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ABSTRACT

Relevance: Stimulation of oocyte donors' superovulation occupies a key place in the development of assisted reproduction technology (ART)
in general. Oocyte donation programs involve young and healthy women undergoing severe ovarian stimulation protocols to obtain good-
quality oocytes. Advances in recombinant DNA technology led to the development of recombinant follitropin alfa.

The study aimed to evaluate the effectiveness of the biosimilar follitropin alfa in the superovulation stimulation cycles of oocyte donors in
comparison with the original medication in Progestin primed ovarian stimulation (PPOS) protocols.

Materials and Methods: A prospective cohort study included 25 oocyte donors who underwent superovulation induction. The first group
consisted of 25 oocyte donors in whose superovulation was stimulated with a bio-analogue of follitropin alfa. The second group (control)
included the same 25 donors stimulated with the original rFSH drug. The resulting donor oocytes were fertilized using Intra-Cytoplasmic
Sperm Injection (ICSI) or frozen. The program's result was determined by taking a blood test for b-hCG 14 days after embryo transfer.
Results: The number of mature oocytes in the study groups did not differ significantly, amounting to 20.6 + 1.1 in group 1 and 21.2 + 1.3 in
group 2. The average number of fertilized oocytes in group 1 was 5.6 + 0.8, and in group 2 — 6.1 + 1.1; thus, the fertilization rate in the two
groups did not differ (67.5% in group 1 vs 79.2% in group 2, p> 0,05). The blastulation rate (49.1% in group 1 and 52.2% in group 2) did not
differ significantly in both the biosimilar group and the original medication. The Top Quality Blastocysts in Group 1 were 1.5 £ 0.7 (55%) vs
1.8 £0.5 (48%) in Group 2. At that, the cumulative pregnancy rate in both groups did not differ statistically significantly.

Conclusion: Biosimilars were not inferior to the original medication in terms of the proportion of mature oocytes in oocyte donors. The study's
results confirm that biosimilars demonstrate favorable and comparable efficacy to the original medication in oocyte maturation in IVF/ICSI
cycles.

Keywords: progestin-primed ovarian stimulation, biosimilars, PPOS, micronized progesterone, IVF, Intra-Cytoplasmic Sperm Injection
(ICSI).
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AHHOTANUA

AKTyaJbHOCTh: CTUMYJIALMS CYNEpOBY/IALIH JOHOPOB OOLIUTOB 3aHMMAET KiloueBoe MecTo B pasButiu BPT B nenom. B nporpammax mo-
HOPCTBA OOLUTOB yYaCTBYIOT MOJIOZBIC M 3[JOPOBEIE )KEHIIUHEI, TPOXOASIINE TPOTOKOIBI THKEIOH CTUMYIAINH SHTIHAKOB, YTOOBI TTOIYIUTh
OOIIMTHI XOPOLIero KayecTsa. JlocTmkeHus B TexHoIoruu pekomonHanTHeIX JIHK npusenn k pazpaboTke peKOMOMHAHTHOTO (OJUTUTPOIIHA
anbda.

Hean uccnenoBanus — oueHUTH 3PpeKTHBHOCTD OroaHanora GOTUTPONHHA anb(a B HIUKIAX CTUMYJIILUN CYTIEPOBYIISILNN JOHOPOB OOLH-
TOB 10 CPaBHEHUIO C OPUTHHAIBHBIM IpenapaToM B potokonax PPOS.

Marepuaibl 1 MeTOABI: B IpOCIeKTHBHOE KOTOPTHOE HCCIISIOBAHNE BOILIA 25 JOHOPOB OONUTOB, TPOIIEAIINX WHIYKIHIO CYIIEepOBYIIs-
muu. [lepByro rpymimy mpeacTaBisuii 25 JOHOPOB OOIUTOB, Y KOTOPBIX CYNEPOBYIISILUIO CTUMYIMPOBAIN 6HOaHAIOroM (QOIIUTPOITHHA anbda.
Bropyto rpymiy cocraBuiM Te ke 25 JOHOPOB OOLUTOB, KOTOPHIX CTHMYJIHPOBAIM OPUTHHAIBHBIM HpernaparoM. [lomydeHHbBIe TOHOPCKHE
OOIMTHI OTIOAOTBOPSUIN C UCTIONB30BAHHEM BHYTpPUIMTOILIa3MaTndeckol uabekmuu cuepmbl (MKCH) ninm 3amopakuBanu. Pesynerar mpo-
rpaMMBI ONIPEEIISUICS Iy TeM B3sTHs aHanu3a kpoBu Ha b-XI'Y uepes 14 nueit nocie nepenoca SMOPUOHOB.

Pesyabrarei: Uncno 3penbix 0OLUTOB B HCCIIEyEMbIX IpyIIax JOCTOBEPHO HE pasiuyanock, coctaBuB 20,6+1,1 B 1-if rpynme u 21,2+1,3
BO 2-ii rpymnmne. CpeqHee 4nciIo OINIOAOTBOPEHHBIX OOLUTOB B 1-if rpynme coctasuio 5,6+0,8, a Bo 2-i rpynmne — 6,1+1,1, npu 3ToM yacToTa
OIUTOZIOTBOPEHHS B IBYX IpyHIIax He pasnuyanack (67,5% B 1-i rpynmne npotus 79,2% Bo 2-if rpymme, p> 0,05). Yacrora Gnactymsimun (49,1%
B 1-# rpymmie u 52,2% Bo 2-# rpymnme, p>0,05) 1ocToBepHO HE OTIMYANIACh KaK B TPyIIle ONOCHMIIISPA, TAK U B TPYIIE OPUTHHAIBHOTO TIpeTa-
para. KoimuectBo TQB B 1-if rpymnme cocraBuio 1,5+0,7 (55%) mporus 1,8+0,5 (48%) B rpymme 2. IIpr 5TOM ypOBEHb YaCTOTHI HACTYILICHUS
6epemennocty (UHB) B 06enx rpymmax Takke HE HMeN CTAaTUCTHUSCKH 3HAYUMBIX Pa3IHuUil.

©2023 Reproductive Medicine. Published by Kaz Med Print LLP,
This is an open-access article under the (http://creativecommons.org/licenses/by/4.0/).
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3akro4eHne: BOCHMUIAPEI OKa3aluch HE yCTYNAIOUMMH OPUTHHAIBHOMY IPEHapary B OTHOLICHUHM JIOJIU 3PEJIbIX OOLMTOB Y JIOHOPOB 00-
UTOB. Pe3ynbTarTsl HCCIeR0BaHMs TOATBEPIKAAIOT, YTO ONOCUMIIIIPEl JEMOHCTPUPYIOT OJArONpHATHYIO U CONOCTaBUMYIO 3()(EeKTUBHOCTH C
OpPUTHHAJIBLHBIM IPENapaToM B Iporecce co3peBaHus oouuToB B mukiiax IKO/MKCH.

KnawueBble cli0Ba: npocecmunosas cmumyaayus AsudHukos, obuocumunapul, PPOS, muxponusuposannwiii npocecmepon, KO, snympuyumo-
niasmamuyeckas unvexyus cnepmol (MKCH).
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AHJATIIA

O3exridiri: XXannsr KPT gamysiHza Heri3ri OpbIHIbI OOLUT JOHOPJIAPBIHBIH CYIPEOBYISIIUSCHIH BIHTATAHABIPY anajabl. OouuTTepi J0OHOP-
JBIK OaFaapiamMarapra caraibl aHaJIbIK JKacyIiaaap/ sl ally YIIiH aHaIbIK Oe3/1i BIHTAIaHBIPYBIH KYPAEI IPOTOKOJIapbIHAH OTETIiH JKac, eHi
cay oHenep kKarbicagsl. PekomOnHaHTTE JIHK TEeXHOMOTHACHIHBIH JKETICTIKTEPl PEKOMOMHAHTTHI (POJUTHTPONHH adb(paHbIH AaMybIHA OKENIi.
3eprreyain MakcaTbl — OOILUT JOHOPJIAPBIHBIH CYNPEOBYIISLINS CTUMYIIMs Iukiaepinaeri PPOS nporokonsiHna ¢pommTponuH ansga ouo-
CHMMUJISIPJIBI TIPETapaTIieH TYIHYCKAJIBIK MPEenaparThl CaIbICThIPFaHIa THIMIUTITIH OaFasay.

Marepuajnap MeH dicrepi: IIpocneKTHBTI KOTOPTTHIK 3epTTEyre CyNepOBYIISALMS MHIYKIMACH XKYPTi3reH 25 OOLUT JOHOpPIaphl KipAi.
Bipinmi Ton 25 00IMT JOHOPBIHAH TYPIIBI, OJIAP/BIH CYIIEPOBYIISIMSICH (POJUTUTPONHH aib(a OHoaHaIOTBIMEH BIHTAIAHABIPEULIBL. EXiHIIi TOII
TYIHYCKAJIBIK [IPETIapaTieH bIHTaJaH/BIPbUIFaH COJ 25 TOHOPIapbIHAH TYPABL. AJIBIHFaH JOHOPJIBIK OOLUTTEP HHTPALIUTOIIIA3MAIIBIK ClIiepMa-
tozouarsl enrizy (MKCH) keMeriMeH yphIKTaHIBIPBIIIB HeMece My34aThuLAbl. baraapiaMaHblH HOTHXKEC IMOPHOHIBI TaChIMalJaHFaHHAH
Keitin 14 xynHeH keiiin b-X['U aHanm3iH amy apKbUTBI aHBIKTAJIBL.

HoTnxenepi: 3eprresnerin TonTapaarsl KeTUITCH OOLMTTEP CaHbl aiiTapibikrail epekuienenbeni, 1-ronra 20,6+1,1 xone 2-tonta 21,2+1,3
Kypans! (tricinme 81,1% kapcsl 82%). 1-TonTarbl ypHIKTaHFAaH OOLUTTEPAIH opTamia caHsl 5,6+0,8, am 2-tonrta — 6,1+1,1 Gonuel, an exi
TONTAFbl YPHIKTAHIBIPY AeHTeii Oip-OipiHeH aibIpMaImnbLIBIFeI XOK (1-Tomra — 67,5%, 2-Tonta — 79,2%, p> 0,05). bractymsmus sxsungam-
neiFel (1 Tonra 49,1% xsHe 2 TonTa 52,2%, p>0,05) GHOCHMMHISIPIBIK TONTA J1a, OacTanKel JOPIIiK TONTA Jla alTapibIKTai epekuieneHOe .
1-torrrarsl TQB cansbr 1,5+0,7 (55%), 2-tomrrarsr 1,8+0,5 (48%) 6omasl. CoHBIMEH Kartap, eki TonTarsl NNB meHreitiHge 1e cTaTHCTHKAIBIK
MaHBI3/1bl aBIPMALTBUTBIKTAP OOJFaH k0K (42,8%). 46,5%-ra Kapcsl, p>0,05.

KopoITeiHabI: bruocuMuisipiiap 0OIUT JOHOPIAPBIHAAFHI KETUITEH OOLUTTEPIH Yieci OOHBIHIITA OacTanKbl IpernaparTal KeM TYCIeHTiH 6o-
TN WBIKTHL. 3epTTey HoTmkenepi onocummsip OKY/MKCU nukngepinae OOUUTTEpAiH XKETUTy MpoLeciHAe TYMHYCKaJIbIK Ipenapar ceKiai
KOJIAMJIBI J)KOHE CAJIBICTBIPMAIIBI THIMIIIITTI pacTaibl.

Tyitinai ceznep: npocecmun ananvix 6e30i vinmananowvipy, buocumunaprap, PPOS, mukponuzayusnanzan npocecmepon, IVFE, yumoniasmasa
cnepmamo3zouomot eneizy (ICSI).

Introduction: Oocyte donation (OD) is increasingly used OS  protocols involve administering exogenous

worldwide as a method to overcome infertility resulting
from a variety of factors, including the age-related decline in
fertility. Oocyte donors are, by definition, healthy, potentially
(or proven) fertile women who undergo voluntary ovarian
stimulation (OS) treatment. Since the appearance of this
technique in the 1980s, the number of cases in which OD has
been indicated has steadily increased [1].

According to ESHRE registries, more than 178 027 OD
cycles had been performed only in Europe by 2011, accounting
for 5% of all ART cycles [2]. More than 22% of the OD cycles
were performed in Spain and 9.7% in the Czech Republic
[3]. More recently, the 18th ESHRE report on ART showed
a continuing expansion of OD treatment numbers in Europe,
with a 40.4% increase since 2013 [4].

gonadotrophins to maintain FSH and LH concentrations above
a critical threshold required to stimulate the simultaneous
growth of multiple follicles in a single cycle [5].

Gonadotrophin treatment contributes a significant proportion
of the cost of ART; thus, the introduction of biosimilars of
recombinant follicle-stimulating hormone (rFSH) alpha may
alleviate the costs of ART, improving affordability [6]. The
first TFSH biosimilar launched in Europe was Bemfola® in
2014 [7, 8], which has proven popular in Spain [9]. A second
rFSH biosimilar, Ovaleap®, was approved in Europe in 2013
and launched in 2016 [7].

The basis of the demonstration of equivalence between
a biosimilar and the reference product primarily relies on
exhaustive, highly sensitive physicochemical and biological
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activity comparability assessments later supported by clinical
studies, leading to a total development time of typically 6 to 12
years [7, 10]. For biosimilar rFSH development, the European
Medicines Agency (EMA) recommends the «number of
oocytes retrieved» as the primary endpoint to demonstrate
comparability of clinical efficacy against the reference
product, as pregnancy rates are influenced by multiple factors
unrelated to ovarian stimulation [11-13].

Due to the elaborate manufacturing process of recombinant
biological products, they are often high-priced. This fact may
limit individuals’ access to high-quality infertility treatments. By
verifying similar physicochemical and biochemical properties
in non-clinical studies and demonstrating comparable efficacy
and safety as the reference product, biosimilars can enhance
access to high-quality biological products. Cinnal-f (CinnaGen,
Iran) was developed in genetically modified Chinese hamster
ovary cells as a biosimilar to the innovative original drug and
received the approval of the Food and Drug Administration of
Iran in June 2013 (IRC: 3125387962296341) [11, 14, 15].

The study aimed to evaluate the effectiveness of the
biosimilar follitropin alfa in the superovulation stimulation
cycles of oocyte donors in comparison with the original drug
in PPOS protocols.

Materials and Methods: The prospective cohort study
included 25 oocyte donors from February 2023 until September
2023 at the International Clinical Center for Reproductology
«PERSONAY.

All donors were divided into 2 groups with an interval of
3 months. The first group (main) included 25 oocyte donors
stimulated with the biosimilar rFSH (Cinnal-f by CinnaGen,
Iran). The second group (control) included the same 25 donors
stimulated the original rFSH drug.

Micronized progesterone—Utrogestan 200 mg (Besins
Healthcare (UK) Ltd) — was used to block the endogenous
luteinizing hormone (LH) peak in both groups. The resulting
oocytes were distributed to recipients. Fertilized by Intra-
Cytoplasmic Sperm Injection (ICSI) and cultured, embryos
with good morphology on days 5 and 6 were transferred into
the recipients’ uterine cavities.

Exclusion criteria for recipients:

1) Married couples in which the woman’s age is >52 years,

2) The man is over 50 years old,

3) Severe forms of pathospermia in the spouse (azoospermia,
cryptozoospermia, globulospermia).

Ovarian stimulation and embryo culture

Stimulation scheme with biosimilar rF'SH.

The primary group patients were prescribed hMG
(Menotropin-Menopur, Ferring International Center SA,
Germany) at a dose of 150 IU/day and biosimilar recombinant
FSH at a dose of 150 IU from the 2nd—3rd day of menstruation
after ultrasound and blood tests to confirm the initial hormone
profile.

~
S
wt

Protocol with the original rFSH drug. In the protocol with the
original rFSH preparation, superovulation was stimulated with
hMG (Menopur, Ferring International Center SA, Germany)
at a dose of 150 IU/day and original recombinant FSH - 150
[U/day from days 2-3 of menstruation, after ultrasound and
blood tests to confirm the initial hormone profile.

Micronized progesterone (Utrozhestan, Besins Healthcare,
Belgium) at 200 mg/day was used as progesterone priming
orally until the day of trigger administration. Follicular
monitoring began on days 7-8 of the menstrual cycle (MC) and
was carried out every 2-3 days using transvaginal ultrasound
to record the number and size of growing follicles. The dosage
of gonadotropins was adjusted depending on the response to
stimulation. Thus, when three or more dominant follicles with
a diameter of 18 mm were reached, a trigger was prescribed
with GnRH agonists (Diferelin 0.2 mg, Ipsen Pharma Biotech,
France). When follicles grew to 12, a double trigger was used:
a GnRH agonist (Diferelin 0.2 mg) combined with hCG 5000
IU (Moscow Endocrine Plant, Russia). Transvaginal puncture
of the follicles was performed 34-36 hours after the trigger
under ultrasound guidance. All follicles with a diameter of
more than 14 mm were punctured.

The process of egg fertilization was carried out in vitro by
classical IVF or ICSI, depending on the quality of the sperm.
Cultivation was carried out until the blastocyst stage, and then
embryos with good morphology were transferred into the
uterine cavity of the recipients.

Luteal phase support was provided to recipients with vaginal
progesterone preparations in a dosage of 600-800 mg/day at
the discretion of the reproductologist. 14 days after embryo
transfer, the onset of pregnancy was detected by determining
the level of b-hCG in the blood.

Evaluation criteria. The primary outcome of this study
was the number of oocytes retrieved and the degree of
maturity. Secondary outcomes included fertilization rate,
blastulation percentage, and number of embryos on day 5
or 6 with the highest quality (Top Quality Blastocysts) and
pregnancy rate.

Statistical analysis. The data obtained during the study were
subjected to statistical processing using the variation statistics
method using the free version of the JamoviTM program. When
comparing mean values, the Mann-Whitney U test was used.
Qualitative variables are described by absolute (n) and relative
(%) values. The x2 test was used to compare frequencies and
qualitative variables. A probability value (P-value) of less than
0.05 was considered statistically significant.

Results: A total of 50 stimulation programs for oocyte
donors were included in the study.

Table 1 presents the main characteristics of the oocyte
donors in the study. Donor age, body mass index, and duration
of stimulation were similar in both groups (p>0.05).

Table 1 — Main characteristics of oocyte donors and duration of stimulation

Characteristics 1st group 2nd group
(biosimilars; n=25) (original drug; n=25)
Age (years) 274+24
BMI (kg/m2), 22.7+2.1
Duration of OS (day) 10+1 10+2

Note. Values presented + standard deviation — SD; BMI — body mass index;

If we look at the figures in Table 2, the average cost of one donor stimulation program in group 1 was 929,88 US dollars,
significantly lower than the cost of stimulation programs in IVF/ICSI cycles with other original drugs.
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Table 2 — Pharmacoeconomics of stimulating donors with biosimilars compared with other original drugs presented on the

market in the Republic of Kazakhstan.

Consumption of drugs Biosimilars Original drug #1 Original drug #2 Original drug #3
for 1 OS cycle (doses

150/150 UI for 10 days)

FSH cost (USD) 441,18 685,55 749,24 705,45

hMG 482,09 360,46
Progesterone cost (USD) | 6,60

Summary 929,88 1174,24 1237,93 1189,72

The average number of oocytes received and the percentage of their maturity in both groups of oocyte donors did not differ

(80 vs. 81%, respectively, p>0.05), as indicated in Table 3.

Table 3 — Comparative characteristics of the maturity of the obtained oocytes in two groups of oocyte donors.

1**group 2" group P

(biosimilars; n=25) | (original drug; n=25) Value
Average number of oocytes to fertilization 83+1.2 7,7+1.1
Average number of fertilized oocytes 5.6+0.9 6.1+0.8
Fertilization % 67,5% 79,2% p=0,001
Average number of blastocysts 2.7+0.5 3.75+0.5
Blastulation % 49,1% 53.5% p>0,05
TQB 1.5 (55%) 1.8 (48%) p>0,05

The study showed that 67.5% in the first group and 79.2% in the second group (p=0.001) had fertilized eggs. The frequency
of blastulation in the study groups did not differ significantly (49.1% in group 1 and 53.5% in group 2, p>0.05), and the
number of high-quality blastocysts did not differ in both groups (55% versus 48%) p>0.05, as indicated in Table 4.

Table 4 — Results of embryological and clinical protocols in patients of the study groups

1%group 2" group P
(biosimilars; n=25) | (original drug; n=25) Value
Average number of received oocytes 254+29 26,1 +3.1
Average number of mature oocytes 20,6 £2.6 21,2+£29 p=0,001
Mature % 81,1% 81,2% p=0,001

The resulting embryos were transferred into the recipients' uterine cavities on days 5-6 of cultivation or frozen using the

vitrification method.

In 14 patients in the study group and 13 patients in the control group, embryos were transferred into the uterine cavity. In both
groups, pregnancy occurred in 6 cases; the cumulative pregnancy rate was 42.8% and 46.5%, respectively, p>0.05 (Table 5).

Table 5 — Data on pregnancy rate in both groups of oocyte donors

1% group 2" group P
(Cinal - F; n=25) (Gonal - F; n=25) Value
Number of patients with ET in a fresh cycle 13
Clinical pregnancy rate 6 (42,8%) 6 (46,5%) p>0,05

Discussion: The results of this prospective cohort
study indicated that biosimilars demonstrate comparable
effectiveness and safety to the original product in stimulating
oocyte donors for ovarian and infertility treatment through
ICSI. The trial population met the expected eligibility
criteria and was appropriately balanced. The primary
outcome measure chosen was the percentage of MII
oocytes, as it was argued to reflect better the stimulation
quality rather than fertilization, which depends on various
factors such as sperm quality, culture conditions, and ICSI
technique. A previous study 2015 reported that 80.6% of
oocytes retrieved from ovarian stimulation with r-hFSH
were in the MII group.

The percentage of MII oocytes resulting ffrom treatment with
biosimilars was deemed non-inferior to that achieved with the
original drug, based on a pre-specified non-inferiority margin.
In 2013, the European Medicines Agency issued a guideline
recommending the consideration of equivalent efficacy in the
number of retrieved oocytes as a primary outcome to establish
bio-similarity for r-hFSH products. A 2015 multicenter phase-
three study comparing another biosimilar follitropin alfa with
the original drug in ovarian stimulation for IVF reported an
average of 10.4 + 6.14 oocytes retrieved with the original drug..

Another study comparing r-hFSH with urinary FSH in
IVF patients found a mean retrieved oocyte count of 9.3 +
5.0. Similarly, a 2000 prospective and randomized study
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comparing ovarian stimulation with r-hFSH versus highly
purified urinary FSH in an ICSI program reported an average
0f 10.7 £ 6.8 collected oocytes for the r-hFSH group. The total
number of retrieved oocytes in our study aligns with findings
from these previous studies.

In a 2015 clinical trial comparing r-hFSH and highly
purified urinary FSH for ovarian stimulation in women,
the reported treatment duration for the r-hFSH group was
9.9 days. A subsequent Phase III study in 2016, comparing
the efficacy and safety of a biosimilar r-hFSH with the
original drug, reported a treatment duration of 9.7 days
for the original drug group. The duration of ovarian
stimulation was similar between the treatment groups
and aligned with findings from comparable studies.
Additionally, there were no statistically significant
differences in the mean number of vials used or in clinical
and ongoing pregnancy rates [5, 6, 13]..

A critical study proposed that the number of embryos in
culture during embryo transfer could be a crucial predictor
of pregnancy outcome. Our findings revealed no significant

differences in the number or quality of embryos between the
biosimilars and original drug groups.

Biosimilars had a comparable safety profile with the original
drug. There were no cases of ovarian hyperstimulation
syndrome in any group. Diligent monitoring through
ultrasonography and using a low FSH dose effectively
minimized the risk of developing the ovarian hyperstimulation
syndrome. This trial aimed to establish the non-inferiority of
biosimilars compared to the innovative product. However,
it may not have had sufficient power to detect significant
differences in adverse effects between the two.

Conclusion: Biosimilars have proven to be non-inferior
to the original drug in terms of the proportion of mature
oocytes in oocyte donors. The study results affirm that
biosimilars exhibit a favorable and comparable performance
to the original drug in facilitating the oocyte maturation in
IVF/ICSI cycles. Notably, the efficacy and safety profiles
of the reference product and the biosimilar candidate were
similar.
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