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Objective: To compare the Follicular Output Rate (FORT) between corifollitropin alfa (CFA) and
recombinant follicle-stimulating hormone (rFSH) during controlled ovarian stimulation (COS).
Study design: This retrospective analysis compared FORT between women treated with CFA or rFSH from
three clinical trials: ENGAGE (N = 1476; ages 18-36, >60 kg), ENSURE (N =395; ages 18-36, <60 kg), and
PURSUE (N = 1388; ages 35-42, >50 kg). Women underwent COS in a GnRH antagonist protocol followed
by hCG trigger prior to IVE. Antral follicle count (AFC; <11 mm) and pre-ovulatory follicle count (>15 mm)
were used for FORT, defined as [pre-ovulatory follicles/AFCx100].
Results: For CFA and rFSH, respectively, mean FORT (adjusted for trial and age) was 85.0 versus 76.8
(p<0.001) in the combined cohort, 86.0 versus 75.0 in ENGAGE (p < 0.001), 96.2 versus 79.2 in ENSURE
(p=0.070), and 74.1 versus 71.2 in PURSUE (p = 0.180); mean oocyte output (oocytes retrieved/AFCx100,
adjusted for age) was 121.9 versus 107.3 in ENGAGE (p =0.001), 133.5 versus 102.3 in ENSURE (p < 0.001),
and 100.6 versus 98.1 in PURSUE (p = 0.463). FORT and oocyte output were consistent with the number of
metaphase Il oocytes retrieved for CFA and rFSH: 10.4 versus 8.8 in ENGAGE (p < 0.001),10.3 versus 7.6 in
ENSURE (p <0.001), and 7.5 versus 7.2 in PURSUE (p=0.37). No differences in pregnancy rates based on
FORT were observed.
Conclusions: FORT was significantly higher in CFA-stimulated cycles and accurately predicted oocyte
output. No association of FORT with pregnancy likelihood was found.

© 2018 Elsevier B.V. All rights reserved.

Introduction

Corifollitropin alfa (registered and marketed as Elonva®) is a
recombinant protein composed of the carboxy terminal peptide of

The Follicular Output Rate (FORT) is defined as the number of
pre-ovulatory follicles in response to follicle-stimulating hormone
(FSH) administration, divided by the pre-existing antral follicle
count (AFC) [1]. The responsiveness of antral follicles to FSH may
predict their reproductive competence, such that patients with a
larger proportion of FSH-responsive antral follicles may be more
likely to become pregnant after assisted reproductive technologies
(ART) [2]. Furthermore, FORT may be a more accurate and
immediate measure of the efficacy of ovarian stimulation than
oocyte number retrieved [1,2].
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the human chorionic gonadotropin (hCG) g-subunit fused to the p
chain of human FSH [3]. Similar to recombinant FSH (rFSH),
corifollitropin alfa interacts only with the FSH receptor and lacks
luteinizing hormone (LH) activity but has a ~2-fold longer
elimination half-life (t;;;) and a ~4-fold longer time interval
(tmax) to peak serum levels (Cpnax) [4]. Due to its unique
pharmacokinetic profile, corifollitropin alfa can function as a
sustained follicle stimulant with a similar pharmacodynamic
profile as rFSH, but with the ability to initiate and sustain multi-
follicular growth during the first 7 days of ovarian stimulation [5].
Consequently, a single dose of corifollitropin alfa can replace the
first seven injections of any daily FSH preparation in an ovarian
stimulation treatment cycle prior to in vitro fertilization (IVF) [5].

The objective of this analysis was to evaluate whether FORT
differs between daily rFSH versus single-dose corifollitropin alfa
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during controlled ovarian stimulation in a gonadotropin-releasing
hormone (GnRH) antagonist IVF protocol.

Materials and methods
Participants

This was a retrospective analysis of data from women from the
three seminal, randomized controlled trials of corifollitropin alfa
(Table 1): ENGAGE (NCT00696800) [6], ENSURE (NCT00702845)
[7] and PURSUE (NCT01144416) [8]. Complete details of the
treatment regimens for each trial have been published elsewhere
[6-8]. In ENGAGE, women aged 18-36 years with a body weight
>60 kg were randomized to 150 pg corifollitropin alfa (n=756) or
200 IU rFSH (n=750) [6]. In ENSURE, women aged 18-36 years
with lower body weight (<60kg) were randomized to 100 g
corifollitropin alfa (n=268) or 150 IU rFSH (n=128) [7]. In PURSUE,
older women (aged 35-42 years) with a body weight >50 kg were
randomized to 150 g corifollitropin alfa (n=694) or 300 IU rFSH
(n=696) [8]. All women underwent controlled ovarian stimulation
in a GnRH antagonist protocol followed by hCG trigger prior to IVF/
intracytoplasmic sperm injection (ICSI) [6-8]. A single subcutane-
ous injection of corifollitropin alfa or matching placebo was
administered on menstrual day 2 or 3. To conceal treatment
allocation, daily subcutaneous injections of rFSH or matching
placebo began on the same day and continued through the first 7
days of stimulation. From stimulation day 8 onwards, treatment
continued in both groups with a daily subcutaneous dose of rFSH
up to and including the day of hCG administration. Ganirelix
(0.25 mg) was administered subcutaneously once daily starting on
stimulation day 5 up to and including the day of hCG administra-
tion. Luteal phase support with progesterone (at least 600 mg/day
vaginally or at least 50 mg/day intramuscularly) was started on the
day of oocyte retrieval and continued for at least 6 weeks or up to
menses.

Before the start of ovarian stimulation, ultrasound assessments
were performed to measure and count visible follicles. Patients
returned to the clinic for ultrasound assessments (days 5 and 8 in
ENGAGE; days 1, 3, 5 and 8 in ENSURE; and day 5 in PURSUE), and
then daily up to and including the day of hCG administration.
Embryo quality was evaluated for all available embryos on day 3 of
culture by the local embryologist using a protocol-defined
guideline based on the following parameters: number of blasto-
meres, degree of fragmentation, blastomere size uniformity and
presence or absence of multinucleation. Embryos graded as grade 1
(6-10 cells, no fragmentation and equal blastomere size) or grade 2
(allowing up to 20% fragmentation) were qualified as good quality
embryos. The quality of embryos continued in culture after day 3
was reassessed on the day of transfer or freezing using grading
criteria appropriate for the stage of embryo culture. At embryo
transfer, 3 or 5 days after oocyte retrieval, one or two embryos were
to be transferred.

All three trials were conducted in accordance with principles
of Good Clinical Practice and were approved by the appropriate
institutional review boards. All procedures performed in human
participants were in accordance with the ethical standards of
the institutional and/or national research committee and with

Table 1
Randomized controlled trials included in the analysis.

the 1964 Helsinki declaration and its later amendments or
comparable ethical standards. Written informed consent was
provided by all participants before any study procedures were
performed.

FORT analysis

The FORT was defined as the number of pre-ovulatory follicles
(>15mm) in response to ovarian stimulation divided by the pre-
treatment AFC (number follicles <11 mm) multiplied by 100. FORT
was calculated for each treatment group (corifollitropin alfa and
rFSH) by study (Fig. 1). Women were stratified into low (<30%),
middle (30%-70%), and high (>70%) FORT groups, and demographic
parameters as well as clinical outcome parameters were compared
between FORT groups. Next, the mean FORT was compared
between treatments (rFSH versus corifollitropin alfa).

Statistical analysis

Subject characteristics were summarized by FORT groups as
means and standard deviations, with the p-value for the difference
between groups obtained from analysis of variance (ANOVA). For
continuous variables, the estimated difference between the two
treatment groups and associated p-value were calculated using
ANOVA, adjusted for age and center. For the binary outcome of
ongoing pregnancy, the treatment groups were compared with a
generalized linear model adjusted for age and center. Models were
run separately by study and FORT group (low, middle, high).

Results

Baseline demographic characteristics and stimulation data for
the patient population in the low, middle, and high FORT groups
are shown in Table 2.

FORT was higher with corifollitropin alfa compared with rFSH
(Table 3). Increases in FORT and oocyte output with corifollitropin
alfa compared with rFSH were observed in the younger cohorts of
women from ENGAGE and ENSURE, but not in the older cohort of
women from PURSUE (Table 3). FORT and oocyte output were
consistent with the number of metaphase Il oocytes retrieved in
both treatment groups (Table 3).

No significant between-treatment group differences in ongoing
pregnancy rates based on FORT were observed in the overall
population or within each study. In the total population, the
ongoing pregnancy rates were 31.1% in the low FORT group, 31.6%
in the middle FORT group, and 31.1% in the high FORT group. The
ongoing pregnancy rates (from only fresh embryo transfers) based
on FORT group for corifollitropin alfa compared to rFSH for each
study are shown in Table 4.

Comment

The ENGAGE, ENSURE and PURSUE randomized, controlled
clinical trials conducted in women undergoing controlled ovarian
stimulation using a GnRH antagonist protocol demonstrated that
a single injection of corifollitropin alfa for the first 7 days of
ovarian stimulation was equivalent or non-inferior to daily

Study N Population CFA single dose (n) rFSH daily dose (n)

ENGAGE [6] 1476 age 18-36; weight >60kg 150 wg CFA (n=741) 200 IU rFSH (n=735)
ENSURE [7] 395 age 18-36; weight <60kg 100 g CFA (n=268) 150 IU rFSH (n=127)
PURSUE [8] 1388 age 35-42; weight >50 kg 150 g CFA (n=692) 300 IU rFSH (n=696)

CFA, corifollitropin alfa; rFSH, recombinant follicle-stimulation hormone.
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CFA, corifollitropin alfa; rFSH, recombinant follicle-stimulation hormone; IVF, in vitro fertilization; ICSI, intracytoplasmic sperm injection; GnRH, gonadotropin-releasing
hormone; hCG, human chorionic gonadotropin; rhCG, recombinant hCG; AFC, antral follicle count; PFC, pre-ovulatory follicle count.

Table 2
Patient characteristics and controlled ovarian stimulation data in the low, middle and high FORT groups in all treatment groups combined.
Low FORT (<30%) (n=2899) Middle FORT (30-70%) (n=1273) High FORT (>70%) (n=976) p-value

Age, years 344 (41) 34.3 (4.4) 34.0 (4.4) 0.090
Body mass index at screening 24.3 (3.3) 244 (3.4) 243 (3.3) 0.646
FSH on Stimulation Day 1, mIU/mL 74 (2.4) 6.9 (2.1) 6.6 (1.8) <.001
Estradiol on Stimulation Day 1, pmol/L 142.4 (56.0) 136.0 (44.0) 133.5 (43.1) <.001
Estradiol on Day 5, pmol/L 1426.4 (960.5) 1724.2 (1149.0) 1862.6 (1165.4) <.001
Follicles <11 mm 13.0 (4.2) 12.1 (3.9) 9.8 (4.0) <.001
Estradiol on Day of hCG, pmol/L 4198.9 (2640.8) 5679.7 (3283.3) 6466.7 (3605.6) <.001
Progesterone on Day of hCG, nmol/L 3.1 (2.0) 34 (1.6) 4.1 (8.8) <.001
Follicles >15mm 52(21) 8.2 (2.9) 115 (4.8) <.001
FORT, n 39.8 (9.8) 68.2 (10.4) 127.2 (63.3) <.001

FORT, Follicular Output Rate.
“Results for all values are displayed as mean value (+ standard deviation [SD]).

injections of rFSH regarding the number of oocytes retrieved,
embryo quality, vital pregnancy rates, ongoing pregnancy rates,
and live-birth rates [4-6]. The present retrospective analysis used
data from these three clinical trials to compare FORT values
between corifollitropin alfa and rFSH stimulation and to test if
FORT and pregnancy outcome are associated. The results
demonstrate that FORT was significantly higher in corifollitropin
alfa-stimulated cycles compared to rFSH-stimulated cycles. In
addition, FORT accurately predicted oocyte output and the
number of metaphase II oocytes. Corifollitropin alfa elicited the
growth of more pre-ovulatory follicles from the existing AFC
compared with rFSH.

The association between oocyte output and antral follicles that
effectively respond to FSH suggests that FORT may be a qualitative
indicator of differences in ovarian response and oocyte compe-
tence based on the type of gonadotropin used during controlled
ovarian stimulation. However, no significant between-treatment
group differences in ongoing pregnancy rates based on FORT were
observed in any study, despite previously published data [2] that

suggest an association between FORT and pregnancy likelihood.
This finding may be associated with study design limitations, as
only pregnancy outcomes from fresh embryo transfers were
analyzed in this study. In addition to analyzing data based on
cumulative pregnancy rates allowing for subsequent cycles with
frozen embryos, a larger study sample may be necessary to discern
clinically meaningful differences in pregnancy outcomes based on
FORT. Additional limitations of the present analysis include its
retrospective design, and that measurement of antral follicles by
transvaginal ultrasound was not standardized across study centers
or observers.

In conclusion, FORT was significantly higher in corifollitropin
alfa-stimulated cycles compared to rFSH-stimulated cycles and
accurately predicted oocyte output and metaphase Il oocyte
number; however, no association of FORT with pregnancy
likelihood could be found. Additional research based on a larger
study sample that includes cumulative pregnancy rates may be
needed in order to discern clinically meaningful differences in
pregnancy outcomes based on FORT.
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Table 3
FORT and Oocyte Recovery by Trial and Treatment.

Treatment Difference

CFA rFSH CFA-rFSH Between-treatment p-value
FORT (%)
Overall 83.8 (2.6) 75.8 (2.7) 8.02 <.0001
ENGAGE 86.5 (4.5) 75.6 (4.4) 10.91 <.0001
ENSURE 93.4 (8.9) 76.9 (11.2) 16.57 0.0033
PURSUE 74.6 (3.1) 71.7 (3.2) 2.98 0.1465
Oocyte Output
No. of COC recovered/AFC
Overall 117 (4.1) 105 (4.3) 115 <.0001
ENGAGE 123 (7.7) 106 (7.5) 17.52 <.0001
ENSURE 120 (12.8) 90.1 (16) 29.48 0.0003
PURSUE 106 (5) 104 (5) 149 0.6467
No. of metaphase I oocytes
Overall 1(0.1) 0.87 (0.1) 0.18 0.0045
ENGAGE 1(0.2) 0.77 (0.2) 0.26 0.0023
ENSURE 0.72 (0.3) 0.64 (0.3) 0.08 0.5888
PURSUE 1.2 (0.2) 1.1 (0.2) 0.14 0.1976
No. of metaphase II oocytes
Overall 9.1 (0.4) 8(0.4) 1.07 <.0001
ENGAGE 10.3 (0.6) 8.8 (0.6) 1.56 <.0001
ENSURE 10.3 (1.1) 7.6 (1.3) 2.7 <.0001
PURSUE 7.5 (0.5) 7.2 (0.5) 0.27 0.3846
No. of germinal vesicles stage oocytes
Overall 1.2 (0.2) 14 (0.2) -0.18 0.0349
ENGAGE 1.3 (0.2) 1.5 (0.2) -0.18 0.1708
ENSURE 0.83 (0.3) 1.1 (04) -0.26 0.2037
PURSUE 1.3 (0.2) 1.4 (0.2) -0.16 0.2306

CFA, corifollitropin alfa; rFSH, recombinant follicle-stimulation hormone: FORT, Follicular Output Rate.

No., number; COC, cumulus-oocyte complexes.

Mean (+ 1.96 standard error) adjusted for age for overall, trial-specific planned-age stratum.

Table 4
Ongoing pregnancy rates by trial and FORT group.

Treatment difference

Study FORT group* CFA dose (n) Ongoing pregnancy rFSH dose (n) Ongoing pregnancy CFA - rFSH Between- treatment p-value
ENGAGE Low 150 pg (205) 90 (43.9%) 200 IU (213) 74 (34.7%) 9.2 0.055
Middle 150 g (281) 107 (38.1%) 200 IU (285) 121 (42.5%) -4.4 0.288
High 150 pg (217) 83 (38.2%) 200 U (214) 80 (37.4%) 0.9 0.853
ENSURE Low 100 g (79) 0 (25.3%) 150 IU (36) 13 (36.1%) -10.8 0.235
Middle 100 g (89) 18 (20.2%) 150 IU (50) 7 (34.0%) -13.8 0.073
High 100 g (96) 0 (31.3%) 150 IU (39) ]3 (33.3%) -21 0.814
PURSUE Low 150 pg (165) 38 (23.0%) 300 IU (201) 45 (22.4%) 0.6 0.884
Middle 150 g (306) 68 (22.2%) 300 IU (262) 71 (27.1%) -4.9 0.178
High 150 pg (202) 47 (23.3%) 300 U (208) 51 (24.5%) -12 0.766

CFA, corifollitropin alfa; rFSH, recombinant follicle-stimulation hormone.
2 FORT groups are defined as low <30%, middle 30 to <70%, and high >70%.
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