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Abstract

The use of corifollitropin alfa (CA) in assisted reproductive technology (ART) cycles is
dependent on the antral follicle count and body weight of patients. The present study investi-
gated the safety and efficacy of using 100ug of CA in predicted excessive responders based
on serum anti-Mullerian hormone (AMH) level. The results of 381 ART cycles stimulated by
CA versus daily recombinant follicle-stimulation hormone (rFSH) in patients with low (<1.0
ng/mL; n = 38 vs. n = 90), moderate (1.0-3.36 ng/mL; n = 38 vs. n = 95), and high (> 3.36
ng/mL; n =48 vs. n =72) serum AMH levels, were analyzed. Pregnancy and live birth rates
did not significantly differ between CA and daily rFSH groups. In the patients with high AMH
levels, serum progesterone (P4) levels on the day of human chorionic gonadotropin (hCG)
injection were significantly lower in the CA group than in the rFSH group (0.93 + 0.55 vs.
1.16 £ 0.64 ng/mL). Furthermore, serum P4 levels on the day of hCG injection were nega-
tively correlated with baseline AMH levels in the CA group, but not in the rFSH group, in the
patients with high AMH levels. In conclusion, the use of 100 ug of CA in patients with high
AMH levels is safe and effective and is associated with a lower P4 level on the day of hCG
injection compared with the use of daily rFSH.

Introduction

Corifollitropin alfa (CA), a novel recombinant molecule exhibiting long-acting follicle stimu-
lating hormone (FSH) bioactivity, was recently developed for clinical use in assisted reproduc-
tive technology (ART) cycles. One injection of CA can replace seven injections of daily
recombinant FSH (rFSH) used for controlled ovarian stimulation in ART cycles [1]. Several
randomized clinical trials including Engage [2], Ensure [3], and Pursue [4] have compared the
safety and efficacy of CA with those of daily rFSH in a gonadotropin releasing hormone
(GnRH) antagonist protocol used in ART cycles for normal or poor responders.
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The use of CA is based on the antral follicle count (AFC) and body weight of patients. The
use of CA is recommended only in patients with an AFC of <20 according to manufacturer’s
instructions. The choice of 100 or 150 ug of CA depends on the body weight (<60 or >60 kg,
respectively) of patients [5]. Although some clinical modifications in ART treatment were per-
formed in the Engage trial without affecting the pregnancy outcome [6], information regard-
ing predicted excessive responders is lacking.

A meta-analysis reported that the risk of ovarian hyperstimulation syndrome (OHSS) was
higher in the CA protocol than in the daily rFSH protocol [7]. However, similar risk of OHSS
has been reported in subsequent meta-analyses [8, 9]. Here we propose that the use of 100 pg
of CA and the subsequent administration of a low dose of rFSH can be a patient friendly proto-
col for predicted excessive responders in ART cycles and would not increase the risk of OHSS.

Both anti-Miillerian hormone (AMH) and the AFC are strong predictors of the ovarian
response of patients undergoing ART cycles with the use of daily rFSH [10-13]. In our previ-
ous study, we found that an AMH level of >3.36 ng/mL was associated with an increased risk
of OHSS [14]. In addition, AMH has been shown to be beneficial in predicting a low or exces-
sive response when using CA in GnRH antagonist protocols [15, 16]. These results suggest
that AMH can be used to predict the ovarian response and consequently to select the CA dose
in a GnRH antagonist protocol for AMH-predicted excessive responders.

An AMH stratification for tailoring the gonadotropin dose was developed for application to
along GnRH agonist protocol and a GnRH antagonist protocol involving daily rFSH adminis-
tration [17]. Furthermore, the AMH approach was used in a randomized controlled study of a
new rESH [18]. However, the AMH approach for the use of CA has rarely been investigated.

The present study investigated the safety and efficacy of applying the AMH approach to
guide the use of CA in a GnRH antagonist protocol, particularly for AMH-predicted excessive
responders (AMH levels > 3.36 ng/mL) with the use of 100ug of CA. In addition, differences
in follicular development and steroid hormone profiles on the day of human chorionic gonad-
otropin (hCG) administration between CA and daily rFSH treatments were examined.

Materials and methods

We conducted this case-control study to investigate the relationship between AMH and the
ovarian responses and pregnancy outcomes of ART cycles with CA treatment. The study pro-
tocol was approved by the Institutional Ethics Review Board of Chung Shan Medical Univer-
sity Hospital (CS12248 and CS2-14033). Patients with infertility were enrolled after a standard
medical workup to determine whether treatment with in vitro fertilization (IVF) or intracyto-
plasmic sperm injection (ICSI) was required. Written informed consent for study participation
was obtained from the patients. The participants were assigned to three treatment doses
according to their serum AMH levels prior to stimulation cycles. We excluded women who
had uterine factor infertility or ovarian cysts, as determined through ultrasound and hysteros-
copy prior to the commencement of a stimulation cycle.

Subsequent to counseling for ART treatment, we selected the GnRH antagonist protocol
with two types of initiated gonadotropin formula, either CA or conventional rFSH. Patients
who were administered CA were considered as the case group, and those who were adminis-
tered daily rFSH were considered as the control group. The initial dose of CA or rFSH was
determined according to the patients’ basal AMH levels (Fig 1).

Protocols for patients with low AMH levels (AMH < 1.0 ng/mL)

The GnRH antagonist (cetrorelix) protocol was performed as described previously [19] with
minor modification. The stimulation process was started with the administration of 300 IU of
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Daily rFSH: hMG 300 IU/day from Day 1, adjusting dose on Day 6, till hCG trigger day
AMH <1.0
ng/mL
CA 150 pg on Day 1, then hMG 300 IU/day on Day 8 till hCG trigger day
Daily rFSH: rFSH 200 IU/day from Day 1, adjusting dose on Day 6, till hCG trigger day
AMH 1.0 -
Basal AMH
3.36 ng/mL BW <60 Kg: CA 100 pg on Day 1, then rFSH 200 IU on Day 8 till hCG trigger day
BW >60 Kg: CA 150 pg on Day 1, then rFSH 200 IU on Day 8 till hCG trigger day
Daily FSH: rFSH 150 1U/day from Day 1, adjusting dose on Day 6, till hCG trigger day
AMH>3.36
ng/mL
CA 100 pg on Day 1, then rFSH 150 IU on Day 8 till hCG trigger day

Fig 1. Protocols of corifollitropin alfa (CA) versus daily gonadotropin [human menopausal gonadotropin (hMG) or
recombinant follicle-stimulating hormone (rFSH)] with the use of GnRH antagonist through anti-Miillerian hormone
(AMH) stratification. The GnRH antagonist was administered on sixth day of stimulation till the day of human chorionic
gonadotropin (hCG) injection.

https://doi.org/10.1371/journal.pone.0206111.g001

human menopausal gonadotropin (hMG, Menopur; Ferring, Saint-Prex, Switzerland) every
day for 5 days. Subsequently, the hMG dose was adjusted according to the ovarian response. In
patients who received long-acting FSH, 150 pg of CA (Elonva; MSD, New Jersey, USA) was
administered irrespective of their body weight. The GnRH antagonist (0.25 mg of cetrorelix;
Cetrotide; Merk Serono, Anbunne, Switzerland) was administered on the sixth day of (MG
stimulation. The ovarian response to this therapy was monitored by measuring serial serum
estradiol (E2) levels and through transvaginal ultrasonography. We stopped rFSH administra-
tion after observing two leading follicles (at least 17 mm in diameter) and then administered
250 pg of hCG (Ovidrel; Merk Serono).

Protocols for patients with moderate AMH levels (1.0 ng/mL < AMH <
3.36 ng/mL)

The stimulation protocol was performed as described previously for patients with low AMH
levels, except that the daily rESH group was administered at 200 IU/day of rFSH (Puregon;
MSD). We administered 100 and 150 pug of CA in women with a body weight of <60 and >60
kg, respectively. The methodology for monitoring ovarian response and criterion for hCG
administration were the same as those used in the protocol for patients with low AMH

levels. After an injection of CA, we injected 200 IU of rFSH daily until the day of hCG
administration.

Protocols for patients with high AMH levels (AMH > 3.36 ng/mL)

The stimulation protocol was performed as described previously for patients with low AMH
levels, except that the daily rFSH group was administered 150 IU/day of rFSH. We adminis-
tered 100 pg of CA to all patients in this group irrespective of their body weight. The method-
ology for monitoring the ovarian response and criterion for the hCG administration were the
same as those used in the protocol for patients with low AMH levels. After the injection of CA,
150 IU of rFSH was injected daily until the day of hCG administration. If the serum E2 level
was >3,600 pg/mL or >20 follicles (>10 mm in diameter) were observed on the day of hCG
trigger, only 3,000 IU of hCG was injected for final oocyte maturation.
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Hormone measurement

The first blood sampling for measuring basal AMH, FSH, LH, and E2 levels was performed on
day 2 to3 of the menstruation cycles prior to ovarian hyperstimulation. The second blood sam-
pling for measuring FSH, LH, and E2 levels was performed on day 2 to3 of the stimulation
cycle prior to gonadotropin or CA injection. The third blood sampling for measuring E2, LH,
and progesterone (P4) levels was performed on the day of hCG administration.

Hormone levels were measured using the same method as that used in our previous study
[20]. Briefly, the serum AMH level was measured in duplicate by using the AMH/MIS ELISA
kit (Immunotech/Beckman Coulter Inc., Marseille Cedex, France).

Serum FSH, LH, E2, and P4 levels were measured using a specific immunometric assay kit
(Access; Beckman Coulter Inc., Fullerton, CA, USA). The minimal detection limit was 20 pg/
mL (73 pmol/L) for E2 and 0.08 ng/mL (0.25 nmol/L) for P4.

Statistical analysis

Various biological parameters related to ART cycles were compared between CA and daily
rFSH treatments by using Student’s t test. The rates of fertilization, ongoing pregnancy and
live birth were compared using the ¥~ test or Fisher’s exact test, as applicable.

Multivariable linear regression was performed to determine the independent effect of indi-
vidual variables, namely age, basal AMH, FSH, LH levels, follicle number, and E2 levels on the
day of hCG injection, on P4 levels. All analyses were performed using the Statistical Package
for Social Sciences (Version 17.0; SPSS, Chicago, IL). A confidence level of P < .05 was consid-
ered significant for comparison purposes.

Results

A total of 381 couples were recruited from December 2014 to May 2015. These participants
were divided into the following three groups according to their AMH levels prior to ovarian
stimulation: low (AMH < 1.0 ng/mL; n = 128), moderate (AMH = 1.0-3.36 ng/mL; n = 133),
and high (AMH > 3.36 ng/mL; n = 120) AMH groups. The baseline data of the patients with
low (n =38 vs. n = 90), moderate (n = 38 vs. n = 95), and high (n = 48 vs. n = 72) AMH levels
who were using CA versus daily rFSH in a GnRH antagonist protocol, respectively, are listed
in Table 1. The age, infertility duration, and baseline hormone profiles (FSH, LH, E2, and
AMH) did not significantly differ between the CA and daily rFSH groups in the patients with
low, moderate, and high AMH levels.

Table 1. Baseline data of patients who were using corifollitropin alfa versus daily recombinant follicle-stimulating hormone (rFSH) and were stratified by low
(<1.0 ng/mL), moderate (1.0-3.36 ng/mL), and high (> 3.36 ng/mL) AMH levels.

AMH levels (ng/mL)

Treatments Daily rFSH
N (cycles) 90

Age (years) 40.1+3.5
Duration of infertility (years) 43434
Body Weight (Kg) 56.5£8.7
BMI (Kg/M?) 22.1+2.9
AMH (ng/ml) 0.53+0.25
FSH (IU/L) 9.6+4.8

LH (IU/L) 5.9+4.3

E2 (pg/ml) 39.7£21.5

https://doi.org/10.1371/journal.pone.0206111.t001

Low (<1.0) Moderate (1.0-3.36) High (>3.36)
Corifollitropin alfa Daily rFSH Corifollitropin alfa Daily rFSH Corifollitropin alfa
38 95 38 72 48
39.9+4.1 38.6+4.1 38.1+3.4 35.0+5.1 33.7+4.4
4.3+3.4 3.4+2.8 3.5+2.9 3.3+3.0 3.0+1.9
56.6+8.4 55.0+7.9 56.8+7.5 55.3+8.3 54.9+6.7
21.7+2.8 21.6+2.9 22.1+3.0 21.9+2.9 21.3%2.7
0.44+0.26 2.01+0.68 2.19+0.60 5.99+2.52 6.41+2.87
8.9+3.8 7.5%3.5 7.3%2.5 6.4+2.4 6.1+2.1
4.6+3.3 4.9+3.7 5.1+3.1 5.6+3.7 5.1+3.7
37.0+£22.2 30.0+20.8 36.4+20.2 29.3+17.3 32.8+19.4
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Table 2. Outcome of ART cycles with the use of corifollitropin alfa and daily recombinant FSH in patients stratified by low (<1.0 ng/mL), moderate
(1.0-3.36 ng /mL), and high (> 3.36 ng/mL) AMH levels.

AMH levels (ng/mL) Low (<1.0) Moderate (1.0-3.36) High (>3.36)
Treatments Daily rFSH Corifollitropin alfa Daily rFSH Corifollitropin alfa Daily rFSH Corifollitropin alfa
N (cycles) 90 38 95 38 72 48

E2 on the day of hCG injection 592+497 644+574 1371+1002 1286+786 2876+1836 2378+1187
(pg/ml)

P4 on the day of hCG injection 0.68+0.39 0.67+0.42 0.85+0.45 0.72+0.38 1.1610.64" 0.93+0.55"
(ng/ml)

Follicle no. 3.7£2.5 4.1£3.2 8.4£5.1 8.91£3.2 19.2+8.5 16.8+5.6
Oocyte no. 2.9£2.6 2.9+34 6.8+4.7 8.3+4.0 16.0£6.6 16.0+6.1
Fertilization rate (%) 74.9+32.9 66.6+39.3 72.3+28.8 71.6+27.1 74.1+19.3 74.6+16.0
Zygote no. 2.1+1.6 2.4+2.6 3.9+3.1 4.5+2.6 10.5+6.5 9.9+5.0
Good embryo rate (Day2, %) 61.9+41.0 75.3+33.9 65.9+34.1 60.9+27.0 58.7+25.3 53.2+33.1
OHSS rate 0 0 0 0 2.8 (2/72) 2.0 (1/49)
Embryo transfer no. 2.1+1.1 2.0£1.0 1.9+0.6 2.1+0.5 1.8+0.5 1.7+0.4
Ongoing pregnancy rate 11.1 (10/90) 10.5 (4/38) 28.4 (27/95) 34.2 (13/38) 44,4 (32/72) 54.2 (26/48)
Live birth rate 8.9 (8/90) 7.9 (3/38) 22.1(21/95) 28.9 (11/38) 34.7 (25/72) 45.8 (22/48)

* P =.044 by Student’s ¢ test

OHSS denotes ovarian hyperstimulation syndrome.

https://doi.org/10.1371/journal.pone.0206111.t002

Table 2 shows the stimulation results of the CA versus daily rFSH protocol. In the patients
with high AMH levels, serum P4 level (0.93 + 0.55 vs. 1.16 * 0.64 ng/mL; P = .044) on the day
of hCG administration were significantly lower in the CA group (n = 48) than in the daily FSH
group (n = 72). However, the incidence of OHSS, number of retrieved oocytes, pregnancy out-
come, and live birth rate did not significantly differ between the CA and daily rFSH groups in
the patients with low, moderate, and high AMH levels.

Linear regression models were used to analyze the association between the baseline serum
AMH level and steroid hormone production after controlling ovarian hyperstimulation. The
results of the multivariable linear regression analysis (enter model) of P4 levels on the day of
hCG administration showed that only serum E2 levels on the day of HCG injection positively
correlated with P4 levels in the daily rFSH treatment group (Table 3). By contrast, we observed
that serum P4 levels on the day of hCG trigger correlated not only positively with E2 levels on
the day of hCG injection but also negatively with basal AMH levels in the CA treatment group
for the patients with high AMH levels (Table 3).

Table 3. Correlation between the progesterone level on the day of human chorionic gonadotropin (hCG) injection and other baseline characteristics in ART cycles
by multivariable linear regression analysis (enter model).

AMH levels Low (<1.0) Moderate (1.0-3.36) High (>3.36)

Regression coefficient | Daily rFSH Corifollitropin alfa | Daily rFSH Corifollitropin alfa | Daily rFSH Corifollitropin alfa
(95% CI)

AMH (ng/ml) -0.171 (-0.483-0.141) | 0.003 (-0.554-0.560) | 0.142 (0.025-0.259)* | -0.113 (-0.303-0.077) | -0.009 (-0.063-0.044) | -0.074 (-0.030- -0.118)"
E2 on hCG day 0.318 (0.159-0.478)° | 0.266 (0.015-0.518)* | 0.227 (0.148-0.350) © | 0.269 (0.125-0.413) ® | 0.211 (0.138-0.285) ¢ | 0.292 (0.186-0.398)
(1000pg/ml)

P <.05

" P < .01,and

P <0.001 by linear regression analysis

https://doi.org/10.1371/journal.pone.0206111.t003
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Discussion

The results of the present study suggested that the serum AMH levels affected follicular devel-
opment and P4 production in the patients with high basal AMH levels receiving CA treatment.
In those patients, high baseline AMH levels were associated with low P4 levels on the day of
hCG injection in the CA but not in the daily rFSH protocol.

Our study results suggest that 150 pug of CA can be used in patients with low AMH levels
regardless of their body weight. The present results are consistent with those reported by Poly-
zos et al. in 2013 [21]. The dose of CA for patients with moderate AMH levels should be set
according to manufacturer’s instructions. Moreover, 100 ug of CA and the subsequent low
dose of rFSH may be suitable for patients with high AMH levels without increasing the risk of
OHSS or reducing the chance of ongoing pregnancy.

In the predicted excessive responders (AMH > 3.36 ng/mL), P4 levels on the day of hCG
administration were significantly lower in the CA group than in the daily rFSH group. These
results are similar to those of a study that reported that in patients with excessive responses (>18
oocytes), P4 levels were lower in a CA group than in a daily rFSH group [22]. These findings sug-
gest that follicular development and ovarian steroid hormone production can differ between CA
and daily rFSH stimulation for patients with high AMH levels or a high oocyte yield.

The results of multivariable linear regression analysis indicated that high AMH levels were
associated with low P4 levels after adjusting with the E2 levels in the CA group but not in the
daily rFSH group for the patients with high AMH levels. A pharmacodynamic study of CA
reported a rapid rise and a gradual fall of FSH activity after one injection of CA [1]. The
dynamic change in FSH activity is similar to the “stepdown” of daily rFSH administration, and
granulosa cells in small or poor-quality follicles might undergo apoptosis or atresia in such a
condition. Consequently, the number of follicles producing P4 might have been lower in the
CA group than in the daily rFSH group. Nonetheless, such a phenomenon was evident only in
the group with the highest AMH level.

A study on daily rFSH treatment with a long GnRH agonist protocol reported a negative
correlation between the baseline AMH levels and the follicular output rate (the ratio of follicles
on the day of hCG injection to small antral follicles on day 3) [23], confirming the hypothesis
that AMH inhibits sensitivity to the exogenous rFSH stimulation of ovarian follicles [23]. With
a further increase in the AMH levels, the inhibition of FSH activity becomes more prominent
and may cause anovulation in women, especially in those with polycystic ovary syndrome
(PCOS) [24]. One injection of CA provides adequate FSH bioactivity to overcome the inhibi-
tion induced by a high AMH level, and the subsequent stepdown of FSH bioactivity enables
selective development among the cohort of follicles. Therefore, P4 production in the CA group
was negatively correlated with basal AMH levels.

The risk of OHSS was reported to be higher in patients with high AFC or AMH levels in
both CA [25] and daily rFSH groups receiving a GnRH antagonist protocol. In this prospective
study, only one participant receiving CA treatment (1/48; 2.1%) and two participants receiving
daily rFSH treatment (2/72; 2.8%) developed OHSS in the high AMH group. The incidence of
OHSS in this study is similar to that (6-9%) reported in a recent meta-analysis of a GnRH
antagonist protocol [26]. Furthermore, the CA protocol may be combined with GnRH agonist
trigger and the freeze all policy for patients with PCOS to completely prevent OHSS [27].

A high response in daily rFSH or CA treatment with the use of a GnRH antagonist did not
reduce the chance of pregnancy [22]. By contrast, a high P4 level on the day of hCG injection
has been associated with a low pregnancy rate [28-31]. We propose that the use of 100 pg of
CA in patients with high AMH levels may be associated with a higher live birth rate because of
the presence of a low P4 level on the day of hCG trigger.
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The limitation of the present study is its pilot scale with a small sample size and a non-ran-
domized design. According to the present results for live birth rates in the patients with AMH
levels of > 3.36 ng/mL (45.8% vs 34.7%, Table 2), a randomized clinical trial should be con-
ducted with a larger sample size (n = 306 for CA treatment and n = 306 for daily rFSH group)
of patients with high AMH levels to prove the beneficial effects of CA treatment.

In recent years, freeze-all policy has been frequently used for excessive responders to pre-
vent OHSS after the report of a randomized clinical trial conducted in patients with PCOS
[32]. We could not collect adequate number of cycles performed with fresh embryo transfer to
prove this concept. Nonetheless, the results of the present study may be applicable to patients
requiring fresh embryo transfer due to limitation of time, patients with extremely high AMH
levels and inadequate responses to 150-300 IU of daily rFSH, and patients with PCOS patients
receiving GnRH agonist trigger [27].

In conclusion, the baseline AMH levels may affect follicular development and P4 produc-
tion in ART cycles using CA in patients with an AMH level of > 3.36 ng/mL. For such AMH-
predicted excessive responders, the use of 100 ug of CA is associated with a lower P4 level com-
pared with the use of daily rFSH in ART cycles. Theoretically, such low P4 levels may be bene-
ficial for endometrial receptivity, pregnancy, and live birth rates in patients with high AMH
levels. The risk of OHSS is comparable between daily rFSH and CA treatment for such AMH-
predicted excessive responders.

Supporting information

S1 Dataset. The anonymized data in the present study.
(XLSX)
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