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Background: Gonadotropin-releasing hormone (GnRH) analogues are used
routinely to prevent a premature luteinizing hormone (LH) surge in women
undergoing assisted reproductive technology (ART) treatments. In contrast to
GnRH agonists, antagonists produce rapid and reversible suppression of LH
with no initial flare effect. Objective: To review the role of cetrorelix, the
first GnRH antagonist approved for the prevention of premature LH surges
during controlled ovarian stimulation in modern ART. Method: A review of
published literature on cetrorelix. Results: Both multiple- and single-dose
cetrorelix protocols were shown to be at least as effective as long GnRH agonist
regimens for pituitary suppression in Phase II/III clinical trials. Furthermore,
cetrorelix co-treatment resulted in similar live birth rates but a shorter duration
of gonadotropin stimulation, a lower total gonadotropin dose requirement
and lower incidence of ovarian hyperstimulation syndrome compared with long
agonist regimens. A single-dose cetrorelix protocol further decreased the
number of injections required. Preliminary studies have also produced promising
data on the use of cetrorelix in modified ART protocols, such as frozen embryo
transfer and donor oocyte recipient cycles. Conclusion: Cetrorelix offers a
potential therapeutic alternative to GnRH agonists during controlled ovarian
stimulation and has become an integral part of modern, patient-friendly
reproductive medicine.
Keywords: ART, cetrorelix, COS, gonadotropin-releasing hormone analogue,
gonadotropin-releasing hormone antagonist, IUI, IVF
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1.

Introduction

Subfertility affects 5 – 15% of women worldwide, and ∼ 50% of the women affected
seek medical care [1]. Assisted reproductive technology (ART) is an effective strategy
for infertile couples. During cycles of controlled ovarian stimulation (COS), pituitary
suppression reduces the risk of a premature luteinizing hormone (LH) surge and,
thus, untimely ovulation. Early ovulation results in cycle cancellation or the retrieval
of poor quality oocytes (which adversely affect pregnancy rates).
Pulsatile secretion of gonadotropin-releasing hormone (GnRH) from the hypothalamus stimulates the synthesis and secretion of follicle-stimulating hormone
(FSH) and LH from the anterior pituitary. Pituitary suppression during cycles of
ART allows ovarian stimulation to be controlled by exogenous FSH and suppresses
the mid-cycle LH surge. In modern reproductive medicine, this is achieved by the
administration of GnRH analogues. These analogues are synthetic versions of
native GnRH and are available as either agonists or antagonists [2]. GnRH antagonists
were first introduced to clinical practice in 1999 [3] and have since replaced the
use of agonists in many protocols worldwide.
10.1517/17425250903279969 © 2009 Informa UK Ltd ISSN 1742-5255
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Box 1. Drug summary.
Drug name

Cetrorelix acetate

Phase

Launched

Indication

Infertility, female

Pharmacology
description

LHRH antagonist

Route of administration

Parenteral, subcutaneous
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In Phase III trials, 239/246 of patients receiving cetrorelix acetate reached the day of ovulation
induction

Pharmaprojects, copyright to Citeline Drug Intelligence (an Informa business).
Readers are referred to Informa-Pipeline (http://informa-pipeline.citeline.com) and Citeline (http://informa.citeline.com).

2.
2.1

Current pharmacotherapy

2.2

GnRH agonists

GnRH agonists available for use in ART include mainly
buserelin and triptorelin in Europe and leuprolide acetate
in the US. However, the use of GnRH agonist treatment
protocols is associated with a number of shortcomings.
GnRH agonists exert an initial stimulatory effect on gonadotropin secretion, which leads to the so-called ‘flare effect’. A
pretreatment interval of 10 – 14 days is required to allow the
flare effect to subside before gonadotropin treatment may begin
(Figure 1) [2]. The flare effect may also stimulate the development of ovarian cysts, which are associated with the development of poor-quality oocytes and embryos, high rates of cycle
cancellation and low implantation and pregnancy rates [4].
Once desensitization is achieved, serum estradiol levels are
markedly suppressed and menopausal symptoms such as hot
flushes are not uncommon [5]. The use of GnRH agonists
necessitates a long duration of treatment (∼ 25 – 30 days)
and a high total gonadotropin dose requirement [6]. Moreover,
the use of GnRH agonists is also associated with risks of
ovarian hyperstimulation syndrome (OHSS) [7]. Slow pituitary
recovery may be observed after discontinuation of GnRH
agonist treatment [8].
Unless a depot formulation is used, GnRH agonists are
administered daily by subcutaneous (s.c.) injection or nasal
spray [5]. Nasal administration of GnRH agonists may lead
to variable absorption into the systemic circulation [9].
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GnRH antagonists

GnRH antagonists offer a therapeutic alternative to agonists for
pituitary suppression. GnRH antagonists achieve an immediate
and dose-dependent suppression of LH by competing with
native GnRH to bind to pituitary cell membrane receptors
(Figure 1) [10]. Third-generation GnRH antagonists, including
cetrorelix (Box 1) and ganirelix, are commercially available
for use in ART [7].
The use of GnRH antagonists offers a number of advantages
over agonists. GnRH antagonists produce a rapid and reversible
suppression of LH and FSH, with no initial flare effect [10].
Therefore, prolonged pretreatment to achieve pituitary downregulation is not required. As GnRH antagonists are usually
administered only when there is a risk of premature LH surge
(usually from day 5 to 7 of stimulation), symptoms of hypoestrogenemia are rare [11]. Furthermore, lower total doses [3] and
fewer days of exogenous gonadotropin stimulation are reported
with co-treatment with antagonists than agonists [6]. Consequently, the total cycle duration is shorter and subsequent
cycles can be initiated more quickly with antagonist than long
agonist protocols [6]. Last, the pituitary remains responsive
to GnRH stimulation during antagonist co-treatment, and
so a bolus dose of agonist can be administered (instead of
human chorionic gonadotropin; hCG) to trigger final oocyte
maturation while concurrently preventing OHSS [12,13].
GnRH antagonists offer theoretical advantages over agonists
for women with specific clinical conditions [14]. Up to a quarter
of all patients undergoing in vitro fertilization (IVF) respond
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Figure 1. Mechanism of action of GnRH analogs.
Antag: Antagonist; GnRH: Gonadotropin-releasing hormone; LH: Luteinizing hormone.
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poorly to gonadotropin stimulation [15]. A poor response
may be defined as the development of an inadequate number
of follicles following COS [16]. GnRH antagonist-based
protocols could provide a useful option for patients with a
(expected or proven) poor response to stimulation by avoiding
prolonged pituitary suppression [2,7].
The use of GnRH antagonists may also be beneficial during
COS for women at high risk of OHSS, such as those with
polycystic ovary syndrome (PCOS) [17]. GnRH antagonist
co-treatment leads to the development of fewer ovarian
follicles than in long agonist protocols [6]. Moreover, there
is early evidence to support a reduced incidence of moderate
or severe OHSS in high-risk patients following GnRH agonistinduced final oocyte maturation and subsequent transfer of
frozen–thawed oocytes [18].
PCOS is characterized by chronic ovulatory dysfunction and
hypersecretion of LH. It has been suggested that the rapid and
effective suppression of LH afforded by GnRH antagonists
could be beneficial during cycles of ovulation induction
(OI) for patients with PCOS [7]. Avoidance of an untimely LH
surge could also help to schedule intrauterine insemination
(IUI) following OI [19]. Indeed, a recent meta-analysis of data
from six randomized controlled trials (RCTs) of OI, using
recombinant human FSH (r-hFSH), followed by IUI indicates
that, compared with conservative monitoring, GnRH antagonist co-treatment significantly increases the clinical pregnancy rate (odds ratio (OR) 1.56, 95% CI 1.05 – 2.33) [19].
Large studies are required to assess further the potential
benefits of GnRH antagonists for women undergoing OI.
GnRH antagonists versus agonists: meta-analysis
of clinical trial data

with antagonists compared with agonists (OR 0.46, 95% CI
0.26 – 0.82; n = 7) [22].
A subsequent meta-analysis of data from 27 RCTs showed
significant differences in clinical pregnancy rates in patients
treated with GnRH antagonist versus long agonist protocols
(OR 0.83, 95% CI 0.72 – 0.95) [6]. However, the relative risk
of severe OHSS was reduced by 39% (OR 0.60, 95% CI
0.40 – 0.88) and interventions to prevent OHSS were
significantly less frequent (OR 0.43, 95% CI 0.20 – 0.92)
with the use of GnRH antagonists than with agonists [6].
Furthermore, the amount of exogenous human menopausal
gonadotropin (hMG) required for ovarian stimulation was
significantly lower (in terms of the duration of treatment and
number of ampoules administered; p = 0.00001 for both)
with GnRH antagonist than long agonist protocols [6]. The
authors concluded that GnRH antagonist protocols are short
and simple and are associated with good clinical outcomes and
a significant reduction in the incidence of severe OHSS versus
standard agonist protocols [6]. However, it was noted that
the lower pregnancy rate observed with GnRH antagonist
co-treatment must be discussed with patients prior to
treatment [6].
The methodology and outcomes of the meta-analyses have
been heavily debated, and caution has been advised when
interpreting the observed difference in pregnancy rates in some
studies [7]. Confounding factors may include the differing
study designs and limited clinical experience of physicians with
GnRH antagonists [7]. Current evidence suggests that that
there is no clinically relevant difference in live birth rates
achieved with GnRH agonists or antagonists [11,22].

2.3

Key outcomes of four meta-analyses to compare pituitary
suppression with GnRH antagonists or agonists are summarized in Table 1 [6,20-22]. The first analysis assessed the
efficacy of GnRH antagonists versus standard long agonist
protocols for COS in women undergoing ART [20] .
Combined analysis of data from five RCTs showed a lower
clinical pregnancy rate in patients who received a GnRH
antagonist compared with a long agonist protocol (OR 0.79,
95% CI 0.63 – 0.99) [20].
A meta-analysis of data from eight comparative studies
showed that the use of cetrorelix resulted in clinical pregnancy
rates comparable with those of agonists (OR 0.91, 95% CI
0.68 – 1.22), although ganirelix did not (OR 0.76, 95% CI
0.59 – 0.98) [21]. The authors also noted a significantly lower
incidence of OHSS with the use of cetrorelix (OR 0.23, 95%
CI 0.10 – 0.54) compared with long agonist protocols [21],
whereas the use of ganirelix or agonist co-treatment resulted in
similar rates of OHSS (OR 1.13, 95% CI 0.24 – 5.31) [21].
A meta-analysis of data from 22 RCTs demonstrated no
significant difference in live birth rates per randomized
patient with the use of GnRH agonists or antagonists (OR
0.86, 95% CI 0.72 – 1.02). However, the relative risk of
hospital admission because of OHSS was reduced by 54%
1326

3.

Introduction to cetrorelix

Cetrorelix acetate (Cetrotide®, Merck Serono S.A. - Geneva,
Switzerland, an affiliate of Merck KGaA, Darmstadt, Germany)
was developed in the early 1990s [23,24] and was the first
GnRH antagonist to receive regulatory approval (in 1999 in the
EU) for the inhibition of premature LH surges and ovulation
in women undergoing COS. Cetrorelix is now approved for
this indication in more than 80 countries worldwide.
Cetrorelix is provided as lyophilized powder (0.25 mg/1 mL
or 3 mg/3 mL) with a shelf-life of 2 years [25,26]. Vials
should be stored at ≤ 25°C within the outer carton to protect
the peptide from light [25,26]. The solution should be used
immediately after reconstitution of the powder in water [25,26].
Cetrorelix is administrated by s.c. injection during the early
to mid-follicular phase of an ART cycle and is suitable for
self-administration by the patient [27].
Cetrorelix can be used in multiple- or single-dose protocols [25,26]. In multiple-dose protocols, cetrorelix 0.25 mg is
administered on day 5 or 6 of gonadotropin stimulation
and, thereafter, is injected daily until hCG administration. In
a single-dose protocol, cetrorelix 3 mg is injected when serum
estradiol levels indicate an appropriate response to stimulation
(usually between days 5 and 7). If hCG is not administered
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Table 1. Key objectives and conclusions of four meta-analyses of data on the use of cetrorelix in COS.
Study

Objective

Findings

Al-Inany and
Aboulghar [20]

To evaluate the efficacy of GnRH antagonists
compared with standard GnRH long agonist
protocols for COS

GnRH antagonist protocols are short and simple but
associated with a lower pregnancy rate compared with long
agonist protocols
GnRH antagonist protocols may be improved further by
developing more flexible regimens that consider individual
patient characteristics

Ludwig et al. [21]

To evaluate if there is a reduction in the incidence
of OHSS and/or a reduction in pregnancy rates
with cetrorelix or ganirelix compared with long
agonist protocols

Compared with a long agonist protocol, cetrorelix but not
ganirelix, is associated with a:
• Significantly lower incidence of OHSS
• Similar pregnancy rate

Kolibianakis et al. [22]

To determine whether the choice of GnRH
analog for pituitary suppression during
COS affects live birth rate

GnRH agonists and antagonist protocols result in similar
live birth rates (per randomized patient)

Al-Inany et al. [6]

To update the comparative evidence on the
efficacy of GnRH antagonists versus standard
long agonist protocols for COS

GnRH antagonist protocols are short and simple, and
associated with good clinical outcomes
Compared with GnRH agonists, antagonists
are associated with a:
• Significant reduction in the incidence of OHSS
• Significantly lower consumption of gonadotropins
The slightly lower pregnancy rates associated with GnRH
antagonist compared with long agonist protocols must be
discussed with patients prior to treatment

COS: Controlled ovarian stimulation; GnRH: Gonadotropin-releasing hormone; OHSS: Ovarian hyperstimulation syndrome.

within 4 days after cetrorelix 3 mg, daily doses of cetrorelix
0.25 mg are injected until hCG administration.
4.

Chemistry

Cetrorelix is a decapeptide analog of native GnRH, with
amino-acid substitutions at positions 1, 2, 3, 6, and 10
(Figure 2) [10]. Acetyl and amide groups at the C- and
N-terminals provide stability and full antagonistic activity [24].
5.

Pharmacodynamics

Cetrorelix is a high-affinity GnRH antagonist that competitively blocks binding of GnRH to pituitary cell receptors [28].
The binding affinity of cetrorelix for the GnRH receptor
is ∼ 20 times greater than that of native GnRH [24]. As
demonstrated in preclinical rodent models, the dosedependent antagonism of GnRH mediated by cetrorelix
inhibits secretion of gonadotropins from the pituitary [23].
Cetrorelix has a far greater effect on serum levels of LH
than FSH [24]. Serum levels of FSH are largely unaffected at
the doses of cetrorelix used in COS [24]. However, immediate suppression of serum LH levels (by 80% of baseline
levels) occurs within 24 h of a single s.c. injection of cetrorelix 3 mg [29,30]. Inhibition of the mid-cycle LH surge consequently delays ovulation [31,32]. Repeated treatment with
cetrorelix causes sustained suppression of LH (9 days after
last administration) but reversal of the effects is observed
after cessation of therapy [29].

6.

Pharmacokinetics and metabolism

Cetrorelix is rapidly absorbed after s.c. administration; in
healthy women, maximal plasma concentrations occur within
1 – 2 h [33]. The mean absolute bioavailability of cetrorelix
is ∼ 85% after s.c. injection, and 86% of cetrorelix is proteinbound [27]. Cetrorelix has a plasma half-life of ∼ 20 h, and
at least 2 – 4% of the drug is excreted in urine and 5 – 10%
in bile [27]. Cetrorelix is excreted unchanged in urine, but
four peptide metabolites are also present in bile [27]. The effects
of cetrorelix in cases of hepatic or renal impairment are yet
to be determined [27].
7.

Clinical efficacy

7.1

Phase II studies

The efficacy of cetrorelix for prevention of the premature LH
surge was assessed in a number of Phase II exploratory and
dose-finding studies [3,34-36].
An early Phase II study enrolled 20 women undergoing
COS to receive treatment with cetrorelix at doses of 3 mg
(n = 15) or 1 mg (n = 5) s.c. once daily from cycle day 7 until
administration of hCG [3]. None of the women experienced
an endogenous LH surge following treatment with cetrorelix
(irrespective of the dose administered). Furthermore, the total
gonadotropin dose requirement was ∼ 50% of the standard
dose administered with a long GnRH agonist protocol, and yet
oocyte quality was reported to be comparable [3]. The results
of a subsequent dose-finding study indicated that cetrorelix
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Figure 2. Structure of cetrorelix [27].

at 0.25 mg s.c. once daily was adequate to prevent an
endogenous LH surge in women undergoing COS [34].
One Phase II study was conducted to establish the optimum
single-dose protocol in COS [35]. Of the 65 women who
received cetrorelix 3 or 2 mg s.c. on day 8 of the stimulation
cycle, only 1 (in the 2 mg dose group) experienced an LH
surge [35]. There were no differences in the magnitude of
change in LH levels between groups, but the LH surge was
suppressed for a shorter duration in the 2 mg group [35].
ART outcomes were similar in both groups [35].
7.2

Phase III studies

As a result of the promising Phase II data, cetrorelix was
investigated further in five prospective Phase III trials
(Table 2) [37-41]. Two dosing regimens of cetrorelix were
evaluated: a multiple-dose protocol (0.25 mg s.c. once daily,
starting on day 5 or 6 of gonadotropin stimulation) and a
single-dose protocol (3 mg on day 7 of stimulation; Figure 3).
Data on the efficacy and safety of cetrorelix versus GnRH
agonist co-treatment for prevention of premature LH surges
are available from two randomized, multi-center, Phase III
clinical trials [37,38]. A randomized study of cetrorelix 0.25 mg
s.c. once daily (n = 188) versus buserelin (nasal spray; 0.15 mg
four times daily; n = 85) in women aged up to 39 years was
published in 2000 [37]. Pregnancy rates per started cycle were
comparable between the cetrorelix and buserelin groups (22.3
versus 25.9%, respectively). However, cetrorelix was associated
with the administration of significantly fewer hMG ampoules
and fewer days of stimulation than buserelin (p < 0.01 for both).
Cetrorelix co-treatment also involved fewer days of pituitary
suppression (5.7 versus 26.6, respectively; p < 0.001) and led
to the development of fewer small follicles (11 – 14 mm in
diameter) that are associated with an increased risk of OHSS
than did buserelin (3.2 versus 4.3, respectively; p = 0.02) [37].
In another Phase III study, patients undergoing COS were
randomized to co-treatment with cetrorelix 3 mg s.c. once
1328

daily (n = 115) or depot triptorelin 3.75 mg (n = 39) [38].
Although fewer oocytes were retrieved and the total number
of embryos transferred was lower with cetrorelix than depot
triptorelin, similar clinical pregnancy rates were obtained in
both treatment groups. The single-dose cetrorelix protocol
required a shorter duration of stimulation and administration
of fewer ampoules of hMG.
Additional data are available from one uncontrolled,
open-label study [39] and two randomized, single-center
studies comparing the efficacy of cetrorelix with buserelin or
leuprolide acetate [40,41]. The findings of these studies were
generally consistent with those of the multi-center Phase III
trials, and showed that multiple- or single-dose protocols of
cetrorelix achieved similar clinical outcomes as did GnRH
agonists (Table 2).
Two large Phase IIIb studies were subsequently conducted
to compare the efficacy of cetrorelix in multiple- (n = 1066)
and single-dose (n = 541) protocols in routine clinical practice [5]. In these studies, multiple- and single-dose cetrorelix
protocols were associated with similar efficacy and safety
profiles [5]. Although more oocytes were retrieved with singlethan multiple-dose protocols (10.1 versus 9.0; p = 0.005), the
total number of embryos obtained (IVF: 4.7 versus 4.7) and
transferred (2.3 versus 2.5), and pregnancy rates per started
cycle (24 and 23%, respectively) were similar using the two
regimens [5].
Cetrorelix was administered in combination with hMG in
most clinical trials. However, limited experience suggests that
cetrorelix has similar efficacy when used with r-hFSH [11,13,42,43].
7.3

Experience in modified ART protocols

A number of studies have been conducted to evaluate the
efficacy and safety of cetrorelix in oral contraceptive (OC)programmed stimulation cycles [42,44]. In a study of
182 patients who were randomized to receive an OC
pretreatment cetrorelix (0.25 mg s.c. a day) regimen or

Expert Opin. Drug Metab. Toxicol. (2009) 5(10)

2082 (1049)

10.6 (6.6)§

Cetrorelix
0.25 mg
(n = 188)

1.6

1625 (836)

8.0 (4.9)§

2.2 (0.6)

22.3 (per
started cycle)

GnRH analog

Patients who
experienced an
LH surge, %‡

Mean serum
estradiol levels on
the day of hCG
administration
(s.d.), pg/mL

Mean number of
oocytes (s.d.)

Mean number
of embryos
transferred (s.d.)

Clinical
pregnancy rate,
%
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22.6 (per
patient who
progressed
to oocyte
pick-up)

2.6 (0.9)

9.2 (5.1)

1786 (808)

0.0

Cetrorelix
3 mg
(n = 115)

28.2 (per
patient who
progressed to
oocyte pick-up)

2.7 (0.6)

12.6 (7.4)

2549 (1194)

2.8

Triptorelin
3.75 mg
(n = 39)

Prospective, randomized,
open-label, multi-center

Olivennes et al. 2000 [38]

23.6 (per
embryo
transfer)

NR

NR

1544 (NR)

0.9

Cetrorelix
0.25 mg
(n = 346)

Prospective,
open-label,
multinational

Felberbaum et al.
2000 [39]

15.1 (per
started cycle)

2.6 (0.6)

10.1 (4.6)

1269 (615)

NR

Cetrorelix
0.25 mg
(n = 66)

7.9 (4.1)

9.4 (5.5)

1191 (330)

3.5

Cetrorelix
0.25 mg*
(n = 86)

NR

8.9 (2.7)

12.3 (4.5)

1324 (409)

3.4

LA
0.5 mg
(n = 58)

NR

8.4 (2.5)

11.8 (5.1)

1314 (428)

2.0

LA depot
1.88 mg
(n = 49)

Prospective, open-label, randomized,
single center

Hsieh et al. 2008 [40]*

16.9 (per
NR
started cycle)

2.4 (0.6)

10.6 (5.0)

1194 (534)

NR

Buserelin
0.6 mg
(n = 65)

Prospective, randomized,
open-label, single center

Xavier et al. 2005 [41]

*Clinical outcomes for additional doses of cetrorelix (0.15 and 0.2 mg) evaluated in the study were not included in the comparative analysis with LA.
‡LH level > 10 U/L and progesterone level > 1 ng/L.
§Per patient with at least one fertilized oocyte.
GnRH: Gonadotropin-releasing hormone; hCG: Human chorionic gonadotropin; LA: Leuprolide acetate; LH: Luteinizing hormone; NR: Not reported.

25.9 (per
started cycle)

2.2 (0.6)

0.0

Buserelin
0.6 mg
(n = 85)

Prospective, open-label,
randomized, multi-center

Study design

Albano et al. 2000 [37]

Table 2. Key outcomes of five prospective, randomized Phase III clinical trials of cetrorelix for pituitary suppression in cycles of controlled ovarian stimulation.
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Figure 3. (A) Multiple- and (B) single-dose cetrorelix protocols.
ET: Embryo transfer; hCG: Human chorionic gonadotropin; OPU: Oocyte pick-up; s.c.: Subcutaneous.

buserelin (500 μg for ≥ 10 days, and 200 μg thereafter),
similar outcomes were reported in both groups, including
the mean number of oocytes retrieved (11.4 with cetrorelix
versus 10.9 with buserelin) [42]. Body mass index was higher
in the cetrorelix group but this did not affect the treatment
outcomes [42].
A randomized study of 185 infertile women receiving the
combined OC pill for cycle programming showed similar
efficacy of single-dose cetrorelix (3 mg s.c.) and daily doses
of ganirelix 0.25 mg in preventing premature LH surges
(LH < 5 IU/L: 97.7 versus 96.6% of patients, respectively) and
achieving a pregnancy (51.7 versus 48.9%, respectively) [44].
The single-dose cetrorelix protocol required a significantly lower
median number of injections than did ganirelix co-treatment
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(1 versus 4 injections; p < 0.001), which is expected to confer
convenience benefits for patients [44].
A prospective, randomized study of 120 women undergoing COS for ART was performed to identify the optimal
starting dose of r-hFSH (follitropin alfa; GONAL-f®, Merck
Serono S.A. - Geneva) for COS for IVF or intracytoplasmic
sperm injection when combined with cetrorelix (0.25 mg
daily from day 6 of stimulation) [43]. A significantly greater
mean number of oocytes were obtained using a starting dose
of r-hFSH 225 IU compared with 150 IU (11.0 versus
9.1; p = 0.024), although this was judged to be of minimal
clinical significance [43]. The authors concluded that
cetrorelix simplifies ART treatment protocols and reduces
the overall exposure to medication [43].
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Early studies have also produced promising data on the
use of cetrorelix (at single or multiple doses of 0.25, 0.5 or
1 mg) administered in the late follicular phase of natural or
mild IVF cycles [45-47]. In a pilot study of 33 women who
received cetrorelix (at a single dose of 0.5 or 1 mg) when
plasma estradiol levels reached 100 – 150 pg/mL and a lead
follicle of 12 – 14 mm in diameter was detected, only 4/44
natural cycles were cancelled and a pregnancy rate of 32%
per embryo transfer was achieved [45].
7.4

Experience in special patient populations

Specific groups of patients may benefit most from pituitary
suppression with cetrorelix, including women who respond
poorly to gonadotropin stimulation or those at high risk of
developing OHSS.
Data on pituitary suppression using cetrorelix compared
with a GnRH agonist in patients with an expected or proven
poor response to stimulation are available from four RCTs [48-51].
Comparable implantation (15.1 versus 11.4%, respectively)
and clinical pregnancy rates (26.3 versus 22.2% per embryo
transfer, respectively) were demonstrated in an early study of
48 poor responders who received OC pretreatment plus
leuprolide acetate (40 μg s.c. once daily) or cetrorelix alone
(0.25 mg once daily during the late follicular phase) [48].
Similarly, pregnancy and implantation rates did not differ when
cetrorelix (alone or as co-treatment with clomiphene citrate plus
r-hFSH or hMG) or a short GnRH agonist protocol was
administered to 90 patients with proven poor response [51].
In a third randomized trial, 66 patients received cetrorelix
(0.25 mg once daily starting on day 6 of stimulation) or
buserelin (600 μg once daily starting in the mid-luteal phase
of the previous cycle). The use of cetrorelix was associated
with a higher mean number of embryos being transferred
(2.32 versus 1.50; p = 0.01), although clinical pregnancy
rates were not significantly different [49]. The most recently
published study compared a flexible cetrorelix protocol
(0.125 mg for 2 days and thereafter 0.25 mg once daily) with
a short GnRH agonist regimen (triptorelin 0.1 mg s.c. once
daily) in 133 women at risk of a poor response [50]. Pituitary
suppression with cetrorelix resulted in a significantly higher
mean number of metaphase II oocytes than did triptorelin
(5.73 versus 4.64; p < 0.05) [50].
Data are available from four RCTs comparing downregulation with cetrorelix or a GnRH agonist in patients with
PCOS who received OC pretreatment [52-55]. A meta-analysis of
data from these studies showed no significant differences in
the number of oocytes retrieved or clinical pregnancy rate
achieved with either cetrorelix or long GnRH agonist protocols
in patients with PCOS [14]. However, multiple-dose cetrorelix
resulted in a significantly shorter stimulation period than
did long GnRH agonist protocols (OR -8.6, 95% CI -1.14
to -0.59; p < 0.01) [14].
There is evidence to support a significant reduction in the
incidence of OHSS in high-risk populations with cetrorelix
compared with agonist protocols. Data from a prospective,

multi-center, comparative study (using historical controls)
suggest that cetrorelix may reduce the incidence of OHSS
and, thus, the number of cancelled cycles among patients at
high risk of an excessive response [56]. A meta-analysis of
data from eight comparative studies demonstrated a significantly lower incidence of OHSS with the use of cetrorelix
(OR 0.23, 95% CI 0.10 – 0.54) compared with long agonist protocols [21]. Whereas, the use of ganirelix or agonist
co-treatment resulted in similar rates of OHSS (OR 1.13,
95% CI 0.24 – 5.31) [21].
Additional studies are required to evaluate prospectively
the efficacy of cetrorelix with a GnRH agonist to trigger final
oocyte maturation in high-risk patients [14].
8.

Safety and tolerability

Given the pharmacologic and physiologic effects of GnRH
antagonists, their use has been postulated to reduce the risk of
adverse effects associated with long GnRH agonist protocols,
such as hormone withdrawal symptoms and OHSS. Clinical
evidence shows that cetrorelix (in multiple- or single-dose
protocols) is generally well tolerated in women undergoing
COS [27,38]. Hormone withdrawal symptoms such as tachycardia, hot flushes, headaches, vaginal bleeding, or decreased
libido occur only rarely with cetrorelix [38].
Few systemic adverse events were reported (by at least 1%)
among 949 patients aged 19 – 40 years who received multiple
or single doses of cetrorelix (0.1 – 5 mg) in key clinical
trials [27]. Overall, only 1.1% experienced headache, 1.3%
nausea, and 3.5% moderate or severe OHSS [27]. While the risk
of OHSS is not completely eliminated with the use of GnRH
antagonists [57], the incidence of OHSS is significantly lower
with the use of cetrorelix than GnRH agonists [37,38,56].
As observed with other s.c. administered GnRH analogs,
mild and transient injection-site reactions are commonly
observed with cetrorelix [25,26]. Hypersensitivity reactions are
uncommon but cases have been reported [25,26]. No adverse
effects have been detected on the health of children conceived
from oocytes collected during cycles of COS in which cetrorelix
was used for pituitary suppression [58].
Cetrorelix is contraindicated for use in patients who have
experienced hypersensitivity reactions to cetrorelix, extrinsic
peptide hormones or mannitol, or are pregnant, breast-feeding
or postmenopausal, or have moderate or severe renal or hepatic
impairment. Caution is advised for use in patients with
hypersensitivity to GnRH; patients should be monitored
carefully after the first injection [27].
9.

Cetrorelix versus ganirelix

There are few comparative studies of cetrorelix versus ganirelix
(the other available GnRH antagonist) co-treatment during
ART [44]. Similar efficacy and safety profiles of cetrorelix 3 mg
(single-dose protocol) and ganirelix 0.25 mg daily were
demonstrated in a randomized study of 185 infertile women
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who received OC pretreatment in a modified ART regimen [44].
However, administration of cetrorelix 3 mg required a significantly lower median number of injections than did ganirelix
0.25 mg (1 versus 4, respectively; p < 0.001) [44]. A singledose protocol cannot be used with ganirelix as the drug is
available only in a 0.25 mg dosage [21].
One meta-analysis that compared GnRH antagonists and
long agonist protocols further analyzed specific data on cetrorelix and ganirelix [21]. The analysis showed that clinical pregnancy rates per cycle were similar with the use of cetrorelix or
long agonist protocols (OR 0.91; 95% CI 0.68 – 1.22) [21].
However, the pregnancy rate with ganirelix co-treatment was
significantly lower than in long agonist protocols (OR 0.76;
95% CI 0.59 – 0.98) [21]. The analysis also demonstrated a
significantly lower incidence of OHSS with the use of cetrorelix than GnRH agonists (OR 0.23; 95% CI 0.10 – 0.54),
whereas this was not the case for ganirelix (OR 1.13; 95%
CI 0.24 – 5.31) [21]. Currently, both antagonists are used
widely in clinical practice and additional RCTs are needed
to clearly distinguish between them.
10.

Conclusions

GnRH antagonists offer several advantages over agonists for
pituitary suppression. Antagonists achieve rapid and reversible
suppression of LH without a flare effect, which eliminates the
need for prolonged pretreatment to achieve pituitary suppression. Furthermore, lower doses and fewer days of gonadotropin
stimulation may be required and antagonists are less likely
than GnRH agonists to cause hypoestrogenic symptoms.
Clinical trials have demonstrated that cetrorelix, in multipleor single-dose protocols, is at least as effective as long GnRH
agonist regimens for pituitary suppression. Unlike the other
GnRH antagonist, ganirelix, the single-dose cetrorelix protocol
further reduces the number of injections needed. Cetrorelix
adds to the increasing number of treatment options available
for use in ART, and may help to improve the convenience
of therapy for women undergoing cycles of ART.
11.

Expert opinion

GnRH antagonists have replaced agonists in most ART cycles
worldwide. The use of cetrorelix for pituitary suppression in
COS is associated with a favorable efficacy and safety profile.
Clinical trials and meta-analyses have shown that GnRH antagonists are associated with similar live birth rates but a reduced
treatment burden (in terms of cycle duration and side effects)
and a lower risk of OHSS compared with long agonist protocols [11]. Therefore, GnRH antagonists, such as cetrorelix, are
considered to represent patient-friendly ART treatments.
The use of GnRH antagonists has replaced agonists in
many fresh IVF cycles but their introduction into routine
clinical practice has been surprisingly slow [14,59]. This attitude
may have resulted from early Phase III studies and small
meta-analyses, which suggested that GnRH antagonists were
1332

associated with lower clinical pregnancy rates than were long
luteal agonist protocols [6,60].
Current evidence suggests that there is no clinically relevant difference in live birth rates with GnRH agonists or
antagonists [11], and the apparent discrepancy in clinical
pregnancy rates in early studies has been the subject of
much debate. Indeed, it has been proposed that differences in
study populations [61] and inadequate clinical experience with
GnRH antagonists may have contributed to these outcomes [7].
However, it has also been suggested that GnRH antagonist
co-treatment may adversely affect oocyte or embryo quality, or
endometrial receptivity [62].
The results of a recent retrospective analysis of data on fresh
intracytoplasmic sperm injection cycles from a single-center
suggested a higher rate of early pregnancy loss (miscarriage
before 12 weeks gestation) in women aged under 35 years who
received cetrorelix compared with a GnRH agonist for pituitary
suppression [63]. However, the investigators acknowledge that
multiple factors, such as the etiology of infertility and ovarian
response as measured by estradiol levels, could have affected
the fate of implanted embryos in this study.
Oocyte donor programs provide an opportunity to evaluate
in isolation the potential effects of GnRH antagonists on
oocytes or the endometrium. Data from two such studies
suggest that the quality of donor oocytes and resulting
embryos are similar after GnRH agonist or antagonist
co-treatment [64,65]. Moreover, significantly more metaphase II
oocytes were obtained from women treated with cetrorelix
0.25 mg s.c. daily (n = 51) than a long leuprolide acetate
protocol (n = 90) in a retrospective study of oocyte donation
cycles [66].
The direct effect of GnRH antagonists on the endometrium
was specifically evaluated in a prospective randomized trial,
in which sibling oocytes from 49 donors were shared between
two matched recipients [67]. Oocyte recipients were randomized
to receive standard endometrial priming with estradiol and
progesterone only (n = 49) or co-treatment with cetrorelix
0.25 mg/day (n = 49) [67]. Administration of cetrorelix during
the proliferative phase had no effect on the implantation
(24.4% without cetrorelix; 26.1% with cetrorelix) or overall
pregnancy rates (59.2% without cetrorelix; 55.1% with
cetrorelix) [67]. Furthermore, no association was found between
serum cetrorelix levels on the day of r-hCG administration
and clinical pregnancy outcome in a retrospective case-control
study of 130 women who received cetrorelix 3 mg for COS
in ART [68].
Conversely, the authors of a recent study who compared
the outcomes of fresh and frozen ART cycles proposed a
potentially deleterious effect of GnRH antagonists on the
endometrium [69]. In this study, implantation and pregnancy
rates were significantly higher in fresh ART cycles following
GnRH agonist versus antagonist suppression [69]. However,
implantation and pregnancy rates of frozen–thawed embryos
created using GnRH antagonist were slightly higher than in
the agonist group [69].
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The association between changes in estradiol levels and
clinical outcomes of GnRH antagonist cycles is unclear. In a
recent prospective, observational study of 113 women in which
cetrorelix 2.5 mg was administered when the leading follicle
was 14 mm in diameter, serum estradiol levels increased in
45% of cycles, approached a plateau in 24.5% and declined
in 30.2% [70]. No correlation was found between the serum
estradiol pattern and clinical outcomes, including the number
of oocytes retrieved, or implantation or clinical pregnancy
rates [70]. Importantly, a decline in serum estradiol levels was
not associated with adverse effects.
A wide variety of GnRH antagonist protocols have been
proposed. Flexible dosing, which involves administration of
antagonist according to follicular size, rather than the administration of fixed doses on pre-determined days of the menstrual
cycle, may offer an alternative approach. A meta-analysis of
data from four RCTs showed similar pregnancy rates following
fixed or flexible GnRH antagonist co-treatment, and flexible
protocols required the use of significantly fewer ampoules of
GnRH antagonist (OR -1.2, 95% CI -1.26 to -1.15) and lower
doses of r-hFSH (OR 95.5 IU, 95% CI 74.8 – 116.1) [71].
Nonetheless, administration of cetrorelix is still recommended
to be started on day 5 or 6 of FSH administration.
Compared with GnRH agonist co-treatment, cetrorelix
is expected to facilitate the use of simpler ART treatment
regimens, lower total doses of gonadotropins, and shorter
treatment cycles. Pituitary suppression with cetrorelix avoids
most symptoms of hypoestrogenism and the formation of
ovarian cysts. GnRH antagonists also offer the possibility
of cycle programing using OCs and enable the use of
agonists instead of hCG to induce final oocyte maturation.
Compared with GnRH agonists, antagonist IVF protocols

can be initiated more quickly and require fewer injections
(∼ 5 versus 25). Thus, the use of antagonists may be more
suitable than agonists for use in frozen embryo transfers and
oocyte donation programs, which now comprise a quarter of
all ART cycles [72].
Patients undergoing ART are exposed to health risks and
experience a substantial treatment burden and psychologic
distress. Efforts have been made to devise simple and ‘patientfriendly’ treatment regimens [11]. The routine use of GnRH
antagonists, such as cetrorelix, instead of agonists could help
improve the ART experience. In view of the favorable efficacy,
safety and tolerability profile of cetrorelix, GnRH antagonists
should be considered as a first-line therapeutic option in
modern, patient-friendly ART treatment.
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