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Objective: To identify whether women with poor ovarian response may benefit from treatment with corifollitropin alfa in a GnRH an-
tagonist protocol.
Design: Retrospective pilot study.
Setting: University-based tertiary care center.
Patient(s): Poor ovarian responders fulfilling the Bologna criteria developed by European Society for Human Reproduction and Em-
bryology Consensus Group.
Intervention(s): Corifollitropin alfa (150 mg) followed by 300 IU rFSH in a GnRH antagonist protocol.
Main Outcome Measure(s): Endocrinologic profile and ongoing pregnancy rates.
Result(s): Among 43 women treated with corifollitropin alfa, mean E2 levels showed an increasing pattern during the follicular phase,
reaching 825 ng/L on the day of hCG administration, whereas FSH values showed a marked increase during the first 5 days, reaching
a mean value of 35 IU/L and remaining above 20 IU/L during the late follicular phase. Cycle cancellation rate was 32.6% and embryo
transfer rate 53.3%. Five patients (11.7%) had a positive hCG test and three (7%) had an ongoing pregnancy. Ongoing pregnancy rates
were 11.1% per oocyte retrieval and 13% per embryo transfer. Ongoing pregnancy rates per patient did not significantly differ compared
with a cohort of patients treated during 2011 with the standard protocol for poor responders in our center (short agonist-hMG) (7% vs.
6.3%).
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Conclusion(s): Treatment of poor ovarian responders, as described by the Bologna criteria,
with corifollitropin alfa in a GnRH antagonist protocol results in low pregnancy rates, similarly
to conventional stimulation with a short agonist protocol. (Fertil Steril� 2013;99:422–6.�2013
by American Society for Reproductive Medicine.)
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T reatment of the poor-responder
patients has been the main ob-
jective of several randomized

trials over the past 20 years. More
Received May 10, 2012; revised September 25, 2012;
October 16, 2012.

N.P.P. has nothing to disclose. M.D.V. has nothing t
nothing to disclose. C.O.-H. has nothing to disclo
to disclose.

The Center for Reproductive Medicine receives rese
Pharmaceuticals, Merck Serono, and Merck Sha

Reprint requests: Nikolaos P. Polyzos, M.D., Ph.D., C
101, 1090 Brussel, Belgium (E-mail: nikolaos.po

Fertility and Sterility® Vol. 99, No. 2, February 2013
Copyright ©2013 American Society for Reproductive
http://dx.doi.org/10.1016/j.fertnstert.2012.09.043

422
than 40 randomized trials have been
published examining different treat-
ment regimens to increase ovarian
response and achieve acceptable preg-
accepted September 27, 2012; published online

o disclose. P.H. has nothing to disclose. D.S. has
se. P.D. has nothing to disclose. H.T. has nothing

arch grants unrelated to this study from Ferring
rp and Dohme Corporation.
enter for Reproductive Medicine, Laarbeeklaan
lyzos@uzbrussel.be).

0015-0282/$36.00
Medicine, Published by Elsevier Inc.
nancy rates in these women (1). How-
ever, despite the flourishing literature
regarding the management of these
patients, none of the available treat-
ment modalities has been universally
adopted as a standard of medical
care practice. Although investigators
may argue that this is due to the fact
that no uniform definition has been
applied to this group of women, the
European Society for Human Repro-
duction and Embryology (ESHRE)
Consensus Group recently developed
a new definition that might help to
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describe a more uniform group of patients to be used in fu-
ture clinical trials (2). However, despite this progress, the
available evidence regarding treatment plans for these pa-
tients is fragmented and weak, and it is unlikely that current
therapeutic options may offer a significant benefit (3).
Therefore, the identification of new treatment modalities
for these women appears to be crucial.

One of the most recently introduced therapeutic mole-
cules for controlled ovarian stimulation is corifollitropin
alfa, a new chimeric recombinant molecule composed of
FSH and the carboxy-terminal peptide of hCG (4). This new
molecule could have a potential benefit in poor ovarian
responders mainly owing to its pharmacokinetic profile.
Although the major advantage of corifollitropin alfa is its
long elimination half-life of 68 h (5), during which it may
induce and sustain multifollicular growth for an entire week
(6), a key aspect of the pharmacokinetics of the molecule is
the short time to reach its peak serum concentration (tmax).
Corifollitropin alfa reaches maximum concentrations (Cmax)
25–45 h after injection (7), a time interval that is significantly
shorter compared with treatment with rFSH, in which the
maximum serum concentration of rFSH is reached after 5
days of stimulation (5). Taking into account the diverse phar-
macokinetic profile of corifollitropin alfa, a key question is
whether this short time to peak FSH concentration could ben-
efit the poor-ovarian-responder patient.

The rationale behind our inquiry is the fact that
a rapid increase in the serum FSH concentration would re-
sult in a significantly higher exposure of the small antral
follicles to constant high levels of FSH during the early
follicular phase, securing not only the recruitment of
the follicles, but also their continued growth. This would
lead to a significantly higher number of follicles after
stimulation compared with conventional gonadotrophin
preparations.

Based on this theory, we decided to examine whether cor-
ifollitropin alfa may constitute a reasonable option for
women with impaired ovarian response. Therefore, we retro-
spectively examined the files of patients with poor ovarian re-
sponse treated with corifollitropin alfa in the antagonist
setting to examine the efficacy of this new drug in this sub-
group of patients.

METHODS
An Institutional Review Board approval was obtained for the
current study (BUN 143201213488). Each of the patients had
given written authorization at the time of treatment for the
future use of their clinical data.
Eligibility Criteria

Eligible patients were poor ovarian responders according to
the Bologna criteria (2). Eligible women should fulfill at least
two of the three following criteria: 1) advanced maternal age
(R40 years) or any other risk factor for poor ovarian re-
sponse; 2) poor ovarian response (%3 oocytes with a conven-
tional stimulation protocol); 3) abnormal ovarian reserve test
(antral follicle count [AFC] <7 or antim€ullerian hormone
[AMH] <1.1 ng/mL).
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Treatment Protocol

Poor ovarian responders treated with corifollitropin alfa in
a GnRH antagonist protocol in our unit during the 5-month
period of May to September 2011were included in the study
group. Patients' files were retrospectively reviewed to exam-
ine hormonal profiles, response to stimulation, and reproduc-
tive outcome.

The stimulation consisted of a single dose of 150 mg cor-
ifollitropin alfa administered on day 2 of the treatment cycle.
Five days later (day 7 of the cycle or day 5 of the stimulation),
administration of a GnRH antagonist at a daily dosage of 0.25
was initiated until the day of oocyte retrieval. On day 9 of the
cycle or day 7 of the stimulation, a fixed daily dose of 300 IU
rFSH was administered until the day before oocyte retrieval.
To induce final oocyte maturation, 10,000 IU hCG was given
as soon as two or three follicles >17 mm were present on ul-
trasound scan. Oocytes were retrieved after 36 hours, followed
by intracytoplasmic sperm injection. All embryos were trans-
ferred on day 3.

In case of monofollicular development, rescue intrauter-
ine insemination was performed, whereas in cases with no
follicular development, the treatment cycle was cancelled.

Comparative Cohort of Patients Treated with
a Short GnRH Agonist Protocol

A historical group of 64 patients who fulfilled the Bologna
criteria and were treated with the short GnRH agonist
(GnRHa) protocol with hMG with a starting dose of 300–
450 IU were selected to serve as a comparative cohort. Owing
to the fact that the most common protocol for treating poor
ovarian responders in our unit is the short GnRHa protocol
followed by hMG, we retrospectively reviewed the files of
all patients treated in 2011 with this specific protocol. Pa-
tients' files were scrutinized and women who fulfilled the Bo-
logna criteria for poor ovarian response were considered to be
eligible. All eligible patients were treated with a GnRHa initi-
ated on day 1 of the menstrual cycle, followed by subcutane-
ous injections of hMG from day 2 of the cycle with a starting
dose of 300–450 IU/d.

Statistical Analysis

Continuous outcomes were compared with independent t test
or Mann-Whitney U test and percentages with chi-square or
Fisher exact test as appropriate, with a level of significance
of .05.

RESULTS
Patient Characteristics

Among 45 potentially eligible patients in the corifollitropin
alfa group, two women were excluded from the final analysis:
One did not fulfil the Bologna criteria and another received
a lower rFSH dose after corifollitropin (200 IU instead of
300 IU).

All 64 patients in the comparative cohort group were
treated with the short GnRHa protocol with hMG with a start-
ing dose of 300–450 IU.

Patients' baseline characteristics are presented in Table 1.
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TABLE 1

Baseline characteristics and outcomes in treatment and
comparative cohort groups.

Corifollitropin
alfa

Short GnRH
agonist

Patient characteristics
No. of patients 43 64
Age (y), mean (SD) 37.9 (4.2) 39.1 (4.1)
BMI (kg/m2), mean (SD) 23.6 (4.4) 25.6 (6.0)

Stimulation characteristics, mean (SD)
Stimulation days 9.6 (2.3) 9.0 (2.9)
Days of additional rFSH 3.78 (2.4) NA
Stimulation units of rFSH 1,133 (722) NA

Ovarian response
Cycles with oocyte retrieval, n (%) 27 (62.8) 45 (70)
Mean no. of oocytes,*

mean (SD)
3.48 (1.2) 3.37 (2.3)

Cycles cancelled, n (%) 14 (32.6) 18 (28.1)
Cycles with embryo transfer, n (%) 23 (53.5) 34 (53.1)

Reproductive outcome, %
Positive hCG/started cycle 11.7 10.9
Positive hCG/OPU 18.5 15.6
Positive hCG/ET 21.7 20.6
Ongoing pregnancy/started cycle 7 6.3
Ongoing pregnancy/OPU 11.1 9
Ongoing pregnancy/ET 13 12

Note: BMI ¼ body mass index; ET ¼ embryo transfer; OPU ¼ oocyte pickup; NA ¼
nonapplicable.
* Mean number refers only to patients with oocyte retrieval.

Polyzos. Corifollitropin alfa for poor ovarian responders. Fertil Steril 2013.
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Treatment with Corifollitropin Alfa

Endocrine profile. The hormonal profile during the ovarian
stimulation period is described in Figure 1. As shown, it ap-
pears that the mean E2 levels followed an increasing pattern
during the follicular phase until the day of oocyte retrieval,
with a mean E2 value of 825 ng/L on the day of hCG
administration.

FSH values showed a marked increase during the first 5
days of stimulation (cycle day 7), reaching a mean value of
35 IU/L on the day of GnRH antagonist administration. De-
spite a small drop of FSH levels on day 7 of stimulation
(day of initiation of rFSH), to a mean value of 23 IU/L, the se-
rum FSH levels remained above 20 IU during the late follicular
phase and until ovulation triggering.

Ovarian response and embryo transfer. Data regarding re-
sponses to stimulation are presented in Table 1. Fourteen pa-
tients (32.6%) had a cycle cancellation due to either lack of
follicular development or monofollicular recruitment. At least
one oocyte was retrieved in 27 patients (62.8%), yielding
a mean (SD) of 3.48 (1.2) oocytes retrieved. The mean (SD)
number of stimulation days was 9.6 (2.3) in the whole popu-
lation and 10.4 (2.2) in patients having at least one oocyte re-
trieved during oocyte pick-up (OPU). The mean number of
stimulation days was 10.78 (2.4). The majority of the patients
reaching oocyte retrieval needed additional rFSH, with 24 pa-
tients (89%) needing at least one additional day of rFSH. The
mean number of days of additional rFSH was 3.78 (2.4), and
the mean additional rFSH dose after administration of corifol-
litropin alfa was 1,133 (722) IU.

Twenty-three patients had at least one embryo available
for transfer, leading to a cumulative transfer rate of 53.5%
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and a mean number of embryos transferred of 1.74 (0.81).
Four patients (9.3%) had one or more embryos cryopreserved.

Reproductive outcome. As shown in Table 1, five patients
had a positive serum hCG 14 days after ET, yielding a positive
hCG rate of 11.7% per started cycle, 18.5% per oocyte re-
trieval and 21.7%per embryo transfer. Two patients had a bio-
chemical pregnancy resulting in an ongoing pregnancy rate
of 7% per started cycle, 11.1% per oocyte retrieval and 13%
per embryo transfer.

Pregnancies occurred in patients both <40 years old (2/
23) and R40 years old (1/20). All of the three women that
had an ongoing pregnancy after treatment with corifollitro-
pin alfa had a previous treatment cycle with fewer than
four oocytes retrieved and an AMH value of <1.1 ng/L,
whereas two out of three had an AFC of <7.

No multiple pregnancies occurred, and none of the pa-
tients reported any adverse effect linked to treatment with
corifollitropin alfa.
Comparison with the Cohort Treated with a Short
GnRHa Protocol

Comparison of the outcomes in the study group with the co-
hort of patients treated with a short GnRHa protocol shows
that outcomes were similar in both groups (Table 1).

Cancellation rates in the control group were similar to
those of the corifollitropin alfa group (70% vs. 63%;
P¼ .42), and no significant difference was observed in oocyte
retrieval rates (28% vs. 33%; P¼ .62) or embryo transfer rates
(53% vs. 54%; P¼ .97). Finally, ongoing pregnancy rates per
patient were consistently low in both groups, with only four
pregnancies among the 64 women (6.3%) in the control group
and three among the 43 women (7%) in the corifolitropin al-
pha group (P¼ .74).
DISCUSSION
This study is the first to examine the effect of corifollitropin
alfa in poor-ovarian-responder patients selected according
to the Bologna criteria. According to our results it appears
that, although corifollitropin alfa induces a hormonal re-
sponse that may be considered satisfactory, the number of
cancelled cycles remains high and the cumulative transfer
and ongoing pregnancy rates are low in this group of
patients.

Despite the fact that pregnancy rates observed in this co-
hort of patients were low, it appears that corifollitropin alfa
successfully augmented E2 levels and resulted in an acute
rise of serum FSH levels, as initially hypothesized. This low
pregnancy rate, despite the sharp increase in serum FSH levels
achieved following treatment with corifollitropin alfa, should
definitely raise concerns regarding the anticipated ovarian re-
sponse and the reproductive potential of ‘‘Bologna poor re-
sponders.’’ Although earlier studies claimed a benefit of
other stimulation protocols in women with poor ovarian re-
sponse (8, 9), none of those studies adopted the latest
ESHRE definition for poor ovarian responders (2) as an
inclusion criterion. Therefore, it is still unclear whether the
low ongoing pregnancy rate in the present study should be
VOL. 99 NO. 2 / FEBRUARY 2013



FIGURE 1

Endocrinologic profiles during the follicular phase of patients treated with corifollitropin alfa.
Polyzos. Corifollitropin alfa for poor ovarian responders. Fertil Steril 2013.
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interpreted as a negative outcome or as a satisfactory
outcome in this very poor prognosis population.

Corifollitropin alfa has been shown to be highly effective
in normal ovarian responders, with the number of oocytes re-
trieved being significantly higher compared with rFSH and
with similar pregnancy rates (10). The crucial question, how-
ever, is how poor the prognosis is for patients selected accord-
ing to this new ESHRE definition. Data from our center show
that among poor ovarian responders who fulfill the Bologna
criteria, natural-cycle IVFmay result in a cumulative ongoing
pregnancy rate per patient of 7.4% after five consecutive cy-
cles (11). Taking this into account, it appears that one cycle
with corifollitropin alfa results in an ongoing pregnancy
rate similar to that of five consecutive natural IVF cycles.
This outcome can by no means be considered disappointing,
but on the contrary is rather promising in view of the ex-
tremely poor prognosis of this patient subgroup. However,
compared with a historical control group of ‘‘Bologna poor re-
sponders’’ treated with a short GnRHa protocol, it appears that
VOL. 99 NO. 2 / FEBRUARY 2013
corifollitropin alfa, in the current protocol, did not at all in-
crease pregnancy rates.

A major strength of the present study is that it is the first
trial to include a group of consecutive patients who were
poor responders according to the recently developed Bolo-
gna criteria (2). Furthermore, it is the first study to examine
the effect of corifollitropin alfa in women exhibiting poor
ovarian response. However, one has to acknowledge that
the present study was an observational pilot study, aiming
to identify the level of response among these patients and
to provide insight into the actual potential of this new treat-
ment modality for poor ovarian responders. In addition, al-
though a historical group of women treated with a short
GnRHa protocol was selected as a comparative cohort, the
lack of randomization and the retrospective design of the
study prevent us from drawing firm conclusions regarding
the effect of corifollitropin alfa compared with other stimu-
lation protocols in poor ovarian responders as described by
the new ESHRE definition.
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Future implications derived from our study should
focus on two different directions. First, one should consider
that although corifollitropin alfa performed modestly in
poor ovarian responders when administered in a GnRH
antagonist setting, hypothetically a better performance
might be found in a GnRHa setting. Earlier randomized
trials in poor ovarian responder patients have shown that
the long GnRHa protocol results in a significantly higher
response and higher pregnancy rates compared with the
GnRH antagonist protocol (12), whereas in normal re-
sponders, corifollitropin alfa in a GnRHa protocol resulted
in a higher number of oocytes retrieved (13). Therefore, it
would be of interest to examine the effect of corifollitropin
alfa in a long GnRHa protocol in women with poor ovarian
response.

In addition, in the present trial, the stimulation after cycle
day 9 was performed with 300 IU rFSH. Although rFSH versus
hMG did not show any difference in the GnRH antagonist set-
ting (14), a previous report has shown that the addition of
hMG to FSH may improve embryo quality and result in an in-
crease in pregnancy rates (15). Consequently, future trials
need to examine whether cotreatment with hMG from day 9
after treatment with corifollitropin alfa in a GnRH antagonist
cycle results in a higher pregnancy rate.

A second direction for future research is the evaluation
of the reproductive potential of Bologna criteria patients.
The Bologna criteria, though appearing to be operational,
may refer to women having a very limited benefit of ovar-
ian stimulation. The present study and an earlier study
from our group (11) highlight the fact that the pregnancy
rates among Bologna poor responders are very low with
either intense stimulation or natural-cycle IVF. Conse-
quently, given that currently no prospective trial has
enrolled poor ovarian responders based on the new criteria,
future trials testing other treatment modalities in these
women should be performed. This may further clarify
whether the Bologna criteria actually refer to patients
who would benefit from oocyte donation rather than con-
trolled ovarian stimulation.

In conclusion, the present study represents the first to
assess the effect of corifollitropin alfa in poor ovarian
responders and the first study examining the effect of an
ovarian stimulation protocol in poor responders as described
by the Bologna criteria. Corifollitropin alfa in a GnRH antag-
onist setting does not appear to significantly increase preg-
nancy rates; however, pregnancy rates in this subgroup of
women are also low after treatment with a short GnRHa pro-
tocol. Future trials are needed to determine the reproductive
potential of the ‘‘Bologna-criteria poor ovarian responders’’
and to investigate the effect of corifollitropin alfa in a GnRHa
setting.
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