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Abstract

Background Follitropin delta, a novel recombinant follicle-stimulating hormone (rFSH) preparation derived from a human
cell line, has different pharmacokinetic and pharmacodynamic properties compared with existing rFSH preparations expressed
by Chinese hamster ovary cells (CHO).

Objectives The objective of this study was to assess the pharmacokinetic characteristics, dose proportionality, and safety of
follitropin delta in healthy Chinese women.

Methods This was a phase I, randomized, open-label study. Twenty-four healthy Chinese women were randomized (1:1:1) to
receive a single subcutaneous administration of follitropin delta 12, 18, or 24 pg. The pharmacokinetic parameters (maximum
observed serum concentration [C,,.], time to reach C,,,, [#,,.<], area under the serum concentration—time curve from dosing
to infinity [AUC_], and elimination phase half-life [#,,]) of follitropin delta were derived using noncompartmental analysis.
Results Following a single subcutaneous administration of follitropin delta 12, 18, or 24 pg, mean C,,,, (0.388, 0.677,
and 0.825 ng/mL, respectively) and AUC_ (41.3, 62.9, and 83.1 h-ng/mL, respectively) increased in a dose-proportional
manner. The median ¢, was 24 h, and the mean #,, 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-pg dose group which was considered
moderate. Only one woman presented with elevation of alanine transaminase and aspartate aminotransferase at the follow-
up visit, which was reported as a treatment-emergent adverse event. There were no injection-site reactions and none of the
participants showed any confirmed presence of treatment-induced anti-FSH antibodies.

Conclusions The administration of single doses of follitropin delta to healthy Chinese women demonstrated dose-proportional
pharmacokinetics over the dose range of 12-24 pg, and these doses were well tolerated.

Clinical Trial Registration Clinicaltrials.gov registration no. NCT04150861.

Key Points

The present study evaluated the pharmacokinetic proper-
ties of follitropin delta following single subcutaneous
administrations in healthy Chinese women.
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Dose proportionality of AUC_ and C,,,, of FSH was
demonstrated over the dose range 12-24 pg of follitropin
delta, supporting the predictability of the pharmacoki-

netics of follitropin delta at the tested doses.

Single-dose administration of follitropin delta was safe
and well tolerated, and no anti-FSH antibodies were
formed.
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1 Introduction

Follicle-stimulating hormone (FSH) is one of the gonadotro-
pins that has a central role in the treatment of female infertil-
ity [1]. FSH is responsible for the development and matura-
tion of follicles and is used to stimulate the development of
multiple follicles in women undergoing assisted reproductive
technology (ART). The currently available FSH-containing
products are either urinary-derived or manufactured through
recombinant technology [2]. Human menopausal gonado-
tropin (hMG) is derived from the urine of postmenopausal
women and contains the three gonadotropins FSH, human
chorionic gonadotropin (hCG), and luteinizing hormone
(LH). Highly purified urinary FSH is manufactured using
monoclonal antibodies specific to FSH. Among the recom-
binant FSH (rFSH) products, follitropin alfa, follitropin beta,
and corifollitropin alfa are expressed in Chinese hamster
ovary (CHO) cell lines [3]. In contrast, the latest rFSH to
receive regulatory approval, follitropin delta (Rekovelle®),
is derived from a cell line of human fetal retinal origin (PER.
C6®). This difference results in follitropin delta having a
distinct glycosylation profile and a higher overall sialic acid
content in comparison with the other rFSH products [4].
A high degree of sialylation reduces the clearance of FSH
and increases the circulating half-life by blocking binding
to the asialoglycoprotein receptor (ASGPR) in the liver
[5]. While follitropin delta and follitropin alfa were shown
to have the same in vitro potency at the FSH receptor, the
compounds differ in their pharmacokinetic properties [4].
Follitropin delta clearance, but not follitropin alfa clearance,
was reduced by ASGPR inhibition in rats and by genetic
ablation in mice [4]. In healthy women, the systemic clear-
ance of follitropin delta was lower compared with that of
follitropin alfa, leading to higher serum FSH concentrations
[6]. Accordingly, the number of follicles, increases in serum
inhibin B, and increases in estradiol were greater for follitro-
pin delta compared with follitropin alfa after daily admin-
istration of 225 IU of each compound in this study. The
dose of 225 IU was based on the biological activity of fol-
litropin delta in the Steelman-Pohley assay, which does not
appear to accurately reflect the potency of follitropin delta
in humans. The dose of follitropin delta is for this reason
expressed in micrograms instead of IU, and a dose-finding
study was conducted to identify therapeutically appropriate
doses of follitropin delta [7], leading to the development
of a unique algorithm-based dosing regimen based on each
woman’s body weight and serum anti-Miillerian hormone
(AMH) concentration [8, 9]. This algorithmic treatment
approach was subsequently shown to minimize the risk
of ovarian hyperstimulation syndrome (OHSS) without
compromising pregnancy outcomes [10—12]. Body weight
is an integral part of the dosing regimen to account for an
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inverse relationship between body weight and serum FSH
concentrations, underlining the importance of the pharma-
cokinetics of follitropin delta being predictable. To support
the dose rationale in Chinese women, the present study was
conducted assessing the pharmacokinetic characteristics and
dose proportionality of follitropin delta in healthy Chinese
women following a single subcutaneous administration.

2 Methods
2.1 Study Design and Procedures

The study had an open-label, randomized, parallel group
design and was conducted at Jiangsu Province Hospital,
China, from June through December 2019. The study (Clini-
calTrials.gov identifier: NCT04150861) was conducted in
accordance with the Declaration of Helsinki and Interna-
tional Council for Harmonisation (ICH) guidelines for Good
Clinical Practice (GCP). The study was approved by the Eth-
ics Committee of the First Affiliated Hospital of Nanjing
Medical University. All subjects gave their written informed
consent before enrolment in the study.

The investigational medicinal product (IMP) was folli-
tropin delta (Rekovelle®, Ferring Pharmaceuticals, Switzer-
land). The participating women received two administrations
of a 1-month depot formulation of the gonadotropin-releas-
ing hormone agonist decapeptyl depot 3.75 mg (triptorelin)
in order to suppress endogenous release of FSH. The first
dose of decapeptyl was given 28 days before administration
of the first dose of IMP and the second dose was given 10
days prior to the first IMP administration.

On the morning of the IMP administration day, women
were randomized to receive a single dose of follitropin
delta (12, 18, or 24 pg) administered subcutaneously in the
abdominal region. A follow-up visit was scheduled 10 days
after IMP administration and an anti-FSH antibody assess-
ment after 27 days (Fig. 1).

2.2 Subjects

Healthy women aged 21-40 years, with a body mass index
(BMI) of 18.5-25 kg/m?, and a normal menstrual cycle with
a range of 24-35 days in the absence of oral contraceptives
were enrolled. All women were in good physical health, as
assessed by a full physical examination, electrocardiogram
(ECQ), vital signs, and clinical laboratory assays. Pituitary
suppression (serum FSH < 5 IU/L) was confirmed at 3 days
prior to the IMP administration day and on the day prior to
IMP administration.

Exclusion criteria included history/presence of any dis-
ease, in particular cardiovascular, musculoskeletal, immuno-
logical, endocrine, or metabolic disease. Presence or history
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Fig. 1 Study design. IMP investigational medicinal product

Table 1 Demographic characteristics

Parameters  Follitropin delta
12 ug 18 ug 24 g Total
(n=238) (n=238) (n=238) (n=24)
Age (years) 28.6 (6.0) 29.5(6.7) 25.4 (4.6) 27.8 (5.8)
Weight (kg) 55.8 (6.2) 55.4(7.1) 57.6 (1.3) 56.3 (6.6)
Height (m)  1.58 (0.05) 1.63(0.07) 1.62(0.06) 1.61 (0.06)
BMI (kg/m?) 22.2 (1.6) 20.7 (1.9) 22.0(2.3) 21.6 (2.0)

Data are baseline values presented as mean (SD)
BMI body mass index, SD standard deviation

of severe allergy or anaphylactic reactions to any non-regis-
tered investigational drug were also ruled out. Women tak-
ing gonadotropin preparations within the 6 months prior to
screening were excluded. Women were also not enrolled if
they had participated in other clinical trials or donated blood
in the past 4 weeks.

2.3 Blood Sampling

Blood samples for serum FSH concentration measurements
were collected at 1 and 0.5 h prior to IMP administration,
immediately before administration, and at 4, 8, 12, 16, 20,
24,28, 32, 36,40, and 48 h, and 3, 4, 5, 6, 7, 8, and 9 days
after administration. At each time point, 5 mL was collected
in a gold top serum separation tube and was thoroughly
mixed with a clotting activation agent by inverting the tube
a minimum of five times. The samples were centrifuged at a
minimum of 1500-2000 X g for 15 min, and serum samples
were transferred into appropriately labeled tubes and stored
frozen at — 20 °C until shipping. All primary samples were
received frozen with dry ice and stored at — 60 to — 80 °C,
except during analysis of the sample.

2.4 Bioanalytical Assay

Serum FSH concentrations were determined at Covance
Pharmaceutical R&D (Shanghai) Co., Ltd., using Meso
Scale Discovery (MSD) assay. Intra-assay and inter-assay
accuracy and precision at upper limit of quantification
(ULOQ), high quality control sample (HQC), medium
quality control sample (MQC), low quality control sam-
ple (LQC), and lower limit of quantification (LLOQ) met
the acceptance criteria. No significant matrix effect was
observed on normal human serum, 10% hemolyzed human
serum, and lipemic human serum. When LH and hCG con-
centrations were up to 50.0 mIU/mL, no interference for
follitropin delta was detected.

When thyroid-stimulating hormone concentration was up
to 4.00 mIU/L and triptorelin pamoate concentration was
up to 10.0 ng/mL, no interference for follitropin delta was
detected.

Each sample analysis plate included calibration stand-
ards, quality control samples, and blank matrix, if no other
specification. Each sample was analyzed in duplicate and
the mean value of the two replicates was reported. The
inter-assay precision of the back-calculated concentrations
from reported batches was < 1.5% for the usable range of
the curve (0.0750-5.00 ng/mL). The inter-assay bias of the
back-calculated concentrations within this range varied
between — 0.9 and 0.9%. The inter-assay precision in the
determination of the QC samples was 4.8% at the LQC,
4.1% at the MQC, and 3.4% at the HQC. The mean accuracy
bias at these levels was 1.1, 0.6, and — 0.3%, respectively.
The acceptable calibration and quality control sample data
indicated that the method performed satisfactorily for all
reported batches.
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Fig.2 Individual and mean baseline-adjusted serum FSH concentrations. Bars represent standard deviation. FSH follicle-stimulating hormone

2.5 Pharmacokinetic Parameters

Serum FSH pharmacokinetic parameters were determined
using noncompartmental methods implemented in the soft-
ware Phoenix WinNonlin® 8.2, Certara, Inc. The area under
the serum concentration—time curve from dosing to infinity
(AUC,), area under the serum concentration—time curve
from dosing up to time ¢ (AUC,), where f was the last time
point at which the concentration is above the lower limit of
quantification, apparent systemic clearance (CL/F), maxi-
mum concentration observed (C,,,,), elimination (phase)
half-life (1,,), time to reach C,,, (¢,,,), and apparent vol-
ume of distribution associated with the terminal phase (V,/F)
baseline were determined. All pharmacokinetic parameters
were derived using actual sampling time points and using
baseline-adjusted FSH concentrations. The baseline value
was the mean of the three values obtained prior to admin-
istration of IMP (- 1, — 0.5, and 0 h). Baseline-adjusted
values below the LLQ were set to zero.

2.6 Safety Assessments

The safety and tolerability of follitropin delta was assessed
by physical examination, vital sign check, ECG, and routine
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laboratory tests performed before study enrolment and at
the follow-up visit. Blood samples (8.5 mL) for assessment
of serum anti-FSH antibodies were collected 1 day before
administration of IMP, and 6 and 27 days after. Confirmed
positive samples were subsequently analyzed for neutraliz-
ing activity by a validated cell-based neutralizing antibody
assay. Adverse events (AEs) were recorded throughout the
study. In addition, injection-site reactions were assessed
immediately, 30 min, and 24 h after administration of the
IMP.

2.7 Statistical Analysis

Pharmacokinetic parameters were summarized by dose
group using descriptive statistics. Dose-proportionality was
investigated for each of AUC_ and C,,, using a multiplica-
tive analysis of variance model (i.e., AUC_, and C,,, were
log-transformed before analysis) with log (dose) as covari-
ate. In this model, a covariate coefficient of 1 indicated dose
proportionality.
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Table 2 Baseline-adjusted pharmacokinetic parameters of FSH

Parameters Follitropin delta
12ug(n=28)" 18ug(n=38) 24ug(n=3)

AUC (h-ng/mL)

Geometric mean ~ 41.3° 62.9 83.1

CV% 443 19.7 36.6

Min; max 22.0;91.1 52.7,94.7 50.2; 1344
AUC, (h-ng/mL)

Geometric mean  36.4 56.6 74.6

CV% 38.0 18.7 359

Min; max 21.9; 69.1 47.3;87.6 43.4;118.9
CL/F (L/h) n="7

Geometric mean  0.301 0.286 0.289

CV% 46.6 19.7 36.6

Min; max 0.132; 0.545 0.190; 0.342  0.179; 0.478
Cax (ng/mL)

Geometric mean  0.388 0.677 0.825

CV% 26.5 29.1 34.6

Min; max 0.294; 0.617 0.473; 1.081 0.472; 1.270
t, (h) n="17

Geometric mean  58.6 50.5 60.9

Harmonic mean 53.6 46.9 60.4

CV% 47.5 43.5 13.6

Min; max 28.1; 104.0 27.6;92.8 50.8;72.3
Ty ()

Median 24.0 24.0 24.0

Min; max 16.0; 36.0 16.0; 48.0 24.0; 28.0
V,F (L) n="17

Geometric mean  25.5 20.8 254

CV% 19.5 43.5 31.5

Min; max 19.8;34.9 11.7;34.7 17.5;44.7

AUC,, area under the serum concentration—time curve from dos-
ing to infinity, AUC, area under the serum concentration—time curve
from dosing up to time #, where t is the last time point at which the
concentration is above the lower limit of quantification, CL/F appar-
ent systemic clearance, C, ,, maximum concentration observed, FSH

max
follicle-stimulating hormone, 7,,,, time to reach C,,,, t,, elimination

max

(phase) half-life, V /F apparent volume of distribution associated with
the terminal phase

“n = 8, unless otherwise specified

®In a single subject, the slope of the terminal phase (1,) after admin-
istration of 12 ug FE 999049 could not be estimated. In this subject,
AUC,, was imputed with AUC, and other pharmacokinetic param-
eters depending on 1, were set to missing

3 Results
3.1 Demographic Characteristics
In total, 133 women were screened, and of these, 109 were

screening failures (reasons were as follows: not fulfilling the
inclusion/exclusion criteria [n = 90], withdrawal of consent

[n = 7], and other reasons [n = 12]). Finally, 24 healthy
women were randomized with eight women assigned to
each follitropin delta dose group (12, 18, and 24 pg). All
24 women completed the trial. Their baseline demographic
characteristics are summarized by dose group in Table 1.
The mean (SD) age at screening was 27.8 (5.8) years. The
mean BMI was 21.6 kg/m?, and individual values ranged
from 18.5 to 22.9 kg/m>.

3.2 Pharmacokinetics

All 24 randomized women contributed to the pharmacoki-
netic evaluation. The individual and mean baseline-adjusted
serum FSH concentrations are presented in Fig. 2. Follow-
ing a single subcutaneous administration of follitropin delta
12, 18, and 24 pg, serum FSH concentrations increased in
a dose-orderly manner. The mean AUC_, values were 41.8,
62.9, and 83.1 h-ng/mL, respectively, and the mean C,,,
values were 0.388, 0.677, and 0.825 ng/mL, respectively
(Table 2). The median ¢,,,, value of FSH was 24 h in each
dose group, and the harmonic mean values of #,, ranged from
46.9 to 60.4 h across dose groups.

Analysis of dose-proportionality for AUC and C,,, of
FSH indicated a linear or very close to linear dose-expo-
sure relationship of follitropin delta in the dose range of
12-24 ng. The estimates for the log (dose) coefficients in
the dose-proportionality model were 1.01 [0.52, 1.50] (h-ng/
mL) for AUC_, and 1.11 [0.67, 1.55] (ng/mL) for C,,,,,. Fig-
ure 3a, b show the dose dependence of AUC_ and C,,,
of serum FSH concentrations, respectively. The fitted dose-
proportionality curves were almost identical to the linear
fit, illustrating the consistency with dose proportionality for
AUC and C,,,, of FSH across the studied dose range of
12-24 pg of follitropin delta.

3.3 Safety and Tolerability

Follitropin delta administered by subcutaneous injection was
well tolerated: no deaths, serious adverse events, or discon-
tinuations due to an adverse event were reported during the
study. A total of three adverse drug reactions were reported
by two out of 24 women having reasonable possible causal-
ity to follitropin delta. One woman reported urticaria 3 days
after administration of 18 ug of follitropin delta. She recov-
ered fully from the adverse event one day after the onset and
the event was categorized as moderate. In the second sub-
ject, alanine transaminase (ALT) and aspartate aminotrans-
ferase (AST) were elevated at 2 days after administration of
12 pg of follitropin delta and these values had returned to
normal at the follow-up visit. These two events as well as all
remaining adverse events in the study were categorized as
mild. In one additional subject, ALT and AST were elevated

A\ Adis



42

F.Shaoetal.

Fig.3 a Individual and geo-

o
N

metric mean AUC,, of serum 150 -+ — Fitted dose proportionality curve
FSH cF)nc.er'ltratlons versus dose < 140 - — - — - Dose proportionality line
and b individual and geomet- c v
ric mean C,,,, of serum FSH > 130
concentrations versus dose. < 120 v
<
AUC.,, area under the concentra- g
tion—time curve from dosing 3 110
to infinity, C,,,, maximum w100 -
concentration observed, FSH _g.
follicle-stimulating hormone © 90 -
£ 80-
b 70
©
) 60 —
I
n 50 —
pu 40
w -
L
€ 30
O -
2 20
10
0 \ \ \
0] 6 12 18 24 30
Dose (Ug)
1 J— _—
-2 7| ——— Fitted dose proportionality curve v
1.2 -| = — — - Dose proportionality line

Cmax for FSH (baseline adjusted) (ng/mL)

at the follow-up visit, which was reported as a treatment-
emergent adverse event.

No clinically relevant changes were observed in ECGs,
vital sign parameters, or laboratory test results. There were
no injection-site reactions at any time point and none of
the subjects showed any confirmed presence of treatment-
induced anti-FSH antibodies.
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4 Discussion

The present study evaluated the pharmacokinetic properties
of follitropin delta following single subcutaneous admin-
istrations in healthy Chinese women. Dose proportional-
ity of AUC_, and C,,,, of FSH was demonstrated over the
dose range of 12-24 pg of follitropin delta, supporting the
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predictability of the pharmacokinetics of follitropin delta at
the tested doses.

Follitropin delta was absorbed slowly after subcutane-
ous administration with a median 7, of 24 h. This value
is similar to the 7, values reported previously in studies
with follitropin delta [6, 13]. Given the previously reported
difference in serum FSH exposure after administration of
equal IU doses of follitropin delta and follitropin alfa [6], the
CL/F is of particular interest. In the present study, CL/F was
approximately 0.3 L/h. This value is in the same range as the
values previously reported in studies with follitropin delta in
healthy Caucasian and Japanese women [6, 13]. The simi-
larity in exposure across these studies supports use of the
same follitropin delta dosing regimen across ethnicities and
geographic regions. CL/F has also been reported for CHO-
derived rFSH. In a study with follitropin alfa, CL/F after a
single subcutaneous dose was reported to be 0.74-0.77 L/h
[14], and in a study with follitropin beta a similar value of
0.81 L/h was found [15]. The finding of a comparatively low
CL/F of approximately 0.3 L/h in the present study is in line
with a previous study directly comparing the pharmacokinet-
ics of follitropin delta and follitropin alfa [6]. A mechanistic
explanation for the difference is the higher overall sialic acid
content in follitropin delta in comparison with CHO-derived
rFSH products, resulting in a lower clearance by the ASGPR
in the liver [4]. Consequently, follitropin delta cannot be
dosed based on bioactivity or specific bioactivity like other
follitropins, and it is instead dosed by mass (pg) [16].

Single-dose administration of follitropin delta was safe
and well tolerated as assessed by adverse events, vital signs,
ECG, clinical laboratory measurements, and physical exami-
nation. There were no signs of anti-FSH antibody forma-
tion or allergic reactions. However, it should be noted that
this was a single-dose study of limited size not enabling
full assessment of the immunogenicity of follitropin delta,
which has been addressed extensively in previous trials [10,
12, 17, 18]. A total of three adverse events were assessed
as possibly related to follitropin delta (urticaria, increased
ALT and AST).

5 Conclusion

The administration of single doses of follitropin delta to
healthy Chinese women demonstrated dose-proportional
pharmacokinetics over the dose range of 12-24 pg, and was
safe and well tolerated as assessed by adverse events, vital
signs, ECG, laboratory parameters, injection-site reactions,
and presence of anti-FSH antibodies.
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