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Introduction

The greatest achievement of assisted reproductive
medicine was the birth of Louise Brown in 1978. It
was the result of many efforts by Edwards & Steptoe
to achieve pregnancy with in vitro fertilization (IVF).
Since then, there has been a rapid development of as-
sisted reproduction techniques, with the ultimate
aim of making infertility treatment more effective
and affordable for most couples. The thorough study
of reproductive mechanisms has led to a fuller un-
derstanding of the physiology and the pathology of
fertilization, implantation and pregnancy. In fact,
even in fertile couples, pregnancy expectancy ranges
from 25-36%, including biochemical pregnancies.

The continued development of medical and diag-
nostic techniques has led to easier diagnosis of
women with PCOS as well as those with a poor re-
sponse to ovarian stimulation protocols. This has
resulted in the individualization of treatment ac-
cording to the needs and requirements of each un-
derwhelmed woman. However, the increasing use
of in vitro fertilization protocols has led to the de-
velopment of theories of correlation with gynecol-
ogical cancer.

Ovulation induction

Ovulation induction still remains one of the most
challenging steps of reproductive medicine. Under-
standing the physiology of folliculogenesis, as well
as the mechanisms by which the normal process of
follicular selection may be overridden to produce
multiple oocytes is essential in order to develop the
optimal protocol for each patient.

Complete follicular development takes over 220
days and can be classified into three phases accord-
ing to the developmental stage and the follicular go-
nadotropin dependence. The process begins with
the initial recruitment of resting primordial follicles
followed by the development of preantral and early
antral follicles. Finally, cyclic recruitment of a lim-
ited cohort of antral follicles takes place, followed
by the selection of a single dominant follicle during
the mid-follicular phase of the menstrual cycle!? In
the adult ovary, folliculogenesis starts when follicles
leave the pool of resting follicles to enter the growth
phase. The size of the follicle pool is determined
during fetal life and reaches its maximum of 6- 7
million by 20 weeks of gestation* From this point
on, germ cell content will decrease due to a contin-
uous flow of follicles leaving the primordial follicle
pool (initial recruitment). Around 1000 primordial
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follicles start growing every month. However, the
great majority of them will undergo atresia before
reaching the antral stage, principally through apop-
tosis®. Only those follicles that are able to respond
to stimulation by Follicle Stimulating Hormone
(FSH) will enter the final stage of development and
eventually ovulate.

During the follicular phase of the menstrual cycle
in primates, a single follicle usually matures to the
preovulatory stage and releases its oocyte for fer-
tilization. Upon the demise of the corpus luteum,
serum levels of FSH and LH increase (peri-men-
strual rise) and the process of preovulatory follicu-
lar development is initiated. Brown et al.
demonstrated that changes in FSH concentrations
between 10-30% are sufficient to initiate follicular
development in anovulatory women. Based on this
finding, the concept of an "FSH threshold" was in-
troduced, in order to indicate that a critical concen-
tration of FSH must be achieved to initiate the
process of follicular development®. The “FSH gate”
or “FSH window” concept introduces the element
of time rather than the magnitude of the FSH rise
to the FSH threshold theory. The window concept
emphasizes the importance of a transient increase
of FSH above the threshold level in order to gain
single dominant follicle selection®”.

As already mentioned, a perimenstrual rise in
FSH secretion occurs following the regression of the
corpus luteum. Thereafter, there is a reciprocal re-
lationship between the plasma concentrations of
FSH and estradiol. During the early follicular phase
prior to the emergence of a stimulated follicle,
serum FSH concentrations are elevated while estra-
diol concentrations are low. Approximately five days
before the midcycle gonadotropin surge, serum es-
trogen concentrations begin to rise as the result of
the emergence of a maturing follicle. Associated
with the gradual increase in estradiol concentra-
tions is a progressive fall in FSH concentrations due

to the feedback actions of estrogen (and possibly in-
hibin) on gonadotropin secretion®°. There always
will be a maturational distinct population of early
antral follicles within the ovaries ready for develop-
ment to the preovulatory stage under the influence
of FSH. As a growing follicle acquires sufficient aro-
matase activity, resulting from FSH stimulation, its
production of estrogen suppresses FSH secretion
below that level necessary to sustain the develop-
ment of less mature follicles, which consequently
undergo atresia.

Moreover, a hallmark action of FSH during pre-
ovulatory follicular development is the induction of
LH receptors on granulosa cells'®. Granulosa cells
from early antral follicles possess FSH receptors and
the stimulation of theese cells by FSH results in the
activation of adenylyl-cyclase and the production of
cAMP. In response to FSH stimulation, granulosa
cells acquire LH receptors. The binding of the LH re-
ceptor by LH also results in the activation of adeny-
lyl-cyclase and the production of cAMPL. As would
be predicted by the common intracellular cAMP
pathway, granulosa cells from FSH-stimulated folli-
cles respond similarly to both FSH and LH; more-
over, at low levels of FSH and LH, the responses are
additive'?. The overall significance of these findings
is that while granulosa cells from early antral folli-
cles are only responsive to FSH, granulosa cells from
FSH-stimulated follicles are responsive to either FSH
or LH. Thus it is possible that the maturing follicle
reduces its dependence on FSH by acquiring LH re-
ceptors, hence LH responsiveness.

Ovaluation is the main event of the menstrual
cycle, as well as the dividing line between follicular
and luteal phase. Levels of estradiol reach a thresh-
old above which, this effect is reversed and estrogen
stimulates the production of a large amount of LH.
This process, known as the LH surge, starts around
day 12 of the average cycle and may last 48 hours.
Following the onset of the LH surge, a series of
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events take place that lead to the rupture of the fol-
licle!2

Drugs in ovulation induction

Knowledge of the normal process of follicular se-
lection allows for the understanding of the physio-
logical principles that underlie various strategies
for increasing the number of preovulatory follicles
that can be stimulated to maturation. Controlled
ovarian stimulation is achieved by increasing the
duration that serum FSH concentrations are main-
tained above threshold levels. This can be achieved
by direct administration of exogenous FSH. Alter-
nately,
clomiphene citrate and tamoxifen as well adminis-

administration of the anti-estrogens

tration of an aromatase inhibitor, in the presence or
absence of exogenous FSH, also can result in ovar-
ian stimulation presumably by diminishing the neg-
ative feedback effects of estrogen on FSH
secretion'# 5, The controlled ovarian stimulation
during the IVF cycles is achieved by the dilution of
the following drugs:

i Gonadotropins

ii GnRH-analogues

iii Clomiphene citrate

Gonadotropins

In the 65 years since the gonadotropin hormones
were discovered, FSH has come to attain a central
role in contemporary infertility therapies. Clinical
applications include the treatment of anovulatory in-
fertility and controlled ovarian stimulation in women
being treated with IVE At first, gonadotropins were
extracted from urine of postmenopausal women
(human menopausal gonadotropins) in a 1:1 ratio of
LH and FSH. To improve batch-to-batch variability,
non-active proteins were removed resulting in highly
purified urinary preparations. The urinary extraction
process needed large amounts of postmenopausal
urine and the increasing demands for gonadotropins

compromised the possibilities to guarantee a consis-
tent supply of the medication worldwide. When in
the 1990s recombinant DNA technology made it pos-
sible to produce human FSH in Chinese hamster
ovary cell lines, this production problem was solved.

Individual differences in the required daily
amount of FSH to induce ongoing follicle growth
(the FSH response dose) have been suggested to be
the main factor in hyper-responsiveness and severe
complications during gonadotropin ovulation in-
duction®. This resulted in mainly two different ap-
proaches: the “step-up” and “step-down” protocols.
A low-dose, step-up protocol designed to allow the
FSH threshold to be reached gradually has now be-
come the most widely used regimen, reducing the
risk of excessive stimulation and development of
multiple pre-ovulatory follicles. In this protocol, the
initial subcutaneous or intramuscular dose of FSH
is 50-75 IU/day; and the dose is increased if, after
14 days, no response is observed on ultrasonogra-
phy (and serum estradiol monitoring). Increments
of 37.5 IU are then given at weekly intervals up to a
maximum of 225 IU/day. The detection of an ovar-
ian response is an indication to continue the cur-
rent dose until human chorionic gonadotropin
(hCG) can be given to trigger ovulation.

Step-down protocols are aimed at rapidly achiev-
ing the FSH threshold for stimulating follicle devel-
opment. Current regimens normally begin therapy
with 150 [U/day started shortly after a sponta-
neous or progesterone-induced bleeding. This dose
is continued until a dominant follicle (10 mm) is
seen on transvaginal ultrasonography. The dose is
then decreased to 112.5 IU per day followed by a
further decrease to 75 IU per day 3 days later, which
is continued until hCG is administered to induce
ovulation. If no ovarian response is observed after
3-5 days, the FSH dose can be increased. For some
patients, an initial dose of 150 IU/day may be too
high, reflecting major individual differences in the
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FSH threshold® 618,

GnRH-analogues (agonists, antagonists)

The main result following the administration of
GnRH-agonists is that after an initial short period
of gonadotropin hyper secretion, continuous ad-
ministration causes desensitization, resulting in a
state of chemical induced pituitary failure. There is
also an initially increase in FSH and LH secretion
(so-called ‘flare effect’). After 10-14 days of contin-
ued administration, this results in down-regulation
of the pituitary gland and the suppression of LH
(about 70%) and FSH (about 30%) serum levels.
GnRH agonists may be delivered by intranasal or
subcutaneous formulations.

GnRH antagonists cause an immediate and rapid,
reversible suppression of gonadotropin secretion by
competitive occupancy of the GnRH receptor. The de-
velopment of clinically safe agonists was relatively
simple by just changing one or two amino acids.
GnRH antagonists have been recently introduced in
clinical practice for ovarian hyperstimulation in ART
cycles to prevent premature luteinization” *°.

Clomiphene Citrate

Clomiphene citrate (CC) is the initial treatment for
most anovulatory infertile women. Chemically similar
to tamoxifen, CC is a nonsteroidal triphenylethylene
derivative that demonstrates both estrogen agonist
and antagonist properties. Antagonist properties pre-
dominate except at very low estrogen levels. As a re-
sult, negative feedback that is normally produced by
estrogen in the hypothalamus is reduced. Go-
nadotropin releasing hormone (GnRH) secretion is
altered and stimulates pituitary gonadotropin re-
lease. The resulting increase in follicle- stimulating
hormone (FSH) levels, in turn, drives ovarian follicu-
lar activity. Clomiphene therapy for ovulation induc-
tion is typically started on the fifth day of a cycle,
following either spontaneous or induced bleeding. It

10

is initially begun at a dose of 50 mg daily for 5 days. If
ovulation does not occur in the first cycle of treat-
ment, the dose is increased to 100 mg. Thereafter,
dosage is increased by increments of 50 mg to a max-
imum daily dose of 250 mg. However, a dose of more
than 150 mg is not encouraged. Drug-induced side ef-
fects are hot flushes (occurring in 10-20% of women),
abdominal distention and pain (5.5%), nausea and
vomiting (2.2%) and breast discomfort (2%)?* 2!,

Aromatase Inhibitors

Blocking estrogen production by inhibiting the
enzyme catalyzing its synthesis from androgens
(aromatase enzyme) is a treatment modality that
has been in clinical application for more than halfa
century since the development of the first genera-
tion of aromatase inhibitors including aminog-
lutethimide. Aromatase inhibitors are orally
administered, easy to use, relatively inexpensive,
and associated with typically minor side effects. At
doses of 1-5 mg/day, these drugs inhibit estrogen
levels up to 99%. The most widely used aromatase
inhibitor to induce ovulation in anovulatory and
ovulatory infertile women is letrozole. A second
aromatase inhibitor, anastrozole, is of the same
compound class as letrozole and has also been ap-
proved for treatment of women with breast cancer.
There is no significant difference in the use of letro-
zole or anastrozole in pregnancy rates or miscar-
riage rates when used for ovulation induction in
women with clomiphene-resistant PCOS. However,
these medications are used “off label” regarding as-
sisted reproduction. The main side effects are hot
flushes, gastrointestinal events (nausea and vomit-
ing), headache, back pain and leg cramps?% 23,

Controlled ovarian stimulation protocols
Controlled ovarian stimulation protocols using
GnRH analogues (agonists /antagonists) aim to

achieve gonadotropin secretion. The regimens
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using GnRH- agonists are the long, short and ultra
short protocol. The protocols using GnRH-antago-
nists are those in which we administrate one single
dose of the antagonist (rarely used) those in which
we administrate multiple doses.

Long protocol

It is the most often used protocol in order to
achieve multiple ovulation in IVF, based on the sec-
ondary action of GnRH in the pituitary gland. The
administration of the analogue starts at the begin-
ning of the cycle or at the end of the previous one,
for atleast 7 days prior to the initial administration
of the gonadotropins. Serum estradiol <40pg / ml
indicates pituitary suppression. The risk of impul-
sive LH-surge is reduced as well as the risk of pre-
mature ovulation. After the achievement of
suppression, administration of gonadotropins be-
gins daily. It is essential to measure estradiol and to
monitor by ultrasound the follicular maturation
after each administration. According to ultrasound
image of 3 or more follicles of at least 17mm diam-
eter hCG is administrated to trigger ovulation. Egg
retrieval is scheduled 36 hours later and then IVF
is performed in a laboratory setting. Embryos are
transferred back to the uterus 3-5 days following
retrieval. Progesterone supplementation, with ei-
ther vaginal preparations or intramuscular injec-
tion, follows for luteal phase support. Often,
pretreatment with combined oral contraceptives
(COCs) is preferred, in order to prevent ovarian cyst
formation?*.

Short protocol

This is also known as the flare protocol. GnRH ag-
onists initially bind gonadotropes and stimulate fol-
licle-stimulating hormone (FSH) and LH release.
This initial flare of gonadotropes stimulates follic-
ular development. Following this initial surge of go-
nadotropins, the GnRH agonist causes receptor

downregulation and an ultimately hypogo-
nadotropic state. The administration of the agonist
starts from day 1 to day 2 of the cycle and go-
nadotropin injections begin 2 days later, to resume
follicular development. Same as in the long proto-
col, continued GnRH-agonist therapy prevents pre-
mature ovulation. However, this protocol is
characterized by a lower percentage of clinical
pregnancies compared to the Long protocol?%.

Ultra-short Protocol

It is a variation of the short protocol, in which the
analogue is administered for 3 days, in order to
achieve ovarian stimulation, followed by a course
of gonadotropins. In this protocol, the early peak of
LH appears more often and, therefore, it leads to
poor results. It is usually used in poor responders,
in order to achieve more intense stimulation of the
ovaries?*,

GnRH-antagonist protocol

As with GnRH agonists, these agents are com-
bined with gonadotropins to prevent premature LH
surge and spontaneous ovulation. This protocol at-
tempts to minimize the risk of ovarian hyperstim-
ulation syndrome (OHSS) and GnRH side effects,
such as hot flashes, headaches, bleeding, and mood
changes. The multiple dose protocol consists of the
daily administration of the antagonist from day 6 of
the follicular phase along with gonadotropin ad-
ministration. When the dominant follicle reaches
the diameter of 18-20mm, the antagonist is stopped
and ovulation is induced by hCG. The single dose
protocol is rarely used. In GnRH-antagonists proto-
col with corifollitropin-a (100-150ug), the admin-
istration of corifollitropin starts at the 2nd day of
cycle, the antagonist’s daily from the 6th day and, if
necessary, gonadotropins are administrated daily
from the 8th day. Following ovulation, the proce-
dure is the same as in the agonist protocols” 2°.

n
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Polycystic Ovary Syndrome

Polycystic Ovary Syndrome (PCOS) is one of the
most common endocrinopathies, affecting 5 - 10 %
of women of reproductive age?®. The syndrome is
characterized by a wide range of endocrine and
metabolic disorders, such as hyperandrogenism,
anovulation, insulin resistance, dyslipidemia, cen-
tral obesity - metabolic syndrome. In the long term,
it may increase the risk of diabetes mellitus and car-
diovascular disease?®. Another common issue of
women with PCOS is infertility related to the ovu-
lation disorders of the syndrome.

The syndrome was surrounded by controversies
regarding its diagnosis and treatment. The need for
universally accepted diagnostic criteria led to the
Rotterdam meeting in 2003, during which experts
in PCOS arrived at a consensus regarding the diag-
nosis of the syndrome?” Therefore, two out of the
following three criteria should be present for the
diagnosis of PCOS :

1) Oligo- or anovulation,

2) Clinical and/or biochemical signs of hyperan-

drogenism,

3) Polycystic ovaries (>12 follicles 2-9mm or

ovary volume > 10 ml)

Other etiologies of hyperandrogenism and ovu-
lation disorders, such as congenital adrenal hyper-
plasia, androgen-secreting tumors, Cushing ‘s
syndrome, hyperprolactinemia and thyroid disor-
ders, should be excluded?”.

Women with PCOS are characterized by infertility
issues, affecting almost 70-80% of those women.
According to the American Society of Reproductive
Medicine, women with PCOS should be investigated
for infertility issues after six months of unprotected
intercourse without conception?®,

The infertility treatment options include initially
non-pharmacological and then pharmacological op-
tions. The choice of the most appropriate treatment
depends on the patient ‘s age, existence of other in-

12

fertility factors, previous treatments and the level
of anxiety of the couple®.

Non-pharmacological options

Among non-pharmacological treatments, lifestyle
modifications, such as diet and exercise aiming to
weight loss and smoking/alcohol cessation, are the
first-line treatment option for infertile obese women
with PCOS. A weight loss of 5-10 % over a period of
six months may improve hyperadrogenism, central
obesity and ovulation rate?’”. However, there is not
enough evidence showing improvement of live birth
rate. There are several randomized trials demon-
strating the positive effect of weight loss on ovula-
tion rate and hyperandrogenism in women with
PCOS30-34,

Pharmacological options

The pharmacological treatment options include
clomiphene citrate as first-line pharmacological
treatment, gonadotropins and ovarian drilling as
second-line treatment and in vitro fertilization as
third-line treatment. Other treatment options in-
clude metformin and aromatase inhibitors.

Clomiphene citrate

Clomiphene citrate (CC) is an estrogen receptor
modulator which binds to estrogen receptors in the
hypothalamus and pituitary and block the negative
feedback mechanism. Consequently, the levels of re-
leasing gonadotropins are increased leading to the
recruitment of the dominant follicle between the 6th
and 9th day of the menstrual cycle3. Clomiphene cit-
rate is the first choice for ovulation induction for
anovulatory women with PCOS?"-3¢,

The predictive factors of live birth after
clomiphene citrate induction of ovulation in nor-
mogonadotropic oligoamenorrheic infertility in-
clude patient ‘s age, Body Mass Index (BMI) and
Free Androgen Index (FAI)®. The initial dose is 50
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mg/day for five days, starting between the second
and fifth day of the menstrual cycle (spontaneous
or progestagen-induced). Almost 50% of pregnan-
cies are achieved with this dose. Ovulation is ex-
pected 8-10 days after the end of the five day CC
administration, but it may be delayed up to 2 - 3
weeks. Unless normal ovulation occurs, the dose is
increased by 50 mg/day in each of the next cycles
up to a maximum dose of 150 mg/day*®. However,
doses greater than 100 mg/day usually do not offer
additional benefits (may be useful in obese
women)?.. The ovulation rate after CC induction is
almost 75 - 80% 2°, the conception rate is estimated
about 22% per cycle®, whereas the cumulative
pregnancy rate is almost 60-70% after six cycles®.

The duration of the treatment should be limited
up to 6 ovulatory cycles. Additional cycles of induc-
tion with CC (maximum of twelve cycles) should be
individually evaluated based on the age of woman
and after discussion with the couple, whereas sec-
ond-line treatment options (gonadotropins, ovarian
drilling) should be considered?’.

About 15-40% of women with PCOS do not re-
spond to 150mg/day of CC for 5 days/cycle for at
least 3 cycles and are considered clomiphene resist-
ant. The risk factors for CC resistance include in-
sulin resistance, hyperandrogenism and obesity
which disrupt ovary response to the increased lev-
els of FSH after induction with CC*. Furthermore,
the presence of specific genetic background may be
another risk factor for CC resistance. Overbeek et al
*0 demonstrated that Ser680Ser FSHR gene poly-
morphism is associated with higher, almost double,
risk for CC resistance compared to Asn680Asn and
Asn680Ser FSHR gene polymorphisms. Failure to
conceive after 6-9 cycles of regular ovulation with
CC induction is defined as CC failure.

CC treatment is characterized by advantages
such as oral administration, low cost, few side ef-
fects ( headache, flushes and visual disturbances),

low rate of OHSS (1 - 6%) % and low rate of multi-
ple gestation (6 - 8%)*8.

The observed difference between the ovulation
rate and the lower pregnancy rate after treatment
with CC is attributed to the anti-estrogenic effect of
CC on peripheral organs such as endometrium and
cervix. Specifically, the anti-estrogenic effect of CC
on cervical mucus characteristics disrupts sperm
penetration. Moreover, the anti-estrogenic effect of
CC on endometrial proliferation disrupts embryo
implantation. If the endometrial thickness is less
than 8mm at the time of ovulation, poor prognosis
is expected. However, Kolibianakis et al. ** observed
that endometrial thickness can not predict ongoing
pregnancy achievement in cycles stimulated with
clomiphene citrate for intrauterine insemination.

Gonadotropins

Gonadotropins are recommended as second-line
treatment for PCOS related infertility issues. This
option includes the use of recombinant FSH (rFSH)
or Human Menopausal Gonadotropin (HMG). Ac-
cording to the threshold concept, the initiation and
maintenance of follicle growth may be achieved by
a transient increase in FSH above a threshold dose
for sufficient duration to generate a limited number
of developing follicles. This concept has essential
role on women with PCOS who undergo ovulation
induction due to their tendency to develop exces-
sive number of follicles?’.

The complexity of that treatment makes neces-
sary the evaluation of tubal patency prior to the ini-
tiation of ovulation induction with gonadotropins*2.
The ovarian stimulation begins with low doses of
gonadotropins (37.5-75 [U/day or every other day),
in order to achieve oligofollicular growth and de-
crease the risk of OHSS and multiple gestation*3.
Currently two low-dose regimens are utilized, step-
up regimen and step-down regimen, which are
characterized by similar rates of oligofollicular

13
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growth**. However, Christin-Maitre et al** observed
that step-up regimen is more safe regarding the risk
of excessive multiple follicle growth. Moreover, the
application of a step-down regimen requires more
experience and ability to adjust the gonadotropin
dose compared to a step-up regimen*®. The use of a
low-dose regimen achieves a rate of oligofollicular
growth at about 70%, a pregnancy rate at 20% *’, a
rate of OHSS lower than 6% and a rate of multiple
gestation lower than 1%*. Eijkemans et al*
demonstrated that the cumulative pregnancy rate
resulting in singleton live birth of a consecutive se-
ries of 240 normogonadotrophic anovulatory infer-
tile women undergoing classical ovulation
induction (CC as first-line, followed by FSH as sec-

ond-line therapy if required) was almost 72%.

Ovarian drilling

Apart from the pharmaceutical second-line ap-
proach with gonadotropins, ovarian drilling offers
an additional second-line invasive treatment for
PCOS infertility issues. The effect of ovarian drilling
seems to be based on the destruction of the andro-
gen-producing ovarian stroma and follicles leading
to areduced secretion of androgens and inhibin and
a consequent increase of FSH secretion®’. Further-
more, the thermal damage results in the production
of inflammatory factors (e.g. IGF-1), which enhance
FSH action on folliculogenesis®'. Also, the surgical
intervention on ovary facilitates ovarian blood flow
leading to an increased transfer of gonadotropins®.
This technique includes monopolar diathermy or
laser without any obvious difference in outcomes
between the two modalities?”. The number of punc-
tures is usually 4 -10 for each ovary depending on
the ovarian size. Most surgeons recommend the
lowest effective dose of four punctures per ovary,
each for 4 seconds at 40 W (rule of 4), delivering
640 ] of energy per ovary'. Higher number of punc-
tures increases the risk of premature ovarian failure

14

and adhesions, which may have a negative influence
on fertility at reproductive age®.

Due to the invasive nature of this procedure, the
high cost, the need for general anesthesia and hos-
pitalization and the high risk of complications, this
technique should be used in specific cases of anovu-
latory women of normal BMI with CC-resistant
PCOS who require laparoscopy for another reason
(pelvic pain, adnexal mass, etc.) or live too far away
from the hospital for the intensive monitoring re-
quired during gonadotropin therapy. Laparoscopic
ovarian drilling can also be used to women with hy-
persecretion of luteinizing hormone (LH) during
natural cycles or as a response to CC?”->*5¢, This pro-
cedure should not be offered for non-fertility indi-
cations, such as menstrual irregularity, metabolic
complications or hyperandrogenism in PCOS®’.

The ovulation rate ranges between 54 and 76%
in 6 months after the procedure and 33 and 88% in
12 months after the procedure. The respective
spontaneous pregnancy rates range between 28
and 56% for 6 months and 54 and 70% for 12
months®. In case of failing to induce ovulation at 3
months after ovarian drilling, the procedure should
be combined with CC. The use of gonadotropins
should be considered after 6 months of anovulation
following the procedure. Amer et al** demonstrated
no statistical difference of cumulative pregnancy
rates [P = 0.26, OR 1.6 (0.6-4.2)] between laparo-
scopic ovarian drilling (52%) and CC (63%) at 12
months follow-up, when each of these treatments
was used as a first-line method of ovulation induc-
tion in women with polycystic ovary syndrome.
Consequently, laparoscopic ovarian drilling is not
superior to CC as a first-line method of ovarian in-
duction in women with PCOS. Farquhar et al®’
showed no statistical difference in live birth rate be-
tween laparoscopic ovarian drilling and the combi-
nation of CC and tamoxifen (OR 0.81; 95% CI 0.42
to 1.53; P = 0.51) or gonadotropins (OR 0.97; 95%
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CI 0.59 to 1.59; P = 0.89) or aromatase inhibitors
(OR 0.84; 95% CI 0.54 to 1.31; P = 0.44). However,
laparoscopic ovarian drilling was found to be asso-
ciated with a lower live birth rate compared to the
combination of CC and metformin (OR 0.44; 95% CI
0.24 t0 0.82; P = 0.01) and a lower rate of multiple
gestation compared to gonadotropins (OR 0.13;
95% CI 0.03 to 0.52; P=0.004). Ovarian drilling is
characterized by the same effectiveness as go-
nadotropins regarding the pregnancy rate and the
live birth rate. However, this technique does not re-
quire intensive monitoring of the patient and is as-
sociated with lower risk of multiple gestation and
no risk of OHSS in comparison to gonadotropins®’.

In Vitro Fertilization (IVF)

In Vitro Fertilization is recommended as third-line
therapeutic approach for infertile women with PCOS.
However, in case of bilateral tubal occlusion or con-
centration of recovered motile sperm less than or
equal to 5 million, IVF becomes the first fertility op-
tion in combination with lifestyle modifications.

The main complication of this approach is OHSS.
In order to reduce the risk of OHSS, ovarian stimu-
lation should be initiated with low doses of go-
nadotropins (100 - 150 IU rFSH) and the pituitary
suppression should be accomplished with a GnRH
antagonist, which is associated with a lower risk of
OHSS related to GnRH agonists!® 6%,

A metaanalysis demonstrated that the use of con-
ventional IVF protocol to women with PCOS is as-
sociated with a higher number of retrieved oocytes
per cycle, a lower fertilization rate and a higher can-
cellation rate compared to normo-ovulatory
women without PCOS. However, PCOS and control
patients achieved similar pregnancy [OR = 1.0
(95% CI 0.8-1.3)] and live birth [OR = 1.0 (95% CI
0.7-1.5)] rates per cycle®?. Another metanalysis
showed no difference in pregnancy rate per trans-
ferred embryo between GnRH antagonists and long

protocol with GnRH agonists (RR 0.97; 95% CI
0.85-1.10). However, the use of GnRH antagonists
was found to be associated with a lower risk of se-
vere OHSS (OR 1.56; 95% CI 0.29-8.51)%°.

Other treatment options

Metformin

Metformin is an insulin sensitizing agent with a
multi-target mechanism of action. It has been
shown to improve systemic insulin resistance,
serum androgen levels, ovarian hyperadrogenism
through local effect on ovarian steroidogenesis,
intra-ovarian insulin resistance and endometrial re-
ceptivity. According to various protocols, the rec-
ommended dose of metformin is 1500-1700 mg
per day, starting 4-14 weeks prior to ovarian stim-
ulation until ovulation triggering or pregnancy test.

Tang et al®® demonstrated that metformin was
associated with improved clinical pregnancy rates
compared to placebo (pooled OR 2.31,95% CI 1.52
to 3.51, 8 trials, 707 women). Improved clinical
pregnancy rates were also found for the combina-
tion of metformin and clomiphene compared to
clomiphene alone (pooled OR 1.51,95% CI 1.17 to
1.96, 11 trials, 1208 women). However, there was
no evidence that metformin improved live birth
rates, whether it was used alone (pooled OR 1.80,
95% CI 0.52 to 6.16, 3 trials, 115 women) or in com-
bination with clomiphene (pooled OR 1.16, 95% CI
0.85 to 1.56, 7 trials, 907 women).

Regarding the administration of metformin to
patients with PCOS who receive gonadotropins for
ovulation induction and timed intercourse (TI) or
intrauterine insemination (IUI), a systematic re-
view with meta-analysis of randomized controlled
trials [64] revealed almost double pregnancy (OR =
2.25,95% CI 1.50 to 3.38; P < 0.0001) and live birth
(OR =1.94, 95% CI 1.10 to 3.44; P = 0.020) rates
without significant heterogeneity across the studies
(P =0.710, estimation of inconsistency = 0% and P
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=0.230, estimation of inconsistency = 30%; respec-
tively, for pregnancy and live-birth rates). Further-
more, the metformin administration was associated
with reduced cancellation rate (OR = 0.41, 95% CI
0.24 t0 0.72, P = 0.002), stimulation length (MD = -
3.28, 95% CI -6.23 to 0.32, P = 0.030) and go-
nadotropin dose (MD =-306.62,95% CI -500.02 to
-113.22, P = 0.002). No statistical difference was
found regarding the multiple pregnancy rate (OR =
0.32,95% CI 0.08 to 1.23; P = 0.100), the miscar-
riage rate (OR = 0.47, 95% CI 0.14 to 1.54; P =
0.210) and the OHSS rate (OR = 0.56, 95% CI 0.26
to 1.21; P=0.140).

Another systematic review and meta-analysis of
randomized controlled trials [65] investigated the
effects of metformin in patients with PCOS treated
with gonadotropins for assisted reproduction
(IVF/ICSI) cycles and demonstrated no significant
improvement on clinical pregnancy (OR 1.20,95%
C10.90-1.61, P =0.253) or live birth (OR 1.69, 95%
CI10.85-3.34, P = 0.132) rates. However, metformin
seems to reduce the risk of OHSS (OR 0.27, 95% CI
0.16-0.46, P < 0.0001) and improve the rates of
miscarriage (OR 0.50,95% CI 0.30-0.83,P =0.010)
and implantation (OR 1.42, 95% CI 1.24-2.75, P =
0.040). On the contrary, Tso et al [66] demonstrated
improvement of clinical pregnancy rates (OR 1.52;
95% CI 1.07 to 2.15; eight RCTs, 775 women, 1(2) =
18%, moderate-quality evidence) with metformin
administration before and during IVF or ICSI in
women with PCOS, but without clear evidence of
improvement of live birth rates (OR 1.39, 95% CI
0.81 to 2.40, five RCTs, 551 women, [(2) = 52%, low-
quality evidence).

Given that the use of a GnRH antagonist in com-
bination with gonadotropins for ovarian stimula-
tion in PCOS patients and the final maturation
induction with a GnRH agonist, followed by embryo
cryopreservation, are considered as more effective
strategies for the prevention of OHSS regardless of

16

metformin use®!, the routine use of metformin in
IVF cycles in patients with PCOS is not recom-
mended except in the presence of glucose metabo-
lism disorder?.

Aromatase Inhibitors

The mechanism of action of aromatase inhibitors
is based on the reduced synthesis of estrogens from
androgens at the ovarian granulosa cells by inhibit-
ing the action of the enzyme aromatase, leading to
reduced serum estrogen levels. Therefore, aro-
matase inhibitors block the negative feedback
mechanism, resulting in increased levels of released
gonadotropins??. Aromatase inhibitors have also
been used for the prevention of anti-estrogenic ef-
fect of CC on endometrium. The recommended dose
is 2,5-7,5 mg per day for 5 days from day 3 to day 7
of the cycle.

Misso et al??> demonstrated that letrozole is asso-
ciated with higher ovulation rate per patient com-
pared to CC [OR 2.90 (95% CI 1.72, 4.88), 12 = 0%,
P =0.0001], without achieving significant improve-
ment of pregnancy rate [OR 1.53 (95% CI 0.91,
2.58), 12 = 50%, P = 0.11], live birth rate [OR 0.48
(95% CI 0.07, 3.55), 12 = 0%, P = 0.48], multiple
pregnancy rate [OR 2.53 (95% C1 0.53,12.16), 12 =
0%, P = 0.25] and miscarriage rate [OR 0.66 (95%
CI10.22,1.95),12 = 0%, P = 0.45]. However, for cycles
followed by timed intercourse, letrozole seems to
improve pregnancy (fifteen studies; OR 1.40, 95%
CI 1.18 to 1.65, n=2816, 1°=26%) and live birth
(nine studies; OR 1.64, 95% CI 1.32 to 2.04,n=1783,
12=3%) rates in subfertile women with anovulatory
PCOS, compared to clomiphene citrate. In compar-
ison to ovarian drilling, letrozole shows no differ-
ence in effectiveness regarding the pregnancy rate
(OR 1.14,95% CI10.80 to 1.65,n = 553, 1* = 0%), the
live birth rate (OR 1.19, 95% CI 0.76 to 1.86, n =
407, 1% = 0%) and the OHSS rate®”. Legro et al®® re-
sulted in the same conclusions for cycles followed
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by timed intercourse after the administration of
letrozole or CC. The cumulative ovulation rate was
higher with letrozole than with clomiphene (834 of
1352 treatment cycles-61.7% vs. 688 of 1425 treat-
ment cycles-48.3%, P<0.001). The cumulative live
birth rate was also higher for letrozole group than
clomiphene group (103 of 374 [27.5%] vs. 72 of
376 [19.1%], P = 0.007; rate ratio for live birth,
1.44; 95% confidence interval, 1.10 to 1.87) with-
out significant differences in overall congenital
anomalies (P = 0.65). There were no significant dif-
ferences between letrozole group and clomiphene
group in pregnancy loss rates (49 of 154 pregnan-
cies in the letrozole group [31.8%] and 30 of 103
pregnancies in the clomiphene group [29.1%]) or
twin pregnancy rates (3.4% and 7.4%, respec-
tively).

Aromatase inhibitors could be an option before
IVF/ICSI in special cases of PCOS patients resistant
to CC without any other infertility factor, for whom
the application of high-complexity treatments is
cost-prohibitive?2,

Poor responders

In 1983, Garcia et al. decribed for the first time a
patient with a poor response in ovarian stimulation.
The patient presented had a decreased follicular re-
sponse and low estradiol levels to ovarian stimula-
tion by FSH/HMG. This resulted in few oocytes
being retrieved and few transferred embryos®.
Since then, many studies have been conducted in an
effort to characterize and find the optimal possible
treatment for this category of infertile patients”®72
However, despite the ongoing interest for this group
of patients, there was insufficient evidence for re-
searchers to provide with a proper universal defi-
nition of ovarian poor response. Based on that fact,
in 2011 a consensus was organized by the Euro-
pean Society of Human Reproduction and Embry-
ology (ESHRE) with the purpose to analyze the

existing data and deliver a definition for the optimal
description of poor responders, which resulted to
the Bologna criteria’. At least two of the following
three features must be present, in order to define a
poor ovarian response (POR):

i. Advanced maternal age (240 years) or any

other risk factor for POR;

ii. A previous POR (< 3 oocytes with a conven-

tional stimulation protocol);

iii. An abnormal ovarian reserve test (i.e. AFC

< 5-7 follicles or AMH < 0.5-1.1 ng/ml)

In order to define a patient as poor responder,
two episodes of POR after maximal stimulation are
sufficient, in the absence of advanced maternal age
or abnormal ovarian reserve test (ORT). By defini-
tion, the term POR refers to the ovarian response,
thus one stimulated cycle is considered essential for
the diagnosis of POR. The consensus stated that pe-
tients over 40 years of age with an abnormal ORT
may be classified as poor responders, since both ad-
vanced maternal age and an abnormal ORT cloud
indicate reduced ovarian reserve and act as surro-
gate of ovarian stimulation cycle. In this case, the
patients should be more properly defined as ex-
pected PORs”3.

A few years ago, a double protocol was tested,
aiming to optimize the ovarian stimulation in poor
responders, providing with an alternative regime for
this group of patients. This was known as the Shang-
hai protocol and it was designed to investigate the
efficacy of double stimulations during both the fol-
licular and luteal phases in patients with poor ovar-
ian response undergoing IVF and intracytoplasmic
sperm injection (ICSI) treatments. At the first stage,
clomiphene citrate 25 mg/day co-treatment and
letrozole 2.5 mg/day is given from cycle day 3 on-
wards. Letrozole is only given for 4 days and
clomiphene citrate is continuously used before the
trigger day. Patients start to inject human
menopausal gonadotropin (HMG) 150 IU every
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other day beginning on cycle day 6. Follicular mon-
itoring starts on cycle day 10 and is carried out
every 2-4 days using a transvaginal ultrasound to
record the number of developing follicles and serum
FSH, LH, estradiol and progesterone concentrations.
When one or two dominant follicles reach 18 mm in
diameter, the final stage of oocyte maturation is in-
duced with triptorelin, followed by ibuprofen,
which is used on the triggering day and the next day,
for preventing possible follicle rupture before
oocyte retrieval. Transvaginal ultrasound-guided
oocyte retrieval is conducted 32-36 h after GnRH
agonist administration. Follicles of less than 10 mm
are not retrieved and left for the second-stage stim-
ulation in the luteal phase. At the second stage,
transvaginal ultrasound examination is carried out
after oocyte retrieval to determine whether to pro-
ceed to the second ovarian stimulation. The crite-
rion for continued stimulation is the presence of at
least two antral follicles 2-8 mm in diameter. A total
of 225 [U HMG and letrozole 2.5 mg is administered
daily from the day of, or the day after, oocyte re-
trieval. The initial second stage follicular monitoring
is conducted 5-7 days later, and then every 2-4
days, using a transvaginal ultrasound examination
to record the number of developing follicles, and
serum FSH, LH, estradiol and progesterone concen-
trations. Letrozole administration is discontinued
when the dominant follicles reach diameters of 12
mm, given that large follicles have redundant LH and
FSH receptors, and good response to exogenous hor-
mone stimulations. Daily administration of medrox-
yprogesterone acetate 10 mg is added beginning on
stimulation day 12 for cases in which post-ovulation
follicle size is smaller than 14 mm in diameter and
stimulation needed to continue for several more
days. The purpose is to postpone menstruation and
avoid oocyte retrieval during menstruation and also
to prevent the risk of infection from the procedure.
When three dominant follicles reach 18 mm or one
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mature dominant follicle exceeds 20 mm, the final
stage of oocyte maturation is induced again with
triptorelin by injection. Again, ibuprofen is used on
the day of oocyte maturation triggering and the day
after. Transvaginal ultrasound-guided oocyte re-
trieval is conducted 36-38 h after GnRH agonist ad-
ministration. After retrieval, the procedure at both
stages follows the same methodology as in the ago-
nist protocols™.

Assisted reproduction and carcinogenesis

With approximately 1 million in vitro fertilization
cycles reported per year worldwide, it seems of
great importance to evaluate any potential associa-
tion between exposure to fertility treatments and
carcinogenesis”. Over the last decades, a plethora
of studies have been published, regarding the long-
term impact of ovulation inducing drugs on cancer
risk. The main malignancies evaluated were ovarian,
endometrial, breast and cervical cancer. Non-gyne-
cological malignancies have also been evaluated?.
The majority of the studies failed to reach to definite
conclusions and despite the fact that a link between
fertility drugs and cancer development is potentially
suggested, results are extremely difficult to inter-
pret. This is mainly because of the limitations on the
methodology of the epidemiological studies, includ-
ing the heterogeneity of the groups studied, with un-
derlying diagnoses that are
associated with carcinogenesis, such as anovulation,

independently

PCOS and endometriosis. Moreover there is a diffi-
culty in achieving a long term follow up in these pa-
tients and this makes the establishment of a robust
etiopathogenetic association between fertility treat-
ments and cancer, extremely problematic. Further-
more, current scientific evidence demonstrates that
infertile and nulliparous women are independently
associated with an increased risk of developing
ovarian, endometrial and breast cancer”” 7%,

When considering the relationship between fer-
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tility drugs and ovarian cancer, several potential
theories have been suggested regarding the patho-
genesis of the disease. Nulliparity itself represents
a risk factor, based on the theory of the “incessant
ovulation”, which suggests that prolonged and un-
interrupted years of ovulation increase cancer
risk’. The basic idea behind this theory is that a
dysfunction in the mechanism for the recognition
and repair of DNA damage, at the site of ovulation,
is likely to be the initial step in ovarian tumor gen-
esis®. This is supported by the observations that
the risk for ovarian cancer in gravid women and
women who have utilized chronic ovarian suppres-
sion is decreased. Other studies have demonstrated
that FSH, LH, and estradiol stimulate ovarian ep-
ithelial cell proliferation and inhibit apoptosis in
ovarian epithelial cancer cell lines®!, while it seems
that approximately half of all ovarian epithelial tu-
mors express gonadotropin receptors®. Neverthe-
less, the majority of studies, evaluating the risk of
invasive ovarian cancer following the use of fertility
drugs when compared with infertile controls
and/or with the general population have shown no
significant increase. The largest systematic review
was performed by the Cochrane Collaboration
Group, including a total of 182,972 women with ex-
posure to ovarian stimulating drugs for treatment
of subfertility and histologically confirmed border-
line or invasive ovarian cancer®®. Overall, the collab-
oration group concluded that there was no
convincing evidence that fertility drugs were asso-
ciated with an increased risk of invasive ovarian
cancer. On the contrary, several studies have shown
a small increase in the absolute risk of borderline
ovarian tumors after fertility treatments but it is
important to note that these tumors are indolent,
demonstrate low malignant potential and generally
have a favorable prognosis. Thus, current guidance
concludes that there is insufficient evidence to rec-
ommend against the use of fertility medications to

avoid borderline ovarian tumors.

Current scientific data concerning the pathogen-
esis of breast cancer suggest that it is associated to
a hormonal etiology and consequently ovulation in-
duction medications could contribute to cancer de-
velopment. In general, exposure to endogenous
estrogen increases the risk (earlier menarche, de-
layed menopause) and despite the fact that proges-
terone appears protective to the endometrium, it is
mitogenic to the breast®*. The majority of studies
and systematic reviews have failed to show an as-
sociation between fertility drugs and breast cancer,
although there are some that demonstrate conflict-
ing data, regarding the cumulative dose of the drugs
or the onset of treatment at a young age®.

Regarding type 1 endometrial cancer, which is the
most common, appears to be multifactorial. More
specifically, it is associated with unopposed estrogen
activity, anovulation, progesterone deficiency and
obesity. When evaluating the relationship between
fertility drug use and subsequent development of
endometrial cancer, the majority of studies showed
that the overall use of fertility drugs, specifically CC
and gonadotropins was not associated with a signif-
icantly increased risk’®8%#”. However, infertility ap-
peared to be an important independent risk factor
and uterine cancer incidence among women of this
category, was notably increased.

Along with other gynecological cancers, several
studies evaluated the risk of cervical cancer follow-
ing the use of ovulation induction drugs and found
no increased risk when compared to the general
population as well as patients with infertility3°.

Alarge retrospective cohort study, examined the
effects of fertility drugs on non gynecological can-
cers, such as thyroid cancer, colorectal cancer and
melanoma[88]. Authors conclude that there is an
increased risk of melanoma and a non statistically
significant increased risk of thyroid cancer, while
colon cancer was not associated at all.
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Based on the current literature, patients should
be counseled that infertile women may face an in-
creased risk of invasive ovarian, endometrial and
breast cancer, however, use of fertility drugs does
not appear to increase this risk. Moreover, interna-
tional health organizations, such as NICE (2013)
recommend that ovarian stimulation agents should
be used to the minimum effective dose and duration
of use. Health providers should inform women that
while the absolute risks of long-term adverse out-
comes of IVF treatment, with or without ICSI are
low, a small increased risk of borderline ovarian tu-
mors can not be excluded.

Conclusions

Assisted reproduction is a continuously evolving
dynamic procedure. Based on the fact that science
is targeted applying tailored treatments for each
patient, IVF could not lack behind. The ability to
have one protocol for each infertile patient seems
ideal and needs more research and breakthrough
discoveries. The existing protocols are always ad-
justed to the needs of each woman while poor re-
sponders and PCOS patients are the ultimate
challenges of the future.

Moreover, patients who undergo treatment for
gynecologic malignancies are another category, in
which we need to focus on. In this group, effective
and of short duration protocols are of outmost im-
portance, as it is understood, that in this cases, time
matters the most. However, the safety of the patients
must always be our first priority and research on the
safety of ovulation induction drugs and their rela-
tionship with carcinogenesis is yet to be established.
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