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Abstract
Background: To compare the e�cacy and safety of follitropin delta in its individualized �xed-dose
regimen with follitropin alfa in a conventional adjustable dosing regimen in Chinese women.

Methods: This was a subgroup analysis of the randomized, multi-center, assessor-blind, non-inferiority
trial (GRAPE) including 759 Chinese women (aged 20-40 years) recruited in 16 reproductive medicine
clinics in China. Women were randomized in a 1:1 ratio to be treated with either follitropin delta dosed
based on anti-Müllerian hormone (AMH) and body weight or conventional dosing with follitropin alfa
following a gonadotropin-releasing hormone (GnRH) antagonist protocol. The primary outcome was
ongoing pregnancy rate assessed 10-11 weeks after embryo transfer in the fresh cycle (non-inferiority
margin -10.0%).

Results: 378 women in the follitropin delta group and 381 in the follitropin alfa group were randomized
and exposed. Non-inferiority was con�rmed with respect to ongoing pregnancy with rates of 31.0% vs.
25.7% for follitropin delta compared to follitropin alfa, estimated mean difference of 5.1% (95%
con�dence interval (CI) -1.3% to 11.5%). The individualized follitropin delta dosing algorithm resulted in
lower follicle stimulating hormone (FSH) dose for both the total microgram dose (76.7 ± 23.8 µg vs. 110.4
± 31.2 µg, P<0.001) and average daily dose (8.5 ± 2.3 µg/day vs. 12.4 ± 1.5 µg/day, P<0.001), optimized
ovarian response with lower number of oocytes retrieved (10.3 ± 6.2 vs. 12.5 ± 7.5, P<0.001) and lower
incidence of early ovarian hyper-stimulation syndrome (OHSS) and/or preventive interventions (6.1% vs.
11.0%, P=0.013). A daily follitropin delta dose of 10.2 µg (95% CI: 9.3 - 11.2 µg) was estimated to provide
the same number of oocytes retrieved as a starting dose of 150 IU/d of follitropin alfa.

Conclusion: Follitropin delta in its individualized �xed-dose regimen showed similar e�cacy and
improved safety compared with follitropin alfa in a conventional adjustable dosing regimen in Chinese
women.

Clinical Trial Registration Number: NCT03296527.

Background
In modern assisted reproductive technology (ART), individualized treatment aims at an improved balance
with respect to e�cacy and safety outcome for each patient. Consistent with recent reports comparing
individualized and conventional controlled ovarian stimulation (COS), most clinicians use ovarian reserve
markers like AMH and/or antral follicle count (AFC) for decision-making to tailor the most optimal
starting dose for each patient [1, 2]. Recently, an individualized dosing algorithm of follitropin delta
applying serum AMH and body weight to determine the follitropin delta dose has been shown to decrease
the incidence of moderate or severe ovarian hyperstimulation syndrome (OHSS) as well as incidence of
preventive interventions for early OHSS compared with conventional treatment in women without
compromising the live birth rates [1]. Especially the risk of OHSS following ovarian stimulation may
prevent fresh embryo transfer, which increases treatment burden and time to pregnancy [3].
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AMH, a paracrine factor implicated in the regulation of early follicular growth, is now widely been used as
a quantitative marker of ovarian reserve to predict the response to ovarian stimulation [4, 5]. Meanwhile,
the recent development of automated AMH assays improved the accuracy and consistency of AMH
testing among different in vitro fertilization (IVF) centers [6, 7]. A study based on Chinese population
clari�ed that the stature and body weight of female and male urban Han people positively correlated with
latitude [8]. There is a huge latitude span of the territory in China, the mean body weight of women living
in the north is higher than of women living in the south [8]. Since serum FSH levels are inversely related
with body weight, women with a higher body weight have lower serum FSH exposure than women with a
lower body weight[9]. Including body weight in the dosing algorithm takes into account patients’
distribution volume, which lowers the variability of FSH exposure [10, 11]. Inappropriate daily FSH dosing
is known to result in a higher frequency of cycle cancellation due to poor response and transfer
cancellations due to excessive response. In the People’s Republic of China more than 1 million ART cycles
are conducted each year, and these cycles are paid by the patients. Compared to other diseases, the cost
of IVF treatment was higher than the average hospitalization cost for 30 diseases in 2018 according to
the national bureau of statistics [12, 13]. Therefore, the optimal FSH dose should be considered for each
patient, taking into account the ovarian reserve and other relevant characteristics, thus preventing cycle
cancellation.

Follitropin delta is a novel recombinant FSH (rFSH) preparation developed with an individualized dosing
regimen based on each patient’s serum AMH concentration and body weight [1, 14]. This individualized
dosing regimen has been used in three randomized, controlled, multi-center phase  trials [1, 15, 16].
ESTHER-1/2 [1, 17] was conducted in European countries, Canada and Brazil, and showed that the
follitropin delta dose was signi�cantly reduced compared to follitropin alfa with non-inferior ongoing
pregnancy rates and improved safety. After repeated cycles and cryopreserved cycles, the cumulative
take-home baby rate (i.e., live rate at 4 weeks after birth) were 60.3% in follitropin delta and 60.7% in
follitropin alfa [17]. A trial conducted in Japan [15] showed non-inferiority with respect to oocytes
retrieved and signi�cantly fewer OHSS cases vs follitropin beta. The GRAPE trial [16] was conducted in
Asia and included women from mainland China, South Korea, Vietnam and Taiwan. Similar to the
ESTHER-1 trial [1], the FSH dose was signi�cantly reduced compared to follitropin alfa with non-inferior
ongoing pregnancy rates and improved safety [16].

This study is the subgroup analysis of GRAPE trial [16] aimed to compare the e�cacy and safety
outcomes of follitropin delta in its novel individualized algorithm-based dosing regimen to conventional
dosing of follitropin alfa in Chinese women undergoing their �rst ART cycle, and to describe the effect of
individualized dosing in women with AMH below 15 pmol/L and in women with AMH of 15 pmol/L or
above.

Methods

Study Design
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A randomized, controlled, assessor-blind, parallel groups, multi-center, phase , non-inferiority trial
comparing follitropin delta in its individualized �xed-dose regimen with follitropin alfa in a conventional
adjustable dose regimen was conducted at 1009 Asian patients in mainland China, South Korea, Taiwan
and Vietnam (number NCT03296527). A detailed description of the elements of the trial design were
described previously [16]. This was a subgroup analysis based on 759 patients (75.2%) recruited in
mainland China. All women provided written, informed consent.

Study Participants
Chinese pre-menopausal women, aged 20–40 years, with a BMI between 17.5 and 32.0 kg/m2 and
undergoing their �rst ovarian stimulation cycle for IVF/ intracytoplasmic sperm injection (ICSI),
diagnosed with tubal infertility, unexplained infertility, endometriosis stage I/II or with partners diagnosed
with male factor infertility were eligible for the study. The main exclusion criteria were women with
endometriosis stage III/IV, history of recurrent miscarriage and with one or more follicles ≥ 10mm
observed before randomization. The full characterization of inclusion and exclusion criteria has been
provided as supplementary table in published study (GRAPE trial) [16].

Study Procedures
Women were randomized in a 1:1 ratio to follitropin delta (Rekovelle, Ferring Pharmaceuticals) or
follitropin alfa (Gonal-f; Merck Serono, Geneva, Switzerland) (Additional Fig. 1). The individualized
follitropin delta (72 µg/2.16 ml) dose was determined by their serum AMH level at screening and body
weight at randomization (AMH < 15 pmol/L, 12 µg/d; AMH ≥ 15 pmol/L, 0.19 − 0.10 µg/kg/d, minimum 6
µg/d and maximum 12 µg/d). Women randomized to follitropin alfa (900 IU/1.5 ml) started with a dose
of 150 IU (11 µg) [18, 19] for the �rst 5 stimulation days, thereafter, the dose was adjusted by ± 75 IU
based on individual response, with a maximum daily dose of 450 IU. FSH was initiated on days 2–3 of
the menstrual cycle and a gonadotropin-releasing hormone (GnRH) antagonist (cetrorelix acetate,
Cetrotide; Merck Serono, Geneva, Switzerland) 0.25mg/d was initiated on day 6 and continued
throughout the simulation period.

Details of the study procedure including human chorionic gonadotrophin (hCG) triggering, oocyte
retrieval, embryo transfer, vaginal progesterone gel administration, timeline of βhCG test, clinical
pregnancy, ongoing pregnancy, live-birth follow-up have been published previously [16].

Study Outcomes
The delivery of a healthy baby was the ultimate treatment success in this trial. The primary endpoint was
ongoing pregnancy (de�ned as at least one intrauterine viable fetus 10–11 weeks after transfer).
Secondary outcomes included other pregnancy outcomes, daily/total gonadotropin dose and duration of
stimulation, oocytes and embryo development, and safety outcomes.

Other pregnancy outcomes included positive βhCG (de�ned as serum βhCG qualitative test performed
13–15 days after transfer), clinical pregnancy (de�ned as at least one gestational sac 5–6 weeks after
transfer), vital pregnancy (de�ned as at least one intrauterine gestational sac with fetal heart 5–6 weeks
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after transfer), live birth (the birth of at least one live neonate) and live birth at 4 weeks (the presence of at
least one live neonate 4 weeks after birth). The targeted ovarian response was de�ned as 8–14 oocytes
retrieved.

Safety outcomes included adverse events such as early OHSS (with onset ≤ 9 days after triggering of
�nal follicular maturation), preventive interventions for early OHSS (de�ned as cycle cancellation due to
excessive ovarian response or triggering of �nal follicular maturation with GnRH agonist) and late OHSS
(with onset > 9 days after triggering of �nal follicular maturation). OHSS was graded using Golan’s
classi�cation system.

In addition to the overall comparison between follitropin delta and follitropin alfa, the two treatment
strategies were also compared within the two subgroups de�ned by AMH (< 15pmol/l or ≥ 15 pmol/l).

Estimation of the dose equivalence factor of follitropin delta (ug) to follitropin alfa (IU) in terms of
ovarian stimulation response was conducted post-hoc and compared to previously published data [18].

Statistical Analysis
All analyses are based on the subgroup of women recruited in China. The mean difference in ongoing
pregnancy rates (follitropin delta - follitropin alfa) was estimated using the Mantel-Haenszel method,
combining risk differences across age strata, and the 95% con�dence interval (CI) calculated for the full
analysis set. The non-inferiority margin was − 10.0%. The Mantel-Haenszel method was also used to
compare the two treatment groups on positive βhCG, clinical pregnancy, vital pregnancy and live birth
rates.

The FSH dose (average daily dose and total dose), duration of stimulation, number of oocytes retrieved,
fertilization rate, the number and quality of embryos on day 3 were compared between the follitropin delta
group and the follitropin alfa group using the van Elteren test adjusted for AMH group (< 15pmol/l or ≥ 15
pmol/l) and using the Wilcoxon’s test to compare treatments within each AMH group. A logistic
regression model with treatment and AMH group as �xed factors was used to compare proportions of
women that meet the targeted response (8–14 oocytes), excessive response and early OHSS and/or
preventive interventions between treatment groups. The difference between follitropin delta and follitropin
alfa was reported as an odds ratio (OR) including associated 95% CI and P-value based on the likelihood
ratio test. In addition, the Fisher’s exact test was provided for the treatment comparisons within AMH
group.

Analyses were made post-hoc to estimate the dose equivalence factor for the follitropin delta µg dose
corresponding to 150 IU of follitropin alfa for endpoints related to ovarian response. Ovarian response
parameters included number of oocytes retrieved, number of follicles with a diameter of 12 mm or more
at the end of stimulation, and serum concentrations of oestradiol at the end of stimulation. The
individualized follitropin delta dose was calculated for all women and the relationship between the
follitropin delta dose and the ovarian response was approximated with a linear function (log-dose versus
response) [18] for each treatment group. The point where the two regression lines intersect was the
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follitropin delta dose estimated to correspond to a starting dose of 150 IU/day follitropin alfa. The
intersection point was estimated from the model parameters and the 95% CI for the estimate was derived
and transformed to the linear scale using the delta method. The linear approximations were illustrated in
�gures including estimated means and 95% CI for each dose and the dose equivalence factor.

All statistical analyses were performed in SAS (SAS Institute Inc, version 9.4, Cary, NC, USA). A level of P < 
0.05 was considered as statistically signi�cant.

Results

Baseline Characteristics
A total of 884 women were screened for eligibility and 760 (86.0%) women were randomized, of whom
759 were exposed to study drug: 378 to individualized follitropin delta (the follitropin delta group) and
381 to conventional follitropin alfa (the follitropin alfa group) (Fig. 1).

The mean (± standard deviation (SD)) age was similar in the follitropin delta group (30.6 ± 3.6 years) and
in the follitropin alfa group (30.8 ± 3.6 years). The body weight and the AMH distributions were similar
(Fig. 2A and Fig. 2B) with mean body weight (56.0 ± 8.0 kg vs. 56.5 ± 7.9 kg) and mean AMH (25.9 ± 13.6
pmol/l vs. 26.1 ± 16.1 pmol/l) respectively. The calculated starting dose using the follitropin delta
algorithm based on the serum AMH concentration at screening and body weight at randomization,
facilitates the simultaneous comparison of AMH and body weight between the two treatment groups. The
mean algorithmic doses were 8.5 ± 2.3 µg/day vs. 8.8 ± 2.4 µg/day, respectively. The proportion of
participants with AMH ≥ 15 pmol/l was 79.6% (301/378) for the follitropin delta group and 77.4%
(295/381) for the follitropin alfa group. Treatment groups were also generally balanced with respect to
other demographics and baseline characteristics (Table 1).
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Table 1
Demographics and baseline characteristics of study population

Characteristics Follitropin delta group (n = 378) Follitropin alfa group (n = 381)

Age (years) 30.6 ± 3.6 30.8 ± 3.6

< 35 312 (82.5%) 313 (82.2%)

35–37 55 (14.6%) 52 (13.6%)

38–40 11 (2.9%) 16 (4.2%)

Body weight (kg) 56.0 ± 8.0 56.5 ± 7.9

BMI (kg/m2) 21.8 ± 2.7 22.0 ± 2.8

Infertility history    

Duration of infertility (months) 42.2 ± 24.4 45.3 ± 28.2

Primary infertility 244 (64.6%) 223 (58.5%)

Reason for infertility    

Unexplained infertility 74 (19.6%) 66 (17.3%)

Tubal infertility 197 (52.1%) 204 (53.5%)

Male factor 98 (25.9%) 106 (27.8%)

Endometriosis stage I/II 5 (1.3%) 2 (0.5%)

Other 4 (1.1%) 3 (0.8%)

Endometrial thickness (mm) 6.1 ± 2.2 6.1 ± 2.1

Ovarian volume (cm3) 5.0 ± 2.2 4.9 ± 2.5

AFC a 15.4 ± 6.2 15.0 ± 5.6

Endocrine pro�le b    

AMH (pmol/l) c 25.9 ± 13.6 26.1 ± 16.1

AMH < 15 pmol/l 77 (20.4%) 86 (22.6%)

AMH ≥ 15 pmol/l 301 (79.6%) 295 (77.4%)

FSH (IU/l) 7.3 (6.1–8.5) 7.2 (6.2–8.2)

LH (IU/l) 3.7 (2.9–4.8) 3.7 (2.8–4.9)

Estradiol (pmol/l) 140 (113.1-164.5) 142.2 (112.1-176.4)

Progesterone (nmol/L) 0.8 (0.8–2.1) 0.8 (0.8–2.1)
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Characteristics Follitropin delta group (n = 378) Follitropin alfa group (n = 381)

Inhibin A (ng/L) 5.0 (4.0-6.5) 5.3 (4.0-6.5)

Inhibin B (ng/L) 81.0 (62.0-101.5) 82.0 (67.0-101.0)

Algorithmic dose (µg/day) d 8.5 ± 2.3 8.8 ± 2.4

Pregnancy and Live Birth Outcomes
Non-inferiority of individualized follitropin delta to conventional follitropin alfa was con�rmed among
women recruited from mainland China in respect to ongoing pregnancy since the lower bounds of the
95% CI were well above the pre-speci�ed non-inferiority limit of -10.0%. The ongoing pregnancy rate was
31.0% (117/378) for the follitropin delta group versus 25.7% (98/381) for the follitropin alfa group, with a
mean difference of 5.1% (95% CI: -1.3%; 11.5%).

No signi�cant differences were seen for positive βhCG rate (41.8% [158/378] vs. 36.2% [138/381]),
clinical pregnancy rate (35.4% [134/378] vs. 31.5% [120/381]), vital pregnancy rate (31.7% [120/378] vs.
27.8% [106/381]) and live birth rate (31.0% [117/378] vs. 25.5% [97/381]) in the follitropin delta group
compared with the follitropin alfa group. There were no neonatal deaths in the period from birth to 4
weeks after birth (Fig. 3), hence the live rate at 4 weeks equals the live birth rates.

Daily/Total Dose of rFSH and Duration of Stimulation
FSH stimulation was completed by 366 (96.8%) and 376 (98.7%) women in the follitropin delta and
follitropin alfa group respectively, with cycle cancellations in 12 and 5 women in each group (Table 2).
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Table 2
E�cacy and safety in the Chinese population

Variable Follitropin delta (n = 
378)

Follitropin alfa (n = 
381)

P-value

Gonadotropin use      

Duration of stimulation (days) 9.2 ± 1.8 8.8 ± 1.5 0.025a

Total dose (µg) 76.7 ± 23.8 110.4 ± 31.2 < 
0.001a

Average daily dose (µg/day) 8.5 ± 2.3 12.4 ± 1.6 < 
0.001a

Number of follicles at end of
stimulation

     

Total number of follicles 12.8 ± 5.6 14.2 ± 6.5 0.005a

Follicles ≥ 12 mm 10.7 ± 5.0 12.0 ± 5.7 0.006a

Follicles ≥ 17 mm 4.3 ± 1.8 4.5 ± 2.0 0.359a

Endocrine pro�le at end of stimulation      

FSH (IU/l) 11.5 12.4 < 
0.001b

LH (IU/l) 1.7 1.9 0.011b

Estradiol (pmol/l) 7001 9130 < 
0.001b

Progesterone (nmol/l) 2.3 3.1 < 
0.001b

Progesterone > 3.18 nmol/L 121 (32.4%) 190 (50.7%) < 
0.001c

Inhibin A (ng/l) 361.2 449.3 < 
0.001b

Inhibin B (ng/l) 1022.6 1134.7 0.002b

Cancellations      

Cycle cancellation 12 (3.2%) 5 (1.3%) 0.085c

Cycle or transfer cancellation 56 (14.8%) 71 (18.6%) 0.126c

Oocytes and embryos      
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Variable Follitropin delta (n = 
378)

Follitropin alfa (n = 
381)

P-value

Women with at least one oocyte
retrieved

364 (96.3%) 375 (98.4%) 0.068c

Oocytes retrieved (n) 10.3 ± 6.2 12.5 ± 7.5 < 
0.001a

Fertilized oocytes (n) 6.4 ± 4.2 7.7 ± 5.0 < 
0.001a

Fertilization rate d (%) 63.2 ± 22.8 62.8 ± 21.5 0.365a

Day 3 embryos (n) 7.3 ± 4.7 8.8 ± 5.5 < 
0.001a

Day 3 good-quality embryos (n) 4.4 ± 3.8 5.3 ± 4.2 0.002a

OHSS      

Any OHSS 34 (9.0%) 36 (9.4%) 0.764c

Early OHSS (any grade) e 18 (4.8%) 28 (7.3%) 0.115c

Late OHSS (any grade) f 16 (4.2%) 8 (2.1%) 0.098c

Preventive interventions g for early
OHSS

6 (1.6%) 16 (4.2%) 0.025c

Early OHSS and/or preventive
interventions

23 (6.1%) 42 (11.0%) 0.011c

The average daily dose (mean ± SD) (8.5 ± 2.3 µg/day vs. 12.4 ± 1.6 µg/day) and the total dose (76.7 ± 
23.8 µg vs. 110.4 ± 31.2 µg) were lower with follitropin delta than those with follitropin alfa (Table 2). The
mean stimulation period was 0.5 day longer in the follitropin delta group compared to the follitropin alfa
group (9.2 ± 1.8 days vs. 8.8 ± 1.5 days). Among women with AMH < 15 pmol/L, the starting dose of 12.0
µg was �xed throughout stimulation in the follitropin delta treatment group, whereas in the follotropin
alfa treatment group the starting dose of 11 µg was adjusted to an average daily dose of 12.6 ± 1.7 µg
(Fig. 2C and Fig. 2D). The total dose and the stimulation period were similar with mean 105.8 ± 16.7 µg
vs. 110.2 ± 33.5 µg and 8.8 ± 1.4 days vs. 8.6 ± 1.6 days, respectively (Table 3). In women with AMH ≥ 15
pmol/L, the average daily dose (7.5 ± 1.7 µg/day vs. 12.3 ± 1.6 µg/day) and the average total dose (69.2 
± 19.2 µg vs. 110.4 ± 30.6 µg) were lower with follitropin delta than those with follitropin alfa. The
stimulation period was (9.2 ± 1.9 days vs. 8.9 ± 1.5 days).
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Table 3
E�cacy and safety in the Chinese population by AMH group

Variable AMH < 15 pmol/L AMH ≥ 15 pmol/L

Follitropin
delta (n = 
77)

Follitropin
alfa (n = 
86)

P-
value

Follitropin
delta (n = 
301)

Follitropin
alfa (n = 
295)

P-
value

Gonadotropin use            

Duration of
stimulation (days)

8.8 ± 1.4 8.6 ± 1.6 0.309a 9.2 ± 1.9 8.9 ± 1.5 0.047a

Total dose (µg) 105.8 ± 
16.7

110.2 ± 
33.5

0.568a 69.2 ± 19.2 110.4 ± 
30.6

< 
0.001a

Average daily dose
(µg/day)

12.0 ± 0.0 12.6 ± 1.7 0.279a 7.5 ± 1.7 12.3 ± 1.6 < 
0.001a

Number of follicles
at end of stimulation

           

Total number of
follicles

10.3 ± 4.3 9.6 ± 4.4 0.302a 13.4 ± 5.8 15.6 ± 6.4 < 
0.001a

Follicles ≥ 12 mm 8.8 ± 4.0 8.1 ± 4.1 0.238a 11.2 ± 5.2 13.1 ± 5.6 < 
0.001a

Follicles ≥ 17 mm 4.0 ± 1.4 3.8 ± 1.3 0.309a 4.3 ± 1.9 4.7 ± 2.1 0.119a

Endocrine pro�le at
end of stimulation

           

FSH (IU/l) 17.0 13.3 < 
0.001b

10.4 12.1 < 
0.001b

LH (IU/l) 2.0 2.3 0.124b 1.6 1.8 0.036b

Estradiol (pmol/l) 6898 6239 0.179b 7029 10204 < 
0.001b

Progesterone
(nmol/l)

3.1 2.7 0.215b 2.2 3.2 < 
0.001b

Progesterone > 3.18
nmol/L

42 (54.5%) 39 (45.9%) 0.345c 79 (26.6%) 151
(52.1%)

< 
0.001c

Inhibin A (ng/l) 341.3 310.2 0.159b 366.6 500.8 < 
0.001b

Inhibin B (ng/l) 654.3 658.0 0.788b 1153.0 1320.2 < 
0.001b

Cancellations            
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Variable AMH < 15 pmol/L AMH ≥ 15 pmol/L

Follitropin
delta (n = 
77)

Follitropin
alfa (n = 
86)

P-
value

Follitropin
delta (n = 
301)

Follitropin
alfa (n = 
295)

P-
value

Cycle cancellation 0 (0.0%) 1 (1.2%) 1.000c 12 (4.0%) 4 (1.4%) 0.073c

Cycle or transfer
cancellation

6 (7.8%) 5 (5.8%) 0.757c 50 (16.6%) 66 (22.4%) 0.079c

Oocytes and
embryos

           

Women with at least
one oocyte retrieved

76 (98.7%) 85 (98.8%) 1.000c 288
(95.7%)

290
(98.3%)

0.092c

Oocytes retrieved (n) 9.2 ± 4.9 7.7 ± 3.6 0.068a 10.5 ± 6.4 13.9 ± 7.8 < 
0.001b

Fertilized oocytes (n) 6.0 ± 3.3 5.0 ± 2.9 0.057a 6.4 ± 4.5 8.5 ± 5.2 < 
0.001a

Fertilization rate d
(%)

66.0 ± 21.6 66.3 ± 22.9 0.914a 62.5 ± 23.2 61.8 ± 21.1 0.280a

Day 3 embryos (n) 6.9 ± 3.8 5.7 ± 3.0 0.070a 7.4 ± 4.9 9.7 ± 5.7 < 
0.001a

Day 3 good-quality
embryos (n)

3.6 ± 2.9 3.4 ± 2.3 0.800a 4.6 ± 3.9 5.9 ± 4.5 < 
0.001a

OHSS            

Any OHSS 4 (5.2%) 1 (1.2%) 0.190c 30 (10.0%) 35 (11.9%) 0.512c

Early OHSS (any
grade) e

3 (3.9%) 0 (0.0%) 0.103c 15 (5.0%) 28 (9.5%) 0.039c

Late OHSS (any
grade) f

1 (1.3%) 1 (1.2%) 1.000c 15 (5.0%) 7 (2.4%) 0.127c

Preventive
interventions g for
early OHSS

0 (0.0%) 1 (1.2%) 1.000c 6 (2.0%) 15 (5.1%) 0.047c

Early OHSS and/or
preventive
interventions

3 (3.9%) 1 (1.2%) 0.345c 20 (6.6%) 41 (13.9%) 0.004c

Follicular Development and Endocrine Response
The total number of follicles ≥ 10 mm (12.8 ± 5.6 vs. 14.2 ± 6.5) and number of follicles ≥ 12 mm (10.7 ± 
5.0 vs. 12.0 ± 5.7) at the end of simulation were both lower in the follitropin delta compared to the
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follitropin alfa group (Table 2). Likewise, the similar results were gained in women with AMH ≥ 15 pmol/l
in terms of total number of follicles ≥ 10 mm (13.4 ± 5.8 vs. 15.6 ± 6.4) and number of follicles ≥ 12 mm
(11.2 ± 5.2 vs. 13.1 ± 5.6) whereas, in women with AMH ≥ 15 pmol/l the treatment groups were similar
(Table 3). There were no signi�cant differences of total number of follicles ≥ 17 mm between two
treatment groups.

At the end of stimulation, signi�cantly (all P < 0.05) lower luteinizing hormone (LH), estradiol,
progesterone, inhibin A and inhibin B were observed in the follitropin delta group than that in the
follitropin alfa group (Table 2). The difference in endocrine pro�le was also noted in women with AMH ≥ 
15 pmol/l, whereas the endocrine pro�le in women with AMH < 15 pmol/L were similar for the two
treatments (Table 3). At the end of stimulation, mean serum-FSH reduced by 7% in the follitropin delta
group compared to follitropin alfa, the corresponding reduction in women with AMH ≥ 15 pmol/L was
15%. In women with AMH ≥ 15 pmol/L the mean serum-FSH concentration was increased by 25% in the
follitropin delta group compared to follitropin alfa. Since the FSH dose was similar in the two groups, this
is explained by the longer half-life of follitropin delta.

Oocytes and Embryo Development
A total of 364 women (96.3%) in the follitropin delta group and 375 women (98.4%) in the follitropin alfa
group had at least one oocyte retrieved (Table 2). The mean number of oocytes retrieved was lower in the
follitropin delta group compared to the follitropin alfa group (10.3 ± 6.2 vs. 12.5 ± 7.5). Among women
with AMH < 15 pmol/L at screening, there were no signi�cant differences between treatment groups in
terms of number of oocytes retrieved (9.2 ± 4.9 vs 7.7 ± 3.6) (Table 3). Nevertheless, among women with
AMH ≥ 15 pmol/l, follitropin delta was associated with fewer oocytes (10.5 ± 6.4 vs. 13.9 ± 7.8) as well as
fewer fertilized oocytes (6.4 ± 4.5 vs. 8.5 ± 5.2) compared with follitropin alfa.

The average fertilization rate in women with oocytes retrieved was approximately 63% in both treatment
groups (Table 2). The proportion of women with embryo transfer was 85.2% (322/378) in the follitropin
delta group and 81.4% (310/381) in the follitropin alfa group (Fig. 3). The mean number of embryos (7.3 
± 4.7 vs. 8.8 ± 5.5) and the number of embryos with good quality (4.4 ± 3.8 vs. 5.3 ± 4.2) on day 3 after
oocyte retrieval were both lower in the follitropin delta than that in the follitropin alfa group. Similar
numbers (7.4 ± 4.9 vs. 9.7 ± 5.7 and 4.6 ± 3.9 vs. 5.9 ± 4.5) were observed in the two stimulation groups in
women with AMH ≥ 15 pmol/l (Table 3). However, there were no signi�cant difference between two
groups in women with AMH < 15 pmol/l.

OHSS incidence
The incidence of preventive interventions for early OHSS (1.6% vs. 4.2%) and the incidence of early OHSS
and/or preventive interventions (6.1% vs. 11.0%)) was lower in the follitropin delta group than in the
follitropin alfa group (Table 2). However, the overall incidence of OHSS and the incidence of early or late
OHSS was not statistically different between the two treatment groups.
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In women with AMH < 15 pmol/L, the incidence of early OHSS and the incidence of preventive
intervention for early OHSS was similar between the two groups (Table 3), whereas in women with AMH 
≥ 15 pmol/l, the incidence of early OHSS (5.0% vs. 9.5%) and the incidence of preventive interventions for
early OHSS (2.0% vs. 5.1%) were both lower in the follitropin delta group than those in the follitropin alfa
group.

Dose Equivalence Factor
The dose equivalence factor between follitropin delta and follitropin alfa are illustrated in Fig. 4A-4C. The
intersection of the blue (follitropin delta) and red (follitropin alfa) regression lines (�tted to the individual
data points) is the follitropin delta dose estimated to give the same ovarian response as treatment with
follitropin alfa at a starting dose of 150 IU/ day. The follitropin delta dose providing similar number of
oocytes retrieved as 150 IU of follitropin alfa is estimated to 10.2 µg (95% CI: 9.3–11.2) (Fig. 4A).

Similarly, the follitropin delta dose providing similar number of follicles with a diameter ≥ 12 mm
(Fig. 4B) and similar oestradiol concentrations (Fig. 4C) on the last stimulation day as 150 IU of
follitropin alfa were 9.9 µg (95% CI: 9.0-10.9) and 10.5 µg (95% CI: 9.5–11.6), respectively.

Discussion
This study reports on a preplanned subgroup analysis in Chinese IVF/ICSI patients participating in the
GRAPE study [16] which was adequately powered for the primary endpoint ongoing pregnancy. This
study compared ovarian stimulation with individualized dosing of follitropin delta, based on pretreatment
AMH concentrations and body weight, to follitropin alfa dosed according to label. Non-inferiority of
follitropin delta compared to follitropin alfa was con�rmed among women recruited from mainland China
only, which was consistent with the overall population in the Pan-Asian study [16]. Moreover, the live birth
rates of 31.0% for individualized dosing of follitropin delta and 25.5% for conventional dosing of
follitropin alfa con�rmed the favorable ongoing pregnancy rates in Chinese IVF/ICSI patients. In
comparison to previous comparative trials of follitropin delta in European [1] and Japanese [15], Chinese
patients were younger, with a lower body weight and higher serum AMH levels thus received in this study
more frequently a lower dose of follitropin delta. The proportion of potential high responders (subjects
with AMH ≥ 15 pmol/l) was almost 80% in the Chinese subgroup, whereas the corresponding numbers
were 55% in the European trial and 59% in the Japanese trial. This, together with the lower body weight
resulted in a lower mean follitropin delta dose administrated in this trial, namely 76.7 µg in Chinese
patients compared to 90.0 µg in European and 83.5 µg in Japanese patients. Hence, the overall results in
the Chinese population are closer to those of potential high responders in the European trial who required
only 67.4 µg follitropin delta [19].

Overall, due to individualized dosing in the follitropin delta group, patients in this trial developed
signi�cantly fewer follicles at the end of stimulation with lower serum oestradiol, progesterone, inhibin A
and inhibin B levels in the follitropin delta group than that in the follitropin alfa group. This overall lower
ovarian response was mainly due to potential high responders (as indicated by serum AMH ≥ 15 pmol/L),
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who had a lower average oocyte yield i.e 10.5 for follitropin delta and 13.9 for follitropin alfa, indicating
that stimulation with follitropin delta also normalizes ovarian response in Chinese high responders. In
contrast, in potential low responders (as indicated by serum AMH < 15 pmol/L), more oocytes were
retrieved in the follitropin delta group than in the follitropin alfa group (mean 9.2 vs 7.7). These results are
in agreement with previous controlled trials of follitropin delta in Europe and Asia [1, 16] although in the
current trial relatively more potential high responders were recruited. Regardless the population, there
were no signi�cant differences between groups in terms of percentage of women with embryo transfer,
and the ongoing pregnancy rates were unaffected, indicating no difference in the quality of embryos
transferred.

Thanks to the normalized ovarian response of potential high responders treated with follitropin delta, a
lower incidence of early OHSS and/or incidence of preventive interventions was observed for women with
follitopin delta compared to women treated with follitropin alfa. The improved safety outcome in this trial
is in line with the analysis of the ESTHER-1 and ESTHER-2 study [20] showing a 50% reduction in
incidence of moderate/severe OHSS with individualized follitropin delta compared with conventional
dosing approach. For potential high responders, applying algorithm-based dosing of follitropin delta
determines the dose of follitropin delta by incorporating a women’s serum AMH and body weight can
mitigate the risk of OHSS due to ovarian stimulation. Although GnRH agonist triggering and freezing of
all embryos lowers the risk of OHSS, patients have to wait until at least one more cycle for embryo
transfer which delays their time to pregnancy [3].

The dose equivalence factor was assessed in this study to determine which dose of follitropin delta
provides in Chinese women similar ovarian response as 150 IU of follitropin alfa. It was estimated that a
daily follitropin delta dose of ≈10 µg would provide the same ovarian response as a starting dose of 150
IU/d of follitropin alfa (11 µg). This dose equivalence factor in Chinese women is consistent with the
previous calculated factor for European and other western women [18] and con�rms that one µg
follitropin delta is more potent than one µg of follitropin alfa. Understanding the dose equivalence factor
may help clinicians who are accustomed to IU doses to understand the anticipated ovarian response to
different doses of follitropin delta and avoid dosing misunderstandings/errors.

In this trial the average total dose was 76.7 µg in the follitropin delta group and 1505 IU (110.4 µg) in the
follitropin alfa group. Applying the dose equivalence factor, a follitropin delta dose of 76.7 µg was
estimated to provide the same ovarian response as 1150.5 IU follitropin alfa. In this trial, the follitropin
alfa dose was on average 354.5 IU more per patient than what was needed to get the same ovarian
response as subjects treated with individualized follitropin delta. The difference in dose between the two
groups was larger in the current study than in previous comparative studies, as the Chinese population
included relatively more women with AMH ≥ 15 pmol/L and a lower body weight [1, 15].

China has the largest population in the world. Currently, ART services are not covered by any medical
insurance system at national level. Although the development of ART in mainland China has presented a
rapid growth, imbalance of ART service still exists geographically [21, 22]. In China, patients tend to seek
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public hospitals in the eastern big cities for ART service far away from their domestic region [23]. Overall,
there is a need in China for patient-friendly and safer IVF treatment implying less complications and less
visits to the clinic, which may be brought closer by individualized FSH dosing as reported in this trial.

Strengths and limitations

Advantages
This is the �rst e�cacy and safety analysis of the individualized follitropin delta treatment compared to
conventional follitropin alfa treatment in Chinese IVF patients. The data presented con�rmed the bene�ts
of follitropin delta dosing based on AMH and body weight, regardless ethnicity, resulting in a balanced
e�cacy and safety outcome with decreased risk of OHSS and reduced gonadotropin use.

Limitations
This study concerns a subgroup analysis of GRAPE study limited to Chinese patients, thus excluding
patients outside mainland China. In addition, the live births were collected as follow-up data and the dose
equivalence factor was a retrospective analysis. The cost-effectiveness of follitropin delta versus
follitropin alfa in China should be further analyzed to provide guidance for clinicians and patients.

Conclusions
Individualized follitropin delta dosing was shown to be safer than conventional follitropin alfa in Chinese
patients, as it decreased the incidence of early OHSS and/or preventive interventions whereas much lower
amounts of FSH were required to reach the same triggering criteria.
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gonadotrophin; GnRH: gonadotropin-releasing hormone; CI: Con�dence interval; OR: Odds ratio; SD:
Standard deviation; LH: Luteinising hormone; AE: adverse event.

Declarations
Acknowledgements 

The authors thank the investigators at the participating sites for their efforts and support, and Bernadette
Mannaerts and Marie Goethberg (Reproductive Medicine & Maternal Health, Global Biometrics, Ferring
Pharmaceuticals, Copenhagen, Denmark). The authors also acknowledge Nephele Wu (China Medical
Affairs, Ferring Pharmaceuticals, China) for medical monitoring as well as other members of the clinical
team at Ferring Pharmaceuticals.



Page 18/24

Contribution to authorship

JQ was the signature investigator in this trial and together with RY performed the study, contributed to the
clinical data interpretation and the writing of the manuscript. . YZ, XL, XS, ZW, JL, YY, JT, QZ, YS, WW, WQ,
LJ, SW, YX and JY performed the study and provided feedback on the draft manuscript.  MG, BM, WW
and ZZ analysed and interpreted clinical data and wrote the �rst draft manuscript. All authors read and
approved the �nal manuscript.

Funding

The study was funded by Ferring Pharmaceuticals, Switzerland.

Availability of data and materials

The dataset used and analysed underlying this article are available from the corresponding author on
reasonable request.

Ethics approval and consent to participate

The study was approved by the respective Ethical Committees of all participating sites and conducted in
accordance with the Declaration of Helsinki, the international Council for Harmonisation Guidelines for
Good Clinical Practice and applicable regulatory requirements. An informed consent was signed by all
eligible participants. 

Consent for publication 

Not applicable.

Competing interests 

Marie Goethberg and Bernadette Mannaerts are employees of Ferring Pharmaceuticals, Denmark. Wen
Wu and Zugeng Zheng are employees of Ferring Pharmaceuticals, China. The other authors have stated
explicitly that there are no con�icts of competing interests with the article. 

References
1. Nyboe Andersen A, Nelson SM, Fauser BC, Garcia-Velasco JA, Klein BM, Arce JC, et al. Individualized

versus conventional ovarian stimulation for in vitro fertilization: a multicenter, randomized,
controlled, assessor-blinded, phase 3 noninferiority trial. Fertil Steril. 2017;107:387 – 96 e4.

2. Allegra A, Marino A, Volpes A, Coffaro F, Scaglione P, Gullo S, et al. A randomized controlled trial
investigating the use of a predictive nomogram for the selection of the FSH starting dose in IVF/ICSI
cycles. Reprod Biomed Online. 2017;34:429–38.



Page 19/24

3. Stormlund S, Sopa N, Zedeler A, Bogstad J, Prætorius L, Nielsen HS, et al. Freeze-all versus fresh
blastocyst transfer strategy during in vitro fertilisation in women with regular menstrual cycles:
multicentre randomised controlled trial. BMJ. 2020;370:m2519.

4. Sun XY, Lan YZ, Liu S, Long XP, Mao XG, Liu L. Relationship Between Anti-Mullerian Hormone and In
Vitro Fertilization-Embryo Transfer in Clinical Pregnancy. Front Endocrinol (Lausanne).
2020;11:595448.

5. Iliodromiti S, Anderson RA, Nelson SM. Technical and performance characteristics of anti-Mullerian
hormone and antral follicle count as biomarkers of ovarian response. Hum Reprod Update.
2015;21:698–710.

�. Gassner D, Jung R. First fully automated immunoassay for anti-Mullerian hormone. Clin Chem Lab
Med. 2014;52:1143–52.

7. Fleming R, Fairbairn C, Gaudoin M. Objective multicentre performance of the automated assays for
AMH and estimation of established critical concentrations. Hum Fertil (Camb). 2018;21:269–74.

�. Lu Liu YL. Correlation of geographical latitude with stature and body weight of urban Han people in
China. Chinese Journal of Anatomy. 2017;40:307–10, 29.

9. Jonker D. Body weight is the main determinant of systemic follicle stimulating hormone (FSH)
concentrations during controlled ovarian stimulation with follitropin delta. Hum Reprod. Abstracts of
the 37th Annual Meeting of the ESHRE, 26 June to 1 July 2021,P-650.

10. Abbara A, Patel A, Hunjan T, Clarke SA, Chia G, Eng PC, et al. FSH Requirements for Follicle Growth
During Controlled Ovarian Stimulation. Front Endocrinol (Lausanne). 2019;10:579.

11. Ledger WL, Fauser BC, Devroey P, Zandvliet AS, Mannaerts BM. Corifollitropin alfa doses based on
body weight: clinical overview of drug exposure and ovarian response. Reprod Biomed Online.
2011;23:150–9.

12. Jing M, Lin C, Zhu W, Tu X, Chen Q, Wang X, et al. Cost-effectiveness analysis of GnRH-agonist long-
protocol and GnRH-antagonist protocol for in vitro fertilization. Sci Rep. 2020;10:8732.

13. (2018). NHC. China’s Health Statistics Yearbook.. http://wwwtjcnorg/tjnj/www/37967html

14. Arce JC, Andersen AN, Fernandez-Sanchez M, Visnova H, Bosch E, Garcia-Velasco JA, et al. Ovarian
response to recombinant human follicle-stimulating hormone: a randomized, antimullerian hormone-
strati�ed, dose-response trial in women undergoing in vitro fertilization/intracytoplasmic sperm
injection. Fertil Steril. 2014;102:1633–40 e5.

15. Ishihara O, Arce JC, Japanese Follitropin Delta Phase 3 Trial G. Individualized follitropin delta dosing
reduces OHSS risk in Japanese IVF/ICSI patients: a randomized controlled trial. Reprod Biomed
Online. 2021;42:909–18.

1�. Qiao J, Zhang Y, Liang X, Ho T, Huang HY, Kim SH, et al. A randomised controlled trial to clinically
validate follitropin delta in its individualised dosing regimen for ovarian stimulation in Asian IVF/ICSI
patients. Hum Reprod. 2021;36:2452–62.

17. Bosch E, Havelock J, Martin FS, Rasmussen BB, Klein BM, Mannaerts B, et al. Follitropin delta in
repeated ovarian stimulation for IVF: a controlled, assessor-blind Phase 3 safety trial. Reprod Biomed



Page 20/24

Online. 2019;38:195–205.

1�. Arce JC, Larsson P, Garcia-Velasco JA. Establishing the follitropin delta dose that provides a
comparable ovarian response to 150 IU/day follitropin alfa. Reprod Biomed Online. 2020;41:616–22.

19. Višnová H PE, Martin FS, Koziol K, Klein BM, Mannaerts B. Clinical outcomes of potential high
responders after individualized FSH dosing based on anti-Müllerian hormone and body weight.
Reprod Biomed Online. 2021;43:1019–26.

20. Fernandez-Sanchez M, Visnova H, Yuzpe A, Klein BM, Mannaerts B, Arce JC, et al. Individualization of
the starting dose of follitropin delta reduces the overall OHSS risk and/or the need for additional
preventive interventions: cumulative data over three stimulation cycles. Reprod Biomed Online.
2019;38:528–37.

21. Zhou Z, Zheng D, Wu H, Li R, Xu S, Kang Y, et al. Epidemiology of infertility in China: a population-
based study. BJOG. 2018;125:432–41.

22. Qiao J FH. Assisted reproductive technology in China: compliance and non-compliance. Transl
Pediatr. 2014;3:91–7.

23. Bai F, Wang DY, Fan YJ, Qiu J, Wang L, Dai Y, et al. Assisted reproductive technology service
availability, e�cacy and safety in mainland China: 2016. Hum Reprod. 2020;35:446–52.

Figures



Page 21/24

Figure 1

Flow chart showing the number of women at each stage of the clinical trial

Note: AMH, anti-Müllerian hormone; GnRH, gonadotropin-releasing hormone; hCG: human chorionic
gonadotrophin.

Figure 2

Adjustments of treatment doses according to AMH and body weight

Note: AMH, anti-Müllerian hormone.

a Women randomized to follitropin delta were administered a �xed daily dose according to patients´
serum AMH concentration at screening and body weight at randomization (AMH <15pmol/L: 12mg; AMH
≥ 15pmol/L: 0.10–0.19mg/kg, the maximum daily dose was 12 μg).

b Women randomized to follitropin alfa were administered a conventional daily dose of 150 IU (11 μg) for
the �rst 5 days, thereafter the dose was adjusted up or down according to follicular response, the
maximum daily dose was 450 IU.
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Figure 3

Pregnancy and live birth outcomes

Note: hCG: human chorionic gonadotrophin.

a Rates are calculated per treatment group as the percentage of women in the FAS. The retrieved rate was
de�ned as women with at least one oocyte retrieved.

b The transfer rate was de�ned as percentage of women with embryo transfer.

c βhCG rate was de�ned as percentage of women with a positive test of serum βhCG 2 weeks after
transfer.

d Clinical pregnancy rate was de�ned as percentage of women with at least one gestational sac 5-6
weeks after transfer.

e Vital pregnancy rate was de�ned as percentage of women with at least one intrauterine gestational sac
with fetal heart after transfer.

f Ongoing pregnancy rate was de�ned as percentage of women with at least one intrauterine viable fetus
10-11 weeks after transfer.
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g Live birth rate was de�ned as percentage of women with birth of at least one live-born neonate.

h Live birth rate at 4 weeks after birth was de�ned as percentage of women with at least one live neonate
4 weeks after birth.

Figure 4
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Analysis of dose equivalence

Note: A: Number of oocytes retrieved for follitropin delta and 150 IU/day follitropin alfa in the study
(n=759); B: Number of follicles ≥ 12 mm at end of stimulation for follitropin delta and 150 IU/day
follitropin alfa in the study (n=759); C: Log of serum oestradiol concentrations at the end of stimulation
for follitropin delta and 150 IU/day follitropin alfa in the study (n=759).

Estimated means (circles) with 95% con�dence intervals (95% CI) and number of patients for the
subgroups based on the dose of follitropin delta corresponding to the patients’ AMH concentrations and
body weight. The intersection of the blue and red regression lines indicates the dose of follitropin delta
estimated to give the same response as 150 IU of follitropin alfa. The estimate dose equivalence factor
and its 95% CI are indicated by the arrow and the solid horizontal black line on the x-axis.
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