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tonin, its effect on puberty, testicular and ova function, 
pregnancy, and oxidative stress. A growing body of 
scientific evidence is suggesting that melatonin plays 
an important role in reproductive function. It is there-
fore imperative to highlight the beneficial effects of this 
hormone in improving the reproductive processes.

© 2013 Baishideng. All rights reserved.

Key words: Melatonin; Reproduction; Reactive oxygen 
species; Antioxidants; Pineal gland

Core tip: In recent years, many studies have been fo-
cusing on the role melatonin plays in the process of 
reproduction. The low success rate in assisted reproduc-
tive technologies due to the detrimental effects of oxi-
dative stress has led to studies investigating the potency 
of melatonin as an antioxidant. Studies have shown that 
melatonin reduces oxidative stress and contributes to 
oocyte maturation, embryo development, and lutein-
ization of granulosa cells. Clinical studies have demon-
strated that melatonin treatment for infertile women 
increases intra-follicular melatonin concentrations, re-
duces intra-follicular oxidative damage, and increases 
the chances of pregnancy. This review highlights the 
effects of melatonin in reproduction. 

Lampiao F, Du Plessis SS. New developments of the effect of 
melatonin on reproduction. World J Obstet Gynecol 2013; 2(2): 8-15  
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INTRODUCTION
In the past few decades, a lot of  studies regarding the 
biochemistry and physiology of  a hormone called mela-
tonin (N-acetyl-5-methoxytryptamine) have taken place. 
This hormone is secreted during the dark hours at night 
by the pineal gland and is responsible for the regulation 
of  a variety of  important central and peripheral actions 
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Abstract
In the past decades, a lot of advances in understand-
ing the biochemistry and physiology of the pineal gland 
have been made. There is evidence that it interacts 
with many endocrine as well as non-endocrine tissues 
to influence their metabolic activity modulating many 
organs and functions. Melatonin is secreted by the pi-
neal gland in the brain and plays an important role in 
regulating the neuroendocrine system. This hormone 
is one of the major role players in the regulation of 
the circadian sleep-wake cycle. It is normally released 
from the pineal gland during the night in response to 
environmental changes in light. Studies have shown 
that melatonin plays a role in the regulation of many 
reproductive processes such as puberty, gonadal func-
tion, and pregnancy. Beside these, melatonin has been 
shown to be able to directly neutralize a number of free 
radicals and reactive oxygen and nitrogen species. The 
main objective of this review is to provide comprehen-
sive information about the new developments in mela-
tonin research regarding its role in reproduction. A re-
view of international scientific literature was done and 
a question-and-answer format was used in an attempt 
to convey comprehensive information in a simple man-
ner. This review discusses evidence currently available 
relating to the effect of melatonin on reproductive pro-
cesses. It deliberates the mechanism of action of mela-
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related to circadian rhythms and reproduction[1]. Al-
though melatonin is primarily synthesized and secreted 
by the pineal gland, it is has been reported that it is also 
formed in tiny amounts by other organs such as the 
retina, harderian gland, gastrointestinal tract, lympho-
cytes, and the skin[2-5]. The role of  melatonin in other 
animal species is related to seasonal reproductive cycles. 
In humans, melatonin secretion levels by the pineal gland 
can regulate the reproductive neuroendocrine axis[6]. The 
increase in reactive oxygen species (ROS) generation in 
in vitro fertilization (IVF) settings has been reported to 
negatively affect the success rate of  IVF outcomes[7-9].

Melatonin has also been reported to have free radical 
scavenging properties[10,11] as well as stimulating several 
other antioxidant enzymes[12]. Can melatonin supplemen-
tation during assisted reproductive technologies increase 
the success rate of  these procedures? Since the body is 
capable of  producing melatonin does endogenous mela-
tonin production or exogenous melatonin supplemen-
tation has any effect on the reproductive processes of  
humans and animals?

This review will provide comprehensive information 
about the new developments in melatonin research specif-
ically regarding its role in the process of  reproduction of  
both humans and animals. It will discuss the mechanism 
of  action of  melatonin, its effect on puberty, testicular 
and ovarian function, pregnancy, and oxidative stress. 

CURRENT AVAILABLE EVIDENCE 
CONCERNING THE EFFECT OF 
MELATONIN ON THE REPRODUCTIVE 
PROCESS
What is the effect of melatonin on seasonal reproduction?
There is accumulation of  evidence suggesting that the 
pattern of  melatonin secretion, which is mediated by 
photoperiod, directly influences reproductive function. 
Much of  the evidence has been generated from season-
ally breeding mammals[13-16]. Long-day breeding animals 
such as rodents have been shown to be depressed during 
winter months (when elevated melatonin levels are at 
their longest nocturnal duration). The reproductive qui-
escent period was also prevented by surgical removal of  
the pineal gland[17]. On the other hand, short-day breed-
ers such as sheep, and white-tailed deer were shown to 
be sexually very active and capable during the shortest 
days of  the year, when melatonin levels are highest in 
terms of  their nocturnal duration[18,19]. These observa-
tions suggest that melatonin is neither antigonadotrophic 
nor progonadotrophic. Thus, the changing duration of  
the nocturnal melatonin message is a passive signal that 
provides the hypothalamo-pituitary-gonadal (HPG)-axis 
information as to the time of  year[20]. 

In a study involving male and female Syrian hamsters 
which were maintained under naturally occurring short 
days and reduced temperatures, it was observed that 
they developed gonadal regression. This regression was 

reversed by surgical removal of  the pineal gland[21]. This 
is evidence that the reproductive axis obviously uses the 
seasonally dependent melatonin rhythm to adjust testicu-
lar and ovarian physiology accordingly. 

Investigations using long-day and short-day breeding 
animals have enormously contributed to the understand-
ing of  the mechanisms whereby day length and melato-
nin govern seasonal reproduction. These findings have 
led to the successful use of  melatonin as a pharmacologi-
cal agent to advance the breeding season of  sheep and 
to induce estrous cycles and increase lambing during the 
interval when these animals would normally be experi-
encing seasonal anestrus[22-24].

How does melatonin influence the selection of sexual 
mates?
Some studies have demonstrated that melatonin may be 
involved in the selection of  sexual partner. It was ob-
served that administering melatonin to male zebra finches 
in the drinking fluid in combination with carotenoids en-
hanced the brightness of  the carotenoid-based pigmenta-
tion in their bills[25]. Since males with brighter coloured 
bills are more likely to be selected as a mate by females, 
melatonin may aid in the selection of  a mate. Colourful 
plumage generally signals superior genetic quality and is 
common ploy used by many bird species as a sexual at-
tractant[26]. 

More evidence of  the role of  melatonin on the selec-
tion of  sexual mate has been demonstrated by the two-
spotted goby fish[27]. Treating the skin explants of  gobies 
with a combination of  either melatonin and melanocyte-
stimulating hormone or melatonin and prolactin, led to 
an exaggerated orange colouration and transparency of  
the belly skin. This colouration change induced by mela-
tonin and other hormones would presumably benefit the 
individual in terms of  attracting a sexual mate. 

PINEAL MELATONIN BIOSYNTHESIS AND 
REGULATION
How is melatonin synthesized and regulated?
The production of  melatonin by the pineal gland exhibits 
a circadian rhythm with low level of  production during 
day time and high levels during the night[28,29]. During the 
process of  melatonin synthesis, Tryptophan is hydroxyl-
ated to 5-hydroxy-tryptophan and subsequently into se-
rotonin. Serotonin is acetylated to form N-acetylserotonin 
and then converted into melatonin (Figure 1). The supra-
chiasmatic nucleus (SCN) which is the major circadian 
oscillator that receives light input from the retina through 
the retino-hypothalamic tract is the one that regulate the 
circadian melatonin production[30]. When melatonin is 
formed in the pineal gland, it is not stored there, but re-
leased immediately into the blood or into the cerebrospi-
nal fluid. It is metabolized mainly in the liver. 

What is the mechanism of action of melatonin?
Melatonin exerts its actions through two types of  recep-
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tors belonging to the super-family of  G-protein coupled 
receptors. These receptors contain seven typical trans-
membrane domains and are called the MT1 and MT2

[31,32]. 
The MT1 and MT2 are membrane bound receptors which 
are widely distributed in different organs of  the body, in-
cluding the brain and other peripheral organs. 

When these receptors are activated they cause inhibi-
tion of  adenyl cyclase activity[33] and inhibition of  for-
skolin-induced cyclic adenosine monophosphate (cAMP) 
formation which result in the reduction in activated pro-
tein kinase[34]. In mammals melatonin has been reported 
to affect the reproductive function by activation of  mela-
tonin receptor sites within the HPG-axis[35].

Neonatal pituitary cells have been shown to express 
MT1 and MT2 subtype of  melatonin receptors. These re-
ceptors when activated lead to a decrease in cAMP produc-
tion and activity of  protein kinase A, and attenuation of  
gonadotropic releasing hormone (GnRH)-induced gonado-
tropin secretion[36].

EFFECT OF MELATONIN ON PUBERTY
What is the effect of melatonin on the onset of puberty?
During fetal life and the first year of  life, the HPG-axis 
is active, but becomes quiescent thereafter until around  
10 years. Its reactivation depends on the progressive in-
crease in the levels of  GnRH which subsequently lead to 
the pulsatile secretion of  luteinizing hormone (LH) and 
follicle stimulating hormone[37]. It has been reported that 
melatonin secretion has an inhibitory influence on the 
hypothalamic secretion of  GnRH in humans[38]. It is there-
fore speculated that before puberty, melatonin concentra-
tions are too high thus inhibiting the hypothalamic activa-
tion. But prior to puberty, the levels of  melatonin decline 
below the threshold value thus forming the trigger signals 
of  GnRH from the hypothalamus which leads to the on-
set of  pubertal changes[39]. Therefore, it is the decline of  
melatonin levels that trigger puberty. Studies have demon-
strated that high nocturnal melatonin secretion in children 
delays puberty[40] whereas low levels of  melatonin have 
been shown to be associated with precocious puberty[41].

How does melatonin modulate sexual maturation?
The mechanism by which the HPG-axis is inhibited by 
melatonin after the first year of  life until puberty is not 
well elucidated. However, there are reports that point 
to the influence of  melatonin on the HPG-axis. These 
include, the evidence that melatonin is involved in the 
control of  pulsatile secretion of  LH[42] and that there is 
a negative correlation between nocturnal melatonin and 
LH concentrations[43]. Furthermore, high levels of  serum 
melatonin in women have been shown to be associated 
with amenorrhea accompanied with decreased GnRH/
LH pulsatile secretion[44,45]. Similarly, increases in noc-
turnal peak amplitude and duration of  melatonin were 
reported in amenorrhoeic athletes who displayed irregu-
larities in hypothalamic-pituitary-ovarian-axis function-
ing[46,47]. In vitro studies have demonstrated that melatonin 
leads to the down-regulation of  the GnRH gene expres-
sion in a cell line containing GnRH secreting neurons[48].

MELATONIN AND GAMETE FUNCTION
What is the effect of melatonin on testicular function?
In animal studies, it has been shown that melatonin may 
modulate testicular function. In mice and rats it was re-
ported that melatonin has an inhibitory effect on Leydig 
cells[49,50]. The Leydig cells are responsible for the produc-
tion of  testosterone. Mel1a and Mel1b receptor mRNAs 
are expressed in epithelial cells of  rat epididymis suggest-
ing that melatonin has a role in the regulation of  epididy-
mal physiology[51]. The epididymis is important for the 
maturation and storage of  spermatozoa before they are 
ejaculated into the female reproductive tract. 

There are contradictory reports concerning the ef-
fect of  melatonin on spermatozoa function. It has been 
reported that long term administration of  melatonin to 
healthy men is associated with decreased semen quality[52]. 
Sperm concentration, motility as well as testosterone 
levels were found to be significantly decreased in healthy 
men administered with melatonin. On the other hand, an 
in vitro study demonstrated that administration of  melato-
nin to human spermatozoa improved progressive motil-
ity and reduced the number of  static cells[53]. In another 
study in which melatonin levels were measured in fertile 
and infertile men, it was found that serum and semi-
nal melatonin levels in infertile men were significantly 
reduced compared with the levels in the fertile men[54]. 
This demonstrated that melatonin may be involved in the 
modulation of  the reproductive neuroendocrine axis in 
male infertility. 

What is the effect of melatonin on ovary function?
The role of  melatonin in the production of  female gam-
etes is focused on its direct actions in the ovary. It is able 
to pass through all cell membranes and enter all tissues 
because of  its lipophilic property, however, it specifically 
concentrates in the ovary when injected systemically[55]. 
Studies have shown that high levels of  melatonin are 
found in human preovulatory follicular fluid at concen-
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Figure 1  Biosynthesis of melatonin. 5-HTP: 5-hydroxy-tryptophan.
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trations which are much higher than those in serum[56,57]. 
It has been reported that the follicular fluid melatonin 
levels depend on the follicular growth[58]. The larger the 
follicle the higher the melatonin concentration. When 
oocytes are incubated in medium with melatonin supple-
mentation during in vitro maturation, they have lower lev-
els of  ROS than control (without melatonin treatment) 
oocytes[59]. The ability of  melatonin to promote embryo 
development in different species has correspondingly 
been reported. When mouse embryos were cultured in 
medium containing melatonin, increased blastocyst devel-
opment rates were observed[60]. This suggests that mela-
tonin may be involved in embryo development. 

EFFECT OF MELATONIN ON PREGNANCY
What role does melatonin play in human pregnancy?
People living in the Arctic region have shown that their 
pituitary-gonadal function and conception rates are lower 
in the dark winter months than in the summer[61]. It has 
been further observed that during these dark periods of  
the winter season, the increases in serum melatonin con-
centration correlate with reduced activity of  the anterior 
pituitary-ovarian axis[62]. The precise role of  melatonin 
in human pregnancy is not clear. However, it has been 
reported that serum melatonin levels are higher during 
pregnancy than in nonpregnant women[63]. Moreover, 
twin pregnancies have been reported to yield higher 
nocturnal melatonin levels than singleton pregnancies[63]. 
This suggests that melatonin might have a role to play 
in human pregnancy. Clinical studies have demonstrated 
that melatonin treatment for infertile women increases 
intra-follicular melatonin concentrations, reduces intra-
follicular oxidative damage and elevates fertilization and 
pregnancy rates[8].

Does melatonin play a role in fetal development?
Because melatonin is a small molecule, it gets transferred 
from the maternal circulation into that of  the fetus 
through the placenta[64]. This means that the fetal circu-
lation mirrors a circadian rhythm of  plasma melatonin 
similar to that of  the mother[65]. It has also been reported 
that there are melatonin receptors in the human fetal 
SCN. It is believed that melatonin is involved in the regu-
lation of  the circadian rhythm in the fetus. It has been 
observed that if  maternal melatonin is suppressed, both 
MT1 gene and clock genes are affected, suggesting that 
maternal melatonin has a role in modulating fetal clock 
gene function[66]. The generation as well as maintenance 
of  circadian clock function depends on clock genes[67].

What is the role of melatonin in parturition?
In some mammals such as rats, parturition occurs during 
daytime[68]. Continuous darkness abolishes the photope-
riodic timing of  parturition[69]. If  the pineal gland is re-
moved in rats, the daytime delivery birth pattern is abol-
ished and melatonin replacement therapy restores it[70]. 
It is well documented that the human myometrium has 

functional melatonin receptors[71]. Administration of  mel-
atonin has been shown to modulate the strength of  affin-
ity of  gap junctions found in the myometrium[72,73]. These 
gap junctions serve to coordinate individual myometrial 
cell contractions into powerful labor inducing forces[72], 
thus implicating melatonin as a possible role player in the 
mechanism underlying the initiation of  parturition. 

MELATONIN AND OXIDATIVE STRESS
What are the sources of oxidative stress in the human 
reproductive system?
In females ROS is locally produced during the ruptur-
ing of  the follicle at the time of  ovulation[74]. It has been 
suggested that the ROS are involved in the ovulation 
process. There is a surge of  LH during ovulation which 
induces dissolution of  the basement membrane between 
the granulosa and theca internal layers and an expansion 
of  the theca capillaries into the avascular granulosa cell 
layer to form a dense network of  capillaries. These en-
dothelial cell capillaries contribute to the generation of  
the free radicals[74]. Neutrophils and macrophages are also 
reported to reside in follicles[75]. These macrophages and 
neutrophils produce tremendous amounts of  free radi-
cals. The locally produced free radicals seems to have an 
important role on follicle rupture, since ROS have been 
shown to act as second messengers modulating the ex-
pression of  genes that govern physiological processes of  
oocyte maturation[76,77]. However, excess ROS is respon-
sible for oxidative stress which can damage molecules 
and structures of  oocyte and granulosa cells within the 
follicle. Hence the ROS must be continuously scavenged 
to keep only small amounts necessary to maintain normal 
cell function. 

In the male reproductive system, the cellular compo-
nent of  semen is a huge source of  ROS. Morphologi-
cally abnormal and immature spermatozoa together with 
the presence of  leukocytes can generate ROS in human 
ejaculates. Spermatozoa do generate ROS at the level of  
the plasma membrane and mitochondria[78]. Studies have 
shown that human spermatozoa generate superoxide 
(O2

.-), which spontaneously dismutates to hydrogen per-
oxide (H2O2)[79]. 

In the male genital tract and the ejaculate, ROS are 
not only derived from the spermatozoa, but can also be 
generated by leukocytes, which physiologically produce 
even up to 1000 times more ROS than spermatozoa[80,81]. 
This high ROS production by leukocytes plays a major 
role in infections, inflammation and cellular defense 
mechanisms. Basically, the cellular mechanisms for the 
generation of  ROS in leukocytes and spermatozoa are 
the same, yet in leukocytes it is a physiological necessity 
to release large amounts of  O2

.- into phagocytic vesicles 
during the killing action of  pathogens.

Considering the extraordinary high content of  poly-
unsaturated fatty acids in their membrane, the sperm 
plasma membrane is particularly susceptible to oxidative 
stress and the double bonds of  the membrane lipids can 
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easily be oxidized by excessive ROS levels present in the 
sperm cells' environment. These can either be produced 
in large amounts by leukocytes or the spermatozoa them-
selves. In case of  ROS attacking the plasma membrane 
lipids, a process called “lipid peroxidation” is initiated. 
Ultimately, this process decreases membrane fluidity of  
both plasma and organelle membranes and, as a result, 
damages membrane function, ion gradients, receptor-me-
diated signal transduction, etc[82]. Hence, with the loss of  
membrane function, spermatozoa lose the ability to func-
tion properly and therefore, fertilization is impaired[83]. 

Is melatonin a free radical scavenger?
Usually melatonin exerts its effects through its receptors, 
but it can also act directly as a powerful free radical scav-
enger by detoxifying the highly reactive hydroxyl radi-
cal[84,85]. There are numerous other reports confirming the 
scavenging abilities of  melatonin on ROS and reactive 
nitrogen species[86,87]. Some of  the free radicals scavenged 
by melatonin include O2

-, H2O2, hydrochlorous acid, 
nitric oxide and the peroxynitrite anion[88-91]. The anti-
oxidant properties of  melatonin as a cell protector have 
been extensively studied and its scavenging ability have 
been reported to be higher than that of  well known scav-
engers such as vitamin C and vitamin E[86]. Apart from 
scavenging free radicals directly, melatonin has a high ca-
pability to detoxify ROS and suppress its oxidative effects 
indirectly by enhancing the production of  endogenous 
antioxidants. Melatonin has been shown to stimulate the 
scavenging activities and mRNA levels of  antioxidant 
enzymes including superoxide dismutase, glutathione per-
oxidase, and catalase[92,93]. 

CONCLUSION
In recent years, a lot of  research focused on the effect 
of  melatonin as a direct free radical scavenger. This has 
greatly broadened our understanding of  its multiple 
physiological roles. Melatonin’s role in the regulation of  
reproductive physiology has been demonstrated in photo-
period dependent breeding mammals, and it seems to be 
receptor mediated mechanism in hypothalamus and pitu-
itary gland. Currently, most of  the research on melatonin 
is focusing on its local role as an antioxidant. The intra-
follicular role of  melatonin in the ovary has been demon-
strated. Melatonin, secreted by the pineal gland, has been 
reported to be taken up into the follicular fluid from the 
blood. The free radicals produced within the follicles, 
especially during the ovulation process, are scavenged by 
melatonin, and reduced oxidative stress may be involved 
in oocyte maturation and embryo development. Evidence 
is pointing to the fact that melatonin treatment for infer-
tility in women increases intra-follicular melatonin con-
centrations which subsequently reduces intra-follicular 
oxidative damage and elevates fertilization and pregnancy 
rates. The safety of  exogenous melatonin treatment has 
been demonstrated in many studies[94,95]. Animal studies 
have also shown that melatonin has no detrimental ef-

fects on mouse and rat embryo development both in vitro 
and in vivo[96,97]. Future studies will indicate whether mela-
tonin treatment could become a new cure for improving 
oocyte and sperm quality in infertile patients. 
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Core tip: Pelvic floor disorders are very frequent among 
women. Weight loss can help them to achieve urinary 
and faecal continence again. In this narrative review, 
the possible mechanisms of pelvic floor disorders in 
obese women, their symptoms and the role of bariatric 
surgery in changing their quality of life are presented.
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INTRODUCTION
Overweight and obesity are defined as abnormal or exces-
sive fat accumulation that presents a risk to health. Body 
mass index (BMI) is a simple index of  weight-for-height 
that is commonly used to classify overweight and obesity 
in adults. It is defined as a person’s weight in kilograms di-
vided by the square of  his height in meters (kg/m2)[1]. Ac-
cording to the World Health Organization, obesity is clas-
sified as class Ⅰ for a BMI between 30 and 34.9 kg/m2,  
class Ⅱ for a BMI between 35 and 39.9 kg/m2, and class 
Ⅲ for a BMI ≥ 40 kg/m2[1,2]. Current data estimate that 
obesity is increasing worldwide especially in the devel-
oped countries[1,2]. A rise is also noticed in the younger 
population (18 to 29 years) and especially in women[2]. 
The impact of  obesity on quality of  life is broad causing 
even pelvic floor disorders among other conditions.

Pelvic floor disorders (urinary or faecal incontinence 
and pelvic organ prolapse) are common conditions af-
fecting many obese women today. The exact prevalence 
of  pelvic floor disorders in the general population is ap-
proximately 11%, but it should be higher in obese wom-
en[3]. In the different studies, pelvic floor disorders affect 
between 2% and 42% of  women, depending on the defi-
nition of  the condition and the study population[4-6]. 
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Abstract
Pelvic floor disorders are very frequent among women. 
Weight loss can help them to achieve urinary and 
faecal continence again. In this narrative review, the 
possible mechanisms of pelvic floor disorders in obese 
women, their symptoms and the role of bariatric sur-
gery in changing their quality of life are presented. We 
retrieved the included results of our study after per-
forming a systematic, electronic search in PubMed (De-
cember 17, 2012) and Scopus (December 17, 2012). 
The main mechanism causing the development of 
pelvic floor disorders is chronically increased abdominal 
pressure as it overts structural damage or neurologic 
dysfunction predisposing to prolapse and incontinence. 
The symptoms include a sensation of vaginal fullness or 
pressure, uterine descent, sacral back pain with stand-
ing, vaginal spotting from ulceration of the protruding 
cervix or vagina, coital difficulty, lower abdominal dis-
comfort, and voiding and defecatory difficulties. Evi-
dence indicates that massive weight loss (45 to 50 kg) 
improves incontinence in morbidly obese women after 
bariatic surgery. Faecal incontinence is also improved 
after bariatric surgery. This review highlights the role of 
bariatric surgery in weight reduction of obese women 
that could act as a treatment for the pelvic floor disor-
ders faced by those women offering improvement in 
incontinence as well as quality of life.

© 2013 Baishideng. All rights reserved.
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The aim of  this narrative review is to present the role 
of  bariatric surgery operations in the improvement of  
the pelvic floor disorders that many obese women are 
facing, as well as the effect on the quality of  life of  obese 
women.

METHODS
Data sources
We retrieved the included results of  our study after 
performing a systematic, electronic search in PubMed 
(December 17, 2012) and Scopus (December 17, 2012). 
Both PubMed and Scopus search strategy included the 
combination of  the key words: (bariatric surgery or pelvic 
floor disorders) and incontinence and prolapse. Cochrane 
database (December 17, 2012) was also searched in order 
to look for any reviews on this argument. The reference 
list was also hand-searched for additional studies.

Study selection criteria
Studies reporting data on the role of  bariatric surgery 
in pelvic floor disorders were included in this review. 
Abstracts in scientific conferences and studies published 
in languages other than English, German, French, Ital-
ian and Spanish were excluded from this review. Studies 
which referred to male patients were also excluded.

Results
The search performed in PubMed and Scopus retrieved 
a total of  11 and 14 search results, respectively, among 
which 10 studies (7 retrospective studies, 1 letter to the 
editor and 2 reviews) which were identified as eligible for 
inclusion in this review. No additional studies were identi-
fied through hand-searching of  references.

Possible mechanisms explaining the correlation be-
tween obesity and pelvic floor disorders.

The main mechanism causing the development of  
pelvic floor disorders is chronically increased abdominal 
pressure as it overts structural damage or neurologic dys-
function predisposing to prolapse and incontinence[7-10]. 
Elevated abdominal and intravesical pressures are also 
found in patients with increased sagittal abdominal di-
ameter and elevated BMI[1,2], while significant weight 
loss improves stress urinary incontinence[11,12]. Animal 
studies showed an association between obesity and 
urinary incontinence by evaluating urethral sphincter 
incontinence, urethral length or tone[13]. Some studies 
suggest that neurogenic disease caused by obesity might 
lead to pelvic floor disorders[11-13]. For example, a study 
proposed that the risk for abnormal median nerve con-
duction was 3.5-fold greater in obese workers, while a 
higher incidence of  lumbar disk herniation is also found 
in obese patients[14,15]. Other etiologic mechanisms are 
either the direct injury and denervation to the pelvic floor 
musculature or defects in the supporting system of  the 
endopelvic fascia and ligaments[16]. Conditions such as 
menopausal status, chronic constipation, chronic cough, 
and heavy lifting major predisposing factors[17]. 

Symptoms
More than 90 percent of  morbidly obese women experi-
ence some degree of  pelvic floor disorders, and 50 per-
cent of  these women report that symptoms adversely im-
pact quality of  their life[18]. In these women, obesity was 
found to be strongly correlated in predicting pelvic floor 
disorders in the same extent as obstetric history[18]. Al-
though signs of  pelvic organ prolapse are frequently ob-
served, the condition seldom causes symptoms especially 
in younger ages[19]. However, vaginal or uterine descent at 
or through the introitus can become symptomatic. Symp-
toms may also include a sensation of  vaginal fullness or 
pressure, sacral back pain with standing, vaginal spotting 
from ulceration of  the protruding cervix or vagina, coital 
difficulty, lower abdominal discomfort, and voiding and 
defecatory difficulties[19]. An association between obesity 
and urinary incontinence exists, while the association 
between obesity and other pelvic floor disorders is less 
clear. However, Chen et al[20] showed the presence of  any 
pelvic floor disorder in 75% of  the obese patients com-
pared with 44% in non-obese (P < 0.0001). More obese 
patients experienced stress urinary incontinence, urge 
urinary incontinence, and anal incontinence, but not pel-
vic organ prolapse. The severity of  those symptoms were 
higher in more obese patients[20]. 

Bariatric surgery
Bariatric surgery is suggested to be the only consistently-
effective long-term treatment for morbid obesity[21]. 
The name “Bariatric surgery” is derived from the Greek 
words baros and iatriki denoting respectively “heavy 
weight” and “medicine”. In the United States, figures 
from 2010 indicate that the number of  bariatric surgical 
operations carried out that year was 218000[22,23]. Bariatric 
surgery is associated with long-term weight loss and de-
creased overall mortality. It could lead to a mean weight 
loss of  between 14% and 25% (depending on the type of  
procedure performed) at 10 years, and a 29% reduction 
in all cause mortality when compared to standard weight 
loss measures[24]. Bariatric surgery includes a variety of  
procedures and its efficacy is based on both the restric-
tion of  the quantities of  ingested food (vertical banded 
gastroplasty, adjustable gastric band, sleeve gastrectomy, 
gastric balloon and the malabsorption of  the nutrients 
through the shunted gut (biliopancreatic diversion, endo-
luminal sleeve)[25-35]. However, the main factor in the suc-
cess of  any bariatric surgery is still a strict post-surgical 
change of  life attitude to a healthier pattern of  eating. 
Since weight is a modifiable risk factor for incontinence, 
weight reduction may be an effective treatment. Studies 
of  weight loss have examined its effects and explored the 
pathophysiologic mechanisms of  improvement in pelvic 
floor disorders.

Role in urinary incontinence
A number of  studies have shown improvements in uri-
nary incontinence after bariatric surgery[8,12,36,37]. Evidence 
indicates that massive weight loss (45 to 50 kg) improves 
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incontinence in morbidly obese women after bariatic sur-
gery[11,12]. Women who achieved a weight loss of  5%-10% 
or greater had at least a 50% reduction in incontinence 
frequency[38]. It is reported that an average weight loss 
of  69% of  excess body weight could lead to significant 
changes in sagittal abdominal diameter (32 to 20 cm, P < 
0.0001) and intravesical pressure (17 to 10 cmH2O, P < 
0.001)[37]. In another study, a weight loss greater than 50% 
leads to a reduction in stress urinary incontinence from 
61% to 11.6% (P < 0.001)[11]. Similar studies reported 
improvement in urodynamic parameters after bariatric 
surgery operations[8,12]. Greater weight loss was associ-
ated with greater improvement of  incontinence; as from 
the patients who lost more than 18 BMI points, 71% re-
gained urinary continence[39]. 

Surgically induced weight loss has a beneficial effect 
on symptoms of  pelvic floor disorders in morbidly obese 
women. In a questionnary based study, it was shown that 
the prevalence of  pelvic floor disorders symptoms im-
proved from 87% before surgery to 65% after surgery[40]. 
There was also a significant reduction in total mean dis-
tress scores after surgery, which was attributed mainly to 
the significant decrease in urinary symptoms. Moreover, 
reductions in the scores were noted for the other pel-
vic floor disorders, while quality of  life total scores also 
improved. Age, parity, history of  complicated delivery, 
percent excess body weight loss, BMI, type of  weight 
loss procedure and presence of  diabetes mellitus and 
hypertension had no predictive value for postoperative 
outcomes in the same study[40]. Cuicchi et al[41] evaluated 
clinically and instrumentally pelvic floor disorders before 
and after bariatric surgery in obese women and found 
that a clear association exists between BMI and urinary 
incontinence. Weight loss after bariatric surgery resulted 
in improved urinary incontinence, fecal incontinence, and 
symptoms of  pelvic organ prolapse[41]. After a mean BMI 
reduction of  10 kg/m2, the prevalence of  pelvic floor dis-
orders decreased to 48%, with a significant improvement 
in quality of  life. The prevalence of  urinary incontinence 
decreased from 61% to 9.2% and was associated with 
the decrease in postoperative BMI (P = 0.04)[41]. A recent 
study also showed that weight loss after bariatric surgery 
can result in resolution of  symptoms in nearly half  of  
women with stress urinary incontinence and three quar-
ters of  women with overactive bladder and is associated 
with significant improvement in quality of  life[42]. On the 
other hand, according to McDermott et al[43] the preva-
lence of  pelvic floor disorders did not improve greatly 
after surgery. More specifically, even with significant 
weight loss (BMI, 43.7 kg/m2 to BMI, 29 kg/m2), there 
was no significant difference in the prevalence of  pelvic 
floor symptoms before and after surgery (94% to 81%, 
respectively) the first postoperative year. However, sig-
nificant weight loss improved the degree of  bother and 
quality of  life related to these symptoms as it was shown 
by PFDI-20 and PFIQ-7 scores[43]. 

Role in faecal incontinence
The role of  obesity in faecal incontinence is less well 

defined. The prevalence of  faecal incontinence in the 
general population is reported to be 2% to 9%[5,44]. Obe-
sity appears to be correlated with higher rates of  faecal 
incontinence and diarrhoea. However, in morbidly obese 
patients undergoing evaluation for bariatric surgery, the 
prevalence of  anal incontinence was notable at 32%, 
while incontinence of  liquid stool was 21.1% and solid 
stool was 8.8%[45]. The effects of  bariatric surgery on 
these conditions are not well defined. A systematic re-
view showed that faecal incontinence improved after 
Roux-en-Y gastric bypass in studies with preoperative 
data, while the effects of  bariatric surgery on diarrhoea 
were unclear[46]. It should be mentioned that one of  the 
major disadvantages of  the biliopancreatic diversion with 
duodenal switch operation is diarrhea. Although duode-
nal switch is associated with more bowel episodes than 
gastric bypass, the difference is not statistically significant. 
More specifically, bowel habits were found to be similar 
in patients who achieved 50% estimated body weight loss 
with duodenal switch surgery or gastric bypass[47]. 

Quality of life
Recently data were analyzed from 421 female patients 
undergoing bariatric surgery, based on a screening ques-
tionnaire [“Minnesota Multiphasic Personality Inventory, 
2nd ed., Restructured Form (MMPI-2-RF)”]. The women 
were dichotomized as those pelvic floor disorders (n = 
121) and those without pelvic floor disorders (n = 300)[48]. 
Women with pelvic floor disorders were found to be 
more psychiatrically vulnerable. More specifically, they 
were significantly older and more likely to evidence a his-
tory of  substance abuse/dependence and depression. A 
trend was also found for previous inpatient hospitaliza-
tion, outpatient behavioral health treatment, and psycho-
tropic medication usage[48]. For this reason, one could 
understand that bariatric surgery could offer better conti-
nence control, quality of  life and psychological balance.

CONCLUSION
Bariatric surgery can lead to significantly weight reduction 
of  obese women. This method also acts as a treatment 
for the pelvic floor disorders that those women face by 
offering improvement in incontinence and quality of  life.
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Abstract
Primary systemic treatment is a fundamental part of 
breast cancer therapy, and it is applied to non-surgical 
and locally advanced tumours as well as surgical tu-
mours to increase the likelihood of conservative treat-
ment. Its aim is to achieve the best possible survival 
with better cosmetic results and with the lowest num-
ber of treatment-related secondary effects. Before 
treatment is started, it is necessary to attain the best 
knowledge of the biological features and locoregional 
extension of the tumour. To do so, it is necessary to 
obtain a biopsy of the lesion with a wide bore needle, 
as well as good radiological knowledge of the disease. 
Therefore, currently, the use of a dynamic magnetic 
resonance imaging (MRI) of the breast should be in-
cluded in all cases. In addition, before it is started, 
especially in those tumours in which conservative 
treatment is considered, one or several radiopaque 
markers should be put into place to make it possible to 
locate the area to be treated if there is a considerable 
or complete response. Systemic treatment is mainly 
based on combined chemotherapy with anthracyclins 
and taxanes, in addition to some biological agents with 
demonstrated efficiency for increasing the likelihood 

of complete disease response (trastuzumab in patients 
with Her-2/neu overexpression). However, there is 
room for neoadjuvant hormone treatment, in patients 
with hormone receptor overexpression, especially in 
those cases in which chemotherapy is contraindicated 
as well as in elderly patients with a relatively short life 
expectancy. The assessment of preoperative treatment 
should be based on adequate radiological tests, and 
nowad these should include MRI before taking deci-
sions about adequate surgical treatment. The objective 
of primary treatment is to be able to increase survival 
and improve the chances of local treatment in the case 
of locally advanced treatment, achieving results that 
are at least equal to those of adjuvant treatment in the 
case of surgical tumours, but with greater chances of 
conservative surgery. Although the objective is survival, 
achieving complete pathological response seems to 
be a reasonable related objective, although these are 
more closely linked in some tumour subtypes.

© 2013 Baishideng. All rights reserved.
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Core tip: Primary systemic treatment is a fundamental 
part of breast cancer therapy, and it is applied to non-
surgical and locally advanced tumours as well as surgi-
cal tumours to increase the likelihood of conservative 
treatment. As in any kind of tumour, an attempt should 
be made to include these patients in clinical trials to 
allow us to define the best and earliest individualised 
treatment strategy for our patients.
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INTRODUCTION
In the specific case of  breast cancer, two overriding theo-
ries of  the biological behaviour of  tumors in terms of  
their mechanisms of  metastatic dissemination have pre-
dominated over the past two centuries, paving the way for 
two opposing paradigms: Halsted’s mechanistic theory 
and Fisher’s systemic theory. However, observations and 
evidence from subsequent studies have revealed that an 
intermediate theory, Hellman’s spectrum theory, is more 
realistic and accounts for the differences observed in dif-
ferent kinds of  scenarios[1].

In light of  this historical background, the treatment 
of  most malignant tumours is complex and requires in-
terdisciplinary teams of  physicians who are specialists in 
various fields working holistically to control them. 

Therefore, breast cancer should be considered as a 
systemic disease in order to achieve optimal management 
outcomes, at least from a conceptual point of  view. This 
should be the case even when cancer is theoretically con-
fined to this organ (localized breast cancer) and requires 
local and systemic treatment for its control.

Systemic adjuvant treatment (hormone therapy, che-
motherapy, immunotherapy, biological therapy against a 
specific molecular target), used to control micrometastat-
ic disease after curative intent surgery, has been proven to 
reduce recurrence risk by 0.77 and breast cancer mortal-
ity by 0.83[2]. This benefit has been attained, although to a 
varying degree, regardless of  axillary lymph node infiltra-
tion, the state of  the hormonal receptors, the histologi-
cal subtype, the level of  tumour differentiation, or the 
expression of  other predictive response factors (Her-2/
neu).

However, for some patients adjuvant treatment is not 
the best approach and the use of  neoadjuvant chemo-
therapy (primary or preoperative) is preferred before the 
local treatment of  the disease.

Consequently, neoadjuvant treatment has transformed 
from a treatment for patients with locally advanced breast 
cancer (making surgery more likely in tumours in which 
local treatment with curative intent could not be guaran-
teed), into the treatment used in initially surgical tumours 
to enable conservative breast surgery. Taking into ac-
count that neoadjuvant and adjuvant chemotherapy pro-
vide similar benefits in terms of  overall and disease-free 
survival in operable tumours[3], neoadjuvant treatment is 
currently providing a greater knowledge of  the in vivo ef-
fects of  modern treatment options in tumours prior to 
surgery.

PRELIMINARY TERMINOLOGICAL 
CONSIDERATIONS
From chemotherapy to systemic therapy
Classically, the systemic cancer treatment was based on 
the use of  chemotherapy, that is, medication against neo-
plastic tissues with greater or lesser sensitivity and speci-
ficity, which directly influences the real achilles heel of  

this treatment: morbidity associated with the secondary 
effects of  the toxicity of  non neoplastic cells and tissues. 
Nowad, other modalities must be considered which are 
not related to classical chemotherapy. This is the situation 
with hormone therapy, which has a fundamental role in 
the specific case of  breast cancer, or with the application 
of  molecular-targeted therapies, through monoclonal an-
tibodies, or immune tolerance induction (or suppression) 
therapies through vaccines or antibodies. These therapies 
try to increase effectiveness against different types of  
cancers by attempting to increase the specificity of  treat-
ment and to avoid these secondary effects.

For all of  these reasons, the most appropriate term 
we should adopt is "systemic therapy" given that it en-
compasses the different therapeutic modalities, in addi-
tion to chemotherapy.

From neoadjuvancy to primary therapy
At first glance the term neoadjuvant therapy was used to 
refer to the fact that the therapy is administered before 
other treatments considered as main ones, unlike adjuvant 
therapy which was assigned after these treatments. Thus, 
a temporal relationship was explicitly established, involv-
ing an implicit subordination of  importance between the 
treatments according to when they were applied. How-
ever, two points should be made: firstly the treatment of  
any type of  cancer is usually multimodal, as it should be, 
with aspects of  the treatment targeted at treating the pri-
mary tumour and others focussed more on avoiding or 
treating its dissemination, and which should generally be 
considered as having a complementary application. The 
second point refers to the importance of  different treat-
ment strategies used in cancer, which are determined by 
their effectiveness, efficacy (and even efficiency) and are 
not based on whether they are administered at an earlier 
or later stage. In this way, the sequencing of  the differ-
ent treatments is a secondary aspect and priority must be 
given to carrying out the most comprehensive treatment 
possible: it would be just as pointless to treat the primary 
tumour without worrying about the occurrence of  dis-
tant dissemination as it would be to treat the disease as 
a whole while underestimating the primary focus of  the 
disease thus allowing the persistence or recurrence of  
locoregional disease which could contribute to a potential 
focus of  future dissemination. Therefore, it would be 
convenient to sideline the terms referring to the connota-
tions of  “main role” or “adjuvancy” of  treatment options 
and to keep to those that refer to temporal sequence (pri-
mary).

HISTORY OF NEOADJUVANT 
CHEMOTHERAPY: THE REASON FOR 
PRIMARY TREATMENT
Neoadjuvant chemotherapy was first reported in breast 
cancer in the 1970s as an early-stage treatment for inop-
erable locally advanced tumours[4] and in several studies 
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carried out between 1980-1990 which showed an im-
provement in the surgery rates in these patients, as well as 
an improvement in their survival rate, so that it became 
established as part of  the initial standard treatment in 
these patients.

As well as allowing for the surgery of  these tumours 
that were initially non-surgical and improving the survival 
rate of  these patients, it was found that primary chemo-
therapy could play a role in reducing the initial size of  
tumours thus making it possible to perform conservative 
surgery in patients in which mastectomy had initially been 
established as the surgical treatment. In this situation, 
it had to be demonstrated that primary chemotherapy 
was able to achieve the same effects already shown by 
adjuvant chemotherapy in the reduction of  recurrence 
and overall and disease-free survival[1], and also in the im-
provement of  the percentage of  patients in which con-
servative surgery could be performed.

Many non-randomised studies have investigated the 
ability of  neoadjuvant chemotherapy to increase the 
possibilities of  conservative treatment in surgical breast 
cancer. Generally, the results obtained in these studies us-
ing this kind of  chemotherapy achieved clinical response 
rates of  between 67%-85%, with complete pathological 
responses of  nearly 3% and conservative surgery rates of  
85%[5-7]. 

Several studies have prospectively and randomly anal-
ysed phase Ⅲ trials on the use of  adjuvant chemotherapy 
compared with the same chemotherapy administered 
neoadjuvantly in patients with operable breast cancer 
without revealing any difference in overall survival or 
disease free survival and achieving a significant increase 
in the rates of  conservative surgery of  breast cancer. It 
is worth highlighting two studies due to their design and 
the number of  patients included: NSABP B-18[8] and 
EORTC 10902[9].

In the NSABP B-18[8] study, 1523 patients diagnosed 
with surgical breast cancer (T1-3, N0-1) were randomly 
administered 4 cycles of  chemotherapy with adriamycin 
and cyclophosphamide (60-600 mg/m2) as neoadju-
vant or adjuvant chemotherapy. A clinical response was 
achieved in 79% of  the patients treated with neoadjuvant 
chemotherapy, with 36% complete clinical responses and 
13% complete pathological responses. What is more, 
68% conservative surgeries were achieved in the neoad-
juvant chemotherapy arm compared to 60% in the initial 
surgery arm, especially in patients with tumours greater 
than 5 cm in diameter.

With more than 15 years of  follow-up no differences 
were found between both groups in terms of  survival. 
An increase in local ipsilateral recurrence was observed 
in patients receiving primary chemotherapy (10.7 vs 7.6) 
especially in patients under 50 years, which was attributed 
to the fact that they were not treated with tamoxifen, 
although this absence of  hormone treatment occurred 
equally in both treatment arms.

In addition, those patients that achieved complete 
pathological response had a significant improvement in 

terms of  disease-free survival and overall survival com-
pared to those who had residual disease after neoadjuvant 
chemotherapy.

In the EORTC 10902[9] study, 698 patients diagnosed 
with breast cancer (T1-4, N0-1) were treated with 4 cy-
cles of  5-fluorouracil, epirubicin and cyclophosphamide 
(600-60-600 mg/m2) administered adjuvantly and neoad-
juvantly. The response obtained in patients treated with 
primary chemotherapy was 49% with 4% complete pa-
thology responses. A 23% conservative surgery rate was 
achieved in patients initially programmed for mastectomy 
before neoadjuvant chemotherapy. 

With a follow-up period of  more than 4 years, there 
were no differences in disease-free survival, overall sur-
vival or locoregional recurrence. Significantly, the patients 
treated with neoadjuvant chemotherapy with complete 
pathological response had a significant advantage in 
terms of  survival compared to patients with residual dis-
ease.

In 2005, Mauri et al[10] reported a meta-analysis of  9 
randomised studies, including 3946 patients, that faced 
the same adjuvant and neoadjuvant systemic treatment 
administered for local treatment (surgery or radiotherapy). 
There were no differences in terms of  survival [RR = 
1.00 (95%CI: 0.90-1.12)], disease-free survival [RR = 0.99 
(95%CI: 0.91-1.12)] or progression free survival [RR = 
0.94 (95%CI: 0.83-1.06)], although there was an increased 
possibility of  local recurrence in patients treated with neo-
adjuvant chemotherapy [RR = 1.22 (95%CI: 1.04-1.43)], 
probably because in those patients in which it was admin-
istered it was decided not perform surgery and to treat the 
patients exclusively with locoregional radiotherapy [RR = 
1.53 (95%CI: 1.11-2.10)].

Therefore it can be concluded that neoadjuvant che-
motherapy is fundamental for the primary treatment of  
locally advanced tumours, and that in surgical tumours it 
is an alternative to adjuvant chemotherapy, offering the 
same survival rate and a comparatively significant increase 
in conservative treatment rates.

CURRENT SITUATION OF PRIMARY 
THERAPY: CERTAINTIES AND 
CONTROVERSIES
Indications
The use of  primary systemic therapy is currently indi-
cated in two situations:

The initial treatment of  non-surgical locally advanced 
tumours, before locoregional treatment: (1) for patients 
with locally advanced or inflammatory tumours, initial sys-
temic treatment allows for the use of  subsequent locore-
gional treatment, which would not have been possible in 
the first place, and it also provides an added improvement 
in survival and disease free survival. In these patients, no 
randomised studies have been carried out for compar-
ing neoadjuvant and adjuvant treatment given that initial 
surgical treatment is impossible; and (2) in the treatment 
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of  these patients we know that when complete pathologi-
cal response is achieved there is an advantage in survival 
compared to when complete response is not attained[11,12].

The initial treatment of  tumours in which conserva-
tive treatment is considered this should be as a more like-
ly option than radical surgery (mastectomy). In these pa-
tients we know that there are similar survival and disease 
free survival rates in those treated with either neoadjuvant 
or adjuvant chemotherapy. This means that there is no 
clear disadvantage for neoadjuvant treatment in terms of  
locoregional recurrence when it allows for an increase in 
the possibilities of  conservative treatment provided that 
it is followed by correct hormone treatment and locore-
gional radiotherapy if  required[10].

From a theoretical viewpoint there are advantages to 
neoadjuvant treatment compared to the adjuvant variety: 
(1) the possibility of  demonstrating the in vivo efficacy of  
the therapeutic agents used by assessing tumour response, 
offering the theoretical advantage of  being able to replace 
those treatment options that are not useful by others 
which display a better antitumoral response. However, 
these “made to measure” treatments have shown no ad-
vantage in terms of  survival or disease free survival; and (2) 
identifying biomarkers that allow us to obtain early infor-
mation about the antitumor activity of  the two treatment 
options would allow us to take faster decisions when we 
use survival as the fundamental variable.

However, the feasible use of  primary systemic treat-
ment could also have disadvantages for initial surgical 
treatment: It could delay the use of  local curative-intent 
treatment in surgical tumours that could be resistant to 
systemic treatment. It has been confirmed that this re-
sistance is uncommon but it accounts for around 5% in 
most studies[8,9,13,14]. It could lead to difficulties for carrying 
out a correct clinical locoregional staging prior to surgery, 
preventing the selection of  an appropriate systemic treat-
ment or leading to an incorrect disease prognosis being 
established at a later stage. Nowad, this is less important 
because initial systemic treatment is very homogeneous 
from the beginning (with the use of  anthracyclines and 
taxanes) and is mainly based on known biological factors 
(e.g., the use of  trastuzumab/lapatinib in patients with 
overexpressed Her-2/neu), and additionally we can make 
accurate locoregional staging through the study of  the 
sentinel node prior to neoadjuvant chemotherapy.

Selection of patients who are candidates for primary 
treatment
The following patients are candidates for this treatment: 
(1) patients diagnosed with non-surgical locally advanced 
breast cancer: tumours greater than 5 cm in diameter 
(T3), or attached to the thoracic wall (T4a), or with skin 
ulceration or satellite lesions (T4b), or both (T4c); axillary 
lymph nodes attached to each other (N2); supraclavicular 
lymph node involvement (N3); inflammatory tumours 
(T4d); (2) patients diagnosed with surgical breast cancer, 
to increase the chances of  conservative surgery. Tradition-
ally, a 3 cm tumour diameter has been accepted as the cut-

off  point although some studies have included tumours 
of  2 cm. From a practical point of  view this treatment 
can be offered to all patients who have an a priori dis-
proportion between the tumor and breast size which 
presupposes mastectomy or a poor cosmetic result after 
initial conservative treatment; (3) patients contraindicated 
against surgery and in whom surgery should be delayed: a 
recent acute myocardial infarction, a recent cerebrovascu-
lar accident, pregnancy, et al; and (4) fragile elderly patients 
in which surgery would involve too high a risk and who 
could benefit from initial medical treatment.

Diagnosis and staging in patients before systemic 
therapy
Initial diagnosis should be carried out before starting pri-
mary systemic treatment and preferably through biopsy 
using a wide bore needle rather than a fine needle, located 
either by palpation or, better still, guided by ultrasound. In 
addition to confirming the existence of  tumor invasion, 
this biopsy should provide enough tissue for the study of  
estrogen, progesterone and Her-2/neu receptors, as well 
as other biological markers that could be used in other re-
search studies.

Initial staging should make use of  the TNM system, 
and the “c” prefix is advised in pretreatment staging and 
“y” in pathological staging after surgery. For the assess-
ment of  lymph node staging it is recommended to use the 
“c” when assessment is clinical or radiological, “f ” if  it 
included fine needle aspirations and “sn” if  a study of  the 
sentinel gland has been carried out.

All the patients should have had a thorough physical 
examination, at least one bilateral mammography exam, 
a breast ultrasound analysis, and correct systemic staging, 
above all in the case of  locally advanced tumours to rule 
out distant metastasis.

LOCOREGIONAL STAGING
Assessment of the primary tumour
Before beginning primary chemotherapy a locoregional 
analysis should be carried out which should include a 
physical examination, a bilateral breast analysis, a breast 
ultrasound study, and in addition, the lesion should be 
located with a radiopaque (clip) marker which makes it 
possible to locate the lesion after chemotherapy in prepa-
ration for surgical treatment when there is a complete 
clinical response[15,16].

Magnetic resonance imaging (MRI) provides high defi-
nition anatomical images of  the breast and the tumour, as 
well as the dynamic study of  the uptake and elimination 
of  contrast making it possible to define the existence of  
other tumour foci not seen using conventional analyses 
(multicentricity and multifocality). In addition, it allows 
for a better definition of  possible chest wall involvement. 
However, although its sensitivity is greater than that of  
other radiological techniques, its specificity is not so sharp, 
so that it identifies suspicious lesions that are not malign, 
often leading to overtreatment. 
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Currently, a histological analysis is recommended (tak-
ing a biopsy with a fine or wide bore needle) of  the po-
tentially malignant lesions identified using MRI, if  these 
findings alter the plan initially set out. These lesions could 
be located using guided ultrasound (second-look)[17] or 
otherwise using a MRI-guided biopsy, for which there are 
specific kits available[18].

The positioning of  a radiopaque marker could be 
done at the time of  the ultrasound-guided histological 
diagnosis, when the need for neoadjuvant treatment is ini-
tially considered. Alternatively, it can be done at a second 
stage, before beginning treatment or once it has been 
started and treatment response has been seen, although 
in the latter case it is important to closely monitor the 
response to avoid the disappearance of  the lesion before 
being marked. It is particularly useful for locating the area 
for carrying out conservative surgical treatment if  a com-
plete clinical and radiological response is achieved, and to 
guide the pathologist in the search for tumor remnants 
and to identify microscopic disease persistence or a truly 
complete pathological response[1,19].

Axillary lymph node assessment
It is particularly important to carry out axillary lymph 
node assessment before the start of  neoadjuvant chemo-
therapy in those patients who are surgical from the out-
set, although it can also be beneficial in selected cases for 
some patients with locally advanced disease.

Its utility is guaranteed because it allows for patient 
prognosis as well as the choice of  chemotherapy for 
treatment (e.g., the addition of  taxanes to the anthracy-
clins if  there is lymph node affectation).

However, this need could change in the years to come, 
especially if  we take into account that the addition of  
taxanes seems to be beneficial to the adjuvant treatment 
of  patients with negative lymph nodes. In addition, the 
prognostic and therapeutic assessment of  the disease 
increasingly depends on biological factors analysed in the 
primary tumour rather than on classical prognostic fac-
tors such as axillary lymph node infiltration.

This assessment can be carried out through physical 
examination, axillary radiological examination (mainly ul-
trasound) and fine needle aspiration of  the suspicious le-
sions, but clearly the best assessment is achieved through 
selective analysis of  the sentinel node. These techniques 
have a sensitivity of  between 70% and 90%, but this is 
lower where axillary involvement is due to micrometasta-
sis.

Selective analysis of the sentinel node
It is debatable whether the sentinel node should be stud-
ied before or after chemotherapy in patients with operable 
breast tumours with clinically negative lymph nodes if  
they are going to be treated using primary systemic treat-
ment[20]. 

The analysis of  the sentinel node after neoadjuvant 
chemotherapy is made difficult by the fact that it is identi-
fied to a lower extent, probably due to structural changes 

in lymphatic drainage brought about by chemotherapy, 
and a greater percentage of  false negatives due to chemo-
therapy response. 

The potential advantages of  the analysis of  the sen-
tinel node before chemotherapy include the prevention 
of  these confusions caused by the chemotherapy itself, 
together with the guarantee of  the appropriate choice of  
systemic treatment and the correct subsequent locore-
gional treatment after it has been completed, preventing 
unnecessary axillary lymph node dissections or reducing 
the volume of  locoregional radiotherapy.

However, this procedure involves subjecting the pa-
tient to two operations and only on a few occasions will 
it modify the type of  chemotherapy that will be received; 
systemic treatment usually includes anthracyclins and tax-
anes for achieving the best possible response and this is 
mainly decided upon according to the studies of  biologi-
cal markers in the biopsy of  the primary tumour.

A systematic review of  27 studies including 2148 pa-
tients subjected to a selective biopsy of  the sentinel node 
after chemotherapy confirmed that the lymph node was 
identified in 91% of  patients (95%CI: 88-93) and the false 
negatives were 10.5% (95%CI: 8.1-13.6)[21]. This study 
concluded that during surgery of  the primary tumour and 
after neoadjuvant chemotherapy, the sentinel node is a 
useful tool for considering post chemotherapy treatment.

Few data are available comparing the pre and post 
chemotherapy procedure. In a series of  cases in which 
the first 31 were carried out after chemotherapy and a 
further 58 before, it was found that in 99% vs 87% the 
sentinel node was identified and there were false negative 
rates of  0% vs 16% (pre vs post)[22]. 

No data are available for comparison of  the biopsy 
before and after neoadjuvant chemotherapy over a pro-
longed follow-up period making the treatment of  choice 
a matter of  opinion. While there are data that lead us 
to believe that this analysis is a useful tool after chemo-
therapy, doing it beforehand is going to bring about a 
more precise knowledge of  the situation and will allow 
for maximum subsequent locoregional treatment (axillary 
radiotherapy).

Systemic staging
In addition to the locoregional staging (axillary and primary 
tumour) previously reported, before beginning treatment 
it is necessary to perform a correct systemic staging of  the 
disease. As a general rule, and following the recommenda-
tions of  the published guidelines, it would be enough to 
test surgical tumours using adequate anamnesis, a thor-
ough physical examination, radiography of  the thorax 
and a comprehensive medical analysis including bone and 
hepatic biochemical tests. Analysis with computerized axial 
tomography, bone scintigraphy or even positron emission 
tomography (PET) or PET with computed axial tomog-
raphy (PET/CAT) would be performed when considered 
necessary due to any alterations in the previous test results.

In the case of  locally advanced tumours, and given 
that the possibilities of  distant dissemination from diag-
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nosis are higher, computerized axial tomography would be 
indicated from the beginning, leaving bone scintigraphy 
and PET/CAT for those situations in which it was con-
sidered as a clinical recommendation or there were suspi-
cious alterations in the tests previously carried out.

Choice of neoadjuvant treatment
There are many possible treatment options with neo-
adjuvant intent: hormone therapy, targeted therapeutic 
treatment, to name a few, but the treatment of  choice is 
mostly going to be based on polychemotherapy.

Neoadjuvant hormone therapy
Most of  the studies published on primary systemic treat-
ment are based on combination chemotherapy, but recent 
studies with neoadjuvant hormone therapy are being re-
ported, especially in elderly patients or in those in which 
for some reason the chemotherapy is considered as an 
unacceptable treatment option.

Most of  the studies carried out are about tamoxifen, 
although in recent years data is becoming available on 
studies with aromatase inhibitors.

In 2009, Syed et al[23] published a study in ASCO com-
paring treatment with adjuvant tamoxifen after surgery 
or tamoxifen administered exclusively without surgery, 
in 1031 elderly patients with operable breast tumours. 
The 5-year survival rate was greater in those patients 
treated with surgery than in those that were only treated 
with tamoxifen (95% vs 85%) in patients between 70 and  
80 years of  age, but survival was the same in those over 
80 years (90% for both), and it was concluded that in 
these patients with a short life expectancy exclusive ad-
ministration of  tamoxifen could prevent surgical treat-
ment.

Few data are available comparing hormone therapy 
with neoadjuvant chemotherapy. 

A randomized phase Ⅱ study compared 3 mo treat-
ment with exemestane or anastrozol with 4 cycles of  
chemotherapy with adriamycin and paclitaxel in 121 post-
menopausal patients with positive hormone receptors. 
There were no differences in median time until response 
(57 d vs 51 d), complete pathological response (3% vs 
6%) or clinical response (67% and 62% in exemestane 
and anastrozol vs 63% in chemotherapy). No differences 
were found regarding conservative breast surgery (33% vs 
24%) or locoregional recurrences (3.3% vs 3.4%)[24]. 

No differences were found in either premenoupausal 
patients in complete response or clinical response or in 
type of  surgery when faced with exemestane and gosere-
lin treatment with 4 cycles of  epirubicin-cyclophospha-
mide followed by 4 cycles of  docetaxel[25].

In general and with the data available until now it 
could be said that the preference for neoadjuvant che-
motherapy over hormone therapy is reserved for patients 
in which chemotherapy is not indicated and in which 
surgery is not the only initial option (patients with locally 
advanced or surgical tumours contraindicated for surgery 
and chemotherapy). 

Hormone treatment is an alternative to surgery in 
tumours in elderly patients with a relatively short life ex-
pectancy.

Among the hormone treatments available, the treat-
ment of  choice is aromatase inhibitors rather than tamox-
ifen, given that there are data showing that the responses 
are more frequent and the possibilities of  conservative 
treatment are higher, although it is not clear that this will 
lead to an increase in survival[26-29]. 

It is also unclear how long treatment should last, 
but in the absence of  progression, most studies suggest 
between 3-4 mo, and it would seem to be reasonable to 
continue until month 6 or more if  there is a response be-
fore surgery, to later complete 5 years of  adjuvant treat-
ment.

Primary chemotherapy
As we have already seen, neoadjuvant chemotherapy 
achieves the same overall and disease free survival as the 
same schemes administered adjuvantly, with an increase 
in the possibilities of  conservative breast surgery. How-
ever, there are data pointing towards an increased possi-
bility of  local relapse, although they are not conclusive.

The treatment of  choice is based on the principle that 
the chemotherapy that is efficient in adjuvant treatment 
has a similar efficacy in neoadjuvant treatment, and there-
fore there is no reason to use different schemes.

In locally advanced non-surgical tumours and those 
surgical ones in which an increase in conservative sur-
gery is sought after, obtaining a maximal response is a 
reasonable objective, and this is achieved by combining 
anthracyclins and taxanes[30-34], whether simultaneously or 
sequentially (Table 1).

It is generally recommended to administer all the 
planned chemotherapy before the surgical procedure, if  
there is no evidence of  progression, to maximse clinical 
response or complete pathological response.

In those patients contraindicated for the use of  an-
thracyclins the exclusive use of  taxanes or the combina-
tion with capecitabine or vinorelbine could be a valid 
option.

It is not clear whether the schemes with increased 
dose density (the same dose of  chemotherapy in shorter 
periods of  time) could improve the data of  the conven-
tional schemes. Along these lines, the GerparDuo study 
randomized 913 patients with T1-3N0-2 breast cancer in 
4 cycles of  chemotherapy with adriamycin and docetaxel 
every 14 d and compared them with 4 cycles of  AC every 
21 d followed by 4 cycles of  docetaxel every 21 d. The 
data were favourable for sequential treatment (in other 
words, with a lower dose density) with greater patho-
logical responses and a higher level of  conservative sur-
gery[35].

There are data supporting the use of  dose-dense 
treatments especially in patients with negative hormone 
receptors, given that in a published meta-analysis, these 
treatments, used adjuvantly or neoadjuvantly, could be 
associated with better overall and disease free survival 
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rates[36]. However, it would be necessary to gather data 
from well-designed phase Ⅲ studies to consider dose-
dense treatments as a standard treatment.

Positive Her-2/neu tumors
The addition of  trastuzumab to patients with an overex-
pression of  Her-2/neu has demonstrated a survival ben-
efit both in the context of  adjuvant therapy as well as in 
advanced disease.

In the same way, the use of  trastuzumab is recom-
mended in the neoadjuvant treatment of  Her-2/neu 
positive patients given that it increases the possibility of  
complete responses. There are phase Ⅲ studies comparing 
the addition of  trastuzumab to neoadjuvant chemotherapy 
(NOAH[37], GeparQuattro[38]). In both cases the addition 
of  trastuzumab significantly increases the chances of  a 
complete pathological response (43% and 31.7% com-
pared to 23% and 15.7% respectively), without any chang-
es in the survival rate or percentage of  patients treated 
with conservative surgery.

A meta-analysis has been carried out comparing the 
addition of  trastuzumab to schemes without it, including 
5 studies with 515 patients and the conclusion is similar 
to the previous one: a significant increase in the chances 
of  achieving a complete pathological response without 

adding toxicity or changing the likelihood of  carrying out 
conservative treatment[39].

Lapatinib, a biological drug with anti thyrosin-kinase 
activity, achieves results that are similar to those of  trastu-
zumab when it is used in an isolated way and associated 
with chemotherapy, according to the results reported in 
ASCO in 2012. Both drugs achieve similar complete re-
sponse rates, regardless of  the status of  the hormone re-
ceptors. However, the addition of  them does not increase 
the percentage of  pathological responses[40].

The results of  the Neo-ALTTO study, however, 
contradict the previous results, showing that the addition 
of  trastuzumab and lapatinib to neoadjuvant paclitaxel 
significantly increases the percentage of  complete patho-
logical response (51.3% in combined treatment compared 
with 29.5% and 24.9% with trastuzumab and lapatinib as 
single treatments, respectively)[41], although with greater 
toxicity.

The addition of  pertuzumab, another anti-Her2/neu 
antibody, to trastuzumab and docetaxel as a neoadjuvant 
treatment significantly increases the chances of  patholog-
ical responses by nearly 45.8% (according to the results 
of  a randomized phase Ⅱ study), compared to trastu-
zumab and docetaxel on their own[42].

The use of  any of  these drugs is still not recommend-

Table 1  Chemotherapy schemes used in neoadjuvant treatment, with category-1 evidence and that can be used in neoadjuvant treatment

Ref. Chemotherapy scheme Drugs/dose

Martin et al[70] CAT Docetaxel 75 mg/m2 iv on day 1
Doxorubicin 50 mg/m2 iv on day 1
Cyclophosphamide 500 mg/m2 iv on day 1
Cycled every 21 d for 6 cycles (all cycles are with filgrastim support)

Citron et al[71] Non-trastuzumab 
containing 
regimens

Dose-dense AC 
followed by 
paclitaxel every 
2 wk

Doxorubicin 60 mg/m2 iv on day 1
Cyclophosphamide 600 mg/m2 iv on day 1
Cycled every 14 d for 4 cycles
Followed by paclitaxel 175 mg/m2 as a 3 h iv infusion on day 1
Cycled every 14 d for 4 cycles (all cycles are with filgrastim support)

Henderson 
et al[72]

AC followed by 
weekly paclitaxel

Doxorubicin 60 mg/m2 on day 1
Cyclophosphamide 600 mg/m2 iv on day 1
Cycled every 21 d for 4 cycles
Followed by paclitaxel 80 mg/m2 as a 1 h iv infusion weekly from day 1 for 12 wk

Jones et al[73] CT Docetaxel 75 mg/m2 on day 1
Cyclophosphamide 600 mg/m2 iv on day 1
Cycled every 21 d for 4 cycles
(all cycles are with filgrastim support)

Romond 
et al[74]

Trastuzumab 
containing 
regimens

AC followed by 
weekly paclitaxel 
concurrent with 
trastuzumab

Doxorubicin 60 mg/m2 iv on day 1
Cyclophosphamide 600 mg/m2 iv on day 1
Cycled every 21 d for 4 cycles
Followed by Paclitaxel 80 mg/m2 as a 1 h iv weekly for 12 wk
With Trastuzumab 4 mg/kg iv with first dose of paclitaxel
Followed by Trastuzumab 2 mg/kg iv weekly to complete 1 yr of treatment
Cardiac monitoring at baseline, 3, 6, and 9 mo

Robert et al[75] TCH Docetaxel 75 mg/m2 iv day 1
Carboplatin AUC 6 iv on day 1
Cycled every 21 d for 6 cycles
With Trastuzumab 4 mg/kg in week 1
Followed by Trastuzumab 2 mg/kg for 17 wk
Followed by Trastuzumab 6 mg/kg iv every 3 wk to complete 1 yr of trastuzumab therapy
Cardiac monitoring at baseline, at 3, 6, and 9 mo

CAT: Docetaxel, doxorubicin and cyclophosfamide; AC: Doxorubicin plus cyclophosfamide; CT: Docetaxel plus cyclophosfamide; TCH: Docetaxel, 
cyclophosfamide plus trastuzumab.
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ed (lapatinib or pertuzumab) as a standard treatment with 
neoadjuvant intent.

Triple negative tumours
Although many studies suggest that the percentage of  
complete pathological response is greater in triple nega-
tive patients than in the rest, it remains unclear whether 
this produces some kind of  benefit in these patients. In 
fact, in spite of  the increase in complete response these 
patients still have a poor prognosis with lower expecta-
tions in terms of  survival.

There are no specific defined treatment schemes for 
these patients although there are data suggesting promis-
ing results using derivates from platinum[43] PARP inhibi-
tors (especially in patients with the BRCAs mutation) and 
antiEGFR1 drugs.

The current recommendations are to use the same 
treatments that are used for the rest of  the patients, al-
though this is undoubtedly a fertile area for specific clinical 
trials which are likely to change the treatment used in the 
near future.

Other biological treatments
The addition of  bevacizumab (an anti VEGF antibody, 
with mainly antiangiogenic activity) to chemotherapy in 
negative Her-2/neu patients has revealed contradictory 
results. In the GeparQuinto[44] study, with 1948 patients, 
bevacizumab was able to increase the percentage of  com-
plete pathological responses in triple negative patients but 
not in patients with an overexpression of  hormone recep-
tors. However, the NSABP B-40 study[45] on 1206 patients 
achieved the opposite effect, producing an increase in 
pathological responses in patients with an overexpression 
of  hormone receptors but not in triple negative patients.

Therefore, until more substantial results are obtained, 
its use is not recommended in this context.

Tailoring
In spite of  the advantage of  neoadjuvant treatment for 
checking the in vivo sensitivity of  certain drugs (so that 
a change in the chemotherapy scheme could provide 
advantages in the case of  progressive disease or limited 
response), this benefit has not been demonstrated in the 
only phase Ⅲ study carried out with this objective.

In the GeparTrio[46] study on 2070 patients treated 
using the CAT scheme (cyclophosphamide, doxorubicin 
and docetaxel), those who do not achieve a response of  
at least a 50% reduction in tumour size are randomized to 
continue with CAT or to receive treatment with vinorel-
bine and capecitabine, and do not achieve any differences 
in response according to ultrasound tests, complete path-
ological responses or percentage breast conservation.

Another one of  the issues to be taken into account 
within systemic treatment tailoring is to know if  it makes 
sense to prolong this treatment once surgery has been per-
formed and a partial response has been achieved, whether 
this is a result of  the initial treatment or of  an alternative 
type of  treatment.

It might be thought that systemic treatment is not the 
most appropriate strategy and further treatment or an-
other kind of  treatment could increase efficacy, or alter-
natively, that the limited response or the lack of  response 
to the systemic treatment is a reflection of  the fact that 
we are facing a tumour with a worse prognosis which is 
therefore less chemosensitive.

Until now, no study has demonstrated that the admin-
istration of  any kind of  systemic treatment after standard 
preoperative treatment improves the prognosis of  these 
patients. 

Outside of  a clinical trial no recommendation has 
been made for additional systemic treatment following 
surgery, after standard preoperative treatment.

Assessment of treatment response
The assessment of  treatment response involves the as-
sessment of  clinical response as much as pathological 
response after surgery. Both prognostic factors are related 
to survival.

It is vital to carry out an exhaustive clinical follow 
up during systemic treatment because although a change 
in systemic chemotherapy in the absence of  treatment 
response has not proven to be useful[36], clinical disease 
progression or the absence of  response is enough to 
postpone systemic treatment and to consider immediate 
adequate locoregional treatment.

The clinical and radiological response should be made 
according to the RECIST criteria[47,48], so that a bidimen-
sional assessment of  the lesions can be made. Complete 
clinical response can be defined as the disappearance 
of  the tumour in both the breast and the axillary lymph 
node through physical examination and radiological tests.

The traditional methods for examining the breast 
(physical examination, mammogram and ultrasound) 
have a limited ability to assess response and are not very 
closely correlated with pathological response[49].

However, dynamic MRI has been better correlated 
with pathological response in many studies and in one 
meta-analysis[50]. In spite of  its increased sensitivity com-
pared to other techniques it has more false positives and 
overestimates the occurrence of  residual disease after 
systemic treatment[51].

By carrying out early dynamic MRI after initiating che-
motherapy it is possible to distinguish respondent patients 
(in whom there is an early-onset decrease in contrast 
enhancement compared to levels in previous tests), from 
non-respondents, in whom this enhancement is main-
tained or increased[52].

MRI can also underestimate the result of  chemo-
therapy revealing residual disease or disease which is very 
unresponsive to treatment, and this seems to be espe-
cially related to the use of  taxanes in the chemotherapy 
regimes’[53].

Although MRI can provide underestimations or over-
estimations of  response to chemotherapy, currently it is 
undoubtedly the radiological method of  choice for as-
sessing neoadjuvant treatment response. 
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In those patients studied given MRI after systemic 
treatment, the possibility of  overestimating the disease 
should be assessed before planning surgical treatment 
given that conservative surgery would become less likely 
in patients who could potentially receive this kind of  sur-
gery[54].

Pathological response
Although complete clinical response (disappearance of  
the tumour in the physical examination and radiological 
tests) and complete pathological response (the absence 
of  a viable invasive tumour, depending on the accepted 
definition in the surgical sample) have been related with 
disease prognosis, there is no clear correlation between 
them, and approximately a third or more of  the patients 
with complete clinical response have a viable tumour in 
the surgical sample[55].

In most of  the initially reported studies, a significant 
reduction in tumour size was achieved making conserva-
tive treatment more likely, but this had no correlation with 
disease-free or overall survival.

Achieving complete pathological response is a very 
important surrogate marker for determining the efficacy 
of  preoperative treatment and it has been correlated in 
several studies and a recent meta-analysis[56] with better re-
sults in disease survival and it is considered as a marker of  
systemic disease chemosensitivity.

The definition of  complete pathological response var-
ies among the reported studies. In some studies complete 
response has been considered as the absence of  tumour 
cells in the primary tumour area and in the axillary node 
areas, whereas in other studies where it has been argued 
that the existence of  a ductal tumour does not affect dis-
ease-free or overall survival[57], it is defined as the persis-
tence of  a non-invasive tumour. Some studies go further 
separating complete response in the primary tumour and 
in the axillary lymph node.

Although there is disagreement over complete re-
sponse in the literature, it is currently thought that obtain-
ing complete pathological response is a predictive factor, 
independent of  disease-free and overall survival in the 
multivariate analysis[7].

Furthermore, the persistence of  residual disease in the 
lymph nodes is a factor of  worse prognosis than disease 
persistence in the primary tumour[58].

The likelihood of  achieving complete response varies 
according to tumour biology, so that tumours with Her-2/
neu overexpression and negative receptors can achieve 
up to a 45% chance of  complete response (defined as an 
absence of  tumour invasion) compared to those that have 
hormone overexpression but no Her-2/neu receptors 
in whom only 9% attain a complete response[59] (without 
trastuzumab). 

In addition, complete pathological response capacity 
or long term survival prognosis also appears to depend 
on the tumour subtype, so that, complete response is the 
best predictor of  disease-free survival especially in pa-
tients with positive hormone receptors[46].

Predictive response factors
Several predictive response factors related to achieving 
complete response have been reported, and therefore they 
are related to chemosensitivity, but they are currently still 
not recommended for selecting individualised systemic 
treatment. 

We know that tumours that do not express hormone 
receptors or only express a few of  them such as luminal 
B subtype and tumours with a high percentage of  Ki67 
expression according to immunohistochemistry, are as-
sociated with greater chances of  complete pathological 
response to chemotherapy, while those tumours that 
overexpress hormone receptors or lobular histologies are 
less likely to achieve complete pathological response with 
chemotherapy[60,61].

Alternatively, Her-2/neu overexpression is a clear 
predictive factor of  response to trastuzumab, although 
we also know that it increases the chances of  response 
to inhibitors of  aromatase compared to tamoxifen, when 
endocrine treatment is chosen[62].

The genetic profile can predict pathological results, so 
that it is more likely for pathological response to occur in 
triple negative tumours or in those who have a luminal B 
profile[63-65].

A recent meta-analysis concluded that complete re-
sponse with chemotherapy is more likely in patients with 
triple negative (31.1%) and positive Her-2/neu (38.9%) 
tumours than in tumours that only overexpress hormone 
recpetors (8.3%)[66].

However, it is not just biological factors that are re-
lated with tumour chemosensitivity. Dynamic analysis, 
spectroscopic analysis with MRI[67], and positron emission 
tomography[68] can predict sensitivity to treatment if  they 
are carried out early-on once systemic treatment has been 
undertaken. The differences regarding the baseline stud-
ies of  contrast uptake or SUV (in the case of  PET) are 
related with the chances of  systemic treatment response. 

PET has a high sensitivity for evaluating neoadjuvant 
treatment response but with a low specificity, so that it 
cannot be recommended as an isolated technique for tak-
ing decisions[69].

FUTURE OF PRIMARY SYSTEMIC 
THERAPY
Neoadjuvant treatment is undoubtedly a realistic option 
in many scenarios, but it continues to be a treatment that 
has potential for development, with the introduction of  
new treatments or new indications or even as a substitute 
for surgery in certain patient subgroups.

In spite of  the importance of  local treatment in breast 
cancer, over time the aggressiveness of  surgery has been 
diminishing, making procedures more and more conserva-
tive, with less aggression against the axillary lymph node, 
improved cosmetic results and a reduction in secondary 
effects. This has all been possible thanks to the increase in 
the anti-tumour efficacy of  systemic treatments.

Much research still needs to be done and improve-
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ments need to be made to the systemic treatment of  
localised breast cancer with neoadjuvant intent, but in the 
near future, the main improvement will be the availability 
of  an individualised treatment, based on the patient's 
genetic profile and predictive biological response factors, 
using early response assessment methods that are prob-
ably based on sufficiently sensitive image techniques and 
with few false positives.

An appropriate selection of  systemic treatment, with 
local efficacy, and an adequate response assessment using 
imaging methods with false negatives could mean that in 
the future, in some patients, surgery could become un-
necessary for treating localized breast cancer.

The current extensive biological knowledge about 
tumours is making it possible to use highly selective treat-
ment options efficient for certain types of  tumour (anti 
Her-2/neu drugs, for example). However, just as it has 
been shown in other tumours (melanoma, colon cancer, 
lung cancer…) shortly we will have very efficient systemic 
treatments for small groups of  patients that could be eas-
ily selected for this purpose. 

Currently many studies are in progress on a range of  
agents (PARP inhibitors and other targeted agents) in the 
neoadjuvant context.
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Abstract
Caput succedaneum is relatively common at birth but 
infrequently diagnosed in utero. We report the first 
case of a prenatal incarcerated caput succedaneum af-
ter cervical cerclage in a patient with premature rupture 
of the membranes (PPROM). A 41-year-old woman was 
referred and admitted to our hospital due to PPROM 
at 19 wk of gestation. Aggressive therapy, including 
amnioinfusion, cervical cerclage, and administration 
of antibiotics and tocolysis, was initiated. At 24 wk of 
gestation, a thumb tip-sized and polyp-like mass, which 
was irreducible, was delineated with a vaginal examina-
tion, vaginal speculum, and transvaginal ultrasonogra-
phy, leading to the diagnosis of incarcerated caput suc-
cedaneum. Under general anesthesia, the incarcerated 
caput succedaneum was repositioned with fingers after 
cutting the string to avoid necrosis, and then, place-
ment of a McDonald cervical cerclage was undertaken 
again. At 26 wk of gestation, she delivered a 678 g girl 
through an emergency cesarean section performed 
due to profuse bleeding and prolonged decelerations. 
A slight bulge with hair was observed on the head by 
palpation at birth. Cephalic ultrasonography, X-ray, 
magnetic resonance imaging and electroencephalogram 

confirmed no abnormality. Although the baby needed 
oxygen (0.2 L/min) at the time of hospital discharge, 
she has grown favorably at three years of corrected 
age.

© 2013 Baishideng. All rights reserved.
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Core tip: Caput succedaneum is relatively common at 
birth but infrequently diagnosed in utero. Furthermore, 
no case of incarceration of antenatal caput succedane-
um has been reported in the literature. This is the first 
report of prenatal and incarcerated caput succedaneum 
after cervical cerclage in a patient with premature rup-
ture of the membranes (PPROM). The presenting case 
makes obstetricians recognize that cerclage placement, 
especially in a patient with PPROM, may result in un-
usual caput succedaneum in utero. When it develops 
to incarceration, earlier release should be considered to 
prevent the serious complication of necrosis.

Okazaki A, Miyazaki K, Kihira K, Furuhashi M. Prenatal incar-
ceration of caput succedaneum: A case report. World J Obstet 
Gynecol 2013; 2(2): 34-36  Available from: URL: http://www.
wjgnet.com/2218-6220/full/v2/i2/34.htm  DOI: http://dx.doi.
org/10.5317/wjog.v2.i2.34

INTRODUCTION
Caput succedaneum is a cranial subcutaneous serohemat-
ic extravasation that can be differentiated from cephalhe-
matoma by findings of  extension over a suture line and 
definite palpable edges. It is more likely to form during a 
prolonged or difficult delivery and often resolves in sev-
eral d without sequelae. Furthermore, it is relatively com-
mon at birth but infrequently diagnosed in utero[1-4]. We 
present a case of  caput succedaneum that was diagnosed 
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by ultrasonographic examination during the antepartum 
period.

CASE REPORT
A 41-year-old woman, gravida 3, para 0, was referred and 
admitted to our hospital due to patient with premature 
rupture of  the membranes (PPROM) at 19 wk and 6 d of  
gestation. Her surgical history was unremarkable, except 
for conization of  the cervix at age 37 for carcinoma in 
situ. She had been on insulin therapy due to diabetes mel-
litus. On admission, she was afebrile. The plasma level 
of  C-reactive protein (CRP) and white blood cell count 
were 0.1 mg/dL and 9500/mm3, respectively. These find-
ings showed that there was no clinical chorioamnionitis. 
Vaginal examination demonstrated 2 cm-dilated cervical 
os and amniotic fluid flowing out. Laboratory culture of  
the vaginal discharge was negative. She reported a history 
of  intermittent staining since the first trimester of  preg-
nancy. Ultrasound showed that the cervical length was 
28 mm, and the maximum cord-free amniotic pocket was 
2.5 cm. Although we informed her that she might have a 
bad prognosis, she wanted to continue the pregnancy. A 
catheter was transabdominally indwelled in the amniotic 
cavity after introduction of  a 21-gauge needle under con-
tinuous ultrasound guidance. Although the amniotic cul-
ture was negative, the amniotic fluid polymorphonuclear 
neutrophil leukocyte, glucose, lactate dehydrogenase, and 
neutrophil elastase levels were 371 cells/mm3, 20 mg/dL, 
2575 IU/L, and 14.7 μg/mL, respectively, showing intra-
amniotic inflammation[5]. She underwent placement of  a 
McDonald cervical cerclage using polyester tape under 
intravenous anesthesia to prevent cervical dilation. Subse-
quently, amnioinfusion was initiated, whose purpose was 
not retention of  the fluid but lavage throuth perfusion. 
Approximately 1000 mL/d sterile and warm saline was 
spontaneously drip- infused into the amniotic cavity, and 
the corresponding volume of  fluid flowed out every day. 
Magnesium sulfate and ritodrine were used for tocolysis. 
Antibiotic therapy was also given. Cefmetazole sodium 
(2 g/d iv), piperacillin sodium (4 g/d iv), anhydrous cef-
triaxone sodium (2 g/d iv), and meropenem trihydrate 
(1 g/d iv) were administered in sequential order until 
delivery. The level of  blood CRP and white blood cell 
was in the normal range. At 23 wk and 3 d of  gestation, 
a small amount of  outflow was unexpectedly observed, 
although a certain level of  amniotic fluid was observed 
in utero by ultrasonography. The latter finding suggested 
obstruction of  the cervical canal. Thus, saline inflow was 
kept at the level of  outflow to prevent hydramnios. At 24 
wk and 0 d of  gestation, a thumb tip-sized and polyp-like 
mass, which was irreducible, was delineated with a vaginal 
examination. A vaginal speculum demonstrated a purple-
black-colored mass with hair on the surface. These find-
ings along with transvaginal ultrasonography (Figure 1A) 
led to the diagnosis of  caput succedaneum. Because the 
most feared sequela was necrosis, we decided that the in-
carceration should be released. Under general anesthesia, 

the incarcerated caput succedaneum was repositioned 
with fingers after cutting the string, and then, placement 
of  a McDonald cervical cerclage was undertaken again. 
The same treatment strategy as before was taken to al-
low the fetus to become mature enough to survive. At 
25 wk and 0 d of  gestation, transvaginal ultrasonography 
showed an echogenic bulge within the soft tissue of  the 
fetal head (Figure 1B). The estimated fetal weight was 
598 g, corresponding to the weight for 23 wk and 3 d. At 
26 wk and 1 d of  gestation, profuse bleeding occurred, 
and prolonged decelerations were observed on fetal heart 
rate monitoring. Thus, an emergency cesarean section 
was performed, and she delivered a 678 g girl with an Ap-
gar score of  1 (5-min). There was a true knot of  the um-
bilical cord. Placental pathology demonstrated histologic 
chorioamnionitis (Grade 3) and funisitis (Grade 2). The 
arterial blood gas analyses of  the umbilical cord showed 
that the pH and base deficit were 7.04 and 17.9 mmol/L, 
respectively. Resuscitation was started without delay. The 
levels of  CRP and immunoglobulin M were 5 μg/dL and 
9 mg/dL, respectively. Arterial blood culture was nega-
tive. The head of  the newborn baby looked normal with 
hair by inspection, but a slight bulge was observed by 
palpation at birth. Cephalic ultrasonography, X-ray, and 
magnetic resonance imaging confirmed no abnormality, 
such as an intracranial hemorrhage, a skull fracture, or 
a bone defect. She had a normal electroencephalogram 
at 1 and 40 wk after birth. The newborn central hearing 
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Figure 1  Transvaginal ultrasonography. A: A bulge (arrowheads) with an 
echogenic core was identified outside the cervical string (arrows); B: The bulge 
(arrowheads) was observed within the contour of the fetal head but inside the 
cervical string (arrows) 7 d after re-operation. h: Fetal head; c: Cervix. 



screening showed no abnormality. Meanwhile, she was af-
fected with retinopathy of  prematurity and received laser 
coagulation. She has grown favorably without alopecia 
and shows normal physical and neurological development 
at three years of  corrected age.

DISCUSSION
The common management in most centers of  PPROM 
before 22 wk of  gestation is termination of  the preg-
nancy or the expectant approach because expectant man-
agement results in an increased rate of  fetal and neonatal 
morbidity and mortality[6,7]. When a patient with previable 
PPROM desires continuation of  the pregnancy, more 
aggressive interventions, such as amnioinfusion[8], cervi-
cal cerclage, and intra-amniotic gelatin sponge[9], are not 
infrequently required in addition to the administration of  
antibiotics and tocolysis to prolong pregnancy until the 
fetus becomes viable. In such cases, our usual protocol 
is to supply continuous amnioinfusion, cervical cerclage, 
and the use of  antibiotics and tocolysis after obtaining 
informed consent[10]. The aggressive intervention of  pre-
viable PPROM results in a high neonatal survival rate[10].

Caput succedaneum is a cranial subcutaneous serohe-
matic extravasation that is more likely to form during a 
prolonged or difficult delivery and often resolves in sev-
eral d without sequelae. Although it has been infrequently 
diagnosed in utero[1-4], no case of  incarceration has been 
reported in the literature. It would appear that several 
factors are associated with incarceration of  caput suc-
cedaneum. Uterine contractions are primarily inevitable, 
as usual caput succedaneum is formed during delivery. 
In addition, PPROM might play a pivotal role because 
pressure is directly placed on the fetal scalp contiguous 
to the internal os of  the uterus in the setting of  oligohy-
dramnios. This assumption is supported by the fact that a 
percentage of  cephalhematoma and caput succedaneum 
in utero is involved in PPROM[2-4]. Cerclage placement is 
also a contributing factor. Even a successful cerclage may 
result in limited dilation of  the cervix when uterine con-
tractions are persistent because they may promote cervi-
cal maturation and diminish its thickness. In that event, 
the opening encircled by the suture might induce pro-
lapse of  the caput succedaneum and form an incarcera-
tion when it swells. Considering that only a slight bulge 
of  the newborn head was observed at birth in our case, 
caput succedaneum in utero could spontaneously reduce 
but for incarceration.

One of  the serious sequelae of  perinatal scalp injury 
is halo scalp ring, which is annular scalp alopecia. Al-
though it is usually a temporary defect, a necrotic caput 
succedaneum may result in scarring alopecia because 
deep ulceration can destroy hair follicles[11,12]. This con-
cept suggests that incarceration of  caput succedaneum 

is harmful to the fetus. Because it is not difficult to 
diagnose prenatal incarceration of  caput succedaneum 
through vaginal examination and ultrasonography, special 
attention should be paid to prevent undesirable necrosis.

In conclusion, obstetricians should recognize that 
cerclage placement, especially in a patient with PPROM, 
may result in unusual caput succedaneum in utero. When 
it develops to incarceration, earlier release should be con-
sidered to prevent the serious complication of  necrosis.
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ing commercial, personal, political, intellectual, or religious interests  
in relation to the submitted work. Referees are also asked to indi-
cate any potential conflict they might have reviewing a particular 
paper. Before submitting, authors are suggested to read “Uniform 
Requirements for Manuscripts Submitted to Biomedical Journals: 
Ethical Considerations in the Conduct and Reporting of  Research: 
Conflicts of  Interest” from International Committee of  Medical 
Journal Editors (ICMJE), which is available at: http://www.icmje.
org/ethical_4conflicts.html. 

Sample wording: [Name of  individual] has received fees for serv-
ing as a speaker, a consultant and an advisory board member for [names 
of  organizations], and has received research funding from [names of  
organization]. [Name of  individual] is an employee of  [name of  or-
ganization]. [Name of  individual] owns stocks and shares in [name of  
organization]. [Name of  individual] owns patent [patent identification 
and brief  description]. 

Statement of informed consent
Manuscripts should contain a statement to the effect that all human 
studies have been reviewed by the appropriate ethics committee or it 
should be stated clearly in the text that all persons gave their informed 
consent prior to their inclusion in the study. Details that might disclose 
the identity of  the subjects under study should be omitted. Authors 
should also draw attention to the Code of  Ethics of  the World Medi-
cal Association (Declaration of  Helsinki, 1964, as revised in 2004).

Statement of human and animal rights
When reporting the results from experiments, authors should follow 
the highest standards and the trial should conform to Good Clini-
cal Practice (for example, US Food and Drug Administration Good 
Clinical Practice in FDA-Regulated Clinical Trials; UK Medicines 
Research Council Guidelines for Good Clinical Practice in Clinical 
Trials) and/or the World Medical Association Declaration of  Hel-
sinki. Generally, we suggest authors follow the lead investigator’s na-
tional standard. If  doubt exists whether the research was conducted 
in accordance with the above standards, the authors must explain the 
rationale for their approach and demonstrate that the institutional 
review body explicitly approved the doubtful aspects of  the study. 

Before submitting, authors should make their study approved by 
the relevant research ethics committee or institutional review board. 
If  human participants were involved, manuscripts must be accompa-
nied by a statement that the experiments were undertaken with the 
understanding and appropriate informed consent of  each. Any per-
sonal item or information will not be published without explicit con-
sents from the involved patients. If  experimental animals were used, 
the materials and methods (experimental procedures) section must 
clearly indicate that appropriate measures were taken to minimize 
pain or discomfort, and details of  animal care should be provided.

SUBMISSION OF MANUSCRIPTS
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 
for publication become the permanent property of  Baishideng 
Publishing Group Co., Limited, and may not be reproduced by any 
means, in whole or in part, without the written permission of  both 
the authors and the publisher. We reserve the right to copy-edit and 
put onto our website accepted manuscripts. Authors should follow 
the relevant guidelines for the care and use of  laboratory animals 
of  their institution or national animal welfare committee. For the 
sake of  transparency in regard to the performance and reporting of  
clinical trials, we endorse the policy of  the ICMJE to refuse to pub-
lish papers on clinical trial results if  the trial was not recorded in a 
publicly-accessible registry at its outset. The only register now avail-
able, to our knowledge, is http://www.clinicaltrials.gov sponsored 
by the United States National Library of  Medicine and we encour-
age all potential contributors to register with it. However, in the case 
that other registers become available you will be duly notified. A 
letter of  recommendation from each author’s organization should 
be provided with the contributed article to ensure the privacy and 
secrecy of  research is protected.

Authors should retain one copy of  the text, tables, photo-
graphs and illustrations because rejected manuscripts will not be 
returned to the author(s) and the editors will not be responsible 
for loss or damage to photographs and illustrations sustained dur-
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Online submissions
Manuscripts should be submitted through the Online Submission 
System at: http://www.wjgnet.com/2218-6220office. Authors 
are highly recommended to consult the ONLINE INSTRUC-
TIONS TO AUTHORS (http://www.wjgnet.com/2218-6220/
g_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 
wjog@wjgnet.com, or by telephone: +86-10-85381891. If  you 
submit your manuscript online, do not make a postal contribution. 
Repeated online submission for the same manuscript is strictly pro-
hibited.

MANUSCRIPT PREPARATION
All contributions should be written in English. All articles must be 
submitted using word-processing software. All submissions must be 
typed in 1.5 line spacing and 12 pt. Book Antiqua with ample mar-
gins. Style should conform to our house format. Required informa-
tion for each of  the manuscript sections is as follows:

Title page
Title: Title should be less than 12 words.

Running title: A short running title of  less than 6 words should be 
provided.

Authorship: Authorship credit should be in accordance with the 
standard proposed by ICMJE, based on (1) substantial contribu-
tions to conception and design, acquisition of  data, or analysis and 
interpretation of  data; (2) drafting the article or revising it critically 
for important intellectual content; and (3) final approval of  the ver-
sion to be published. Authors should meet conditions 1, 2, and 3.

Institution: Author names should be given first, then the complete 
name of  institution, city, province and postcode. For example, Xu-
Chen Zhang, Li-Xin Mei, Department of  Pathology, Chengde 
Medical College, Chengde 067000, Hebei Province, China. One au-
thor may be represented from two institutions, for example, George 
Sgourakis, Department of  General, Visceral, and Transplantation 
Surgery, Essen 45122, Germany; George Sgourakis, 2nd Surgical 
Department, Korgialenio-Benakio Red Cross Hospital, Athens 
15451, Greece

Author contributions: The format of  this section should be: 
Author contributions: Wang CL and Liang L contributed equally 
to this work; Wang CL, Liang L, Fu JF, 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 
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 words) 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 vs 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. 

Illustrations
Figures should be numbered as 1, 2, 3, etc., 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.wjgnet.com/1007-9327/13/4891.pdf; http://www.
wjgnet.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: ...; C: ...; D: ...; E: ...; F: ...; G: …etc. It is our principle 

IIIWJOG|www.wjgnet.com May 10, 2013|Volume 2|Issue 2|



to publish high resolution-figures for the printed and E-versions.

Tables
Three-line tables should be numbered 1, 2, 3, etc., and mentioned 
clearly 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.

Notes in tables and illustrations
Data that are not statistically significant should not be noted. aP < 
0.05, bP < 0.01 should be noted (P > 0.05 should not be noted). If  
there are other series of  P values, cP < 0.05 and dP < 0.01 are used. 
A third series of  P values can be expressed as eP < 0.05 and fP < 0.01. 
Other notes in tables or under illustrations should be expressed as 
1F, 2F, 3F; 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 ●, ○, ■, □, ▲, △, etc., in a certain se-
quence.
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numerals such as 23, 243, 641 should be read 23 243 641.

The format for how to accurately write common units and 
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first mention in the text. In general, terms should not be abbrevi-
ated unless they are used repeatedly and the abbreviation is helpful 
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revised version, along with the signed copyright transfer agreement, 
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Language evaluation 
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Grade A.
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