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A B S T R A C T

Objective: The aim of the present study was to investigate the therapeutic equivalence between the
follitropin alpha biosimilar and the reference medication in women undergoing assisted reproductive
technologies (ART).
Study design: This multicenter, randomized (1:1), embryologist-blinded, parallel-group, comparative
phase III study involved 110 women aged 20–35 years old with tubal and/or male factors of
infertility. All of the subjects underwent controlled ovarian hyperstimulation (COH) using a
gonadotropin-releasing hormone antagonist (GnRH-ant) protocol. Over the 5-day fixed-dose
regimen, the women received 150 IU/day of follitropin alpha biosimilar (n = 55) or original follitropin
alpha (n = 55), followed by dose adaptation. The primary endpoint for assessing the therapeutic
equivalence was the number of retrieved oocytes using a pre-determined clinical equivalence
margin of � 3.4 oocytes.
Results: Similar numbers of oocytes were retrieved in both groups: 12.16 � 7.28 in the follitropin alpha
biosimilar group and 11.62 � 6.29 in the original follitropin alpha group, with mean difference of
0.546 � 1.297 oocytes (95% confidence interval [CI]: -2.026, 3.116), p = 0.002 (intention-to-treat [ITT]
population). Additionally, no statistically significant differences were found for secondary endpoints: the
onset of biochemical (34.7% and 36.7%, p = 0.883), clinical pregnancy (26.5% and 32.7%, p = 0.507),
delivery (26.5% and 24.5%, p = 0.817) and take-home baby rate (28.6% and 26.5%, p = 0.816) for the
follitropin biosimilar and original follitropin groups (per-protocol [PP] population). Ovarian hyperstim-
ulation syndrome was observed in subjects with a positive pregnancy test in 0% and 3.64% of cases and
after triggering ovulation in 7.27% and 3.64% for the follitropin biosimilar and original follitropin groups,
respectively.
Conclusions: This study demonstrated similar therapeutic equivalence and safety profiles between
the follitropin alpha biosimilar and the reference follitropin in women who underwent COH in
GnRH-ant cycles.

Abbreviations: ART, assisted reproductive technology; IVF, in vitro fertilization; r-hFSH, recombinant human follicle-stimulating hormone; IU, International Units; OPU,
ultrasound-guided follicular aspiration; AFC, antral follicle count; GnRH-ant, gonadotropin-releasing hormone antagonist; GnRH-a, gonadotropin-releasing hormone
agonist; FSH, follicle-stimulating hormone; LH, luteinizing hormone; NIBSC, The National Institute for Biological Standards and Control; AMH, anti-Müllerian hormone; ITT,
intent-to-treat; PP, per-protocol; CI, confidence interval; BMI, body mass index; ELISA, enzyme-linked immunosorbent assay; COH, controlled ovarian hyperstimulation; SC,
subcutaneous; OHSS, ovarian hyperstimulation syndrome; ET, embryo transfer; PCOS, polycystic ovary syndrome; hCG, human chorionic gonadotropin; ICSI,
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Background

As is known, biosimilars are not exact copies of the reference
product in particular due to dissimilarities in host cell lines and
genetic vectors used for modification, and the manufacturing and
purification processes are also different [1]. Therefore, the
manufacturer of r-hFSH biosimilars is required to conduct phase
I and III randomized, controlled trials aiming to demonstrate that
the changes in research and development, as well as manufactur-
ing processes, do not affect the chemical identity, purity, potency
and safety of the finished product. According to the European
Medicinal Agency (EMA) guidelines for r-hFSH, biosimilar products
should be estimated only in comparison with the original r-hFSH in
pre-clinical, pharmacokinetics and pharmacodynamics studies [2].

The r-hFSH biosimilar Primapur1 (IVFarma LLC, Russia) has
demonstrated similar physicochemical properties with the origi-
nal follitropin alpha Gonal-F1 (Merck Serono S.p.A., Italy) and
NIBSC standard in comparative pre-clinical studies [3,4]. Results of
a phase I, randomized crossover study of the safety and tolerability
of a single 300 IU subcutaneous dose (SC) in healthy young
volunteers revealed no significant differences in pharmacokinetics
parameters between Primapur1 and Gonal-F1 [5], detailed
clinical protocol and results: NCT03857230 (ClinicalTrials.gov)

The objective of this study was to research the therapeutic
equivalence of the follitropin alpha biosimilar to the original
follitropin alpha in controlled ovarian hyperstimulation for conve-
nient in vitro fertilization (IVF) and intracytoplasmic sperm injection
(ICSI) using a GnRH-ant protocol. The number of oocytes retrieved is
the recommended primary endpoint as stated by EMA [2] since it is
known that the number of oocytes retrieved is well correlated with
the efficiency of ART [6,7]. The secondary endpoints included the
number of mature and fertilized oocytes, the number of days of
stimulation, the total dose of r-hFSH injected, embryo transfers on
days 3 and 5 and the occurrence rate of biochemical and clinical
pregnancies. Live-birth delivery and take-home baby rates were also
assessed. The safety end-points included descriptions of adverse
effects documented during the study.

Methods

This was multicenter, randomized (1:1), embryologist-blinded,
parallel-group, therapeutic equivalence study of two solutions of r-
hFSH for subcutaneous administration - Primapur1 and Gonal-f1,
conducted in the Russian Federation in 3 specialized IVF centres:
“AltraVita” Human Reproduction Clinic (Moscow); Perinatal
Medical Center (Moscow); and Lapino Clinical Hospital (Moscow
Region). The study was conducted in accordance with the clinical
study protocol and the following international documents: GCP
Guideline, according to Principles of the World Medical Associa-
tion Declaration of Helsinki (Fortaleza, Brazil, 2013); ICH Harmo-
nized Tripartite Guideline (ICH E6).

Study population

Inclusion criteria. The inclusion criteria were: women aged
20–35 years old with a regular menstrual cycle (duration: 21–35
days). Established causes of infertility: tubal and/or male factors,
first or second attempt at IVF/ICSI; 18 � BMI � 30 kg/m2; FSH 10<
IU/l and oestradiol level <50 pg/ml (cycle day 2–5); AMH � 1.0 ng/
ml; 4 � AFC � 15. A signed informed consent form that confirmed
in writing the patient's consent to participate in this clinical study
was required.

Exclusion criteria. The exclusion criteria were: women with
established contraindications to the use of ART methods;
hypersensitivity to follitropin alpha or excipients; history of 2 or
more cycles of IVF/ICSI; history of severe OHSS; PCOS; endometri-
osis; uterine cavity pathology; history of poor or excessive
response to stimulation with a r-hFSH. Male infertility factors:
severe oligoasthenoteratozoospermia; azoospermia.

Treatment administration

Randomization into two groups was carried out using central-
ized treatment allocation with an Interactive Web Response
System (IWRS), based on the WinPepi random number generator
programme, version 11.50 (module ETCETERA 3.26) [8], at a ratio of
1:1 for reference and the study drug. Starting on day 2–3 of the
menstrual cycle, a fixed daily SC dose of 150 IU of Primapur1/
Gonal-F1 was administered each day as shown at Fig. 1. A double-
blind design was not feasible due to the use of two unique pen-
injector devices for each drug. A single-blind design was assigned
for the embryology lab from the day of randomization until the end
of the trial: all patients were recorded in internal medical
documentation as receiving an international non-patented name
drug (follitropin alpha). Clinicians carrying out the ultrasound-
guided follicular aspiration were blinded, physicians performing
ultrasound and deciding dose adjustment were not blinded. To
achieve adequate follicular development, doses could be corrected
after day 5 to a maximum of 450 IU per day, based on ultrasound
examinations (Fig. 1). A GnRH-ant, ganirelix acetate (Orgalutran1,
MSD, Netherlands) 0.25 mg was added daily, starting when the
leading follicle reached a mean diameter of 14 mm. Less than 37 h
after the intramuscular administration of 5000-10 000 IU of hCG
(Pregnyl1, MSD, Netherlands) or 0.2 mg of GnRH-a (GnRH agonist)
(Decapeptyl1, Ferring Pharmaceuticals, Switzerland) in women at
high risk for OHSS development, transvaginal oocyte retrieval was
performed, followed by IVF or ICSI according to the centre’s
standard procedures. The hCG trigger criteria: leading 2–3 follicles
< 18 mm; GnRH-a criteria in women at risk of OHSS: growth of
more than 15 follicles < 14 mm on the day of trigger. Transfer of a
maximum of 2 embryos or blastocysts was allowed after oocyte
retrieval. Luteal phase support was provided after oocyte retrieval
at the investigator’s discretion. Evaluation of biochemical preg-
nancy occurred on days 12–17 after embryo transfer with a positive
test for beta hCG � 25 mIU/ml. Clinical pregnancy defined as
gestational sac with a fetal heart activity occurred at the 10th week
after embryo transfer (Fig. 1).

Outcome measurements

The primary endpoint was the number of oocytes retrieved.
Secondary endpoints included: the number of follicles � 16 mm on
the day of hCG (or GnRH-a) administration; oocyte quality outcome
(MII stage); fertilization rate (zygotes with two pronuclei, 2 P N);
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Fig. 1. Study design.
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days of stimulation and total r-hFSH administered; number of
embryo transfers on days 3 and 5; biochemical and clinical
pregnancy rates; and delivery and take-home baby rates. The
percentage of patients who needed a r-hFSH dose adjustment on the
days 5–8 of COH, number of patients who abandoned the IVF/ICSI
programme in the process of stimulation and number of non-
responders to stimulation were analyzed as secondary endpoints as
well. Adverse events were recorded as a secondary safety endpoint,
including OHSS during COH and upon positive pregnancy test [9].

Anti-FSH antibodies were assessed as a secondary safety
endpoint in all of the randomized patients at 2 points: baseline
(sample “000) before COH, and week 10 after ET on the day of the
clinical pregnancy test (sample “100) and for women with negative
tests for biochemical pregnancy (Fig. 1). Serum samples were
analyzed at 1 central laboratory for the presence of anti-FSH
antibodies using a human anti-follicle-stimulating hormone (FSH)
antibody ELISA Kit, cat # CSB-E16516 h (Wuhan Huamei Biotech
Co., China) [10,11]. According to the manufacturer’s instruction,
ratio of optical density (OD) sample/OD negative control � 2.1 was
assumed to be positive (presence of anti-FSH antibodies), and a
ratio less than 2.1 was assumed to be negative.

Statistical methods

The aim of this study was to evaluate the therapeutic
equivalence of Primapur1 compared with Gonal-F1 in terms
of the number of oocytes retrieved. To date, two clinical studies of
FSH biosimilars compared with Gonal-F1 have been published
and used GnRH-a as an endogenous LH peak suppressor with the
prespecified oocyte equivalence margins of 2.9 and 3 oocytes
[12,13]. For the present study to specify the equivalence margin
for oocytes retrieved, analysis of existing COH data for normal
responders in IVF cycles with GnRH-ant and r-hFSH with the
starting dose 150 IU was performed. Analysis of ART programmes
with GnRH-ant and r-hFSH with 150 IU as the starting dose
revealed a minimum of 8.2 and a maximum of 18.1 oocytes
aspirated [14]. Analysis of published data on COH in women with
normal responses to stimulation revealed the range of 4 to 15
oocytes retrieved [15]. Alignment of these two intervals led to the
interval of the mean quantity of oocytes retrieved in GnRH-ant
cycles in normal responders with a starting dose of r-hFSH of 150
IU of 8.2 to 15 oocytes (or 11.6 � 3.4 oocytes). Standard deviation
(SD) about �6.05 of oocyte retrieved in IVF cycles with r-hFSH was
extracted from meta-analysis [14]. The required number of
patients in equal parallel groups was calculated according to
[16]. H0 (null hypothesis): mA - mB � -d, mA - mB� +d; H1
(alternative hypothesis): - d � mA – mB � +d, where mA and mB
are the selective average number of oocytes retrieved with the
study and reference drugs, respectively. Thus, to provide a study
power of at least 80% at a significance level of α = 0.05 (two sided)
and with an equivalence margin of 3.4 oocytes, SD � 6.05 the
required sample size was 55 subjects per group and 110 subjects
in total. As shown in GnRH-ant cycle with r-hFSH and normal-
responder women the probability of live birth in the fresh cycle
the same for patients with high (>15 oocytes retrieved) versus
normal (10–15 oocytes), or normal versus suboptimal (4–9
oocytes) responders [6]. Thus, an equivalence margin of 3.4
retrieved oocytes assumed in the present study can be referred as
clinically acceptable between two therapies in terms of live birth
rate in the fresh IVF cycle.

The primary endpoint was evaluated in all randomized patients
(ITT population), as well as some secondary endpoints: number of
follicles on the day of trigger injection; mature (MII) and fertilized
oocytes (2 P N); the total dose of r-hFSH injected; and the number of
days of stimulation. The safety analysis included all randomized
patients whoreceived at leastoner-hFSH dose. Comparative analysis
of qualitative and categorical variables was performed using the chi-
square test and Fisher criteria. Because of the non-normality of the
distribution of the primary and secondary endpoints (proved by the
Shapiro-Wilk test), the Mann-Whitney U test was performed.
p<0.05 was considered statistically significant.

Results

Subject disposition

Of 118 women screened,110 were randomized into the trial (ITT
population) to receive Primapur1 (N = 55) or Gonal-F1 (N = 55),
between 08.02.2017 and 17.08.2018 (Fig. 2). The distribution of
randomized patients by IVF centers: AltraVita – 50; Perinatal
Medical Center– 41; and Lapino Hospital – 19. Demographic and
clinical characteristics were comparable between the treatment
groups. No appreciable differences were observed in baseline FSH,
oestradiol, AMH, or AFC between the groups (Table 1). PP
population consists of 98 patients with fresh ET, 49 patients in
each group (Fig. 2). In 12 patients embryo transfers were not
performed: 6 in the Primapur1 group (4 – risk of OHSS, 1 – no
embryos to transfer,1 - no embryos with 2 P N); and 6 in the Gonal-
F1 group (3 – risk of OHSS, 1 – no embryos to transfer, 2 – due to
family reasons).



Fig. 2. Patient disposition scheme.
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Primary endpoint

Primapur1 treatment resulted in a number of aspirated
oocytes that was statistically equivalent to that of the patients
treated with Gonal-F1 (Table 2). The treatment difference was
D = 0.546 � 1.297 oocytes [95% CI: -2.026, 3.116] with a p-value for
equivalence of p = 0.002 (ITT population), demonstrating equiva-
lence as pre-defined in the equivalence hypothesis (�3.4 oocytes).

Secondary endpoints

The mean differences in the number of follicles (�16 mm) on
the day of hCG or GnRH-a injection was 0.709 � 1.067 [95% CI:
-1.405, 2.824]. An alternative trigger of ovulation (GnRH-a) was
received in 18 patients at risk of OHSS: 9 patients in the Primapur1
group (with 9 fresh ET) and 9 patients in the Gonal-F1 group (8
fresh ET, 1 -freeze all). The mean differences in mature oocytes at
the MII stage of development 0.218 � 1.129 [95% CI: -2.455, 2.019]
and zygotes with two pronuclei 0.636 � 1.190 [95% CI: -2.995,
1.723] were statistically indistinguishable (p < 0.05) (Table 3). The
Table 1
Demographic and clinical characteristics for ITT population and [PP population].

Characteristic Primapur1 N = 55 [N = 49] 

Age (mean � SD), years 31.3 � 2.68 [31.2 � 2.79] 

BMI (mean � SD), kg/m2 22.0 � 2.69 [22.0 � 2.69] 

Duration of infertility (mean � SD), month 46.4 � 32.4 [46.1 � 30.0] 

Antral follicle count (mean � SD), n 11.2 � 3.2 [10.8 � 3.2] 

AMH (mean � SD), ng/ml 4.57 � 2.96 [4.48 � 3.08] 

FSH (mean � SD), IU/l 6.46 � 1.86 [6.54 � 1.88] 

Oestradiol (mean � SD), pg/ml 35.87 � 12.67 [35.95 � 12.90] 

Causes of infertility, n (%)
Tubal factor 21 (38.2%) [20 (40.8%)] 

Male factor 21 (38.2%) [16 (32.7%)] 

Tubal and male factors 13 (23.6%) [13 (26.5%)] 
mean total r-hFSH dose and duration of treatment were similar in
both groups with p = 0.488 and 0.629, respectively (Table 3). The
proportions of patients requiring dose adaptation were 23.6% in
the Primapur1 group and 20.0% in the Gonal-F1 group
(p = 0.644). The mean dose adjustments were 50.0 � 0.0 IU
(Primapur1) and 42.0 � 15.1 IU (Gonal-F1 group) (p = 0.063).
There were no patients with inefficient responses to r-hFSH
treatment or premature termination of COH in either group.
According to the study design, a maximum of 2 embryos was
allowed for transfer, and the mean numbers of transferred
embryos were 1.2 � 0.43 in the Primapur1 group and 1.3 � 0.47
in the Gonal-F1 group. ET on day 3 (and day 5) after OPU was
implemented in the Primapur1 and Gonal-F 1 groups: 22.4
(77.6)% and 18.4 (81.6)%, respectively (Table 4). There were no
significant differences in biochemical and clinical pregnancy rates
observed between the treatment groups (Table 5). No ectopic
pregnancies were observed during the study. Two multiple
pregnancies (twins) occurred during the study, one in each
treatment group: 2.04% (PP population). One hundred percent of
clinically pregnant patients went on to have full-term live births in
Gonal-F1 N = 55 [N = 49] Total N = 110 [N = 98]

30.0 � 2.71 [30.1 � 2.71] 30.65 � 2.75 [30.64 � 2.78]
22.3 � 3.06 [22.6 � 3.11] 22.15 � 2.87 [22.28 � 2.91]
36.9 � 26.6 [37.2 � 23.1] 41.56 � 28.22 [41.64 � 27.03]
12.4 � 2.4 [12.4 � 2.4] 11.80 � 2.87 [11.61 � 2.93]
5.47 � 3.82 [5.36 � 3.95] 5.02 � 3.43 [4.92 � 3.55]
6.76 � 1.89 [6.74 � 1.95] 6.61 � 1.87 [6.64 � 1.91]
33.82 � 12.45 [33.74 � 12.79] 34.85 � 12.54 [34.85 � 12.83]

18 (32.7%) [16 (32.7%)] 39 (35.5%) [36 (36.7%)]
27 (49.1%) [26 (53.0%)] 48 (43.6%) [42 (42.9%)]
10 (18.2%) [7 (14.3%)] 23 (20.9%) [20 (20.4%)]



Table 2
Primary endpoint results: number of oocytes retrieved (ITT population).

Parameter Primapur1 (mean � SD),
N = 55

Gonal-F1 (mean � SD),
N = 55

Mean difference
(mean � SD)

p-value 95% CI

Lower limit Upper limit

Number of oocytes retrieved, n 12.16 � 7.28 11.62 � 6.29 0.546 � 1.297 0.002 �2.026 3.116

Table 3
Secondary endpoint results: number of follicles �16 mm on the day of hCG or GnRH-a injection, mature (MII) and fertilized oocytes (2 P N), total dose of r-hFSH injected, and
number of days of stimulation (ITT population).

Parameter Primapur1 (mean � SD),
N = 55

Gonal-F1 (mean � SD),
N = 55

Mean difference
(mean � SD)

p-value 95% CI

Lower limit Upper limit

Follicles �16 mm, n 12.09 � 6.159 11.38 � 4.965 0.709 � 1.067 0.806 �1.405 2.824
Mature oocytes (MII stage), n 9.64 � 6.27 9.86 � 5.55 0.218 � 1.129 0.617 �2.455 2.019
Fertilized oocytes
(zygotes with 2 P N), n

8.13 � 6.61 8.76 � 5.85 0.636 � 1.190 0.445 �2.995 1.723

Total r-hFSH dose, IU 1532.7 � 267.2 1517.9 � 255.2 14.9 � 49.8 0.488 �83.9 113.6
Days of stimulation, n 9.75 � 1.08 9.73 � 1.03 0.018 � 0.201 0.629 �0.379 0.416

Table 4
Secondary endpoint results: number of embryo transfers on days 3 and 5 (PP
population).

Parameter Primapur1 N = 49 Gonal-F1 N = 49 p-value

Embryo transfer
(day 3), n (%)

11 (22.4%) 9 (18.4%) 0.623

Embryo transfer
(day 5), n (%)

38 (77.6%) 40 (81.6%)
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the Primapur1 group (13/13) and 75% in the Gonal-F1 group (12/
16), constituting 26.5% and 24.5% delivery rates, respectively
(Table 5). Overall, a total of 27 live births occurred in the study after
fresh ET, and the take-home baby rates, defined as the number of
deliveries resulting in a live born neonate per PP population, were
28.6% (n = 14) and 26.5% (n = 13), respectively (Table 5).

Adverse event profiles

All adverse events occurring during the clinical study were
classified according to the MedDRA 10.0 vocabulary and are
summarized in Table 6. Severe OHSS developed in subjects with a
positivepregnancytest in0(0%) incasesthePrimapur1 groupandin2
cases (3.64%) in the Gonal-F1 group. OHSS during COH after hCG (or
GnRH-a) trigger was: 4 (7.27%) cases in the Primapur1 and 2 (3.64%)
cases in the Gonal-F1 group. Other frequently reported adverse
effects were abdominal pain, miscarriage and vaginal bleedings.

Immunogenicity profile

No evidence of new anti-FSH antibody development in either
group was seen (Table 7). A total of 109 serum samples had anti-
FSH levels less than the prespecified positive limit (OD sample/OD
Table 5
Secondary endpoint results: the occurrence rates of biochemical and clinical pregnanc

Parameter Primapur1 N = 49 

Biochemical pregnancy (hCG�25 mIU/ml,
12-17 days after ET), n (%)

17 (34.7%) [21.4; 48.0%] 

Clinical pregnancy (ultrasound
detection of gestational sac,
10 weeks after ET), n (%)

13 (26.5%) [14.1; 38.9%] 

Delivery rate, n (%) 13 (26.5%) [14.1; 38.9%] 

Take-home baby rate, n (%) 14 (28.6%) [16.0; 41.3%] 
negative control � 2.1) before and after COH, apart from one serum
sample in the Gonal-F1 group that was positive before (2.24) and
after (2.86) treatment.

Discussion

Normogonadotrophic patients enrolled in this study were
representative, showing the ability of exogenous r-hFSH to the
stimulate development of multiple follicles in women without
endocrine and ovarian disturbances during COH. The FSH dosing
regimen with the 150 IU/day starting dose, followed by its
adjustment on the basis of the ovarian response, was used, and
GnRH-ant protocol was recommended for normal responder
patients enrolled in the present study [17–19]. The population
analyzed in this study might not be completely representative of
the general population undergoing IVF/ICSI and further post-
authorization studies should be implemented to evaluate the
efficacy of Primapur1 in patients undergoing ART in GnRH-a
cycles and with other causes of infertility, e.g. endometriosis, PCOS
and poor response to COH.

Our phase III study found Primapur1 to be equivalent to Gonal-
F1 in the primary endpoint of the number of oocytes retrieved
during COH in women undergoing ART. In addition, the secondary
endpoints of the study were: number of follicles �16 mm on the
day of trigger injection, mature and fertilized oocytes, r-FSH doses,
and days of COH and were similar between the treatment groups.

Analysis of delivery and take-home baby rates did not reveal
significant differences, but there were more pregnancy losses in
the Gonal-F1 group after 10th week following ET. Such differences
are not relevant to COH at IVF centers and could have several
reasons, such as nutritional supplement usage [20], issues of
maternity care [21] and genetic aspects of miscarriage [22], which
were not controlled for or analyzed in the present study.
ies; and live-birth delivery and take-home baby rates (PP population).

Gonal-F1 N = 49 Mean difference [95% CI] p-value X2

18 (36.7%) [23.2; 50.2%] �2.0% [-21.0; 17.0%] 0.833

16 (32.7%) [19.6; 45.8%] �0.62% [-24.3; 11.9%] 0.507

12 (24.5%) [12.5; 36.5%] 2.00% [-15.3; 19.3%] 0.817
13 (26.5%) [14.1; 38.9%] 2.10% [-15.6; 19.8%] 0.816



Table 6
Serious adverse events and other adverse events (ITT population).

Primapur1
N=55

Gonal-F1
N=55

Serious adverse events

Total, n (%) 2 (3.64%) 2 (3.64%)
Injury, poisoning and procedural
complications

Iatrogenic injury, n (%) 1 (1.82%) 0 (0)
Pregnancy, puerperium and perinatal
conditions

Threatened miscarriage, n (%) 1 (1.82%) 0 (0)
Reproductive system and breast disorders

Ovarian hyperstimulation syndrome*, n (%) 0 (0) 2 (3.64%)
Other adverse events
Total, n (%) 21 (38.18%) 13 (23.64%)

Cardiac disorders
Palpitations, n (%) 1 (1.82%) 0(0)
Sternum pain, n (%) 1 (1.82%) 0(0)

Investigations
Laboratory investigations, n (%) 1 (1.82%) 0(0)

Musculoskeletal and connective tissue
disorders

Fatigue, n (%) 1 (1.82%) 0(0)
Nervous system disorders

Drowsiness, n (%) 1 (1.82%) 0(0)
Pregnancy, puerperium and perinatal
conditions

Abnormal vaginal bleeding, n (%) 0 (0) 1(1.82%)
Early toxicosis during pregnancy, n (%) 0(0) 1(1.82%)
Lower abdominal pain, n (%) 2(3.64%) 4(7.27%)
Spontaneous miscarriage, n (%) 0(0) 2(3.64%)
Spotting, n (%) 1(1.82%) 1(1.82%)

Reproductive system and breast disorders
Abnormal vaginal bleeding, n (%) 3(5.45%) 1(1.82%)
Decrease in breast sensitivity, n (%) 2(3.64%) 0(0)
Lower abdominal pain, n (%) 3(5.45%) 1(1.82%)
Menses, n (%) 0(0) 1(1.82%)
Ovarian hyperstimulation syndrome**, n (%) 4(7.27%) 2(3.64%)
Pain in lower abdomen, n (%) 1(1.82%) 0(0)
Spotting, n (%) 2(3.64%) 0(0)

* Severe OHSS in subjects with a positive pregnancy test.
** OHSS after hCG (or GnRH-a) trigger.

Table 7
Anti-FSH antibody levels before and after treatment with r-hFSH (ITT population).

Antibody
sampling

Primapur1 (mean OD
Sample/OD Negative
control � SD) N = 55

Gonal-F1 (mean OD
Sample/OD Negative
control � SD) N = 54*

Sample “0” 0.20 � 0.18 0.18 � 0.19
Sample “1” 0.19 � 0.18 0.18 � 0.26

* One serum was positive: Sample “000 (OD sample/OD negative control = 2.24)
and Sample “100 (2.86) were suggested to be positive.
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OHSS was the most common adverse effect during treatment.
The overall OHSS rate (all forms) was similar and consisted of 7.27%
in each treatment group, in line with the reported frequency of
OHSS for normal responder patients [23] and similar to that for
existing biosimilars [12,13].

In the present study no newly raised anti-FSH antibodies
were detected in either group. As was reported for r-hFSH
biosimilars representing solutions with purity of more than 99%,
the probability of anti-FSH antibody formation is low [12,13]
and the immunogenicity risk has not clearly been identified for
follitropin alpha to date [24]. With high probability, antibodies
to FSH can appear mainly in reaction to nonhuman sialic acid -
N-glycolyl neuraminic acid (Neu5Gc), which can exist in r-hFSH
due to the usage of CHO host cells [25]. The comparable total
content of Neu5Gc and its acetylated derivative Neu5Gc9Ac
were detected earlier for Gonal-F1 (0.46%) and Primapur1
(0.41%) [3]. As was shown, pre-existing Neu5Gc-reactive anti-
bodies in the serum of patients undergoing IVF could be
detected before r-hFSH treatment and did not affect the efficacy
or safety of ART [26].

The level of endogenous FSH changes during the menstrual
cycle, not only quantitatively but also structurally with predomi-
nant glycosylation patterns peculiar to the appropriate phase of the
menstrual cycle [27,28]. As is known, r-hFSH biosimilars can
slightly differ in their glycosylation and sialylation profiles [1]. The
rise in biosimilars should suggest not only a lower cost for infertile
couples undergoing COH but also usefulness for healthcare
professionals due to similar but not identical glycosylation
patterns of r-hFSH preparations, which could have beneficial
therapeutic effects in a given patient [29].
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