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GnRH antagonist for patients with polycystic ovary
syndrome undergoing controlled ovarian hyperstimulation
for in vitro fertilization and embryo transfer in fresh cycles
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Abstract. The aim of the present study was to evaluate the
influence of a gonadotropin-releasing hormone (GnRH)
antagonist compared with a GnRH agonist on the in vitro
fertilization cycle outcome in patients with polycystic ovary
syndrome. The outcomes of pregnancy were evaluated. The
area under the curve (AUC) of the receiver operating char-
acteristic (ROC) curve was also used to evaluate whether the
endometrial thickness (cm) and estradiol (E,) level (pg/ml) on
the day of human chorionic gonadotropin (hCG) administra-
tion (the hCG day) had the best sensitivity and specificity for
predicting a clinical pregnancy. The results demonstrated that
there were significant differences in the E, and progesterone
levels between the two treatment groups on the hCG day.
Furthermore, the mean number of total oocytes retrieved,
mean number of 2 pronuclei oocytes, mean number of
oocytes cleaved (P<0.05), mean number of embryos available
(P=0.022) and mean number of embryos transferred (P=0.014)
were significantly different. Additionally, the rates of ectopic
pregnancy (P=0.984) and ovarian hyperstimulation syndrome
(P=0.976) did not differ significantly between the treatment
groups. Although the biochemical pregnancy (P=0.592),
clinical pregnancy (P=0.617) and live birth (P=0.365) rates
were lower with the GnRH antagonist than with the GnRH
agonist, there were no significant differences in the outcomes
between the two groups. Analysis of the influence of endo-
metrial thickness with respect to the clinical pregnancy using
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the ROC (AUC) method revealed that when the best cutoff of
9.75 cm was used, the sensitivity was 62.5%, the specificity
was 43.1% and the AUC was 0.53. Additionally, the Youden
index was 0.056. Analysis of the influence of the E, level on
the hCG day on clinical pregnancy, using the ROC (AUC)
method showed that the best cutoff was 2,984.5 pg/ml, which
had a sensitivity of 68.8% and specificity of 52.9%, while the
AUC was 0.573 (with a Youden index of 0.217). Furthermore,
the results demonstrated that neither the endometrial thickness
nor the E, level on the hCG day had the best sensitivity and
specificity for predicting a clinical pregnancy.

Introduction

Polycystic ovary syndrome (PCOS) is the most frequent endo-
crinopathy in women of reproductive age. Hyperandrogenism,
polycystic ovaries and chronic anovulation without other
specific underlying diseases of the adrenal or pituitary glands
are the main features of the disease (1). PCOS is associated
with long-term sequelae, including latent diabetes, hyperten-
sion, cardiovascular disease and even endometrial carcinoma.
Different combinations of clinical and biological criteria as
well as ultrasound have been proposed for diagnosis. Since
the etiology of the disease remains poorly understood and
the effective treatment for subfertile patients with PCOS has
not been elucidated, numerous controlled ovarian hyper-
stimulation (COH) strategies have become available for the
treatment of patients with PCOS who were undergoing in vitro
fertilization and embryo transfer (IVF-ET) with the use of
gonadotropins (2).

The current COH strategies for IVF-ET pursue three
main objectives, namely, hypophyseal activity suppression,
multiple follicle growth stimulation and ovulation induction.
In comparison with natural cycles, COH results in high preg-
nancy and implantation rates (3,4). However, gonadotropin use
is frequently associated with premature luteinizing hormone
(LH) surging prior to oocyte retrieval. To prevent an untimely
LH surge and enable appropriate development of the leading
follicles, hypophyseal activity may be suppressed using two
types of drugs: Gonadotrophin-releasing hormone (GnRH)
agonists and GnRH antagonists. The mechanisms of action are
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entirely different, although the two drugs share similar clinical
indications (5). It is almost 20 years since GnRH antagonists
were first applied in clinical practice. However, the safety and
effectiveness of GnRH antagonists for IVF-ET remain unclear.

Ovarian hyperstimulation syndrome (OHSS) is a serious
complication of COH, particularly in patients with PCOS
who are undergoing COS. OHSS is an exaggerated response
to ovulation induction with either exogenous or endogenous
human chorionic gonadotropin (hCG). It has been demon-
strated that in patients who are at high risk for severe OHSS,
a GnRH antagonist should be selected for use during the first
IVF-ET because it enables the use of a GnRH agonist, instead
of hCG, to trigger ovulation, with the consequent elimination
of severe OHSS (6).

Although some randomized controlled trials (RCTs) have
compared GnRH antagonists with GnRH agonists in patients
with PCOS, there is no consensus as to which protocol is
better, the GnRH antagonist or GnRH agonist. The aim of the
present study was to evaluate the effects of a GnRH antagonist
in comparison with those of a GnRH agonist on IVF cycle
outcomes in patients with PCOS. However, the main aim
was to help to aid fertility specialists in the decision-making
process for infertile patients with PCOS.

Materials and methods

Patients. The computerized files (clinical medicine reproduc-
tive management system, CCRM) of the patients with PCOS
who were admitted to the IVF unit of Linyi People's Hospital
(Linyi, China) between December 25, 2013 and April 30,
2014, all of whom had reached the ovum pick-up stage were
reviewed. The study was approved by the Ethics Committee
of Linyi People's Hospital. Additionally, all of patients could
enter the study by meeting the following requirements: Aged
22-45 years, with a body mass index (BMI) of 18-33 kg/m?
and transplantation of fresh cycles. The fecundities of all
male partners of the patients were normal according to World
Health Organization criteria (7).

In the present study, patients with PCOS were analyzed
based on the Rotterdam 2003 consensus criteria, for the
presence of two of the following three features: Oligo-
and/or anovulation, clinical and/or biochemical signs of
hyperandrogenism, polycystic ovaries and exclusion of other
endocrinopathies such as thyroid disease and prolactin
excess (1). All of the patients underwent COH using either
the midluteal long GnRH agonist [triptorelin; Ferring GmbH,
Kiel, Germany; 0.1 mg/day, subcutaneously (SC)] suppressive
protocol (agonist group, group GnRH-a) or the multiple-dose
fixed GnRH antagonist [Cetrotide (cetrorelix acetate);
Merck-Serono Ltd., Aubonne, Switzerland; 0.25 mg/day SC)
protocol (antagonist group, GnRH-A).

Data on the baseline characteristics of patients in the
agonist and antagonist groups were collected from the files.
Serum follicle-stimulating hormone (FSH) and LH levels
were measured with an ELISA kit (KAQO0841; Invitrogen;
Thermo Fisher Scientific, Inc., Waltham, MA, USA). E, level
was evaluated using the Enhanced Estradiol (eE2) kit (cat.
no. 127023; Siemens AG, Munich, Germany) and progesterone
(P) level was evaluated using the Progesterone PRGE kit (cat.
no. 059262; Siemens AG).
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All patients underwent baseline transvaginal sonography
on day 2 or 3 of the menstrual cycle to check the antral follicle
count and the thickness of the endometrium. In the GnRH-a
group, a protocol was started from day 21 of the menstrual
cycle (following the oral contraceptive Diane-35 for 18 days
on day 3 of the menstrual cycle) with an injection of triptorelin
0.1 mg SC once daily for 10 days, and the dosage was later
reduced to 0.05 mg daily. When downregulation was achieved,
injection of recombinant FSH (tFSH; Gonal F, Merck-Serono
Ltd.) was initiated at a dosage of 75-225 IU. The dose of rFSH
was then adjusted 4 days after stimulation depending on the
ovarian response, as assessed by a transvaginal scan and the
serum estradiol levels. Additionally, when the diameter of
the largest follicle was =16 mm, 75-150 IU rLH-a (Luveris;
Merck-Serono Ltd.) was injected subcutaneously once daily.
The doses of rFSH and rLH-a were adjusted according to the
serum estradiol levels and the growth of the ovarian follicle,
which was monitored by serial ultrasonography. Treatment
with triptorelin, rFSH and rLH-a was continued until the day
of the final oocyte maturation trigger.

In the multiple-dose fixed antagonist protocol (GnRH-A
group), the injection of rFSH (Gonal F; Merck-Serono Ltd.)
was started on day 2 of the menstrual cycle (75-225 TU
daily). The GnRH antagonist was 0.25 mg cetrorelix acetate,
following intramuscular injection on day 6 of the menstrual
cycle. Treatment with rFSH and cetrorelix acetate was then
continued until the day of the final oocyte maturation trigger.

For the two groups, the final oocyte maturation trigger
was the injection of 250 yg human chorionic gonadotropin
o [-HCG (Ovidrel); Merck-Serono Ltd.]. A total of 37-38 h
after rHCG injection, oocyte aspiration was performed, which
was guided by transvaginal ultrasound. Embryo transfer
was performed on day 3/5 following oocyte retrieval. All
cycles received luteal phase support with progesterone in the
form of vaginal suppositories at a dose of 90 mg once daily
(Crinone; Fleet Laboratories Ltd., Northwood, UK). Clinical
pregnancy was defined as visualization of a gestational sac
and fetal cardiac activity on transvaginal ultrasound following
4-5 weeks of IVF-ET. The GnRH-a and GnRH-A stimulation
protocols are depicted in Figs. 1 and 2.

Statistical analysis. SPSS 23.0 software for Windows was used
for statistical analysis (IBM SPSS, Armonk, NY, USA). Data
are reported as the mean + standard deviation. Differences
in the variables between the two groups were statistically
analyzed using Student's t-test or Wilcoxon-Mann-Whitney
test and Pearson's y*/Fisher Exact tests at a two-sided signifi-
cance level of 0.05. In the present study, the area under the
curve (AUC) of the receiver operating characteristic (ROC)
curve was used to evaluate whether the endometrial thickness
(cm) and E, level (pg/ml) on the day of hCG administration
had the best sensitivity and specificity for predicting clinical
pregnancy.

Results

Baseline characteristics and clinical outcomes of patients
in the GnRH-A and GnRH-a groups for IVF. A total of 99
IVF fresh cycles with PCOS were evaluated. These comprised
50 fresh cycles in the antagonist group (GnRH-A) and
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Figure 1. Gonadotropin-releasing hormone agonist stimulation protocol. rLH-o, recombinant luteinizing hormone o; rFSH, recombinant follicle-stimulating
hormone; rHCG, recombinant human chorionic gonadotropin; ET, embryo transfer.
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Figure 2. Gonadotropin-releasing hormone antagonist stimulation protocol. rFSH, recombinant follicle-stimulating hormone; rHCG, recombinant human

chorionic gonadotropin; ET, embryo transfer.

49 fresh cycles in the standard agonist group (GnRH-a) protocol.
The serum gonadotropin (FSH and LH), E, and P levels were
evaluated beyond the baseline, and the baseline characteristics
are depicted in Table I. There were no significant differences
in the baseline parameters of age, BMI, FSH, E, and P basal
hormone profile between the GnRH-A and GnRH-a groups.
Furthermore, the mean age was 30.58+3.74 years for the
GnRH-A group and 29.61+4.66 years for the GnRH-a group
(P=0.220), and the mean BMI was 25.24+3.35 kg/m? for the
GnRH-A group and 24.21+3.38 kg/m? for the GnRH-a group
(P=0.133). The mean basal hormone profile of FSH was
5.83+1.35 TU/I for the GnRH-A group and 5.88+1.49 1U/1 for
the GnRH-a group (P=0.849); of E, was 47.26+16.92 pg/ml
for the GnRH-A group and 45.27+19.7 pg/ml for the GnRH-a
group (P=0.591); and of P was 0.47+0.32 ng/ml for the
GnRH-A group and 0.37+0.26 ng/ml for the GnRH-a group
(P=0.108). However, the LH level was significantly different
between the two groups: The mean LH was 11.04+6.48 TU/I
for the GnRH-A group and 8.15+4.98 1U/1 for the GnRH-a
group (P=0.036).

When the two groups were compared, there were no
significant differences in the stimulation duration (fFSH days
of usage), dose of gonadotrophins or the endometrial thick-
ness on the day of embryo transfer (Table II). However, there

were significant differences in the E, level on the hCG day
(2,613.2+945.06 vs. 4,155.2+1,367.6 pg/ml; P<0.001), the P
level on the hCG day (0.68+0.31 vs. 0.37+0.26 ng/ml; P<0.001),
the mean number of total oocytes retrieved (10.50+2.78
vs. 13.61+4.67; P=0.001), the mean number of 2 PN oocytes
(5.64+2.33 vs. 8.37+3.70; P<0.001), the mean number of
oocytes cleaved (6.38+2.39 vs. 11.31+4.26; P<0.001), the
mean number of embryos available (3.68+1.74 vs. 4.92+2.63;
P=0.022) and the mean number of embryos transferred
(1.90£0.30 vs. 2.02+0.14; P=0.014).

There was no significant difference in the outcomes of
the pregnancy in the two groups, such as the biochemical
pregnancy rate [29 (58%) vs. 31 (63.27%); P=0.592],
clinical pregnancy rate [23 (46%) vs. 25 (51.02%); P=0.617],
ectopic pregnancy rate [2 (4%) vs. 2 (4.08%); P=0.984] and
OHSS rate [4 (8%) vs. 4 (8.16%); P=0.976]. The group of
patients who received GnRH-A had no more live births
than the group of patients who received GnRH-a [17 (34%)
vs. 21 (42.86%), P=0.365], either.

Estimated ROC curve for the performance of endometrial
thickness and estradiol level on the hCG day in the predic-
tion of a clinical pregnancy. The endometrial thickness on
the hCG day ranged between 7 and 14 mm in the GnRH-A
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Table I. Baseline characteristics (basal hormone profile) of
patients in the GnRH-A and GnRH-a groups.

GnRH-A GnRH-a
group group
Characteristics (50 cycles) (49 cycles) P-values
Age (years) 30.58+3.74 29.61+4.66 0.220*
BMI (kg/m?) 25.24+3 35 24.21+3.38 0.133*
FSH (1U/1) 5.83+1.35 5.88+1.49 0.849°
LH (IU/1) 11.04+6 .48 8.15+4.98 0.036°
E, (pg/ml) 47.26+16.92 45.27+19.73 0.591°
P (ng/ml) 0.47+0.32 0.37+0.26 0.108*

*Statistical analysis was performed with use of two indepen-
dent-sample tests by the Wilcoxon-Mann-Whitney test. "Statistical
analysis was performed with use of Student's t-test. P<0.05 was
considered to indicate a statistically significant difference. GnRH-A,
gonadotropin-releasing hormone antagonist; GnRH-a, gonado-
tropin-releasing hormone agonist; BMI, body mass index; FSH,
follicle-stimulating hormone; LH, luteinizing hormone; E,, estradiol;
P, progesterone.

group and 7 and 16 mm in the GnRH-a group, which was not
a significant difference (10.18+1.91 vs. 10.63+£2.53; P=0.610).
The plot of the sensitivity-specificity combinations in an ROC
space is shown in Figs. 3 and 4. For endometrial thickness, the
sensitivity varied between 2.1 and 97.9% and the specificity
between 9.8 and 98%. For the E, level on the hCG day, the
sensitivity varied between 2.1 and 97.9%, and the specificity
varied between 2 and 98%.

Analysis of the influence of endometrial thickness on clin-
ical pregnancy, using the ROC (AUC) showed that the AUC
was 0.53 [95% confidence interval (CI): 0.415-0.644], and
when the cutoff was 9.75 cm, the sensitivity was 62.5% and
the specificity was 43.1%. Additionally, the Youden index was
0.056 (Fig. 3). The results of the influence of the E, level on the
hCG day (pg/ml) on the clinical pregnancy rate, using the ROC
(AUC), showed that the AUC was 0.573 (95% CI: 0.459-0.687).
In addition, when the cutoff was 2,984.5 pg/ml, the sensitivity
was 68.8% and the specificity 52.9%. Additionally, the Youden
index was 0.217 (Fig. 4). The results of the ROC curve analysis
demonstrated that neither the endometrial thickness nor the
E, level (pg/ml) on the hCG day had the best sensitivity and
specificity for predicting clinical pregnancy.

Discussion

It is well known that COH is an important component of
IVF-ET technology and that different COH protocols can
result in different ovarian responses, even in the same patient.
The GnRH agonist long protocol has been used in the majority
of IVF treatment cycles since the 1980s. Currently, a number
of studies have shown that the clinical pregnancy rate and the
live birth rate are not significantly different in PCOS patients
receiving agonist treatment compared with those receiving
antagonist treatment (8-10). However, Orvieto et al (11) clearly
observed a significantly higher clinical pregnancy rate with a
GnRH agonist suppressive protocol than in a GnRH antagonist
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protocol, which is in accordance with certain meta-analysis
literature (12).

It has been reported that in poor responders, the number of
mature oocytes, the cycle cancellation rate and clinical preg-
nancy rate per cycle initiated were not significantly different
when the GnRH agonist regimen was compared to the GnRH
antagonist protocol. However, the GnRH antagonist protocol
was associated with a significantly higher number of retrieved
oocytes (13). In fact, with multifollicular development, the
occurrence of cyst formation at the initiation of stimulation
and the increased risk of OHSS following the administration
of hCG represent the main difficulties of ovulation induction
in women with PCOS. Additionally, an excessive response to
gonadotropin stimulation is associated with painful oocyte
retrieval, abdominal discomfort and even an increased chance
of cycle cancellation. Since severe OHSS is a life-threatening
complication of ovulation induction, it should be considered to
be important when deciding the treatment protocol for women
with PCOS. It is reported that the GnRH antagonist protocol
is safer than the agonist protocol because it could enable the
use of GnRH agonist instead of hCG, to trigger ovulation,
which is associated with a significant reduction in the occur-
rence of severe OHSS. Furthermore, use of a GnRH antagonist
represents a valid alternative to use of a GnRH agonist to
prevent a premature LH surge in women with PCOS (14). In
the present study, the data showed that the OHSS rate was not
significantly different between the two groups, which possibly
stemmed largely from fresh embryo transplant cycle cancella-
tion (in which all of the embryos that were available would be
cryopreserved) with the potential of OHSS, particularly in the
GnRH-a protocol.

It is reported that the extremely high levels of E, that are
observed impair both the embryo quality and endometrial
receptivity, which threatens embryo implantation (15). The
level of E, in women with PCOS is significantly higher in the
GnRH agonist than that in the GnRH antagonist protocol (16).
Manno et al (17) reported that in cycles in which E, levels are
<3,000 pg/ml, there was only a trend that favors the implanta-
tion rate in the GnRH agonist, while in cycles with E, levels
>3,000 pg/ml the implantation rate was significantly higher
in the GnRH antagonist protocol. The results of a systematic
review (18) revealed that IVF-ET patients with supposed normal
responses instead of PCOS have significantly lower E, values
on the day of hCG, number of oocytes retrieved and incidence
of OHSS with the GnRH antagonist protocol compared with
those of the GnRH agonist protocol. Furthermore, the endo-
metrial thickness on the day of hCG and the live birth rate
were similar in the above two groups. However, whether there
was a difference in the clinical pregnancy rate between the two
groups remained uncertain.

In the present study, there were significantly higher E, levels
on the hCG day in the GnRH-a group compared with the
GnRH-A group. Additionally, the GnRH-a protocol appeared
to be more effective compared with the GnRH-A protocol
in terms of the number of total oocytes retrieved, number of
2 PN oocytes, number of oocytes cleaved, number of embryos
transferred and number of embryos available. However, it
appears that there was no significant difference in either the
clinical pregnancy rate or the live births per woman, although
the latter was higher in the GnRH-a group.



EXPERIMENTAL AND THERAPEUTIC MEDICINE 13: 3097-3102, 2017

3101

Table II. Comparison of the two groups regarding stimulation characteristics and outcome in IVF.

Variables GnRH-A group GnRH-a group P-values
Stimulation duration (days) 9.54+1.40 9.65+1.85 0.744*
Dose of gonadotrophins (IU) 1,878.50+400.52 1,768.4+501.13 0.119
E, on hCG day (pg/ml) 2,613.2+945.06 4,155.2+1367.6 <0.001°
P on hCG day (ng/ml) 0.68+0.31 0.37+0.26 <0.001*
EM on hCG day (cm) 10.18+1.91 10.63+£2.53 0.610*
No. of oocytes retrieved 10.50+2.78 13.61+4.67 0.001*
No. of 2 PN oocytes 5.64+2.33 8.37+£3.70 <0.001°
No. of oocytes cleaved 6.38+2.39 11.31+4.26 <0.001*
No. of embryos available 3.68+1.74 4.92+2.63 0.022°
No. of embryos transferred 1.90+0.30 2.02+0.14 0.014°
Biochemical pregnancy rate, n (%) 29 (58) 31(63.27) 0.592
Clinical pregnancy rate, n (%) 23 (46) 25(51.02) 0.617
Ectopic pregnancy rate, n (%) 2 (4) 2 (4.08) 0.984
Live birth rate, n (%) 17 (34) 21 (42.86) 0.365
OHSS rate, n (%) 4 (8) 4 (8.16) 0.976

“Statistical analysis was performed with use of two independent-sample tests by the Wilcoxon-Mann-Whitney test. "Statistical analysis was
performed with use of Student's t-test. P<0.05 was considered to indicate a statistically significant difference. IVF, in vitro fertilization;
GnRH-A, gonadotropin-releasing hormone antagonist; GnRH-a, gonadotropin-releasing hormone agonist; E,, estradiol; hCG day, day that
human chorionic gonadotropin was administered; P, progesterone; EM, endometrial thickness on day of embryo transfer; PN, pronuclei; OHSS,
ovarian hyperstimulation syndrome. Live birth was defined by the delivery of a live-born infant.

ROC Curve
1.0
0.8
206
2
E
w
&
v 0.4
0.2+
0.0 T T T T
0.0 02 04 06 08 1.0
1 - Specificity

Figure 3. Estimated ROC curve and sensitivity-specificity points for the
performance of endometrial thickness on the hCG day in the prediction of a
clinical pregnancy. ROC, receiver operating characteristic; hCG day, day that
human chorionic gonadotropin was administered.

A successful pregnancy requires implantation, which
requires healthy endometrial receptivity, which is one of the
most important factors in predicting pregnancy following
IVF-ET. The endometrial thickness is measured in the midsag-
ittal plane via transvaginal ultrasound, and it has been utilized
as an individual indicator for endometrial receptivity (19,20).
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Figure 4. Estimated ROC curve and sensitivity-specificity points for the
performance of estradiol level on the hCG day in the prediction of a clinical
pregnancy. ROC, receiver operating characteristic; hCG day, day that human
chorionic gonadotropin was administered.

It has been revealed that the clinical pregnancy rate is <30%,
and the live birth rate is <20% in patients with an endome-
trium thickness of <7 mm (21). Additionally, no significant
difference has been identified in the clinical pregnancy and
implantation rates with endometrial thicknesses in the
8-14 mm range compared with >14 mm (22).
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Currently, no conclusive cut-off value has been established
for endometrial thickness. In the present study, it was demon-
strated that the endometrial thickness on the hCG day ranged
between 7 and 16 mm in both the GnRH-A and GnRH-a
groups, which exhibited no significant difference between
groups, or in either the clinical pregnancy or live birth rates per
patient. Furthermore, the ROC curve analysis demonstrated
that neither the endometrial thickness nor E, level on the hCG
day had the best specificity and sensitivity for predicting a
clinical pregnancy. However, additional large studies should
be performed to elucidate the role of the endometrial thick-
ness and E, level on the hCG day and in women with PCOS
undergoing GnRH antagonist or GnRH agonist treatment.

In conclusion, in this series of women with PCOS who
were undergoing IVF-ET cycles, GnRH antagonist decreased
oocyte retrieval, the number of oocytes cleaved, the number
of embryos available and the number of embryos transferred.
However, a GnRH antagonist protocol was associated with
neither a significantly lower clinical pregnancy rate nor live
birth rate compared with that of the GnRH agonist suppressive
protocol. With regard to safety, the advantage of the GnRH
antagonist protocol is the possibility of administering a GnRH
agonist instead of hCG for ovulation triggering with the
consequent elimination of severe OHSS, although a number
of controversial issues remain concerning the use of GnRH
antagonist in IVF. Above all, the nRH antagonist approach
has rendered IVF-ET a patient-friendly and safer procedure
with high efficacy compared with that of the GnRH agonist
approach. Additionally, future studies should show that GnRH
antagonists ensure good reproductive and clinical outcomes
with very little risk of OHSS development.
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