
Prognostic value of circulating Bcl-2 and anti-p53
antibodies in patients with breast cancer: A long term
follow-up (17.5 years)

Sirotković-Skerlev, Maja; Plavetić, Natalija Dedić; Sedlić, Filip; Kuna,
Sanja Kusačić; Vrbanec, Damir; Belev, Borislav; Pleština, Stjepko;
Kovač, Zdenko; Kulić, Ana

Source / Izvornik: Cancer Biomarkers, 2021, 30, 95 - 104

Journal article, Accepted version
Rad u časopisu, Završna verzija rukopisa prihvaćena za objavljivanje (postprint)

https://doi.org/10.3233/CBM-201497

Permanent link / Trajna poveznica: https://urn.nsk.hr/urn:nbn:hr:105:834430

Rights / Prava: In copyright / Zaštićeno autorskim pravom.

Download date / Datum preuzimanja: 2024-05-16

Repository / Repozitorij:

Dr Med - University of Zagreb School of Medicine 
Digital Repository

https://doi.org/10.3233/CBM-201497
https://urn.nsk.hr/urn:nbn:hr:105:834430
http://rightsstatements.org/vocab/InC/1.0/
http://rightsstatements.org/vocab/InC/1.0/
https://repozitorij.mef.unizg.hr
https://repozitorij.mef.unizg.hr
https://repozitorij.unizg.hr/islandora/object/mef:3142
https://dabar.srce.hr/islandora/object/mef:3142


1 
 

Efficacy comparison of the biosimilar and the reference follitropin alfa used within the 

GnRH antagonist protocol of the controlled ovarian hyperstimulation for IVF/ICSI 

technique 

Prof. Marina Šprem Goldštajn1,2, MD., PhD, Stipe Dumančić2, MD., Mislav Mikuš1,2, MD. 

1Department of Obstetrics and Gynecology, University Hospital Center Zagreb, Croatia 

2School of Medicine, University of Zagreb, Croatia 

 

Corresponding author:  

Mislav Mikuš, Department of Obstetrics and Gynecology, University Hospital Center 

Zagreb, Croatia, Petrova 13, Zagreb 10000; e-mail: m.mikus19@gmail.com 

ORCID: 0000-0002-1365-8704 

 

Contributions: All three authors contribute equally according to the criteria for scientific 

authorship of the International Committee of Medical Journal Editors (ICMJE): 1. Substantial 

contributions to conception and design, data collection or analysis, and interpretation of data; 

2. Writing of the article or critical review of the intellectual content; 3. Final approval of the 

version to be published; and 4. Agree to be accountable for all aspects of the work in ensuring 

that questions related to the accuracy or integrity of any part of the work are appropriately 

investigated and resolved. 

 

Work was carried out at University Hospital Center Zagreb on Department of Obstetrics and 

Gynecology, Petrova 13, 10 000 Zagreb. 

mailto:mcoric77@gmail.com


2 
 

Declarations of interest: none. 

Funding: none. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



3 
 

Abstract 

Aim: To evaluate the clinical efficacy of biosimilar (Ovaleap®) compared with the 

referenced follitropin alfa (Gonal-f®), within the context of antagonistic multiple doses 

protocol of controlled ovarian hyperstimulation (COH) for in vitro fertilisation (IVF) or 

intracytoplasmic sperm injection (ICSI) techniques. 

Methods: A retrospective, monocentric study included 229 infertile women aged 22 to 43 

years who underwent their first cycle of COH for the purpose of the IVF or ICSI during the 

period of 2017. Eligible patients underwent ovarian stimulation with either Ovaleap® (N = 

152) or Gonal-f® (N = 77) starting at Cycle Day 2 and were receiving gonadotropin-releasing 

hormone (GnRH) antagonist in either fixed or flexible antagonist protocol manner. 

Results: Ovaleap®-treatment resulted in fewer number of oocytes retrieved in regard to 

Gonal-f®-treatment, with the median of 7 oocytes retrieved in the Ovaleap® group versus 9 

in the Gonal-f® group (U = 5369.5, P = 0.3079). Clinical pregnancy rate was 24.3% in the 

overall study sample and 31.9% in women with embryo transfer, in the Ovaleap group. 

Similarly, in the Gonal-f group these rates were 25.0% and 34.5%, respectively. Only 4 

patients experienced ovarian hyperstimulation syndrome (OHSS), with 1 case in Ovaleap®-

treatment group and 3 cases in Gonal-f®-treatment group. 

Conclusions: While the clinical efficacy profile favoured using Gonal-f® formulation of 

follitropin alfa, this analysis showed that there is no significant difference in the number of 

oocytes retrieved between Ovaleap® and Gonal-f® follitropin alfa formulations, used within 

GnRH antagonist protocols of COH. 

 

Keywords: assisted reproductive technology, follitropin alfa, GnRH antagonist, infertility, 

oocytes retreived. 
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INTRODUCTION 

In the field of human reproduction two biosimilars of original recombinant follitropin alfa 

product (Gonal-f®) are currently approved (Bemfola® and Ovaleap®) [1]. These medications 

are used as stimulants of multifollicular development in controlled ovarian hyperstimulation 

(COH) protocols for the purposes of the assisted reproductive technology (ART), among 

several indications. Following generic approach, biosimilars or follow-on biologics (FOB) 

can be developed as a copy of the original, reference biological drug after the market 

protection of the reference product has expired and are approved for the use in all indications 

of the reference biologic [1]. 

Differences in the structure of biosimilars to the reference follitropin alfa were thoroughly 

researched in pre-clinical studies. These differences did not show any influence on the 

biological activity and were considered acceptable according to the concept of biosimilarity 

[2-4]. Phase I clinical trials have demonstrated the pharmacokinetic bioequivalence of both 

biosimilars according to the reference product in population of healthy voluntary women [5-

7]. Phase III clinical trials have demonstrated comparable therapeutic efficacy of biosimilars 

and the reference follitropin alfa by primary endpoint, the number of retrieved oocytes, with 

comparable secondary endpoints and adverse event profile in women undergoing COH for the 

ART treatment [8-10]. The primary purpose of developing biosimilars, due to the potentially 

shorter production process, is to lower the price of biological therapies through bidding 

process of biosimilars with original products [1]. 

Aforementioned phase III clinical studies used formulations of follitropin alfa within 

gonadotropin-releasing hormone (GnRH) agonist protocol of ovarian stimulation for the 

pituitary down-regulation of endogenous levels of follicle-stimulating hormone (FSH) [8, 9]. 

Contrary, GnRH antagonists (GnRH-ant) were only used in minor proportion of patients in 



5 
 

the follow-up study of randomized controlled trial of Ovaleap®, and in one non-interventional 

study [10, 11]. 

The advantages of the use of GnRH antagonists are numerous. First, long pre-treatment for 

the pituitary down-regulation is not required, which is accompanied with the rarity of 

hypoestrogenic symptoms. Shorter period of ovarian stimulation is required contrary to GnRH 

agonists. Consequently, with the lower total doses of gonadotropins needed within antagonist 

protocols, a significantly lower incidence of ovarian hyperstimulation syndrome (OHSS) with 

GnRH antagonists was found, contrary to GnRH agonists [12, 13]. 

Given this background, the aim of this comparative analysis was to evaluate the clinical 

efficacy of Ovaleap® compared with the referenced follitropin alfa (Gonal-f®), within the 

context of antagonistic multiple doses protocol of COH for in vitro fertilisation (IVF) or 

intracytoplasmic sperm injection (ICSI) techniques. 

PATIENTS AND METHODS 

Participants and data 

A retrospective, monocentric study included 229 infertile women aged 22 to 43 years, with 

the body mass index (BMI) between 17 and 32 kg/m2 and who underwent their first cycle of 

controlled ovarian hyperstimulation for the purpose of the assisted reproductive technique 

(ART) therapy (IVF/ICSI). Other inclusion criteria were: 1) basal FSH concentration less than 

10 IU/L on the Cycle Day 2; 2) infertility that resulted from tubal factor, male factor, 

endometriosis, anovulation, idiopathic infertility and from a combination of causes; 3) 

presence of both normal ovaries and uterine cavity confirmed by transvaginal ultrasound 

before inclusion in the study. The data were obtained from the EHR database of the 

Department of Obstetrics and Gynaecology of UHC Zagreb, from women who were indicated 

with the controlled ovarian hyperstimulation (COH) and ART treatment of infertility during 
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the period of 2017, with the therapy outcomes (pregnancy loss, stillbirth or live birth) in the 

following year period. The study was approved by the local ethics committee, and the 

requirement to obtain informed consent was waived. 

Treatment scheme 

Eligible patients underwent ovarian stimulation with either Ovaleap® (N = 152) or Gonal-f® 

(N = 77) starting at Cycle Day 2 and were receiving GnRH antagonist in either fixed or 

flexible antagonist protocol manner (Figure 1). Starting doses with the dose adaptation of 

follitropin alfa in cases of risk of OHSS or other safety concerns, and the administration of 

hCG agent to induce follicular maturation and trigger ovulation were decided according to 

local practice (Figure 1). Oocyte retrieval took place 32 to 34 h after hCG administration. 

Elected ART procedure (IVF or ICSI) was carried out according to Centre’s standards, and a 

developed embryos or blastocysts were transferred (maximum of two) 2-5 days following 

oocyte retrieval or were cryopreserved. 

 

 

Endpoints and statistical analysis  

The aim of this study was primarily to compare number of oocytes retrieved between Gonal-

f® and Ovaleap® follitropin alfa products, which is the primary endpoint of randomized 

controlled trials (RCTs) for demonstrating clinical comparability regarding efficacy between 

the biosimilar and the reference biological medicinal products containing r-hFSH, as 

stipulated by the European Medical Agency (EMA). Additional parameters analysed were 

baseline demographic and clinical characteristics, stimulation phase factors, embryo and 

pregnancy assessment with adverse event profile. Study parameters’ findings were 

descriptively reported and evaluated using the Mann-Whitney U, chi-squared or Fisher’s 
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exact test, as applicable. Furthermore, Spearman correlation was carried out to measure 

association between variables (age level, AMH value, and stimulation phase parameters with 

the number of retrieved oocytes). The P value <.05 was considered to indicate statistical 

significance. Oocyte assessment was based on the nuclear maturity of retrieved oocytes, while 

the grading of transferred embryos was assessed based on the developmental stage of 

embryo/blastocyts obtained. The analysis was performed using Rstudio IDE/R software 

package (Version 1.1.463 © 2009-2018). 

RESULTS 

Baseline characteristics of study population 

Demographic and baseline characteristics were comparable between treatment groups. A total 

of 229 patients were analysed in this study, i.e. 152 patients in Ovaleap®-treatment group and 

77 patients in Gonal-f®-treatment group. In total, most patients (>80 %) were 30 years or 

older. While there wasn’t a broad difference in the age distribution of patients with the 

flexible protocol, the majority of women under fixed antagonistic protocol were between 30-

34 years. Similarly, BMI (body mass index) and duration of infertility were also comparable 

(Table 1). 

There was a slightly higher FSH baseline level in the Gonal-f®-treatment group, contrary to 

the higher mean AMH level in the Ovaleap®-treatment group. Furthermore, there was a 

higher percentage of women having AMH level above 24 pmol/L, that was defined by Lee 

and associates as cut-off level predictor for evaluation of high responders [14]. In addition, 

there was a lack of data regarding the AMH level in patients of the Gonal-f®-treatment group 

(Table 1).  

For the majority of women, the cause of infertility was found to be a male factor, and 

moreover combination of male factor and other infertility causal factors. In the Ovaleap®-
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treatment group there were slightly more patients with endometriosis and anovulatory cycles, 

or cause has not been diagnosed.
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Number of oocytes retrieved 

Overall, at least one oocyte was obtained in 227/229 (99.1%) women, i.e. with one patient per 

treatment group who discontinued further ART procedure due to negative oocyte retrieval. 

Most patients (>80 %) had retrieval of 4 or more oocytes in both treatment groups (Table 2, 

Figure 2). 

The number of oocytes retrieved per patient was similar between treatment groups. 

Ovaleap®-treatment resulted in fewer number of oocytes retrieved in regard to Gonal-f®-

treatment, with the median of 7 oocytes retrieved in the Ovaleap® group versus 9 in the 

Gonal-f® group (U = 5369.5, P = 0.3079). Similar differences between treatment groups were 

also found by observing oocyte number in regard to subgroups of patients treated with fixed 

and flexible multiple doses GnRH-ant protocols (Table 2, Figure 3). 

Evaluation of the stimulation phase 

Characteristics of the GnRH antagonist administration were similar between GnRH-ant 

protocols (Table 3). The mean duration of GnRH-ant was comparable observing GnRH-ant 

protocol subgroups, with 4.5 days within fixed (U = 1507.5, P = 0.898), and circa 3.5 days 

within flexible GnRH-ant protocol (U = 1511.5, P = 0.2242). Patients started receiving 

GnRH-ant on 6th day of stimulation within fixed GnRH-ant protocol in both treatment groups 

(U = 1285, P = 0.07361), while it was 8th (Ovaleap®) and 7th (Gonal-f®) day of stimulation 

regarding flexible GnRH-ant protocol (U = 1146.5, P = 0.1956). 

The duration of stimulation with r-hFSH was comparable observing GnRH-ant protocol 

subgroups, with the mean of > 8 days of r-FSH stimulation within fixed protocol (U = 1205.5, 

P = 0.1616), and > 9 days within flexible protocol (U = 1361.5, P = 0.5321). Overall, patients 

prescribed with fixed GnRH-ant protocol received lower total dose of r-hFSH (median = 1800 

IU in both groups; U = 1492, P = 0.8329), in regard to patients with flexible protocol. 
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However, total r-hFSH dose differed slightly between treatment groups in patients prescribed 

with flexible GnRH-ant protocol (Ovaleap®, median = 1950 IU; Gonal-f®, median = 1800 

IU), which was not statistically significant (U = 1401.5, P = 0.657) (Table 3). 

The most common starting doses were 150, 225 and 300 IU in both treatment groups (Figure 

4). There was higher percentage of patients in the Gonal-f® group who required dose 

adjustment, with 36 patients (46.7%) versus 40 patients (26.7%) in the Ovaleap® group, 

which was statistically significant difference (U = 7200, P = 0.001143). Furthermore, more 

patients needed dose reduction than dose elevation (Table 3, Figure 4). 

Patients prescribed with fixed GnRH-ant protocol in both treatment groups had higher median 

serum concentrations of estradiol (E2) on the day of hCG administration (Ovaleap®, E2 = 

1527 pmol/L; Gonal-f®, E2 = 1790 pmol/L), than patients with flexible GnRH-ant protocol 

(Ovaleap®, E2 = 1156 pmol/L; Gonal-f®, E2 = 1195 pmol/L). Furthermore, E2 

concentrations differed slightly between groups within fixed protocol (U = 967, P = 0.5872), 

which was not statistically significant (Table 3). 

Embryo assessment 

ICSI technique was performed in higher percentage of women treated with Ovaleap®. Most 

oocytes in the majority of patients in both groups were in the metaphase II stage of nuclear 

development (Table 4). Treatment groups were equable regarding embryo and blastocysts 

obtained after conducted ART procedure, with the mean of 2.5 embryos (median = 2) 

obtained per group. Regarding numbers and quality of transferred embryos/blastocysts, 

similar findings were revealed. Both treatment groups had the mean number of 1.2 transferred 

embryos, with closely similar proportions of embryo stages (Table 4). 

Pregnancy and live births 
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Similar proportion of patients in both treatment groups underwent embryo transfer procedure 

and cryopreserved their embryos. Clinical pregnancy rate was 24.3% (37/152) in the overall 

study sample and 31.9% (37/116) in women with embryo transfer, in the Ovaleap group. 

Similarly, in the Gonal-f group these rates were 25.0% (20/77) and 34.5% (20/58), 

respectively (Table 5). 

In the Ovaleap®-treatment group 75.7 % of patients with clinical pregnancy had live birth 

versus 90.0 % of patients in the Gonal-f®-treatment group with live birth. Take-home baby 

rate, which is defined as the percentage of patients with live birth divided by the number of 

randomized patients, was 18.4 % in the Ovaleap®-treatment group versus 23.4 % in the 

Gonal-f®-treatment group (Table 5). 

Despite the higher percentages of patients with liveborn children rates in the Gonal-f®-

treatment group, there were 52 live births overall with 32 live births in the Ovaleap®-

treatment group and 20 in the Gonal-f®-treatment group. Four women in the Ovaleap®-

treatment group and 2 women the Gonal-f®-treatment group had twins (Table 5). 

Adverse event profile 

Cases of OHSS and pregnancy loss were documented. Only 4 patients experienced OHSS, 

with 1 case in Ovaleap®-treatment group and 3 cases in Gonal-f®-treatment group, 

respectively (P = 0.1117). Cases of OHSS could not be classified by the data from medical 

records provided, but they led to the cancelling of embryo transfer in affected patients. There 

were 11 pregnancy loss events, with 9 cases in Ovaleap®-treatment group and 2 cases in 

Gonal-f®-treatment group (P = 0.3424), respectively, but the study was not designed to detect 

if they are related to treatment drugs (Table 6). 
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DISCUSSION 

Our study found that Ovaleap® and Gonal-f® formulations are equivalent by observing the 

number of oocytes retrieved in a population of infertile women undergoing controlled ovarian 

hyperstimulation for the purpose of assisted reproduction techniques [15]. Infertile women 

included in this study were representative of the patient population usually treated with the 

COH for the purpose of the ART procedures, and in regard to the mean age, BMI and baseline 

FSH concentration similar to the population of previous studies that investigated effectiveness 

and safety of Ovaleap® follitropin alfa [9-11]. However, our patient population had higher 

AMH values contrary to the study population of Howles et al. [11]. Since the previous trial of 

Strowitzki et al. was designed by using long GnRH agonist protocol of COH [9], this study 

examined the clinical efficacy of these formulations within fixed or flexible GnRH antagonist 

multiple doses protocols. 

Ovaleap® treatment resulted in the mean number of 8.57 retrieved oocytes, while the mean of 

9.38 oocytes was retrieved in women treated with Gonal-f®. A similar oocyte count was 

found in subgroups treated with either fixed or flexible GnRH antagonist protocols of ovarian 

hyperstimulation. Overall, differences in oocytes numbers between subgroups were found to 

be nonsignificant. Our therapy regimen did not yield the number of retrieved oocytes that has 

been shown in the previous studies [9, 11], which could be explained with the absence of the 

comparable study protocol design. 

Using Spearman correlation test, we investigated an impact of different variables, including 

the age and AMH level, as well as the duration and dose of r-hFSH, on the number of oocytes 

retrieved [16]. As expected, the number of retrieved oocytes decreased with age, shown by 

statistically significant weak negative correlation in both treatment groups (Ovaleap®, rs = -

0.3018, P = 0.0001576; Gonal-f®, rs = -0.2925053, P = 0.009838). Contrary, the number of 

retrieved oocytes and AMH values showed statistically significant weak (Ovaleap®, rs = 
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0.388, P = 0.00000697) and moderate (Gonal-f®, rs = 0.6257985, P = 0.0000121) positive 

correlations. Along with findings of AMH values, including the proportion of potential high 

responders (Table 1) in regard to AMH, and baseline FSH levels in both groups, we can 

assume that the majority of our study population were normoresponding patients, with the 

expected number of retrieved oocytes shown by our study, despite cases of OHSS shown. 

There was no relationship with the duration of r-hFSH stimulation (Ovaleap®: rs = 

0.1946836, P = 0.01624; Gonal-f®: rs = 0.09193821, P = 0.4265), or total r-hFSH dose 

(Ovaleap®: rs = -0.1175292, P = 0.1493; Gonal-f®: rs = -0.2420643, P = 0.03392) in both 

treatment groups.  

Even though the analysis did not investigate differences in pregnancy rates, clinical pregnancy 

rates were favourable of Gonal-f®, with slightly more day-5 blastocyst transfers in the Gonal-

f® treatment group. However, our study yielded lower pregnancy rates in comparison to 

studies of Strowitzki et al. and Howles et al. [9, 11]. 

Flexible approach to the use of the multiple dose GnRH antagonist protocol was found to 

have shorter administration period and consequent use of less vials of GnRH antagonist, 

contrary to fixed approach [17, 18]. Tailoring the start of GnRH antagonist in an ovarian 

stimulation by the size of the leading follicle could improve the outcome of these cycles [18]. 

Our study demonstrated shorter administration period and consequently using fewer vials of 

GnRH antagonist within flexible GnRH-ant protocol. Furthermore, while the parameters 

regarding stimulation with r-hFSH (total dose, starting doses and duration of stimulation) 

were similar between treatment groups, there was significantly lower proportion of patients 

with the dose adjustment of r-hFSH in the Ovaleap® treatment group (26.7%) versus Gonal-

f® group (46.7%, P = 0.001143) with flexible GnRH antagonist protocol, contrary to the 

previous study of Strowitzki et al., which used long GnRH agonist protocol [9].  
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Both the usage of GnRH antagonist protocol, in regard to long GnRH agonist protocol, and 

flexible GnRH antagonist protocol of COH were found to be associated with the lower 

incidence of OHSS [13, 19]. Even though this study did not investigate safety profiles of r-

hFSH agents with the GnRH antagonist co-treatment, there was lower OHSS rate in the 

Ovaleap® treatment group (0.7%). Furthermore, this finding was also in contrary to the 

previous studies, that yield higher OHSS rates with Ovaleap® treatment [9, 11]. 

While the clinical efficacy profile favoured using Gonal-f® formulation of follitropin alfa, 

this analysis showed that there is no significant difference in the number of oocytes retrieved 

between Ovaleap® and Gonal-f® follitropin alfa formulations, used within GnRH antagonist 

protocols of COH. This study further expands evidence of equivalent clinical profiles of the 

biosimilar and the reference biological medicinal products containing r-hFSH. Furthermore, 

results show that the use of Ovaleap® within the flexible GnRH antagonist protocol could 

reduce the need of dose adjustment of r-hFSH in controlled ovarian stimulation compared to 

Gonal-f®, with potentially lower OHSS rates. 
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Table 1. Baseline demographic and clinical characteristics. 

 Ovaleap®  

N = 152 

Gonal-f® 

N = 77 

Test 

statisticb 

P valueb 

Age, mean (SD), years 34.3 (4.0) 34.1 (4.1) U = 5637 0.6496 

Age distribution, n/Na (%), years 

Fixed protocol 

< 30 years 

30 – 34 years 

> 34 years 

Flexible protocol 

< 30 years 

30 – 34 years 

> 34 years 

 

 

9/90 (10.0) 

46/90 (51.1) 

35/90 (38.9) 

 

8/62 (12.9) 

26/62 (41.9) 

28/62 (45.2) 

 

 

8/34 (23.53) 

18/34 (52.94) 

8/34 (23.53) 

 

3/43 (6.98) 

20/43 (46.51) 

20/43 (46.51) 

 

 

U = 1737 

U = 1570 

U = 1283 

 

U = 1254 

U = 1377.5 

U = 1367.5 

 

 

0.0522 

0.7974 

0.1053 

 

0.3349 

0.729 

0.7974 

BMI, mean (SD), kg/m2  22.8 (2.7) 22.9 (3.2) U = 2537 0.9312 

Duration of infertility, median (min-

max), years 

3 (1-13) 3 (2-12) U = 2345 0.202 

Causes of infertility, n (%)     

Tubal factor 12 (7.9) 8 (10.4) Χ2 = 

0.14748 

0.701 

Male factor 38 (25.0) 30 (40.0) Χ2 = 4.1264 0.04222 

Endometriosis 7 (4.6) 1 (1.3) Χ2 = 

0.82177 

0.3647 

Anovulation 14 (9.2) 2 (2.6) Χ2 = 2.4971 0.1141 

Idiopathic 10 (6.6) 3 (3.9) Χ2 = 0.5985 
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0.27733 

Combination 40 (26.3) 17 (22.1) Χ2 = 

0.29046 

0.5899 

No data 31 (20.4) 16 (20.8)   

FSH baseline levels, mean (SD), 

IU/L 

6.1 (1.05)  7.0 (2.10) U = 4115.5 0.5082 

AMH levels, median (min-max), 

pmol/L 

15 (1.1-316) 15 (0.8-71) U = 2627 0.9323 

AMH levels > 24 pmol/L, n (%) 44 (28.9) 14 (18.2) U = 291.5 0.7712 

SD standard deviation, BMI body mass index, FSH follicle-stimulating hormone, AMH anti-

Müllerian hormone, ART assisted reproductive technology. 

aNumber divided by the number of patients prescribed with GnRH-ant protocol (See Table 2). 

bCalculated using Mann-Whitney U or Pearson's chi-squared test (Χ2), as shown. 

 

 

 

 

 

 

 

 

 

Table 2. Number of retrieved oocytes. 

 
Ovaleap® 

N = 152 

Gonal-

f® 

N = 77 

Test 

statistic 

P 

value 

Patients per GnRH-ant protocol, n (%)     

Fixed protocol 90 (59.2) 34 (44.2)   

Flexible protocol 62 (40.8) 43 (55.8)   

Patients with oocyte retrieval, n (%)  151 

(99.3) 

76 (98.7)   

Patients with good responsea, n (%)  127 

(84.0) 

63 (82.0)   
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Number of retrieved oocytes      

Mean (SD) 

Median (min-max) 

8.57 

(5.18) 

7 (0-28) 

9.38 

(5.78) 

9 (0-22) 

U = 5369.5 0.3079 

Number of retrieved oocytes per GnRH-ant 

protocol 

Fixed protocol, median (min-max) 

 

8 (0-22) 

 

9.5 (2-

20) 

 

U = 1776 

 

0.1681 

Flexible protocol, median (min-max) 7 (1-22) 8 (0-28) U = 1362.5 0.8498 

GnRH-ant gonadotropin-releasing hormone antagonist, SD standard deviation. 

aPatients with an oocyte retrieval of four or more oocytes. 

 

 

Table 3. Assessment of the ovarian stimulation phase. 

 Ovaleap® Gonal-f® Test 

statistic 

P value 

GnRH-ant duration per protocol, mean 

(SD), days 

    

Fixed protocol 4.5 (1.2) 4.5 (1.2) U = 

1507.5 

0.898 

Flexible protocol 3.6 (0.95) 3.4 (1.4) U = 

1511.5 

0.2242 

Start of GnRH-ant per protocol, 

median (min-max), day 

Fixed protocol 

Flexible protocol 

 

6 (6-7) 

8 (7-11) 

 

6 (6-7) 

7 (7-13) 

 

U = 

1285 

U = 

1146.5 

 

0.07361 

0.1956 

r-hFSH dose per protocol, median 

(min-max), IU 

    

Fixed protocol 1800 (1050-

3000) 

1800 (1200-

4125) 

U = 149

2 

0.8329 

Flexible protocol 1950 (1200-

3000) 

1800 (900-

3600) 

U = 140

1.5 

0.657 

Duration of r-hFSH stimulation, mean     
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(SD), days 

Fixed protocol 8.5 (1.3) 8.9 (1.3) U = 

1205.5 

0.1616 

Flexible protocol  9.3 (1.1) 9.6 (2.2) U = 

1361.5 

0.5321 

Starting dose of r-hFSH, IU     

Fixed protocol 

Mean (SD) 

Median (min-max) 

 

215.9 (51.9) 

225.0 (150-

300) 

 

217.7 (43.2) 

225.0 (150-

300) 

 

U = 

1757 

 

0.1518 

Flexible protocol 

Mean (SD) 

Median (min-max) 

 

222.4 (39.9) 

225.0 (150-

300) 

 

226.1 (56.2) 

225.0 (75-

375) 

 

U = 

1265.5 

 

0.6213 

r-FSH dose adaptation, n (%) 

     Total 

     Dose increasea 

     Dose decreasea 

 

40 (26.7) 

9 (22.5) 

31 (77.5) 

 

36 (46.7) 

7 (19.4) 

29 (80.6) 

 

U = 

7200 

 

 

 

0.001143 

Estradiol serum levelsb, median (min-

max), pg/mL 

Fixed protocol 

     Flexible protocol 

 

1527 (156-

4636) 

1156 (179-

4544) 

 

1790 (576-

3877) 

1195 (409-

5085) 

 

U = 967 

U = 699 

 

0.5872 

0.8885 

GnRH-ant gonadotropin-releasing hormone antagonist, r-FSH recombinant FSH. 

aDiveded by the number of patients required with dose adaptation of r-FSH. 

bE2 serum concentration measured on the day of hCG administration. 
 

Table 4. Oocytes and embryo assessment. 

 Ovaleap® Gonal-f® Test statistic P value 

ART procedure, n (%) 

IVF 

TESE-ICSI 

Nihil 

 

70 (46.0) 

80 (52.6) 

2 (1.4) 

 

49 (63.6) 

27 (35.1) 

1 (1.3) 

 

Χ2 = 2.0972 

Χ2 = 2.0887 

 

 

0.1476 

0.1484 
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Nuclear maturity of retrieved oocytes, n 

(%) 

Germinal vesicle 

Metaphase I 

Metaphase II 

 

134 (10.3) 

143 (11.0) 

975 (74.8) 

 

57 (7.9) 

74 (10.2) 

564 (78.0) 

 

U = 5392  

U = 5967.5 

U = 6403.5 

 

0.2631 

0.7927 

0.243 

Number of obtained embryos/blastocysts 

Total 

Median (min-max) 

 

371  

2 (0-6) 

 

191 

2 (0-7) 

 

U = 5771 

 

0.8576 

Number of transferred 

embryos/blastocysts  

Total (%)a 

Mean (SD) 

 

186 (50.1) 

1.2 (0.8) 

 

92 (48.2) 

1.2 (0.8) 

 

U = 5968 

 

0.793 

Developmental stage of transferred 

embryos, n (%) 

Expanded blastocyst 

Blastocyst 

Embryo (cleavage) 

 

69 (37.1) 

56 (30.1) 

61 (32.8) 

 

36 (39.1) 

29 (31.5) 

27 (29.3) 

 

U = 5977.5 

U = 5828 

U = 5630 

 

0.6874 

0.9497 

0.5282 

ART assisted reproductive technology, SD standard deviation. 

aProportion of the number of obtained embryos/blastocysts. 
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Table 5. Clinical efficacy outcomes. 

 Ovaleap® Gonal-f® Test 

statistic 

P value 

Patients with embryo transfer, 

n/N (%) 

116/152 

(76.3) 

58/77 (75.3)   

Patients with cryopreservation, 

n/N (%) 

64/152 (43.1) 35/77 (45.4)   

Biochemical pregnancy rates, 

n/N (%) 

All patients 

Patients with embryo 

transfer 

 

50/152 (32.9) 

50/116 (43.1) 

 

22/77 (28.6) 

22/58 (37.9) 

 

U = 5599 

U = 3219 

 

0.5074 

0.5879 

Clinical pregnancy rates, n/N 

(%) 

All patients 

Patients with embryo 

transfer 

 

37/152 (24.3) 

37/116 (31.9) 

 

20/77 (26.0) 

20/58 (34.5) 

 

U = 5933 

U = 3206 

 

0.8215 

0.6887 

Take-home baby ratesa, n/N (%) 

All patients 

Patients with embryo 

transfer 

 

28/152 (18.4)

  

28/116 (24.1) 

 

18/77 (23.4) 

18/58 (31.0) 

 

U = 6134 

U = 3616 

 

0.3931 

0.2923 

Number of live births, n 32 20  0.5825b 

N/A not applicable. 

aTake-home baby rate equals the percentage of patients with live births divided by the 

number of patients. 

bCalculated using Fisher's exact test. 
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Table 6. Adverse events. 

 Ovaleap® Gonal-f® P valuea 

OHSS, n (%)  1 (0.7) 3 (3.9) 0.1117 

Pregnancy loss, n 9 (5.9) 2 (2.6) 0.3424 

OHSS ovarian hyperstimulation syndrome.  

aCalculated using Fisher's exact test.  
 

 

  

 

Figure legends:  

Figure 1. Study treatment scheme with patient disposition. 

Figure 2. Distribution of the number of oocytes retrieved in patients treated with follitropin 

alfa agents for controlled ovarian hyperstimulation (COH). 
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Figure 3. Presentation of the number of oocytes retrieved in patients using proposed 

stimulating agents within GnRH-antagonist protocol types.  

Figure 4. Frequency of starting doses of follitropin alfa and the percentage of patients with 

dose adaptation. 

 


