 4). Complete resolution of 
cytopenias and normalization of liver function was also 
seen. At 8 months follow up she has no clinical features of 
heart failure.

Discussion
Our two young patients represent unique cases of acute 
CHF secondary to macrophage activation-associated cyto
kine storm with one patient meeting criteria for MALS. It 
is interesting that they did not meet the diagnostic criteria 
for known macrophage activation disorders such as HLH, 
also known as MAS.2,4,5 They clearly had laboratory evi
dence of macrophage activation which includes elevated 
ferritin, triglyceride, CRP, IL-6, and CD25.2 The other 
prominent finding is infiltration of the bone marrow by 
CD68+ type 2 macrophages, associated with pancytopenia 
which can be seen in HLH/MAS.2 It appears that activated 
macrophages are located in the bone marrow compromis
ing hematopoiesis and mediating CHF via cytokine 
storms. In our cases the underlying mechanism for 

macrophage activation is not clear, negative extensive 
genetic and molecular testing together with rapid response 
to immune suppression would indicate a reactive process 
inciting macrophage activation. They both had 
increased M2 macrophages in the bone marrow. M2 
macrophages which can be seen in MAS, are heteroge
neous in comparison to M1 macrophages.6 In these cells 
the production of proinflammatory mediators are 
downregulated.6 While they are mostly described as anti- 
inflammatory, there is some data to suggest they may act 
as an innate immune sensor for bacteria and trigger pro
duction of pro-inflammatory cytokines.6,7

HLH/MAS is diagnosed if at least five of the eight 
criteria of the International Histiocyte Society (2004- 
HLH criteria), published in 2007, are met: (a) fever, (b) 
splenomegaly, (c) cytopenia of at least two lineages; (d) 
fasting triglycerides ≥265 mg/dl and fibrinogen ≤150 mg/ 
dl; (e) hemophagocytosis in the bone marrow; (f) low or 
absent NK-cell activity; (g) ferritin ≥500 ng/mL; and 
soluble CD25 ≥2400 units/mL.2 Presence of bone marrow 
hemophagocytosis is one of the criteria taken into consid
eration for the diagnosis of MAS.8 MALS, which is often 
described in the setting of sepsis, came about due to the 
difficulty of performing a bone marrow biopsy in every 

Figure 2 The bone marrow biopsy shows hypocellularity with left-shifted myelopoiesis (A, H&E x 0). Immunohistochemical studies shows increased interstitial macrophages 
by CD68 (PGM1) (B, x40); they are type 2 macrophages (M2) negative for pSTAT1 (C, x 0) and positive for CD163 (D, x40).
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critically ill patient and is defined as an HS score more 
than 151 or patients with both hepatobiliary dysfunction 
(HBD) and disseminated intravascular coagulation (DIC). 
Both cases did not meet the criteria for HLH/MAS (they 
both had two out of the five criteria for HLH/MAS). We 
did not have NK cell activity or soluble CD 25 levels 
available in both cases. An HS score of case 2 met the 
criteria for MALS, further supporting the presence of 
macrophage activation. Our second case had more evi
dence of multiorgan dysfunction characterized by liver 
dysfunction, heart failure and lower degrees of cytopenias 
(with respect to case 1) and overall was more critically ill 
and required inotropic support. It is possible that she may 
have been on the more severe end of the disease spectrum 
of macrophage activating disorders; while our first patient 
who did not have liver dysfunction, less severe cytopenias 
and not requiring inotropic support may have been on 
a milder end of the spectrum characterizing this novel 
entity of macrophage activation-associated cytokine- 
mediated CHF. Bone marrow features of macrophage acti
vation were present in both cases. One hypothesis is that 
macrophage activation in the bone marrow may be the first 
sign of the disease and if not diagnosed early may propa
gate from macrophage associated cytokine storm to the 
more severe end of the spectrum (manifesting as MALS or 
HLH) with HLH being the most severe of these entities.

The other unique aspect of our two patients is CHF as 
a prominent organ dysfunction. In our medical literature 
search, we identified only seven case reports of HLH with 
systolic heart failure (Table 1). Of note right ventricle 
failure without involvement of the left ventricle can also 
be involved.9 It appears that CHF is uncommon in macro
phage activation disorders.3 In those cases and our two 
patients, immunosuppressive therapy worked very well 
with rapid restoration of cardiac function. The ECHO 
findings in both cases and non-rising troponin levels 
helped rule out other conditions such as takotsubo cardio
myopathy, myocarditis and acute myocardial infarction. 
Cardiac catheterization was not pursued considering their 
quick recovery with immunosuppressive medications.

We used steroid monotherapy in our first patient and 
steroid with anakinra (Anti-IL-1 monoclonal antibody) in 
our second patient with excellent therapeutic outcomes. 
Dexamethasone is a standard steroid used in management 
of HLH.10 We chose to use anakinra in our second patient 
as her clinical status was rapidly deteriorating. IL-1 is an 
important cytokine which can activate an innate immune 
response with activation of macrophages.11 In both 

patients, IL-6 was elevated. It would have also been rea
sonable to try anti-IL-6 monoclonal antibody therapy. In 
some cases while patients respond to immunosuppressive 
medications additional supportive care, such as veno- 
arterial extracorporeal membrane oxygenation (VA- 
ECMO), may be needed and can be lifesaving.9

Unfortunately, our first patient developed avascular 
necrosis several months after she recovered from her episode 
of heart failure. There are many short-term and long-term 
side effects of high dose steroids, avascular necrosis is one 
such reported side effect. We felt other factors may have 
contributed to her avascular necrosis, such as the presence of 
her prothrombin G20210A gene mutation. Hypercoagulable 
states have been reported to be associated with avascular 
necrosis and anticoagulation has been reported to help in 
some cases. This was our rationale using Eliquis in this 
patient.12,13 It is unclear if macrophage activation would 
have had a role in the pathogenesis of her avascular necrosis. 
Monitoring for adverse effects of steroids during the short- 
and long-term follow up of these patients is also important.

In conclusion, we report a novel macrophage activation- 
induced disease entity which does not fulfil the diagnostic 
criteria for HLH/MAS and is clinically characterized promi
nently by acute CHF and pancytopenia. We suggest that 
macrophage activation should be entertained as 
a differential diagnosis in patients with acute, otherwise 
unexplained, CHF. Markers of macrophage activation and 
hematologic parameters including complete blood counts 
and bone marrow biopsy should be evaluated to diagnose 
this entity. Therapeutically, patients with this disorder should 
be promptly treated with steroids and anti-cytokine therapy 
after considering the risk of the therapy vs benefit and only 
patients with proven cases should be treated with immuno
suppressants. The clinical outcome could be better if the 
disease is recognized early in the course and appropriate 
therapy, such as immunosuppressants, started early with 
consideration of advanced therapies such as ECMO in 
refractory cases. Additional research is warranted to further 
elucidate the underlying disease mechanism.
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Purpose: Gaucher disease (GD) is the most common lysosomal storage disorder. The 
principal manifestations for its diagnosis and further monitoring include haematological 
manifestations such as anaemia, thrombocytopaenia, spleen enlargement, and bleeding dis
orders, among others. This review aims to summarise and update the role of haematological 
complications in GD diagnosis and follow-up, describe their management strategies, and to 
use these indicators as part of the diagnostic approach.
Materials and Methods: A systematic review following the recommendations of 
PRISMA-P 2020 was carried out. Publications indexed in the databases PubMed, Embase, 
Science Open, Mendeley, and Web of Science were electronically searched by three inde
pendent reviewers, and publications up to June 2021 were accessed. A total of 246 publica
tions were initially listed, of which 129 were included for further review and analysis. Case 
reports were considered if they were representative of a relevant hematologic complication.
Results: From the first review dated in 1974 to the latest publication in 2021, including different 
populations confirmed that the haematological manifestations such as thrombocytopaenia and 
splenomegaly at diagnosis of GD type 1 are the most frequent features of the disease. The 
incorporation of haematological parameters to diagnosis strategies increases their cost- 
effectiveness. Hematologic parameters are part of the scoring system for disease assessment and 
the evaluation of therapeutic outcomes, providing reliable and accessible data to improve the 
management of GD. However, cytopaenia, underlying coagulation disorders, and platelet dysfunc
tion need to be addressed, especially during pregnancy or surgery. Long-term haematological 
complications include the risk of neoplasia and immune impairment, an area of unmet need that 
is currently under research.
Conclusion: Haematological features are key for GD suspicion, diagnosis, and manage
ment. Normalization of hematological parameters is achieved with the treatment; however, 
there are unmet needs such as the underlying inflammatory status and the long-term risk of 
hematologic neoplasia.
Keywords: Gaucher disease, long-term complications, bleeding disorders, haematologic 
manifestations

Introduction
Gaucher disease (GD, OMIM230800) is the most prevalent of the lysosomal 
storage diseases (LSD). It affects approximately 1 in 40,000–100,000 inhabitants 
of the general population, but its frequency in Ashkenazi Jews is as high as ~1 in 
850.1–5 GD is classically described as three types according to neurological invol
vement. Type 1 GD (non-neuronopathic) is the most common form of presentation. 
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Type 3 is characterised in turn by three sub-types with 
different neurological manifestations (epilepsy, ataxia, sac
cadic eye movements, seizures) and other non- 
neurological features like heart valve infiltration and 
kyphosis. Type 2 GD is the most severe presentation 
with acute/subacute neurological impairment early in life 
(newborns to 1 year old); GD2 patients have a very short 
lifespan, usually around 2 years of age.3–6

GD is considered the prototype of the LSD, and was 
the first LSD to have a specific therapy. Among its multi- 
systemic impairments, it is the LSD with the most impli
cations compromising the haematopoietic system in terms 
of manifestations at diagnosis, follow-up, and develop
ment of complications.1–3

Haematological manifestations are key features for dis
ease suspicion, as cytopaenia and spleen enlargement are 
almost universal in untreated patients. Among the most 
frequent manifestations at diagnosis, according to 
International Collaborative Gaucher Group (ICGG) and 
other registries, are anaemia (29%), thrombocytopaenia 
(62%), splenomegaly (91%), bleeding (20.6%), and bone 
pain (57.9%).7,8 In our local experience, almost 80% of 
GD1 cases undergo a bone marrow exam as part of their 
patient journey for diagnosis, although a bone marrow 
aspirate is not necessary to make a diagnosis of GD.8

The target cell in this lysosomal disease is a blood cell, 
the monocyte-macrophage. Monocyte-macrophages origi
nate from the common myeloid progenitor in the bone 
marrow; they express acid phosphatase, CD68, CD14, 
and HLA class II. The classical Gaucher cells are macro
phages engorged with a PAS+ substrate and a crinkled 
paper morphology; they can be found in different tissues, 
but especially in the bone marrow and spleen. Gaucher 
cells also express CD163, CCL18, and the interleukin-1 
receptor antagonist, characteristic of alternatively activated 
or M2 macrophages. The altered morphology of Gaucher 
cells is secondary to the defect in the enzymatic activity of 
the lysosomal hydrolase β-glucocerebrosidase; these cells 
and mainly all phagocytic cells show an impairment in 
their multiple functions that leads to multi-systemic 
repercussions.9,10

The hematopoietic system of an adult person pro
duces more than 400 billion cells daily. With this high 
turnover, cellular components, especially membrane rem
nants, are constantly destroyed and phagocytosed by 
macrophages to be broken down and reused in the man
ufacture of new cells.9 The accumulation of undegraded 
phagocytosed material in the cytoplasm of the 

macrophage due to impaired enzyme function leads to 
a thickening of the cells, which transform into Gaucher 
cells and displace the normal cellular network, increasing 
the size of the spleen and liver (the organs with the 
highest macrophage content), which also contributes to 
blood cell sequestration and increased anaemia and/or 
thrombocytopaenia. In the bone marrow, the displace
ment of haematopoiesis by Gaucher cell accumulation 
causes anaemia and thrombocytopaenia, which often 
leads to the suspicion of a haematological malignancy. 
It should be noted that, in several haematological malig
nancies, macrophages engorged with excess cellular 
material in the process of destruction are visualised in 
the bone marrow with a similar appearance to Gaucher 
cells (they are called pseudo Gaucher cells).11 For that 
reason, Gaucher cells are not a pathognomonic finding of 
GD, but usually a finding that leads the diagnostic 
suspicion.

Other accompanying haematological changes are 
hyperferritinemia,12,13 polyclonal or monoclonal 
gammopathy,14 and other immune abnormalities as 
a decrease in the overall B-cells and an increase in NK 
and NK/T-cell population in the peripheral blood15 are 
found with great frequency and contribute to identifying 
the underlying inflammatory component derived from 
monocyte-macrophage dysfunction.

Several haemostatic abnormalities have been described in 
GD, including prolonged prothrombin time (PT) and acti
vated partial thromboplastin time (APPT), indicative of defi
ciencies in factor X, factor V, and factor XI (more frequent in 
Ashkenazi Jews). Also have been reported, but with little 
incidence deficiencies secondary to liver failure and rarely 
associated with von Willebrand disease.16 Functional platelet 
defects such as abnormal platelet aggregation or adhesion 
defects could contribute to bleeding diathesis.17

In this review, a search was performed in the literature, 
focused on the haematological manifestations and compli
cations with the aim of updating their incidence, describ
ing novel management strategies, and highlighting these 
strategies as a part of the diagnostic work-up.

Materials and Methods
Systematic Literature Review Objectives
In this study, a systematic review was carried out in 
accordance with the Preferred Reporting Items for 
Systematic Review and Meta Analyses (PRISMA) 
guidelines.18
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Eligibility Criteria
The inclusion criteria used for the selection of articles 
were all published original articles or review articles or 
registry data and guidelines about the diagnosis and fol
low-up of GD. Reports of single-case studies were con
sidered if they were representative of a relevant 
hematologic complication.

Search Strategy
PubMed, Embase, Science Open, Mendeley, and Web of 
Science databases were electronically searched for relevant 
papers published up to June 2021, without language limita
tions. English descriptors were adapted according to the 
database. The following search strategy was entered into the 
database: (“haematological manifestations” OR “haematolo
gical complications” OR “haematological data” OR “screen
ing haematological diagnosis”) AND (“Gaucher disease”).

A secondary manual search of the reference lists of 
the relevant articles was also carried out. In addition to 
these database searches, numerous permutations of our 
search terms (keywords: bone marrow, spleen, cytopae
nia, bleeding, B-cell malignancy, gammopathy) were 
entered into Google Scholar and thoroughly searched 
for any additional articles not found in the database 
searches.

Two independent reviewers developed an Excel database 
in order to record the studies that met the inclusion criteria, 
including the abstract, title, date of publication, authors, and 
journal in order to facilitate the review and selection process.

Results
We reviewed and selected a total of 246 articles, including 
two online books updated annually. In the first review, the 
selection was reduced to 213, as shown in the flow chart in 
Figure 1. We excluded articles that referred only to basic 
research results without translatability, treatment results refer
ring exclusively to bone disease or analysis of results that did 
not include haematological alterations or complications, to 
finally select 129 works that were included in this review.

Haematological Manifestations and 
Screening Programmes
The reviewed articles, from the first review from 1974 to 
the latest publication in 2021, included analyses of differ
ent populations, all of them with haematological manifes
tations such as thrombocytopaenia and splenomegaly at 
diagnosis. GD type 1 was the most frequent manifestation 
of the disease. Anaemia and hepatomegaly were also 
a constant in the clinical picture. The intensity and varia
bility of these manifestations was very wide due to the 

Figure 1 Flow chart. Identification of studies.
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heterogeneity of the disease. Haematological manifesta
tions may present as early as in the first months of life 
or go unnoticed for decades. Table 1 shows the selected 
publications in which data on haematological variables are 
referred to diagnosis in different populations; the majority 
of the selected articles were reviews.6,19–38

In the last decade, several screening programmes for 
lysosomal diseases have been developed in different popu
lations using dried blood spots for early detection before 
symptoms appear. In a New York study, 15 GD cases were 
diagnosed,39 while none were found in a Mexican study,40 

2 GD cases in an Italian study,41 and 5 GD cases in an 
Illinois study.42 These studies were performed using both 
enzymatic analysis and multiplexed tandem mass 
spectrometry.43 In China, using a fluorometric assay, 1 
GD case was diagnosed.44 In Taiwan, using mass spectro
metry, no cases were diagnosed,45 and in Brazil, using 
microfluidics, 2 GD cases were identified.46 There is 
much controversy over the detection of false positives.47 

This approach is controversial because the incidence of 
cases in general population is low (~1/100,000 live births) 
in different populations and its application is only pro
moted in those communities with a high incidence of 
cases, such as in the Ashkenazi Jewish population, where 
the incidence is 1/850 births. Recently, the use of genetic 
analysis panels has been explored.48 Active search for 
patients with subclinical disease by screening for cases 
with mild to moderate thrombocytopaenia and splenome
galy has provided variable results with generally low 
identification rates, ie, 4/73,49 55/787,50 7/196,51 and 2/ 
1000.52 Another different approach is the family study, the 
current recommendation for low-incidence populations 
includes familial studies after an index case has been 
identified. In our practice, more than 10% of the GD 

cases included in the Spanish Registry were diagnosed 
following this recommendation.53

GD Biomarkers and Haematological 
Features
Biomarkers are useful tools to help in the disease diagno
sis and follow-up. GD is the lysosomal disease that has the 
most validated biomarkers, which offer objective informa
tion about the situation of the disease to detect early 
complications and measure the response to therapy.

Chitotriosidase is an enzyme produced by activated 
macrophages; its activity correlates with the burden of 
the disease and is modified with treatment. Therefore, it 
is a useful tool to monitor the treatment response; how
ever, other systemic inflammatory statuses or acute condi
tions such as systemic infections or acute GD 
complications can increase chitotriosidase activity. In 
addition, about 6% of the Caucasian population has a 24 
base pair duplication in homozygosity in the CHIT1 gene 
encoding the enzyme and lacks chitotriosidase activity.54 

The quantification in plasma of the substrate sphingolipid 
has rapidly become an important biomarker for diagnosis; 
glucosylsphingosine (Lyso-Gb1) is increased in GD, with 
rapid reduction after enzymatic therapy because it specifi
cally reflects substrate accumulation in the body. 
Therefore, some screening studies have already incorpo
rated these two determinations in combination with 
a minimum clinical haematological feature for suspicion 
to identify patients affected by GD. A study carried out by 
Fuller et al confirmed 9 GD patients by increased chito
triosidase activity among 1415 samples.55 Recently, 
a study by Tang et al determined glucosylsphingosine in 
dried blood spot (DBS) samples of 142 high-risk patients 
with splenomegaly and/or thrombocytopaenia and 

Table 1 Studies That Refer to Haematological Manifestations at Diagnosis

Author Year (Reference) No Cases Anaemia (%) Thrombocytopaenia (%) Hepatomegaly (%) Splenomegaly (%)

Medoff and Bayrd 195420 29 83.0 79.0 100

Giraldo P et al 200027 155 46.0 83.5 61.2 71.7

Thomas et al 201231 45 20.0 59.0 44.0 82.0

Essabar et al 201523 11 56.0 100 100

Mistry et al 201730 212 46.6 81.0 68.0 81.0

Weinreb et al 202128 310 40.6 100 40.0 90.0
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identified 52 GD patients.56 Other strategies using algo
rithms have been tried.57–59

Screening programmes based on haematological indi
cators or biomarker determinations are shown in Table 2.

Coagulation Disorders
Bleeding is a frequent manifestation that occurs at 
different stages of the disease; at diagnosis, it is 
a symptom usually secondary to thrombocytopaenia, 
but a variety of coagulation factor abnormalities (fibri
nogen, factor II, VII, VIII, X, XII), acquired coagula
tion factor deficiencies including von Willebrand factor 
(vWF) deficiency and specific inherited coagulation 
factor deficiencies (factor XI deficiency among 

Ashkenazi Jews) have been described. In addition, 
abnormal platelet aggregation and adhesion can be 
present at diagnosis and may contribute to bleeding 
diathesis.3,16,17,60–69 Table 3 shows the most relevant 
studies.

It is important to carry out a haemostatic evaluation 
including platelet count and basic haemostatic tests such as 
fibrinogen, prothrombin time, activated partial thromboplas
tin time as well as platelet function tests, especially if the 
patient is to undergo surgery to compensate for deficiencies.

In special situations, such as pregnancy, these abnorm
alities are of special importance, requiring the monitoring 
of haemostatic function and cellular counts to minimise 
the bleeding risk.70–72

Table 2 Screening Programmes for Lysosomal Diseases Based on Haematological Data or Biomarkers

Author Year 
(Reference)

Period 
Study

No Cases 
Screened

No Cases 
Identified

Positive Predictive Value 
(%)

General Prevalence of 
GD

Fuller et al 201155 2003–2007 1415 9 Australia (retrospective)

Motta et al 201551 2010–2013 196 7 18.4 Italy 1/100,000

Huang et al 202050 2016–2019 786 55 37.4 China 1/80,000

Miyamoto et al 202152 2016–2018 994 12 Japan 1/330,000

Tang et al 202156 142 52 China

Abbreviation: GD, Gaucher disease.

Table 3 Haemostatic Abnormalities

Author Year 
(Reference)

No 
Cases

Decreased Factors Platelets 
Dysfunction

Prolongation 
PT/APPT

Increased D Dimer or 
Reduction PC/PS

Billett et al 199660 9 II, V, VIII, XI – Yes –

Hollak et al 199761 30 II; V; VII; VIII; IX, X, XI, XII Yes Yes Yes

Katz et al 199962 22 V, VIII, IX, XI, XII – Yes –

Giona et al 200663 15 II, V, VII, VIII, IX, X, XI, XII, 
vWF

Yes Yes –

Deghady et al 200664 10 II, V, VII, VIII, IX, X, XI, XII – Yes –

Spectre et al 201117 48 – Yes – –

Givol et al 201266 7 XI Yes No _

Mitrovic et al 201265 31 II, V, VII, VIII, IX, X, XI, XII, 

vW

Yes Yes –

Komninaka et al 

202067

29 VIII, vWF, ADAMTS13 Yes Yes Yes

Abbreviations: PT, prothrombin time; APPT, activated partial thromboplastin time; PC, C protein; PS, S protein; vWF, von Willebrand factor.
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Treatment Effect in Haematological 
Parameters
The goals of treatment focus on three main areas: recovery of 
hematologic parameters and a reduction in visceral volumes 
and bone marrow infiltration. Reversal of haematological 
alterations is one of the main goals of treatment and is achieved 
in more than 90% of cases with both enzyme replacement 
therapy and substrate reduction therapy. However, the under
lying inflammatory process is not fully reversible with avail
able treatments, and there is speculation about the importance 
of this situation in the functioning of the immune system and 
the development of long-term complications of the disease.22 

The application of scoring systems and monitoring guides 
facilitates the traceability of the response and monitoring indi
cators. Haematological parameters are easily measurable by 
any specialist.29,73–79 However, there are other haematological 
alterations that can be observed in the follow-up of patients, 
such as megaloblastic features of the red blood cells, accom
panied or not by folate or vitamin B12 deficiency.80

All the current available therapies have firmly demon
strated an improvement in haematological parameters, and 
improvement is rapid during the first 6 months, but con
tinues progressively with the majority of patients normal
ising blood counts in 2–5 years.

Inflammation and Haematological 
Alterations
The methods to assess the inflammatory status and immuno
logical alterations are not well defined in GD, although there 
are some determinations that may help to predict immune 
status and detect haematological complications that may 
arise in the long term. Hyperferritinaemia and immunologic 
abnormalities such as polyclonal and monoclonal gammopa
thy are detected very often both in children and adults.12–15,81 

Persistent immune alterations such as changes in T/B-cell 
populations, polyclonal gammopathy, and the cytokine profile, 
especially in splenectomised patients, have been related to 
long-term complications.37,82–84 Also, a general increased 
incidence of haematological malignancies has been reported 
in GD patients since the early 1990s.85–87

Hyperferritinaemia and gammopathies also play a role 
in GD diagnosis, as they may be the reason for consulta
tion with haematology in previously undiagnosed 
cases.12,13 Isolated cholestasis88 or elevated transaminases 
and hepatomegaly may be confounding data in the differ
ential diagnosis with other entities.89

Haematological Complications
Long-term complications in GD patients include a high 
risk of developing haematological malignancies; this risk 
has been estimated to be between 14.7-fold and 51.1-fold 
according to data from the International Collaborative 
Gaucher Group (ICGG) registry.90 There is 
a predominance of hematologic neoplasms derived from 
the B lymphoid lineage and linked to the monoclonal 
hypergammaglobulinemia so frequently detected in these 
patients.91–98

Nevertheless, there are discrepancies related to the 
relative risk according to different studies. B-cell and 
plasma cell malignancies such as multiple myeloma are 
the most commonly described. The risk of multiple mye
loma is 5.9-fold (95% CI 2.8–10.8) according ICGG 
data.90 In other studies, the relative risk was higher at 25- 
fold (95% CI 9.17–54.40).91 Table 4 shows the most sig
nificant data.

The pathogenesis of these complications has been inter
preted as secondary to the chronic immunological distur
bances with a predisposition to develop chronic 
inflammation following chronic B-cell stimulation. An 
increase in cytokines such as IL-1, IL-6, IL-10, CCL18, 
and TNF-α has been demonstrated in several experimental 
studies81,82 as well as the implication of complement 
factors82 and their relationship with the presence of gam
mopathies in GD1 patients.99,100 In mouse models of 
Gaucher’s disease-associated gammopathy, monoclonal 
immunoglobulin has been shown to be reactive against 
lyso-glucosylceramide.101,102 The abnormalities in T-cell 
function could explain the increased incidence of other 
haematological neoplasias as acute lymphoblastic leukae
mia, chronic lymphocytic leukaemia, Hodgkin’s disease, 
and non-Hodgkin’s lymphoma.103–107 In isolated cases, 
the diagnosis of GD has been reached through the study of 
a hematological alteration such as monoclonal gammopa
thy, suspicion of multiple myeloma due to pathological 
fracture, or thalassemia suspicion. More than 25 isolated 
cases of haematological neoplasms have been reported, 
some of them diagnosed simultaneously with GD.108–111 

Most of the cases correspond to B-lineage 
lymphoid neoplasms, but other sporadic cases of non- 
neoplastic haematological disorders have been 
observed112–115 (Table 5). Co-existence of isolated cases 
of acute myelogenous leukaemia, chronic myelogenous 
leukaemia, myelodysplastic syndrome, or myeloprolifera
tive neoplasm have also been described.116–123
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Discussion
Undoubtedly, the haematological manifestations at diag
nosis of GD type 1, such as thrombocytopaenia and sple
nomegaly, are key in the diagnosis of the disease. 
However, the intensity and variability of these manifesta
tions is very wide due to the heterogeneity of the disease 
and are therefore not specific.1–8 In the various screening 
programmes in which these variables (thrombocytopaenia 
and splenomegaly) have been used to identify undiagnosed 
patients, the number of cases detected was low, ie, less 
than 10% in selected populations and with analyses carried 
out over long periods of time (between 2 and 4 years).39–46 

Newborn screening programmes also have very low suc
cess rates for GD, so they do not appear to be cost- 
effective outside high-risk populations, with too many 
probands to identify a very small number of subjects, 
regardless of the used test (enzyme activity by microflui
dics or mass spectrometry, combined with biomarkers or 
mass genetic analysis).47 Newborn screening programs are 
also controversial because of the detection of potentially 
asymptomatic or oligosymptomatic cases or a high number 
of false positives, which may have ethical repercussions in 
terms of parental stress, overmedication or others. This 
type of search is more applicable in populations with 
a high prevalence of cases or in family studies. Some 
approaches have also been used to apply models based 
on algorithms and methods based on a scoring system by 
Delphi initiatives in children57 and adults58 with 
a predictive value of around 0.80 in a series of already 

diagnosed patients. It seems more effective to insist on 
training programmes for specialists, both in paediatrics 
and among primary care physicians, haematologists, inter
nists, rheumatologists, and undergraduates.124–126

Splenectomised GD patients generally suffer from 
increased bone and liver deposits and therefore have 
increased bone complications and increased susceptibility 
to infection. It is a therapeutic procedure that should be 
avoided in GD.1–4

Despite the general attention to cytopaenia, we have 
highlighted the importance of paying attention to the cor
rect assessment of haemostatic parameters.60 Bleeding is 
a frequent clinical manifestation in patients with GD and is 
secondary not only to the thrombocytopaenia that most 
patients present at diagnosis, but to numerous alterations 
in coagulation factors, von Willebrand factor, and platelet 
dysfunction, even with normal platelet counts.61–68 It is of 
special interest to keep these data in mind in risky situa
tions such as pregnancy and delivery, surgical interven
tions, and dental extractions, and to establish correct 
preventive measures.62,66,69–72

In the follow-up of patients, cell counts are mandatory 
parameters for periodic assessment, whether the patients are 
on treatment or not.22,73–76 These are sensitive indicators in 
the evaluation of the response, but other parameters must also 
be considered.77–79 Vitamin B12 deficiency is present more 
frequently in patients with GD than in the general population, 
so in situations of anaemia not resolved by treatment, the 
morphology of red blood cells must be monitored to rule out 

Table 4 Haematological Complications in GD1

Author Year (Reference) No Cases Hyperimmunoglobulin Haematol Neoplasia Risk (%) Others

Shiran et al 199385 48 – 5 10.4 –

Gielchinsky et al 200180 89 – – B12 deficiency (36)

Rosenbloom et al 200590 2742 (ICGG) – 10 (MM) 5.9 –

de Fost et al 200593 131 – 5 12.7* –

Zimran et al 200591 505 – 8 14.6 –

Wine et al 200781 23 paediatrics Yes – – –

Taddei et al 200994 403 – 8 3.45** –

Weinreb et al 201396 184 – 8 14.6 –

Rodic et al 201399 27 Yes 11 (MGUS) – –

Notes: *The relative risk for MM 51.1; **The relative risk for MM 25.0. 
Abbreviations: GD1, Type 1 Gaucher disease; ICGG, International Collaborative Gaucher Group; MM, multiple myeloma; MGUS, monoclonal gammopathy of 
undetermined significance.
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megaloblastosis, and vitamin B12 and folate levels in the 
blood must be determined periodically.80 Also, in cases with 
persistent thrombocytopaenia, the association of immune 
thrombocytopaenia must be ruled out.115

Regarding the current concerns about the risk of neo
plastic processes, eg, haematological neoplasms,90–98 the 
origin of this association is still under debate. However, 
the sphingolipid that accumulates most in this disease, 
ceramide, is involved in the regulation of cellular signal 
transduction, in cellular oxidative stress, and in cell 
death.127–129 Therefore, the whole cellular regulatory sys
tem could be affected, which is a matter of ongoing 
debate. Moreover, the contribution of the underlying 
chronic inflammatory state is important in lysosomal 

diseases, with permanent activation of the immune sys
tem as a result of macrophage activation and the secretion 
of cytokines, causing immune system dysfunction.81–83 

The recommendation is to monitor the presence of poly
clonal and monoclonal gammopathies in patients by per
forming an annual proteinogram, quantification of 
immunoglobulins, ferritin, and C-reactive protein 
levels;123 the determination of other parameters such as 
complement factors and lymphocyte populations may 
help to understand better the functioning of the immune 
system, but these tests are expensive and not generally 
available. Also, there are still not enough data for an 
appropriate interpretation of their impact or changes 
with therapy.

Recently, the influence of modifier genes in the appear
ance of neoplasms in GD has also been considered, but 
this is probably a casual association as occurs in some 
patients with BCR/ABL, JAK2, or MSH6 mutations and is 
due to chance.120,122,123 There is no justification for 
a systematic panel study of genes related to different 
neoplasms, except for research purposes.

Conclusion
In this review, an extensive search of the literature was 
performed. Haematological manifestations are without 
any doubt a universal feature of GD patients. The varia
bility of their presentation is related to the age of the 
patient, but mostly with the severity of the disease. 
Despite the presence of cytopaenia, coagulation compli
cations can also appear in a non-small number of 
patients and treating physicians need to be aware of it, 
especially in situations such as pregnancy or surgery. 
Massive screening strategies are expensive, but pro
grammes that include a minimum of clinical suspicion 
with haematological parameters are more cost-effective; 
moreover, awareness strategies among the different med
ical specialties are a continuous need. There are still 
unmet needs in the understanding and managing of hae
matological complications, such as the interpretation and 
evaluation of the risk for long-term complications or the 
immune imbalance before and during therapy.
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Table 5 Cases Reported with Co-Existence of GD and 
Hematological Diseases

Author Year 
(Reference)

Haematol Neoplasia Non-Neoplastic 
Haematol

Lester et al 1984115 – ITP

Petrides et al 

1998117

CML –

Haliloglu et al 

1999112

Budd-Chiari

Webb et al 2011122 Chronic 

myeloproliferative 
neoplasia

–

Miri-Moghaddam 
et al 2011113

– α-thalassaemia

Ranade et al 
2013103

LAL

Villarrubia et al 
2014118

MDS (del5q) –

Kubo et al 2014119 – Epidural 
haematoma

Noya et al 2018120 CML –

Kose et al 2019114 – Severe 

neutropaenia

Ruchlemer et al 

2020121

MDS & ICUS –

Maity et al 2021116 AML –

Abbreviations: GD, Gaucher disease; ITP, immune thrombocytopenia; CML, 
chronic myeloid leukaemia; LAL, lymphoblastic acute leukaemia; MDS, 
Myelodysplastic syndrome; ICUS, idiopathic cytopenia of undetermined significance; 
AML, acute myeloid leukaemia.
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C A S E  R E P O RT

Hypercoagulable State Induced Spinal Cord Stroke 
After Coronavirus Disease 19 Infection

Lisda Amalia

Department of Neurology, Faculty 
Medicine, Universitas Padjadjaran/RSUP 
Dr. Hasan Sadikin Bandung, Bandung, 
Indonesia 

Background: Spinal cord stroke after coronavirus disease 19 (COVID-19) infection is rare, 
and limited cases have been reported. Spinal cord ischemia after COVID-19 infection is 
related to increased coagulopathy with thromboembolic consequences. Patients with 
COVID-19 may have a hypercoagulable state and an increased rate of thromboembolic 
events, such as occlusion in the spinal artery.
Case Presentation: We report a male case with confirmed COVID-19 infection, aged 60 years, 
with flaccid paraplegia, hyporeflexia, loss of sensation below the 12th thoracic level, loss of 
autonomic function, bilateral positive Babinski sign 14 days after the onset of flu-like symptoms, 
and elevated serum D-dimer and fibrinogen levels. There was stenosis of the spinal artery at the 
12th thoracic level in magnetic resonance imaging and magnetic resonance angiography. He 
showed improvement in motor strength of the lower limb (walking with assistance), numbness 
and pain, and urine and fecal retention after receiving a subcutaneous anticoagulant.
Conclusion: COVID-19 can damage endothelial cells and activate thrombotic pathways, 
which can lead to clinical thromboembolic complications, such as occlusion in the spinal 
artery, resulting in spinal cord stroke.
Keywords: COVID-19 infection, hypercoagulable state, spinal cord stroke

Introduction
In late December 2019, reports of a severe acute respiratory illness emerged from 
Wuhan (China), which was established as coronavirus disease 2019 (COVID-19); it 
involved a severe acute respiratory syndrome and rapidly spread to other regions.1 

The World Health Organization (WHO) declared COVID-19 as a pandemic on 
March 11, 2020, because of the rapid global spread of the disease, and on 
October 14, 2021, over 239 million confirmed cases of COVID-19 were reported 
globally, which included over 4.8 million deaths.2 The first two cases of COVID-19 
in Indonesia were reported on March 2, 2020. By January 12, 2021, there were 
846,765 confirmed COVID-19 cases and 24,645 deaths in Indonesia.3

Interestingly, several reports of COVID-19 cases indicated neurological symp
toms of both the central (CNS) and peripheral nervous systems, and the most 
common serious CNS complications are cerebrovascular diseases.4 Spinal cord 
stroke after COVID-19 infection is rare, and limited cases have been reported.5–7

We discuss a case report of spinal cord stroke following acute COVID-19 
pneumonia caused by anterior spinal artery occlusion. Written informed consent 
to publish case details and any accompanying images was provided by the patient. 
Dr. Hasan Sadikin General Hospital Bandung Human Research Ethics Committee 
approved this consent process.
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Case Presentation
A 60-year-old male was admitted to the emergency unit 
with weakness and numbness in both lower limbs with 
girdle-like pain at the lower thoracic level after 14 days of 
fever and upper respiratory tract infection. Two days later, 
symptoms progressed to complete lower-limb paralysis, 
with loss of sensation below the 12th thoracic level. He 
also had urine and fecal retention. Coronary artery disease 
as a comorbidity was recorded 10 months earlier, and the 
patient underwent a primary coronary intervention proce
dure because of three-vessel coronary artery occlusion. He 
had hypertension, which was regularly controlled, and had 
ceased smoking for 20 years. Routine medication before 
admission was 81 mg aspirin once daily, 2.5 mg bisoprolol 
once daily, and 20 mg atorvastatin once daily.

Upon examination, the patient was fully alert, and the 
cranial nerves were unaffected. Both lower limbs had 
complete paralysis, with hypotonia, hyporeflexia, and 
a positive Babinski sign bilaterally. Sensation to light 
touch diminished below the 12th thoracic level, with loss 
of pricking pain, temperature sensation, and vibration 
(tested by a tuning fork).

Laboratory tests were positive for severe acute respiratory 
syndrome-coronavirus-type 2 (SARS-CoV-2) based on 
a polymerase chain reaction test using a nasopharyngeal 
swab. Serum D-dimer (4.06 mg/L), fibrinogen (663 mg/dL) 
(normal values: D-dimer up to 0.55 mg/L and fibrinogen 238– 
498 mg/dL), and erythrocyte sedimentation rate (ESR) in the 
first hour (98 mm/hour; reference ESR value <15 mm/h) were 
elevated. White blood cell (WBC) count 7.9 × 109/µL, red 
blood cell (RBC) count 4.18 × 106/µL, hemoglobin 11.70 g/ 
dL, platelet count 188 × 103/µL, neutrophils 80.9% (the neu
trophil count was high), lymphocytes 15% (low), eosinophils 
0.70 (low), basophils 0%, and monocytes 2% (normal values: 
WBCs 4–10 × 103/µL, hemoglobin 12–15 g/dL, platelet count 
140–450 × 103/µL, neutrophils 40%–75%, lymphocytes 
20%–45%, monocytes 2%–10%, eosinophils 2–6%, and baso
phils 0–1%). All electrolytes were within the normal limit. 
Liver and renal functions were also within the normal limit. 
A sagittal T2-weighted magnetic resonance imaging (MRI)- 
magnetic resonance angiography image of the thoracic and 
lumbar spine (Figure 1A and B) showed a drop in signal of the 
anterior spinal artery at the 12th thoracic level. He was treated 
with heparin 5000 IU every 8 hours, 81 mg aspirin once daily, 
2.5 mg bisoprolol once daily, 20 mg atorvastatin once daily, 
5 mg lisinopril once daily, 500 mg mecobalamin every 8 
hours, and 300 mg gabapentin once daily for neuropathic 
pain symptoms.

After 44 days of hospitalization, he showed an improve
ment in lower limb motor strength (walking with assistance) 
and exhibited numbness, pain, and urine and fecal retention.

Discussion
COVID-19 infection can involve rapid multiorgan dys
function and varies in presentation from asymptomatic to 
severe.1 Interestingly, several reports of COVID-19 cases 
have shown neurological symptoms of both the CNS and 
peripheral nervous system,8 and the most common serious 
CNS complications are cerebrovascular diseases, which 
indicate direct and immune-mediated effects of the virus 
on the nervous system.4

Stroke is reported in 2%–6% of hospitalized patients 
with COVID-19, and acute cerebrovascular disease is the 
most severe complication of COVID-19 due to abnormal
ities in cascade coagulation according to cohort studies.1 

SARS-CoV-2 can induce inflammatory response syndrome, 
higher production of pro-inflammatory mediators (cytokines 
and chemokines), activation of thrombotic pathways, and 
a hypercoagulation state due to abnormalities in cascade 
coagulation, which contributes to the cerebrovascular 
event.9 These responses may be because the viral invasion 
of the vascular endothelium (endotheliitis) contributes to 
vascular ischemia of the spinal cord.9 Spinal cord stroke 
after COVID-19 infection is rare, and limited cases have 
been reported.5–7

Tumor necrosis factor-α, interleukin (IL)-6, and IL-1 
are important cytokines that inhibit intrinsic anticoagula
tion pathways in COVID-19 patients. This reaction facil
itates coagulation activation and thrombin formation, 
which induces occlusion in the vascular system.10 

Furthermore, local apoptosis and potent inflammatory 
cytokines are induced by inflammation in pericytes and 
infection in endothelial cells, and intravascular coagulo
pathy is activated following the inflammatory process in 
the pulmonary alveoli. Patients with COVID-19 may have 
a hypercoagulable state and an increased rate of throm
boembolic events, such as occlusion in the spinal artery.10

In this case report, we presented a typical ischemic pattern 
of spinal cord stroke after COVID-19 infection, with an acute 
onset, a complete neurological problem at the 12th thoracic 
level, and a hypercoagulable state confirmed by elevated 
D-dimer levels and hyperfibrinogenemia. Intravascular throm
bosis pathways leading to microvascular and macrovascular 
thrombosis complications occur after intravascular thrombosis 
pathways are activated because of systemic cytokine produc
tion. Cytokines and platelets interact with neutrophils, which 
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Figure 1 Magnetic resonance imaging (MRI). (A) Magnetic resonance angiography showing a drop in signal at the 12th thoracic level. (B) MRI showing no ischemic or 
demyelinating lesion.
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stimulate thrombin production and fibrin deposition. Excess 
fibrin deposition and fibrinolysis shutdown lead to intravascu
lar thrombosis and eventually clinical thromboembolic com
plications, such as occlusion in the spinal artery, which leads to 
spinal cord stroke.11 However, further studies are needed to 
explore the causal relationship.

Limitation of the Study
This case study has several limitations. MRI was not 
repeated following the administration of the anticoagulant 
or following neurological deficit recovery.

Conclusion
Some COVID-19 cases exhibit neurological symptoms, with 
the most common serious CNS complications being cerebro
vascular diseases, such as spinal cord stroke. SARS-CoV-2 
can damage endothelial cells and activate inflammatory and 
thrombotic pathways due to an abnormal coagulation cascade, 
which eventually result in clinical thromboembolic complica
tions, such as occlusion in the spinal artery, resulting in spinal 
cord stroke. Complications following COVID-19 infection are 
increasing and are often unfamiliar to healthcare professionals. 
Thus, clinicians, especially neurologists, should be informed 
of such severe complications to enable prompt diagnoses and 
appropriate treatments to decrease spinal cord stroke-related 
morbidity and reduce public health burdens.
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FIP1L1-PDGFRA-Positive Chronic Eosinophilic 
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Abstract: Eosinophilia can be found in a variety of benign and malignant conditions, and 
a persistent eosinophilic count of more than 1500/mm3 necessitates additional investigation. 
Patients with FIP1L1-PDGFRA-positive chronic eosinophilic leukemia might present as 
asymptomatic or in a catastrophic state with multi-organ involvement. We present the case 
of a young male patient who was diagnosed with FIP1L1-PDGFRA chronic eosinophilic 
leukemia after a long history of recurrent cutaneous symptoms with no systemic signs. 
Keywords: chronic eosinophilic leukemia, FIP1L1-PDGFRA, eosinophilia, imatinib

Introduction
FIP1L1-PDGFRA-positive chronic eosinophilic leukemia is a rare myeloproliferative 
neoplasm marked by a continuous increase in circulating eosinophils (≥1.5 x 109/L). 
Secondary causes should be ruled out before verifying clonality and confirming the 
CEL diagnosis.1 The infiltration of eosinophils into many organs, as well as the 
production of eosinophilic granules and cytokines, cause severe damage and probable 
organ malfunction. Patients can report anything from serious symptoms like restricted 
cardiomyopathy to long-term eosinophilia with no obvious symptoms. According to 
patients with FIP1L1-PDGFRA-positive chronic eosinophilic leukemia, the gastroin
testinal system, lungs, and skin are the most affected organs.1 We present the case of 
a 30-year-old male patient who was diagnosed with FIP1L1-PDGFRA-positive CEL, 
which manifested mostly as severe pruritus of the skin.

Case Presentation
A 29-year-old male patient with a background of newly developed attacks of cough and 
shortness of breath of a few months’ duration was diagnosed with intermittent asthma, 
with no similar history during childhood. The patient was referred to the Dermatology 
team with complaints of multiple skin lesions related to sun exposure along with persistent 
pruritus. The patient had an initial assessment of common causes of allergies which came 
back negative, thus he was referred for further evaluation. A few months later the patient 
presented with the same complaints, but the later episode was associated with watery 
diarrhea and a history of subjective weight loss, along with a history of severe persistent 
pruritus. CBC showed elevated WBC counts with marked eosinophilia for which the 
patient was referred for further workup. CBC showed WBC of 22 x10^3/µL normal value 
(4.0–10.0 x10^3/µL), Hb: 14.6 gm/dL normal value (13.0–17.0 gm/dL), PLT: 168 x10^3/ 
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µL normal value (150–400 x10^3/µL), ANC: 4.8 x10^3/µL 
normal values (2.0–7.0 x10^3/µL), eosinophil count: 14.1 
x10^3/µL normal values (0.0–0.5 x10^3/µL). Peripheral smear

showed normocytic normochromic red cells, leukocy
tosis with marked eosinophilia, composed mostly of 
mature forms, the majority of eosinophils showed abnor
mal nuclear segmentation and or sparse cytoplasmic gran
ulation, platelets were adequate.

Chest X-ray was unremarkable, abdomen US was sig
nificant for mild hepatosplenomegaly.

IgE levels were within normal limits. Bone marrow was 
remarkably hypercellular (almost 100% cellularity) with gran
ulocytic hyperplasia and remarkably increased eosinophilic 
cells with adequate erythropoiesis and megakaryocytes with 
some dysplastic forms. CD117 immunostain performed on 
bone marrow showed increased mast cells, including some 
spindle-forms. These mast cells were positive for mast cell 
tryptase and aberrantly positive for CD 25. No increase in 
CD34-positive cells was noted. Reticulin stain showed areas 
of mildly increased reticulin fibers (MF0-1). FISH (fluores
cence in situ hybridization) analysis using the FIP1L1/CHIC2/ 
PDGFRA (4q12) probe was consistent with a deletion of 
CHIC2 resulting in the fusion of PDGFA and FIP1L1 in 76% 
of nuclei. There was no BCR/ABL1 gene rearrangement. 
Molecular genetics revealed no KIT mutation. The molecular 
studies for JAK-2, CALR, and KIT D816V mutation were 
negative.

The patient was started on imatinib 100 mg orally once 
a day, and his numbers were normalized within a month, 
along with a considerable improvement in his skin mani
festations in terms of frequency, episodes, and intensity.

Discussion
Eosinophilia is described as an increase in the number of 
eosinophils in the peripheral blood, with an absolute count 
of greater than 500 eosinophils x103μL. Hypereosinophilic 
syndrome is defined as an elevated eosinophil count 
(>1500 eosinophils x103/L) that lasts longer than 6 months 
(HES). Nonetheless, in 2011, the working conference on 
eosinophil disorders and syndromes proposed that at least 
two episodes of eosinophilia separated by at least four 
weeks can be classified as persistent, indicating that there 
is no identifiable etiology for eosinophilia and that patients 
had signs and symptoms of organ involvement.1,2

Chronic unexplained eosinophilia greater than 1500/ 
mm3 is a hallmark of PDGFRA-associated chronic eosi
nophilic leukemia, a type of blood cancer. Persistent eosi
nophilia (1.5 x 109/L) in the absence of reactive causes, 

followed by a positive peripheral blood screening for the 
FIP1L1-PDGFRA gene fusion (via RT-PCR or interphase/ 
metaphase FISH), is classified as myeloid/lymphoid neo
plasms associated with eosinophilia and PDGFRA rearran
gement, according to the WHO 2017 classification. The 
real incidence of chronic eosinophilic leukemia, not other
wise described, is unknown due to the difficulties in separ
ating it from the idiopathic hypereosinophilic syndrome.1

CEL is classified as a myeloproliferative subtype of 
hypereosinophilic syndrome. Eosinophilic myeloid and lym
phoid neoplasms with PDGFRA, PDGFRB, and FGFR1 
rearrangements were classified as a distinct class in the 
2008 WHO classification;3 these neoplasms are defined by 
overexpression of an abnormal tyrosine kinase caused by 
a mutation or a particular fusion gene. A mutant pluripotent 
(myeloid-lymphoid) stem cell has been identified as the cell 
of origin.4 Clonal eosinophilia is caused by gene rearrange
ments or point mutations in the PDGFRA, PDGFRB, or 
FGFR1 genes, with the creation of a FIP1L1-PDGFRA 
fusion gene being the most common,5 accounting for 10– 
20% of patients with unexplained eosinophilia in Western 
countries. As a result of the interstitial deletion of 4q12 that 
leads to FIP1L1-PDGFRA fusion, approximately 70% of 
patients with PDGFRA rearrangement have eosinophilia.6

The FIP1L1-PDGFRA fusion protein is a platelet- 
derived growth factor receptor that remains active even 
when platelet-derived growth factor is present because the 
first 29 amino acids of the FIP1L1 protein can activate the 
PDGFRα kinase domain. The activation of the entire sub
sequent signaling pathway is triggered by the continual 
phosphorylation of the receptor on a tyrosine, causing the 
change of hematopoietic cells to an endless growth state.7

The FIP1L1-PDGFRA fusion gene is considered the 
most important molecular biomarker, and it has recently 
been shown to be susceptible to tyrosine-kinase inhibitor 
medications like imatinib.

The clinical manifestation is caused by a rapid increase in 
eosinophils and their distribution in organs such as the skin. 
Cough, dyspnea, generalized weakness, skin rash, and rhini
tis are the most common symptoms.8 Persistent eosinophilia 
can affect any organ; one well-known example is cardiac 
involvement, notably endomyocardial fibrosis, which 
increases the risk of death. Lung fibrosis, thromboembolism, 
and eosinophilic gastritis are some of the most serious 
symptoms.8 In addition to an enlarged spleen and higher 
tryptase levels in the blood, those with PDGFRA-associated 
chronic eosinophilic leukemia may have an enlarged spleen.
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Our patient’s symptoms were mostly cutaneous, with sev
eral skin lesions reported as recurrent skin abscesses connected 
to intermittent sun exposure, as well as recurrent pruritus that 
became prominent and severe at the time of diagnosis. There 
were no major systemic manifestations. Eczema-like symp
toms, angioedema, and numerous mucosal ulcers are all com
mon cutaneous signs of eosinophilic leukemia.9 Currently, 
many studies have demonstrated a significant outcome with 
complete hematologic and molecular remission in FIP1L1- 
PDGFRA-positive patients after initiating imatinib therapy 
of 100 to 400 mg daily.2 A maintenance dose of 100– 
200 mg weekly can maintain total metabolic remission, with 
the majority of patients achieving complete molecular remis
sion with 100 mg daily.10

Conclusion
FIP1L1-PDGFRA-positive CEL can manifest primarily as 
a skin symptom rather than a systemic disease; this case was 
reported to raise physician awareness of a common skin 
symptom that could be a sign of a serious illness; unusual 
presentations of skin symptoms that do not improve with 
standard treatment methods should prompt further evaluation.

Abbreviations
PDGFRA, platelet-derived growth factor receptor A; 
PDGFRB, platelet-derived growth factor receptor Beta; 
FGFR1, fibroblast growth factor receptor 1; TKI, tyrosine 
kinase inhibitor; DM, diabetes mellitus; ANC, absolute neu
trophil count; FISH, fluorescence in situ hybridization; HES, 
hypereosinophilic syndrome; CML, Chronic Myelogenous 
Leukemia; CBC, complete blood count; MPN, myeloproli
ferative neoplasm.
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