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Abstract
Background Follitropin delta is a novel recombinant follicle stimulating hormone preparation uniquely expressed in 
a human fetal retinal cell line by recombinant DNA technology. To date, no systematic review was available about the 
safety and the efficacy of the follitropin delta. The objective of this study was systematically reviewing the available 
literature and to provide updated evidence regarding the efficacy-safety profile of follitropin delta when compared 
to other gonadotropin formulations for ovarian stimulation in in vitro fertilization (IVF) and intracytoplasmic sperm 
injection (ICSI) cycles.

Methods An extensive search was performed to identify phase 1, phase 2 and phase 3 RCTs in humans focused on 
follitropin delta use for ovarian stimulation in IVF/ICSI cycles. The risk of bias and the overall quality of the evidence 
was analyzed. All data were extracted and analyzed using the intention-to-treat principle and expressed per woman 
randomized.

Results A total of 7 RCTs (1 phase 1 RCT, 2 phase 2 RCTs and 4 phase 3 RCTs) were included in the qualitative 
analysis, whereas data of three phase 3 RCTs were meta-analyzed. All trials compared personalized recombinant 
follitropin delta treatment versus conventional recombinant follitropin alfa/beta administration in potentially normo-
responder patients who receive ovarian stimulation in GnRH antagonist IVF/ICSI cycles. No difference between two 
regimens was detected for clinical pregnancy rate [odds ratio (OR) 1.06; 95% confidence intervals (CI): 0.90, 1.24; 
P = 0.49; I2 = 26%], ongoing pregnancy rate (OR 1.15; 95%CI: 0.90, 1.46; P = 0.27; I2 = 40%), and live birth rate (OR 1.18; 
95%CI: 0.89, 1.55; P = 0.25; I2 = 55%). No data were available regarding cumulative success rates. The rate of adoption of 
strategies to prevent ovarian hyperstimulation syndrome (OHSS) development (OR 0.45; 95%CI: 0.30, 0.66; P < 0.0001; 
I2 = 0%), and the rate of both early OHSS (OR 0.62; 95%CI: 0.43, 0.88; P = 0.008; I2 = 0%) and all forms of OHSS (OR 
0.61; 95%CI: 0.44, 0.84; P = 0.003; I2 = 0%) were significantly lower in the group of patients treated with personalized 
follitropin delta treatment compared to those treated with conventional follitropin alfa/beta administration.
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Introduction
In vitro fertilization (IVF) and intracytoplasmic sperm 
injection (ICSI) are infertility treatments widely used, 
effective and with a low rate of complications [1]. One of 
the key factors affecting the success rate of the procedures 
is the ovarian stimulation with exogenous gonadotropins 
[2–4]. Available evidence demonstrates a positive linear 
correlation between the number of oocytes retrieved and 
the IVF success rates. A rapid increase in live birth rate 
(LBR) with the number of oocytes retrieved to approxi-
mately 16–20 oocytes, at which point it continued to 
increase but with diminishing returns, has been dem-
onstrated [5]. The goal of maximizing the number of 
good quality oocytes retrieved must be balanced against 
the risk of ovarian hyperstimulation syndrome (OHSS). 
Several strategies have been developed over the years 
to reduce the risk of developing this complication [6]. 
The most effective was the introduction of gonadotro-
pin releasing hormone (GnRH) antagonists to suppress 
the luteinizing hormone (LH) surge, and of GnRH ago-
nist triggering followed by a “freeze all” policy [7]. This 
strategy is widely accepted for presumed high-responder 
patients [6, 8]. However, many OHSS cases occur in pre-
sumed normal responders, and the clinical and scientific 
interest for interventions aimed to minimize OHSS is 
thus still high.

A recent umbrella review, aimed to identify the best 
evidence-based interventions to prevent or reduce the 
incidence and severity of OHSS in patients undergo-
ing IVF/ICSI cycles, intercepted a total of 28 systematic 
reviews of randomized controlled trials (RCTs) with 
meta-analysis [9]. Its results confirmed the efficacy of 
GnRH antagonist IVF/ICSI cycles with GnRH agonist 
triggering with embryo freezing for high-risk OHSS 
patients. Authors also showed that the progestin-primed 
ovarian stimulation protocol is a valid option in case 
of elective embryo transfer (ET) as well as for cancer 
patients in the context of fertility preservation and for 
donors [9]. The use of mild gonadotropin stimulation, 
the metformin coadministration and dopamine agonists 
treatment resulted also effective strategies for high-risk 
patients who receive GnRH agonist down-regulation [9]. 
Novel interventions, not still formally included in sys-
tematic reviews due to the paucity of data, also deserve 
to be mentioned and should not be underestimated [10]. 

This is the case of follitropin delta that resulted, notwith-
standing the lack of type A evidence, an effective treat-
ment in terms of reduction of early OHSS risk in GnRH 
antagonist IVF/ICSI cycles with potentially better repro-
ductive outcomes when compared with follitropin alfa 
[11].

Follitropin delta is a novel recombinant follicle stimu-
lating hormone (r-FSH) preparation uniquely expressed 
in a human fetal retinal cell line (PER.C6VR) by recom-
binant DNA technology [12]. It shows a specific glyco-
sylation profile characterized by an α2.3 and α2.6-linked 
sialic acid sugar chain [13]. The amino acid sequences of 
the two FSH subunits α and β are identical to the endog-
enous human FSH sequences with α2,6-linked sialic acid 
and bisecting N-acetylglucosamine [14]. This glycosyl-
ation profile induces a lower clearance and a higher ovar-
ian response in humans than other r-FSH preparations 
when administered at equal doses of biological activity 
[12, 14]. An individualized dosing algorithm for follitro-
pin delta incorporating body weight and pretreatment 
anti-Mullerian hormone (AMH) levels has been devel-
oped [15].

Although promising, follitropin delta for ovarian stim-
ulation is supported by isolated RCTs, conducted in dif-
ferent settings and which are focused on different phases 
of pharmacological research. Against that background, 
we felt it was time to provide clinicians with a data syn-
thesis. Specifically, the aim of this systematic review and 
meta-analysis was to provide updated evidence regarding 
both the efficacy (both in terms of ovarian response and 
reproductive outcomes) and the safety of follitropin delta 
when compared to other gonadotropin formulations for 
ovarian stimulation in IVF/ICSI cycles.

Methods
The protocol of the current review was registered on 
the PROSPERO website (Protocol study registration: 
PROSPERO CRD42023470352, available at http://www.
crd.york.ac.uk/PROSPERO), and followed the Preferred 
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) 2020 statement [16] (http://www.
prisma-statement.org) and the Population, Intervention, 
Comparison, Outcome (PICO) model [17]. No formal 
ethical approval was required because the study did not 
involve humans and/or the use of human tissue and/

Conclusion Personalized follitropin delta treatment is associated with a lower risk of OHSS compared to conventional 
follitropin alfa/beta administration in potentially normo-responder patients who receive ovarian stimulation in 
GnRH antagonist IVF/ICSI cycles. The absence of cumulative data does not allow definitive conclusions to be drawn 
regarding the comparison of the effectiveness of the two treatments.

Protocol study registration CRD42023470352 (available at http://www.crd.york.ac.uk/PROSPERO).
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or hospital records samples, and no personal data were 
recorded and analyzed.

Review question
The primary question of the current systematic review 
with meta-analysis was: is the safety-efficacy profile of 
follitropin delta better than those of the other gonadotro-
pins for ovarian stimulation in IVF/ICSI cycles?

PICO model
According to the PICO model [17], “Population” included 
women who undergo IVF/ICSI treatments, “Inter-
vention” was considered the use of follitropin delta to 
stimulate multiple ovulation, “Comparison” included 
another gonadotropin treatment or another potentially 
active intervention, and “Outcome” included primary 
and secondary outcomes of safety and efficacy. Pri-
mary outcomes (critical) for the safety issues were con-
sidered the incidence of maternal death and of hospital 
admission, whereas for efficacy issues were the cumula-
tive LBR (CLBR), the LBR and the number of oocytes 
retrieved. Secondary outcomes included: incidence 
and severity of OHSS (important), days of hospitaliza-
tion for complications (important), pregnancy compli-
cations (important), neonatal and offspring outcomes 
(important) as safety endpoints, and cumulative clini-
cal pregnancy rate (CCPR, important), CPR (impor-
tant), pregnancy rate (important), cumulative ongoing 
pregnancy rate (COPR, important), OPR (important), 
implantation rate (important), miscarriage rate (impor-
tant), and number of mature oocytes (important) as 
efficacy endpoints. All other outcomes (including total 
dose of gonadotropins, duration of ovarian stimulation, 
number of embryos obtained, biochemical pregnancy 
rate, and so on) were considered of limited importance. 
Outcomes were defined according to The International 
Glossary on Infertility and Fertility Care [18]. To assess 
and classify the importance of any outcome we referred 
to https://gdt.gradepro.org/app/handbook/handbook.
html#h.1i2bwkm8zpjo.

Data sources, search strategy, and eligible criteria
The search was performed using the key words “FE 
999049” or “follitropin delta” or “gonadotropin delta” or 
“rekovelle” AND “in vitro fertilization” or “IVF” or “intra-
cytoplasmic sperm injection” or “ICSI” or “assisted repro-
ductive technology” or “ART” in the following electronic 
databases: Pub-Med, The Cochrane Library, EMBASE, 
Scopus and Web of Science. Protocols for clinical tri-
als were searched on ClinicalTrials.gov, on clinicaltrial-
sregister.eu and on the national/international registries 
included on the World Health Organization (WHO) 
International Trials registry platform (available at https://
www.who.int/clinical-trials-registry-platform/network/

primary-registries). The authors also hand-searched 
the reference lists of the included articles and of previ-
ous reviews to find additional data of interest for the aim 
of the present study, whereas unpublished studies were 
not specifically sought. All publications were searched 
without time limits and the searches re-run prior to final 
analysis (October 20th, 2023).

Phase 1, phase 2 and phase 3 RCTs in humans 
focused on follitropin delta use for ovarian stimula-
tion in IVF/ICSI cycles were eligible. The search was 
restricted to female gender and English language. 
Cross-over RCTs, prospective quasi-randomized and 
non-randomized controlled studies, controlled/uncon-
trolled observational and retrospective cohort studies, 
review articles, case reports, conference abstracts, and 
study protocols were excluded from final analysis. No 
attempt was made for searching and identifying gray 
literature.

Data collection process
Two authors (SP, AB) performed, extracted, and tabu-
lated all searches independently in duplicate. The stud-
ies retrieved by the literature search were sequentially 
screened for inclusion according to titles and abstracts 
and then to full text. For each specific intervention, a 
custom table to extract data was created to extract data. 
Data extracted and tabulated included the first author, 
year of publication, journal, country, study design, 
population characteristics, sample size, ovarian stimu-
lation protocols, primary and secondary outcomes, 
and the certainty of evidence (CoE). The other authors 
(DC, PELS) checked the trial reports and eligibility. Any 
disagreements were resolved by discussion among all 
reviewers.

Where there was insufficient information in the 
included study, no attempt was made to obtain original 
or further data by contacting corresponding authors, 
it was assumed that missing participants had failed to 
achieve specific outcome and had not suffered reported 
adverse events.

Risk of bias and quality of evidence assessment
Two authors (S.P. and A.B.) independently assessed the 
included studies for risks of bias using the Cochrane ’Risk 
of bias’ assessment tool for RCTs [19].

The overall quality of the evidence was graded accord-
ing to the Grading of Recommendations Assessment, 
Development and Evaluation (GRADE) Working Group 
guidelines using GRADE’s official GRADEpro software 
tool (www.gradepro.org/). The GRADE approach clas-
sifies the certainty of evidence into one of four grades: 
high, moderate, low, and very low. For each study, a quali-
tative analysis was performed using the data reported in 
the original manuscript.

https://gdt.gradepro.org/app/handbook/handbook.html#h.1i2bwkm8zpjo
https://gdt.gradepro.org/app/handbook/handbook.html#h.1i2bwkm8zpjo
https://www.who.int/clinical-trials-registry-platform/network/primary-registries
https://www.who.int/clinical-trials-registry-platform/network/primary-registries
https://www.who.int/clinical-trials-registry-platform/network/primary-registries
http://www.gradepro.org/
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Data synthesis
All data extracted from RCTs were analyzed using the 
intention-to-treat (ITT) principle and all outcomes were 
expressed per woman randomized. Where only data ‘per 
cycle’ were available, and participants had contributed 
multiple cycles, data were omitted from meta-analysis. 
Pairwise meta-analyses were performed using the fixed-
effects model with the Mantel–Haenszel method. In 
accordance with the Cochrane guidance on Systematic 
Reviews [19], data relevant for the experimental inter-
vention (follitropin delta) were combined into a single 
group and compared with the combined data for the 
comparator intervention (another gonadotropin treat-
ment or another potentially active intervention) group 
during the analysis. The effect size for dichotomous 
outcomes was measured by calculating the odds ratio 
(OR). Uncertainty was expressed using 95% confidence 
intervals (CI). For continuous data, means and standard 
deviations were abstracted, and the mean difference was 
calculated.

Review Manager (Review Manager, RevMan, version 
5.4; The Cochrane Collaboration, 2020. Available at rev-
man.cochrane.org) was used to analyze the extracted data 
from the included studies. According to the Cochrane 
Handbook for Systematic Reviews of Intervention, an I2 
value of 0 indicates no observed heterogeneity, whereas I2 
values from 30 to 60% may represent moderate heteroge-
neity, I2 values from 50 to 90% may represent substantial 
heterogeneity, and I2 values from 75 to 100% represent 
considerable heterogeneity. The risk estimates were com-
bined in a meta-analysis using a fixed effects model when 
the heterogeneity found among the studies was absent to 
moderate (0%≤I2 < 30%). When heterogeneity was mod-
erate, substantial, or considerable (I2 ≥ 30%), we used the 
DerSimonian and Laird method for a random-effects 
model [20]. Statistical significance was set at P ≤ 0.05.

Results
The Fig. 1 summarizes the process of literature identifica-
tion and selection of studies [16]. Our literature searches 
yielded 180 studies, of which 8 duplicates were removed. 
After a full review of titles and abstracts, 13 studies 
were identified as potentially eligible for inclusion, and 
were reviewed. One RCT was excluded because folli-
tropin delta was not compared with other intervention 
(focused on the effect of choriogonadotropin beta) [21]. 
Two RCTs were excluded because, although their results 
were submitted to clinicaltrials.gov, have not yet com-
pleted the quality control review process (NCT03740737, 
RITA-1; and NCT03738618, RITA-2). Two RCTs were 
excluded because are still ongoing (NCT05103228; and 
NCT05263388, ADAPT-1). Two RCTs were not included 
because their data were deemed unreliable and were not 
published (NCT03809429; and 2017-003810-13).

The remaining 7 RCTs (1 phase 1 RCT, 2 phase 2 RCTs 
and 4 phase 3 RCTs) were included in the qualitative 
analysis [15, 22–27]. Data of three phase 3 RCTs were 
meta-analyzed [15, 25, 26]. Characteristics of included 
studies are reported in Table 1. All RCTs reported com-
parative data between different doses of follitropin delta 
[22, 25, 27] or between follitropin delta and follitropin 
alfa/beta [15, 23, 24, 26].

Qualitative analysis
Phase 1 RCTs
Shao et al. [27] conducted an open-label, randomized, 
parallel group design at Jiangsu Province Hospital, China, 
from June through December 2019. The participating 
women received two administrations of a 1-month depot 
formulation of triptorelin acetate depot (Decapeptyl®, 
Ipsen International) 3.75  mg to suppress endogenous 
release of FSH. The first dose of triptorelin was given 28 
days before the administration of the first dose of follitro-
pin delta (Rekovelle®, Ferring Pharmaceuticals) and the 
second dose was given 10 days prior to the first follitro-
pin delta administration. On the morning of the gonado-
tropin administration day, 24 healthy Chinese women 
were randomized to receive a single dose of follitropin 
delta (12, 18, or 24  µg) administered subcutaneously in 
the abdominal region. A follow-up visit was scheduled 
10 days after follitropin delta administration and an 
anti-FSH antibody assessment after 27 days. Following 
a single subcutaneous administration of follitropin delta 
12, 18, or 24  µg, the maximum concentration observed 
(Cmax) (0.388, 0.677, and 0.825 ng/mL, respectively) and 
the area under the serum concentration–time curve from 
dosing to infinity (AUC∞) (41.3, 62.9, and 83.1 h·ng/mL, 
respectively) increased in a dose-proportional manner. 
The median time to reach Cmax (tmax) was 24 h, and the 
mean elimination phase half-life (t½) was in the range of 
50.5–60.9  h. All treatment-related adverse events were 
categorized as mild, except for one case of urticaria 
from the follitropin delta 18-µg dose group which was 
considered moderate. Only one woman presented with 
elevation of alanine transaminase and aspartate amino-
transferase at the follow-up visit, which was reported as a 
treatment-emergent adverse event. There were no injec-
tion-site reactions and none of the participants showed 
any confirmed presence of treatment-induced anti-FSH 
antibodies [27].

Phase 2 RCTs
In 2014, Arce et al. [22] published the first randomized, 
controlled, assessor-blinded, AMH-stratified trial to eval-
uate the dose-response relationship of follitropin delta 
with respect to ovarian response in patients undergoing 
IVF/ICSI and to prospectively study the influence of ini-
tial AMH concentrations. On day 2–3 of the menstrual 
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cycle, 265 eligible patients were randomly assigned, in a 
1:1:1:1:1:1 ratio, to receive fixed daily subcutaneous injec-
tions of either 5.2 µg, 6.9 µg, 8.6 µg, 10.3 µg, or 12.1 µg 
of follitropin delta (FE 999,049; Ferring Pharmaceuticals), 
or 11  µg (150 IU) of follitropin alfa (Gonal-F®; Merck 
Serono). The reference arm (follitropin alfa, 11  µg) was 
included for external validity, and no statistical compari-
sons were contemplated. In patients treated with follitro-
pin delta, the number of oocytes retrieved increased in 
a dose–dependent manner, from 5.2 ± 3.3 oocytes with 
5.2 µg/d to 12.2 ± 5.9 oocytes with 12.1 µg/d. The slopes 
of the follitropin delta dose–response curves differed 
significantly between the two AMH strata, demonstrat-
ing that a 10% increase in dose resulted in 0.5 (95%CI 
0.2, 0.7) and 1.0 (95%CI 0.7, 1.3) more oocytes in the low 
and high AMH stratum, respectively. Fertilization rate 

and blastocyst/oocyte ratio decreased significantly with 
increasing follitropin delta doses in both AMH strata. 
No linear relationship was observed between follitropin 
delta dose and number of blastocysts overall or by AMH 
strata. Five cases of OHSS were reported for the three 
highest follitropin delta doses and in the high AMH stra-
tum [22].

Ishihara et al. [25] conducted a randomized, con-
trolled, assessor-blind, AMH-stratified dose-response 
trial on 158 Japanese women aged between 20 and 39 
years. On day 2–3 of the menstrual cycle, patients were 
randomized 1:1:1:1 to fixed daily subcutaneous injec-
tions of 6 µg, 9 µg, or 12 µg follitropin delta (Rekovelle®, 
72  µg/2.16 mL; Ferring Pharmaceuticals), or 150 IU/d 
follitropin beta (Follistim®, 900 IU/1.08 mL; MSD) (ref-
erence arm for validation purposes). Randomization 

Fig. 1 PRISMA 2020 flow diagram systematic reviews
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Study Sponsor Study 
design

Setting Study 
period

Nr. of 
included 
subjects

Age of study 
participants

Main inclu-
sion and 
exclusion 
criteria

Interventions Primary 
endpoint

Synthesis 
of results 
(primary 
endpoint)

Arce 
et al., 
2014 
[22]

Ferring 
Pharmaceuticals

Ran-
dom-
ized, 
con-
trolled, 
asses-
sor-
blinded, 
AMH-
strat-
ified 
(low: 
5.0–
14.9 
pmol/L; 
high: 
15.0–
44.9 
pmol/L) 
trial 
(Phase 
2 trial)

Seven IVF 
centers 
in four 
countries 
(Belgium, 
Czech 
Republic, 
Denmark, 
and Spain)

From 
Sep-
tember 
2011 
to May 
2013

A total of 
265 eligible 
patients 
were 
random-
ized, with a 
distribution 
of 56% 
(n = 148) 
and 44% 
(n = 117) 
in the 
high and 
low AMH 
stratum, 
respectively

18–37 years Inclusion 
criteria: 
women 
scheduled 
for IVF/ICSI 
for tubal 
infertility, 
unexplained 
infertil-
ity, infertility 
related to 
endometrio-
sis stage I/II, 
or for male 
factor infer-
tility; BMI 
between 
18.5 and 
32.0 kg/m2; 
infertility for 
at least 1 
year; regular 
men-
strual cycles; 
uterus con-
sistent with 
expected 
normal func-
tion; pres-
ence and 
adequate 
visualization 
of both ova-
ries, without 
evidence of 
significant 
abnormal-
ity; early 
follicular 
phase FSH 
serum con-
centration 
of 1–12 IU/L 
and total 
antral follicle 
count ≥ 6 
and ≤ 25 for 
both ovaries 
combined; 
serum AMH 
concentra-
tion of 
5.0–44.9 
pmol/L

On day 2–3 of 
the menstrual 
cycle, patients 
were random-
ly assigned, 
in a 1:1:1:1:1:1 
ratio, to 
receive fixed 
daily SC 
injections of 
either 5.2 mg, 
6.9 mg, 
8.6 mg, 
10.3 mg, or 
12.1 mg of fol-
litropin delta 
(FE 999,049; 
Ferring Phar-
maceuticals), 
or 11 mg 
(150 IU) of 
follitropin 
alfa (Gonal-F® 
filled by mass; 
Merck Serono)

Number 
of oocytes 
retrieved

The 
number 
of oocytes 
retrieved 
increased 
in a 
dose–de-
pendent 
manner, 
from 
5.2 ± 3.3 
oocytes 
with 
5.2 mg/d 
to 
12.2 ± 5.9 
with 
12.1 mg/d. 
The slopes 
of the 
dose–re-
sponse 
curves 
differed 
signifi-
cantly be-
tween the 
two AMH 
strata

Table 1 RCTs selected and included in the systematic review (qualitative analysis)
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Study Sponsor Study 
design

Setting Study 
period

Nr. of 
included 
subjects

Age of study 
participants

Main inclu-
sion and 
exclusion 
criteria

Interventions Primary 
endpoint

Synthesis 
of results 
(primary 
endpoint)

Nyboe 
An-
der-
sen 
et al., 
2017 
[15]

Ferring 
Pharmaceuticals

Ran-
dom-
ized, 
asses-
sor-
blinded, 
nonin-
ferior-
ity trial 
(Phase 
3 trial)

Thirty-
seven IVF 
centers 
in 11 
countries 
(Belgium, 
Brazil, Can-
ada, Czech 
Republic, 
Denmark, 
France, 
Italy, Po-
land, Rus-
sia, Spain, 
and United 
Kingdom)

From 
Octo-
ber 8, 
2013 to 
May 11, 
2015, 
with 
live 
birth 
follow-
up 
com-
pleted 
on 
Janu-
ary 11, 
2016

A total 
of 1329 
eligible 
women 
were 
randomized.
1326 were 
exposed to 
study drug: 
665 to indi-
vidualized 
follitropin 
delta and 
661 to con-
ventional 
follitropin 
alfa

18–40 years Inclusion 
criteria: 
women 
scheduled 
for IVF/ICSI 
for tubal 
infertility, 
unexplained 
infertil-
ity, infertility 
related to 
endometrio-
sis stage I/II, 
or for male 
factor infer-
tility; BMI 
between 
17.5 and 
32.0 kg/m2; 
regular men-
strual cycles 
of 24–35 
days; pres-
ence of both 
ovaries; early 
follicular 
phase FSH 
serum con-
centration 
1–15 IU/L. 
Exclusion 
criteria: 
endome-
triosis stage 
III–IV; history 
of recurrent 
miscar-
riage; use of 
hormonal 
preparations 
(except 
for thyroid 
medica-
tion) during 
the last 
menstrual 
cycle before 
randomiza-
tion

Follitro-
pin delta 
(AMH < 15 
pmol/L: 
12 mg/d; 
AMH ≥ 15 
pmol/L: 0.10–
0.19 mg/kg/d; 
maximum 
12 mg/d), or 
follitropin alfa 
(150 IU/d for 
5 days with 
potential 
subsequent 
dose adjust-
ments up to 
450 IU/d)

Ongoing 
preg-
nancy and 
ongoing 
implanta-
tion rates

Indi-
vidualized 
follitropin 
delta was 
nonin-
ferior to 
conven-
tional 
follitropin 
alfa for the 
primary 
efficacy 
endpoints

Table 1 (continued) 
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Study Sponsor Study 
design

Setting Study 
period

Nr. of 
included 
subjects

Age of study 
participants

Main inclu-
sion and 
exclusion 
criteria

Interventions Primary 
endpoint

Synthesis 
of results 
(primary 
endpoint)

Bosch 
et al., 
2019 
[23]

Ferring 
Pharmaceuticals

Ran-
dom-
ized, 
con-
trolled, 
asses-
sor-
blinded 
trial 
(Phase 
3 trial)

Thirty-two 
IVF centers 
in 10 
countries: 
Belgium, 
Brazil, Can-
ada, Czech 
Republic, 
Denmark, 
Italy, 
Poland, 
Russia, 
Spain, and 
the UK

From 
The trial 
was 
con-
ducted 
between 
26 
March 
2014 
and 26 
June 
2015, 
with 
live 
birth 
follow-
up 
com-
pleted 
on 26 
January 
2016.

In cycle 
2, 513 
women 
were en-
rolled and 
exposed; 
252 to folli-
tropin delta 
and 261 to 
follitro-
pin alfa. In 
cycle 3, 189 
women 
were 
enrolled, 
of whom 
188 were 
exposed; 
95 to folli-
tropin delta 
and 93 to 
follitropin 
alfa.

18–40 years Inclusion 
criteria: infer-
tile patients 
who had 
participated 
in cycle 
1 (Nyboe 
Anderson 
et al., 2017) 
and failed 
to achieve 
an ongoing 
pregnancy 
were eligible 
for cycle 2 
and women 
who failed 
to achieve 
an ongoing 
pregnancy 
in cycle 2 
were eligible 
for cycle 3. 
Exclusion 
criteria: pa-
tients with 
severe OHSS 
in a previous 
cycle, or pa-
tients with 
any clini-
cally relevant 
change to 
any of the 
eligibility 
criteria or 
any clini-
cally relevant 
medical 
history since 
the previous 
cycle.

The participat-
ing patients 
had in cycle 1 
been random-
ized 1:1 to 
treatment 
with either fol-
litropin delta 
(FE 999,049, 
Ferring Phar-
maceuticals) 
or follitropin 
alfa (Gonal-F®, 
Merck Serono) 
and remained 
on the same 
gonadotro-
phin in cycles 
2 and 3.

Proportion 
of women 
with 
treatment-
induced 
anti-FSH 
antibodies 
after one 
and two 
repeated 
cycles of 
ovarian 
stimulation 
with follitro-
pin delta

The inci-
dence of 
treatment-
induced 
anti-FSH 
antibod-
ies with 
follitropin 
delta was 
0.8% and 
1.1% in 
cycles 2 
and 3, re-
spectively, 
which was 
similar 
to the 
incidence 
in cycle 1 
(1.1%). No 
antibodies 
were of 
neutral-
izing 
capacity

Table 1 (continued) 
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Study Sponsor Study 
design

Setting Study 
period

Nr. of 
included 
subjects

Age of study 
participants

Main inclu-
sion and 
exclusion 
criteria

Interventions Primary 
endpoint

Synthesis 
of results 
(primary 
endpoint)

Qiao 
et al., 
2021 
[24]

Ferring 
Pharmaceuticals

Ran-
dom-
ized, 
con-
trolled, 
asses-
sor-
blind, 
parallel 
groups, 
multi-
center, 
non-
inferior-
ity trial 
(Phase 
3 trial)

Twenty-six 
IVF centers 
in four 
countries/
regions: 
mainland 
China, 
South 
Korea, 
Taiwan and 
Vietnam

From 1 
De-
cember 
2017 
to 3 
January 
2020, 
with 
preg-
nancy 
follow-
up com-
pleted 
on 1 
Sep-
tember 
2020

A total 
of 1009 
women 
were 
random-
ized and 
exposed, 
of whom 
499 were 
treated 
with folli-
tropin delta 
in its indi-
vidualized 
fixed-dose 
regimen 
and 510 
with fol-
litropin alfa 
in a con-
ventional 
and adjust-
able dosing 
regimen.

20–40 years Inclusion cri-
teria: Asian 
reproduc-
tive-aged 
women 
scheduled 
for their 
first ovarian 
stimulation 
cycle for IVF/ 
ICSI for tubal 
infertility, 
unexplained 
infertility, 
endometrio-
sis stage I/II 
or for male 
factor infer-
tility; regular 
menstrual 
cycles of 
24–35 days; 
presence of 
both ovaries; 
follicular 
phase FSH 
serum levels 
of 1–15 
IU/L; BMI 
between 
17.5 and 
32.0 kg/m2. 
Exclusion 
criteria: 
women with 
endometrio-
sis stage III/
IV; history 
of recurrent 
miscarriage; 
women with 
one or more 
folli-
cles ≥ 10 mm 
observed 
prior to 
randomiza-
tion.

The fol-
litropin delta 
treatment 
consisted of 
a fixed daily 
dose individu-
alized accord-
ing to each 
patient’s initial 
AMH level and 
body weight 
(AMH < 15 
pmol/L: 12 µg; 
AMH ≥ 15 
pmol/L: 0.19 
to 0.10 µg/
kg; min-max 
6–12 µg). The 
follitropin 
alfa dose was 
150 IU/day 
for the first 
5 days with 
subsequent 
potential dose 
adjustments 
according 
to individual 
response.

Ongoing 
pregnancy 
rate

Indi-
vidualized 
follitropin 
delta was 
nonin-
ferior to 
conven-
tional 
follitropin 
alfa for the 
ongoing 
preg-
nancy rate 
(31.3% 
vs. 25.7%, 
respec-
tively)

Table 1 (continued) 
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Study Sponsor Study 
design

Setting Study 
period

Nr. of 
included 
subjects

Age of study 
participants

Main inclu-
sion and 
exclusion 
criteria

Interventions Primary 
endpoint

Synthesis 
of results 
(primary 
endpoint)

Ishi-
hara 
et al., 
2021 
[25]

Ferring 
Pharmaceuticals

Ran-
dom-
ized, 
con-
trolled, 
asses-
sor-
blinded, 
AMH-
strat-
ified 
(low 
5.0–
14.9 
pmol/L; 
high 
15.0–
44.9 
pmol/L) 
dose-
re-
sponse 
trial 
(Phase 
2 trial)

Ten IVF 
centers in 
Japan

From 
Decem-
ber 15, 
2014 to 
Decem-
ber 29, 
2015, 
with 
preg-
nancy 
follow-
up data 
com-
pleted 
on 
Octo-
ber 12, 
2016.

A total 
of 159 
women 
were ran-
domized, 
of whom 
158 were 
exposed: 
117 in the 
follitro-
pin delta 
groups 
(37 in 
6 µg/d, 40 
in 9 µg/d, 
and 40 in 
12 µg/d) 
and 41 in 
the 150 
IU/d folli-
tropin beta 
group

20–39 years Inclusion 
criteria: Japa-
nese women 
eligible for 
IVF/ICSI 
with tubal 
infertility, 
unexplained 
infertility, 
or infertility 
related to 
endome-
triosis stage 
I/II or with 
partners 
diagnosed 
with male 
factor infer-
tility; BMI 
between 
17.5 and 
32.0 kg/m2; 
regular men-
strual cycles 
of 24–35 
days; pres-
ence of both 
ovaries; 
AMH: 
5.0–44.9 
pmol/L; early 
follicular 
phase FSH 
of 1–12 IU/L. 
Exclusion 
criteria: 
endometrio-
sis stage III/
IV; 3 or more 
controlled 
ovarian 
stimulation 
cycles for 
IVF/ICSI; 
history of 
recurrent 
miscar-
riage; use of 
hormonal 
preparations 
(except 
for thyroid 
medica-
tion) during 
the last 
menstrual 
cycle before 
randomiza-
tion

Ovarian stimu-
lation with 6, 
9, or 12 mg/d 
of follitropin 
delta or 150 
IU/d follitropin 
beta as a refer-
ence arm in 
a gonadotro-
pin-releasing 
hormone 
antagonist 
cycle

Number 
of oocytes 
retrieved

A signifi-
cant dose-
relation 
was es-
tablished 
between 
follitro-
pin delta 
doses and 
oocytes 
retrieved 
(mean 
num-
ber ± SD; 
7.0 ± 4.1, 
9.1 ± 5.6, 
and 
11.6 ± 5.6 
for 6 µg/d, 
9 µg/d, 
and 
12 µg/d 
follitro-
pin delta 
groups 
respec-
tively) That 
finding 
remained 
significant 
within 
each AMH 
strata

Table 1 (continued) 
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Study Sponsor Study 
design

Setting Study 
period

Nr. of 
included 
subjects

Age of study 
participants

Main inclu-
sion and 
exclusion 
criteria

Interventions Primary 
endpoint

Synthesis 
of results 
(primary 
endpoint)

Ishi-
hara 
and 
Arce, 
2021 
[26]

Ferring 
Pharmaceuticals

Ran-
dom-
ized, 
con-
trolled, 
asses-
sor-
blind, 
multi-
center, 
non-
inferior-
ity trial 
(Phase 
3 trial)

17 inves-
tigational 
sites in 
Japan

Trial 
con-
ducted 
between 
7 July 
2017 
and 11 
Sep-
tember 
2018

A total 
of 347 
Japanese 
women 
were 
random-
ized and 
exposed 
to ovarian 
stimulation, 
of which 
170 were 
treated 
with indi-
vidualized 
follitropin 
delta treat-
ment and 
177 with 
conven-
tional folli-
tropin beta 
treatment

20–40 years Inclusion 
criteria: Japa-
nese women 
scheduled 
to first IVF/
ICSI cycle 
for tubal 
infertility, 
unexplained 
infertility or 
infertility 
related to 
endome-
triosis stage 
I/II, or for 
a partner 
diagnosed 
with male 
factor infer-
tility; BMI be-
tween 17.5 
and 32.0 kg/
m2; regular 
menstrual 
cycles of 
24–35 days; 
presence of 
both ovaries; 
early fol-
licular phase 
FSH: 1–15 
IU/l. Exclu-
sion criteria: 
endometrio-
sis stage III/
IV; history 
of recurrent 
miscar-
riage; use of 
hormonal 
preparations 
(except 
for thyroid 
medica-
tion) during 
the last 
menstrual 
cycle before 
randomiza-
tion

Women were 
randomized 
to individual-
ized folli-
tropin delta 
(AMH < 15 
pmol/L; 
AMH ≥ 15 
pmol/L) or 
conventional 
follitropin beta 
(150 IU/day 
for the first 
5 days, with 
potential sub-
sequent dose 
adjustments)

Number 
of oocytes 
retrieved 
with a pre-
specified 
non-in-
feriority 
margin (-3.0 
oocytes)

The 
number 
of oocytes 
retrieved 
after indi-
vidualized 
follitro-
pin delta 
treatment 
and con-
ventional 
follitropin 
beta treat-
ment are 
similar 
(9.3 versus 
10.5; lower 
boundary 
of 95% CI: 
−2.3)

Table 1 (continued) 
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was stratified according to AMH levels at screening d 
(low 5.0–14.9 pmol/L; high 15.0–44.9 pmol/L). Among 
all women who started stimulation, the mean number 
(± SD) of oocytes retrieved in the 6  µg/d, 9  µg/d, and 
12  µg/d follitropin delta groups were 7.0 ± 4.1, 9.1 ± 5.6, 
and 11.6 ± 5.6, respectively, and a significant dose-relation 

was established, which also remained significant within 
each AMH strata. The vital pregnancy rate per started 
cycle with follitropin delta was 19% for 6  µg/d, 20% for 
9 µg/d, and 25% for 12 µg/d. The rate of early moderate/
severe OHSS with follitropin delta was 8% for 6 µg/d, 8% 

Study Sponsor Study 
design

Setting Study 
period

Nr. of 
included 
subjects

Age of study 
participants

Main inclu-
sion and 
exclusion 
criteria

Interventions Primary 
endpoint

Synthesis 
of results 
(primary 
endpoint)

Shao 
et al., 
2023 
[27]

Ferring 
Pharmaceuticals

Ran-
dom-
ized, 
open-
label 
study 
(Phase 
1 trial)

Jiangsu 
Province 
Hospital, 
China

From 
June 
through 
De-
cember 
2019

A total of 
24 healthy 
women 
were 
random-
ized. Eight 
women 
were as-
signed to 
each folli-
tropin delta 
dose group 
(12, 18, and 
24 µg). All 
24 women 
completed 
the trial

21–40 years Inclusion 
criteria: infer-
tile women 
scheduled 
for IVF/ICSI 
cycles. Exclu-
sion criteria: 
history/pres-
ence of any 
disease, 
including 
cardiovas-
cular, mus-
culoskeletal, 
immuno-
logical, 
endocrine, 
or metabolic 
disease; 
presence 
or history 
of severe 
allergy or 
anaphylactic 
reactions 
to any non-
registered 
investiga-
tional drug 
were also 
ruled out; 
use of go-
nadotropin 
preparations 
within the 6 
months prior 
to screen-
ing were 
excluded. 
Women 
were also 
not enrolled 
if they had 
participated 
in other 
clinical trials 
or donated 
blood in 
the past 4 
weeks.

On the morn-
ing of the 
gonadotropin 
administration 
day, women 
were random-
ly assigned 
to receive a 
single dose 
of follitropin 
delta in a 1:1:1 
ratio (12, 18, or 
24 µg)

Not clearly 
reported.
The study 
aims were 
to assess 
the phar-
macokinetic 
character-
istics, dose 
proportion-
ality, and 
safety of 
follitro-
pin delta 
in healthy 
Chinese 
women

The 
admin-
istration 
of single 
doses of 
follitropin 
delta to 
healthy 
Chinese 
women 
demon-
strated 
dose-pro-
portional 
pharma-
cokinetics 
over the 
dose 
range of 
12–24 µg, 
and these 
doses 
were well 
tolerated.

AMH: Anti-Müllerian hormone, BMI: body mass index, CI: confidence interval, ICSI: intracytoplasmic sperm injection, IVF: in vitro fertilization, SD: standard deviation

Table 1 (continued) 
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for 9 µg/d, and 13% for 12 µg/d, with 82% of the cases in 
the high AMH stratum [25].

Phase 3 RCTs
Four phase 3 RCTs have been published and included in 
the present systematic review. In all trials, a GnRH antag-
onist protocol was applied as strategy for inhibiting LH 
surge.

Nyboe Andersen et al. [15] conducted randomized, 
multicentre, assessor-blinded, non-inferiority trial 
(ESTHER-1) to compare the efficacy and safety of fol-
litropin delta (Rekovelle®; Ferring Pharmaceuticals) 
with individualized dosing based on serum AMH and 
body weight, with conventional follitropin alfa (Gonal-
F®; Merck Serono) dosing for ovarian stimulation in 
women undergoing IVF. A total of 1,329 women (aged 
18–40 years) were randomized to receive follitropin 
delta (AMH < 15 pmol/L: 12 µg/d; AMH ≥ pmol/L: 0.10–
0.19 µg/kg/d; maximum 12 µg/d), or follitropin alfa (150 
IU/d for 5 days, potential subsequent dose adjustments; 
maximum 450 IU/d). The primary endpoints were the 
ongoing pregnancy rate and the ongoing implantation 
rate [15].

The ESTHER 2 trial was conducted by Bosch et al. 
[23] to study infertile patients who had undergone a first 
ovarian stimulation for IVF/ICSI cycle (cycle 1) in the 
ESTHER-1 [15] and who did not achieve ongoing preg-
nancy. Patients received during the further IVF/ICSI 
cycles the same gonadotropin treatments, i.e. follitro-
pin delta (Rekovelle®; Ferring Pharmaceuticals) or alfa 
(Gonal-F®; Merck Serono). In cycle 2, 513 women were 
enrolled and exposed: 252 to follitropin delta and 261 to 
follitropin alfa. In cycle 3, 189 women were enrolled, of 
whom 188 were exposed: 95 to follitropin delta and 93 to 
follitropin alfa. The primary endpoint was the proportion 
of women with treatment-induced anti-FSH antibodies 
after up to two repeated cycles of ovarian stimulation. 
The incidence of treatment-induced anti-FSH antibod-
ies with follitropin delta was 0.8% and 1.1% in cycles 2 
and 3, respectively, which was similar to the incidence in 
cycle 1 (1.1%). No antibodies were of neutralizing capac-
ity. Women with pre-existing anti-FSH antibodies were 
safely treated with follitropin delta without boosting an 
immune response [23].

Qiao et al. [24] conducted a randomized, controlled, 
multi-centre, assessor-blind trial conducted in 1009 
Asian patients from mainland China, South Korea, Viet-
nam, and Taiwan, undergoing their first IVF/ICSI cycle. 
Randomization was stratified by age (< 35, 35–37, 38–40 
years). The primary endpoint was ongoing pregnancy rate 
assessed 10–11 weeks after embryo transfer in the fresh 
cycle (non-inferiority limit − 10.0%; analysis adjusted for 
age stratum). The follitropin delta treatment consisted 
of a fixed daily dose individualised according to each 

patient’s initial AMH level and body weight (AMH < 15 
pmol/l: 12 µg; AMH ≥ 15 pmol/l: 0.19 to 0.10 µg/kg; min-
max 6–12  µg). The follitropin alfa dose was 150 IU/day 
for the first 5 days with subsequent potential dose adjust-
ments according to individual response [24].

Ishihara and Arce [26] conducted a randomized, con-
trolled, assessor-blind, multicentre, non-inferiority 
trial in 347 Japanese IVF/ICSI patients. They were ran-
domized to individualized follitropin delta (AMH < 15 
pmol/l: 12  µg/day; AMH ≥ 15 pmol/l: 0.10–0.19  µg/kg/
day; minimum 6  µg/day; maximum 12  µg/day) or con-
ventional follitropin beta (150 IU/day for the first 5 days, 
with potential subsequent dose adjustments). The pri-
mary endpoint was the number of oocytes retrieved with 
a pre-specified non-inferiority margin (− 3.0 oocytes). 
Non-inferiority was established for number of oocytes 
retrieved for individualized follitropin delta dosing com-
pared with conventional follitropin beta dosing (9.3 ver-
sus 10.5 oocytes, respectively, lower boundary of 95%CI 
− 2.3) [26].

Quantitative analysis
Data synthesis included three phase 3 RCTs [15, 24, 26]. 
Data from the ESTHER 2 trial [23] were not included in 
the meta-analysis because it was exclusively focused on 
the first cycle of randomization.

Ovarian response endpoints
Duration of stimulation
All the three phase 3 RCTs included in the quantitative 
analysis reported the mean (± SD) duration of stimula-
tion. Pooling of their results showed a significantly higher 
duration of stimulation in women treated with follitropin 
delta compared to those treated with follitropin alfa/beta 
[mean difference (MD) 0.34, 95%CI: 0.14, 0.53; P = 0.0008; 
I2 = 47%] (Fig. 1) (Table 2) [15, 24, 26].

Total dose of gonadotropin administered
The results of all the three phase 3 RCTs included in 
the quantitative analysis were pooled. The total dose of 
gonadotropin administered (µg) was significantly lower in 
women treated with follitropin delta compared to those 
treated with follitropin alfa/beta (MD -37.07, 95%CI: 
-59.01, -15.13; P = 0.0009; I2 = 99%) (Fig. 2) (Table 2) [15, 
24, 26].

Number of oocytes retrieved
The results of three phase 3 RCTs were meta-analyzed. 
The number of retrieved oocytes per patient was not sig-
nificantly different between groups (MD -1.32, 95%CI: 
-2.64, 0.00; P = 0.05; I2 = 85%) (Fig.  2) [15, 24, 26]. The 
analysis was also stratified according to the basal concen-
tration of serum AMH. In women with serum AMH con-
centration < 15 pmol/l, the number of retrieved oocytes 
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Outcomes Anticipated absolute effects (95%CI) Relative 
effect 
(95% CI)

Number of 
participants

Qual-
ity of the 
evidence 
(GRADE)

Comments
Risk with follitropin alfa/
beta

Risk with follitropin delta

Duration of 
stimulation

The mean duration of stimula-
tion in the control group 
ranged from 8.6 to 8.8 days

The duration of stimulation was 
longer in the group of women 
treated with follitropin delta 
compared to women treated 
with follitropin alfa/beta (MD 0.34, 
95%CI: 0.14, 0.53; studies: 3)

// 2682 ⊕⊕⊕⊕ 
High

//

Total dose of 
gonadotropin

The mean total dose of 
gonadotropin administered 
in the control group ranged 
from 103.7 to 149.9 µg

The total dose of gonadotropin 
administered was lower in the 
group of women treated with fol-
litropin delta compared to women 
treated with follitropin alfa/beta 
(MD -37.07; 95%CI: -59.01, -15.13; 
studies: 3)

// 2682 ⊕⊕⊕⊝ 
Moderate1

//

Number of oo-
cytes retrieved

The mean number of oocytes 
retrieved in the control group 
ranged from 10.4 to 12.4 
oocytes

The mean number of oocytes re-
trieved was comparable between 
study groups (MD -1.32; 95%CI:-
2.64, -0.00; studies: 3)

// 2682 ⊕⊕⊝⊝ 
Low1,2

//

Fertilization rate The fertilization rate in the 
control group ranged from 
56 to 64%

The fertilization rate did not differ 
between study groups (studies: 2)

// // ⊕⊝⊝⊝ 
Very 
low1,2,3

Data of included 
studies could 
not be pooled 
because the de-
nominator was 
not extractable

Number of day 3 
embryos

The mean number of day 
3 embryos obtained in the 
control group ranged from 
5.7 to 8.7

The mean number of day 3 embry-
os obtained did not differ between 
study groups (studies: 2)

// // ⊕⊝⊝⊝ 
Very 
low1,2,3

Data of included 
studies could 
not be pooled 
because the de-
nominator was 
not extractable

Number of 
blastocysts

The mean number of blasto-
cysts obtained in the control 
group ranged from 3.5 to 4.2

The mean number of blastocysts 
obtained did not differ between 
study groups (studies: 2)

// // ⊕⊝⊝⊝ 
Very 
low1,2,3

Data of included 
studies could 
not be pooled 
because the de-
nominator was 
not extractable

CPR 442 per 1348 (studies: 3) 455 per 1334 (studies: 3) OR 1.06; 
95%CI: 
0.90, 1.24

2682 ⊕⊕⊕⊝ 
Moderate4

//

OPR 373 per 1348 (studies: 3) 400 per 1334 (studies: 3) OR 1.15; 
95%CI: 
0.90, 1.46

2682 ⊕⊕⊕⊝ 
Moderate4

//

LBR 362 per 1348 (studies: 3) 394 per 1334 (studies: 3) OR 1.18; 
95%CI: 
0.89, 1.55

2682 ⊕⊕⊝⊝ 
Low5

//

LBR at 4 weeks 
after birth

327 per 1171 (studies: 2) 354 per 1164 (studies: 2) OR 1.15; 
95%CI: 
0.81, 1.63

2335 ⊕⊕⊝⊝ 
Low5

//

Adoption of pre-
ventive strategies 
for OHSS

87 per 1348 (studies: 3) 41 per 1334 (studies: 3) OR 0.45; 
95%CI: 
0.30, 0.66

2682 ⊕⊕⊝⊝ 
Low5

//

Table 2 Summary of findings of phase 3 RCTs: follitropin delta compared to follitropin alfa/beta-
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per patient was significantly higher in women treated 
with follitropin delta compared to women with follitropin 
alfa/beta (MD 1.05, 95%CI: 0.19, 1.92; P = 0.02; I2 = 56%) 
(Fig.  2) (Table  2) [15, 24, 26]. In women with serum 
AMH concentration ≥ 15 pmol/l, the number of retrieved 
oocytes per patient was significantly lower in women 
treated with follitropin delta compared to those treated 
with follitropin alfa/beta (MD -2.54, 95%CI: -3.95, -1.13; 
P = 0.0004; I2 = 77%) [15, 24, 26].

Fertilization rate
Two phase 3 RCTs reported the fertilization rate. Their 
results could not be pooled because the denominator 
could not be extracted. Both studies failed to show a sig-
nificant difference in the fertilization rate between groups 
(Table 2) [15, 24].

Number of embryos obtained
Two RCTs reported the number of day 3 embryos 
obtained in the two study groups (Table 2) [15, 24]. The 
mean number of day 3 embryo obtained (independently 
from quality) was pooled. No difference between folli-
tropin delta and follitropin alfa/beta was observed (MD 
-0.98, 95%CI: -2.35, 0.39; P = 0.0003; I2 = 92%) (Fig.  2) 
[15, 24]. Nyboe Anderson et al. [15] also did not observe 
any difference between treatment groups in the num-
ber of good quality day 3 embryos. Qiao et al. [24] con-
ducted a sub-analysis according to the basal serum AMH 
value and observed: (i) in the group with basal serum 
AMH < 15 pmol/L, a significantly higher number of day 3 
embryos obtained in women treated with follitropin delta 
compared to those treated with follitropin alfa (6.8 ± 3.7 
and 5.6 ± 2.9  day 3 embryos, respectively (P = 0.0016)); 

(ii) in the group with basal serum AMH ≥ 15 pmol/L, a 
significantly higher number of day 3 embryos obtained 
in women treated with follitropin alfa compared to those 
treated with follitropin delta (9.6 ± 5.7 and 7.0 ± 4.8 day 3 
embryos, respectively (P < 0.001) (Table 2) [24].

Two phase 3 RCTs reported the number of blasto-
cysts obtained and did not observe differences between 
groups (Table  2) [15, 26]. These data could not be 
pooled because the denominator considered by Ishi-
hara and Arce (i.e., the number of women with oocytes 
retrieved) was not extractable [26]. Ishihara and Arce 
[26] observed a number of blastocysts significantly 
lower in women treated with follitropin delta compared 
to women treated with follitropin beta (3.1 ± 2.7 and 
4.2 ± 3.4 blastocysts, respectively, P < 0.001). The propor-
tion of women who underwent blastocyst transfer was 
comparable between follitropin delta and follitropin beta 
treatment groups (79.4% vs. 79.7% for, respectively) [26]. 
Nyboe Anderson et al. [15] did not observe any differ-
ence between follitropin delta and follitropin beta treat-
ment groups in the total number of blastocysts (3.3 ± 2.8 
and 3.5 ± 3.2, respectively, P = 0.344) obtained as well as 
in the number of good quality blastocysts (2.0 ± 2.2 and 
2.1 ± 2.4, respectively, P = 0.580) and in the number of 
cryopreserved blastocysts (1.9 ± 2.4 and 2.2 ± 2.6, respec-
tively, P = 0.262).

Reproductive outcomes
CPR
The data of three phase 3 RCTs were pooled. No dif-
ference between follitropin delta and follitropin alfa/
beta was observed in CPR (OR 1.06; 95%CI: 0.90, 1.24; 
P = 0.49; I2 = 26%) (Fig. 2) (Table 2) [15, 24, 26].

Outcomes Anticipated absolute effects (95%CI) Relative 
effect 
(95% CI)

Number of 
participants

Qual-
ity of the 
evidence 
(GRADE)

Comments
Risk with follitropin alfa/
beta

Risk with follitropin delta

Early OHSS 86 per 1348 (studies: 3) 54 per 1334 (studies: 3) OR 0.46; 
95%CI: 
0.31, 0.67

2682 ⊕⊕⊝⊝ 
Low5

//

All forms of OHSS 100 per 1348 (studies: 3) 62 per 1334 (studies: 3) 0.61; 
95%CI: 
0.44, 0.84

2682 ⊕⊕⊝⊝ 
Low5

//

OHSS: ovarian hyperstimulation syndrome, CPR: clinical pregnancy rate, OPR: ongoing pregnancy rate, LBR: live birth rate, MD: mean difference, OR: odds ratio, CI: 
confidence interval

1 downgraded one level due to the high statistical heterogeneity; 2 downgraded one level because the upper bound of the CI is equal to 0; 3 downgraded one level 
due to the impossibility of pooling data; 4 downgraded one level because only one study was adequately power for this outcome; 5 downgraded one level because 
none of the included studies was adequately powered for this outcome

GRADE Working Group grades of evidence

High certainty: we are very confident that the true effect lies close to that of the estimate of the effect

Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the effect, but there is a possibility that 
it is substantially different

Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the effect

Very low certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the estimate of effect

Table 2 (continued) 
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OPR
Pooling of results of three phase 3 RCTs showed no dif-
ference in the OPR between women treated with fol-
litropin delta compared to those treated with follitropin 
alfa/beta (OR 1.15; 95%CI: 0.90, 1.46; P = 0.27; I2 = 40%) 
(Fig. 2) (Table 2) [15, 24, 26].

LBR
The data of three phase 3 RCTs were pooled. The LBR 
was comparable between groups (OR 1.18; 95%CI: 0.89, 
1.55; P = 0.25; I2 = 55%) (Fig. 2) (Table 2) [15, 24, 26].

Two RCTs reported the number of women with at least 
one live neonate 4 weeks after birth [15, 24]. Pooling of 
their results showed no difference between groups (OR 
1.15; 95%CI: 0.81, 1.63; P = 0.43; I2 = 73%) (Table  2) [15, 
24].

Cumulative endpoints
No studies reported cumulative success rates (i.e., CCPR, 
COPR, CLBR).

Safety outcomes
OHSS
The rate of adoption of strategies to prevent OHSS devel-
opment was significantly lower in women treated with 
follitropin delta compared to those treated with fol-
litropin alfa/beta (3 studies, OR 0.45; 95%CI: 0.30, 0.66; 
P < 0.0001; I2 = 0%) (Fig. 2) (Table 2) [15, 24, 26]. The rate 
of both early OHSS and of all forms of OHSS was also 
significantly lower in the group of patients treated with 
follitropin delta compared to those treated with folli-
tropin alfa/beta (OR 0.62; 95%CI: 0.43, 0.88; P = 0.008; 
I2 = 0% and OR 0.61; 95%CI: 0.44, 0.84; P = 0.003; I2 = 0%) 
(Fig. 2) (Table 2) [15, 24, 26].

Risk of bias in included studies
Random sequence generation
The method of randomization was clearly stated in 5 clin-
ical trials, and we assessed them a low risk of selection 
bias [15, 22, 24–26]. The method of randomization was 
less clear in the remaining trials (23, 27) (Fig. 3).

Allocation concealment
Four studies were rated as at low risk of selection bias 
related to allocation concealment as they used a central 
computer-generated randomization sequence [15, 22, 24, 
26] (Fig. 3).

Blinding
Five trials were assessor-blind, and all investigators, 
embryologists and central laboratory personnel were 
blinded to treatment [15, 22, 23, 25, 26] (Fig. 3).

Incomplete outcome data
All the included trials reported no losses and had a cycle 
cancellation rate < 10% [15, 22–27] (Fig. 3).

Selective reporting
All the included trials were deemed at low risk of selec-
tive reporting [15, 22–27] (Fig. 3).

Other potential sources of bias
All the included trials were sponsored by Ferring Phar-
maceuticals [15, 22–27] (Fig. 3).

Quality of evidence
The quality of evidence provided by phase 3 RCTs is sum-
marized in Table 2.

Discussion
Why it is important to do this review
The current study is the first systematic review of RCTs 
with meta-analysis aimed to provide type A evidence 
that follitropin delta, administrated using a AMH and 
BMI-based algorithm, is safer that other recombinant 

Fig. 3 Risk of bias in included studies according to Higgins et al. [19]
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gonadotropin showing an efficacy profile not significantly 
different. Until now, all previous meta-analytic data have 
demonstrated a substantial similarity of the gonadotro-
pins available in the market [28].

Summary of the main results
Our results revealed that follitropin delta in fixed daily 
dose adjusted according to AMH level and body weight is 
not differently effective when compared to other recom-
binant gonadotropins, i.e., follitropin alfa and beta. In 
particular, no difference between two arms was observed 
in live birth, ongoing pregnancy and clinical pregnancy 
rate. Little but significant differences between two inter-
ventions were observed in the mean number of oocytes 
retrieved when data were analyzed according to AMH 
value with an amount of oocyte significantly higher and 
lower in the group with serum AMH concentration 
lower or higher than 15 pmol/L, respectively [15, 24, 26]. 
However, it should be recognized that the power of the 
included RCTs is insufficient to consider this sub-analy-
sis reliable that should thus be considered “exploratory”. 
No differences in the number of day 3 embryos were 
observed by pooling the results of the two studies report-
ing this outcome [15, 24]. The data regarding the number 
of blastocysts obtained are contrasting. Nybo Andersen 
et al. [15] failed to observe any difference while Ishihara 
and Arce [26] observed a greater number of blastocysts 
in the group who received personalized follitropin beta 
treatment. Unfortunately, the different denominator con-
sidered by the two research groups makes it difficult to 
summarize these findings. On the other hand, notwith-
standing the low grade of evidence, the safety profile of 
the two treatment arms was different. In particular, the 
rate of both early OHSS and of all forms of OHSS was 
significantly lower in the group of patients treated with 
follitropin delta compared to those treated with folli-
tropin alfa/beta. Also, the adoption of OHSS preventive 
strategies was more frequent among women treated with 
follitropin alfa/beta.

Even if we planned at study design many sub-analyses/
stratifications, we may confirm our main outcomes only 
for different recombinant gonadotropins (follitropin alfa 
vs. beta) and for different geographic areas (Asiatic vs. 
non-Asiatic populations) trough qualitative and quanti-
tative analysis. Unfortunately, the very similar inclusion 
and exclusion criteria, and the availability of only spon-
sored studies by Ferring Pharmaceuticals make other 
sub-analyses not feasible.

Agreements and disagreements with other studies
No previous systematic reviews of RCTs with meta-
analysis are available in literature. At the moment, two 
systematic reviews are in progress on PROSPERO web-
site and for both the anticipated completion date has 

been lasted. The first study protocol (CRD42022373275) 
was aimed to assess the efficacy and safety of follitro-
pin delta in comparison with follitropin alfa in women 
undergoing ovarian stimulation for IVF/ICSI and intra-
uterine insemination cycles, whereas the second one 
(CRD42023399711) is an individual participant data 
meta-analysis of RCTs to assess the efficacy and safety of 
follitropin delta in comparison with other recombinant 
follitropins in infertile patients who received ovarian 
stimulation for IVF/ICSI cycles.

Our systematic review intercepted very few other non-
randomized comparative trials. All were retrospective 
studies [29–31]. On the other hand, almost all prospec-
tive comparative studies available were post-hoc and/or 
sub-analysis of the RCTs included in the final analysis. 
For example, a recent sub-analysis of the GRAPE trial 
[23] demonstrated the non-inferiority of follitropin delta 
in comparison with follitropin alfa in terms of ongoing 
pregnancy (31.0% vs. 25.7% for follitropin delta vs. alfa, 
respectively; MD 5.1%, 95%CI: -1.3%, 11.5%) [32]. The 
clinical pregnancy rate and the live birth rate resulted 
also not significantly different [32]. Similarly to current 
data, individualized follitropin delta treatment resulted 
in fewer oocytes retrieved compared fixed follitropin alfa 
treatment, probably due to a mean reduction in patients 
with high ovarian reserve (AMH ≥ 15 pmol/L) of more 
than 3 oocyte per woman [32]. A lower incidence of early 
OHSS and/or preventive interventions was also observed 
(6.1% vs. 11.0%, for follitropin delta vs. alfa, respectively) 
[32].

Quality of the evidence
Our data synthesis was performed on few original phase 
3 parallel RCTs, even if they were large clinical trials 
including well-selected populations. However, almost 
all trials included in the current meta-analysis showed 
a high quality due to a low risk of bias, even if all were 
sponsored by the company that product the follitropin 
delta (Ferring Pharmaceutical).

How the intervention works
The efficacy and the safety of the follitropin delta may 
be due to the specific pharmacokinetic and pharmaco-
dynamic proprieties of the drugs due to its macro- and 
micro-heterogeneity in glycosylation, sialyation, and sul-
fation [33]. Follitropin delta contains a high sialic acid 
content (at both α2,3- and α2,6-linked sialic acids) that 
results in its increased charge and size compared with 
other follitropins, lower renal clearance and slower clear-
ance from serum due to hepatic metabolism of α2,6-
linked sialic acids [13, 14]. Specifically, the parent clone 
originally contained only α2,6-linked sialic acid but it 
was re-engineered by adding α2,3 linkages to reach the 
biopotency of follitropin alfa in rat model [33]. Thus, 
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this specific glycoform composition of follitropin delta 
may exert clinical implications. However, it cannot be 
excluded that the results may be also due to the specific 
algorithm used for tailoring follitropin delta for ovarian 
stimulation in IVF/ICSI cycles that results to show a bet-
ter performance than fixed standard doses [34]. This is 
more and more true considering that, various algorithms 
incorporating demographic/clinical and ovarian reserve 
data have been developed to optimize ovarian stimula-
tion for IVF/ICSI cycles and to minimize the OHSS risk 
[9]. Several systematic reviews with meta-analyses have 
been conducted to test the algorithms to personalize 
FSH treatment for ovarian stimulation in IVF/ICSI cycles 
[35–37]. The most recent data synthesis of 4 RCTs for 
a total of 2823 patients, comparing an ovarian reserve 
test-based algorithm (basal FSH, AFC and AMH) with 
no algorithm, found a reduction of the risk of moderate/
severe OHSS of about 40% (OR 0.58, 95% CI 0.34 to 1.00) 
with the use of the ovarian reserve test-based algorithm 
[37]. That results are in line with the current meta-ana-
lytic data.

Overall completeness and applicability of evidence
The evidence appears to be not totally and broadly appli-
cable for standard IVF and ICSI cycles. In particular, 
available data are exclusively limited to GnRH antagonist 
IVF/ICSI cycles. The analysis of the inclusion and exclu-
sion criteria of the analyzed trials reveals that they were 
largely superimposable. The patient’ identikit of the sub-
jects studied was an infertile patient at her first IVF/ICSI 
cycles, with a BMI for normal weight up to mild obesity, 
and with presumed normal ovarian response due to the 
inclusion of women with FSH levels lower than 15 UI and 
with normal menstrual cycles. Finally, all available evi-
dence regards comparison between follitropin delta and 
other recombinant follitropins (alfa and beta follitropins), 
whereas wider analysis should be included also urinary 
gonadotropins as comparators [28].

Data on the use of personalized follitropin delta in long 
GnRH agonist protocol are very limited [21, 38, 39]. The 
first study was large phase 2 placebo-controlled double-
blind RCT (RAINBOW trial) aimed to explore the effi-
cacy and safety of choriogonadotropin beta as add-on 
treatment to follitropin delta in women undergoing ovar-
ian stimulation in a long GnRH agonist protocol [21]. 
A sub-analysis of 104 patients allocated in the placebo 
arm showed data totally reassuring in terms of oocytes 
retrieved and blastocysts with an ongoing pregnancy and 
live-birth rate of 43% [38]. A total of 12 cases of OHSS 
were reported. Six cases were early mild/moderate OHSS 
(5.8%) and other 6 cases of late moderate/severe OHSS 
(5.8%) [38]. Data from a large prospective observational 
study also confirmed the good safety-efficacy profile of 
follitropin delta in GnRH agonist down-regulated IVF/

ICSI cycles when used alone or in combination of other 
gonadotropins [39]. Finally, unpublished data from a large 
clinical trial (ClinicalTrial.gov NCT03809429, EudraCT 
number: 2017-002783-40) on 437 infertile patients with-
out elevated markers of ovarian reserve showed no signif-
icant difference in efficacy and safety of follitropin delta 
for ovarian stimulation in IVF/ICSI cycles down-regu-
lated with long GnRH agonist protocol when compared 
to short GnRH antagonist protocol (Table 3).

Data on potentially high-responders are also limited, 
even if they seem to suggest that the follitropin delta, 
given according to specific BMI and AMH-based algo-
rithm, is safer than follitropin alfa [15, 40–43]. In fact, in 
patients with polycystic ovarian morphology, the inci-
dence of early moderate/severe OHSS and/or preventive 
interventions for early OHSS was 7.7% with individual-
ized follitropin delta and 26.7% with conventional fol-
litropin alfa [15]. The safety of the protocol based on 
individualized follitropin delta has been also explored 
in 64 infertile women with PCOS, diagnosed according 
to Rotterdam criteria [42]. A further sub-analysis of the 
ESTHER-1 [15], including 153 potential high respond-
ers identified on the basis of baseline serum AMH lev-
els (above 35 pmol/l), showed that patients treated with 
individualized follitropin delta had fewer dominant fol-
licles and oocytes retrieved than patients who received 
conventional follitropin alfa [41]. The OHSS risk, the 
incidence of early moderate or severe OHSS, and the use 
of preventive interventions for early OHSS resulted three 
times lower in the individualized follitropin delta arm 
[41]. These data confirm a previous sub-analysis of the 
ESTHER 1 and ESTHER 2 showing that the greatest ben-
efit in terms of OHSS risk and prevention was observed 
in patients in the highest AMH quartile (≥ 25.35 pmol/l) 
who received individualized follitropin delta [40]. Of 
note, the ongoing pregnancy rate per started cycle after 
fresh blastocyst transfer was 28.2% and 24.0% for follitro-
pin delta and alfa, respectively [41]. This result was prob-
ably due to the lower incidence of patients in follitropin 
delta group with serum progesterone levels higher than 
3.18 nmol/l [41].

Strengths and limitations
Our study has several strengths. First, our protocol study 
followed closely the PRISMA 2020 statement [16] and 
the PICO model [17]. Second, an extensive search for 
RCTs on electronic databases was performed to inter-
cept not only published studies but also on almost all 
international and national registries for clinical stud-
ies protocols (Table 3). Third, large RCTs studying well-
studied populations of infertile women were included in 
the final analysis. Moreover, current study has also many 
limitations. The number of the clinical trials included in 
the quantitative analysis was very little [15, 24, 26]. All 
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Registry Trial ID Country (the 
first setting is 
reported)

Sample size 
(estimated for 
ongoing trial)

Study aim Sponsor/funds Status Study 
start

Study com-
petition 
(estimated)

ClinicalTrials.
gov
EU-CTR

NCT01426386
EudraCT number: 
2011-000633-36

Belgium 
(multicenter)

265 Caucasian 
infertile eumenor-
rheic patients aged 
between 18 and 
37 years, with BMI 
between 18.5 and 
32.0 kg/m2, and 
without anovula-
tory PCOS stratified 
for AMH levels.

To inves-
tigate the 
effects of 
different 
doses of 
follitro-
pin delta 
in women 
undergoing 
controlled 
stimulation 
for IVF/ICSI 
treatment 
on oocyte 
retrieved.

Ferring 
Pharmaceuticals

Com-
pleted, 
with 
results 
(pub-
lished 
by Arce 
et al., 
2014 
[22])

2011-09-08 2013-03

ClinicalTrials.
gov
EU-CTR

NCT01956110
EudraCT number: 
2013-001669-17

Belgium 
(multicenter)

1329 Caucasian 
infertile eumenor-
rheic patients aged 
between 18 and 
40 years, basal FSH 
levels less than 
15 UI/l, and BMI 
between 17.5 and 
32.0 kg/m2.

To compare 
the efficacy 
and safety 
of follitropin 
delta with 
follitropin 
alfa having 
as primary 
endpoints 
the ongoing 
pregnancy 
and implan-
tation rate 
in women 
undergo-
ing ovarian 
stimulation 
for IVF/ICSI.

Ferring 
Pharmaceuticals

Com-
pleted, 
with 
results 
(ES-
THER-1 
TRIAL 
pub-
lished 
by 
Nyboe 
Ander-
sen et 
al., 2017 
[15])

2013-10 2017-01-03

ClinicalTrials.
gov
EU-CTR

NCT01956123
EudraCT number: 
2013-001616-30

Belgium 
(multicenter)

513 infertile 
patients included 
in a previous trial 
(NCT01956110) and 
failed to achieve an 
ongoing pregnancy 
but who undergone 
oocyte retrieval or 
had cycle cancella-
tion prior to oocyte 
retrieval due to 
poor ovarian re-
sponse or excessive 
ovarian response, 
in the previous 
cycle(s).

To inves-
tigate in 
repeated 
cycles the 
immuno-
genicity of 
follitropin 
delta having 
follitro-
pin alfa as 
comparator 
arm.

Ferring 
Pharmaceuticals

Com-
pleted, 
with 
results 
(ES-
THER-2 
TRIAL 
pub-
lished 
by Bosh 
et al., 
2019 
[23])

2014-03-26 2017-01-03

Table 3 Protocols for clinical trials intercepted about follitropin delta for ovarian stimulation in IVF/ICSI cycles. The search was 
performed on ClinicalTrials.gov, on clinicaltrialsregister.eu and on the national/international registries included on the WHO platform. 
Data are reported as detailed on the online register
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Registry Trial ID Country (the 
first setting is 
reported)

Sample size 
(estimated for 
ongoing trial)

Study aim Sponsor/funds Status Study 
start

Study com-
petition 
(estimated)

ClinicalTrials.
gov

NCT02309671 Japan 159 infertile eumen-
orrheic patients 
aged between 20 
and 39 years with-
out PCOS.

To inves-
tigate the 
effects of 
different 
doses of 
follitropin 
delta having 
as compara-
tor arm fol-
litropin alfa 
in infertile 
women 
undergo-
ing IVF/ICSI 
treatment.

Ferring 
Pharmaceuticals

Com-
pleted, 
with 
results 
(pub-
lished 
by 
Ishihara 
et al. 
2021 – 
phase 
2 trial 
[25])

2014-12 2016-09

ClinicalTrials.
gov

NCT03228680 Japan 
(multicenter)

373 Japanese 
infertile eumenor-
rheic patients aged 
between 20 and 
40 years, basal FSH 
levels less than 
15 UI/l, and BMI 
between17.5 and 
32.0 kg/m2.

Non-inferi-
ority study 
comparing 
follitropin 
delta and 
follitro-
pin beta 
in terms 
of number 
of oocytes 
retrieved 
in women 
undergo-
ing ovarian 
stimulation 
for IVF/ICSI.

Ferring 
Pharmaceuticals

Com-
pleted, 
with 
results 
(STORK 
trial 
pub-
lished 
by 
Ishihara 
et al., 
2021 
[26])

2017-07-29 2019-07-08

ClinicalTrials.
gov

NCT03296527 China 
(multicenter)

1011 Asian infertile 
eumenorrheic 
patients aged be-
tween 20 and 40 
years, basal FSH 
levels less than 
15 UI/l, and BMI 
between 17.5 and 
32.0 kg/m2.

To dem-
onstrate 
non-inferior-
ity of follitro-
pin delta in 
comparison 
with fol-
litropin alfa 
in terms of 
ongoing 
pregnancy 
rate in 
women 
undergoing 
controlled 
ovarian 
stimulation 
for IVF 
treatment.

Ferring 
Pharmaceuticals

Com-
pleted, 
with 
results 
(GRAPE 
TRIAL 
pub-
lished 
by Qiao 
et al., 
2021 
[24])

2017-12-01 2020-07-26

Table 3 (continued) 
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Registry Trial ID Country (the 
first setting is 
reported)

Sample size 
(estimated for 
ongoing trial)

Study aim Sponsor/funds Status Study 
start

Study com-
petition 
(estimated)

ClinicalTrials.
gov
ANZCTR

NCT03393780
Specific number 
not available

Australia 
(multicenter)

1018 infertile 
patients aged more 
than 18 years never 
treated with IVF/ICSI 
treatments

Observa-
tional study 
aimed to 
monitor the 
use in rou-
tine clinical 
practice of 
follitro-
pin delta 
in patients 
who never 
underwent 
previous 
IVF/ICSI 
treatments.

Ferring 
Pharmaceuticals

Com-
pleted, 
with 
results 
(Block-
eel et 
al., 2022 
[39])

2018-03-16 2020-07-17

ClinicalTrials.
gov
EU-CTR

NCT03564509
EudraCT number: 
2017-003810-13

Belgium 
(multicenter)

620 infertile 
patients aged 
between 30 and 
42 years with AMH 
levels between 5.0 
and 35.0 pmol/L, 
and without anovu-
latory PCOS.

To inves-
tigate the 
efficacy of 
FE 999,302 
as add-on 
treatment 
to follitro-
pin delta 
in women 
undergo-
ing ovarian 
stimulation 
for IVF/ICSI 
in a long 
GnRH-a pro-
tocol, and 
to assess 
the safety 
profile, the 
potential 
immunoge-
nicity, and
the impact 
of body 
weight.

Ferring 
Pharmaceuticals

Com-
pleted, 
with 
results 
(Rain-
bow 
trial 
pub-
lished 
by 
Fernán-
dez 
Sán-
chez et 
al., 2022 
[21])

2018-05-14 2020-01-08

ClinicalTrials.
gov

NCT03738618 United States 
(multicenter)

521 infertile eumen-
orrheic patients 
aged between 35 
and 42 years, basal 
FSH levels less than 
15 UI/l, and BMI 
between 17.5 and 
38.0 kg/m2.

To inves-
tigate the 
safety and 
efficacy of 
follitro-
pin delta in 
comparison 
to placebo 
arm.

Ferring 
Pharmaceuticals

Com-
pleted

2018-10-29 2020-12-21

ClinicalTrials.
gov

NCT03740737 United States 579 infertile eumen-
orrheic patients 
aged between 18 
and 34 years, basal 
FSH levels less than 
15 UI/l, and BMI 
between17.5 and 
38.0 kg/m2.

To inves-
tigate the 
safety and 
efficacy of 
follitro-
pin delta in 
comparison 
to placebo 
arm.

Ferring 
Pharmaceuticals

Com-
pleted

2018-10-26 2020-11-20

Table 3 (continued) 
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Registry Trial ID Country (the 
first setting is 
reported)

Sample size 
(estimated for 
ongoing trial)

Study aim Sponsor/funds Status Study 
start

Study com-
petition 
(estimated)

ClinicalTrials.
gov
EU-CTR

NCT03809429
EudraCT number: 
2017-002783-40

Austria 
(multicenter)

437 patients aged 
between 18 and 
40 years with BMI 
between17.5 and 
38.0 kg/m2 and 
without elevated 
markers of ovarian 
reserve.

To compare 
the efficacy 
and safety 
of follitro-
pin delta 
for ovarian 
stimulation 
in IVF/
ICSI cycles 
down-reg-
ulated with 
long GnRH 
agonist pro-
tocol vs. a 
short GnRH 
antagonist 
protocol.

Ferring 
Pharmaceuticals

Com-
pleted, 
with 
results1

2019-04-29 2022-02-16

ClinicalTrials.
gov

NCT04150861 China 
(multicenter)

24 Chinese infertile 
patients eumenor-
rheic patients aged 
between 21 and 
40 years, with BMI 
between 18.5 and 
25.0 kg/m2, and 
without PCOS.

Open-label 
study to 
investigate 
the pharma-
cokinetic, 
safety and 
tolerability 
of follitro-
pin delta 
in single 
subcutane-
ous dose in 
GnRH-ago-
nist down-
regulated 
IVF cycles.

Ferring 
Pharmaceuticals

Com-
pleted, 
with 
results 
(pub-
lished 
by Shao 
et al., 
2023 
[27])

2019-06-23 2019-12-16

ClinicalTrials.
gov

NCT04654039 Korea 600 Korean infertile 
patients who were 
prescribed fol-
litropin delta for the 
first time.

Post-
marketing 
surveillance 
study for 
re-examine 
the safety of 
follitro-
pin delta to 
identify po-
tential new 
adverse 
events, and 
to confirm 
its safety 
and effec-
tiveness.

Ferring 
Pharmaceuticals

Recruit-
ing

2020-10-26 2023-10-31

Table 3 (continued) 
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Registry Trial ID Country (the 
first setting is 
reported)

Sample size 
(estimated for 
ongoing trial)

Study aim Sponsor/funds Status Study 
start

Study com-
petition 
(estimated)

ClinicalTrials.
gov

NCT04773353 India 
(multicenter)

220 Indian infertile 
eumenorrheic 
patients aged be-
tween 21 and 40 
years, basal FSH 
levels less than 
15 UI/l, and BMI 
between 17.5 and 
32.0 kg/m2.

Non-inferi-
ority study 
comparing 
follitropin 
delta and 
follitropin 
alfa in terms 
of ongoing 
pregnancy 
rate in 
women 
undergo-
ing ovarian 
stimulation 
for IVF/ICSI.

Ferring 
Pharmaceuticals

Active, 
not 
recruit-
ing

2021-12-03 2024-02

ClinicalTrials.
gov
EU-CTR

NCT05263388
EudraCT number: 
2021-001785-38

Austria 
(multicenter)

300 infertile eumen-
orrheic patients 
aged between 18 
and 40 years.

To compare 
the efficacy 
of follitropin 
delta (start-
ing dose of 
15 µg daily) 
in com-
parison with 
follitropin 
alfa (starting 
dose of 225 
IU daily) 
for ovarian 
stimulation 
in IVF/ICSI 
cycles in 
terms of 
oocytes 
retrieved.

Ferring 
Pharmaceuticals

Recruit-
ing

2022-07-10 2024-04-15

Table 3 (continued) 
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included trials were industry sponsored and this may 
have introduced a bias in favor of the gonadotropin pro-
duced by the sponsor [43]. Thus, no subgroup analysis 
was feasible for the lack of independent non-sponsored 
studies. To this regard, a previous meta-analysis [28] 
showed that that live birth and clinical pregnancy rate 
were lower for r-FSH (follitropin alfa and beta) compared 
to urinary FSH in the Ferring Pharmaceuticals sponsored 
trials after subgroup analyses for pharmaceutical spon-
soring. The design of the phase 3 RCTs also deserves to 
be commented. In particular, according to detractors, the 
fair comparison between follitropin delta and follitropin 
alfa requires individualized starting dose in both arms, 

using available nomograms for FSH, whereas in all pub-
lished RCTs individualized starting dose was not allowed 
for follitropin alfa [34]. Finally, another limitation regards 
the safety of follitropin delta. The risk reduction of OHSS 
resulted to have a low grade of evidence. In addition, fol-
lowing original data, preventive interventions to reduce 
OHSS risk were also included as “marker” for OHSS, 
and this may confound the overall data. In fact, the study 
protocols and original papers did not specify when the 
preventive interventions were performed suggesting 
that they were deliberatively employed. Finally, for many 
important outcomes (i.e., the total dose of gonadotro-
pins, the number of retrieved oocytes) we observed a 

Registry Trial ID Country (the 
first setting is 
reported)

Sample size 
(estimated for 
ongoing trial)

Study aim Sponsor/funds Status Study 
start

Study com-
petition 
(estimated)

EU-CTR EudraCT number: 
2017-003810-13

773 subjects were 
screened of 619 
subjects were 
exposed to investi-
gational medicinal 
product (IMP): 515 
to FE 999,302 and 
104 to placebo.

To inves-
tigate the 
efficacy and 
safety of 
FE 999,302 
as add-on 
treatment 
to follitro-
pin delta 
in women 
undergo-
ing ovarian 
stimulation 
in a long 
GnRH-a 
protocol

Ferring 
Pharmaceuticals

Com-
pleted 
with 
results 
unpub-
lished.

2019-10-21 2020-01-30

ReBec U1111-1247-3260 Brasil 44 (intervention 
group) vs. 280 
(historical control 
group) infertile eu-
menorrheic patients 
aged between 18 
and 40 years, basal 
FSH levels less than 
15 UI/l, and BMI 
between 17.5 and 
32.0 kg/m2.

Prospective 
interven-
tional study 
with histori-
cal control 
aimed to 
evaluate 
the effect 
of hp-FSH 
addition at 
standard 
staring 
doses (150 
UI daily) in 
patients 
who receive 
follitropin 
delta.

Ferring 
Pharmaceuticals

Not yet 
recruit-
ing

2020-01-03 2020-12-31

1open-label study. 2 results are available at https://www.clinicaltrialsregister.eu/ctr-search/trial/2017-002783-40/results

All data included regard GnRH-ant down-regulated IVF/ICSI cycles, if it is not specifically reported a different protocol. The dates correspond to those primarily 
reported in ClinicalTrial.gov website. No trial recorded was found using “FE 999049”, “follitropin delta”, “gonadotropin delta” and “rekovelle” as key words on the 
following registries: ChiCTR (Chinese Clinical Trial Registry), CRIS (Clinical Research Information Service for clinical trials conducted in Korea), CTRI (Clinical Trials 
Registry - India), RPCEC (Cuban Public Registry of Clinical Trials), IRCT (Iranian Registry of Clinical Trials), ISRCTN (International Standard Randomised Controlled Trial 
Number), ITMCTR (International Traditional Medicine Clinical Trial Registry), JRCT (Japan Registry of Clinical Trials), LBCTR (Lebanese Clinical Trials Registry), TCTR 
(Thai Clinical Trials Registry), PACTR (Pan African Clinical Trial Registry), REPEC (Peruvian Clinical Trial Registry), and SLCTR (Sri Lanka Clinical Trials Registry)

AMH: anti-Mullerian hormone, ANZCTR: Australian New Zealand clinical trial register, BMI: body mass index, DRKS: German Clinical Trials Register, EU-CTR: European 
Union Clinical Trials Register, FSH: follicle stimulating hormone, GnRH-a: gonadotropin releasing hormone agonist, GnRH-ant: gonadotropin releasing hormone 
antagonist, hp: high purified, ICSI: intracytoplasmic sperm injection, IVF: in vitro fertilization, PCOS: polycystic ovary syndrome, ReBec: Brazilian Clinical Trials Registry

Table 3 (continued) 
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high statistical heterogeneity. As regards the total dose of 
gonadotropins, this heterogeneity is due to the approach 
adopted by Ishihara and Arce [26] which resulted in a 
much more pronounced dose difference between the two 
study arms compared to the other two trials [15, 24]. As 
stated by the authors themselves, in fact, the daily dose 
was adjusted in 46.3% of the women treated with follitro-
pin beta, with the majority of adjustments being a dose 
increase on stimulation day 6 [26]. Regarding the num-
ber of oocytes retrieved, the high heterogeneity is due to 
the results of the study by Qiao et al. [24] which showed 
a much more pronounced difference in the number of 
oocytes than the other included studies. Looking fur-
ther into these results [24], it can be noted that, while in 
the group of women with reduced ovarian reserve a sig-
nificantly higher number of oocytes was retrieved in the 
arm treated with follitropin delta, in the group of women 
with good ovarian reserve a significantly higher number 
of oocytes was retrieved in the group of women treated 
with follitropin alfa. The result is due to imbalance in the 
distribution of the population since only approximately 1 
in 5 patients had baseline AMH values < 15 pmol/l [24]. 
However, a random-effects meta-analysis was used to 
incorporate heterogeneity among studies.

Implications for practice
Our findings suggest that follitropin delta, administrated 
in a personalized fashion and compared to other recom-
binant gonadotropins, is similarly effective but safer, for 
ovarian stimulation in IVF/ICSI cycles in terms of reduc-
tion OHSS risk. However, from a clinical point of view, 
these results may be transferred exclusively to popula-
tions with the same characteristics as those selected 
in the included trials and, in particular, to potentially 
normo-responder patients who receive their first ovar-
ian stimulation GnRH antagonist IVF/ICSI cycle. In 
addition, efficacy data cannot be considered definitive 
because cumulative reproductive findings are totally 
lacking. To this regard, the CLBR per oocyte retrieval 
is considered more meaningful than LBR “per cycle” or 
“per ET episode” as it is a much better indicator of qual-
ity and success in IVF in its totality as the use of extended 
embryo culture as well as cryopreservation have become 
an integral part of IVF [44, 45]. Unfortunately, the three 
phase 3 RCTs included in the present meta-analysis did 
not report this outcome. Investigating possible differ-
ences in CLBR between the two study groups should thus 
be considered a priority in future studies.

Based on the available data, however, some specula-
tions can be made. A growing body of evidence dem-
onstrates a positive correlation between the number of 
oocytes retrieved and CLBR [5]. On the other hand, a 
high number of oocytes also increases the likelihood 
of developing OHSS [46]. Herein, we observed that, in 

women with serum AMH ≥ 15 pmol/l, the follitropin alfa/
beta treatment was associated with both a higher num-
ber of retrieved oocytes and a higher incidence of OHSS 
compared to the follitropin delta treatment. It could 
therefore be hypothesized that, in the group of women 
with good/high ovarian reserve, the use of follitropin 
alfa/beta might be associated with an increase in CLBR. 
Should this theory be confirmed by future studies, the 
availability of these different drugs would offer a further 
opportunity to personalize IVF treatment. More specifi-
cally, having more oocytes might represent an additional 
value for increasing CLBR, mainly in those IVF Units 
where the “freeze all approach” for preventing OHSS is 
a well-established strategy. On the other hand, reducing 
the risk of OHSS might be crucial for those IVF Units 
that prefer to limit freezing procedures in favour of fresh 
embryo transfers.

Implications for research
The main shortage of the current evidence is the absence 
of data regarding both the number and quality of frozen 
embryos and the success rates. Filling these gaps should 
therefore be considered a priority for future research. A 
further important issue is to clarify if the better safety-
efficacy profile of the follitropin delta is due to the spe-
cific pharmacokinetic/dynamic proprieties of the drugs 
or to the efficacy of the algorithm used for personalizing 
its administration [34]. Unfortunately, that algorithm 
was explored and validated only for follitropin delta. It’s 
obvious that available clinical trials are not head-to-head 
comparisons between different gonadotropins. New data 
should compare different gonadotropins using the same 
strategy of administration (personalized or fixed) in order 
to obtain “pure” comparative results. However, it should 
be needed to explore the safety and the efficacy of the 
same algorithm, based on pre-treatment AMH levels and 
body weight, also for the other gonadotropins. Similarly, 
it should be interesting to evaluate the administration 
of follitropin delta using also fixed protocol or proto-
cols based on clinician’ decision. On the other hand, it is 
possible also to hypothesize that further algorithms may 
more and more optimize the safety-profile of the follitro-
pin delta or that the specific pharmacokinetic/dynamic 
proprieties of each gonadotropin may influence the effi-
cacy of each specific algorithm.

In consideration of the very great number of IVF/
ICSI cycles worldwide scheduled using a long GnRH 
agonist protocol, it should be defined on the safety and 
efficacy of follitropin delta also in GnRH agonist down-
regulated IVF/ICSI cycles. More research is also needed 
to test the efficacy of the algorithm for lean and mod-
erately or severely obese patients, and to confirm the 
efficacy of personalized follitropin delta in patients at 
risk for high or poor response, such as in patients who 
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receive previous IVF/ICSI cycles of gonadotropins, not 
exclusively after one ovarian stimulation with follitropin 
delta [23]. The selection and the inclusion of eumenor-
rheic women presumably excluded a large proportion of 
patients with polycystic ovary syndrome (PCOS) and the 
safety-efficacy of personalized follitropin delta should be 
specifically studied in further trials. The evaluation of 
the tailoring of follitropin delta administration in subse-
quent IVF cycles, especially in case of poor-response or 
of hyper-response in the previous cycle(s) is certainly a 
future study aim. The preference of patients and of cli-
nicians for a particular type of gonadotropin is also an 
important issue, to date too little evaluated in the lit-
erature any trial. To date, we did not know the prefer-
ence profile for patients according to follitropin delta or 
other gonadotropins, and the very low number of non-
sponsored studies may suggest a low preference of the 
clinicians in the use of gonadotropin based on specific 
algorithm. Finally, very few and sparse data are avail-
able about the long-term safety for the mother and the 
baby [47], and an international register might be useful to 
monitor these issues.

Conclusion
The current systematic review of RCTs with meta-anal-
ysis showed that the treatment with follitropin delta, 
administrated using an AMH- and body weight-based 
algorithm, was associated with a lower rate of all forms 
of OHSS compared to other recombinant gonadotropins, 
in potentially normo-responder patients who receive 
ovarian stimulation in GnRH antagonist IVF cycles.
We observed a comparable rate of reproductive success 
per cycle or per single episode of ET between the group 
treated with follitropin delta and that treated with folli-
tropin alfa/beta. However, the absence of cumulative data 
does not allow definitive conclusions to be drawn regard-
ing the comparison of the effectiveness of the two treat-
ments. Further studies that, on the one hand, confirm 
the difference in the safety profile and its clinical entity 
between the two treatments and, on the other, that fill the 
absence of data relating to cumulative success rates are 
warranted.
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