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Abstract. - Current Controlled Ovarian Stimu-
lation (COH) for Assisted Reproductive Tech-
niques (ART) pursues three main objectives: hy-
pophyseal activity suppression, multiple follicle
growth stimulation, and ovulation induction. By
suppressing hypophyseal activity, it is possible to
prevent untimely LH surge and allow the appro-
priate development of the leading follicle. The
classical GnRH agonist long protocol is the most
widely used in COH for ART. However, an alterna-
tive regimen based on GnRH antagonist has been
recently introduced in clinical practice. As com-
petitive antagonists, these drugs display an im-
mediate and quickly reversible effect and they
avoid hormonal withdrawal side effects. Moreover,
this protocol shows undeniable advantages, in-
cluding the shorter duration of the treatment, the
lower amount of gonadotropin required, the
shorter hormonal and ultrasound monitoring of
patients, milder physical and emotional stress,
and a lower risk of Ovarian Hyperstimulation Syn-
drome (OHSS). The use of GnRH antagonists was
traditionally restricted to selected patients, as
“poor responders” and women at high-risk of de-
veloping OHSS such as Polycystic Ovary Syn-
drome (PCOS) and patients who had previously
experienced OHSS. These findings could prompt
a trend to change from the standard agonist pro-
tocol to the antagonist protocol in all categories
of patients. This review provides a comprehensive
overview of the use of GnRH antagonist protocols
applied both to IVF techniques and to 1Ul proce-
dures in the Italian experience.
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Introduction

Controlled ovarian hyperstimulation (COH)
plays a meaningful role in reproductive medicine

and is of major importance in achieving a preg-
nancy through assisted reproductive technology
(ART). COH grants higher pregnancy and im-
plantation rates than natural cycles'. Current
COH for ART pursues three main objectives: hy-
pophyseal activity suppression, multiple follicle
growth stimulation, and ovulation induction®.

In fact, during stimulated cycles multifollicu-
lar recruitment determines a rapid increase in
estradiol (E,) levels, resulting in an untimely
luteinizing hormone (LH) release. Premature LH
surge occurs in 24% of IUI cycles and it is held
to be responsible for the luteinisation and disrup-
tion of normal follicle and oocyte development®,
thus possibly leading to cycle cancellation®”.

By suppressing hypophyseal activity, it is possi-
ble to prevent untimely LH surge and allow the
appropriate development of the leading follicle.
Two kinds of drugs are currently available for this
purpose: GnRH agonists (GnRH-a) and GnRH an-
tagonists (GnRH-ant). For years GnRH-a have
been the most widely used in ART, while GnRH-
ant were introduced in clinical practice only in the
last decades, as a valid alternative to the classical
protocol>16, Although these drugs share common
clinical indications, their mechanisms of action are
completely different!’.

GnRH-a determine internalization of the lig-
and/receptor complex and decrease the number
of receptors (downregulation)*. Thus, the pitu-
itary gland becomes refractory to the stimulatory
effect of endogenous GnRH, gonadotropin pul-
satility is significantly reduced and sex steroid
concentrations approach or equal values ob-
served following surgical castration. Contrary to
GnRH-a, GnRH antagonists are competitive in-
hibitors of GnRH binding to its receptors*!-12,
Therefore they induce a direct, dose-dependent
and quickly reversible block of GnRH-receptors,
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avoiding a flare effect. Acute administration of
GnRH-ant suppresses gonadotropin and sex-
steroid secretion rapidly and dose-dependently in
animals and in humans*!!-12,

On the grounds of the currently available evi-
dence, we aim at reviewing Italian studies deal-
ing with the clinical use of GnRH-ant in ovarian
stimulation protocols either applied to in vitro
fertilization (IVF) techniques or to intra-uterine
insemination (IUI) procedures. Furthermore, the
effect of these drugs on follicular environment
will be evaluated.

GnRH-Antagonists in vitro
Fertilization (IVF)-intracytoplasmic
Sperm Injection (ICS])

GnRH-ant are administered in the late follicu-
lar phase according to three possible protocols:
the single-dose fixed protocol, the multiple-dose
fixed protocol and the multiple-dose flexible pro-
tocol (see Figure 1 for GnRH-ant protocols and
Figure 2 for GnRH-a protocols). In the single-
dose fixed protocol a single GnRH-ant injection
is given on day 7-8. Alternatively 0.25 mg
GnRH-ant can be administered from day 5-7 un-

GnRH-ant, single-dose fixed protocol

GnRH-ant. single injection

1 Menstruation 7

GnRH-ant, multiple-dose fixed protocol

Stimulation days

Menstruation %

GnRH-ant, multiple-dose flexible protocol

Follicular size
Eqlevels

stimulation days

1 Menstruation 7

Stimulation days

14

Figure 1. GnRH-antagonists stimulation protocols.
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GnRH-a, long protocol

GnRH Agonist

. ! | | I I .

21

Stimulation days

GnRH-a, short protocol

GnRH Agonist

| | |
1 Menstruation 7 14

Stimulation days

GnRH-a, ultrashort protocol

GnRH Agonist

1 Menstruation 7 14

stimulation days

Figure 2. GnRH-agonists stimulation protocols

til the day of human chorionic gonadotropin ministration is not started on a fixed day but it is
(hCG) administration, according to a multiple- timed according to the follicular size and to E,
dose fixed protocol. This approach effectively levels. The multiple-dose flexible protocol seems
prevents premature LH surge and it is associated as effective as the multiple-dose fixed protocol,
with good clinical outcomes®®. The multiple- but it is associated with higher E, levels and re-
dose protocol and the single-dose protocol are duces the total amount of GnRH-ant used'’.

equally effective in the prevention of premature Many randomized controlled trials (RCTs)
LH surge over a wide range of body weights'®. In have compared the GnRH-a long luteal protocol
the multiple-dose flexible protocol GnRH-ant ad- to the GnRH-ant protocol both in single-*° and in
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multiple-dose °. The GnRH-ant based protocols
allowed to reduce the dose of gonadotropins used
as well as the duration of the stimulation regi-
mens. Besides, the GnRH-ant granted a more
physiological pattern of follicular recruitment,
with fewer small antral follicles and lower E, lev-
els, reducing the risk of severe ovarian hyper-
stimulation syndrome (OHSS). However, the
oocytes retrieved were significantly fewer and a
trend towards lower pregnancy rate (PR) could
be noticed in most of the RCTs. Five of these
RCTs were examined in a meta-analysis pub-
lished in a Cochrane review, that confirmed the
previous findings as regards the duration of the
stimulation protocol, the amount of go-
nadotropins used, the number of oocytes re-
trieved and the E, levels on the day of hCG ad-
ministration. Additionally, this meta-analyses
showed a significant reduction in clinical preg-
nancy rate and failed to prove a significant pre-
ventive effect over severe OHSS!!. The initial
reservations about GnRH-ant protocols led to
their use as a second choice, often in cycles with
unfavorable a priori prognosis?'.

However, a 5% higher clinical pregnancy rate
did not match with an increase in live-birth rate
according to a subsequent meta-analysis compar-
ing GnRH-a and GnRH-ant*>. Moreover, a simi-
lar PR was confirmed by the subanalysis of pa-
tients with equal demographic and clinical fea-
tures who were administered either a GnRH-ant
or a GnRH-a?. In addition to that, the greater
safety of GnRH-ant over GnRH-a has been de-
finitively demonstrated in the last version of the
Cochrane review'?, in which a further clinical ad-
vantage has been detected, i.e. the reduction in
the number of cycles cancelled due to OHSS
risk. Furthermore, this review suggests that
GnRH-ant administration provides comparable
results to traditional GnRH-a stimulation, as op-
posed to previous works. In particular no signifi-
cant differences concerning live-birth rates, on-
going pregnancy rates, miscarriage rates per clin-
ical pregnancy rate, and rates of cancellation due
to poor ovarian response were reported.

Besides preventing OHSS, GnRH-ant reduce
the duration of ovarian stimulation, resulting in a
shorter hormonal and ultrasonographic monitor-
ing of patients?* and avoiding the hypoestrogenic
side effects (e.g. hot flushes, sleep disturbances,
headaches), which are frequently observed with
GnRH agonists'>?. Despite the undeniable ad-
vantages provided by GnRH-ant, their efficacy is
still debated. Therefore, scientific research on the

856

use of GnRH-ant in COH for IVF/ICSI has been
promoted even in recent years. As to the Italian
experience, the efficacy and safety of GnRH-ant
has been tested both in normal-prognosis patients
and in specific categories, in which the adminis-
tration of such drugs could be beneficial. The ap-
plication of GnRH-ant to selected subsets of
women is presented separately in the next sec-
tions.

GnRH Antagonists in Normal
Responder Patients

Although GnRH antagonists have been used
for more than 10 years, there is still no general
agreement on their efficacy in COH for ART cy-
cles. As shown by literature, the GnRH antago-
nists are as effective as the GnRH-agonists long
protocol in younger patients (< 35 years old) and
in women with normal ovarian response, with the
advantages of reducing the dose of FSH needed
to stimulate the ovary, and of decreasing the risk
of OHSS?.

Several recent Italian studies addressed the
topic, comparing the GnRH-a long protocol and
the GnRH-ant regimen in normal responders
(Table I). De Palo et al*” work included 136 con-
secutive patients undergoing COH/ICSI. The
women enrolled were randomly assigned to one
of two possible protocols: the GnRH-a long pro-
tocol or the GnRH-ant protocol. The total
amount of rFSH used, the stimulation length, the
LH level and the number of follicles sized = 18
mm did not differ significantly between the
groups. Besides, the implantation rate, the clini-
cal PR and the miscarriage rate were similar in
the two groups. However GnRH-a protocol was
associated with higher E, levels and with a high-
er number of follicles on the day of hCG admin-
istration. Moreover, this regimen was related to
an increased number of cycles with egg retrieval.
As explained by the Authors, the results of the
study can be attributed to the better synchroniza-
tion of follicular development allowed by GnRH-
a that increased the total number of oocytes re-
trieved. Alternatively, the reduced follicular re-
cruitment in the GnRH-ant group could be due to
an elevated LH activity before Cetrorelix admin-
istration. On the one hand, high LH levels can in-
duce androgen-mediated atresia of small folli-
cles; on the other hand they can support the
growth of the larger follicles, whose granulose
cells have begun to express LH receptors. In con-
clusion, both regimens showed a similar efficacy
in terms of implantation and pregnancy rates, but
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Table I. Italian studies on the use of GnRH antagonists in controlled ovarian hyperstimulation for in vitro fertilization in nor-

mal responders.

Publication

Population

(n/n)

GnRH-ant
protocol

Other
protocol

Trigger for
ovulation

Main results

Depalo R et al
(2009)

Greco E et al
(2007)

Casano S et al
(2012)

Marci R et al
(2013)

Levi-Setti PE
et al (2006)

67/69

200/200

2057207

91/156

20/20

Multiple-dose

Multiple-dose
fixed protocol

Mild GnRH-ant
protocol

Multiple-dose
flexible protocol

Multiple-dose
flexible
protocol with
r-FSH alone

Long GnRH-a
flexible
protocol

Long GnRH-a
protocol

Long GnRH-a
protocol

Long GnRH-a
protocol

Multiple-dose
flexible
protocol with
r-FSH/r-LH

hCG (6500 1U)
when two or more
follicles > 17 mm

hCG (10,000 IU)
when at least
3 follicle = 17 mm

hCG (10,000 IU)
when at least
2 follicle = 18 mm

hCG (6500 1U)
r- when at least
2 follicle = 17 mm

hCG (10,000 IU)
when at least 3
follicles > 18 mm

No. of oocytes retrieved:
GnRH-a > GnRH-ant,
p<0.02

No. of mature oocytes:
GnRH-a > GnRH-ant,
p<0.01

Quality of embryos,
implantation rate,
Clinical PR,

Ongoing PR,
Miscarriage rate: NS
Total r-FSH dose:
GnRH-a > GnRH-ant,
p<0.01

Duration of stimulation,
no. of oocytes and no. of
MII oocytes retrieved:
GnRH-a > GnRH-ant,
p<0.05

Quality of embryos,
Implantation rate,
Clinical PR, Overall PR: NS
Total r-FSH dose:
GnRH-a > GnRH-ant,

p <0.001

No. of oocytes retrieved,
Quality of embryos,
Implantation rate,
Clinical PR,

Cumulative PR: NS
Total r-FSH dose:
GnRH-a > GnRH-ant,
p=0.0014

Duration of stimulation:
GnRH-a > GnRH-ant,

p <0.001

No. of oocytes and no.
of MII oocytes retrieved,
Implantation rate,
Clinical PR,

Ongoing PR: NS

E2 (hCG day):
r-LH/GnRH-ant > GnRH-ant,
p<0.01

No. of oocytes and no. of
MII oocytes retrieved,
Implantation rate, PR: NS

hCG: human chorionic gonadotropin; PR: pregnancy rate; NS: not significant; MIL: metaphase II; E,: estradiol.

the administration of GnRH-a allowed a better
follicular growth and oocyte development®. Ac-
cordingly, an older study by Greco et al** showed
a comparable effectiveness of the two drugs in
terms of implantation rate and PR, but reported a
lower amount of rFSH administered and a re-

duced length of stimulation when GnRH-ant
were used. Additionally, the GnRH-ant protocol
was associated with an increase in patients’ satis-
faction®. It can be inferred that the GnRH-ant
protocol grants comparable results to the GnRH-
a long protocol in young women with normal
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ovarian reserve, and it is more patient-friendly.
Since this regimen is particularly attractive in
terms of social and medical costs, every effort
should be made to uncover why PR are slightly
reduced in the GnRH-ant cycles. In the Authors’
opinion, the main factors reducing PR in GnRH-
ant protocol are the quantitative and qualitative
characteristics of the oocytes retrieved. In fact it
has been suggested that GnRH-ant may increase
the number of follicles arrested in the primordial
stage®?*. These drugs may interfere negatively
with follicular granulose cell division and cell
signaling pathway driving the oocyte into meio-
sis IT 2%, However, higher PR can be achieved
through (1) cycle delay or cancellation in patients
with initially elevated E, and P concentrations?;
(2) early administration of hCG limiting luteal
phase duration”; (3) prolongation of luteal phase
support?; (4) active oocyte selection?*. Recently,
two subsequent studies®*3! evaluating the effica-
cy of GnRH-ant when compared to GnRH-a,
showed the same results: the use of Cetrorelix re-
sulted in a significant reduction in both the dura-
tion and the amount of gonadotropins used, and
in similar pregnancy outcomes.

Many studies suggest that the suppression of
LH caused by GnRH-ant might have a detrimen-
tal effect on IVF outcomes. In 2006 Levi-Setti et
al*? evaluated the addition of r-LH to the tradi-
tional r-FSH/GnRH-ant protocol. The use of r-
LH in combination with r-FSH prevented a de-
crease in estradiol after GnRH antagonist admin-
istration, but it did not influence IVF outcomes.

In synthesis, the Italian studies dealing with
the administration of GnRH-ant to normal re-
sponders have demonstrated an efficacy overall
comparable to GnRH-a. Yet the PR provided by
GnRH-ant are slightly lower, probably because
of the negative interference with follicular
growth and oocyte development. Many proce-
dures may be adopted to increase the PR associ-
ated with the GnRH-ant, as proposed by Greco.
In fact, every effort should be made to introduce
the GnRH-ant in clinical practice because this
protocol is more patient-friendly and almost as
effective as the traditional long protocol.

GnRH Antagonists in Poor
Responder Patients

The definition of “poor response” (POR) to
COH for IVF or ICSI is heterogeneous and corre-
sponds either to one parameter or to a combination
of more, as the number of mature follicles ob-
served on ultrasound scans (ranging from < 2 to <
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5), the peak of serum E, levels during COH (rang-
ing from 100 to 600 pg/Ml), the number of mature
oocytes retrieved (< 3 to < 6), the minimal cumu-
lative dose or the days of GT stimulation required
in a prior cycle. Furthermore, age (> 40 years),
early follicular phase FSH levels (ranging from
6.5 to 15 mIU/mL) and failed GnRH-a stimulation
test are known to be associated with poor
response®. However, the most acceptable defini-
tion is based upon the number of mature ovarian
follicles under ultrasound (generally < 3 follicles
measuring = 17 mm in diameter) and consequent-
ly the number of retrieved oocytes (< 3)*. A diag-
nosis of POR is then confirmed by the failure of a
standard (long protocol) ovarian stimulation or by
the cancellation of at least one IVF cycle*. In the
light of the high prevalence of POR among pa-
tients undergoing IVF (9-24%)%*-3, appropriate
criteria for its diagnosis were needed. According
to ESHRE, the diagnosis of POR in IVF is based
on at least two of the following three features: (1)
advanced maternal age or any other risk factor for
POR; (2) a previous POR; and (3) an abnormal
ovarian reserve test (ORT). Advanced age patients
presenting an abnormal ORT may be classified as
“expected poor responder” since both of these pa-
rameters may indicate reduced ovarian reserve®.
As to the therapy, there is presently insufficient ev-
idence to support the routine use of any particular
intervention either for pituitary down regulation,
or ovarian stimulation or adjuvant therapy in the
management of poor responders to COH in IVFE.
However, many protocols have been proposed to
increase ovarian response®***. GnRH-a regimen
represents one of the major approaches used in
poor responders in order to improve ART out-
come. However, in these regimens LH levels rise
during the early follicular maturation due to the
flare-up effect, resulting in an impaired oocyte
quality*. On the contrary, GnRH-ant administra-
tion causes a rapid and profound suppression of
pituitary function and hence it is not associated
with an increased endogenous gonadotropin re-
lease. Furthermore, GnRH-ant administration is
restricted to the mid-late follicular phase so it pre-
vents premature LH surge without causing sup-
pression in the early follicular phase. Thus the
GnRH-ant regimen was considered a suitable pro-
tocol for ovulation induction in poor responders.
Yet the results are conflicting probably because of
the different criteria of patients selection, the lack
of uniformity in the definition of “poor respon-
ders*+¥ the different protocols used for ovarian
stimulation, and the small number of women in-
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cluded in each study? (Table IT). Some Authors
suggest that GnRH-ant administration expands the
pool of retrieved oocytes, without impairing ART
outcome™®, other studies show that GnRH-a ad-
ministration, especially the flare-up protocol®’, is

more advantageous than GnRH-ant in poor re-
sponders. As to the studies supporting the effec-
tiveness of GnRH-ant administration in poor re-
sponders, Marci’s work showed that Cetrorelix
protocol could be considered a good alternative to

Table II. Italian studies on the use of GnRH antagonists in controlled ovarian hyperstimulation for in vitro fertilization in poor

responders.
Population =~ GnRH-ant Other Trigger for
Publication (n/n) protocol protocol ovulation Main results
Marci R et al 30/30 Multiple-dose Long GnRH-a  hCG (10,000 IU) Duration of stimulation:
(2005) flexible protocol when at GnRH-a > GnRH-ant, p < 0.01
protocol least 2 follicles Total r-FSH dose:
> 17 mm GnRH-a > GnRH-ant, p < 0.01
No. of oocytes retrieved:
GnRH-ant > GnRH-a, p < 0.02
No. of follicles > 15 mm
(hCG day):
GnRH-ant > GnRH-a, p < 0.01
Endometrial thickness, Clinical
PR per embryo transfer: NS
Malmusi S et al 25/30 Multiple-dose Short GnRH-a  hCG (10,000 U) Total r-FSH dose:
(2005) flexible protocol protocol when at least 1 of ~ GnRH-a < GnRH-ant, p < 0.005
the follicles = No. of mature oocytes retrieved:
16-18 mm GnRH-a > GnRH-ant, p < 0.05
No. of top-quality embryos
transferred:

68 (flare-up)

Manno M et al 23 (-ant)/ Multiple-dose Long GnRH- u-hCG (10,000 IU)  Total pregnancies/oocyte pick-up:
(2009) 52 (long)/ fixed protocol a protocol

New flare-up NS differences between the
depot GnRH-a GnRH-ant protocol and the
protocol e long protocol
Sbracia M et al 281/283 Multiple-dose Long GnRH-a  hCG (10,000 IU) Cycles with transfer (%):
(2009) flexible protocol protocol when plasma E, GnRH-a > GnRH-ant, p < 0.01
> 800 and E, levels (hCG day):
< 3500 pg/mL GnRH-a > GnRH-ant, p < 0.01
and at least 3 Oocytes yielded:

GnRH-a > GnRH-ant, p < 0.005
Fertilization rate:

GnRH-a > GnRH-ant, p < 0.01
Implantation and PR: NS

or r-hCG (6500 IU) Flare-up depot > antagonist,

36 hours before p = 0.04 Implantation rate:
oocyte pick up Flare-up depot > antagonist,
p=0.029

Fertilization failure:

Flare-up depot < antagonist,
p=0.04

Clinical PR/oocyte pick-up and
Clinical PR/Embryo Transfer: NS

follicles > 16 mm GnRH-a > GnRH-ant, p < 0.01
Implantation rate:
GnRH-a > GnRH-ant, p < 0.02
PR/cycle:
GnRH-a > GnRH-ant, p < 0.01
PR/transfer:
GnRH-a > GnRH-ant, p < 0.01
Total r-FSH dose, Embryos
transferred, abortion rate: NS

Table conotinued
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Table Il (Continued). Italian studies on the use of GnRH antagonists in controlled ovarian hyperstimulation for in vitro fer-

tilization in poor responders

Population  GnRH-ant Other Trigger for
Publication (n/n) protocol protocol ovulation Main results
D’Amato G et al 85/60 r-FSH/CC/ Long GnRH-a  hCG when Cancellation rates:
(2004) GnRH-ant protocol follicles GnRH-a > GnRH-ant, p < 0.01
(Multiple- 218 mm Total r-FSH dose:
dose flexible GnRH-ant > GnRH-a, p < 0.01
protocol) E, levels (days 5 and 9):
GnRH-an t > GnRH-a, p < 0.01
No. of oocytes retrieved:
GnRH-ant > GnRH-a, p < 0.01
No of type 1 embryos:
GnRH-ant > GnRH-a, p < 0.01
PR, implantation rate, NS
Alviggi C et al 67/66 Multiple-dose Short GnRH-a  hCG (10,000 IU) E, concentration (day 5):
(2006) flexible protocol  protocol when at least GnRH-a > GnRH-ant, p < 0.05
+r-LH 1 follicle = No. of mature oocytes:
18-20 mm GnRH-ant > GnRH-a, p < 0.05
No. of 2PN oocytes:
GnRH-ant > GnRH-a, p < 0.05
PR, implantation rate, NS

hCG: human chorionic gonadotropin; CC: clomiphene citrate; E,: estradiol; PR: pregnancy rate; NS: not significant; 2PN: two

pronuclei.

the standard long protocol in poor responder pa-
tients undergoing IVF or ICSI®. In this trial the
GnRH-ant protocol (375 1U of r-FSH adminis-
tered from day 2 of the cycle plus 0.25 mg of
Cetrorelix added when two follicles had reached
14 mm of diameter until the day of hCG adminis-
tration) was compared to the standard long GnRH-
a protocol (leuprorelin 3.75 mg from day 23 of the
cycle and 375 IU of r-FSH daily from day 3 of the
subsequent cycle). A statistically significant differ-
ence in terms of duration of ovarian stimulation
(9.8 = 0.8 vs. 14.6 = 1.2), number of ampoules
used (49.3 £ 4.3 vs. 72.6 £ 6.8), number of
oocytes retrieved (5.6 = 1.6 vs. 4.3 + 2.2) and fer-
tilized (3.8 = 0.2 vs. 2.3 £ 0.23), number of folli-
cles > 15 mm on the day of hCG administration
favored the GnRH-ant group. In accordance to the
above-mentioned meta-analysis'?, both the rate of
cycle cancellation and the miscarriage rate did not
differ significantly between the groups, but both
parameters showed a trend towards better results
in the GnRH-ant group. Despite no significant dif-
ference in either clinical pregnancy rate per
woman (17% vs. 7% per embryo transfer) or in
ongoing pregnancy rate could be observed, the lat-
ter was higher in the antagonist group. As to the
works showing that GnRH-ant administration is of
no benefit in poor responders, Malmusi et al ran-
domized prospective trial** demonstrated an im-
pairment in both the stimulation parameters and
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the clinical outcome in ICSI candidates treated
with a GnRH-ant protocol compared to GnRH-a
flare-up regimen. The flare-up protocol seemed
to be more effective in terms of number of FSH
ampoules administered, number of mature
oocytes (3.2 =+ 1.5 vs. 1.7 £ 1.2), number of
oocytes retrieved (3.5 = 1.4 vs. 2.5 + 1.2), fertil-
ization rate (84% vs. 63%) and top-quality em-
bryos (1 £ 1 vs. 0.3 = 0.6) transferred. The im-
plantation and pregnancy rate were similar in the
two groups (12.5 vs. 9% and 25% vs. 21.4%, re-
spectively). More recently, also Manno et al’,
reached similar conclusions in a retrospective
study, in which they compared the efficacy of
different protocols in poor responders (GnRH an-
tagonist and long depot protocols with flare-up
depot protocol using GnRH agonist higher dose -
triptorelin 3.75 mg 20 days before or just the day
before the start of COH, respectively). The dif-
ferences between the flare-up depot and the an-
tagonist groups in total pregnancies for oocyte
pick up (10/68, 14.7% vs. 0/18, 0%) and implan-
tation (11/70, 15.7% vs. 0/20, 0%) rates, and fer-
tilization failure (8/53, 15% vs. 6/18, 33%) were
statistically significant. The clinical pregnancy
rate per embryo transfer (8/45, 17.7% vs. 0/12,
0%) was higher with the flare-up protocol,
though not statistically significant. These find-
ings are in accordance with a meta-analysis by
Franco et al*® comparing GnRH-a (long and
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flare-up protocols) and GnRH-ant in poor re-
sponders. When the GnRH-ant regimen was
compared to the long and flare-up protocols to-
gether, no significant difference was reported in
terms of cycle cancellation rate, number of ma-
ture oocytes, clinical pregnancy rate per cycle
initiated/per oocyte retrieval/ per embryo trans-
fer. However, the number of oocytes retrieved
varied according to the protocols compared.
When the GnRH-ant protocol was set against the
GnRH-a long protocol, the former was related to
a significant higher number of retrieved oocytes.
On the contrary, the comparison between the
GnRH-ant and flare-up protocols favored the lat-
ter in terms of number of retrieved oocytes. Fi-
nally, Sbracia et al study?® was restricted to older
patients®, in which GnRH-ant administration
was compared to GnRH-a long protocol. A sig-
nificant impairment in the cycle outcome (lower
pregnancy rate per cycle, lower pregnancy rate
per transfer, lower implantation rate, decrease in
oocyte yield) was recorded in the GnRH-ant
group. A possible explanation for these negative
results can be inferred from the process of follic-
ular recruitment in older patients. In fact in such
patients the cohort of growing follicles has al-
ready been recruited and selected, thus GnRH-
ant administration in the mid-luteal phase has no
effect on the number of developing follicles re-
cruited. On the contrary, the long protocol may
increase the size of the follicle cohort recruited
per cycle thanks to the flare-up effect in the
luteal phase and allow additional follicles to en-
ter the cohort of stimulated follicles, thanks to
the prolonged ovarian stimulation®.

Both the studies carried out by Sbracia et al
and Manno et al report that GnRH-ant adminis-
tration is associated with a lower PR and with a
reduction in the oocyte yield. The reduction in
PR could be due to a negative effect on follicular
growth and oocyte development, resulting in an
impairment in the quality of the oocytes
retrieved®”*. A possible solution is represented
by a novel protocol combining high dose r-FSH,
clomiphene citrate (CC) and GnRH-ant. In such
regimen CC administration in the early follicular
phase stimulates gonadotropin release by the pi-
tuitary gland and it promotes aromatase activity
in the granulose cells, increasing E, levels. Fur-
thermore, the GnRH-ant is started when follicu-
lar development is almost complete (diameter of
the leading follicle = 16 mm) thus it should not
produce detrimental effects on follicular develop-
ment and its action should be restricted to the

prevention of premature LH surge. Finally, high-
er doses of r-FSH counteract the effect of GnRH-
ant/r-FSH/CC combined treatment on cancella-
tion rate. According to D’ Amato et al*!, this regi-
men increases oocyte retrieval and PR in poor re-
sponders and increases PR in older patients to
values comparable to younger ones. Alternative-
ly, a flexible protocol has been proposed by De
Placido et al*®. This regimen modulates the de-
cline in endogenous gonadotropins thanks to the
progressive increase in the GnRH-ant dose and to
the addition of LH. This protocol was applied to
patients at risk of poor ovarian responsiveness, in
which a significant increase in the number of ma-
ture oocytes as well as in E, levels on the fifth
day of stimulation was recorded. This improve-
ment in oocyte quality was probably due to a
more physiological LH environment during fol-
licular maturation®®. Acevedo et al*? work con-
firmed the efficacy of a similar flexible protocol
in increasing the number of mature oocytes. In
this study a trend towards higher clinical preg-
nancy rates, and pregnancy/transfer was also
recorded, though it did not reach statistical sig-
nificance.

In conclusion, the proper stimulation protocol
for poor-responder patients has not been identi-
fied yet. The use of GnRH-ant in this category of
patients is still controversial, though novel proto-
cols including these drugs seem promising. Fur-
ther studies are needed to evaluate the effect of
GnRH-ant in poor responders as well as to assess
the efficacy of the alternative protocols proposed.

GnRH Antagonists in Patients at High
Risk of OHSS (High Responders)

OHSS is the most fearful complication of
COH during cycles of IVF or ICSI, due to its po-
tential fatal outcome. It may occur after trigger-
ing ovulation by hCG and is worsened by the on-
set of pregnancy. Many factors favor the occur-
rence of OHSS including age, body mass index
(BMI) and polycystic ovary syndrome (PCOS).
What is more, even the stimulation parameters
can influence the onset of OHSS. In fact the use
of exogenous hCG either to induce ovulation or
for the luteal phase supplementation, as well as
the stimulation regimen chosen (gonadotropin
administration is related to an higher risk than
CC) and the amount of gonadotropin adminis-
tered should be taken into account as potential
risk factor for OHSS*.

Several studies comparing the incidence of
OHSS in GnRH-a and GnRH-ant protocols
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showed a reduced incidence of OHSS in the
GnRH-ant group, probably because of the short-
er duration of stimulation and the lower amount
of GT ampoules required’. The two main Italian
studies dealing with GnRH-ant administration in
high responders are presented in Table III. Ac-
cording to international literature, a prospective,
multicentre, comparative study performed by
Ragni et al** demonstrated the efficacy of
GnRH-ant in preventing OHSS. The safety of a
GnRH-ant protocol was tested in 87 selected pa-
tients who had already been administered a
GnRH agonist mid-luteal long protocol in a pre-
vious IVF/ICSI attempt, in which they had expe-
rienced OHSS or had been at risk of OHSS.
Both the rate of cancelled cycles due to OHSS
risk (56.3% vs 32.2%) and the incidence of mod-
erate or severe OHSS/initiated cycle (27.6% vs
11,5%) were significantly lower in the GnRH-
ant group. This result could probably be attrib-
uted to the shorter duration of the stimulation
protocol and to the lower amount of go-
nadotropin used in the antagonist cycles, result-
ing in a lower number of follicles and lower E,
levels on the day of hCG administration. More-
over, GnRH-ant administration was linked to an
increased percentage of oocytes retrievals
(67.8% vs. 43.7%) and embryo transfers (96.6%
vs. 76.3%) per initiated cycles.

In conclusion, the Authors reported that GnRH
antagonists: i) reduce the incidence of OHSS and
the number of assisted fertilization cycles can-
celled because of the risk of OHSS in high re-
sponder patients; ii) increase the oocyte retrievals
and embryo transfer rates in this group of pa-
tients. As to the safety, an additional advantage of
the GnRH-ant protocol is the possibility to ad-
minister a GnRH-a instead of hCG for ovulation
triggering. When this procedure is performed, an
aggressive luteal support should be used to coun-
teract the adverse effect of GnRH-a on the luteal
phase. Besides the higher safety of the GnRH-ant
protocol, its efficacy (i.e. the possibility to in-
crease PR) in high responders should also be con-
sidered. In fact, the extremely high levels of E,
observed in high responders impair both embryo
quality and endometrial receptivity, and thus
threat embryo implantation. Additionally, en-
dometrial gene expression is altered during COH,
compared to the natural cycle, resulting in a pos-
sible embryo-endometrial asynchrony. It has been
suggested that an antagonist protocol may more
closely resemble the natural cycle at endometrial
level in terms of gene expression. Since GnRH-
ant reduce also the risk of OHSS, such a protocol
could be both safer and more effective in high re-
sponders. In a retrospective study performed by
Manno et al* the cycles were divided on the

Table Ill. Italian studies on the use of GnRH antagonists in controlled ovarian hyperstimulation for in vitro fertilization in
high responders.
Population GnRH-ant Other Trigger for
Publication (n/n) protocol protocol ovulation Main results
Ragni Getal 87/87 Multiple-dose Long GnRH-a u-hCG when the ~ Cancellation rate:
(2005) flexible protocol  protocol leading follicle GnRH-a > GnRH-ant, p <0.001
2> 18 mm OHSS rate:
GnRH-a > GnRH-ant, p < 0.006
No. of follicles > 10 mm:
GnRH-a > GnRH-ant, p < 0.001
E, levels (hCG day):
GnRH-a > GnRH-ant, p < 0.001
Manno M et al 200/200  Multiple-dose Long GnRH-a hCG (6500 IU) Cycles with peak E, > 3000 pg/ml:
(2011) fixed protocol protocol Total PR:
GnRH-a > GnRH-ant, p = 0.002
Clinical PR:

GnRH-a > GnRH-ant, p = 0.0007
Implantation rate:

GnRH-a > GnRH-ant, p =0.0006
Cycles with peak E, <3000 pg/ml:
Total PR: NS

Clinical PR: NS

Implantation rate: GnRH-ant >
GnRH-a, p =0.009

hCG: human chorionic gonadotropin; E,: estradiol; PR: pregnancy rate; NS: not significant.
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grounds of the E, levels recorded. Although in cy-
cles with E, < 3000 pg/ml only a trend favoring
the GnRH-a was reported, in cycles with E, >
3000 pg/ml the implantation rate was significant-
ly higher in GnRH-ant group. This work suggests
that an increase in pregnancy rate with increasing
peak E, level can be observed with antagonist but
not long protocol. Given the comparable quality
of transferred embryos, these data could suggest a
different effect of the two protocols on endometri-
al receptivity at least at extreme ovarian response.
In synthesis, a GnRH-ant protocol using a GnRH-
a for ovulation triggering and including an ag-
gressive luteal support shows interesting PR and
minimizes or avoids altogether the risk of both
early and late OHSS.

GnRH Antagonists in PCOS Patients

The ovarian stimulation in PCOS patients rep-
resents a matter of concern. This gynecological
disease, affecting about 6-15% reproductive age
women, is characterized by chronic anovulation
and hyperandrogenism. Furthermore, PCOS is a
condition of relative insulin resistance, resulting
in chronic hyperinsulinemia, abnormal ovarian
androgen metabolism and altered gonadotropin
responses®. Insulin sensitizer agents, such as
metformin, and weight loss reduce the levels of
LH and insulin and are sometimes sufficient to
restore ovulation. Otherwise, ovarian stimulation
should be performed by CC, as first line thera-
py*. If CC is unsuccessful, rFSH should be ad-
ministered at low dose according to an individu-
alized regimen, in order to avoid OHSS and mul-
tiple pregnancy (MP). In fact multifollicular de-
velopment, and the subsequent increased risk of
both OHSS and MP, represent the main difficulty
of ovulation induction in these patients*’. GnRH-
a are not commonly used in standard protocols
for ovulation induction in PCOS because of the
higher amount of gonadotropin needed, the
greater prevalence of multiple follicle develop-
ment and the higher risk of both OHSS and MP.
On the contrary, GnRH-ant represent a valid al-
ternative to GnRH-a to prevent premature LH
surge in PCOS patients. In fact these drugs re-
duce the duration of the stimulation as well as
the risk of OHSS* and represent a safer way to
induce final oocyte maturation. These findings
result from a wide review!'? comparing GnRH-ant
and GnRH-a both in patients considered overall
and in PCOS-affected. GnRH-ant reduced the
risk of OHSS in both categories and granted
comparable ongoing pregnancy rates and clinical

pregnancy rates in PCOS patients. Thus, the
GnRH-ant regimen shows a similar efficacy and
a greater safety than the traditional protocol in
PCOS patients and hence it might be considered
the protocol of choice in this category. The two
major Italian studies that have addressed the top-
ic are presented in Table I'V.

A recent study was performed to evaluate the
effect of GnRH-ant on gonadotropin and ovarian
steroid secretion in the early follicular phase’. In
this work, a group of women affected by PCOS
was compared to a control group made up of nor-
mal ovulatory patients. Serum gonadotropin, E,,
testosterone (T), 17-Hydroxyprogesterone (17-
OH-P), and androstenedione plasma levels were
evaluated at baseline and 12 and 24 hours after
each daily injection. These hormones were also
assayed on days 10, 12, and 14 of the menstrual
cycle. The administration of GnRH-ant resulted
in a higher suppression of androgen and go-
nadotropin levels in PCOS patients, though it did
not affect E, levels significantly. Thus the crucial
role of E, on endometrium and on oocyte devel-
opment is preserved. The higher pituitary respon-
siveness to GnRH-ant observed in PCOS patients
should be ascribed to a higher sensitivity of their
pituitary receptors. The excellent response to
Cetrorelix documented in this study confirms the
major role of GnRH-ant as first choice drug to
control LH and androgen secretion in PCOS pa-
tients. The efficacy of a GnRH-ant based proto-
col is further improved by a pre-treatment with
metformin, as demonstrated by Doldi et al*. In
this study forty PCOS patients were divided into
two groups. Women belonging to the study group
were given metformin for 2 months and were
then stimulated with rFSH. GnRH-ant adminis-
tration was started when the leading follicle
reached 14 mm diameter on ultrasound scan.
Women belonging to the control group under-
went the same stimulation protocol but they were
not pretreated with metformin. The use of met-
formin led to an improvement in the outcome of
ovarian stimulation in FIVET cycles in terms of
reduction in the dose of gonadotropins required,
serum E, levels on the day of hCG administra-
tion, incidence of OHSS and number of can-
celled cycles. An increase in the mean number of
mature oocytes was also recorded, when met-
formin was given. Even though these studies
demonstrated the excellent response to GnRH-
ant and the additional benefit of a pre-treatment
with metformin in PCOS patients, more data are
needed to confirm these findings.
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Table IV. Italian studies on the use of GnRH antagonists in controlled ovarian hyperstimulation for in vitro fertilization in

pcos patients.

Materials and Methods
Publication Study Group Control Group Treatment Main results
Sagnella Fetal =~ PCOS affected Patients with Daily GnRH-ant Suppression of FSH and
(2009) (n=10) normal ovulation administration LH for the entire 1
(n=10) administration at  ength of therapy:
days 10, 12, PCOS > controls, p < 0.05
and 14 of the LH recovery secretion:
menstrual cycle PCOS > controls, p < 0.05
Suppression of
Androstenedione and
17-OH-Progesteron: NS
Doldi N et al PCOS affected PCOS affected Total r-FSH dose:
(2006) (n=20) (n=20) GnRH-ant+ M < GnRH-ant, p < 0.05
Standard short Standard shor Serum E, (hCG day):
GnRH-ant protocol ~ GnRH-ant GnRH-ant + M < GnRH-ant, p < 0.05
for ovarian protocol No. of mature oocytes:
stimulation with for ovarian GnRH-ant+ M > GnRH-ant, p < 0.05
2 month-long stimulation No. of cancelled cycles:
metformin GnRH-ant+ M < GnRH-ant, p < 0.05
pretreatmentt OHSS rate:
GnRH-ant+ M < GnRH-ant, p < 0.05
No. of follicles = 14 mm, No. of
oocytes retrieved, Duration of
the stimulation: NS

FSH: follicle-stimulating hormone; LH: luteinizing hormone; E,: estradiol; PR: pregnancy rate; NS: not significant.

GnRH Antagonists in Obese Patients
According to several studies, high BMI ad-
versely affects ART outcome. In fact assisted re-
production cycles in high-BMI-patients require
higher doses of gonadotropins and longer stimu-
lation periods and are characterized by a higher
incidence of follicular asynchrony and cancella-
tion rate**>!. On the contrary, some Authors did
not report any significant difference in ovarian
response to stimulation in high-BMI-patients**->
53, Literature shows conflicting results also re-
garding pregnancy and live-birth rates in obese
women undergoing ART cycles. Some studies re-
ported lower pregnancy and live-birth rates, low-
er implantation rates, increased obstetric compli-
cations and higher miscarriage rate. A meaning-
ful study in this respect was conducted by Marci
et al®. In this prospective study the influence of
BMI on IVF/ICSI outcome was evaluated in 463
women. The patients were assigned either to a
GnRH-a group or to a GnRH-ant group. Besides,
the sample was further divided into two sub-
groups on the basis of their BMI (subgroup A,
BMI < 25 kg/m?; subgroup B, BMI = 25 kg/m?)
in order to examine the effect of this parameter
on the cycle outcome. The results of the study
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were analyzed both according to the BMI and to
the stimulation regimen used. As far as BMI is
concerned, the total amount of GT used proved
to be higher and the stimulation longer in the
subgroup B, irrespectively of the stimulation pro-
tocol used. However, subgroup A and B did not
differ significantly either in the number of
oocytes retrieved or in the number of embryos
transferred or in the clinical pregnancy rate. Pa-
tients were further analyzed according to the
stimulation protocol used. Women treated with
GnRH-a required a significantly higher amount
of GT and a longer stimulation period, irrespec-
tively of their BMI. In subgroup A, the number
of embryos obtained and transferred per starting
patients resulted higher in patients administered
GnRH-a. In subgroup B, the number of embryos
transferred and the clinical pregnancy rate did
not differ significantly on the grounds of the
stimulation protocol used. The cancellation rate
was higher in the agonist group compared to the
antagonist group, and in obese patients compared
with normal-weight patients. The clinical preg-
nancy rate was higher in patients with normal
BMI. On the grounds of these results, ovarian
stimulation with GnRH-ant can be considered an
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efficient and acceptable treatment for both nor-
mal and high BMI patients. In fact, a GnRH-ant
regimen is as effective as the traditional stimula-
tion protocol and shows further advantages, such
as a reduced amount of rFSH needed, a shorter
duration of the stimulation period and a lower
risk of OHSS. Even though these results sound
convincing, the impact of GnRH-ant on obese
women must be further investigated.

GnRH Antagonist and
Follicular Environment

Ovarian physiology is a complex network of
regulatory mechanisms involving steroid hor-
mones, gonadotropins, growth factors and cy-
tokines®. The molecules commonly associated

with the inflammatory cascade, including
prostaglandins, leukotrienes, bradykinin, hista-
mine, platelet activating factors and various cy-
tokines, were found in the ovary. In fact, cy-
tokines are known to modulate ovarian function,
gonadal steroid secretion, corpus luteum func-
tion, embryo development and implantation®>-3°,
Therefore, it is important to understand how dif-
ferent ovarian stimulation protocols, using GnRH
agonist or antagonist, affect the follicular envi-
ronment and the delicate balance of the process
that leads to pregnancy during IVF cycles. Table
V summarizes the findings of the main Italian
studies dealing with this topic.

During COH the multiple follicle recruitment
is associated with an ovarian phlogistic process’’

Table V. Italian studies on the effect of GnRH antagonists on follicular environment.

Population = GnRH-ant Other Trigger for
Publication (n/n) protocol protocol ovulation Main results
Fornaro F et al 36/37 Multiple-dose Long GnRH-a hCG (10,000 IU)  E2 (hCG day):
(2007) flexible protocol  protocol when at least 3 GnRH-a > GnRH-ant, p < 0.001
follicles 2 I8 mm  No. of follicles = 15 mm:
GnRH-a > GnRH-ant, p < 0.01
No. of oocytes retrieved:
GnRH-a > GnRH-ant, p < 0.03
Levels of SICAM-1 in small and
large follicles:
GnRH-a > GnRH-ant, p < 0.05
Fertilization rate, Implantation
rate, PR/attempt, levels of
sVCAM-1 in small and large
follicles: NS
Ferrari B et al 30/30 Multiple-dose Long GnRH-a hCG (10,000 IU)  FF VEGF concentrations:
(2006) flexible protocol  protocol when the oocytes’ GnRH-ant > GnRH-a, p < 0.001
maturation LH levels:
parameters were ~ GnRH-a > GnRH-ant, p < 0.001
achieved E, Serum and FF levels:
GnRH-a > GnRH-ant, p < 0.05
FF androstenedione levels:
GnRH-a > GnRH-ant, p < 0.05
PR, NS
Centurione L 11/10 Multiple-dose Long GnRH-a hCG (10,000 IU)  Large/pale cells %:
et al (2010) fixed protocol protocol when at least 3 GnRH-a > GnRH-ant, p < 0.05
follicles > 18 mm  Small/dark cells %:
GnRH-ant > GnRH-a, p < 0.05
Total r-FSH dose:
GnRH-a > GnRH-ant, p < 0.04
Serum E2 (hCG day)
GnRH-a > GnRH-ant, p < 0.01
Fertilization, Pregnancy,
Implantation rate NS
Dell’ Aquila 13/31 - - hCG in; Rate of polarized mythocondria
ME et al GnRH-a group distribution:
(2009) hCG/GnRH-ain ~ GnRH-a > GnRH-ant, p < 0.05
GnRH-ant group  Mature oocytes (%): NS

hCG: human chorionic gonadotropin; E,: estradiol; PR: pregnancy rate; FF: follicular fluid; NS: not significant.
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and with a change in the expression of adhesion
molecules, such as the intercellular adhesion mol-
ecule-1 (ICAM-1) and the vascular cell adhesion
molecule-1 (VCAM-1). The levels of these fac-
tors, in their soluble form (sICAM-1 and sV-
CAM-1), might mirror different aspects of the
follicular development process. Intrafollicular
SICAM-1 content may predict ovarian response,
since its secretion is related to the granulosa-
lutein cells activity®. Intrafollicular sVCAM-1 in-
dicates the degree of follicular luteinisation, and
acts as a proangiogenic factor in the late phases of
follicle development. On the grounds of these ob-
servations, a randomized prospective study was
performed to compare the effects of either a
GnRH-a flare-up protocol or GnRH-ant-based
stimulation regimen on follicular fluid (FF) levels
of SICAM-1 and sVCAM-1°°. The content of
sICAM1, sVCAMI, E,, and progesterone (P)
were measured according to the stage of follicular
development in FF aspirated from small and large
follicles. As to the cycle outcome parameters, the
number of follicles with a diameter 215 mm re-
sulted significantly higher in GnRH agonist pro-
tocol. No significant differences were reported in
the number of mature oocytes and the number of
top-quality embryos, as well as in the fertiliza-
tion, implantation and pregnancy rates. Focusing
on the levels of adhesion molecules in the FF, the
follicular content of SICAM-1 was positively re-
lated to the number of follicles of 215 mm and to
the number of oocytes retrieved in both study
groups. Thus ICAM-1 can be considered a bio-
chemical marker of ovarian response to COH.
Since FF concentrations of SICAM-1 were higher
in GnRH-a group irrespectively of the follicle
size, this parameter could mirror the better cycle
outcome observed in this group. FF levels of sV-
CAM-1 did not differ significantly on the grounds
of the stimulation protocol used, though they var-
ied according to the size of the follicles. Since
higher levels of VCAM-1 were detected in larger
follicles, the expression of this glycoprotein prob-
ably increases with follicular growth. Moreover,
given the positive correlation between VCAM-1
and P values in both follicular classes, VCAM-1
probably mirrors the degree of follicular matura-
tion and luteinisation. Given the positive correla-
tion between FF levels of VCAM-1 and VEGEF, a
cooperation between these two factors in regulat-
ing the human luteinisation process can be sup-
posed. VEGF is a potent growth factor implicated
in neoangiogenesis from pre-existing microves-
sels®. Hypoxia and hypoglycaemia stimulate the
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expression of VEGF, providing blood supply to
tissues that were previously deprived of blood cir-
culation or were hypoxic. VEGF is produced by
granulose and theca cells and its expression in the
pre-ovulatory follicle and in corpus luteum cells
is controlled by gonadotropins (FSH, LH, and
hCG). This factor plays a major role in angiogen-
esis at ovarian level. In fact it grants peripheral
blood supply to pre-antral follicles and it helps
create and maintain the vascularisation of the cor-
pus luteum. High FF-VEGF levels are reported in
older patients®!, they are predictive of poor ovari-
an response and they are related to suboptimal
embryo development and to poor conception
rates®>%, Thus, FF-VEGF is an excellent marker
of cell suffering because the cells presumably im-
paired by locally reduced oxygen level produce
and paracrinally release this growth factor in the
interstitial fluid. On the grounds of these observa-
tions Ferrari et al* examined the concentration of
VEGEF in the follicular fluid (FF-VEGF) of
women undergoing IVF, who were administered
either a GnRH-ant or a GnRH-a. Furthermore,
hormone concentrations were evaluated both in
FF (E,, androstenedione) and in serum (E,, LH).
In the GnRH-ant group, the recorded levels of FF-
VEGF were significantly higher (2906 = 1558.5
vs. 1598.5 £ 612.16 pg/ml), whereas follicular
fluid estradiol and androstenedione levels were
significantly reduced (621 + 435 vs. 1146 = 593;
78 + 31 vs. 136 = 55). The pregnancy rate was
higher, though not statistically significant, in
GnRH-a group (23.3% vs. 16.6%).

In conclusion, the increased VEGF secretion
reflects a “‘hostile” follicular environment, in
which the deep suppression of LH does not allow
adequate steroidogenesis. The resulting hypoe-
strogenic environment may compromise cell
function -since E, plays an important role in
oocyte maturation- and may justify the lower PR
observed in GnRH-ant group.

Furthermore, mounting evidence suggests that
the analogues of GnRH may display a direct ef-
fect on human ovaries, besides their pituitary ac-
tion®¢. In fact GnRH receptors have been found
in granulose cells (GCs), prompting researches on
the effect of GnRH-a and GnRH-ant on follicular
development and steroidogenesis. Centurione et
al examined the morphological characteristics of
granulose cells obtained from women undergoing
either a GnRH-a or a GnRH-ant stimulation pro-
tocol. On the grounds of the morphological fea-
tures observed at microscope, two cell popula-
tions were detected: pale cells (late stages of fol-
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licular luteinisation) and dark cells (early stages
of follicular luteinisation). In the GnRH-a group a
significantly higher number of pale cells was re-
ported, while in the GnRH-ant group dark cells
were prevalent. Dark cells characteristics were
suggestive of a lower steroidogenic activity; addi-
tionally, the higher number of lipid droplets re-
ported in these cells could reflect a non-functional
status, in which unreleased steroids are stored at
intracellular level. Thus, dark cells could stand for
metabolically blocked cells, possibly destined to
apoptosis®’. Since the incidence of granulose
cells’ apoptosis has been related to ART outcome,
Giampietro et al® compared the levels of apopto-
sis in GCs from patients undergoing ART,
whether treated with Triptorelin or Cetrorelix and
evaluated a possible hormonal mediated influence
on apoptosis. Even though the concentration of
androgen, E, and P in the follicular fluid was low-
er in GnRH-ant treated patients, the levels of
apoptosis observed in the two groups were com-
parable. Thus the severe impact of GnRH-ant on
ovarian steroidogenesis was confirmed, but no
correlation was detected between steroid levels in
FF and GC apoptosis.

Finally, a randomized study conducted by
Dell’ Aquila et al® was the first to analyze the ef-
fects of different stimulation regimens on human
oocyte energy status in terms of mitochondrial dis-
tribution patterns. The distribution of active mito-
chondria within the oocyte reflects the energy and
ion requirement necessary for key cellular cycle
events, like oocyte maturation, fertilization, and
embryo development. Fluorescent staining and
confocal laser scanning microscopy were per-
formed on 225 supernumerary mature oocytes af-
ter the use of either GnRH agonist or GnRH an-
tagonist. Although in both groups fluorescence in-
tensity did not vary according to the mitochondrial
distribution pattern, a higher fluorescence intensity
was reported in oocytes with polarized and large
granules configurations in GnRH-ant treated pa-
tients. This phenomenon may be detrimental as
hypothesized beforehand. Thus the Authors con-
cluded that GnRH antagonists could induce mito-
chondrial hyperactivity, which is held responsible
for an impairment in the oocytes’ quality.

In synthesis many studies dealt with the effect
of GnRH-ant on follicular environment: most of
them confirmed the severe impact of these drugs
on ovarian steroidogenesis®¢”%, Even though the
reduction in ovarian steroidogenesis does not im-
pair ART outcome by influencing the process of
GCs apoptosis®®, the resulting hypoestrogenic en-

vironment can adversely affect follicular develop-
ment*. The levels of adhesion molecules such as
ICAM-1 allow to predict ovarian response to stim-
ulation, whereas VCAM-1 only reflects the degree
of follicular luteinisation. Finally, even oocyte
quality can be compromised in GnRH-ant proto-
cols because of mitochondrial hyperactivity?.

GnRH-Antagonists in
Intrauterine Insemination (IUI)

Nowadays, IUI is one of the most widely used
fertility treatment in clinical conditions such as
idiopathic infertility, mild endometriosis, or mild
to moderate male factor infertility. The associa-
tion with COH, in particular with gonadotropins,
increases pregnancy rate when compared to un-
stimulated cycles'. Yet stimulated cycles are
characterized by a sudden rise in E, level, favour-
ing the untimely release of LH. This hormone in-
duces a change in the steroidogenic activity of
granulose cells, which is reflected in P produc-
tion. This premature luteinisation (PL), due to
endogenous LH surge, is associated with a less
favorable outcome because of poor oocyte quali-
ty and decreased fertilization and implantation
rate. Thus it is a common cause of cycle cancel-
lation and ensuing patient distress. Even though
the efficacy of GnRH-ant in the prevention of
premature luteinisation has been widely con-
firmed>*®, the impact of these drugs on PR is still
controversial (Table VI).

In fact, some works report that GnRH-ant ad-
dition does not increase PR in COH/IUI cycles.
Crosignani’s'® study is very meaningful in this
respect, because it is a randomized controlled tri-
al involving a large sample and pooling data
from different countries. Two-hundred and nine-
ty-nine women were allocated either in the
GnRH-ant group or in the control group. Con-
trols were treated only with 50 IU recombinant
follicle stimulating hormone (r-FSH) starting on
day 3 of the menstrual cycle, while in the GnRH-
ant group 0.25 mg daily dose of Ganirelix was
added when a follicle with a mean diameter of
13-14 mm was visualized at ultrasound. The clin-
ical pregnancy rates per initiated cycle (12.6%
vs. 12.2%) and per completed cycle (14.5% vs.
13.8%) were similar in the two groups. On the
grounds of these results the Authors stated that
the additional administration of a GnRH-ant in
COH-IUI does not improve pregnancy rate in
COH-IUI. Since the effectiveness of these drugs
in preventing premature LH surge has already
been demonstrated, the lack of any improvement
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Table VI. Italian studies on the use of GnRH antagonists in controlled ovarian stimulation for intrauterine insemination.

Population GnRH-ant Other Trigger for
Publication (n/n) protocol protocol ovulation Main results
Crosignani PG 148/151 Standard Standard hCG (5000 IU) Duration of stimulation:
et al (2007) gonadotropin gonadotropin ~ when the leading ~ GnRH-ant > GnRH-a, p = 0.02
superovulated superovulated  follicle > 18 mm  No. of follicles 16 mm, No. of
protocol (r-FSH)  protocol follicles 11-15 mm, Clinical
+ GnRH-ant (r-FSH only) PR/started cycle, Clinical
(Multiple-dose PR/completed cycle: NS
flexible protocol)
Allegra A 52/52 Gonadotropin Standard hCG (10,000 IU)  Total r-FSH dose:
et al (2007) superovulated gonadotropin ~ when the leading ~ GnRH-a > GnRH-ant, p = 0.009
protocol (r-FSH)  superovulated follicle > 18 mm  Rate of Premature LH surge:
+ GnRH-ant protocol GnRH-a > GnRH-ant, p < 0.0001
(Multiple-dose (r-FSH only) Rate of PL:
flexible protocol) GnRH-a > GnRH-ant, p = 0.001
Mean values of LH and P:
GnRH-a > GnRH-ant, p < 0.0001
Clinical PR:
GnRH-ant > GnRH-a, p = 0.017
Duration of the stimulation, No.
of follicles = 16 mm: NS
Ragni G et al 32/34 Gonadotropin Gonadotropin  hCG (5000 IU) No. Follicles = 16 mm
(2004) superovulated superovulated  when the leading  and = 11 mm: GnRH-ant+r-FSH
protocol protocol follicle > 18 mm  (daily) > GnRH-ant + r-FSH
(r-FSH daily) (r-FSH on (on alternate days), p = 0.02
+ GnRH-ant alternate Rate of mono-ovulation:
(Multiple-dose days) + GnRH-ant + r-FSH (on alternate
flexible protocol) GnRH-ant days) > GnRH-ant + r-FSH (daily),
(Multiple-dose p=0.06
flexible Clinical PR/initiated cycle:
protocol) GnRH-ant + r-FSH (daily)
> GnRH-ant + r-FSH (on alternate
days), p =0.05
Ragni G et al 621 Gonadotropin Gonadotropin  hCG when the Cancellation rate = 10.5%
(2006) (1259 superovulated superovulated  leading follicle Cumulative PR/couple = 18.7%
cycles) protocol (r-FSH)  protocol > 18 mm Incidence of twin pregnancies =
+ GnRH-ant (r-FSH) + 9.5%
(Multiple-dose GnRH-ant Incidence of high-order MP = 0
flexible protocol) (Multiple Live birth rate/initiated cycle =
dose flexible 7.0%
protocol) Live birth rate/completed cycle =
7.8%
Ragni G et al 19722 Gonadotropin Standard hCG when the Mean duration of the luteal phase:
(2001) superovulated gonadotropin  leading follicle GnRH-ant > GnRH-a (p < 0.05)
protocol (r-FSH)  superovulated = 18 mm E, concentration (day 6 after hCG):
+ GnRH-ant protocol GnRH-a > GnRH-ant (p < 0.05)
(Multiple-dose (r-FSH only) E,/P ratio, NS
flexible protocol)

hCG: human chorionic gonadotropin; PR: pregnancy rate; NS: not significant; LH: luteinizing hormone; E,: estradiol; P: prog-

esteron; PL: premature luteinisation; MP: multiple pregnancy.

in PR remains unexplained. Probably, the bene-
fits related to the prevention of the LH surge are
balanced by the not well-understood detrimental
effects of GnRH agonists or antagonists. In this
regard, it is noteworthy that a modification of
serum hormonal levels after initiation of GnRH
antagonist has been reported®. Since the adminis-
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tration of a GnRH-ant is immediately followed
by a deep suppression of LH release, it should be
delayed so as to prolong the effect of endogenous
LH on follicular growth. In Allegra et al work,
the effect of endogenous LH on the growing fol-
licles was maintained until precise criteria for
Cetrorelix administration were met (E, levels
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higher than 200 pg/ml, LH < 10 mUl/ml, P < 2
ng/ml and diameter of the leading follicle higher
than 16 mm). This clinical decision has led to a
significant increase in PR and to a parallel reduc-
tion in the incidence of premature luteinisation’.
Besides Allegra’s, many works reported a signifi-
cantly higher PR when a GnRH-ant was added to
a gonadotropin superovulated protocol'*¢-70,
Two hypotheses have been advanced to ex-
plain the higher PR related to GnRH-ant admin-
istration. First, the prevention of premature LH
surge and subsequent premature luteinisation re-
duces cycle cancellation. Second, since the oc-
currence of untimely LH release is rare when a
GnRH-ant is administered, exogenous go-
nadotropins administration can be continued un-
til more ovulatory follicles are recruited. In ac-
cordance with the latter hypothesis, the higher
PR achieved depends on a larger pool of mature
follicles and does not represent a direct effect of
the GnRH-ant”. However, in Allegra’s study the
number of mature follicles was similar in the
groups and hence the higher PR recorded in the
GnRH-ant group may be explained by the pre-
vention of premature LH surge and premature
luteinisation. Nevertheless, according to more re-
cent studies’, GnRH-ant act synergistically in
preventing premature luteinisation and in in-
creasing the pool of mature follicles on the day
of hCG administration. Thus it can be speculated
that such a protocol determines an increase in the
risk of MP by increasing the number of mature
follicles on the day of hCG administration. The
safety of a GnRH-ant based protocol has been
evaluated in literature. In a randomized prospec-
tive study®, Ragni et al tried to detect the lowest
effective dose of GT that may ensure both a de-
crease in multiple-birth risk and an acceptable
pregnancy rate. For this purpose, the Authors
compared two different protocols employing
GnRH-ant combined either with a daily dose of
r-FSH or with r-FSH administration on alternate
days. No multiple pregnancies were detected in
either group. The protocol based on daily r-FSH
was associated with a lower rate of mono-ovula-
tion (53.3% versus 78.8%), but also with a higher
clinical pregnancy rate per initiated cycle (34.4%
versus 5.9%). Thus, a stimulation protocol com-
bining a daily dose of 50 IU of recombinant FSH
with a GnRH antagonist may provide a good
pregnancy rate without exposing women to a
high risk of multiple pregnancies. The safety of
such protocol was further clarified by a subse-
quent retrospective study carried out by the same

Author. 1259 cycles were considered, in which
strict cancellation criteria were adopted to further
prevent multiple gestations. The clinical pregnan-
cy rate per initiated cycle was 9,2% and the clini-
cal pregnancy per completed cycle was 10.3%.
The live-birth rates were 7.0% and 7.8%, respec-
tively. Moreover, the incidence of twins was
9,5% and no high-order multiple pregnancy was
observed. Thus, a protocol of 50 IU of recombi-
nant FSH per day combined with the use of a
GnRH antagonist and a policy of strict cancella-
tion based on ultrasound criteria can be proposed
to achieve a satisfactory pregnancy rate without a
significant increase in the risk of high-order mul-
tiple pregnancies'.

One more controversial topic is the necessity
of luteal phase support in GnRH-ant based proto-
cols. In a randomized study, Ragni et al”' com-
pared the luteal phase profile in GT-stimulated
cycles with or without GnRH-ant. Serum LH was
completely suppressed during the follicular
phase only in the GnRH antagonist group, while
the increase in P concentration during luteal
phase was similar in the two protocols. Moreover
PR were comparable in the two groups. Indeed,
this study demonstrated that GnRH antagonists
grant an effective suppression of LH peak with-
out deleterious effects either on the luteal P con-
centration or on the duration of the luteal phase.
Since a normal hormonal luteal profile in patients
who are treated with recombinant FSH and
GnRH antagonists has been documented, no
luteal phase supplementation is needed.

In conclusion, despite conflicting results on PR,
the effectiveness of GnRH-ant in preventing pre-
mature luteinisation has been widely demonstrat-
ed. In addition to that, further clinical advantages
result from GnRH-ant administration. First, the
risk of premature luteinisation is low when a
GnRH-ant protocol is administered, thus no strict
monitoring is needed'®. Besides, this protocol is
more flexible and can be adapted depending on
hormonal and ultrasound findings®. Further studies
are needed to clarify the mechanism of action of
GnRH-ant as well as their effect on the prevention
of premature LH surge and follicular develop-
ment, so as to set the appropriate indications for a
combined r-FSH/GnRH-ant stimulation protocol.

Conclusions

The classical GnRH-a long protocol is the
most widely used in COH for ART. However, an
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alternative regimen based on GnRH-ant has been
recently introduced in clinical practice'?. As com-
petitive antagonists, these drugs display an im-
mediate and quickly reversible effect and they
avoid hormonal withdrawal side effects. More-
over this protocol shows undeniable advantages,
including the shorter duration of the treatment,
the lower amount of gonadotropin required, the
shorter hormonal and ultrasound monitoring of
patients, milder physical and emotional stress,
and a lower risk of OHSS!!1272,

This review provides a comprehensive
overview of the use of GnRH antagonist proto-
cols applied both to IVF techniques and to IUI
procedures in the Italian experience.

As to IVE, the heterogeneity of the studies pre-
sented mirrors the general disagreement in litera-
ture. This may be due to many factors: the differ-
ent criteria of patient selection, the lack of uni-
formity in the definition of “normal-", “poor-",
and “high-responders”, the different protocols
used in the ovarian stimulation, and the small
number of women included in each study. Addi-
tionally, the experience in the use of GnRH an-
tagonists may have influenced the results of the
studies. Despite the greater safety of GnRH-ant,
the reduced pregnancy rates reported in previous
literature have hampered their introduction in
clinical practice for many years. The use of
GnRH-ant was traditionally restricted to selected
patients, as “poor responders” and women at
high-risk of developing OHSS such as PCOS af-
fected and patients who had previously experi-
enced OHSS. Nevertheless, the last Cochrane
Systematic Review!'!"!? has confirmed a greater
safety of GnRH-ant and it has demonstrated an
efficacy overall comparable to GnRH-a. These
findings could prompt a trend to change from the
standard agonist protocol to the antagonist proto-
col in all categories of patients. According to re-
cent literature the therapeutic options should be
expanded so as to customize the treatment on the
grounds of the clinical characteristics and of the
history of patients. Furthermore, the introduction
of GnRH-ant in ART responds to the increasing
need of an effective and safer management’.

As to IUI, the capability of GnRH-ant to pre-
vent premature LH surge and subsequent luteini-
sation has been widely demonstrated. Italian
studies have shown the importance of a delicate
hormonal milieu in which premature LH peak is
deleterious but the deep suppression of such hor-
mone during the early follicular phase impairs
follicular development. In fact several studies

870

demonstrated the negative effect of GnRH-ant on
ovarian steroidogenesis. The resulting hypoestro-
genic environment may compromise follicular
growth and interfere with oocyte maturation, as
demonstrated by the higher levels of VEGF.
Thus, precise criteria for GnRH-ant administra-
tion, together with a strict hormonal and ultra-
sound monitoring should be adopted. The in-
crease in PR reported by some studies depends
on both a larger pool of mature follicles and on
the prevention of the deleterious effect of LH on
the immature follicles. Since the effectiveness
and safety of this approach has been convincing-
ly demonstrated, contradictory results could be
attributed to the learning curve needed to opti-
mize protocols with GnRH-ant. However, the im-
pact of these drugs on follicular environment,
ovarian steroidogenesis and endometrial recep-
tivity should be carefully evaluated to lead to the
proper management of GnRH-ant.
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