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Abstract

Infertility and gynaecological cancer are two major
problems in the field of women’s health, where both
have serious implications on a woman'’s physical, social
and emotional wellbeing. There are well established
links between many aspects of infertility and different
types of gynaecological malignancies, including etiol-
ogy, pathogenesis and disease management. In this
special issue there are valuable articles that highlight
different aspects of the relationship between infertility
and gynaecological oncology. The issue covers condi-
tions that represent risk factors for both infertility and
gynaecological neoplasia. There is emphasis on the
role of the fallopian tube being a critical organ for both
conditions. There is a review on the advances in cancer
diagnosis and treatment with consideration of the pres-
ervation of patient fertility. The various technologies for
fertility preservation are reviewed and their strengths
and weaknesses discussed. One of the important fer-
tility preservation techniques is cryopreservation of
embryo oocytes or ovarian tissue. This special issue
emphasises that fertility preservation is now an impor-
tant consideration in oncology clinics, and the options
available to patients are routinely offered. Future devel-
opments will offer women in this difficult situation more
options for fertility preservation, with an individualised
approach for each patient. Equally, for infertile patients
it is important to assess the risk of malignancy so as to
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provide optimal and timely intervention.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Infertility and gynaecological cancer are two
major problems in the field of women'’s health, where
both have serious implications on a woman's physical,
social and emotional wellbeing. In this special issue
there are valuable articles that highlight different as-
pects of the relationship between infertility and gynae-
cological oncology. This special issue emphasises that
fertility preservation is now an important consideration
in oncology clinics, and the options available to patients
are routinely offered.

El-Bahrawy M. Infertility and gynaecological oncology. World J
Obstet Gynecol 2014; 3(2): 26-27 Available from: URL: http://
www.wjgnet.com/2218-6220/full/v3/i2/26.htm DOI: http://
dx.doi.org/10.5317/wjog.v3.i2.26

INFERTILITY AND GYNAECOLOGICAL
ONCOLOGY

Infertility and gynaecological cancer are two major prob-
lems in the field of women’s health, where both have
serious implications on a woman’s physical, social and
emotional wellbeing, There are well established links be-
tween many aspects of infertility and different types of
gynaecological malignancies, including etiology, patho-
genesis and disease management. In this special issue
there are valuable articles that highlight different aspects
of the relationship between infertility and gynaecological
oncology.

Some of the conditions contributing to female factor

infertility are known risk factors of gynaecological neo-
plasia, and infertility may itself be a risk factor for the de-
velopment of several types of gynaecological neoplasms.

May 10, 2014 | Volume 3 | Issue2 |



Factors playing a role in both infertility and gynaecologi-
cal tumours include hormonal factors and endometrio-
sis'. Also factors that prolong exposure to ovulation as
infertility increase the risk of ovarian cancer, due to the
damaging effects of the liberated reactive oxygen species
on the regional epitheliumm. The review by El Sabaa
addresses the different conditions that play a role in both
infertility and gynaecological oncology.

Magdy and El-Bahrawy" specifically review the role
of the fallopian tube in infertility and gynaecological on-
cology. Tubal factor infertility is a leading cause of female
factor infertility!". Tubal dysfunction may due to tubal
occlusion, peritubal adhesion and fimbrial damage, all of
which can lead to reproductive failure. Recently several
studies suggested a role for the fallopian tube in the de-
velopment of ovarian carcinoma®.

With advances in cancer diagnosis and treatment,
there is notable improvement in patient survival. The
ability to have children is significant for the well-being
in cancer survivors. The management of gynaecological
malignancies involves surgery, pelvic radiotherapy and
chemotherapy, for which infertility and subfertility are
common sequelae. Hence fertility preservation is a par-
ticularly challenging area in this setting, Recently fertility
sparing management of gynaecological cancers has been
developed.

As the trend to delay childbearing continues a greater
number of women ate being diagnosed with endometrial
cancer at a stage in life when they wish to conceive. In
his review Farthingm presents the studies addressing the
success and limitations of conservative medical treat-
ment with progestagens in such situation as an alternative
to hysterectomy and removal of both ovaries in suitable
cases.

Due to improved cure rates from radical chemo-radio-
therapy many young women treated for cervical cancer
will wish to attempt to preserve their fertility"”. Evidence
of the impact of pelvic radiotherapy on the female repro-
ductive organs, the currently available fertility sparing op-
tions, and possible future strategies are reviewed by Welsh
and Taylor".

Different fertility preservation techniques may be
performed prior to both surgery and chemotherapy, to
enable subsequent pregnancy in the patient or a surro-
gate mother. One of these techniques is cryopreserva-
tion of embryo oocytes or ovarian tissue”. Similarly,
evolving chemotherapy regimens with replacement of
alkylating agents will reduce the incidence of infertility.
In their review Sacco ez al'” discuss different scenarios
of how infertility presents a clinical problem in gynaeco-
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logical malignancies as a complication to the use of che-
motherapy. The various technologies for fertility preser-
vation are reviewed and their strengths and weaknesses
discussed. Wahba and Al-Tnany"" in their article provide
the details of the options for ovarian stimulation for fer-
tility preservation in women with gynecological cancer.
Their review also addresses the issue of increased levels
of estradiol during ovulation induction in women with
estrogen sensitive cancers, such as breast and endome-
trial cancer.

This special issue emphasises that fertility preservation
is now an important consideration in oncology clinics, and
the options available to patients are routinely offered. Fu-
ture developments will offer women in this difficult situ-
ation more options for fertility preservation, with an indi-
vidualised approach for each patient. Equally, for infertile
patients it is important to assess the risk of malignancy so
as to provide optimal and timely intervention.
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Abstract Core tip: Female infertility is now acknowledged as a
risk factor of gynecological neoplasia. In this mini-review
Some of the conditions long blamed for female factor  we conduct a comprehensive literature review to verify
infertility are now acknowledged as well established this prospect. The principal pathogenetic mechanisms
risk factors of gynecological neoplasia. This realiza- |inking infertility to gynecological neoplasia are pointed
tion has lead to the proposition that infertility might  out. The relationship between each of endometriosis
be a risk factor for the development of several types and polycystic ovary syndrome and gynecological neo-
of gynecological neoplasms. This review addresses  plasia is explored in depth. We discuss the relation of
different conditions that play a role in both infertility Turner’s syndrome (the prototype of ovarian dysgenesis)
and gynaecological neoplasia. An intricate interplay be-  to gynecological cancer. Is there a relation between in-
tween growth factors and hormonal factors (estrogens  creased risk of ovarian cancer and ovulation-stimulation
and progestins, androgens and gonadotropins) is said  drugs? We will attempt to answer this question.
to link the state of infertility to some gynecological tu-
mors. The relation between endometriosis -as one of
the well established causes of female infertility - and El Sabaa BM. Pathological conditions predisposing to in-
ovarian cancer is well known. Endometriosis has been fertility and gynaecological neoplasia. World J Obstet Gy-
particularly related to endometrioid and clear-cell ovar- necol 2014; 3(2): 28-34 Available from: URL: http://www.
ian carcinomas. Another evidence for this association is wjgnet.com/2218-6220/full/v3/i2/28.htm DOI: http://dx.doi.
embodied in finding endometriotic lesions adjacent to org/10.5317/wjog.v3.i2.28
ovarian cancers. The polycystic ovary syndrome (PCOS),
one of the most prevalent endocrine disorders and a
long studied cause of female infertility increases the
risk of endometrial carcinoma. The link between PCOS INTRODUCTION
and endometrial carcinoma seems to be endometrial
hyperplasia. PCOS-associated endometrial carcinoma In a World Health Organization 1992" study of 8500
tends to present at a younger age and early stage, with infertile couples, the female factor was responsible for
lower grade and lower risk of metastasis. Turner’s syn- infertility in 37% of cases »s the male factor which was
drome and other types of ovarian dysgenesis constitute responsible in 8% of cases, while both factors wete jointly
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responsible for infertility in 35% of cases!". Ovulatory
disorders, genetic factors, endometriosis, pelvic adhesions,
tubal obstruction and hyperprolactinemia together consti-
tute the principal causes of female factor infertj]jtym.

IS THERE A RELATION BETWEEN
INFERTILITY AND GYNECOLOGICAL
NEOPLASIA?

Some of the conditions responsible for female factor in-

fertility are known risk factors of gynecological neoplasia.
Ovarian and endometrial cancers are associated with sev-
eral risk factors such as low parity, early age of menarche
and late age of rnenopausem.

It is a well known fact that infertile females are motre
at risk of endomettial cancer.

Compared with fertile ones, infertile women had an
adjusted odds ratio for endometrial cancer of 1.7 (95%CI:
1.1-2.6). On the other hand, infertile women due to ovar-
ian factors had an adjusted odds ratio of 4.2 (95%ClI:
1.7-10.4) suggesting that much of the increased risk of
endometrial carcinoma seen in some infertile women
might be ascribed to anovulation”. In the same context,
there is some evidence to suggest that infertility increases
tisk of ovatian cancer as well™.

Numerous studies have endeavored to explain the
observed increased risk of ovarian cancer in infertile fe-
males. Most have inferred that factors operative in that
setting include the pathogenesis of infertility itself, the
effects of ovulation inducing drugs, a “putative” shared
genetic susceptibility to infertility and ovarian cancer, or
an as yet unrecognized factor'”).

The etiology of ovarian cancer is pootly understood.
Many hypotheses point to the cumulative insults of re-
peated ovulation “theory of incessant ovulation”” coupled
with exposure of the ovary to high gonadotropin levels.
These factors are believed to be the proximate players that
can stimulate cell proliferation and malignant transforma-
tion of the ovarian surface epithelium. Factors interrupt-
ing ovulation and empowering progesterone stimulation
or androgen reduction were found to decrease the risk of
ovarian cancer. Such factors include pregnancy, breast-
feeding and the use of oral contraceptives. On the other
hand, factors that prolong exposure to ovulation as in-
fertility were found to augment the risk® " by as much as
36%-46%".

In fact the number of lifetime ovulatory cycles (LOC)
relative to age was found to be a significant predictive
factor for survival in ovarian cancer patients, where pa-
tients with higher LOC had worse overall survival (HR =
1.67; 95%CI: 1.20-2.33)!", Years before that research was
conducted; the role of ovatian sutface epithelium in ovu-
lation had been demonstrated. Ovarian surface epithelial
cells in the vicinity of the apical portion of preovulatory
graafian follicles produce a urokinase which augments
the production of tumour necrosis factor-a. The lat-
ter induces matrix metalloproteinase gene expression,
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apoptosis and inflammatory necrosis leading to follicle
rupture. Afterwards, the disrupted ovarian epithelium is
reconstituted by stem cell multiplication. The damaging
effects of the liberated reactive oxygen species and the
reparative/regenetative events that occut due to the re-
peated bouts of ovulation” have been linked to surface
epithelial ovarian cancer. During the ovulatory process,
DNA integrity of surface epithelial cells surrounding the
rupture point is deranged. Replication of such cells will
perpetuate the putative DNA error which might play a
role in ovarian czurcinogenesis[1 A,

In the same context, vitamin E and progesterone have
been experimentally proven, recently, to confer protection
against ovatian neoplastic transformation by abrogating
ovulation associated oxidative bursts and by improving
the repair capacity of surface epithe]ium“ﬁ].

Different phases of a woman’s reproductive life dis-
play varying sensitivities of ovarian cells to hormone
stimulation. Loss of ovarian function taking place duting
transition to menopause results in follicular depletion and
hence fluctuation in estrogen and a corresponding surge
in follicle-stimulating hormone (FSH) and luteinizing
hormone (LH) levels. However, menopause is also asso-
ciated with a remarkable attenuation of the negative feed-
back exerted by gonadal steroids on the hypothalamo-
pituitary axis. Based on these facts, Tung ¢/ @/ came to
the conclusion that the risk reducing effects of anovula-
tory states as pregnancy and intake of oral contraceptives
were more pronounced in pre-menopausal compared to
postmenopausal women.

Evidence is now accumulating about the existence of
stem cells in postnatal and adult mammalian (including
human) ovaties. This has great potential for initiating ma-
jor developments in understanding and managing ovarian
infertility as well as ovarian carcinogenesis'"”

Pathogenetic link between infertility and gynecological
“malignancy”

Abnormalities in growth factors and hormonal status
seem to be the pivotal players in this link.

Growth factors: Adipose tissue and stromal cells of the
ovary generate growth factors, e.g., insulin-like growth
factor 1 (IGF-1), transforming growth factor and tumor
necrosis factor after hormonal stimulation. A complex
interplay of growth factors in polycystic ovary syndrome
(PCOS) patients is believed to be the main cause of sub-
fertility/infertility in these patients'”*. One such exam-
ple is the elevated serum IGF-I concentrations in obese
PCOS patients” ™. On the other hand, growth factors
can enhance cellular autonomy and are stimulatory to
neoangiogenesis, which are key factors in tumor develop-
ment and progression”*, In the endometrium, estrogen
exerts its trophic effect vz driving the local expression of
the IGF-1 gene™. Genetic variation in strategic genes in
the IGF pathway may have impact on the rate of endo-
metrial cell proliferation/differentiation and hence on the
risk of malignant transformation™
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Steroid hormones have been implicated in the etio-
pathogenesis of epithelial ovarian cancer™,

Androgens: Hyperandrogenemia during the reproduc-
tive years is known to interfere with the normal ovulatory
cycle and may result in infertility” "), Several lines of
evidence point to a possible role for androgens in ovarian
carcinogenesis. There is increased incidence of ovarian
cancer after menopause when there is relative predomi-
nance of androgens over estrogens. Androgen receptor
positivity is expressed in 90% of ovarian cancers with
favorable outcomes and chemotherapy induced reduction
in androgen elaboration by cancer cells”.

Gonadotrophins: Pituitary gonadotrophins are con-
sidered indirect tumor promoters for ovarian cancer.
Furthermore, there is increasing evidence that ovarian
and uterine carcinomas express gonadotrophin receptors,

indicating the possibility of a direct tumorigenic role for
FSH and LH™™.

Estrogens: It is a well established fact since 1947, that

prolonged endometrial stimulation by unopposed estro-

gen is a risk factor for the development of endometrial

cancer™. Anovulatory females recorded higher serum

levels of estrogen and higher incidence of endometrial
34]

carcinoma especially in PCOS™.

ENDOMETRIOSIS AND CANCER

Multiple factors seem to be involved in the etio-patho-
genesis of both endometriosis and ovarian cancer includ-
ing hormonal, genetic and immunologic factors. Endo-
metriosis confers a twofold increased risk of developing
ovarian cancer rising to fourfold in high risk endometrio-
sis patients with infertility”,

Several studies confirm endometriosis as an indepen-
dent risk factor for ovarian cancer”. In fact, these two
conditions share common predisposing factors, compa-
rable patterns of local invasion and distal spread, similar
response to estrogen-induced growth signaling, resistance
to apoptosis and genomic instability”.

The incidence of endometriosis in epithelial ovarian
cancer has been calculated to be 4.5%, 1.4%, 35.9% and
19% for serous, mucinous, clear-cell and endometrioid
ovarian carcinoma, respectivelym. It is common knowl-
edge now that the latter two types (endometrioid® and

3 .
P11 carcinomas) are the types most fre-
1371

clear-cell ovarian
quently associated with endometriosis

Another evidence for this association is finding endo-
metriotic lesions adjacent to ovarian cancers. Common ge-
netic alterations”™ as PTEN, pﬂ’[”'m, HNF-1 activation™,
Kras™™ | and bel gene mutations”* present further evi-
dence to a possible sequence of genetic changes resulting
in transition from endomettiosis to ovarian cancet*”. Fur-
thermore, analogous to neoplastic proliferations, endo-
metriosis has been shown to be monoclonal with several

. . . [39,42,45,46
studies documenting loss of heterozygosity™ >,
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Recently, mutation of ARID7.A, a tumor-suppressor
gene[”’m, and loss of BAF2502™, both detected in tumor
tissue and contiguous foci of atypical endometriosis (but
not in distant endometriotic lesions)m] have been consid-
ered important early events in the malignant transforma-
tion of endometriosis to endometrioid and clear cell carci-
nomas 4

Another phenomenon linking endometriosis to ovar-
ian cancer is the state of heme and iron induced oxidative

B93031 2 ssociated with

stress and chronic inflammation
endometriosis. This state entails cytokine release that
through a series of complex steps can eventually culmi-
nate in unregulated mitosis, growth, apoptosis and migra-
tion; all of which represent key events in tumour develop-
ment and progressionm’m.

Endometriosis-associated ovarian cancer has been
shown to have a more favorable biological behavior as
compared to non-endometriosis-associated ovarian cancet,

with presentation at a lower stage and a better survival™.

PCOS AND GYNECOLOGICAL
NEOPLASIA

The PCOS is one of the most prevalent endocrine dis-
orders, affecting around 5%-10%"" of women in the
reproductive age group. PCOS is characterized by signs
of hyperandrogenismm, obesitym], hirsutism”™ | anovu-
lation, infertility, menstrual irregularitiesm and insulin re-
sistance™”. On sonographic examination the ovaries are
usually enlarged with multiple small cysts (2-8 mm) toost,
PCOS patients have long-term, higher risk for endo-
metrial hyperplasia and endometrial cancer™®, (three™
to fourfold[()(’]) due to chronic anovulation which results

in continuous estrogen stimulation of the endometrium,
unopposed by progesterone[60’67].

Most of the factors known to increase the risk of
developing endometrial cancer as obesity, long term un-
opposed hyperestrogenaemia, nulliparity, infertility and
diabetes™ ™ are also known to be associated with PCOS.

The link between PCOS and endometrial carcinoma
seems to be endometrial hyperplasia. Forty-eight point eight
percent of PCOS cases have endometrial hyperplasiam.
The estimated rate of progression from hyperplasia to cat-
cinoma within 2 to 10 years seems to be 0.4% for simple
hyperplasia{(’m and approaches 18% for cases of atypical
complex hyperplasiamm.

PCOS-associated endometrial carcinoma tends to
present at a younger age and eatly stage, with lower grade
and lower risk of metastasis. These factors have practi-

72,73 .
7271 t6 advocate conservative

cally invited some authors
management of carcinoma in these patients.

PCOS has also been reported to be associated with
low-grade endometrial stromal sarcoma and uterine carci-
nosarcoma’ V.

Other sex hormone dependent cancers as breast and
ovatian cancers have also been linked to PCOS"". Recent
evidence about association between PCOS and ovarian

malignancy are still conﬂictingm’m. According to Danish
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studies, the implied state of infertility per se increases the
risk of borderline and malignant ovarian tumors'”. High
local steroid and growth factor concentrations - frequently
observed in PCOS - are considered risk factors for ovar-
ian carcinoma®. However, a large scale British study
confirms that the standardized mortality rate for ovarian
cancer in these patients does not exceed 0.39 (95%CI:
0.01-2.17)". There is insufficient evidence to implicate
PCOS in the development of vaginal, vulval and cervical

[34]
cancers .

OVARIAN DYSGENESIS, GENETIC
INFERTILITY AND CANCER

Sex chromosome abnormalities compose the largest cat-

egory of chromosome aberrations and the most common
. . " 77-80

genetic cause of infertility among humans™". Dysge-

netic gonads are at risk for development of germ cell tu-

81-

84 : :
mors” Y which may stem from genetic and/ot hormonal

factors™",

Dysgenetic gonads are reported to progtess to invasive
germ cell neoplasms namely; dysgerminoma and less com-
monly embryonal carcinoma, teratoma, yolk sac tumor
and choriocarcinoma”. Accordingly some authors™*”
advocated prophylactic gonadectomy once the diagnosis
of gonadal dysgenesis is established.

Turner syndrome is one of the most common condi-
tions resulting from cytogenetic abnormalities where there
is complete or partial monosomy of the X-chromosome.
These patients have a significantly increased risk of ovatian

81,85 84]

gonadoblastoma 1 dysgerminoma’ " and cancer of the

corpus uteri in addition to a constellation of somatic tu-

mors including central nervous system, ocular and urinary
85,80,90 . .

bladder tumors" ] Paradoxically, risk for breast cancer

. . . 85,91,92]
is decreased among patients with Turner syndrome®”%,

FERTILITY DRUGS AND GYNECOLOGICAL
CANCER

Generally, data concerning the possible association of
exposure to ovulation induction medications and develop-
ing invasive ovarian cancer show no increased risk!™,
A group exploring the long-term (over 20 years) health
effects of ovarian-stimulation drugs showed no relation-
ship between ovarian cancer risk and ovulation-stimulation
drugsm. However they stressed the importance of con-
tinuous monitoring to verify whether such risks were
higher among particular user cohorts”*™. According to
some studies, women who failed to conceive after infertil-
ity treatment were found to be at a higher risk for ovarian
malignancy compared to women who responded success-
f u]ly[()’m’gg].

The relationship of these agents with risk of breast
and endometrial cancer is still controversial”'"".

CONCLUSION

Infertility seems to confer an increased risk of gyne-
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cological neoplasia. It is important to assess the risk of
malignancy in each category of infertile patients so as
to provide optimal timely intervention. To date, no solid
relation has been declared between fertility drugs and
causation of gynecological malignancy.
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Abstract

Disorders of the fallopian tube play a very important role
in both infertility and gynaecological oncology. Tubal
factor infertility is considered among the leading causes
of female factor infertility. Many tubal disorders are re-
lated to infertility including congenital anomalies, acute
and chronic inflammatory diseases, endometriosis and
other pathologies that result in partial or total fallopian
tube obstruction. In the field of gynaecological oncol-
ogy, ovarian surface epithelial tumors remain one of the
most fatal malignancies in women worldwide carrying
the worst prognosis among female genital malignan-
cies. For decades, the cell of origin of epithelial tumors
has remained controversial and was largely believed to
be surface ovarian epithelium. Recently several studies
suggested that there is a major role of the fallopian tube
in the development of ovarian surface epithelial tumors,
mainly high grade serous carcinoma and other tumour
types. In this article we review the role of the fallopian
tube in both infertility and gynaecological oncology.
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Core tip: Disorders of the fallopian tube play a major
role in infertility. These disorders include congenital
anomalies, inflammation and different other causes of
tubal obstruction. Recently several studies suggested a
role for the fallopian tube in the development of ovarian
carcinoma, mainly high grade serous carcinoma. This
article reviews the role of the fallopian tube in infertility
and gynaecological oncology.
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INTRODUCTION

The fallopian tube plays an important role in problems
related to infertility! and is only recently recognized to
play the leading role in the pathogenesis of pelvic (non-
uterine) serous carcinomas®.

THE FALLOPIAN TUBE AND INFERTILITY

Infertility is defined as couple’s failure to conceive after
1 year of regular, unprotected intercourse”. Tubal factor
infertility is among the leading causes of female factor
infertility accounting for 7%-9.8% of all female factor
infertilities. Tubal disease directly causes 36% and 85%
of all cases of female factor infertility in developed and
developing nations respectivelyw.

The fallopian tubes must be patent with normal ana-
tomic relation to the adjacent ovary to allow the capture
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of an ovum, provide a suitable environment for fertiliza-
tion, and transport the fertilized ovum to the endometrial
cavity for implantationm. Transport of gametes and em-
bryos is achieved by complex interaction between myo-
salpynx contractions, ciliary activity and the flow of tubal
secretions’. This complex movement also aims at stirring
of the tubal contents to ensure mixing of gametes and
embryos with tubal secretions'”. The fallopian tube itself
acts as a sperm storage site as the endosalpinx provides a
favorable environment for sperms. Sperm-endosalpingeal
contact preserves the viability of sperms increasing the
chance for successful fertilization".

Tubal factor infertility may result from complete block-
age of the distal end of the fallopian tube (hydrosalpinx) as
a sequelae of sexually transmitted disease (STD), surgical
intervention or other intra-abdominal conditions, non-gy-
necological abdomino-pelvic infection, endomettiosis, or a
congenital anomaly. Proximal obstruction may result from
salpingitis isthmica nodosa (SIN) or other inflaimmatory
conditions, or it may be idiopathic. Peritubal adhesions or
damage to the lining of the tube can impair tubal mobility,

oocyte pickup, and/or sperm and embryo transport”.

CONGENITAL ANOMALIES AND GENETIC
DISORDERS

Congenital millerian duct abnormalities are considered

fairly common and have been estimated to be present in
1 in 500-700 women, yet complete absence of fallopian
tube is a very rare condition that is usually unilateral and
asymptomatic[&g}. Absence or loss of patency of seg-
ments of the fallopian tube (atresia, hypoplasia, or inter-

M \were also described.

ruption)“o], and ampullary atresia
These may be unilateral or bilateral, and can occur with-
out or in conjunction with uterine anomalies, such as uni
ot bi-cornuate uterus'”.

The use of diethylstilbestrol (DES) during pregnancy
was discontinued decades ago, but surgical specimens
from patients who were born during the DES era may
still be examined today, showing substantial developmen-
tal damage to the fallopian tubes. Fetal exposure to DES
results in shortened, sacculated, and convoluted fallopian
tubes. The fimbriae are constricted, and the os is pin-
point. The mucosa may be absent and if present, the pli-
cae do not developm.

Tubal dysfunction may also be caused by the immo-
tile cilia of Kartagener’s syndromem, including about one
half of the patients with primary ciliary dyskinesia (PCD).
The latter is an autosomal recessive condition with es-
timated incidence of 0.5-1 in 30000 live births, causing
dysfunctional motility of cilia and impaired mucociliary
clearance, resulting in many clinical manifestations in-
cluding recurrent sinopulmonary disease, laterality defects

and infertility"”,

INFLAMMATORY DISEASES

Salpingitis causes tubal occlusion, peritubal adhesion
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and fimbrial damage, all of which can lead to reproduc-
tive failure!™", Microorganisms and the host’s immune
response may result in scar tissue formation, altering the
activity of tubal cilia, resulting in the partial or complete
destruction of cilia with alteration of the composition
and viscosity of the tubal secretions'”. The inflammation
in the tube may extend to adjacent tissues, including the
ovary, forming a tubo-ovarian abscess!"”

Three major types of salpingitis are recognized: acute,
chronic, and granulomatous/ histiocyticm.

Acute salpingitis (other than physiologic salpingitis,
occurring at time of menses or puerperium)™'? is the
pathologic correlate of the clinical entity, pelvic inflam-
matory disease (PID), which occurs in young, sexually
active women in the reproductive age'. Acute salpingitis
may be caused by an ascending infection, following inva-
sive procedures (such as curettage or the insertion of in-
trauterine devices)"”, or secondary to STD by Chlamydia,
N. gonorrhoeae or Mycoplasmam. Seminal fluid acts as
a vehicle through which microbes are transferred to the
upper genital tract. Some microorganisms have the ability
to attach to the sutface of spermatozoa, whilst others are
obligate intracellular parasites within the spermatozoa“sl.
Other non-sexually transmitted pathogens (eg., E. coli,
streptococct, staphylococei, coliform bacilli, and anaerobes) may
reach the tubes zza the blood stream or lymphatics, es-
pecially after an abortion or pregnancy[m]. The response
of the mucosa of the fallopian tube to microorganisms
is not uniform. For example, E. co/i cause swelling of the
ciliary tips with adhesions between shortened and swollen
cilia and cause shortened microvilli in non-ciliated cells. N.
gonorrhoeae causes invagination in ciliated cells and loss
of microvilli in non-ciliated cells'"”.

Chlamydia trachomatis (a Gram-negative bacterium)
is the most common organism of STDs worldwide“s], it
can be isolated from a large portion of women with tubal
factor infertility and elevated anti-C trachomatis antibod-
ies can be detected in more than 70% of women with
tubal occlusion. Yet, the exact pathogenesis of C tra-
chomatis-induced tubal damage is still unknown with no
available effective vaccines' . The primary site of chla-
mydial infections is the columnar endocervical epithelial
cells™. It has been hypothesized that the host immune
response by C trachomatis infection is responsible for the
damage rather than the infection itself*"*. The protective
host immune response is induced by production of anti-
bodies against chlamydial major outer membrane protein
(MOMP). This was supported by the recent findings that
immunization with a native MOMP induces protectionm]
However, antibodies against chlamydial heat shock pro-
tein (HSP) 60 ate associated with pathologies, which may
provide an explanation for the observation that whole
chlamydial organism-based vaccines is associated with ex-
acerbated pathology. Chlamydial infection leads to tubal
ciliated epithelial destruction with subsequent tubal infer-
tility and ectopic pregnancy viz production of cytokines,
including interleukin (IL)-1, which has a toxic effect on
ciliated tubal cells"”. Chlamydia can enter a dormant, per-
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sistent state, where, in the absence of a productive infec-
tion, there is still a low level of immune stimulation from
antigen recognition. This low level stimulation is believed
to cause chronic inflammatory cell infiltration™”.

In chronic salpingitis, the tubal fimbriae adhere to the
ovary and adjacent tissues with subsequent obliteration
of the ostium, leading to a hydrosalpinx or pyosalpinx.
Hydrosalpinx is typically bilateral, but it may be unilateral.
Late stages of chronic salpingitis may result in fibrous
obliteration of the whole tubal lumen"”.

Granulomatous and histiocytic salpingitis may result
from infection by different organisms (e.g., Mycobacte-
rium tuberculosis, Schistosoma, Oxyuris vermicularis,
Actinomyces, Coccidioides immitis) or as part of a sys-
temic granulomatous disease (e.g., sarcoidosis and Crohn’s
disease)m. It may also be induced by local non-infectious
causes, including foreign bodies introduced for diagnostic
or therapeutic purposes (e.g, lubricant jellies, mineral oil,
powder or lipiodol)™'*"".,

The commonest cause of granulomatous salpingitis
is infection with Mycobacterium tuberculosis; predomi-
nantly affecting females below the age of 40 years, with
peak age between 21-30 years. Tubal involvement occurs
in 80%-90% of women with genital tuberculosis and
is usually bilateral (90% of the cases)”". Tuberculous
salpingitis is uncommon in the western world yet preva-

lent in developing countries™"

, accounting for much less
than 1% of cases in the United States, while representing
nearly 40% of cases in India"".

Female genital tuberculosis occurs secondary to
primary disease elsewhere in the body. The spread is usu-
ally hematogenous or via the lymphatic route”", Sexual
transmission of the disease is also documented but direct
spread from other intraperitoneal foci is very rare’™),
Tuberculosis may cause minimal tubal damage and lead
to ectopic pregnancy. However, extensive damage to the
tubes can lead to tubal blockage in 60% of cases. Perit-
ubal adhesions and tubo-ovatian masses have been found
in 47.2% of cases™. As the tubetcles enlarge and co-
alesce, they may erode through the mucosa and discharge
their contents into the tubal lumen, leading to progressive
scarring, with plica distortion and agglutination. Calcifica-
tion can occur in areas of fibrosis™' '\

Female genital schistosomiasis was described for the
first time in a young Egyptian woman more than 100
years ago
common causes of granulomatous salpingitis wotldwide;
yet it is rare in the United States™'". More than 207 mil-
lion people, representing 85% of those who live in Af-
rica, are infected with schistosomiasis”. In Africa, the
fallopian tube is involved by schistosomiasis in 22% of all
A with 7% presenting by infertility. The

cervix, fallopian tubes and vagina are the most common

P Tubal schistosomiasis may be one of the

infected women'

gynecological sites to be affected. Blood vessel anastomo-
ses between the pelvic organs are probably responsible
I Gross

findings appear to be related to fibrosis surrounding the
[1.16]

for “spill-over” of eggs into the genital tract”

eggs, producing a nodular or fibrotic tube
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Fungal infection rarely can cause tubo-ovarian ab-
scesses or granulomatous salpingitis. Responsible organ-
isms include Blastomyces dermatitidis, Coccidioides
immitis, Candida, and Aspergillus reaching the fallopian
tube by hematogenous spread or in the course of dis-
seminated disease”'”. Pseudo-xanthomatous salpingitis
(referred to as “pigmentosis tubae™) is associated with en-
dometriosis, yet it also might result from salpingitis with

[1,16,17

associated hemorrhage™ ™ A granulomatous reaction

may also be encountered in small to medium size arteries

in patients with giant-cell arteritis",

ENDOMETRIOSIS

Endometriosis affects 5%-10% of the general female
population of reproductive age 28] , including 50% 60%
of women and teenage girls with pelv1c paln 1. About

30%-5 Bl

Infertile women are 6-8 times more likely to have en-

0% of women with endometriosis are infertile

dometriosis than fertile Women Of infertile women
25%-50% have endometriosis'™”. Tubal endomettiosis is
identified in approximately 10% of fallopian tubes, most
commonly involving the distal end”". Normally, endome-
trial tissue can be found within the mucosa of intramural
and isthmic segments of the fallopian tube, referred to
as endometrial colonization". Endometriosis of the tube
can be found within the lumen (focal replacement of
tubal epithelium by uterine mucosa)[ oot myosalpinx or
on the serosa. Occasionally, tubal endometr1051s may pro-
duce a mass simulating a tumor (polypoid endometriosis).
Post-salpingectomy endometriosis is an apparently com-
mon form of endometriosis that occurs in the tip of the
proximal stump of the fallopian tube years after tubal
hgatlonm

Despite extensive research, several mechanisms have
been proposed to explain endometriosis-related tubal fac-

P4 The

most popular hypothesis involves retrograde menstrua-

tor infertility with no consensus reached to date

tion into the peritoneal cavit}7[33]. The retrograde men-
struation of non-sterile menstrual blood into the perito-
neal cavity provides a route for microbial transport. The
menstrual debris may also promote continued survival
and persistence of these microorganisms in the upper
genital tract. These microorganisms may replicate causing
tubal damage and the microflora stimulate chemotaxis of
macrophages and the subsequent secretion of secondary
inflammatory mediators identified in this condition"”.
Other mechanisms include: (1) associated pelvic in-
flammation causing adhesions and scar formation with
subsequent impaired ovarian oocyte release or capture
as well as impairment of tubal transport due to physical
153 40 advanced stages of endometriosis™;
% that
contains increased numbers of macrophages and their

obstruction
(2) associated increased volume of peritoneal fluid”

secreted products (e.g., growth factors, cytokines, and
angiogenic factors) affecting various aspects of reproduc-
thI’l
causing formation of a membrane over the fimbrial cilia,

1 Also a macromolecular ovum capture inhibitor,
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has been detected in the peritoneal fluid from women
with endometriosis'; (3) Recently, endometriosis has
been proposed to be an autoimmune disease because of
the presence of a variety of autoantibodies against en-
dometrium, ovary and sperm, these autoantibodies can
be an important risk factor in endometriosis-associated
infertility™; (4) Other theories are altered hormonal and
cell-mediated function due to increased IgG and IgA an-
tibodies and lymphocytes in the endometrium of women
with endometriosis leading to alteration of endometrial
receptivity and embryo implantation; and (5) associated
endocrine and ovulatory disorders (eg., longer follicular
phase with possibly lower serum estradiol levels and
lower LH-dependent progesterone secretion during the
luteal phase of the cycle) B,

SIN or “adenomyosis” of the fallopian tube is a pseu-
do-infiltrative lesion consisting of diverticula of tubal
epithelium in the isthmus. It occurs in women between
the ages of 25 and 60 years (average, 30 years)!'. The
incidence of SIN in healthy, fertile women ranges from
0.6% to 11%P". It is bilateral in approximately 85% of
cases' . It is accompanied by infertility in approximately
one-half of patientsm by interfering with upward sperm
migration”". Tt may be difficult to distinguish SIN from

. P 1
tubal endometriosis in some cases'".

ECTOPIC PREGNANCY

Ectopic pregnancy is defined as a pregnancy occurring

outside the uterus or in an abnormal site within the utet-
us; 95%-99% arise in the fallopian tube"™. The vast ma-
jority (80%) occur in the ampulla, with the isthmus (10%)
and infundibulum (5%) being less common sites”'],
About 25% of tubal pregnancies have ruptured by the
time of diagnosism. This may impair/destroy tubal func-
tion with partial occlusion or luminal adhesions™. The
usual treatment for tubal pregnancy is salpingectomy, yet
segmental tubal resection may be appropriate in selected
cases”. Retention of fertility after an ectopic pregnancy
depends on how that pregnancy was managed and on the
presence or absence of known risk factors”’, Improve-
ments in management of ectopic pregnancies have en-
hanced efforts towards preserving subsequent fertility; a
principal goal of conservative treatment. However, con-
servative treatments are likely to increase the recurrence
rate of ectopic pregnancy as the conserved tube is usually
a damaged tube™.

THE FALLOPIAN TUBE AND
GYNECOLOGICAL ONCOLOGY

Primary fallopian tube adenocarcinoma is rare, account-

ing for less than 0.2% of cancer diagnoses among wom-
en annually®™. Tubal carcinoma represents 0.7%-1.5%
of gynecologic invasive malignanciesm with an incidence
of 0.41 per 100000 women in the United States™. In
England and Wales, 40 cases of primary tubal adenocar-

. : 4
cinoma are registered annually™",
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On the other hand, ovarian cancer is the 6" most
common cancer in women worldwide and the 7" most
common cause of cancer death™ with an age-adjusted
incidence rate 12.7 per 100000 women per year. This is
based on cases diagnosed in 2005-2009 from 18 SEER
geographic areas™!. In Western countries, ovarian carci-
noma is the 5" most common malignancy ranking 4™ in
cancer mortality, accounting for 4% of cancer in women
and is the most frequent cause of death due to gynecolog-
ical cancer. In United States women, ovarian cancer ranks
9" in incidence and 5" in mortality, accounting for 3% of
cancers and 5% of cancer deaths. Serous carcinoma is the
most common type of the ovarian epithelial malignancies,
accounting for approximately 80% of cases*".

Ovarian cancer has one of the highest death-to-
incidence ratios™ and is considered the most lethal of
gynecologic malignanciesmj. The age-adjusted death rate
is 8.2 per 100000 women per year in the United States'”

A prerequisite for the success of eatly detection of
any disease is the clear understanding of its natural his-
tory*. The high ovarian cancer related death rates have
been attributed to the unavailability of effective screening
tools, the absence of early symptoms in many patients,
and the typical presentation at advanced stages when
prognosis is poor[z’m. One of the greatest obstacles to
the detection of eatly-stage ovarian cancer was the poot
understanding of its histogenesis and pathogenesism.

Until recently, the incessant ovulation theory has been
the most accepted theory of ovarian carcinogenesis. Ac-
cording to this theory, constant ovulation-induced dam-
age and repair of the ovarian surface epithelium (OSE)
results in malignant transformation™, Ovarian carcinoma
was also traditionally thought to originate from the OSE
or ovarian epithelial inclusions (OED?*!. Hence, investi-
gative efforts for eatly detection were centred on the ova-
ry for decades. However, all have not been successful™
as they failed to identify a convincing precursor in the
ovary’. This was greatly reflected on the overall survival
for women with ovarian cancer, which has not changed
in any fundamental manner over the last 50 years'”

Over the last several years, based on combined mor-
phological and molecular data, a dualistic model for the
pathogenesis of ovarian carcinoma has emerged™'!. The
dualistic model divides ovarian epithelial tumors into two
categories: Type I and Type 11", Type I tumors are gen-
erally low-grade; including low grade serous carcinoma
(LG-SC), low-grade endometrioid carcinoma, clear cell
carcinoma, mucinous carcinoma and malignant Brenner
tumor. These tumors usually present at low stage and
behave in a relatively indolent fashion'”. In contrast, type
I tumors are high-grade, highly aggressive and present
in advanced stage. They have been said to atise “de novo”.
They include high-grade serous carcinoma, high-grade
endometrioid carcinoma, malignant mesodermal mixed
tumour and undifferentiated carcinoma'*”.

It is now believed that the fallopian tube may be the
origin of ovarian carcinoma, rather than the ovarian sur-
face epithelium, traditionally regarded as the origin of
ovarian carcinoma''”,
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ROLE OF THE FALLOPIAN TUBE IN TYPE
I OVARIAN SURFACE EPITHELIAL
TUMORS

Low grade serous carcinoma is thought to evolve in a
stepwise fashion from ovarian surface epithelial inclusions
(OElIs)/serous cystadenomas to serous bordetline tumors
to invasive carcinoma™*? although they can be de novd™”.

The fallopian tube plays a central role in various com-
ponents of this stepwise sequence[w as it is proposed that
the majority of OEls are derived from the fallopian tube
epithelial cells. These cells are capable of implanting on
the ovarian surface” at the time of ovulation when the
surface ovarian epithelium is ruptured””.

This idea is supported by the following evidence: (1)
Epithelial cells from tubal mucosa are easily shed after
flushing the fallopian tube™; (2) Most (78%) of the
OElIs and serous cystadenomas display morphological
features and immunophenotype of tubal type epithelium
(calretinin-/PAX8+/tubulin+)™"; (3) Fallopian-detived
OEIs may represent intra-ovarian endosalpingiosis; and
(4) There is evidence against mesothelial origin of OEIs
with miillerian metaplasia including, scarceness of hybrid
or intermediate type of OEIls with both mesothelial and
tubal phenotypes. In addition, studies show mesothelium-
derived OEIs are not capable of growing into tumour
masses with low cellular proliferative activity, compared
to fallopian-derived OEIs that showed high proliferative
activity and immuophenotype that are similar or almost
identical to ovarian serous tumors™™,

ROLE OF THE FALLOPIAN TUBE IN TYPE
I OVARIAN SURFACE EPITHELIAL
TUMORS

Accumulating evidence suggests that the fallopian tube
epithelium, predominantly in the fimbrial regionm()], is the
source of a significant proportion of high-grade serous
carcinomas'”. This is based on identification of epithe-
lial atypia, carcinoma 7 sitn, and small high-grade serous
tubal carcinomas in risk-reducing salpingo-oophorectomy
(RRSO) specimens from women with BRCA mutations'*".
Mutation of TP53 is a hallmark of high-grade pelvic
serous carcinoma””. The identification of TP53 muta-
tions in Serous Tubal Intra-epithelial Carcinomas (STICs)
provides support for the tubal origin of high-grade serous
carcinomas. More recently it has been found that that
there are short stretches of morphologically normal tubal
epithelium that are immunohistochemically positive for
P53, and that have a Ki-67 proliferation index higher than
normal tubal epithelium but lower than STICs. A mini-
mum of 12 tubal secretory epithelial cells that are p53
positive has been proposed as a definition for a “p53 signa-
ture,” which is a candidate for a STIC precursor. p53 signa-
tures are also found in the general population. TP53 muta-
tions have been found in a majority of p53 signatures[1’49].
Other molecular evidence strongly supporting the
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theory of fallopian tube origin of high-grade serous are:
(1) lack of convincing definitive precursors of high-grade
serous carcinoma in the ovary; (2) in RRSO specimens,
occult carcinomas are more common in the fallopian tube
than in the ovaty; (3) STICs are associated, almost exclu-
sively, with high-grade serous carcinoma, and not other
histological types; (4) a high frequency of identical TP53
mutations in STICs/p53 signatures and synchronous
ovatian/petitoneal high-grade serous catcinomas; (5) the
finding of fallopian tube epithelial dysplasia in isolation
exhibiting aneusomy for multiple chromosomes; (6) signif-
icant differences in telomere lengths between STICs and
their paired concurrent ovarian/peritoneal high-grade se-
rous carcinomas (if STICs merely represented metastases
of ovarian/petitoneal carcinomas, they would be expected
to have telomeres of similar lengths); (7) gene expres-
sion profiles of tubal and ovarian serous carcinomas are
similar; and (8) gene expression patterns of ovarian serous
carcinomas are more similar to those of normal tubal mu-
cosa compared with normal ovarian epithelium!",

Junctions between the different types of epithelia are
often hot spots for carcinogenesis. Their role in neoplasia
in certain locations, eg., cervical squamo-columnar, gastro-
esophageal, and ano-rectal junctions is well recognized.
Given the mounting evidence implicating the fimbria as
the site of origin of ovarian serous carcinoma, the fal-
lopian Tube-Peritoneal Junction (TP]) is be considered a
potential site of ovarian carcinogenesis. This junction is
defined as the junction of the columnar epithelium of the
fallopian tube and the mesothelium of the tubal serosa'.

In ate recent study TPJ was found to be highly tortu-
ous with tongues of mesothelium extending from the in-
fundibular peritoneal-fimbrial junction at the outer edges
of the fimbriae, onto the fimbrial plicae to join the tubal
epithelium at various points along and between fimbrial
plicae and plica tips”™. Transitional metaplasia occurs at
the TP][S()’G”, and is reported in several studies” . Tt is
likely that the transitional metaplasia is a normal event in
the TPJ, analogous to squamous metaplasia in the cervical
transformation zone"™, and may be analogously a site of
tumour origin.

The origin of serous neoplasms at the TP] could also
explain the rare detection of stage I high-grade serous
carcinoma. In addition, the extensive lymph-vascular
system normally found at this junction with almost direct
contact to the basement membrane of the tubal epithe-
lium may explain the early spread of a minimally invasive
tubal carcinoma throughout the abdominal cavity due to
easy and rapid access into this system when the primary
tumour is still of microscopic sizeP,

Among ovarian surface epithelial tumors, the origin of
intestinal-type mucinous ovarian and Brenner tumors is
even more confusing than that of serous tumors as they
lack a Mullerian phenotype. The recent suggestion that
mucinous and Brenner tumors may arise from transitional
metaplasial(’1J indicates that the TP] may be involved in car-
cinogenesis of a wide variety of ovarian neoplasms.

In view of the potential importance of the TP] in ovar-
ian, tubal, and pelvic neoplasia, a recent protocol for exami-
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nation of the fallopian tubes has been proposed, designated
the SEE-FIM protocol®. The goal of this protocol is to
insure complete examination of the ovarian surface and
tubal mucosa with maximum exposure of the fimbriac'®,

In summary, serous tumors develop from the fallopian
tube, endometrioid, and clear cell tumors arise from fallopi-
an tube endometriosis and mucinous, and Brenner tumors
develop from transitional-type epithelium located at the
TP,

Although the data suggesting that EOC arises in extra-
ovarian sites and involves the ovaries secondarily is compel-
ling, serous neoplasms (low- and high-grade) involve the
ovaries and other pelvic and abdominal organs, much more
extensively than the fallopian tubes. Similarly, although
endometrioid and clear cell carcinomas develop from en-
dometriosis that frequently occurs in multiple sites in the
pelvis, these neoplasms are almost always confined to the
ovaries. It is likely that the propensity for growth in the
ovary is mulifactorial, but the precise reasons for this are
unknown™,

So the fallopian tube appeats to be a strong player
both in infertility and gynaecological neoplasia. This high-
lights the importance of thorough fallopian tube status
investigation in the course of assessment of women pre-
senting with either infertility or gynaecological tumors.
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Abstract

The standard treatment of endometrial cancer or atypi-
cal hyperplasia is surgical removal of the uterus and
ovaries. In early stage disease this has an excellent INTRODUCTION

chance of cure but results in infertility. Although the Endometrial cancer is the commonest gynaecological
majority of patients are postmenopausal an increasing malignancy in the western world and usually affects post
number of patients with atypical hyperplasia or endo- menopausal women. However up to 14% of these can-
metrial cancer are presenting with a desire to retain cers are now diagnosed in the premenopausal with about
their fertile potential. In the last 8 years a number of 40, occurring in those under the age of 40 years in the
studies have been published involving 403 patients United States'”. As the trend to delay childbearing contin-
with endo_metrial Canc_er al‘!d 151 patients with Atypical ues a greater number of women are being diagnosed with
hyperplasia treated with high dose progestagens. The endometrial cancer at a stage in life when they wish to

response rate is 76.2% and 85.6% respectively with .
en dF:)metriaI cancer haviong 3 recurre;ce the of 4% 6% conceive. Therefore the standard management of hyster-
e ectomy with removal of ovaries needs to be fully justified

) o - i i
There is a 26% recurrence rate in atypical hyperplasia. and the possibility of managing patients medically whilst

Il 26.3% of th ishing ti ive h li
Overall 26.3% of those wishing to conceive had a live preserving their fertility should be considered. In the last

baby. Although concerns exist about the risks of medi- o .
cal treatment, those that fail this treatment do not ap- ~ decade a significant number of studies have been pub-

pear to have a significantly poorer prognosis although lished allowing us to assess the success of this medical

20 patients (3.6%) had either ovarian cancer or meta-  treatment so that we can advise our patients on the risks
static disease discovered during treatment or follow up. ~ of fertility preservation in early stage endometrial cancer.
However there are pitfalls of which every gynaecological
© 2014 Baishideng Publishing Group Inc. All rights reserved. oncologist should make themselves aware.
Key words: Endometrial cancer; Fertility sparin
yw y sparing DIAGNOSIS
Core tip: Early endometrial cancer is successfully treat- Irregular menstrual bleeding at any age needs to be in-
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vestigated and the diagnosis of endometrial carcinoma
is made by biopsy from the endometrial cavity either at
hysteroscopy or outpatient endometrial sampling. The
most accurate assessment is from biopsy obtained at hys-
teroscopym but even then it can be difficult to make the
distinction between atypical hyperplasia (AH) and inva-
sive endometrial carcinoma (EC). As EC is actually found
in the hysterectomy when the preoperative diagnosis was
thought to be AH in approximately 30% of cases the
treatment of both AH and eatly stage EC should be very

similar™",

STAGING

A number of studies have looked at the stage of discase

in younger women with endometrial cancer and although
the majority are stage 1a grade 1 disease, approximately
20% are found to have disease outside the uterus™. In ad-
dition up to 25% of women have either synchronous or
metastatic ovarian tumours'”. With standard management
of hysterectomy and bilateral salpingo-oophorectomy the
extent of disease can be assessed histopathologically and
this is how the FIGO staging is determined. However if
medical treatment is proposed the major initial disadvan-
tage 1s the lack of histological confirmation of staging
and the reliance on pre treatment imaging.

Ultrasound, computed tomography (CT) and contrast
enhanced magnetic resonance imaging (MRI) have been
used to stage early endometrial cancers and the MRI is the
most accurate being able to predict myometrial invasion
with a specificity of 96% and cervical invasion in 889",

HORMONAL TREATMENTS

The majority of grade 1 endometrial cancers have pro-

gressed from hyperplasia and are thought to have arisen
because of hormonal imbalances. Obesity where there is
a higher level of circulating oestrogens from fat degrada-
tion, and polycystic ovaries where infrequent, anovula-
tory cycles are a feature suggest that a lack of balanced
progesterone is responsible. Various types and doses of
progesterones have been used to reverse the hyperplasia
and EC. Initially Kinkel ez al” described resolution of an
endometrial malignancy in 25% of patients undergoing
hysterectomy after treatment with progesterones. Al-
though small doses of progesterone may be sufficient to
balance the oestrogen in hormone replacement therapy a
much higher does is required in AH and EC in these pre-
menopausal women.

The majority of studies have used Medroxyproges-
terone acetate in doses of 400-800 mg daily. This can,
if necessaty, be taken in divided doses. The next most
common is megestrol but a recent study of 148 patients
showed patients treated with megestrol had a higher
chance of recurrence”. The levonorgestrol containing
intrauterine device (IUS) has not been successfully when
used in isolation. It may be useful for maintenance thera-
py after remission has been established and a randomised
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study has just opened in South Korea to evaluate this!"",

A meta analysis has been published involving 403
patients with endometrial cancer and 151 patients with
Atypical hyperplasia treated with high dose progesta-
gens[m. The response rate is 76.2% and 85.6% respec-
tively with endometrial cancer having a recurrence rate of
40.6%. There is a 26% recurrence rate in atypical hyper-
plasia. Overall 26.3% of those wishing to conceive had a
live baby.

In comparison removal of the uterus and ovaries
would be expected to give a disease free 5 year survival of
98.2%"!. A recent review of 148 patients in eight hospi-
tals in South Korea obtained similar response and recur-
rence free response rates (77.7% and 54% respectively).
Of 33 patients who failed to respond to initial treatment,
and had a hysterectomy, none of them recurred imply-
ing the risk of trying and failing medical treatment is low.
Risk factors that increased the risk of recurrence were
obesity (body mass index > 25) and a lack of pregnan-
ey, There were no reported deaths from disease in this
study but in the meta analysis by Gallos ¢ al! there were
2 deaths and 20 patients (3.6%) had disease in the ovaries
either as a concommitent ovarian tumour or metastasis.

Therefore, despite the risk that more advanced or
metastatic disease can be under diagnosed and despite
the risk that the EC recurs in a large number of patients
there do not appear to be significant long term risks to
trying medical treatment.

FOLLOW UP

The various studies have given medical therapy for vari-

able lengths of time and there is no single protocol that
has been established. Most studies have sampled the
endometrium 3 monthly, and continued medical manage-
ment if there is a response for up to a year!',

Similarly long term follow can be difficult. The risk
factors that led to the original carcinogenesis are usually
still present and with such a high recurrence risk patients
need to be encouraged to either undergo immediate
fertility treatment or continue with maintenance treat-
ment. The frequency of future endometrial samples and
whether office sampling or hysteroscopy is required has
not been established. Hysterectomy at some stage fol-
lowing child birth would seem to be sensible as a way
of preventing the disease recurring in the long term but
when this should be performed and whether the risk of
recurrence decreases with weight loss or the menopause
is not known. Once recurrence has occurred a number
of patients will respond to retreatment. However there
are no established guidelines for how many times a pa-
tient should be retreated or for how long;

CONCLUSION

An increasing number of patients with either AH or EC
will wish to preserve their fertility in the future. These
patients need an accurate diagnosis and staging with con-
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trast enhanced MRI to minimise their risk of unrecog-
nised concomitant or metastatic disease.

Medical treatment with 400 mg to 800 mg daily of
medroxyprogesterone acetate appears to be the best med-
ical management with 3 monthly endometrial sampling to
establish response. Treatment can be given for 6 mo to a
year and approximately 75% will have a complete initial
response with just over 50% having a response without
subsequent recurrence. A failed response has theoretical
disadvantages of finding more advanced disease but in
published studies this is so small as to not be quantifiable.

All these factors need to be taken into consideration
when advising a patient about her options but in addition
she needs to consider the chances of conception once
if treatment is successful. Many patients will be older
and have presented with infertility. If the chances of a
successful pregnancy are very low at the end of a year
hormonal treatment with multiple endometrial samples
and uncertainty about the future risk of recurrence then
after careful consideration it is possible that the patient
will decide to opt for the standard curative treatment of
hysterectomy and removal of ovaries.
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Abstract

Radiotherapy to the pelvis can have a major and del-
eterious impact on the female genital tract. Despite
significant advances in the technical delivery of radical
pelvic radiotherapy there remains no way to avoid de-
livering substantial radiation doses to the ovaries and
uterus for patients undergoing treatment for gynaeco-
logical cancers. Due to improved cure rates from radical
chemo-radiotherapy and social trends toward delayed
childbirth many women treated for cervical cancer with
radical chemo-radiotherapy will wish to attempt to pre-
serve their fertility. Whilst there are now established
and emerging techniques for preserving ovarian func-
tion and ovarian tissue, there remains the difficulty of
the irradiated uterus which, even if pregnancy can be
achieved, results in an increased risk for pregnancy-
related complications. Future developments may offer
women in this difficult situation more and improved op-
tions for fertility preservation.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Radiotherapy; Cervical carcinoma; Prema-
ture menopause; Infertility; Fertility preservation
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Core tip: Despite significant advances in the technical
delivery of radical pelvic radiotherapy there remains no
way to avoid delivering substantial radiation doses to
the ovaries and uterus for patients undergoing treat-
ment for gynaecological cancers. Due to improved cure
rates from radical chemo-radiotherapy many women
treated for cervical cancer will wish to attempt to
preserve their fertility. This article reviews emerging
techniques for preserving ovarian function and ovarian
tissue, as well as the impact on the uterus and the risk
for pregnancy-related complications. Future develop-
ments may offer women in this difficult situation more
and improved options for fertility preservation.

Welsh LC, Taylor A. Impact of pelvic radiotherapy on the female
genital tract and fertility preservation measures. World J Obstet
Gynecol 2014; 3(2): 45-53 Available from: URL: http://www.
wjgnet.com/2218-6220/full/v3/i2/45.htm DOI: http://dx.doi.
org/10.5317/wjog.v3.i2.45

INTRODUCTION

Worldwide, cervical carcinoma is the third most com-
mon cancer in women, being responsible for neatly 10%
of all cancers diagnosed in women in 2008". However,
there is major geographical variation in the incidence of
cervical cancer across the globe, with a seven fold dif-
ference in the age-standardised incidence rate between
East Africa, the region with the highest rate, and Western
Asia, the region with the lowest rate!". Two peaks occur
in the age-specific incidence rates of cervical carcinoma;
the first peak occurs in women aged between 30-34 years
and relates to women becoming sexually active in their
late teens and early 1920s, resulting in an increase in the
rate of infection with human papillomavirus“’zj. In the
United Kingdom between 2007 and 2009, the proportion
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of cervical carcinoma cases occurring in women less than
45 years of age was 53%". A continuous trend towards
delayed childbearing has been observed in developed na-
tions, resulting in an increase in the proportion of wom-
en diagnosed with a gynaecological cancer, typically cet-
vical carcinoma, before their first pregnancym. As a result
of these epidemiological and social factors, a significant
and perhaps increasing number of women of reproduc-
tive age who are diagnosed with a gynaecological cancer
will wish to preserve their fertility™ .

The treatment of eatly-stage cervical carcinoma (Intet-
national Federation of Gynecological Oncologists, FIGO
stages | and I[ A cervical) is radical surgery, although rad-
ical radiotherapy is equally effective”. However, surgery
for early-stage disease has the particular advantage of
sparing fertility in cases that are suitable for radical trach-
electomy. For more advanced cases (FIGO stages II B,
Il and IV), standard treatment is with radical chemo-
radiotherapy which combines external beam radiotherapy
with weekly cisplatin followed by intra-uterine brachy-
therapylsj. Radical radiotherapy for cervical carcinoma
usually includes within the treatment volume: the pelvic
lymph nodes, the uterus, the cervix and upper vagina,
the fallopian tubes and ovaries, and the parametrial tis-
sues. Modern radiotherapy techniques, utilising intensity-
modulated external beam radiotherapy[()’m], and image-
guided brachytherapyll1J can produce high rates of local
control for cervical carcinoma. The prognosis for women
with cervical carcinoma treated with radical chemo-radio-
therapy varies according to FIGO stage, with the 5-year
overall survival ranging from about 70% for stage I B, to
50% for stages A and IB, and 36% for stage VA",

Given the favourable prognosis for many women treat-
ed for cervical carcinoma with radical chemo-radiotherapy,
and given the demographic considerations discussed
above, fertility preservation will often be an important
issue for this cohort of women'®. Unfortunately pelvic
radiotherapy for pre-menopausal women, at radical treat-
ment doses, results in complete ovarian failure and pre-
mature menopause. In addition, it causes direct damage
to the uterus which in itself can result in an inability to
conceive or carry a pregnancy to term"™', The majority
of the evidence for the effects of radiotherapy on female
fertility derives from long-term follow-up studies of
women treated with radiotherapy for cancer during child-
hood or adolescence"”. Whilst this information from
paediatric populations is of relevance to adult women
receiving radiotherapy treatment, outcomes for patients
treated in childhood are superior than for adults due to
lower radiotherapy doses used for paediatric cancers and
to the natural decline in fertility with age”**".

There are no completely satisfactory options for fer-
tility preservation for women undergoing radical pelvic
radiotherapy at present, yet there are interventions which
should be offered for women to consider before they
embark on treatment"*. Evidence of the impact of pel-
vic radiotherapy on the female reproductive organs, the
currently available fertility sparing options, and possible
future strategies will be reviewed here.
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IMPACT OF PELVIC RADIOTHERAPY ON
THE FEMALE GENITAL TRACT

Pelvic radiotherapy by itself has significant consequences
for female fertility. The degree of fertility impairment
following radiotherapy is known to be dependent on
the total radiation dose, the fractionation schedule, the
radiation field, and age at the time of treatment™". Tt is
now standard practice to give concurrent cisplatin che-
motherapy as a radiosensitizer with radical radiotherapy
for cervical carcinoma. It is reasonable to expect that this
combination therapy will increase the impact of radio-
therapy on fertility, on the basis of data on the long term
effects of combined chemotherapy and radiotherapy in
paediatric patientsmzﬂ. In addition, exposure to cisplatin
in the context of single agent or multi-agent chemothera-
py is known to cause ovarian failure, even in the absence
of concomitant pelvic radiotherapymj.

Aside from the impact of pelvic radiotherapy on the
female reproductive organs, pelvic radiotherapy can also
lead to damage to the vagina resulting in tissue fibrosis
and vaginal stenosis. These late normal tissue changes
can be severe and have a major impact on sexual func-
tion”**". It is difficult to quantify these late effects of
radiotherapy on vaginal tissues, and possibly as a result
of such difficulties, the incidence of vaginal stenosis after
radiotherapy reported in the literature ranges from 1.2%
to 88%” % Tt is currently standard practice to attempt to
minimise vaginal stenosis following pelvic radiotherapy
by asking women to use vaginal dilators after radio-
therapymm. A recent systematic review of evidence for
the use of vaginal dilators following pelvic radiotherapy
found that whilst vaginal dilation might help treat the
late effects of radiotherapy, the use of vaginal dilation
during treatment can cause increased tissue damagelzgj.
A Cochrane review by the same authors concluded that
there is no reliable evidence to show that routine regular
vaginal dilation during or after radiotherapy prevents the
late effects of radiotherapy or improves quality of life™,

Ovarian failure after radiotherapy

The human ovary contains a fixed number of primordial
follicles, which is maximal during foetal life at 5 mo of ges-
tation™"*". These are steadily lost through atresia, declining
to about 500000 at the time of menarche”. After men-
arche, the number of viable primordial follicles continues
to fall with increasing age, declining to about 1000 at the
time of menopause at an average age of 50-51 yearslzo’?’sj.
The rate of loss of ovatian follicles is not constant, and ac-
celerated atresia of the primordial follicles occurs from ap-
proximately 35 years of agemj.

Oocytes are highly sensitive to radiation, and the
LD50 (the radiation dose need to kill half the total num-
ber of oocytes) was estimated to be only 4 Gy, but
more recently it has been reported to be less than 2 Gym.
Historically, complete ovarian failure has been known
to occur after radiation doses in the region of 20 Gy

in women under 40 years of age, and after only 6 Gy
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Figure 1 The effect of pelvic radiotherapy on oocyte population according
to the Faddy-Gosden model. Faddy-Gosden model (Source™, with permis-
sion) as extended by Wallace et a*". The graph illustrates the effect of total
body irradiation with 14 Gy at 10 years, predicting ovarian failure at 13 years.

in older women", Ovarian irradiation accelerates the

natural process of follicular atresia, leading to premature
menopause”””"”". Due to the natural atresia of primordial
follicles in the ovaries, for a given dose of radiation to
the ovaries, the younger a woman is at the time of irradia-
tion, the later will be the subsequent onset of premature
menopause. This effect means that the sterilising dose of
radiation falls with increasing age™. The Faddy-Gosden
model of natural follicular atresia in healthy women has
been extended by Wallace e# 2/***"! to allow the prediction
of the age of ovarian failure following treatment with a
given dose of radiation (Figure 1). They have also calcu-
lated the effective sterilising radiotherapy doses (i.e., the
radiation dose causing ovarian failure in 97.5% of treated
women) as a function of age: 20.3 Gy at birth, 18.4 Gy
at 10 years, 16.5 Gy at 20 years, 14.3 Gy at 30 years and
9.5 Gy at 45 years™.

Prediction of ovarian reserve prior to radiotherapy
would be beneficial in order to avoid invasive procedutes
or unnecessary delays in treatment if fertility preserv-
ing measures are likely to be futile. Traditionally elevated
follicle-stimulating hormone level has been used but
various factors can cause a transient rise resulting in false
prediction of menopause. Antimullerian hormone (AMH)
is produced by growing follicles and may be a better in-
dicator of ovarian function. The combination of serum
AMH levels with ultrasound assessment of ovarian vol-
ume and total antral follicle count has been reported to
more accurately predict the onset of ovarian failure!*".

Radiotherapy effects on the uterus

As well as the uterine dysfunction resulting from reduced
ovarian hormone production, pelvic radiotherapy may
also have a direct adverse effect on the uterus. Most of
what is known about the long term effects of radiother-
apy on the uterus comes from studies of women treated
for childhood cancers™'
limited relevance to adult women due to the significant

“ However, these may be of
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changes that occur to the uterus during puberty[m’“’m.

Furthermore, the pre-pubertal uterus is thought to be
more vulnerable to the effects of pelvic irradiation¥. At
puberty, as a result of rising ovarian oestrogen produc-
tion, the uterus enlarges and changes shape from a tubu-
lar shaped organ to a pear shaped organ[43’44].

Radiotherapy doses between 14 and 30 Gy have been
reported to result in adverse changes to the uterus includ-
ing myometrial fibrosis, reduced uterine volume, reduced
or undetectable blood supply and absent endometri-
um ™ Critchley e a/*'' assessed 10 women with pre-
mature ovarian failure due to whole abdominal irradiation
in childhood. The uterine volume remained significantly
lower in patients treated with pelvic radiotherapy com-
pared with controls, and was correlated with age at the
time of radiotherapy. Attempts to reverse these changes
by means of cyclical hormone replacement therapy had
limited success. Almost all treated women had loss of
signal in one or both uterine arteries with Doppler ultra-
sound.

Holm e a/*” also used ultrasound to evaluate the
impact of total body irradiation (IBI) with 8-14 Gy on
internal genitalia and uterine blood flow. The median
age was 12.7 years (range 6.1-17.6 years) at treatment
and 21.5 years (range 11.6-25.6 years) at study entry. All
participants had entered puberty but despite sufficient
hormonal stimulus to achieve menarche in 11 out of 12
[eight with hormone replacement therapy (HRT) and 3
spontaneously], the median uterine volumes were still
significantly reduced compared with normal controls.
Uterine blood flow was impaired with systolic blood flow
measurable in six of nine individuals, and diastolic blood
flow visible in only one patient. These studies concluded
that pre-pubertal irradiation may have an irreversible ef-
fect on uterine vasculature and development and that the
endometrium may become unresponsive to hormonal
stimuli due to a combination of effects on vasculature
and to sex-steroid receptors’

The endometrial injury noted in the patients treated
with TBI using a dose of 14.4 Gy was further studied by
Bath ez a/*! who propose this would prevent normal en-
dometrial decidualisation (the post-ovulatory process of
endometrial remodelling in preparation for pregnancy).
This potentially leads to placental attachment disorders,
including severe forms such as placenta accreta and
placenta percretam’@’w. In addition to these adverse en-
dometrial changes it has also been suggested that pelvic
radiotherapy can lead to thinning of the myometrium
leading to an increased risk of uterine rupture during
pregnancym’m].

There are few studies assessing the uterine changes
after high dose pelvic radiotherapy in adults. Arrivé ez al’"
undertook sequential magnetic resonance (MR) imag-
ing imaging of 23 pre-menopausal women who received
radiation for cervical cancer. A reduction in myometrial
signal intensity on T2-weighted images was demonstrable
by 1 mo after therapy and a decrease in uterine size was
noted at 3 mo. A decrease in thickness and signal intensi-
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ty of the endometrium was seen by 6 mo with earlier loss
of uterine zonal anatomy. Four patients also had histo-
pathological assessment which showed myometrial atro-
phy with fibrosis, inactive endometrium and reduction in
vascular diameter. In postmenopausal women, irradiation
did not significantly alter the MR imaging appearance of
the uterus. The authors concluded that the early changes
are due directly to radiotherapy but premature ovarian
failure would have been contributory to the later atrophic
changes.

Hormone replacement therapy is prescribed follow-
ing radiotherapy to prevent menopausal symptoms. Com-
bined cyclical therapy is indicated for patients previously
treated for childhood cancers who still have a functional
uterus. Following radiotherapy for cervical cancer, the
very high doses delivered to the endometrial surface from
brachytherapy is assumed to cause complete destruction
of the basal layer of the endometrium. However, there
have been several reports of persistent endometrial activ-
ity after treatment for cervical cancer. Habeshaw e a/™”
reported 15 out of 63 patients treated for cervical can-
cer had breakthrough or cyclical vaginal bleeding when
started on combined HRT several months to years after
completing radiotherapy. Patients with an intact uterus
following radiotherapy should therefore still be treated
with oestrogen and a progestagen to avoid endometrial
stimulation from unopposed oestrogen therapy.

Other than gestational surrogacy, there are no specific
interventions available for uterine changes secondary to
pelvic radiotherapy. Uterine dysfunction therefore repre-
sents a greater barrier to achieving viable pregnancy than
does ovarian failure.

ADVERSE PREGNANCY OUTCOMES
IN WOMEN TREATED WITH PELVIC
RADIOTHERAPY

A number of long-term follow-up studies of pregnancy
and neonatal outcomes in women treated in childhood for
cancer with radiotherapy have now been published" 93T,
These studies have consistently found evidence of an
increased risk of adverse pregnancy and neonatal out-
comes for mothers with a prior history of irradiation in
childhood, including: spontaneous miscartiages, pre-term
labour, intrauterine growth retardation and low-birth-
weight infants"***"*? While the risk increases with higher
uterine dose, neonatal complications ate noted with doses
as low as 0.5 Gy.

There are no reports of a term pregnancy in patients
who received more than 45 Gy to the whole uterus, which
conventionally is the minimum dose delivered for gynae-
cological cancers. Hiirmiiz ¢ al”” have recently reported a
patient with a full term pregnancy following pelvic chemo-
radiotherapy for anal cancer. Reviewing the radiotherapy
fields, 30 Gy was delivered to the whole uterus while the
lower segment and cervix received 50 Gy.

A fertility preserving approach using brachytherapy
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for cervical or vaginal clear cell adenocarcinoma was re-
viewed by Magné ez al™. Seven of the 19 women treated
for vaginal disease tried to become pregnant, with three
delivering healthy term babies and one spontaneous
abortion. In the 42 patients with cervical cancer, there
were no successful pregnancies and two women reported
spontaneous abortions.

A Canadian cohort study compared the risk of adverse
pregnancy outcomes in female childhood cancer survivors
who received abdominal-pelvic radiation and/ot chemo-
therapy with alkylating agents with the risk among those
who were treated by non-sterilising alkylating agents and
those who were treated by non-sterilising surgery only"™,
There was no evidence of an increased risk of having a
spontancous abortion or an infant with a birth defect.
Survivors receiving abdomino-pelvic radiotherapy were
more likely to have a low birth weight infant (OR 3.64;
95%CI: 1.33-9.96), a premature low birth weight infant
(OR 3.29; 95%CI: 0.97-11.1), or an infant who died in the
perinatal period (OR 2.41; 95%CI: 0.50-11.5), compared
with those receiving surgery. Risks of perinatal death and
having a low birth weight infant increased with increasing
dose of radiotherapy.

This association of children with low birth weight be-
ing born to mothers who had received pelvic radiotherapy
has been confirmed in large studies from the United
States that reviewed pregnancy outcomes among female
participants in the Childhood Cancer Survivor Study
(CCSS), a large multi-centre cohort of childhood cancer
survivors' "'**. The fertility of 5149 female survivors was
compared to a cohort of 1441 randomly selected female
siblings. The relative risk (RR) for survivors of ever being
pregnant was 0.81 (95%CI: 0.73-0.90, P < 0.001) com-
pared with siblings. In multivariate analysis, those who re-
ceived an ovarian or uterine radiation dose greater than 5
Gy were less likely to have ever been pregnant with RR 0.56
for those receiving 5 to 10 Gy (95%CI: 0.37-0.85) and RR
0.18 for more than 10 Gy (95%CI: 0.13-0.26)"".

Signorello et al"™ looked at singleton live births from
female CCSS members from 1968 to 2002. This study in-
cluded 2201 children of 1264 survivors and 1175 children
of a comparison group of 601 female siblings. Survivors’
children were more likely to be born pre-term than the
siblings’ children (21.1% #s 12.6%, P < 0.001). Compared
with the children of survivors who did not receive radio-
therapy, the children of survivors treated with a radio-
therapy dose to the uterus of > 5 Gy had an increased
risk of being born preterm (50.0% zs5 19.6%, P = 0.003),
low birth weight (36.2% »s 7.6%, P = 0.001), and small for
gestational age (18.2% »s 7.8%, P = 0.003). Increased risks
were also seen at lower uterine radiotherapy doses (start-
ing at 0.5 Gy for preterm birth and at 2.5 Gy for low birth
weight).

Similar findings were reported in a cohort review
of 1688 female survivors of childhood cancer from the
Danish Cancer Registry[571. The outcomes of survivors,
2737 sisters, and 16700 comparison women in the popu-
lation were identified from nationwide registries. More
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than 34000 pregnancies were evaluated, 1479 of which
were among cancer survivors. Survivors with any prior
radiation had an increased excess risk of spontaneous
abortion (OR 1.58; 95%CI: 1.2-2.2) which was greatest in
those receiving higher doses to the ovaries and uterus (OR
2.8; 95%CI: 1.7-4.7).

The risk of radiotherapy induced germ line mutagen-
icity has also been assessed. In a United States cohort,
4214 children were born to cancer survivors with 157
(3.7%) having genetic diseases in contrast to 95 (4.1%)
congenital conditions among 2339 children born to sib-
ling controls. There was no increased risk of malforma-
tions, infant death, or altered sex ratio””. In the Danish
series there were 82 (6.1%) birth defects among 1345
children of cancer survivors and 211 (5.0%) among 4225
children of sibling controls. These results provide reas-
surance that radiotherapy is very unlikely to cause inher-
ited genetic disease in the children of cancer survivors'®!

These findings from large cohorts of women treated
with abdomino-pelvic radiotherapy in childhood are all
consistent with the complications of pregnancy that
would be anticipated from the observations of reduced
uterine volume, reduced elasticity of the myometrium
and impaired uterine blood flow following pelvic radio-
therapy described in section 2.2.

MEASURES TO PRESERVE FERTILITY
PRIOR TO RADIOTHERAPY

Ovarian transposition

Whilst it may be practical to attempt to shield the ovaries
from radiotherapy beams for some patients undergoing
abdomino-pelvic radiotherapy, this will not be possible
for women undergoing radical radiotherapy for gynaeco-
logical cancer due to proximity to the lymph node target
volume. The ovaties are usually included in the radiation
target volume for locally advanced cervical cancers due
to the risk of ovarian metastases, with adenocarcinomas
having a particular propensity for spread. However, for
eatly stage disease and patients with pelvic sarcoma, lym-
phoma or receiving craniospinal irradiation there may be

many benefits with ovarian preservation.

For these women, ovarian transposition, also known
as oophoropexy, is a surgical procedure that attempts to
move the ovaries outside of the radiation field. Although
ovarian function can be preserved with this technique, it
offers no protection to the uterus and so radiotherapy-
induced uterine damage will continue to limit the chances
of a successful pregnancy.

The procedure may be performed by open laparotomy
and more recently with a laparoscopic techniquelél’“]. The
location selected for fixation of the transposed ovaries
is dependent on the proposed pelvic radiotherapy field.
For cervical carcinomas the transposed ovaties should be
fixed well above the pelvic brim, since the standard supe-
rior border of the radiotherapy field is the 1.4/L5 or 1.3/4
vertebral space® (Figure 2). A high lateral position within
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Figure 2 Typical radiotherapy dose distribution for cervical cancer. A:
Coronal view; B: Sagittal view. The red area receives > 40 Gy, green > 10 Gy
and blue < 10 Gy. Ovarian positions are contoured in yellow within the treated
area, and transposition to the lateral para-colic region is required to be outside
the low dose radiation region.

the paracolic gutters is typically selected. Complications of
ovarian transposition include benign ovarian cysts (23%),
chronic pelvic pain (3%), and ovarian metastases (1%)*".
Other reported complications include vascular injury, fal-
lopian tube infarction, and ovarian migration[éﬁ'ﬁg].

Covens ¢f al” estimated the radiation exposure to each
transposed ovary in three cervical cancer patients based on
intra-uterine brachytherapy alone, and on external-beam
pelvic radiotherapy (45 Gy), with and without para-aortic
nodal irradiation (45 Gy). They estimated the mean radia-
tion dose to each ovary following transposition for a course
of intra-uterine brachytherapy as 1.3 Gy. The estimated
doses for pelvic radiation without and with para-aortic
lymph node irradiation were 1.4-1.9 Gy, and 2.3-3.1 Gy, re-
spectively.

The reported success rates of ovarian transposition,
in terms of preservation of ovarian function and fertil-
ity vary widely"”. In a prospective study of 107 patients
treated for cervical cancer, ovarian transposition to the
paracolic gutters at the time of radical hysterectomy and
lymphadenectomy was attempted[m]. Bilateral ovarian
transposition was achieved in 104 of the 107 patients
(98%). Of the 104 patients that underwent success-
ful ovarian transposition, 59 were treated with vaginal
brachytherapy alone to 60 Gy, and 25 other patients re-
ceived external beam pelvic radiotherapy to 45 Gy with
concurrent cisplatin, followed by vaginal brachytherapy to
15 Gy. Ovarian function was assessed by post-operative
ultrasound and serial serum hormone levels. Preservation
of ovatian function was achieved in 83% patients. After a
median of 31 mo follow-up the rates of ovarian preserva-
tion were 100% for patients treated exclusively by surgery,
90% for patients treated by post-operative vaginal brachy-
therapy, and 60% for patients treated by post-operative
external beam radiotherapy and vaginal brachytherapy.

Other methods of fertility preservation

The available methods for fertility preservation are sum-
marised in Table 1. Aside from ovarian transposition, the
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Table 1 Options for fertility preservation in women undergoing radical radiotherapy to the pelvis

Intervention Procedure Status Time required  Pros Cons
Ovarian Surgery to relocate ovaries  Established Minimal (1d)  Preserves oocytesand  Invasive surgical procedure;
transposition within the abdomen outside prevents premature may require IVF; does nothing
of radiotherapy field menopause to protect uterus
Embryo Mature oocyte aspiration, Established 2-3 wk Established pregnancy ~ Requires 2 wk of ovarian
cryopreservation  IVF, embryo freezing for rate of 20%-30% per stimulation; requires partner
later use transfer of 2 to 3 or donor sperm; requires
embryos functioning uterus or surrogacy
Donor oocytes IVF using donor oocytes Established but Not applicable May be the only Requires donor oocytes and
and gestational and/or implantation of infrequent available option for gestational surrogate; ethical
surrogacy the embryo in a surrogate some women with non-  difficulties
carrier functioning uterus
Oocyte Mature oocyte aspiration Experimental, live 2-3 wk Avoids need for partner Requires 2 wk of ovarian
cryopreservation  and freezing for later use births reported, but or donor sperm at time  stimulation; requires functioning

only recommended as
part of research
Ovarian tissue Harvesting and freezing

cryopreservation  of ovarian tissue; re- births reported
implantation after
radiotherapy or other

gonadotoxic treatment

Experimental, but live Minimal (1 d)

of cryopreservation uterus or surrogacy

Avoids need for partner Not appropriate if significant
or donor sperm at time  risk of ovarian involvement with

of cryopreservation malignancy

IVF: In vitro fertilisation.

only established method for women undergoing pelvic
radiotherapy is embryo cryopreservationls’o’m]. Mature
oocytes are collected before treatment for in-vitro fertilisa-
tion and subsequent embryo cryopreservation. The So-
ciety for Assisted Reproductive Technology reported the
live birth rate per transfer using frozen thawed embryos
was 38.7% in United States women under 35 years old in
2010, This technique requires a male partner or donor
sperm for fertilisation. It may not suitable for many pa-
tients with cancer, because of the need for a period of
ovarian stimulation that will delay the start of anti-cancer
treatment.

Other fertility sparing interventions are available, but
at the present time continue to be considered investiga-
tional. Oocyte cryopreservation requires ovarian stimu-
lation and success depends on the number of mature
oocytes retrieved. The oocyte survival rate (OR 2.46;
95%CI: 1.82-3.32) and high quality embryo rate (22%
vs 8%) of oocyte cryopreservation with vitrification is
significantly higher than with conventional slow freezing
methods">™. This improvement in technique and suc-
cessful long term outcomes suggest this should now be
considered an established treatment.

Opvarian tissue cryopreservation is the only option
for prepubertal girls, patients who need treatment with-
out delay or when ovarian stimulation is contraindicated
due to hormone sensitive cancers™ . Ovarian tissue
is harvested laparoscopically and cryopreserved. With
orthotopic transplantation, ovarian cortical fragments are
reimplanted into the pelvic cavity once in remission'"".
However, following radiotherapy the vascular supply will
be impaired and heterotopic transplantation to a remote
site may be required. In 2001, Oktay ez a/” first reported
successful transplantation to the forearm for a patient
with cervical cancer, resulting in regular ovarian cycles
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for more than 1 year. There is the risk of introducing
malignant cells preserved within the ovarian tissue. Since
the first live birth was reported in 2004, orthotopic reim-
plantation has led to the birth of 17 healthy babies™. It
also has the advantage of restoring endocrine function
in young women after cancer treatment, with ovarian
hormonal activity demonstrated within 3 to 6 mo after
transplantationlgl]

However, gestational surrogacy is the only option for
women with preserved embryos, or preserved ovarian
tissue but who have uterine compromise secondary to
radiotherapym. Similarly, women for whom other fertility
spating options are either inappropriate or fail have the
option of oocyte donation with gestational surrogacy.

FUTURE PROSPECTS

Thankfully, fertility preservation is now an important
consideration in oncology clinics, and the options avail-
able to patients are routinely offered. Despite the signifi-
cant advances that have been made over the last three
decades, and despite the availability of fertility sparing
manoeuvres discussed above, there remain a significant
number of women who will be rendered infertile as a
result of life-saving cancer treatment. Techniques that do
not require the preservation of embryos, or that do not
require the delays associated with hormone stimulation,
are the subject of ongoing intensive research efforts.

A particular problem remains for women whose uter-
us has been treated with radiotherapy. The first attempt
at human uterus transplantation was undertaken in 2000.
The transplanted uterus survived for 3 mo before failing
due to thrombosis and necrosis™. This area has been the
subject of ongoing active preclinical research efforts™ ™.
The first uterine transplant from a multi-organ donor was
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undertaken in Turkey in 2011 and successfully achieved
menstrual cycles after 20 d®, Recently two mother to
daughter uterine transplants have been performed at the
University of Gothenberg, Sweden and the results are
awaited. Whilst there remain many technical obstacles to
overcome, it may be possible to offer women who have
received radiotherapy the option of uterus transplanta-
tion in the future.

CONCLUSION

Radiotherapy to the pelvis can have a major and deleteri-
ous impact on the female genital tract. Despite signifi-

cant advances in the technical delivery of radical pelvic
radiotherapy there remains no way to avoid delivering
substantial radiation doses to the ovaries and uterus for
patients undergoing treatment for gynaecological cancers.
Due to improved cure rates from radical chemo-radio-
therapy and social trends toward delayed childbirth many
women treated for cervical cancer with radical chemo-
radiotherapy will wish to attempt to preserve their fertil-
ity. Without specific interventions radical pelvic chemo-
radiotherapy will always render women menopausal and
infertile. Whilst there are now established and emerging
techniques for preserving ovarian function and ovar-
ian tissue, there remains the difficulty of the irradiated
uterus which, even if pregnancy can be achieved, results
in an increased risk for pregnancy-related complications,
including spontaneous miscarriages, preterm labour,
premature delivery, low birth weight, and placental ab-
normalities. Pre-menopausal women undergoing radical
chemo-radiotherapy for gynaecological cancers need to
be carefully counselled regarding the impact of this life-
saving treatment on their fertility and sexual functioning,
and offered support and access to such fertility sparing
interventions as are currently available. Future develop-
ments may offer women in this difficult situation more
and improved options for fertility preservation.
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therapy. Many patients may have pre-existing infertility
due to related medical conditions, and prior surgical
interventions may be an important factor. Other factors
Abstract to be cons_idered include Fhe associated prognosis and
the potential need for rapid commencement of chemo-
Infertility is an increasingly important issue for patients  therapy. The various technologies for fertility preserva-
surviving cancer. Significant improvements in cancer tion are reviewed and their strengths and weaknesses
management have led to greater numbers of patients  discussed. The paper stresses that an individualised

diagnosis of cancer, and the ability to bear children is a sion of the issues at an early stage of management is
major component of well-being. Infertility is particularly important.

challenging in gynaecological cancer, where multiple
treatment modalities are often employed. Surgery may
involve the removal of reproductive organs and subse- Sacco JJ, CIiff J, Green JA. Chemotherapy for gynaecological
quent chemotherapy may also lead to infertility. Mitiga- malignancies and fertility preservation. World J Obstet Gy-
tion of this through the use of cryopreservation of em-  ecol 2014; 3(2): 54-60 Available from: URL: http:/www.
bryos, oocytes or ovarian tissue before chemotherapy  wjgnet.com/2218-6220/full/v3/i2/54.htm DOI: http://dx.doi.
may enable subsequent pregnancy in the patient or a org/10.5317/wjog.v3.i2.54

surrogate mother. Suppression of ovarian function dur-
ing chemotherapy is less well established, but promises
a reduction in infertility without the risks associated
with surgery. Similarly, evolving chemotherapy regi- INTRODUCTION
mens with replacement of alkylating agents will reduce
the incidence of infertility. With a combination of these ~ Infertility and subfertility are common sequelae of the
techniques, an increasing proportion of patients may management of gynaecological malignancies, and are a
be able to conceive after completion of treatment, and cause of psychological stress in cancer survivors. In one
there is no evidence of an increase in congenital abnor- sutvey, three quarters of patients younger than 35 yeats
malities. This review discusses chemotherapy-induced who were childless at the time of diagnosis expressed
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a desire to have children"!, while in a second study of
adolescent females with cancer, over 80% of patients and
their parents were interested in fertility preservation”,
The ability to have children is also a determinant of well-
being in cancer survivors™. Fertility issues in cancer
patients have been made more prominent by an increase
in survivorship across all cancers. By 2015, it has been es-
timated that 4% of all adults in the United Kingdom will
be cancer survivors, and in some cancers, such as germ
cell tumours and lymphomas, the proportion cured or
surviving more than 10 years is much higher.

The management of gynaecological malignancies
involves three treatment modalities which may contrib-
ute to a loss of fertility; surgery, pelvic radiotherapy and
chemotherapy, resulting in fertility preservation being
a particularly challenging area. A large proportion of
patients will have surgery or radiotherapy that precludes
a subsequent pregnancy, including the removal of both
ovaties and/or uterus. However, fertility spating surgery
including unilateral oophorectomy or trachelectomy
may be feasible™. While subsequent chemotherapy may
cause infertility, this is by no means invariable. In addi-
tion, fertility preservation techniques such as embryo
cryopreservation may be performed priot to both surgery
and chemotherapy, thus allowing the option of surrogate
pregnancy. In this paper we will specifically review the
effects of chemotherapy on fertility, and techniques that
may be employed to improve the chances of a successful
pregnancy.

CHEMOTHERAPY INDUCED INFERTILITY

At birth females are believed to have their full lifetime
quota of oocytes, and these are progressively lost from

the menarche. These oocytes, enclosed within granulosa
cells as primordial follicles, are immature, but following
activation enter a growing phase and some of these will
enter the pre-ovulatory phase. Many others will undergo
atresia and not reach the ovulatory phase. Once the num-
ber of remaining oocytes falls below a critical number,
menopause ensues. The rate at which primordial follicles
are recruited into the activated growing state is controlled
by feedback mechanisms including the release of anti-
mullerian hormone'”.

There are several mechanisms by which chemo-
therapy can result in infertility. Chemotherapeutic drugs
predominantly damage growing follicles as these are the
active cell population. However some drugs may also
damage the granulosa cells in the resting primordial fol-
licles, leading to death of the immature oocyte. In addi-
tion to this direct damage, the loss of growing follicles
will in turn disrupt chemical feedback loops and stimulate
recruitment of more primordial follicles into this phase.
With repeated cycles of chemotherapy, the result is an in-
crease in primordial follicles leaving the resting pool and
entering activation leading to a reduced pool at the end
of chemotherapy'.

The risk of infertility following chemotherapy de-
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pends on ovarian reserve. Age at chemotherapy has a
big impact on the risk of infertility after treatment. In
breast cancer regimens, for example, the commonly used
adjuvant chemotherapy combinations (triplets including
cyclophosphamide, fluorouracil, methotrexate and an
anthracycline) are likely to cause permanent amenorrhoea
in more than 80% of women over the age of 40 years
but in less than 20% of women below the age of 30
years”. Anti-mullerian hormone levels have been shown

0% 2nd levels

to be useful as a marker of ovarian reserve
fall more dramatically with increasingly gonadotoxic
regimens in pre- and post-pubescent girls undergoing
Chemotherapym. The risk varies with the type of che-
motherapy, and alkylating agents such as cyclophos- pha-
mide are now rarely used in the first line management of

gynaecological malignancies.

Chemotherapy induced infertility in ovarian cancer
patients

The main areas in which fertility-sparing surgery may be
considered and combined with chemotherapy are early
unilateral epithelial ovarian cancer (FIGO stages [ a
and [ ¢), and in the treatment of malignant ovarian germ
cell tumours. The latter are usually unilateral and even in
advanced disease, surgery conserving the contralateral
ovary and uterus is feasible. Germ cell tumours generally
affect a young population, and fertility after chemother-
apy has been frequently reported in this patient popula-
tion, although reports generally rely on retrospectively
collected data in this rare tumour group.

Several papers have demonstrated that return of a
normal menstrual cycle is common after chemotherapy
and normal childbearing is possible. Many of these pa-
pers include different chemotherapy regimens including
cyclophosphamide, dactinomycin and vincristine, cispla-
tin, vincristine and bleomycin (PVB), forerunners to the
now commonly used regimen of bleomycin, etoposide
and cisplatin (BEP).

The MD Anderson Cancer Centre published a retro-
spective series of 26 patients treated with at least 3 cycles
of BEP, 16 of whom underwent unilateral salpingo-
oophrectomy. Questionnaires were completed survey-
ing menstrual function and fertility. Of the 15 patients
completing the questionnaire (only one did not but was
known to be pregnant at her last follow up), 10 had
maintained their normal menstrual function during treat-
ment and 3 patients who had disrupted menstruation
during chemotherapy had resumption of normal menses
within 6 mo of completion of treatment. Three of these
patients conceived without difficulty. Only one patient
remained amenorrheic and this patient was subsequently
diagnosed with dysgerminoma in the remaining ovary''?.

A further study of 52 women, who all underwent
BEP chemotherapy with a median follow up period of
68 mo, included 41 patients who had had fertility-sparing
surgery. Of these patients, one had high dose chemo-
therapy and stem cell transplant and was diagnosed with
intermittent biological ovarian endocrine dysfunction.
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Normal menstrual cycles were observed following treat-
ment in 39 of the 40 patients who achieved complete
remission having undergone fertility-sparing surgery. Of
these patients 16 patients had attempted and 12 patients
(75%) had successfully achieved conception. There were
a total of 15 normal term pregnancies in this patient
group. There was also one ongoing pregnancy, one mis-
carriage and one termination

Another published study included 74 patients with
malignant ovarian germ cell tumours with a mean age of
20.9 years. Of these, 47 patients received chemotherapy
(30 BEP, 8 PVB, 3 VAC, 4 POMB/ACE, 2 other plati-
num based), 62% were amenorrhoeic during chemo-
therapy and 92% resumed normal menses after chemo-
therapy. Of these, 20 patients attempted conception and
19 were successful, including one after 12 mo. Fourteen
live births were recorded in this group and four patients
were pregnant at the time of writing the manuscript. No
birth defects were reported in the offspring!'?.

In early stage epithelial ovarian cancer, fertility data is
limited, largely due to the relatively small proportion of
patients for whom fertility remains an issue either due
to age or surgery. Epithelial ovarian cancer, in contrast
to germ cell tumours tends to affect women later in life
and also frequently presents at an advanced stage where
fertility-sparing surgery is not possible without com-
promising survival. For women with early stage ovarian
cancer adjuvant platinum based chemotherapy is recom-
mended for stage I C cancer and stage [ A or B cancer
in high-grade tumours only. A combination of platinum
with paclitaxel is the standard of care but depending on
individual characteristics, some patients will receive single
agent platinum.

There are some retrospective studies of fertility fol-
lowing a conservative approach for eatly stage ovarian
cancer, however numbers are small and the individual
treatment characteristics are not always clear for the
chemotherapy patients becoming pregnant. One mul-
ticentre retrospective study looked at 52 patients with
stage | epithelial ovarian cancer who were treated with
fertility sparing surgery between 1965 and 2000. Forty two
had stage I A disease and 10 stage I C. Twenty patients
had adjuvant chemotherapy with 11 receiving cisplatin or
carboplatin with paclitaxel and one single agent cisplatin.
The remainder had melphalan or cisplatin and cyclophos-
phamide. Twenty-four patients attempted pregnancy and
17 conceived (71%), leading to 26 term pregnancies and 5
spontaneous abortions. No congenital abnormalities were
reported. The estimated survival was 98% at 5 years' .

From these studies it is clear that there is a realistic
expectation of pregnancy after chemotherapy for ovarian
cancer where fertility sparing surgery is possible. How-
ever the numbers in such studies are small. Studies com-
monly document return of menses after chemotherapy
but this should not be used as a surrogate endpoint for
fertility. In other tumour groups it has been shown that
even those who return to normal menstruation may have
problems with infertility and not infrequently early meno-
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pause. A significant proportion of these women have
a history of endomettiosis which in itself is associated
with infertility"’. Therefore women must be carefully
counselled taking into account age at treatment, risk of
a somewhat increased chance of infertility compared to
the population average and narrowed fertile window even
if menstruation does resume' . The effects of targeted
therapies which are entering clinical practice on fertility
are unknown.

Chemotherapy induced infertility in other gynaecological
cancers
Cervical cancer continues to be a problem in young
women and a proportion of early stage cancers can be
treated by fertility preserving surgery. When these cancers
recur cytotoxic chemotherapy is increasingly used for the
treatment of advanced disease. Following the publica-
tion of two randomised controlled trials demonstrating
a survival gain from the use of cisplatin based combina-
tions compared to single agent therapy, confidence has
increased in their use!™"”. The prognosis is often poor
and of the order of 1-2 years but some type 1 tumours
may remain controlled for several years with the use of
chemotherapy and in selected cases hormone therapy.
Chemotherapy may also be used for the treatment of
advanced or recurrent endometrial cancer, which is be-
coming an increasing problem in younger women in view
of the epidemic of obesity affecting the western world.
However, these women will not have an intact uterus and
gestational surrogacy may be the only available option.
Vulvar cancer is also increasing in younger women, in
many cases associated with HPV. However, experience
with chemotherapy is limited and remissions are generally
of short duration.

PRESERVING FERTILITY

Fertility preservation in women undergoing chemother-
apy may involve the choice of a chemotherapy regimen
less likely to induce infertility as discussed above, the
cryopreservation of embryos, oocytes or ovarian tissue,
or the suppression of ovarian function during chemo-
therapy. Each of these techniques has potential advan-
tages and disadvantages and the appropriate approach is
dependent on clinical and social circumstances.

Embryo cryopreservation

Cryopreservation of embryos relies on 7 vitro fertilisation
(IVFE) techniques that have been in use for over 30 years,
and have led to millions of conceptions and live births. In
this procedure, eggs are harvested following ovarian stim-
ulation, IVF is performed and embryos are then frozen
and stored prior to thawing and implantation at a later
date. Ovarian stimulation generally involves around 2 wk
of daily injections of follicle-stimulating hormone (FSH),
during which oestrogen levels and follicular growth are
monitored. Final maturation of the oocyte is induced
through injection of human chorionic gonadotrophin
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and oocytes are aspirated under ultrasound guidance. Oo-
cyte retrieval involves an outpatient surgical procedure,
using a vaginal ultrasound probe to guide transvaginal as-
piration of eggs. The procedure may be performed under
sedation or general anaesthesia. Eggs are fertilised 7z vitro
by sperm obtained from the patient’s partner or donor
sperm, and the zygote is then grown 7 vitro for up to 5 d
prior to cryopreservation.

The first pregnancy following embryo cryopreser-
vation was reported in 1983, with the first live birth
reported the year after. Since then it is estimated that
several hundred thousand babies have been born from
cryopreserved embryos. Individual success rates are rela-
tively high, with a pregnancy rate of around 60% follow-
ing transfer in two reported series™. A recent review
of the literature suggests that with modern techniques,
cryopreserved embryos implant at comparable rates to
fresh ernbryosm]. The length of storage does not[zi%r]npact

7 and

successful pregnancy has been reported following storage

significantly on subsequent pregnancy outcome

for over 10 years”. Embryo cryopreservation does not
appear to be associated with an increased risk of con-
genital abnormalities”>.

In patients with oestrogen sensitive tumours such as
endometrial or breast cancer increasing oestrogen levels
may promote tumour growth. This has led to the inves-
tigation of alternative methods of ovarian stimulation
in which low dose FSH is combined with tamoxifen or
letrozole™. While this appears to be a feasible strategy,
the utility in preventing cancer recurrence or progression
is unproven.

While cryopreservation of embryos is well estab-
lished, several potential disadvantages exist. As discussed
above, ovarian stimulation must start within the first
three days of the menstrual cycle, and this technique risks
delaying the commencement of chemotherapy by up to 5
wk. In addition a small percentage of patients may need
more than one cycle of ovarian stimulation in order to
successfully obtain oocytes. This delay in commencement
of therapy may cause anxiety in patients and their fami-
lies, and be unacceptable to patients, leading to a decision
to forgo fertility preservation.

Oocyte cryopreservation
Embryo cryopreservation may also be inappropriate for
patients who are not currently in a stable relationship,
and who do not wish to use donor sperm. Cryopreserva-
tion of oocytes may be preferable in these women. The
procedure for egg cryopreservation is identical to that de-
scribed above except that unfertilised eggs are harvested
and stored. These oocytes are later thawed and fertilised,
frequently using techniques such as intracytoplasmic
sperm injection (ICSI), before implantation.
Cryopreservation of oocytes is less well developed
than that of embryos, as oocytes are more vulnerable to
damage during the freezing process, and it was initially
feared that this technique would lead to increased birth
defects. While the first reports of pregnancy following
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oocyte cryopreservation were made in the 1980%, these
did not proceed to term and low success rates deterred
further investigation. However, improved techniques
led to increasing success in cryopreservation in the lat-
ter half of the 1990’ and a live birth following oocyte
cryopreservation and ICSI was reported in 1997% with
several other reported successes following. A recent re-
view of the literature has identified over 900 live births
following oocyte cryopreservation; reassuringly this study
showed no apparent increase in congenital abnormali-
ties™,

Cryopreservation of ovaries remains significantly less
successful than that of embryos. In a meta-analysis pub-
lished in 2006, live birth rates of around 2% were report-
ed per oocyte thawed while the overall live birth rate per
P In a different study a rate
of only one live birth per 65 embryo transfer cycles was

embryo transfer was 21%

achieved”. Recently, an alternative technique of cryo-
preservation has been developed which employs vitrifica-
tion instead of slow-cooling, This technique involves the
use of flash cooling and a higher concentration of cryo-
protectants thus preventing the formation of ice crystals,
and leading to the formation of an amorphous glass-like
state instead. The use of vitrification and/or other tech-
nical advances have led to significantly increased oocyte
survival following freeze-thawing, with rates of between
50% and 90% now reported””.

The advantage with this technique is that there is no
requirement for a partner or donor sperm. Additionally
some people have religious or ethical beliefs which are
opposed to embryo freezing. However the technique is
less successful than embryo cryopreservation and is only
available in certain centres. In addition, most funding
agencies will not currently fund the technique due to its
low success rate, and thus high cost per live birth.

Cryopreservation of ovarian tissue

This is very much an experimental technique in which
ovarian tissue is surgically removed, frozen and then
reimplanted after cancer treatment. At laparoscopy an
ovarian wedge biopsy is performed, followed by dissec-
tion of the ovarian cortex into thin strips which contain
immature follicles. These are then cryopreserved and
reimplanted after completion of chemotherapy. The first
success with this techniques was reported in 2000, with
resumption of ovarian function after transplantation[33]
The first case of a live birth following ovarian transplan-
tation was reported in 20045, Subsequent debate has
suggested it is not possible to convincingly prove that the
pregnancy resulted from the transplant rather than from
the in situ ovary”*”. However, over 10 live births have
now been reportedm’”], supporting the validity of the
technique.

Ovarian cryopreservation requires ovarian reserve in
order to be successful and is therefore less likely to be a
viable option in patients over 40 years of age. A disad-
vantage to the technique is the risk of implantation of
cancer cells™| which must be considered and discussed
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with the patient prior to the procedure. It has been pro-
posed as an option in preadolescent children™". Addition-
ally, the procedure involves the use of general anaesthesia
for both the ovarian biopsy and subsequent reimplanta-
tion, with attendant risks.

OVARIAN SUPPRESSION WITH GNRH
ANALOGUES

Suppression of ovarian function through the use of
GnRH analogues would be hypothesised to reduce the
likelihood of subsequent ovarian failure, and such protec-

tion has been shown in animals™. Tt is thought they may
act in several ways. By suppressing the ovaries, recruit-
ment of primordial follicles into the maturation phase
is prevented, leading to a reduction of the number of
follicles in the vulnerable actively growing phase during
exposure to cytotoxic drugs. The resultant low oestrogen
state is thought to reduce circulation and therefore drug
delivery to the ovaries and it has also been proposed that
GnRH agonists upregulate anti-apoptotic factors in the
ovaryw. While early phase studies have been promis-
ing[44’45], there remains insufficient evidence to support
the safety and effectiveness of gonadotropin-releasing
hormone analogues and other means of ovarian sup-
pression on fertility preservation. A Cochrane review
published in 2011 identified four randomised controlled
trials in this field, the combined results of which showed
an increased chance of resumption of menses with co-
treatment with intramuscular or subcutaneous GnRH
agonists (RR = 1.90, 95%CI: 1.30-2.79) but no difference

[4

in pregnancy rates 9. However, more recently published

randomised trials have not shown significant differences
in resumption of menses""*.

A large Italian randomised controlled trial did show a
significant difference with use of GnRH analogues with
a rate of early menopause following adjuvant chemo-
therapy for breast cancer of 25.9% in the control group
compared to 8.9% in the group that received the GnRH
analogue, triptorelin[49]. A limiting factor of the data is
that it is nearly all from breast cancer populations who
frequently will receive tamoxifen after chemotherapy
which itself may interfere with menstruation. The follow
up period is generally insufficient to allow evaluation of
pregnancy rates and risk of premature menopause after
resumption of menses. Results of ongoing trials such
as the Southwest Oncology Group study, Prevention of
Early Menopause Study are awaited along with mature
data from some of the already published studies to be
able to more conclusively evaluate this approach.

AVAILABILITY AND FUNDING

Fertility preservation techniques are not uniformly
available, with techniques such as oocyte and ovarian
cryopreservation limited to specialist centres, between
which reported success rates vary. Funding availability
also differs widely, both between and within countries.
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In the United Kingdom for example, the NHS may fund
up to three cycles of IVF for any woman with infertility,
but there is significant regional variation in the criteria
applied, and the number of cycles funded. The cost of
a self-funded cycle of IVF in the United Kingdom is
approximately £5000 (approximately US $8000), and
storage of embryos and oocytes may additionally incur
costs of several hundred pounds per year. The costs for
cryopreservation techniques are likely to be higher in the
United States.

CONCLUSION

Infertility is a major concern in patients undergoing treat-

ment for gynaecological malignancies, and can be over-
come by a range of techniques, which have been outlined
here. While fertility preservation will not be feasible in
every patient, a discussion of the issue should be entered
into early in the management of each patient, taking
account of the local availability of services. A multidis-
ciplinary approach will enable complex individualised in-
terventions, which are necessary to maximise the chances
of subsequent fertility and pregnancy. Counselling of pa-
tients is essential, and support should be available in the
event of the procedure being unsuccessful.

While there are clearly ethical constraints on research,
further progress with oocyte and ovarian cryopreserva-
tion is required to achieve comparable success rates to
embryo implantation. Standardisation of techniques and
cost reduction should make it feasible for funding agen-
cies to provide more equitable availability of fertility
preservation.
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Abstract

Malignancy is a serious disease that can lead to serious
morbidity and mortality. However, the survival rates for
women with cancers have increased significantly dur-
ing the past decades, reflecting improved diagnosis and
treatment. With the increased survival in young women
with cancer, more attention is being paid to preservation
of fertility, which is potentially jeopardized by chemo-
therapy and radiation therapy, aiming to limit the devas-
tating sequelae of this serious illness by providing these
young women with a hope for motherhood. /n vitro
fertilization with oocyte or embryo cryopreservation has
emerged as an astounding method to preserve fertility.
It entails induction of ovulation to produce oocytes, the
number and quality of which are imperative factors pre-
dicting the potential efficacy of the fertility preservation
procedure. The aim of this review is to discuss ovarian
stimulation for fertility preservation in women with gyne-
cological cancer.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Ovulation induction; Ovarian stimulation; Gy-
necological cancer

Core tip: Malignancy is a serious illness that is poten-
tially life threatening. However, the survival rates for
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women with cancers have increased significantly dur-
ing the past decade, reflecting improved diagnosis and
treatment. The aim of this review is to discuss options
for ovarian stimulation for fertility preservation in wom-
en with gynecological cancer.

Wahba AH, Al-Inany H. Ovulation induction in the gynecological
cancer patient. World J Obstet Gynecol 2014; 3(2): 61-66 Avail-
able from: URL: http://www.wjgnet.com/2218-6220/full/v3/i2/61.
htm DOTI: http://dx.doi.org/10.5317/wjog.v3.i2.61

CANCERS IN REPRODUCTIVE AGE

Over the past two decades, cancer incidence rates have
" with approximately 10% of fe-
male cancer cases occurting under the age of 45 years™.
Owing to the advancement in diagnosis and treatment of
certain cancers at an earlier stage, improvement has been
obsetrved in the survival rates”, raising more attention
to improving the quality of life, particularly through the
preservation of fertility, in these young women.

Candidates for fertility preservation are a rather het-
erogeneous group with a variety of undetlying malignan-
cies, the most common cancers being breast, melanoma,
cervical, non Hodgkin’s lymphoma and leukemia™". Gy-
necological cancers in this context include cancer of the
breast and cancers arising from the reproductive organs
(ovary, uterus, cervix and vulva). These cancers can affect
patients in their reproductive years when their childbear-
ing is not completed yet.

Approximately half of the demand for fertility pres-
ervation is from women with breast cancet”
most common cancer in women in developed countties. In
Europe, the incidence of breast cancer in premenopausal
women over the past three decades was 30/ 100000", Ap-
proximately 2% of cases occur in women aged 20-34 years
and 11% in women aged 35-44 yearsm. Survival rates for
breast cancer have risen in recent years, reaching 81%-87%.

continued to increase

since it is the
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Table 1 Risk of ovarian damage according to chemotherapy

treatment used

High risk Moderate risk Low risk
Cyclophosphamide Cisplatinum Vincristine
Ifosfamide Adriamycin Vinblastine
Chlorambucil Actinomycin Methotrexate
Melphalan Bleomycin
Busulfan

Nitrogen mustard

Procarbazine

Endometrial cancer is considered the most common
gynecological malignancy in the United States according
to the American Cancer Society and the fourth most com-
mon cancer among women, behind only breast, lung and
colorectal cancer”. However, it is rately encountered for
fertility preservation since more than 80% of cases occur
in postmenopausal women and only less than 5% develop
in patients younger than 40 years”. Ovarian cancer is pri-
marily a disease of older women; however, it is estimated
that 3% to 17% of ovarian tumors occur in women aged
< 40 years'".

The oncological management of gynecological can-
cers used to bring the patient’s fertility potential to an end
due to the surgical removal of the reproductive organs
harboring the malignancy. However, recently fertility
sparing management of such cancers has been developed
to safely remove or treat cancer without extirpating the
reproductive organs. These include development of new
surgical techniques, e.g., radical trachelectomy for early
stage cancer cervix (stage | AID"", unilateral adnexec-
tomy with preservation of contralateral ovary and uterus
for low malignant potential ovarian tumor"”? and early
stage cancer ovary (stage | )[13], as well as novel treatment
modalities, e.g., high dose progestin therapy for early stage
endometrial cancer (stage I A, grade 1),

However, conservative surgery might entail the use
of adjuvant chemotherapy or radiation therapy, both
of which can still adversely affect the fertility potential.
Ginsburg ez al'” reported decreased response in patients
with cancer who had received chemotherapeutic agents
before oocyte retrieval. The effect will depend on the
patient’s age as well as the type and dose of chemothera-
peutic agent. According to their effect on ovarian reserve,
chemotherapeutics are divided into three groups (high,
moderate and low risk) (Table 1'™). Alkylating agents
seem to present the greatest risk of ovarian failure due to
the profound loss of primordial follicles' . The effect of
radiation therapy depends on the patient’s age, site, type
and dose of radiation"”.

Following fertility preserving management of gyneco-
logical cancer, the patient might conceive spontaneously.
However, ovarian stimulation may be considered to cryo-
preserve oocytes and embryos before the adverse impact
of chemotherapy/radiation therapy on ovarian reserve
(as in breast cancer and cervical cancer). It might also be
considered to increase the likelihood of pregnancy and
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decrease time interval to conception (as in endometrial
19 . . . .
cancer)™ and in cases of associated infertility.

INDUCTION OF OVULATION IN
GYNECOLOGICAL CANCER PATIENTS:
THE CHALLENGES

Inducing ovulation in women with cancer should be
considered cautiously and approached differently than
inducing ovulation in women without cancer. Since these
patients usually undergo only a single 7z vitro fertilisation
(IVE) attempt before commencing chemotherapy or ra-
diation therapy, it is crucial that as many cryopreserved
embryos or oocytes as possible be obtained in this cycle
for future use. Meanwhile, this should be attained with
the absolute avoidance of ovarian hyperstimulation syn-
drome (OHSS), which can result in delay of chemother-
apy and radiotherapy[zo]. Unlike non-gynecological malig-
nancies (eg., colon, hematological), gynecological cancers
can be hormone responsive with resultant aggravation of
the tumor due to the supraphysiological levels of estro-
gen released with ovarian stimulation. Thus, the fertility
specialist encounters many challenges to attain this criti-
cal mission. Among these challenges are the following:

Decreased ovarian response

There are controversial reports on how cancer patients
would respond to ovarian stimulation in IVE. Although
some studies observed no significant change”"*”, the
reproductive capacity of patients with cancers seems to
be diminished and subjects with cancers are more likely
to be poor responders™. Pal e a/*" reported an apparent
adverse influence of malignant disease on the quality and
performance of oocytes. Many explanations have been
suggested. Among them, that cancer is associated with
an increased catabolic state and malnutrition, resulting in
weight loss which may affect the hypothalamic pituitary
axis, resulting in hypothalamic dysfunction and a dectease
in gonadotropin levels, thereby impairing the reproduc-
tive capacity[ZS]. Cancer is also associated with an increase
in stress hormones which can lead to an increase in
prolactin and endogenous opiate production, suppress-
ing gonadotropin levels and further reducing fertility™.
Moreover, recently Oktay ef a/”” reported that women
with breast and ovarian cancer, cartiers of BRCA1 muta-
tion, may respond pootly to ovarian stimulation. This
may indicate a possible role of BRCAT1 as an important
factor responsible for the impairment in double stranded
DNA break repair and a woman’s infertility.

Time factor

Induction of ovulation has to be initiated before chemo-
therapy or radiation therapy since both therapies have
deleterious effects on the ovarian reserve, resulting in
premature ovarian failure and subsequent infertility™™,
Meanwhile, it is important to avoid prolonged deferral
of chemotherapy or radiation therapy which can be det-
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rimental to the success of cancer therapy. Typically, there
is a gap of 4 to 6 wk between women undergoing breast
cancer surgery and the commencement of chemotherapy,
which is often sufficient to undergo ovarian stimulation.
However, delayed referral of the patient to the fertility
specialist results in time pressure. In this case, the best
protocol that allows the quickest initiation of ovarian
stimulation should be selected to shorten the deferral of
chemotherapy/radiotherapy and allow early commence-
ment of therapy. This can be ideally achieved with the
use of the GnRH antagonist protocolm. In the conven-
tional stimulation protocol, depending on the timing of
the patient presentation, it takes up to 3 wk to reach the
luteal phase when downregulation with a GnRH agonist
can be started and continued for about 2 wk to prevent
premature ovulation. Then, 9-14 more days are needed
for ovarian stimulation with gonadotropins. On the con-
trary, GnRH antagonists immediately suppress the release
of FSH and LH, preventing a premature LH surge. Ad-
ministration is started when the size of the lead follicle
reaches 12-14 mm at approximately day 6 of gonadotro-
pin stimulation which begins on day 2, 3 of a menstrual
cycle. Thus, GnRH antagonists significantly decrease
the interval from patient presentation to oocyte retrieval
compared to the conventional GnRH agonist protocolm.

Instead of awaiting menses, further shortening of the
interval to oocyte retrieval has been suggested by admin-
istering a GnRH antagonist during the preceding luteal
phase to induce corpus luteum breakdown and synchro-
nize the development of the next wave of follicles™".
Menses will ensue a few days later with the ovarian
stimulation initiated more quickly and the GnRH antago-
nist would then be restarted in the standard fashion"".
Random-start stimulation protocol has been recently pro-
posed as another alternative to avoid time wastage while
awaiting the menses™ . In this protocol, cancer patients
in the luteal phase were started on GnRH antagonists to
downregulate LH and initiate luteolysis. Simultaneously,
follicular stimulation was initiated with recombinant FSH
only to avoid exogenous LH activity which might prevent
luteolysis. When this protocol was compared in a pro-
spective multicenter trial with cancer patients stimulated
during the follicular phase with either a short “flare up”
protocol or an antagonist protocol, random start stimula-
tion protocol yielded a similar number of aspirated oo-
cytes, mature oocytes and fertilization rate™. However,
more clinical studies are needed to assess the efficacy of
this protocol, especially regarding the rates of clinical
pregnancy and live-born infants originating from the use
of cryopreserved embryos and oocytesm. It is important
to stress that once a cancer diagnosis is established, eatly
referral to a fertility specialist is highly encouraged to
avoid unnecessary delay and facilitate prompt initiation
of ovatian stimulation””

The associated increase in estradiol levels in hormonal
dependent cancers

Induction of ovulation is typically associated with in-
creased levels of estradiol. This can be serious in women
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with estrogen sensitive cancers, such as breast and en-
dometrial cancer. Many strategies have been applied to
minimize these estradiol peak levels. Among them are
the following: (1) Tamoxifen. Tamoxifen can be used
for controlled ovarian stimulation alone, starting on day
2-5 of the menstrual cycle in doses of 20-60 mg/d or in
combination with gonadotropins. Not only does tamoxi-
fen lower the peak estradiol levels compared to standard
stimulation protocolsmj, but also it has an antiestrogenic
effect on breast tissue and is thus desirable to be used
in estrogen receptor-positive breast cancer patients”’;
(2) Aromatase inhibitors. Aromatase inhibitors (includ-
ing anastrozole and letrozole) are drugs of choice for
the treatment of breast cancer in women with receptor-
positive metastatic breast cancer. Their use has also been
introduced as a new treatment option for ovulation in-
duction™, Tt was reported that the peak estradiol level is
lower in protocols that use aromatase inhibitors for ovar-
ian stimulation™. Oktay ez a/*” were the first to describe
the use of letrozole in the GnRH-antagonist protocol
in a study of 29 patients with breast cancer. The study
included 33 ovarian stimulation cycles. In their study,
letrozole in combination with FSH (letrozole-IVF) was
compared to tamoxifen alone (Tam-IVF) and to tamoxi-
fen in combination with FSH (TamFSH-IVF). They con-
cluded that letrozole-IVF and TamFSH-IVF yielded more
follicles, more mature oocytes and more embryos than
Tam-IVE Peak estradiol levels were lower with letrozole-
IVF and Tam-IVF compared with TamFSH-IVE. Azim
et al” described the use of letrozole in combination with
gonadotropins in four patients with endometrial cancer.
The estradiol levels in their study were lower compared
with standard stimulation cycles. Data on the use of an-
astrozole for ovarian stimulation in anovulatory women,
however, is more limited and studies so far do not sup-
port its use due to higher peak estradiol levels compared
to letrozole™; (3) Using low doses of gonadotropins. The
use of low dose gonadotropins (FSH 150 U/d) in the
GnRH antagonist protocol in combination with letrozole
was found to result in acceptable oocyte yield while main-
taining low estradiol levels™”. However, the use of higher
doses of gonadotropins (FSH 150-375 U/d) in a GnRH
antagonist protocol in combination with letrozole was
recently studied by Ben-Haroush ef a/'". They reported a
higher number of retrieved oocytes and frozen embryos
than the lower dose schedule used in the study by Oktay
et al”, while similarly resulting in low levels of peak estra-
diol; (4) Using a GnRH antagonist protocol allows quick
initiation of ovarian stimulation and pituitary suppression
with a GnRH antagonist reduces the concentration of
estradiol in patients with hormone dependent tumors*.
Ben-Haroush e a/*" compared the use of high doses
of FSH (150-375 U/d) in combination with letrozole in
GnRH antagonist #s the long GnRH agonist protocol.
Although the number of retrieved oocytes was higher
in women in the long GnRH agonist protocol than the
GnRH-antagonist protocol, the difference was not sta-
tistically significant; and (5) GnRH agonist trigger in the
GnRH antagonist protocol has been shown to yield lower
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estradiol concentrations compared to hCG trigger which
potentiates the endogenous production of estrogen dut-
ing the luteal phase owing to its longer half-life",

Avoidance of OHSS

OHSS is the most serious complication of ovarian stimu-
lation since it is associated with significant morbidity
which might necessitate hospitalization and intensive
care. In cancer patients, the occurrence of this complica-
tion is critical since it may result in delaying or complicat-
ing planned life-saving cancer therapy. The risk of OHSS
can be significantly lowered with the use of a GnRH an-
tagonist protocol since it allows the use of a GnRH ago-
nist trigger instead of the traditional hCG trigger if there
is suspicion of overresponse to stimulation. Triggering
the final oocyte maturation with hCG carries the risk of
inducing OHSS™ while using a GnRH agonist trigger in
GnRH antagonist-based protocols dramatically reduces
the risk of OHSS owing to the short half-life of GnRH
agonist-induced endogenous LH surge which lasts for ap-
proximately 24-36 h compared to the longer half life of
hCG which lasts for 7-10 d™. A recent Cochrane review
comparing hCG to GnRH agonist trigger in antagonist
cycles confirmed a 90% reduction in moderate to severe
OHSS in the GnRH agonist group (OR = 0.10; 95%CI:
0.01-0.82 5 RCTs, 504 women)*. Meanwhile, the use of
a GnRH agonist trigger was found to result in at least
similar numbers of mature oocytes and cryopreserved
embryos compared with hCG™.

Therefore, in cases of estrogen sensitive cancers, the
most recommendable protocol for induction of ovula-
tion is the use of a GnRH antagonist in combination
with letrozole (5 mg/d from the second day of menstrual
cycle for 5-7 d) plus low dose gonadotropins™. This
regimen allows an acceptable oocyte yield and keeps the
circulating estradiol levels rather low compared with the
standard ovarian stimulation protocolsm.

SAFETY OF OVARIAN STIMULATION IN
CANCER PATIENTS

Safety is a major concern when considering induction of
ovulation in cancer patients for the aim of fertility pres-
ervation, which may potentially decrease the chance of
successful cancer treatment, increase the risk of maternal
or perinatal complications, or compromise the health of
offspring,

Risk of recurrence after ovarian stimulation

The risk of recurrence and the adverse impact on survival
are real concerns for gynecological cancer survivors who
desire to conceive after cancer therapy. Many studies have
shown that pregnancy after breast cancer treatment does
not appear to adversely affect recurrence or survival**.
Oktay ef al™ followed their patients for a mean duration
of 554 + 31 d and they found that the cancer recurrence
rate was similar in the IVF and control groups (3/29 vs
3/31 patients, respectively; HR = 1.5, 95%CIL: 0.29-7.4).
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They noticed that the risk was not affected by cancer
stage. In a larger follow-up report by Azim e# /", the rate
of cancer recurrence was compared among 79 women
who elected to undergo ovarian stimulation with letrozole
and gonadotropins for embryo or oocyte cryopreserva-
tion and 136 control patients (whom did not undergo
fertility preservation procedures). The median follow-
up after chemotherapy was 23.4 mo in the study group
and 33.05 mo in the control group. They concluded that
the recurrence and survival rates were similar in the two
groupsm. Thus, based on the above studies, induction of
ovulation does not seem to increase the risk of recurrence
compared to controls; however, more studies and longer
follow up are needed.

Women who had undergone fertility sparing man-
agement for endometrial cancer did not have a higher
incidence of cancer recurrence with the use of fertility
drugsm

Several rare cases of ovarian stimulation have been
reported in the literature after conservative treatment for
bordetline ot invasive ovarian tumors”> . Several preg-
nancies were achieved but in one case a uterine recur-
rence was observed and, most importantly, one woman
died 7 mo after ovarian stimulation following extensive

: . . [52:54]
recurrence of an invasive lesion .

Newborn safety

Concerns about the safety of letrozole have been raised
by the American Society for Reproductive Medicine
through an abstract claiming possible teratogenic ef-
fects of letrozole™ | for which the use of letrozole for
the purpose of induction of ovulation was discouraged.
However, this concern was not supported by a large
trial published in 2006 comparing newborn safety of
letrozole with that of clomiphene citrate showing that
congenital malformations were less frequent in the le-
trozole group[sﬂ. It has been shown that the half-life of
letrozole (approximately 30-60 h) is shorter than that of
clomiphene citrate (5-7 d) and, thus, should be effectively
cleared from the body by the time of embryo implanta-
tion, likely preventing a teratogenic effect when used in
ovulation induction””. Another concern of cancer pa-
tients is whether offspring exposed to cytotoxic agents
have an increased risk of birth defects. Several large
studies that included more than 4000 offspring of cancer
survivors showed no statistically significant increase in
childhood malignancies or genetic malformations”™”

CONCLUSION

Fertility preservation through IVF technology is an evolv-
ing discipline that can minimize the devastating sequelae

of cancer. Induction of ovulation is the critical step that
determines the success of the fertility preservation. Gy-
necological cancers represent a real challenge to the fer-
tility specialist due to possible hormonal responsiveness
of the cancer, making induction of ovulation potentially
detrimental. The use of GnRH antagonists, aromatase

May 10, 2014 | Volume 3 | Issue2 |



Wahba AH et a/. Ovulation induction in the gynecological cancer patient

inhibitors and triggering with GnRH agonists may pro-
vide reliable methods to minimize the unfavorable rise
in estradiol levels. So far, reports on the safety of ovula-

tion induction in these patients are reassuring and young

women with cancer should be counseled about the op-

tion of fertility preservation as soon as the diagnosis of

cancer is established.
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Abstract

The rising tide of obesity has seen the prevalence of
overweight and obese women presenting for antenatal
care approach 50% in recent years. In addition, many
pregnant women have gestational weight gain in ex-
cess of Institute of Medicine guidelines and develop
obesity as a result of pregnancy. Both variables impact
adversely upon pregnancy outcome. Individualised
programs are not financially viable for cash strapped
health systems. This review outlines an evidence-
based, public health approach to the management of
obesity in pregnancy. The interventions are affordable
and in randomised and epidemiological trials, achieve
benefits in pregnancy outcome.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Obesity; Pregnancy; Randomised trial; Evi-
dence-based

Core tip: Public health approaches are feasible and ef-
fective to manage obesity in pregnancy. In primary
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care settings, women planning pregnancy should have
their body mass index monitored in their medical re-
cord and receive nutrition advice, have comorbidities of
depression and smoking addressed, receive influenza
vaccination and education on gestational weight gain
targets. Once pregnant, hospital management should
focus on monitoring gestational weight gain to Institute
of Medicine targets according to the patient’s booking
body mass index, combined with screening for diabe-
tes, hypertensive and growth disorders. Following birth,
care should handed back to primary care for ongoing
weight interventions.

Quinlivan JA. Cost effective evidence-based interventions
to manage obesity in pregnancy. World J Obstet Gynecol
2014; 3(2): 67-70 Available from: URL: http://www.wjg-
net.com/2218-6220/full/v3/i2/67.htm DOI: http://dx.doi.
org/10.5317/wjog.v3.i2.67

INTRODUCTION

The rising tide of obesity has seen the prevalence of
overweight and obese women presenting for antenatal
care approach 50% in recent years'. Obesity at concep-
tion and gestational weight gain (GWG) in excess of
Institute of Medicine guidelines both result in postnatal
obesity, and each has an independent detrimental impact
upon pregnancy outcome.

Obesity is a major risk factor for maternal and fetal
complications, including maternal and fetal mortality,
miscarriages, gestational diabetes mellitus (GDM), preg-
nancy-induced hypertensive disorders, infection, throm-
boembolic disease, obstructive sleep apnoea, fetal growth
abnormalities, a need for induction of labour, difficulties
with fetal monitoring and anaesthesia, birth trauma, cae-
sarean section, post-partum haemorrhage, stillbirth and
postpartum depression'"",

A pregnant woman of “normal” body mass index at
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her booking antenatal visit who subsequently gains 20 kg
in pregnancy will face similar complications to the moth-
er who presents for antenatal care already obese but sub-
sequently achieves an ideal GWG. Women who are obese
at conception and then have excessive GWG experience
the highest rate of complications.

In 2009, the Institute of Medicine revised its recom-
mendations for GWG advising that overweight and obese
women should restrict gains to 6.8-11.3 kg and 4.9-9.0
kg respectivelym. Women of normal body mass index
should restrict GWG to 11.5-16.0 kg, Whilst these levels
remain subject to debate, and may be further refined as
new studies are published, they remain the current goal-
posts for care.

The high prevalence of women who are overweight
or obese at conception, and of women who have ex-
cessive GWG throughout pregnancy, means that every
women presenting for antenatal care is at risk of obesity
related complications. Expensive strategies to manage
obesity in pregnancy are not logistically or financially
feasible given the volume of caseload to manage. Instead,
a public health approach is warranted. Universally ap-
plied cheaper interventions directed at the entire patient
population are likely to have a greater clinical impact than
expensive interventions directed at a motivated minority
of extremely obese women.

How then, do we manage the obesity in pregnancy,
and how do we assist all our antenatal patients achieve
ideal GWG without sending our clinical services broke?

mass index. It is important to try and avoid pregnancy
within 18 mo of bariatric surgery if possible as several
studies have reported an increased risk of fetal growth
and nutritional complications™*".,

Depression is more common in obese women and is
the major risk factor for postnatal depression. Address-
ing depression prior to conception can help influence the
postnatal course and may lead to improved mother to
child attachment™”.

Smoking cessation advice should be provided to
women who smoke. Alcohol and other drug use should
also be addressed. Although benefits are seen if women
stop smoking at any stage of pregnancy, the earlier they
stop, the greater the benefit.

Finally, influenza vaccination should be recommend-
ed. Influenza is more severe in obese pregnant women,
but is a significant concern in all pregnanciesm. Many
women decide against vaccination as they have concerns
over safety, and primary care providers need to address
these concerns and reassure their patients[zs]

The cost of these primary care interventions is mini-
mal. Women will meet the cost of their recommended
supplements and vaccination programs for influenza are
already often nationally funded. Other measures should
not add more than a few minutes to an existing scheduled
consultation.

ANTENATAL CARE AND THE HOSPITAL
RESPONSIBILITY

PREGNANCY PLANNING IN PRIMARY
CARE

The start to this answer lies in primary care

All women attending primary care facilities should have
their height, weight and body mass index recorded in
their patient record. They should received feedback on
their body mass index at every visit if it is greater than 25,
and be informed of the increased pregnancy risks. The
primary care provider should encourage each woman to
engage with local opportunities for exercise and reinforce
good dietary habits.

If a woman is specifically planning pregnancy, then
folic acid and iodine supplements should be recom-
mended. Obese women have an increased risk of neural
tube defects that cannot be explain by non-use of a
supplement alone, resulting in current recommendations
that they take a higher dose 5 mg supplement rather than
the lower 0.5 mg dose for prophylaxis”. Obese pregnant
women also have lower levels of iodine and are at in-
creased risk of iodine deficiency related cornplicationsm]
Recommendation for supplementation conforms to a
public health approach to obesity management in the
women planning pregnancy.

An increasing number of reproductive age women
have undergone bariatric surgery to manage their weight.
Some of these women may still be overweight or obese,
but others may have lost weight and be of normal body
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The first component of care is planning at the hospital-
booking visit. Women who are excessively obese will need
to be referred to centres able to manage their weight.
However, the majority of antenatal care may be able to
be safety provided closer to home.

It is important that the body mass index is recorded
in the notes at booking, This enables maternity care staff
to advise women of their Institute of Medicine recom-
mended GWG for their body mass index (BMI) category
and set a target for weight gain or restriction.

In reviewing the various meta analyses of randomised
trials for interventions in pregnancy for overweight and
obese pregnant women, dietary interventions are effective
whereas physical exercise and mixed interventions are less
50 Furthermore, dietary interventions are cheaper
and have greater acceptability to pregnant women.

For example, in the LIP trial, half the eligible women
approached to enter the trial declined (z = 317). Of
the 360 women randomised, a further 56 dropped out.
Therefore, one could assume that the group of women
completing the trial were a subgroup of motivated obese
pregnant women. It was therefore disappointing that so
few of this apparently motivated subgroup took advan-
tage of the free exercise interventions offered. Dietary
interventions were associated with excellent compliance
with 92% of intervention women completing all sessions.
In contrast, only 56% of intervention women attended
the aerobic classes for at least half of the lessons™.
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If motivated pregnant obese women will not attend
aerobic classes despite free gym membership, physical
testing and personal coaching, and given the cost of the
intervention to the public health budget, then meaningful
changes in health status at a population level are unlikely
to be achieved. Of course, this doesn’t preclude staff
from recommending women seek their own strategies
to increase their levels of exercise through walking and
making healthy choices in their daily life (eg., walking up
the stairs and not taking a lift).

This swings the public health focus back to dietary
interventions. In a recent meta-analysis, four dietary in-
terventions were reviewed” . Three were effective.
The common elements to the effective interventions
were that they measured BMI at booking, weighed at
each visit, and provided repeated feedback on GWG. The
interventions had varying costs. One was expensive and
involved ten sessions with qualified dieticians. Whilst ef-
fective as an intervention, it is not feasible to implement
broadly as a public health strategy. The second effective
dietary intervention provided brief feedback at each rou-
tinely scheduled antenatal visit on GWG and diet. It also
included a session with a clinical psychologist to address
psychological factors involved in weight management.
However, the most effective strategy was also the cheap-
est. This involved the simple use of a diary with patient
feedback at each visit on GWG.

This strategy can be easily implemented into routine
obstetric practice. By placing scales in the clinic and re-
cording weight at each visit into a hand held maternity
card, and offering feedback during routinely scheduled
consultations, we can imitate the strategy of the effective
randomised trial for the minimal cost of some staff edu-
cation and a set of scales.

The other public health interventions to be imple-
mented in antenatal care are to advise all women to take
Folic Acid and Iodine supplements. The role of Vitamin
D supplements is less clear although Vitamin D deficien-
cy is more common in obese pregnant women and their
offspring and some authorities are now recommending
routine supplementation' ™,

The increased risk of gestational diabetes warrants
routine screening with a full 75 g glucose tolerance test
at 28 wk. Some centres also advocate an early test at 20
wk but the cost benefit of such a policy has not yet been
tully evaluated"”. In accordance with local hospital poli-
cies, consideration should also be made for formal an-
aesthetic review, and for surveillance of fetal growth and
hypertensive complications given these risks are increased
in obese pregnant women.

POSTNATAL CARE AND LINKING BACK
INTO THE COMMUNITY

Following childbirth, overweight and obese women have
an increased risk for thromboembolism. If delivery has
been by caesarean section, then discussion about throm-
boprophylaxis is warranted. Some agencies recommend

Raishidenge ~ WJOG | www.wjgnet.com
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that all obese women should be offered thromboprophy-
laxis™"”

Overweight and obese pregnant women face in-
creased difficulties with breastfeeding, This is often due
to their large nipple and breast size. Midwifery staff may
need to assist mothers with eatly feeding sessions to en-
sure correct attachment to avoid nipple trauma.

The final step in management is to ensure adequate
transmission of information from the maternity hospital
to the primary care provider. This is vital to continue
monitoring and encouragement of any dietary strategies
adopted in the antenatal petiod, to promote exercise and
monitor for depression and breastfeeding difficulties. It is
important that hospitals acknowledge obesity or excessive
GWG are complications that impacted upon the preg-
nancy and note them in the discharge summary to draw
attention to their ongoing management in primary care.

CONCLUSION

It is likely that increasing novel and effective strategies to

manage obesity in pregnancy will emerge in the next few
years. However, it will be important that these new strate-
gies are compared to the current gold standard outlined
in this review.

Healthcare is consuming increasing proportions of
national expenditure and this situation cannot continue
forever. We have to become more effective with the re-
sources we have and implement those strategies with an
evidence base we can afford.

Pregnancy is a time of idealization over reality; a time
when interventions are accepted and women look to
establish life changes. We cannot afford to miss this op-
portunity for intervention.
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Core tip: Ovarian cancer death rates increase with in-

creasing distance to practicing gynecologic oncologists
Abstract in the United States. Lower ovarian cancer mortality is
significantly associated with geographic proximity to gy-
necologic oncologists. A more even geographic distribu-
tion of gynecologic oncologists may help in decreasing
some barriers to appropriate, guidelines-based ovarian
cancer care, which could result in reduced ovarian can-
cer deaths in the United States.

AIM: To determine the association between the distri-
bution of gynecologic oncologist (GO) and population-
based ovarian cancer death rates.

METHODS: Data on ovarian cancer incidence and
mortality in the United States was supplemented with
United States census data, and analyzed in relation to
practicing GOs. GO locations were geocoded to link as-
sociation between county variables and GO availability.
Logistic regression was used to measure areas of high
and low ovarian cancer mortality, adjusting for contex-
tual variables.

Stewart SL, Cooney D, Hirsch S, Westervelt L, Richards
TB, Rim SH, Thomas CC. Effect of gynecologic oncologist
availability on ovarian cancer mortality. World J Obstet Gy-
necol 2014; 3(2): 71-77 Available from: URL: http://www.
wjgnet.com/2218-6220/full/v3/i2/71.htm DOI: http://dx.doi.

.. _ . 10.5317/wjog.v3.i2.71
RESULTS: Practicing GOs were unevenly distributed in org/ "o
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INTRODUCTION

Ovarian cancer (OC) is the deadliest gynecologic ma-
lignancy and the fifth leading cause of cancer death
among women in the United States'". Each year, more
than 22000 women are diagnosed with and almost 16000
women die from the discase. The majority of diagnoses
(61%) are at late stages, when the disease is present in
both ovaries and has spread throughout the peritoneal
cavity”. Treatment for late-stage OC requires both sur-
gery and chemotherapy, the costs of which confer a sub-
stantial burden on the United States healthcare system.
The annual cost of managing OC patients in the United
States is estimated to be approximately $612 million",

While treatment protocols for epithelial OC (account-
ing for 90% of all malignant cases) have improved, five-
year survival for late-stage OC is just 27%". The poor
survival rate associated with OC is often attributed to
the absence of gynecologic-specific signs and symptoms,
and the lack of an effective screening test that can detect
the disease at early stages. Currently, optimal surgery and
delivery of chemotherapy are the only methods available
to reduce OC mortality'”. Several studies have suggested
that optimal treatment (from staging through receipt of
chemotherapy) resulting in better outcomes is more often
achieved through subspecialist gynecologic oncologist
(GO) care®™ | leading several organizations to recom-
mend OC patients receive treatment from GOs'.

Despite the evidence and recommendations, many
OC patients (about 30%-60%) are not treated by a
GO™. Several barriers exist to receipt of guidelines-
based care, including socioeconomic factors such as
insurance status. In this study, we examined a potential
geographic bartier to receipt of GO cate. Our objective
was to examine the geographic relationship between GO
providers and OC mortality, in order to determine the
effect that geographic availability of specialized care has
on mortality, and add further evidence to the association
between receipt of GO care and OC outcomes.

MATERIALS AND METHODS

Data sources and inclusion criteria

County level OC mortality data (2002-2006) were ob-
tained from the Centers for Disease Control and Pre-
vention (CDC) National Vital Statistics System (NVSS)
through a public-use data file http://www.cdc.gov/nchs/
accessed on 2/17/2011. County-level contextual data
were from several additional soutces including: (1) Area
Resource File (ARF 2008); (2) 2000 United States Census
Summary File; and (3) United States Census Bureau’s 2005
Small Area Health Insurance Estimates (SAHIE). OC
incidence data (2002-2006) were obtained from CDC’
s National Program of Cancer Registries (NPCR) and
the National Cancer Institute’s (NCI) Surveillance Epi-
demiology and End Results (SEER) for registries that
met data high-quality criteria for pub]ication[l]. Mortality
data and incidence data covered 100% and 97% of the
United States population, respectively. A list of practicing
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GOs in 2009, along with their practice address was ob-
tained from the Foundation for Women’s Cancer website
(http:/ /www.foundationforwomenscancer.org/ find-a-
gynecologic-oncologist. This list is populated by the Soci-
ety of Gynecologic Oncologists and is estimated to cover
95% of practicing GOs (personal communication-SGO).

This study only includes data from the 48 contiguous
United States states and the District of Columbia as the
geography of Hawaii and Alaska results in transporta-
tion networks that are substantially different from other
parts of the country. Of the 3141 counties that compose
the United States, 32 counties and boroughs in Hawaii
(5) and Alaska (27) wete excluded from all analyses. Data
from the remaining 3109 counties were used to examine
the distribution of GOs (Figure 1). Data from 731 coun-
ties were suppressed due to less than four OC incident
or death cases and patient confidentiality concerns; data
from 198 counties were suppressed due to a death rate of
zero and female population of 10000 or less; data from
112 counties in Kansas (45) and Minnesota (65) were
excluded due to county-level incidence data release re-
strictions for these states. Data from the remaining 2068
counties were used to analyze the association between
GO availability and county-level death rates (Tables 1-3,
Figure 2).

Coding and variable definitions

County of residence (the geographic unit of analysis for
this study) for each OC death was determined by using
county Federal Information Processing Standards (FIPS)
codes. FIPS codes were used to aggregate data at the
county level, and to calculate five-year average OC inci-
dence and death rates. FIPS codes were also used to cate-
gorize countles as metropolitan, non-metropolitan or ru-
ral based on 2003 USDA rural urban continuum (RUCA)
codes. The following variables were included as measures
of county socioeconomic status: (1) county household
income inequality ratio; (2) the percent of county popu-
lation living below the federal poverty line; and (3) the
percent of county population without health insurance.
The county household income inequality ratio is defined
as the ratio of the number of households with incomes
above the population’s top 22% household income to the
number of houses with incomes below the population’s
bottom 22% household income. To assess availability of
physicians other than GOs for OC treatment, the aver-
age number of general surgeons, primary care physicians
(PCPs) and obstetrician/gynecologists (OB/GYNs) per
100000 women in the county were derived using female
population estimates from 2002-2006. Primary care phy-
sicians were defined as general practitioners, family medi-
cine and internal medicine practitioners. Socioeconomic
status and physician variables were categorized into equal
tertiles (high, moderate and low) based on all counties in-
cluded in the analysis. The 2002-2006 female population
estimates were also used to calculate the county compo-
sition percentages for age, race, and ethnicity. Age was
modeled as the percent of county population in the fol-
lowing age categories: 0 to 44 years, 45 to 54 years, 55 to
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Figure 1 Location and number of gynecologic oncologist practices in the United States. GO: Gynecologic oncologist.

64 years, 65 to 74 years, and 75 years or older. Race/eth-
nicity was defined as the percent of county population in
the following groups: non-Hispanic white, non-Hispanic
black, non-Hispanic Asian-Pacific Islander, non-Hispanic
other (which including non-Hispanic American Indian/
Alaska Native), and Hispanic.

Statistical analysis

Mapping and statistical analyses were used to assess the
relationship between the county-level death rate and
distance to the nearest GO. County centroids were de-
fined as the geographic center for a county and GOs
were geocoded to latitude-longitude coordinate locations
within the continental United States using ArcGIS (ver-
sion 9, ESRI). Geographic access to specialized care was
measured as the linear distance, ignoring roads, from
county geographic centroid to nearest GO. This distance
was then split into tertiles of 0-24 miles, 25-49 miles, and
greater than 50 miles. Geographic availability to other less
specialized care (PCPs, general surgeons and OB/GYN)
was defined as the average number of each of these
physicians per average female population (per 100000)
for a county from 2002-2006 (data are from the Area
Resource file). Death rates were dichotomized as low or
high [less than or greater than the median death rate (11.6
per 100100)]. A logistic regression model was fit to the
data to determine the association between distance to a
GO and high county death rate, after adjusting for other
county-level variables. Both forward and backward selec-
tion were examined, built with the criteria of a P < 0.05
value for model entry or inclusion, and both methods led
to the same conclusions. The inclusion of OB/GYNs
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in the model caused a lack of stability due to collinearity
with other variables; therefore even though it was found
initially to be significant, this covariate was removed to
improve the model stability. All statistical analyses were
performed using SAS (version 9.2; Cary, North Carolina).

RESULTS

GO practice characteristics in the United States

The location and number of practicing GOs in the
United States are shown in Figure 1. Of the 3109 United
States counties, 2906 do not have a practicing GO and
only 143 counties have more than one practicing GO.
GO density is highest in the Northeast region of the
United States. Within individual states, practicing GO
locations are unevenly distributed, and practices tend to
cluster in particular counties or regions. Florida appears
to have a relatively even distribution of GOs across the
state, while North Dakota and Wyoming have no practic-
ing GOs within the state.

Table 1 shows GO practice location in relation to
United States county characteristics. A total of 536 Unit-
ed States counties were within 24 miles of a practicing
GO, 890 counties were located between 25 and 49 miles
of a GO, and 1683 counties were located over 50 miles
from a GO. The vast majority of counties within 24 miles
of a GO practice (90.7%) were classified as metropolitan,
whereas only 38.8% and 15.2% of counties within 25 to
49 miles and over 50 miles from a GO were classified
as metropolitan, respectively. Most counties within 24
miles of a GO (81.9%) had a large difference in income
among the highest and lowest earning households, while
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Table 1 United States county characteristics by distance to

gynecologic oncologist practice location

Table 2 Ovarian cancer incidence and mortality by distance

to gynecologic oncologist practice location

Distance to closest gynecologic oncologist

Distance to closest gynecologic oncologist

0 to <25 miles >25 to < 50 miles > 50 miles 0to <25 miles = 25 to < 50 miles = 50 miles
No. of US counties 536 890 1683 Mortality
County designation n (%) n (%) n (%) N 499 707 974
Metropolitan 486 (90.7) 345 (38.8) 255 (15.2) Rate (SE) 10.09 (3.14) 12.02 (4.73) 13.57 (6.43)
Non-metropolitan 42 (7.8) 424 (47.6) 901 (53.5) Incidence
Rural 8 (1.5) 121 (13.6) 527 (31.3) N 519 855 1418
Socioeconomic n (%) n (%) n (%) Rate (SE) 14.21 (4.23) 15.11 (6.54) 16.31 (8.51)
characteristics
Income inequality ratio'

Low (< 3.84) 26 (4.9) 226 (25.4) 773 (45.9)

Moderate 71 (13.3) 323 (36.3) 664 (39.4) Table 3 Adjusted odds of high ovarian cancer mortality by

(>3.84 to < 6.71) gynecologic oncologist practice location

High (> 6.71) 438 (81.9) 341 (38.3) 246 (14.6)

Percent of county below poverty level County level variable Odds ratio Odds ratio 95%CI P-value

Low (<11%) 295 (55.0) 292 (32.8) 452 (26.9) Distance to GO

Silgeleizie 13 (i) S es) 70 (& > 25 to < 50 miles vs <25 1.40 (1.04,1.89) 0.029

(> 11% to < 15.2%) el

g a2 19 () 2L (L) L) > 50 miles vs < 25 miles 1.59 (1.18, 2.15) 0.003
Percent of county uninsured General surgeon per avg. pop.

Low (< 13.3%) 257 (47.9) 333 (37.4) 437(26.0) 1* Tertile: (< 11.72) s 0 0.35 (024,050)  <0.001

Moderate 181 (33.8) 321 (36.1) 563 (334) 2 Tertile: (> 11.72t0 <2047) 035 (024,051) <0001

(>13.3% to <18.5%) -

e 25 28 ({5) 0 () S5 3 Tertile: (> 20.47) vs 0 0.32 (022,048) <0001
L7t e D) () (i) Incidence Rate 115 (112,118) <0001
TR e (e % Population Age 45 to 54 125 (115,137)  <0.001
100000 women) % Population Age 75+ 139 (131,148) <0001
Sty s plopelc e % Population non-Hispanic 0.88 (0.80, 0.96) 0.004

U Lz A 5 ) Asian/Pacific Islander

I‘:/i’o"l’ié:ag&”) 1;‘2) gié; gg 823; :(1)2 gg:g; % Population Hispanic 0.99 (0.97,1.00) 0.027

gégiii:;;?gn 233 (435) 201 (226) 548 (32.6) Thej model is adjusted for all t}'1e covaria.tes shown in the county level
General sureeons variable column. GO: Gynecologic oncologist.

g

0 51 (9.5) 223 (25.1) 666 (39.6)

k:;:lé:a::'n) igg g:i; Zg gg:g zgz gg;; earnigg hogse.holds. P9verty levels were relatively low.in

(> 11.72 to < 2047) counties within 24 miles of a GO (55.0% of counties

High (> 20.47) 212 (39.6) 145 (16.3) 358 (21.3) had less than 11% of the population in poverty), and
OB/GYNs were higher in counties greater than 50 miles from a GO

(Iiow (<1127 SZ ggg 2;; gzg zgg g;i; (38.9% of countie.s haq 1.5.2% OF more of population

Moderate 139 (25.9) 199 (22.4) 268 (15.9) in poverty). Counties within 24 miles of a GO also had

(> 11.27 to < 20.53) high densities of PCPs (43.5% had greater than 169 per

High (> 20.53) 238 (44.4) 129 (14.5) 220 (13.1) 100000 women), general surgeons (39.6% had greater
Zﬁiifﬁms % (SE) % (8B % (SB) than 20 per 100000 women), and OB/GYNs (44.4% had
Non-Hispanic white  77.6 (17.7) 825 (16.9) 814 (20.1) greater than 20 per 100000 women). These physicians
Non-Hispanic black 12.1 (14.1) 10.0 (14.8) 7.0 (14.6) were less prevalent in counties 50 miles or greater from a
Non-Hispanic Asian/ 2.4 (3.5) 0.8 (1.3) 0.6 (0.8) GO practice compared to those within 24 miles of a GO
Leeite [ i g bt practice. A substantial proportion of counties 50 miles
I:I:;;liscpamc other g ;; Eg 1;; g? Efl;i)é) or greater from a GO practice did not have any general
Ages 0 to 44 60 8 (5.2) 58 0(53) 55.7 (6.6) surgeons (39.6%), and most did not have any OB/GYNs
Ages 45 to 54 14.7 (1.3) 14.4 (1.5) 14.4 (1.6) (55.6%). The majority of women in each distance catego-
Ages 55 to 64 10 5 (1.6) 11 3 (1.8) 115 (2.0) ry were non-Hispanic white, although the percentage was
:gzz gg:o ™ g 2 g g; 2:; g?g slightly lower in counties within 24 miles of a GO (range

'Defined as the ratio of the number of households with incomes above the
population’s top 22% household income to the number of houses with
incomes below the population’s bottom 22% household income; “Includes
Non-Hispanic American Indian/ Alaska Native.

relatively few counties over 50 miles from a GO (14.6%)
had a large difference in income among high and low
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77.6%-82.5%). Overall, higher percentages of women
aged 65 and older were found in counties farther away
from GO practice locations compared to those within 24
miles of a GO practice location.

OC burden in relation to GO practice

Table 2 displays OC incidence and mortality in relation
to GO practice locations. Both OC incidence and death
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Figure 2 Dichotomized ovarian cancer mortality (high/low) by distance to
gynecologic oncologist practice location. GO: Gynecologic oncologist.

rates increase as distance to GO practice increases. Coun-
ties within 24 miles of a GO practice location had the
lowest incidence (14.21) and death (10.09) rates. Counties
located 50 miles or greater from a GO practice had the
highest OC incidence (16.31) and death (13.57) rates.

Figure 2 shows dichotomized county-level OC death
rates in relation to GO practice location. The number of
counties with a high death rate increased as distance from
practicing GOs increased. A total of 153 counties within
24 miles of a GO had high death rates compated to 577
counties 50 miles or greater from a GO.

The adjusted results of the association between high
OC mortality and GO practice location are shown in Ta-
ble 3. High OC mortality was significantly associated with
increased distance from GOs. Counties with GO practic-
es 25-49 miles from the county centroid had a 40% great-
er odds of high OC mortality compared to those coun-
ties with practices within 24 miles (OR = 1.40, 95%CI:
1.04-1.89). Counties with practices greater than 50 miles
to a GO had an almost 60% greater odds of high OC
mortality (OR = 1.59, 95%CI: 1.18-2.15). The presence
of a general surgeon was associated with a decreased
chance of high OC mortality compared to counties with-
out a general surgeon; however, this effect was relatively
constant and the OR did not vary substantially in relation
to increasing density of general surgeons per average
population of women (ORs: 0.32-0.35). Other factors
associated with an increased odds of high OC mortality
include counties with high OC incidence rates (OR = 1.15,
95%CI: 1.12-1.18), counties with higher proportions of
women aged 45-54 years (OR = 1.25, 95%CI: 1.15-1.37),
and higher proportions of women 75 yeats or older (OR
= 1.39, 95%CI: 1.31-1.48). Conversely, counties with
higher proportions of non-Hispanic Asian/Pacific Is-
lander and Hispanic women had a reduced odds of high
OC mortality (OR = 0.88, 95%CI: 0.80-0.96, OR=0.99,
95%CI: 0.97-1.00, respectively).

DISCUSSION

Our findings indicate that there is an uneven distribution
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of GOs in the United States, with higher concentrations
of GOs in metropolitan counties. While there are lower
numbers of GOs overall compared to other potential
OC practitioners, GO availability tends to be geographi-
cally similar to the availability of these other practitioners.
Importantly, we have established that increasing distance
from a GO has a significant association with increased
likelihood of higher OC death rates.

Previous studies with other cancers have demon-
strated similar results. In addition to uneven distribution
of specialists, Odisho e7 al'” noted significant prostate,
bladder and kidney cancer mortality reductions in coun-
ties with urologists compated to those without. Similar
results have been reported with regard to dermatologists
and melanoma". A lung cancer study also reported un-
even distribution of specialist providers, but found no
difference in mortality based on the density of thoracic
surgeons or oncology services''”. Further, this study re-
ported that a higher proportion of PCPs (as opposed to
specialists) was associated with a lung cancer mortality
reduction in some populations“zj. This PCP finding is
somewhat consistent with our study in that we also ob-
served decreased OC mortality in relation to the density
of general surgeons; however, the mortality reduction in
our study was similar regardless of increasing density of
PCPs.

Current and projected shortages in the availability
of cancer care providers have been well-documented.
In a recent workshop sponsored by the United States
Institute of Medicine, it was noted that almost all oncol-
ogy professions ate experiencing workforce shortages,
including physicians, nurses, allied health care profes-
sionals, public health workers, social workers, and phar-
macists'”. A 2007 study commissioned by the American
Society of Clinical Oncology found that the demand for
oncologists is likely to increase dramatically by the year
2020, driven by the aging and growth of the popula-
tion as well as improvements in cancer survival rates'
The supply of oncologists is only projected to increase
14% during the same timeframe, creating a shortage of
2500 to 4080 oncologistsm. A similar situation exists
for gynecologic oncologists. A 2010 study projected that
at constant training rates, the annual number of new
cancer cases per practicing GOs will rise 19%, with an
expected increased caseload of almost 20% over the next
40 years'”. In New Zealand, which also has an uneven
distribution of GOs, a reorganization of gynecologic
cancer care has been suggested in order to ensure that all
patients have access to subspecialists in the face of GO
shortagesm. This model is based on one adopted in the
United Kingdom, and establishes a connection between
major comprehensive cancer centers that have GOs and
smaller satellite hospitals without GOs. This connection
may help to facilitate multidisciplinaty care for patients in
the smaller centers. Additionally, a national gynecologic
cancer steering group with representation from the com-
prehensive cancer centers, and key medical and nursing
disciplines would oversee care coordination, including
development of a standardized protocol for treatment
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and referral guidelinesm. A similar coordinated approach
may assist with alleviating the negative outcomes (higher
OC mortality) that geographic batriers to GO care has
in the United States. However, it should be noted that
several other factors in addition to geographic availability
may impact receipt of quality care for OC in the United
States. These factors are numerous and include lack of
insurance or other socioeconomic limitations, language
and cultural differences, psychosocial, lifestyle and behav-
ioral factors™".

Given the lack of geographic availability of GOs
in many areas in the United States, an emphasis on OC
prevention may be suggested. However, OC is difficult
to prevent and no evidence-based early detection meth-
ods are currently available. Several studies investigating
serum CA-125 levels in combination with transvaginal
ultrasound as a potential early detection method resulted
in more harms than benefits to patients™", and did
not reduce overall OC mortality™. A comprehensive
evidence review assessing oral contraceptive use for OC
prevention also found the potential for more harms than
benefits, particulatly with regard to effects on quality of
life from increases in breast cancer and vascular events
caused by oral contraceptive use™. The identification
of patients who are at an increased risk for OC due to
genetic mutations in the BRCA gene currently offers the
greatest potential for prevention of OC™!, Stressing the
importance of family history knowledge, and appropriate
genetic counseling and testing to determine BRCA status
among women may ultimately reduce ovarian cancer risk
and mortality in some women™"

This study has several strengths. To our knowledge,
it is the first to relate geographic proximity to GOs with
lower OC mortality in the United States. Additionally,
the use of population-based OC data from a large por-
tion of the United States likely improved the accuracy of
the results. Limitations to this study include the ecologic
study design which impedes the ability to apply the re-
sults at the individual level. Also while our data sources
were current at the beginning of the study, they are now
slightly dated and the years of OC incidence and mortal-
ity vary from that of the practicing GOs. However, since
OC incidence and death rates changed little over the last
decade, and any changes in GO numbers and disttibution
by state are relatively minor, this likely has little impact on
the results. Finally, although our data sources are compre-
hensive in coverage, a small percentage of GO providers
and OC incident cases remain missing from our analysis.
It is unlikely that the results would be different based on
these small percentages; however, we are unable to make
any conclusions with regard to the areas where data are
missing,

The uneven distribution of GOs across the United
States appears to be significantly associated with OC
mortality, with death rates increasing as distance to GO
increases. These findings may have important implica-
tions for the oncology workforce and cancer control
planning. Appropriate genetic counseling and testing
for the prevention of OC, as well as facilitated outreach

Raishidenge ~ WJOG | www.wjgnet.com

76

to GOs in order to provide a coordinated approach to
quality OC care, may be promoted through the efforts
of cancer control planners in the United States National
Comprehensive Cancer Control Program. Future studies
examining the effects of GO distribution on OC mortal-
ity at the individual level may assist with further defining
barriers to quality OC care in the United States.
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Background

Ovarian cancer (OC) is the deadliest gynecologic malignancy and the fifth lead-
ing cause of cancer death among women in the United States. Several studies
have suggested that optimal treatment and better outcomes for OC are more
often achieved through subspecialist gynecologic oncologist (GO) care. Despite
this evidence many patients (about 30%-60%) are not treated by a GO.
Research frontiers

OC is a deadly disease, with no known effective prevention. Studies in areas
that improve treatment and outcomes from the disease, such as receipt of care
from a GO, is a research hotspot in OC mortality reduction.
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Innovations and breakthroughs

Research into factors related to limited access to GO (such as patient socioeco-
nomic factors) is an important and timely topic. This study examines whether
geography may be a potential barrier to GO access.

Applications

OC mortality increases significantly as distance to GO increases. These find-
ings have important implications for the oncology workforce and cancer control
planning. Facilitated outreach to GO and a more coordinated and quality ap-
proach to OC care is suggested.

Terminology

Gynecologic oncologist: A physician who has completed an obstetrics and gy-
necology residency and then pursued subspecialty training through a gyneco-
logic oncology fellowship (which includes intensive surgical, chemotherapeutic,
radiation, and research training). Geographic Information System: integrates
data for analyzing and displaying all forms of geographically referenced infor-
mation which allows for viewing, understanding, and interpreting data to reveal
relationships, patterns, and trends.

Peer review

In this study, the authors examined a potential geographic barrier to receipt of
GO care. The objective of the study was to examine the geographic relationship
between GO providers and OC patient mortality, in order to determine the effect
that geographic availability of specialized care has on mortality. The experimen-
tal design is appropriate, and the data seem high quality. This is an interesting
article.
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Abstract

AIM: To investigate the association between total bile
acid (TBA) level during intrahepatic cholestasis of preg-
nancy (ICP) and fetal lung surfactant alteration.

METHODS: We recruited 42 ICP and 32 normal preg-
nancy women in this study. The maternal blood, fetal
blood and amniotic fluid TBA level were detected us-
ing a circulating enzymatic method. Umbilical blood
pulmonary surfactant protein A (SP-A) was evaluated
with enzyme-linked immunosorbent assay. High per-
formance liquid chromatography was used for the
determination of phosphatidyl choline (PC), phospha-
tidyl inositol (PI), lysolecithin (LPC) and sphingomyelin
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(SM). Amniotic fluid lamellar body was counted with a
fully automatic blood cell counter. Fetal lung area and
fetal body weight were calculated from data obtained
with an iu22 color supersonic diagnostic set. Clinical
information of a nonstress test, amniotic fluid proper-
ties and neonatal Apgar score, and birth weight were
recorded for review.

RESULTS: The TBA level in maternal blood, fetal blood
and amniotic fluid in the ICP group were significantly
higher than that in the control group (maternal blood:
34.11 = 6.75 mmol/L vs 4.55 + 1.72 mmol/L, P < 0.05;
fetal blood: 11.9 £+ 2.23 mmol/L vs 3.52 + 1.56 mmol/L,
P < 0.05; amniotic fluid: 3.89 + 1.99 mmol/L vs 1.43
+ 1.14 mmol/L, P < 0.05). Amniotic fluid PC and PI in
the ICP group were significantly lower than that in the
control group (PC: 65.71 + 7.23 pg/mL vs 69.70 £ 6.68
pg/mL, P < 0.05; PI: 3.87 £ 0.65 pg/mL vs 4.28 + 0.74
ug/mL, P < 0.05). PC/LPC ratio of the ICP group was
lower than that of the control group (14.40 £ 3.14 vs
16.90 £ 2.52, P < 0.05). Amniotic LB in the ICP group
was significantly lower than that of the control group
((74.13 £ 4.37) x 10°/L vs (103.0 + 26.82) x 10°/L,
P < 0.05). Fetal umbilical blood SP-A level in the ICP
group was significantly higher than that of the control
group (30.26 = 7.01 ng/mL vs 22.63 + 7.42 ng/mL, P
< 0.05). Fetal lung area/body weight ratio of the ICP
group was significantly lower than that of the control
group (5.76 £ 0.63 cm’/kg vs 6.89 + 0.48 cm’/kg, P
< 0.05). In the ICP group, umbilical cord blood TBA
concentration was positively correlated to the mater-
nal blood TBA concentration (» = 0.746, P < 0.05) and
umbilical blood SP-A (r = 0.422, P < 0.05), but it was
negatively correlated to the amniotic fluid lamellar cor-
puscle (r = 0.810, £ < 0.05) and fetal lung area/body
weight ratio (r = 0.769, P < 0.05). Furthermore, um-
bilical blood TBA showed a negative correlation to PC,
SM and PI (roc = 0.536, rsm = 0.438, rvi = 0.387 respec-
tively, 7 < 0.05). The neonatal asphyxia, neonatal re-
spiratory distress syndrome, fetal distress and perinatal
death rates in the ICP group are higher than that of the
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control group.

CONCLUSION: ICP has higher TBA in maternal and
fetal blood and amniotic fluid. The high concentration
of TBA may affect fetal pulmonary surfactant produc-
tion and fetal lung maturation.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Intrahepatic cholestasis of pregnancy; To-
tal bile acid; Pulmonary surfactant; Surfactant protein;
Phospholipids; Amniotic fluid lamellar body

Core tip: We studied total bile acid (TBA) concentration
in maternal, fetal and amniotic fluid and its relationship
with fetal surfactant, surfactant protein A, amniotic la-
mellar body and fetal lung development. Results dem-
onstrated that intrahepatic cholestasis of pregnancy
(ICP) has higher TBA in maternal and fetal blood and
amniotic fluid. The high concentration of TBA may af-
fect fetal pulmonary surfactant production and fetal
lung maturation. It calls attention to delayed matura-
tion of fetal lungs in ICP patients and to take steps to
carefully check and improve fetal pulmonary maturity.

Ding YL, Zhang LJ, Wang X, Zhou QC, Li N, Wang CX,
Zhang XQ. Fetal lung surfactant and development alterations
in intrahepatic cholestasis of pregnancy. World J Obstet Gy-
necol 2014; 3(2): 78-84 Available from: URL: http://www.
wjgnet.com/2218-6220/full/v3/i2/78.htm DOI: http://dx.doi.
org/10.5317/wjog.v3.i2.78

INTRODUCTION

Intrahepatic cholestasis of pregnancy is a maternal meta-
bolic disease affecting up to 5% of pregnancies'. Tt is
characterized by rising maternal serum bile acids and can
be complicated by fetal distress, neonatal asphyxia and
neonatal respiratory distress syndrome” ™. The etiology
of intrahepatic cholestasis of pregnancy (ICP) is poorly
understood but the perinatal complications are closely
correlated with maternal total bile acid (TBA) level™.
Savonius found that high TBA can cause neonatal lung
injury but its mechanism is not clear. In order to ex-
plore fetal lung alteration during ICP and its possible
mechanisms, we investigated maternal and fetal TBA,
fetal surfactant production and fetal lung development.

MATERIALS AND METHODS

Protocols were approved by Central South University
Xiangya Second Hospital Scientific Research Depart-
ment. Informed consents wete obtained from all patients
involved in this study.

Clinical information
A total of 72 cases were recruited in this study during
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2010 and 2011. It includes 40 ICP patients and 32 nor-
mal pregnant women with singleton pregnancy delivered
using cesarean section. In the ICP group, the patients’
ages were from 18 to 40 years old and the average age
was 27.7 * 1.37 years. The gestational ages were from 33
wk to 41 wk + 5 d and the average gestational age was
37.25 £ 2.34 wk. In the normal pregnancy group, the pa-
tients’ ages were from 19 to 36 years old and the average
age was 27.2 + 4.67. The gestational ages were from 33 *
2 to 40 = 6 wk and the average gestational age was 37.5
t+ 2.67 wk. There were no statistical differences between
the ICP group and control group for maternal age, ges-
tational age or pregnancy times. ICP was diagnosed with
the diagnostic criteria referenced in the eighth edition of
the national text book of obstetrics and gynecologym.
Patients with liver disease, gall bladder disease, chronic
vascular disease, gestational hypertension, gestational
diabetes, anemia, kidney disease, heart disease or other
pregnancy complications were excluded.

Sample collections

Maternal blood was collected at a fasting state before ce-
sarean section. Fetal blood was collected through the um-
bilical artery immediately after delivery of the fetus dur-
ing cesarean section. Amniotic fluid was collected with a
syringe through the amniotic membrane just after cutting
and separating the myometrium during cesarean section,
with careful attention to avoid blood pollution.

Blood specimens were injected into a test tube dedi-
cated with heparin immediately after being collected.
After centrifuge (3000 r/min, 15 min), the supernatant
was collected and stored at -20 C for future experiments.
For amniotic fluid, the upper solution was collected after
centrifuge (3000 r/min, 15 min), then mixed 1:1 volume
with methanol/chloroform. After centrifuge again (2500
t/min, 10 min), the lower liquid was extracted and mixed
with a methanol-water extractor (1:1, v/v). The superna-
tant and interface impurities were discarded after centri-
fuge (2500 r/min, 10 min), 10 mL lower fluid was taken
and sealed into a test tube, then stored for future tests at
-20 C. Before testing, a mobile phase containing chloro-
form was used to dissolve the samples.

Amniotic fluid assay for TBA, SPA, phospholipids

TBA was detected using the automatic biochemical
analyzer (Hitachi 7060, Japan) with the TBA detection
kit (Sigma, Shanghai Trading Co. Ltd.), following the
instruction of the assay kit. The calibration was made
each time using the standard calibrator. Surfactant pro-
tein A (SP-A) was detected with the SP-A detection kit
using an enzyme-linked immunosorbent assay (Wuhan
technology co., China and United States)". Phospholip-
ids phosphatidylcholine (PC), phosphatidylinositol (PI),
lysolecithin (LPC) and sphingomyelin (SM) were detected
with high-performance liquid chromatography (HPLC,
Shanghai National Medicine Chemical Reagent Co. Ltd.)
with the standard phospholipids (Sigma, Shanghai Trad-
ing Co. Ltd.). uPrasil column (300 mm X 4 mm, 5 pum)
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Figure 1 Chromatogram of phospholipids. High-performance liquid chromatography was used for phospholipids measurement. Peaks represent the phospholipids
extracted from amniotic fluids. Peaks refer to the following components: 1: Phosphatidylinositol; 2: Phosphatidylcholine; 3: Lysolecithin; 4: Sphingomyelin.

was used with a HW2000 chromatographic data station
for data analysis. The procedures and steps were carried
out accurately following the instructions of the agent kit
and instrument. The phospholipid concentration results
are shown in Figure 1. Amniotic fluid lamellar body was
counted using a hematology analyzer (ABX-Pentral20,
Diamond Diagnostics, United States).

Ultrasonography

Color ultrasonic diagnostic system (Philips iu22, United
States, probe frequency 2.5-6.0 OMHZ) was used for
fetal lung area and fetal body weight within 3 days of de-
livery. Fetal body weights were assessed and calculated by
checking the fetal biparietal diameter, head circumference,
abdominal circumference and femoral length. Fetal lung
areas were calculated by measuring the fetal left and right
lung area by freezing an image shot when the fetal heart
was at the diastolic phase while the probe was parallel to
the longitudinal line of the fetus. The area was digitally
analyzed by the computerized system automatically. Data
was taken by one professional individual using a mean
of 3 measurements. Total lung area and lung area/body
weight were digitally calculated"”.

Fetal heart rate patterns, amniotic fluid characteristics
and neonatal Apgar score were recorded for evaluation.
The situation of the neonates was also recorded for three
days to evaluate the fetus and neonates.

Statistical analysis

Software SPSS13.0 was used for statistics. Student #test
was used for measurement data and y” test was used for
numerous data. Correlation was analyzed using Pearson
and Spearman correlation analysis.

RESULTS

Total bile acid level

The TBA concentration in maternal peripheral vein
blood, fetal umbilical artery blood and amniotic fluid in
the ICP group was 34.11 + 6.76, 11.9 £ 2.23, and 3.89 *
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1.99 mmol/L respectively. They wete significantly higher
than that of the control group which were maternal: 4.55
+ 1.72 mmol/L, fetal: 3.52 * 1.56 mmol/L, and amni-
otic fluid: 1.43 *+ 1.14 mmol/L (P < 0.05 respectively).
In addition, the TBA level in maternal serum was higher
than that in fetal serum or amniotic fluid in both the ICP
group and control group (Table 1).

Amniotic phospholipid components and lamellar body
The PC and PI concentrations in amniotic fluid in ICP
group were 65.71 £ 7.23 pg/mL and 3.87 + 0.65 pg/mL
respectively. They were evidently lower than that in the
normal control group (69.70 £ 3.68, 4.28 £ 0.74 pg/mL
respectively, P < 0.05). In the ICP group, LPC content in
amniotic fluid was 4.72 + 0.86 pg/mL, which was much
higher than that in control group (4.21 * 0.64 ug/mL, P
< 0.05); the SM content in both groups had no statistical
difference. The ratio of PC/LPC in the ICP group (14.40
+ 3.14) was much lower than that of the control group
(16.90 + 2.52, P < 0.05). The lamellar body in the ICP
group was evidently lower than that of the control group
(P < 0.05) (Table 1).

Fetal SP-A and fetal lung area/body weight

In the ICP group, fetal SP-A concentration was 30.26 *
7.01 ng/mlL, which is significantly higher than that of the
control group, 22.63 + 7.42 ng/mL (P < 0.05). The fetal
lung area/body weight ratio of the ICP group was 5.76
+ 0.63 cm’/ kg, while the control group was 6.89 £ 0.48
cm”/kg, which is a significant difference (P < 0.05) (Figure
2).

Correlation analysis

The maternal TBA concentration and fetal TBA level
are positively correlated (» = 0.746, P < 0.05). Fetal TBA
1s positively correlated with fetal SP-A concentrations (r
= 0.422, P < 0.05), but negatively correlated with am-
niotic fluid lamellar small mass (» = 0.810, P < 0.05) or
fetal lung area/body weight ratio (» = 0.769, P < 0.05).
Furthermore, fetal TBA is negatively correlated with am-
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Table 1 Variable characteristics between intrahepatic

cholestasis of pregnancy and the control group

Control Intrahepatic cholestasis of
n =32) pregnancy (7 = 40)

Total bile acid (mmol/L)

Maternal serum 455+1.72 3411 £ 6.75"

Umbilical artery serum 3.52+1.56 11.9 £2.23°

Amniotic fluid 1.43+1.14 3.89+1.99"
Amniotic fluid phospholipids

PC (ng/mL) 69.70 £ 6.68 65.71 +7.23°

PI (ug/mL) 428 +0.74 3.87 £ 0.65"

LPC (ug/mL) 4.21+0.64 472+0.86"

SM (ug/mL) 3.95+0.53 3.63 £0.66

PC/LPC (ug/mL) 6.90 £ 2.52 14.40 +3.14°

Lamellar body (x 10°/L)  103.0  26.82 7413 + 437"
Perinatal outcomes

Fetal distress 4(12.4) 13 (32.5)

Neonatal asphyxia 1(3.13) 2(5)

NRDS 2 (6.25) 6 (15)

Perinatal death 0 1(2.5)

Data are expressed as absolute mean + SD or numbers (percentage). PC:
Phosphatidylcholine; PI: Phosphatidylinositol; LPC: Lysolecithin; SM:
Sphingomyelin; NRDS: Neonatal respiratory distress syndrome. °P < 0.05
vs control group.

niotic fluid PC, SM and PI (tpc = 0.536, 7nm = 0.438, i =
0.387, P < 0.05). In addition, amniotic fluid lamellar body
are positively correlated with fetal lung area/body weight
ratio (= 0.929, P < 0.05).

Perinatal outcomes

The fetal distress, neonatal asphyxia, neonatal respiratory
distress syndrome and perinatal death rates in the ICP
and control group are shown in Table 1.

DISCUSSION

Intrahepatic cholestasis of pregnancy is a peculiar disease
in middle-late pregnancy, with the pathological character-
istics of hepatic capillary bile duct silts, causing increas-
ing clinical bile components in peripheral blood and liver
function damage[“’m. High TBA has toxic cellular effects
to many organs and mainly affects the fetus'"”, leading to
perinatal complications such as fetal distress, meconium
inhaled syndrome and neonatal asphyxiawj. The mecha-
nism of ICP causing poor petinatal outcome has not yet
been elucidated. Current studies suggest that maternal
TBA level is the most sensitive index to diagnose ICP
and predict the perinatal outcomes ™",

Fetal serum bile acid is synthesized from fetal liver,
which increases with the gestational weeks. During late
normal pregnancy, fetal blood bile acid concentration is
higher than the maternal level'™'”. Bile acid as fat soluble
small molecules, diffuses through the placenta, then to
maternal blood circulation and the normal liver system
removes them from the body. During ICP, under the ac-
tion of various factors, maternal bile acid levels increase,
which damages the placenta, causing insufficiency of
placental transferring, leading to fetal bile acid deposition
in the body, and finally the fetal blood and the amniotic
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Figure 2 Fetal lung area/body weight ratio and fetal surfactant protein A.
A: Ratio between fetal lung area (FLA) and fetal body weight (BW). °P < 0.05
vs control; B: Fetal surfactant protein A (SP-A) concentration. Intrahepatic cho-
lestasis of pregnancy (ICP) has a higher SP-A than that in the control group, °P
<0.05 vs control.

fluid bile acid levels become higher“gl. With the rise of
maternal bile acid concentration, fetal blood bile acid in-
creases and causes delay of fetal lung development”.

Animal experiments and clinical studies have dem-
onstrated that ICP leads to fetal and neonatal acute lung
injury and causes bile acid pneumoniamj. The cause of
poor perinatal outcomes due to ICP is not very clear.
Injection of cholic acids into the rabbit trachea induces
dyspnea and respiratory failure™. The morphological
changes are consistent with neonatal pulmonary hyaline
membrane disease, decreasing of light transmittance,
swelling, atelectasis and pulmonary hyaline membrane
disease™ . After giving pulmonary surfactant treat-
ment, the symptoms and pathological changes reduce or
disappear™*’, In a bronchoalveolar fluid study (BALF),
it was found that the more bile acid content in BALEF,
the less production of the pulmonaty surfactant A and
D. It was demonstrated that the lung injury induced by
bile acid is associated with pulmonary surfactant insuf-
ficiency'. Zecca et al"” found that bile acids exist in all
newborns in the BALF study on ICP.

Cholic acid can cause a dysfunction of surface active
substances synthesis in the lung and induces an inflam-
matory reaction and chemical pneumonia. With bron-
choalveolar lavage, Hills ez al’ found that the pulmonary
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phospholipid content is lower in sudden infant death
syndrome than in normal cases, and bile acid content
increased. It prompted the idea that bile acid may achieve
the role of pulmonary surfactant to the lungs through
acting on phospholipasemj. In this study, umbilical cord
blood SP-A in the ICP group is higher than that of the
normal group and the umbilical cord blood total bile acid
concentration is also higher. SP-A is the lung protein
component of pulmonary surfactant, which is a hydro-
philic multifunctional glycoprotein. Under normal cir-
cumstances, the alveolar capillary barrier is intact, which
can prevent SP-A serum from entering the blood circula-
tion. When the lungs are injured, the alveolar capillary
permeability increases, then SP-A leaks from the alveolar
cavity to the alveolar capillaries, which induces an increas-
ing blood SP-A concentration™. We speculated that high
amniotic bile acid concentrations can destroy the con-
tinuity of the pulmonary vascular endothelium, causing
the fetus alveolar capillary damage and increasing alveolar
capillary permeability. SP-A can damage the alveolar cap-
illary membrane barrier, then get into the blood circula-
tion, leading a SP-A rise in serum™*,

Pulmonary surfactant is synthesized in alveolar type
Il epithelial cells. When lung injury happens, the AT I
cell synthesis ability decreases, which leads to the alveolar
capillary permeability increasing and pulmonary surfac-
tant decreasing[zs’zgl. Cholic acid can promote the secre-
tion of phospholipase A2 and restrain and reduce the
secretion of pulmonary surface active substance™. So,
even although the amniotic fluid lecithin/sphingomyelin
ratio (I./S) indicates mature lung, unusually high levels of
cholic acid can still reverse the activity of phospholipase
A2, causing a relative lack of lung surface. When using
pulmonary surfactant to treat newborns diagnosed with
bile acid pneumonia, Zecca found that clinical symptoms
and signs obviously improvedlw]. In our study, PC and PI
levels in ICP amniotic fluid are lower than that in normal
pregnancy. We speculate that there may be high con-
centrations of bile acids in the amniotic fluid and fetal
circulation which work together in the respiratory tract
and lungs of the fetus. A high level of bile acid has a cy-
totoxic effect in the lungs, destroying the AT-1I cells and
decreasing PS, PC and PI synthesis. Our results showed
that the ICP’s LPC in amniotic fluid levels are higher
than that of the normal group, which might be caused by
the degradation in the amniotic fluid. As to what causes
the degradation of the PC, further studies are needed.
LPC has a direct toxic effect which may damage AT I
cells, then affect the synthesis of PS. It can increase the
damaging effect to the alveolar capillary system caused
by TBA in fetal blood and amniotic fluid. This change
may result in increasing cell membrane permeability and
alveolar infiltrates.

The lamellar body is the special structure of lung sur-
face active material stored in alveolar type II cellular cy-
toplasm which has a typical structure like an onion™. LB
can be found in normal middle pregnancy and increases
obviously at 34 to 36 gestational weeks. It is discharged
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by alveolar type II cells and attached to the alveolar sur-
face, then contacts with amniotic fluid. Amniotic fluid LB
increases gradually with the progress of pregnancy and
fetal maturity. So, the LB measurement can predict fetal
lung maturitym. Reports shows high bile acid can induce
fetal rat alveolar type I epithelial cells to degenerate
through necrosis, the cell surface microvilli structure dis-
appears, the nucleus and mitochondria swells, the balloon
sample changes and ridge cavitations disappear[zsl. It can
also result in the decrease of lamellar corpuscle numbers
and the disappearing of the board layer structure.

In conclusion, our study demonstrated that maternal
bile acid concentration is associated with fetal and amni-
otic fluid bile acid level. A maternal high blood bile acid
level results in an increased fetal and amniotic bile acid
level, which leads to a reduced synthesis of fetal pulmo-
nary surfactant and delayed fetal lung development. High
bile acid concentration has an increased perinatal mor-
bidity and mortality. This study may help us to predict
perinatal outcomes, to develop strategies improving the
prenatal outcome, and to further study the mechanism
of how fetal pulmonary AT-1I cells are affected. It calls
attention to delayed maturation of fetal lungs in ICP
patients and to take steps to carefully check and improve
fetal pulmonary maturity.
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COMMENTS

Background

Intrahepatic cholestasis of pregnancy (ICP) can be complicated by fetal dis-
tress, neonatal asphyxia and neonatal respiratory distress syndrome. The
etiology of ICP is poorly understood but the perinatal complications are closely
correlated with maternal total bile acid (TBA) level. It is necessary to explore
fetal lung alteration and development during ICP and its possible mechanisms
affecting fetal pulmonary maturation.

Research frontiers

Lung development in ICP is a research hotspot since neonatal respiratory dis-
tress syndrome is a serious complication which is usually related to the immatu-
rity of fetal lungs. Finding out the relationship of TBA concentration in maternal,
fetal and amniotic fluid and its association with fetal surfactant, surfactant pro-
tein A, amniotic lamellar body and fetal lung development will help us to predict
and improve perinatal outcomes. It calls clinical attention to delayed maturation
of fetal lungs in ICP and to improve fetal pulmonary maturity.

Innovations and breakthroughs

Previous studies have found that high TBA can cause neonatal lung injury but
its mechanism is not clear. In order to explore fetal lung alteration during ICP
and its possible mechanisms, the authors investigated maternal and fetal TBA,
fetal surfactant production, fetal surfactant protein level and fetal lung develop-
ment. The study demonstrated that a maternal high blood bile acid level results
in an increased fetal and amniotic bile acid level, which leads to a reduced syn-
thesis of fetal pulmonary surfactant and delayed fetal lung development.

Applications

This study may help to predict perinatal outcomes, to develop strategies im-
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proving the perinatal outcome, and to further study the mechanism of how fetal
pulmonary AT-1I cells are affected. It calls attention to delayed maturation of
fetal lungs in ICP patients and to take steps to carefully check and improve fetal
pulmonary maturity.

Terminology

ICP: It is also called obstetric cholestasis, jaundice of pregnancy, or pruritus of
pregnancy. It is a medical condition during pregnancy in which hepatic capillary
bile duct silt. It typically presents with itching and can lead to complications for
both mother and fetus. Pulmonary surfactant: It is a surface-active lipoprotein
complex formed by type II alveolar cells which reduces surface tension. Ma-
ture surfactant in the fetus is very important for neonates to start normal breath-
ing after birth.

Peer review

The manuscript has new information on lung volume and levels of surfactant
phospholipid and surfactant protein A in ICP. This information advances to un-
derstanding fetal lung injury in ICP.
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Abstract

AIM: To investigate the use of the Gaumard’s Noelle
$550.100 Maternal and Neonatal Simulators for teach-
ing forceps delivery.

METHODS: Twenty two (7 = 22) resident physicians
were enrolled in a simulation course on operative for-
ceps deliveries. The physicians enrolled in the course
were all part of an accredited Obstetrics and Gynecolo-
gy residency program and ranged in their training from
post graduate year (PGY) 1-4. Each participant received
simulation based teaching on the indications, contra-
indications, proper application, delivery and removal
of forceps by a single teacher. The Gaumard’s simula-
tor and Simpson forceps were used for this course.
Statistical analysis using SPSS statistical software was
performed after the completion of the simulation train-
ing program. A paired student ¢-test was performed to
compare the cohort’s mean pretest and post simula-
tion training scores. Follow up skills assessment scores
at one month, 3 mo and 6 mo were compared to the
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baseline pretest score using a paired student ¢-test.

RESULTS: There was statistically significant improve-
ment in the post simulation training performance evalu-
ations compared to the pretest, 13.7 (SD = 3.14) vs
7.9 (SD = 4.92), P < 0.05. Scores at 1 mo, 3 mo, and
6 mo were compared to the pretest score and showed
retention of skills: 4.6 (SD = 5.5, 95%CI: 2.21-7.07),
4.4 (SD = 5.2, 95%CI: 2.13-6.70), and 5.6 (SD = 4.8,
95%CI: 3.53-7.75) points, respectively. There were
statistically significant differences between residents by
post graduate training year on pretest scores, however
these differences were not present after simulation
training. Pretest scores for PGY 1, 2, 3, 4 were 3.5 (SD
= 2.27, 95%CI: 2.13-5.00), 7.25 (SD = 6.70, 95%CI:
1.50-13.00), 10.75 (SD = 1.5, 95%CI: 9.50-12.00),
12.17 (SD = 2.57, 95%CI: 10.33-14.00). After simu-
lation training PGY 1 residents did as well as well as
the upper level residents. Posttest mean test scores
for PGY 1, 2, 3, 4 were 13.75 (SD = 1.49, 95%CI:
12.75-14.63), 10.25 (SD = 0.24, 95%CI: 4.25-14.00),
15.00 (SD = 1.16, 95%CI: 14.00-16.00), 15.17 (SD =
0.75, 95%CI: 14.67-15.67).

CONCLUSION: Our simulation based training program
not only produced short term gains, but participants
were able to retain the skills learned and demonstrate
their knowledge months later.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Simulation; Education; Forceps; Delivery;
Labor

Core tip: In this article the authors investigated the use
of the Gaumard's Noelle S550.100 Maternal and Neo-
natal Simulators for teaching forceps delivery. They de-
scribe the process of developing a simulation program,
application, and evaluation at Banner Good Samaritan
Medical Center. The intervention was successful in
teaching resident physicians the steps of application,
delivery and removal in forceps operative delivery. The
authors hope is that their method may be applied in
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development of a variety of simulation based programs
to improved education in obstetrics.

Doehrman P, Erickson L, Galfione K, Geier B, Kahol K, Ashby
A. Simulation training in contemporary obstetrics education.
World J Obstet Gynecol 2014; 3(2): 85-89 Available from: URL:
http://www.wjgnet.com/2218-6220/full/v3/i2/85.htm DOI: http://
dx.doi.org/10.5317/wjog.v3.i2.85

INTRODUCTION

As rapid technologic growth expands the skills set of
graduating residents in obstetrics and gynecology (ob/
gyn) in the areas of minimally invasive surgery, there is
a profound loss of basic skills in operative delivery. The
current average number forceps deliveries for graduat-
ing ob/gyn residents are below what is necessary to be
proficient in this invaluable skill. The average ob/gyn
resident has performed 6 forceps assisted operative vagi-
nal deliveries, compared to 120 laparoscopic surgeriesm.
As the use of forceps decline, cesarean sections and the
associated complications are more prevalent than ever.
Cesarean sections account for over one third of deliver-
ies performed each year and outnumber operative vaginal
deliveries by three to one. In 2007, cesarean sections were
at an all-time high at 32%%. Cesarean delivery involves
major abdominal surgery, and is associated with higher
rates of maternal and neonatal complications compared
with vaginal birth™”. The rates of cesarean sections vary
widely depending on geographic region, and some au-
thors argue this is due to a regional lack of skilled provid-
ers in operative vaginal delivery"”.

The residency program at Banner Good Samaritan
Medical Center was keenly aware of this trend as their
own residents experienced decreasing numbers of real
life forceps deliveries. Simulation training was presented
as a viable solution to providing graduate medical training
in forceps delivery without effecting patient safety.

Other surgical specialties have harnessed the power
of simulation to provide residents with a foundation of
skills prior to performing procedures on live patients’”,
This is particularly important for emergency situations
and high stress surgical scenarios™?. General surgeons
have developed simulation courses based on proven tech-
niques for teaching fundamental laparoscopic skills. The
strength of these courses is in providing residents experi-
ence performing skills in the safety of the simulation lab
where failures of efficiency can be overcome without
effecting patient care. Furthermore, simulation training
provides equality in resident training as it is not depen-
dent on the chance of exposure to surgical emergencies.

The existence of the Simulation Education and Train-
ing Center at Banner Good Samaritan Medical Center
was a critical factor in the creation of this program.
Opened in 2000, this 6000 square foot, two million dollar
facility has trained 5000 health care professional. The aim
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of this program was to evaluate the use of the Gaumard’s
Noelle S550.100 Maternal and Neonatal Simulators in the
development of a forceps simulation program for train-
ing residents in obstetrics and gynecology.

MATERIALS AND METHODS
Study design

Resident physicians in obstetrics and gynecology from
a single center participated in simulation training as part
of their education in operative delivery techniques. Their
performance before and after training was recorded to
evaluate and improve forceps training for resident phy-
sicians. Initially, 25 residents chose to participate, with
only 3 unable to complete the course. The residents were
divided into five groups. Participants were first able to
perform a simulated forceps delivery and given a pretest
score on their performance based on a specific checklist
(Figure 1). Each group then received simulation based
teaching on the indications, contraindications, proper
application, delivery and removal of forceps by a single
teacher. A posttest was then administered using the same
assessment checklist to evaluate their forceps delivery
skills. Video recordings of the 22 residents were obtained
at their 1 mo, 3 mo, and 6 mo follow up assessments.

Sixteen steps were identified as critical aspects for
forceps application and delivery based on Dennen’s For-
ceps Deliveries, 3" Ed”. The steps were reviewed by six
independent board certified physicians in obstetrics and
gynecology from the Department of Obstetrics and Gy-
necology at Banner Good Samaritan Medical Center. The
steps were rated in terms of importance and weighted
averages calculated to gauge if any steps should be ex-
cluded from the assessment or tutorial.

The same checklist was used for each of the evalu-
ations. A blinded scorer was used to grade each anony-
mous video recording. The physician scoring each video
was unaware of the resident’s identity, as well as their year
of post graduate training to limit bias. Residents were
gowned and gloved in the video to hide their identity. A
second evaluator reviewed all of the follow up videos to
establish reliability of the score assessment tool. Both
evaluators were board certified in obstetrics and gynecol-
ogy for over 10 years and routinely performed forceps
deliveries at a large tertiary care center. Both evaluators
had performed over 100 forceps deliveries and had expe-
rience evaluating resident performance in operative deliv-
eries for over 10 years.

Simulation training
The decision was made to teach the following steps for
placement of the first blade: identifying fetal position,
orientation of the forceps, choice of first blade, appli-
cation of the first blade in the vertical position, use of
the vaginal hand to guide placement of the first blade,
advancement of the blade into the horizontal position
along the opposite thigh.

Steps for placing the second blade included: starting
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Name,
Date
Date
Date

Pre Post

1 mo

3 mo 6 mo

Chose appropriate type of forceps

Correctly identified position of vtx

Chose correct first blade for placement

Started vertically

Proper vaginal hand placement

Proper upper hand placement

Brought forcep out along thigh

Started vertically with second blade

Proper vaginal hand placement-second

Proper upper hand placement

Brought forcep out along thigh-second

Verified correct placement-post fontanelle

Verified correct placement-sagital suture

Verified correct placement-blades

Correct hand positioning for traction

Appropriate traction direction

Appropriate removal of forceps

Figure 1 Checklist for pretest and posttest.

in the vertical position, placement of vaginal hand to
guide blade, and advancing blade from vertical to hori-
zontal along the opposite thigh.

Additional steps included, checking the placement of
the forceps on the neonatal head by feeling for the poste-
rior fontanel and sagittal suture. Finally, steps for delivery
included correct hand position for traction and appropri-
ate removal.

Examples of the steps in forceps application and de-
sired hand positions are illustrated in Figure 2.

Statistical analysis

Statistical analysis using SPSS statistical software was
performed after the completion of the simulation train-
ing program. A paired student ~test was performed to
compare the cohort’s mean pretest and post simulation
scores. Follow up skills assessment scores at 1 mo, 3 mo
and 6 mo were compared to the baseline pretest score us-
ing a paired student ~test.

RESULTS

Inter-rater reliability was investigated by calculating the
Pearson correlation coefficient. This provided evidence
on the reliability of the testing instrument itself. Pearson
correlation between evaluator one and two was 0.7 (P <
0.001).

The pretests were compared to posttest scores for the
22 participants who complete the simulation curriculum.
There was statistically significant improvement in the post
simulation training performance evaluations compared to
the pretest, 13.7 (SD = 3.14) »s 7.9 (SD = 4.92), P < 0.05.
Scores at one month, three months, and six months were
compared to the pretest score and showed retention of
skills (Figure 3). The difference between pretest and fol-

low up scores at one month, three month and six month
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were: 4.6 (SD = 5.5, 95%CI: 2.21-7.07), 4.4 (SD = 5.2,
95%ClI: 2.13-6.70), and 5.6 (SD = 4.8, 95%CI: 3.53-7.75)
points, respectively (Table 1).

There were statistically significant differences between
residents by post graduate training year on pretest scores,
however these differences were not present after simula-
tion training, Pretest scores for PGY 1, 2, 3, 4 were 3.5
(SD = 2.27, 95%CI: 2.13-5.00), 7.25 (SD = 6.70, 95%ClI:
1.50-13.00), 10.75 (SD = 1.5, 95%CI: 9.50-12.00), 12.17
(SD = 2.57, 95%CI: 10.33-14.00). PGY 1 residents as
a group scored lower compared with PGY 2, 3, and 4.
After simulation training PGY 1 residents did as well
as well as the upper level residents. Posttest mean test
scotes for PGY 1, 2, 3, 4 were 13.75 (SD = 1.49, 95%CI:
12.75-14.63), 10.25 (SD = 0.24, 95%CI: 4.25-14.00),
15.00 (SD = 1.16, 95%CI: 14.00-16.00), 15.17 (SD = 0.75,
95%Cl: 14.67-15.67).

Increased year of resident training had a statistically
significant association with higher pretest skills assess-
ment scores, (Pearson correlation = 0.637, P = 0.001).
However, after simulation training there was no differ-
ence in skills assessment scores among resident based on
year of training with forceps delivery.

DISCUSSION

Simulation training offers a solution to the problem of
declining resident exposure to forceps operative deliver-
ies nationally. Our simulation based training program not
only produced short term gains, but residents were able
to retain the skills learned and demonstrate their knowl-
edge months later. Analysis of pretest scores showed an
association between forceps skills and year of training,
with improved scores with increased year of post gradu-
ate year. However, after simulation training this associa-
tion no longer exists. Considering, clinical experience
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Figure 2 Examples of the steps in forceps application and desired. A: The vertical application of the first blade of closed Simpson forceps; B: Position of the
vaginal hand used to guide the first blade; C: Rotation of the handle of the blade to the horizontal position along the opposite thigh; D: Application of the second blade
starting in the vertical position; E: Position of the vaginal hand in order to direct the placement of the second blade; F: Lock forceps in the correct orientation; G: Place-

ment of hands and direction of traction.
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Figure 3 Average residency scores on forceps application skills before
and after simulation training. Error bars: 95%CI.

with forceps generally increases by year of training, our
study suggests that these differences in real life experi-
ence may be overcome by simulation training, Simulation
training has the potential for providing the necessary
experience resident physicians need in adjunct with real
life experience to produce qualified obstetricians with the
necessaty skills to perform operative deliveries indepen-
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dently.

The Gaumard’s Noelle S550.100 Maternal and Neo-
natal Simulators was limited in its ability to replicate a
forceps delivery. The anatomy of a real fetal skull, spe-
cifically the contours if the maxillary bone, provide the
points of articulation for the forceps instrument. The
Noelle $550.100 Neonatal Simulator did not have the
same cranial bone structure and thus the forceps fre-
quently slipped or became misplaced during the delivery.
Therefore, the trainees in this study were only expected
to apply the forceps correctly and demonstrate the cot-
rect plane of traction. The residents were not expected to
complete the delivery due to the limitations of the simu-
lator. The maternal simulator in contrast had very realis-
tic anatomy; fetal station could correctly be identified by
palpation of the ischial spines just as in a live patient.

Another limitation of this program is the lack of data
collected on the effect of simulation training on resident
performance in real life settings. An opportunity for fur-
ther program evaluation includes follow up surveys to as-
sess if simulation training increased resident confidence
and likeliness to perform forceps deliveries when in
practice. Twenty percent of the residents who took part
in this program are now in practice and their feedback on
whether or not they routinely perform forceps deliveries
would provide important follow up data to support con-
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Table 1 Comparison of the difference between pretest, posttest and follow up assessments

Paired differences t df Sig. (2-tailed)
Mean SD SEM 95%CI of the difference
Lower Upper
Pretest-immediate posttest -5.864 4.357 0.929 -7.795 -3.932 -6.313 21 0.000
Pretest-one month follow up -4.636 5.482 1.169 -7.067 -2.206 -3.967 21 0.001
Pretest-post 3 mo -4.409 5.152 1.098 -6.693 -2.125 -4.014 21 0.001
Pretest-post 6 mo -5.636 4.756 1.014 -7.745 -3.527 -5.558 21 0.000

tinued simulation education.

Additionally, research opportunities to further inves-
tigate the effect of simulation training on resident per-
formance in real life settings would include a prospective
study with assessment of real life operative delivery skills
assessments before and after simulation training,

COMMENTS

Background

The current average number forceps deliveries for graduating ob/gyn residents
are below what is necessary to be proficient in this invaluable skill. Cesarean
sections account for over one third of deliveries performed each year. Cesarean
delivery involves major abdominal surgery, and is associated with higher rates
of maternal and neonatal complications compared with vaginal birth. The rates
of cesarean sections vary widely depending on geographic region, and some
authors argue this is due to a regional lack of skilled providers in operative
vaginal delivery. Simulation training is a viable solution to providing graduate
medical training in forceps delivery without effecting patient safety.

Research frontiers

There are increasing demands on the health care system to adhere to the high-
est standards of safety and cost efficiency. Additionally, new changes to the
Accreditation Council for Graduate Medical Education restrictions on resident
work hours creates further challenges to garnering the necessary skills in op-
erative delivery. The power of simulation has been harnessed by varies surgical
specialties to provide residents with a foundation of skills prior to performing
procedures on live patients.

Innovations and breakthroughs

Simulation training is particularly important for emergency situations and high
stress surgical scenarios. General surgeons have developed simulation courses
based on proven techniques for teaching fundamental laparoscopic skills. The
strength of these courses is in providing residents experience performing skills
in the safety of the simulation lab where failures of efficiency can be overcome
without effecting patient care. Furthermore, simulation training provides equality
in resident training as it is not dependent on the chance of exposure to surgical
emergencies.

Applications

This study suggests that simulation training may provide the needed training in
forceps deliveries that are required for residents in obstetrics and gynecology to
be proficient in these skills.

Terminology

Forceps are tools used to assist in the second stage of labor for a variety of
indications, such as: arrest of descent, prolonged second stage, maternal
exhaustion, pr concerning fetal heart tracings. The second stage of labor is
defined as the periods of labor after complete cervical dilation during which time
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the fetus passes through the pelvis, but prior to expulsion.

Peer review

This is a well-designed observational study in which resident physicians partici-
pated in a simulation course on operative forceps deliveries, before and after
assessment were performed. The findings demonstrate the potential utility of
simulation training to provide experience and technical skills that are not readily
available in real life settings. These methods may be beneficial for teaching a
variety of obstetrical skills that may in the future improve the health of mothers
and children.
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Manuscripts should be typed in 1.5 line spacing and 12 pt. Book
Antiqua with ample margins. Number all pages consecutively, and
start each of the following sections on a new page: Title Page, Ab-
stract, Introduction, Materials and Methods, Results, Discussion,
Acknowledgements, References, Tables, Figures, and Figure Leg-
ends. Neither the editors nor the publisher are responsible for the
opinions expressed by contributors. Manuscripts formally accepted
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_info_20100722175812.htm) before attempting to submit online.
For assistance, authors encountering problems with the Online
Submission System may send an email describing the problem to
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Repeated online submission for the same manuscript is strictly pro-
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typed in 1.5 line spacing and 12 pt. Book Antiqua with ample mar-
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Chen Zhang, Li-Xin Mei, Department of Pathology, Chengde
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Surgery, Essen 45122, Germany; George Sgourakis, 2nd Surgical
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15451, Greece
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Author contributions: Wang CL and Liang L. contributed equally
to this work; Wang CL, Liang I, Fu JE Zou CC, Hong F and Wu
XM designed the research; Wang CL, Zou CC, Hong F and Wu
XM performed the research; Xue JZ and Lu JR contributed new
reagents/analytic tools; Wang CL, Liang L. and Fu JF analyzed the
data; and Wang CL, Liang L and Fu JF wrote the paper.

Supportive foundations: The complete name and number of sup-
portive foundations should be provided, e.g. Supported by National
Natural Science Foundation of China, No. 30224801

Correspondence to: Only one corresponding address should be
provided. Author names should be given first, then author title, af-
filiation, the complete name of institution, city, postcode, province,
country, and email. All the letters in the email should be in lower
case. A space interval should be inserted between country name and
email address. For example, Montgomery Bissell, MD, Professor of
Medicine, Chief, Liver Center, Gastroenterology Division, Universi-
ty of California, Box 0538, San Francisco, CA 94143, United States.
montgomery.bissell@ucsf.edu

Telephone and fax: Telephone and fax should consist of +, coun-
try number, district number and telephone or fax number, e.g. Tele-
phone: +86-10-85381892 Fax: +86-10-85381893

Peer reviewers: All articles received are subject to peer review.
Normally, three experts are invited for each article. Decision for
acceptance is made only when at least two experts recommend
an article for publication. Reviewers for accepted manuscripts are
acknowledged in each manuscript, and reviewers of articles which
were not accepted will be acknowledged at the end of each issue.
To ensure the quality of the articles published in WJOG, review-
ers of accepted manuscripts will be announced by publishing the
name, title/position and institution of the reviewer in the footnote
accompanying the printed article. For example, reviewers: Professor
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Jing-Yuan Fang, Shanghai Institute of Digestive Disease, Shang-
hai, Affiliated Renji Hospital, Medical Faculty, Shanghai Jiaotong
University, Shanghai, China; Professor Xin-Wei Han, Department
of Radiology, The First Affiliated Hospital, Zhengzhou University,
Zhengzhou, Henan Province, China; and Professor Anren Kuang,
Department of Nuclear Medicine, Huaxi Hospital, Sichuan Univer-
sity, Chengdu, Sichuan Province, China.

Abstract

There are unstructured abstracts (no less than 200 wotds) and struc-
tured abstracts. The specific requirements for structured abstracts
are as follows:

An informative, structured abstract should accompany each
manuscript. Abstracts of original contributions should be struc-
tured into the following sections: AIM (no more than 20 words;
Only the purpose of the study should be included. Please write the
Aim in the form of “To investigate/study/...”), METHODS (no
less than 140 words for Original Articles; and no less than 80 words
for Brief Articles), RESULTS (no less than 150 words for Original
Articles and no less than 120 words for Brief Articles; You should
present P values where appropriate and must provide relevant data
to illustrate how they were obtained, e.g., 6.92 * 3.86 »s 3.61 £ 1.67,
P < 0.001), and CONCLUSION (no more than 26 words).

Key words
Please list 5-10 key words, selected mainly from Index Medicus, which
reflect the content of the study.

Core tip

Please write a summary of less than 100 words to outline the
most innovative and important arguments and core contents in
your paper to attract readers.

Text

For articles of these sections, original articles and brief articles, the
main text should be structured into the following sections: INTRO-
DUCTION, MATERIALS AND METHODS, RESULTS and
DISCUSSION, and should include appropriate Figures and Tables.
Data should be presented in the main text or in Figures and Tables,
but not in both.

Hllustrations

Figures should be numbered as 1, 2, 3, e., and mentioned clearly
in the main text. Provide a brief title for each figure on a sepa-
rate page. Detailed legends should not be provided under the
figures. This part should be added into the text where the figures
are applicable. Figures should be either Photoshop or Illustra-
tor files (in tiff, eps, jpeg formats) at high-resolution. Examples
can be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wjgnet.com/1007-9327/13/4554.pdf; http://
www.wijgnet.com/1007-9327/13/4891.pdf; http://www.
wignet.com/1007-9327/13/4986.pdf; http://www.wjgnet.
com/1007-9327/13/4498.pdf. Keeping all elements compiled is
necessary in line-art image. Scale bars should be used rather than
magnification factors, with the length of the bar defined in the leg-
end rather than on the bar itself. File names should identify the fig-
ure and panel. Avoid layering type directly over shaded or textured
areas. Please use uniform legends for the same subjects. For exam-
ple: Figure 1 Pathological changes in atrophic gastritis after treat-
ment. A: ..;B: . Gy D s Bl B G Ll It is our principle
to publish high resolution-figures for the printed and E-versions.

Tables

Three-line tables should be numbered 1, 2, 3, e¢#., and mentioned
cleatly in the main text. Provide a brief title for each table. Detailed
legends should not be included under tables, but rather added into
the text where applicable. The information should complement,
but not duplicate the text. Use one horizontal line under the title, a
second under column heads, and a third below the Table, above any
footnotes. Vertical and italic lines should be omitted.
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Notes in tables and illustrations

Data that are not statistically significant should not be noted. ‘P <
0.05, "P < 0.01 should be noted (P > 0.05 should not be noted). If
there are other seties of P values, ‘P < 0.05 and “P < 0.01 are used.
A third series of P values can be expressed as ‘P < 0.05 and P<0.01.
Other notes in tables or under illustrations should be expressed as
'E, °F, °F; or sometimes as other symbols with a superscript (Arabic
numerals) in the upper left corner. In a multi-curve illustration, each
curve should be labeled with ® o, m, O, A, /\, ez, in a certain se-
quence.

Acknowledgments

Brief acknowledgments of persons who have made genuine con-
tributions to the manuscript and who endorse the data and conclu-
sions should be included. Authors are responsible for obtaining
written permission to use any copyrighted text and/or illustrations.
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Statistical data
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as v (in Greek), sample number as # (in italics), and probability as P (in
italics).

Units
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CEA mass concentration, p (CEA) = 8.6 24.5 pg/L; CO, volume
fraction, 50 mL/L CO,, not 5% CO,; likewise for 40 g/L formal-
dehyde, not 10% formalin; and mass fraction, 8 ng/g, efe. Arabic
numerals such as 23, 243, 641 should be read 23243 641.

The format for how to accurately write common units and
quantums can be found at: http://www.wjgnet.com/2218-6220/
g info_20100724062131.htm.

Abbreviations

Standard abbreviations should be defined in the abstract and on
first mention in the text. In general, terms should not be abbrevi-
ated unless they are used repeatedly and the abbreviation is helpful
to the reader. Permissible abbreviations are listed in Units, Symbols
and Abbreviations: A Guide for Biological and Medical Editors and
Authors (Ed. Baron DN, 1988) published by The Royal Society of
Medicine, London. Certain commonly used abbreviations, such as
DNA, RNA, HIV, LD50, PCR, HBV, ECG, WBC, RBC, CT, ESR,
CSE, IgG, ELISA, PBS, ATP, EDTA, mAb, can be used directly
without further explanation.

Italics

Quantities: 7 time or temperature, ¢ concentration, 4 area, /length,
m mass, 17 volume.

Genotypes: gyrA, arg 1, ¢ mye, ¢ fos, ete.

Restriction enzymes: EcoRl, Hindl, BawHI, Kbo 1, Kpn 1, ete.

Biology: H. pylori, E coli, ete.

Examples for paper writing
All types of articles’ writing style and requirement will be found in the
link: http:/ /www.wignet.com/esps/NavigationInfo.aspxrid=15
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