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Abstract

The purpose of this first-in-human trial was to examine the safety, pharmacokinetics
(PK), and pharmacodynamics (PD) of a novel recombinant human chorionic gonado-
tropin (thCG; FE 999302, choriogonadotropin beta) to support its clinical development
for various therapeutic indications. The single and multiple dose PK of choriogonado-
tropin beta (CG beta) were evaluated in women and the single dose PK and PD of CG
beta were compared to those of CG alfa in men. CG beta was safe and well-tolerated in
all 84 healthy subjects. In women, the area under the curve (AUC) and the peak serum
concentration (C,,,,) increased approximately dose proportionally following single and
multiple doses of CG beta. The apparent clearance (CL/F) was ~ 0.5 L/h, the mean
terminal half-life (t,,) ~ 45 h and the apparent distribution volume (V,/F) ~ 30 L. After
single administration in men, the mean AUC was 1.5-fold greater for CG beta than for
CG alfa. Mean C,,, and V,/F were comparable for the 2 preparations. In accordance
with the differences in AUC, the CL/F was lower for CG beta (CL/F 0.5 vs. 0.8 L/h), ex-
plained by a longer t,, (47 vs. 32 h). Serum testosterone levels induced by a single dose
rhCG reflected the PK profiles with a slight delay, resulting in 59% higher AUC for CG
beta. The PK parameters for CG beta were comparable in men and in women. In conclu-
sion, the PK differs between the two rhCG preparations, causing higher exposure and a

higher PD response for CG beta, which may require relatively lower therapeutic doses.

Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?

Recombinant human chorionic gonadotropin (hCG) is indicated for the treatment
of male or female infertility and administered by single or multiple subcutaneous
injections.
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WHAT QUESTION DID THIS STUDY ADDRESS?

A new recombinant hCG (rhCG; choriogonadotropin [CG] beta) produced by a
human-derived cell line (PER.C6) is currently in clinical development. The amino
acid sequence of the a- and f#-chains are identical to the natural sequences and also
to that of thCG expressed by Chinese Hamster Ovary (CHO) cell line (CG alfa), but
the glycosylation provided by the PER.C6 and CHO cells is different. In this trial, the
pharmacokinetics (PK) of choriogonadotropin beta were assessed in women and men
and the PKs and pharmacodynamics (PDs) were compared in men to those of CG alfa.
WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?

It is concluded that the PK of the two rhCG preparations are different, due to a slower
clearance of CG beta resulting in a higher PD response.

HOW MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR
TRANSLATIONAL SCIENCE?

Further development of CG beta may require lower doses of this potent hCG com-
pared to current therapeutic hCG preparations.

INTRODUCTION

Human chorionic gonadotropin (hCG) is a glycoprotein
hormone that is produced by the pituitary in small amounts
in nonpregnant women, men, and menopausal women
whereas large amounts are produced by the placenta of
pregnant women. ' During early pregnancy, hCG is first
expressed by the blastocyst before implantation and is
increasingly produced after implantation by the syncytio-
trophoblast. During the first trimester of pregnancy, hCG is
produced in increasing amounts up to 10th week of gesta-
tion and then decreases gradually.3 Because intact hCG is
cleared by the kidneys, hCG may be isolated from the urine
of women and used for the manufacturing of therapeutic
preparations.‘*’5

The hCG consists of a 92 amino acid single a-subunit,
which is common to all the pituitary glycoprotein hormones,
and a specific B-subunit of 145 amino acids. Each subunit is
post-translationally modified by the addition of complex car-
bohydrate moieties. The alpha subunit contains 2-N-linked
glycosylation sites at amino acids 52 and 78 and the beta sub-
unit contains 2-N-linked glycosylation sites at amino acids
13 and 30 and 4 O-linked glycosylation sites at amino acids
121, 127, 132, and 138.%7 The hCG and luteinizing hormone
(LH) shows similar molecular structures and interact with the
same L.H/chorionic gonadotropin (CG) 1recept0r.8 As a result
of this similarity to LH, hCG is used pharmacologically in a
number of clinical indications. In women, hCG is used to in-
duce final follicular maturation following controlled ovarian
stimulation or to induce ovulation in anovulatory women.” In
men with hypogonadotropic hypogonadism, hCG is given to
induce and maintain spermatogenesis.

To date, there is only one approved recombinant hCG
(rhCG) preparation (CG alfa) which is expressed by a Chinese

Hamster Ovary (CHO) cell-line and the pharmacokinetics
(PK) are similar to those of urinary hCG.'oH

CG beta (FE 999302) is a novel thCG that has been pro-
duced by a human cell line (PER.C6). The amino acid se-
quence of the a- and p-chains of CG beta are identical to
those of endogenous hCG and CG alfa. Glycosylation of both
natural and recombinant hCG is highly complex and may
contain a wide range of structures.'” The glycosylation of
rhCG reflects the range of glycosyl-transferases present in
the host cell line and is known to differ between rhCG prod-
ucts produced by different cell lines.'?

PER.C6 and CHO cell lines are both used for production
of recombinant follicle-stimulating hormone (rFSH), with
follitropin alfa expressed by a CHO cell line and follitropin
delta expressed by the PER.C6 cell line. Investigations show
that the preparations of rFSH from the PER.C6 human cell
line and a CHO cell line display important differences in PK
and pharmacodynamic (PD) properties.14 These differences
include consistently higher exposure, longer time to peak
serum concentration (C,,,), and longer terminal half-life (t,,)
of follitropin delta after a single administration, and longer
ty, at steady-state after repeated administrations, compared
with follitropin alfa. A significantly lower clearance of fol-
litropin delta compared with that of follitropin alfa was also
well measured. Based on these differences, which can be
attributed to the glycosylation profile, it may be anticipated
that the PK and PD properties of thCG expressed by a human
cell line and by a CHO cell line will also be dissimilar.

To examine the safety, PK, and PD of CG beta, the first-in-
human trial comprised three parts conducted sequentially and
included healthy women using oral contraceptives and healthy
men downregulated with GnRH agonist. The single and multi-
ple dose PK of CG beta were first evaluated in healthy women
and then the single dose PK and PD were compared to those of
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CG alfa in healthy men. The goal of this research was to estab-
lish the PK and PD of CG beta in women and men over a broad
dose-range in order to allow further development of CG beta for
any potential therapeutic indication.

METHODS
Participants

This first-in-human trial of CG beta included 84 women and
men. Eligible participants were women 18—40 years of age
or men 18-50 years of age with a body mass index (BMI)
of 18-29 kg/mz. All participants were healthy according to
medical history, physical examination (including gyneco-
logical examination in women), a 12-lead electrocardiogram
(ECG), and clinical laboratory profiles of blood and urine.
Written informed consent was obtained from all subjects
prior to inclusion in the trial, which was conducted in ac-
cordance with the Declaration of Helsinki and International
Council for Harmonization—-Good Clinical Practice. The trial
was approved by the Ethical Committee of the Bavarian
Chamber of Physicians, Germany.

Study design

This trial was composed of 3 parts, including only women in
parts 1 and 2 and men in part 3. All women were required to
have used combined oral contraceptive (ethinylestradiol con-
tent >0.015 mg) or combined contraceptive vaginal ring for
at least three cycles prior to trial inclusion. All women were
switched to Yasmin (Bayer) contraceptive tablets 14 days prior
to CG beta administration and this contraceptive was taken
daily throughout the study period. Men were downregulated
with a depot GnRH agonist (triptorelin, Decapeptyl, Ferring
Pharmaceuticals) to suppress endogenous hormone production.

Part 1

The first part of the trial had a double-blind, placebo-
controlled and randomized single ascending dose design and
included 35 women. Divided in 5 cohorts (5 active treatment,
and 2 placebo in each cohort), 25 women were dosed with
a single dose of CG beta and 10 women were dosed with
placebo. The dose levels of CG beta were 4, 16, 64, 128, and
256 pg. All doses were administered as single subcutaneous
injections in the abdomen. Blood samples for measurement
of serum hCG concentrations were obtained immediately be-
fore administration of CG beta or placebo and at 2, 5, 8, 10,
12, 14, 16, 24, 36, 48, 72, 96, 120, 144, 168, 216, and 264 h
after administration.

Part 2

The second part of the trial had a double-blind, placebo-
controlled, and randomized multiple ascending dose
design and included 16 women. Divided into 2 cohorts
(6 active treatment, and 2 placebo in each cohort), 12
women were dosed daily with CG beta and 4 women
were dosed with placebo. The daily CG beta dose levels
were 8 and 16 pg administered as single subcutaneous
injections in the abdomen for 10 consecutive days. Blood
samples for measurement of serum hCG concentrations
were obtained immediately before administration of each
CG beta or placebo doses, and then at 2, 5, 8, 10, 12, 14,
16, 24, 36, 48, 72, 96, 120, 144, 168, 216, and 264 h after
the last dose.

Part 3

The last part of the trial had an open randomized 2-way
crossover design comparing the PK and the testosterone re-
lease after administration of CG beta and CG alfa (Ovitrelle;
Merck Serono) in 33 downregulated men. All men received
3 doses of 3.75 mg Decapeptyl in order to downregulate
the pituitary-gonadal axis and suppress testosterone to less
than or equal to 1 ng/ml and LH to less than or equal to
2.5 TU/ml at the time of rhCG administration. Two doses of
Decapeptyl were administered prior to the first drug admin-
istration on days —28 and —10 and a third dose was given
on day 12 after the first dose of thCG. A single dose of
125 pg rhCG of each preparation was administered s.c. in
a crossover design with the 2 treatment periods ~ 3 weeks
apart. Blood samples for measurement of serum hCG con-
centrations were obtained immediately before drug admin-
istration, and then at 4, 8, 12, 14, 16, 24, 36, 48, 72, 96, 120,
168, 216, and 264 h after each administration. Blood sam-
ples for measurement of serum testosterone concentrations
were collected immediately before drug administration and
then 4, 8, 12, 16, 24, 48, 72, 96, 120, 168, 216, and 264 h
after each administration.

Safety and tolerability

Safety and tolerability were assessed by monitoring of ad-
verse events (AEs), injection site reactions, clinical labo-
ratory assessments [clinical chemistry, hematology, and
urinalysis], physical examination, vital signs [blood pres-
sure, pulse, and body temperature], 12-lead ECG and—in
women—transvaginal ultrasonography. The summarized
AEs are those reported during the treatment phase (i.e., from
administration of thCG until the last assessment 11 days after
the last dose).
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Bioanalytical methods

Serum rhCG levels were measured using a sandwich im-
munoassay, comprising a monoclonal mouse anti-hCG beta
2 as capture antibody and a ruthenium-labeled monoclonal
mouse anti-hCG Holo C3 as detection antibody with electro-
chemiluminescence (ECL) detection (Meso Scale Discovery
system). The analytical standard used was CG beta for quan-
tification of CG beta, and CG alfa for quantification of CG
alfa, and the analytical range was 0.100-12.0 ng/ml serum
(up to 240 ng/ml with extended dilution). Interassay preci-
sion was less than or equal to 9%, and intra-assay precision
was less than or equal to 6%, in the main method validation,
as calculated using analysis of variance (ANOVA). In order
to ensure equivalent exposure CG alfa was quantitated by
amino acid analysis independent of the label values.

Analysis of serum concentrations of testosterone was per-
formed by means of a validated liquid chromatography tan-
dem mass spectrometry method.

The analyses for antibodies against thCG were performed
using a validated bioanalytical method. The method valida-
tions were designed to follow the principles stated in Shankar
et al. and the regulatory guideline.li16 The method was a
semihomogenous bridging assay using ECL as the detec-
tion method. The trial samples were analyzed using a tiered
approach. All samples (study samples and controls) were
analyzed as duplicates and the mean signal was used for de-
termination of results.

Statistical analyses

The PK, PD, and safety were summarized using descriptive
statistics.

Women receiving a single dose of 4 ug CG beta had serum
hCG concentrations below the limit of quantification in 4 of
the 5 women. Therefore, it was not possible to calculate any
meaningful PK variables for this dose group. In contrast, all
serum hCG concentrations from other women and all men
were included in the PK calculations.

The PK and PD parameters were calculated by noncom-
partmental analysis using the software Phoenix WinNonlin
(Pharsight Corporation). The PD parameters were calculated
for baseline corrected data, assuming a constant background
testosterone concentration after downregulation. The relation
between body weight (BW) and exposure was investigating for
area under the curve (AUC) and C,,, by fitting the function
k/BWF to data using linear regression after log-transformation.
Dose adjusted exposure data from all subjects in all three parts
were used for this investigation. If the exponent c is different
from 0, then the exposure is related to BW. If ¢ = 1, the ex-
posure is inversely proportional to BW. Analysis of dose pro-
portionality for AUC and C,,, was based on the single dose

max
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groups 16 to 256 ug CG beta. The slope (beta) was estimated
from the model log(parameter) = In(alpha) + beta * In(dose).
A slope of 1 corresponds to dose proportionality.

Comparison of PK and PD parameters between CG beta
and CG alfa in part three of the trial were performed using
ANOVA on log-transformed parameters, including factors
for drug, period, and subject. Estimated ratios and 90% confi-
dence intervals (CIs) were derived from the model and back-
transformation of log-transformed differences. The statistical
analyses were performed using the software SAS.

RESULTS

Thirty-five healthy women aged between 18 and 40 years
were randomized and dosed for the single dose PK investiga-
tion (part 1 of the trial), 7 in each treatment group. The mean
BW was 65.9 kg with a range from 50.7 to 90.6 kg, and mean
BMI was 23.9 kg/m2 with a range from 19.1 to 28.9 kg/mz.
Overall, the treatment groups were similar with respect to de-
mographic parameters.

For the repeated dose PK investigation (part 2 of the trial),
16 women between 19 and 40 years of age were randomized
and dosed, 8 in each treatment group. The mean BW was
64.7 kg with a range from 55.0 to 81.4 kg, and mean BMI was
23.4 kg/m2 with a range from 19.7 to 27.2 kg/mz. Overall, the
treatment groups were similar with respect to demographic
and baseline characteristics.

Thirty-three healthy men between 18 and 50 years of age
were included in the single dose PK and PD investigations
(part 3 of the trial). The mean body weight was 82.6 kg with
a range from 59.3 to 96.0 kg, and mean BMI was 25.3 kg/m2
with a range from 19.9 to 29.0 kg/m”.

Part 1: Single dose PK in women

The mean serum concentrations of CG beta after single dos-
ing are shown in Figure 1.

After administration of CG beta, serum concentrations
increased until reaching the maximal concentration at 24 h
(median) with a range of 2 to 48 h. The geometric mean C,
ranged from 0.3 to 7.7 ng/ml after single doses of 16, 64,
128, and 256 ug CG beta. Subsequently, the concentrations
declined with a geometric mean t,, across the 4 evaluable
doses of 45 h (percent coefficient of variation [CV%]: 18%).
The concentrations were approximately back to baseline level
11 days after the administration of CG beta. The geometric
mean values of apparent total clearance and apparent volume
of distribution were estimated to 0.48 L/h (CV%: 30%) and
31 L (CV%: 31%), respectively, across the evaluable doses.

The AUC and C,,,, were approximately dose proportional
within the analyzed dose range 16-256 pg. The slope (beta)
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FIGURE 1 Time course of mean serum concentrations after single and multiple s.c. administrations of CG beta and CG alfa to women and

men in parts 1 to 3 of the trial. Individual serum concentrations are shown with dots and the arithmetic mean with solid lines. Standard deviation is

shown with shaded areas. The upper plot to the left shows the serum concentrations after single administration of CG beta to women in part 1 of the

trial. The upper plot to the right shows the serum concentrations after multiple administration of CG beta to women for 10 days in part 2 of the trial.

The lower plot to the left shows the serum concentrations after single administration of CG beta and CG alfa to men in part 3 of the trial. The lower

plot to the right shows the serum concentrations on a logarithmic scale after single administration of CG beta and CG alfa to men in part 3 of the

trial. CG, chorionic gonadotropin; hCG, human chorionic gonadotropin

was estimated to 1.14 (95% CI = 1.00-1.28) for AUC and
1.20 (95% CI = 1.01-1.38) for C,,,,,-

Part 2: Multiple dose PK in women

The mean serum concentrations of CG beta after single dos-
ing are shown in Figure 1.

Following the daily administration of CG beta over
10 days, the trough concentration increased and reached
steady-state after 67 days in the 8 pg group and after
7-8 days in the 16 ug group. The median time for reaching
maximal serum CG beta concentrations after the last CG beta
dose was 10 h (range 5-16 h) after multiple dosing. The geo-
metric mean C,, values were 0.69 ng/ml (CV%: 32%) in
the 8 ug dose group and 1.9 ng/ml (CV%: 21%) in the 16 ug
dose group. Two subjects in the 8 pug group showed substan-
tially lower exposure compared to the rest of the subjects in
this dose cohort. The geometric mean t,, across the 2 doses

was 42 h (CV%: 15). The geometric mean values for the ap-
parent total clearance and apparent volume of distribution of
CG beta were 0.45 L/h (CV%: 40%) and 27 L (CV%: 50%),
respectively.

Part 3 Single dose PK in men

The mean serum concentrations of CG beta and CG alfa after
single dosing are shown in Figure 1.

The average time taken for the mean hCG concentration
to reach C,, after a single injection of 125 ug CG beta com-
pared to a single injection of 125 pug CG alfa was around
24 h for both compounds. The geometric mean serum C,,,,
were also comparable being 2.59 ng/ml (CV%: 40%) after
CG beta administration and 2.59 ng/ml (CV%: 73%) after CG
alfa administration. However, in spite of similar C,, values,
exposure as determined by AUC, was substantially different
with the geometric mean AUC, for CG beta being 50% (90%



PK-PD OF NEW CHORIONIC GONADOTROPIN-BETA

| 1595

CI = 1.36-1.65) greater compared to that for CG alfa. This
difference was also reflected in the geometric mean half-life,
which was 47 h after a single injection of 125 ug CG beta
and 32 h after a single injection of 125 pg CG alfa and the
geometric mean apparent total clearance, which was 0.50 L/h
(CV%: 31%) after CG beta administration and 0.75 L/h
(CV%: 42%) after CG alfa administration. The geometric
mean apparent distribution volumes (V,/F) were 34 L (CV%:
37%) and 35 L (CV%: 46%), respectively, after CG beta and
CG alfa administration.

Comparison of PK results after a single dose to
women and men

Mean serum CG beta concentrations after single s.c. injection
of 128 ug CG beta to women and 125 pg CG beta to men are
shown in Figure 2.

After single dose administration of 128 ug CG beta to 5
women and 125 pg CG beta to 33 men the PK profiles and
PK parameters for CG beta were comparable.

ASCPT

Relationship between body weight and CG
beta exposure

The association between BW and exposure in women and
men is shown in Figure 2. Regardless of gender, both AUC
and C,,,, decreased with increasing body weight. The power
exponent for BW was 0.85 (95% CI = 0.36-1.35, p = 0.0009)
for AUC and 1.12 (95% CI = 0.61-1.63, p < 0.0001) for
Cinax- indicating that both AUC and C,,,, declined approxi-
mately proportionally to the inverse of the BW.

Part 3: Single dose PD in men

The mean baseline corrected serum testosterone concentra-
tions after single dosing of CG beta and CG alfa are shown
in Figure 3.

The median time for reaching baseline corrected maximal
testosterone concentration was 96 h (range 48—168 h) after
a single s.c. injection of 125 pug CG beta and 72 h (range
48-120 h) after a single s.c. injection of 125 ug CG alfa with
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FIGURE 2 Exposure of CG beta in women and men. Upper plot: Time course of mean serum concentrations after single s.c. administration

of 128 pg CG beta to women and 125 pug CG beta to men in part 1 and part 3 of the trial. Individual serum concentrations are shown with dots and

the arithmetic mean with solid lines. Standard deviation is shown with shaded areas. Lower plots: Body weight influence on exposure by means of
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values are dose normalized to 125 pg CG beta. Solid line represents fitted regression curve. AUC = 10335/BW%

(p =0.0009) and C,,, = 349/BW"'? (p < .0001). AUC, area under the curve; BW, body weight; CG, chorionic gonadotropin; Cihax Peak plasma
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geometric mean testosterone plasma C,, concentrations of
7.1 ng/ml (CV%: 30%) and 6.7 ng/ml (CV%: 32%), respec-
tively. In accordance with the concentration profiles and ex-
posure of CG beta and CG alfa, the testosterone AUC, was
1.6—fold (90% CI = 1.50-1.68) greater after administration
with CG beta than with CG alfa.

A summary of the estimated PK parameters of CG beta
in women and the estimated PK and PD parameters of CG
beta and CG alfa in men is shown in Table 1 and Table 2,
respectively.

Safety

CG beta was well-tolerated in both women and men after
single or multiple s.c. injections. No severe or serious AEs
occurred, no AE led to discontinuation of the trial, and none
of the subjects developed antibodies against CG beta.

In Part 1, 21 AEs were reported by 12 women (48%) on
active treatment and 7 AEs were reported by 5 women (50%)
on placebo. There were no apparent dose-related trends in
AE frequency. In part 2, there were 12 AEs in 6 women

(100%) in the 8 ug group, 35 AEs in 5 women (83%) in the
16 pg group, and 12 AEs in 4 women (100%) in the placebo
group. The most frequently reported AEs in women on ac-
tive treatment were nausea, headache, and uterine spotting. In
part 3, the frequency of AEs in downregulated men was com-
parable in the 2 treatments (i.e., 22 AEs occurred in 15 men
[45%)] after CG beta treatment, and 28 AEs occurred in 18
men (55%) after CG alfa treatment, without any apparent dif-
ference between the 2 groups. The most frequently reported
AEs in men were hot flush and headache. An overview of
AEs reasonably possibly related to treatment is provided in
the Supplementary Tables S1-S3.

In part 3, two downregulated men experienced transient
increases in alanine aminotransferase and aspartate amino-
transferase in the second treatment period; in one subject,
the liver enzyme increases occurred after administration of
CG alfa, in the other subject they occurred prior to and after
administration of CG beta. There were no other clinically sig-
nificant findings or apparent dose-related trends in physical
examination, vital signs, ECG, transvaginal ultrasounds, or
safety laboratory data after either single or repeated adminis-
trations in women and men.
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FIGURE 3 Time course of baseline corrected serum testosterone concentrations after single s.c. administration of CG beta and CG alfa to men
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with shaded areas. CG, chorionic gonadotropin
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TABLE 1 Summary of PK parameters for CG beta after single and multiple administration to women in part 1 and part 2 of the trial

PK parameters:

Single dose of CG beta administration to CG beta 16 pg CG beta 64 pg CG beta 128 pg CG beta 256 pg
women N=35 N=35 N=35 N=5

AUC;,; (h*ng/ml)* 27.8 (22) 144 (40) 288 (41) 563 (10)

AUC, (h*ng/ml)* 18.4 (32) 132 (42) 275 (38) 553 (10)

C . (ng/ml)? 0.305 (28) 1.37 (51) 2.94 (18) 7.74 (47)

T, (0P 24 [14; 36] 24 [14; 48] 24 [16; 36] 16 [2; 24]

ty5 (h)* 46.0 (16) 47.0 (11) 46.8 (28) 42.0 (13)

CL/F (L/h)* 0.576 (17) 0.445 (50) 0.445 (31) 0.455 (10)

V,/F (L)* 38.3(27) 30.2 (48) 30.0 (18) 27.6 (12)

PK parameters: CG beta 8 png CG beta 16 pg
Multiple doses of CG beta administration for 10 days to women N=6 N=6

AUC, (h*ng/ml)? 15.0 (35) 41.9 (22)

C oy (ng/ml)? 0.694 (32) 1.90 (21)

T, (WP 8[5;12] 11[10; 16]

ty5 (h)* 43.5 (16) 40.8 (14)

CL/F (L/h)* 0.534 (40) 0.382 (26)
V,/F (L) 33.5(51) 22.5(21)

Abbreviations: AUC;, area under the concentration-time curve from time zero to infinity; AUC,, area under the concentration-time curve from time zero to time

of last measurable concentration (above the lower limit of quantification); AUC, area under the concentration-time curve during a dosing interval at steady-state;

CG, chorionic gonadotropin; CL/F, apparent clearance; C,,,,, peak plasma concentration; PK, pharmacokinetic; t,,, terminal half-life; T,,,, time to peak plasma

concentration; V,/F, apparent distribution volume.
“Geometric mean (coefficient of variation%),

Median [range], N = number of subjects.

TABLE 2 Summary of PK and PD parameters for CG beta and CG alfa after single administration to men in part 3 of the trial

PK parameters: Ratio CG beta / CG alfa

Single dose of CG beta and CG alfa CG beta, 125 pg CG alfa, 125 pg

administration to men N=33 N=33 Estimate 90% CI p value

AUC;, (h*ng/ml)* 249 (35) 166 (45) 1.50 1.36; 1.65 <0.00001

AUC, (h*ng/ml)* 235 (32) 156 (46) 1.51 1.36; 1.67 <0.00001

Cpax (ng/ml)? 2.59 (40) 2.59 (73) 1.00 0.87;1.14 0.9961

T ()P 24 [12; 48] 24 [8; 48]

ty, (h)* 47.1 (36) 32.3 (44) 1.46 1.41;1.51 <0.00001

CL/F (L/h)?* 0.503 (31) 0.754 (42) 0.67 0.61;0.73 <0.00001

V,/F (L) 34.1 (37) 35.2 (46) 0.97 0.87;1.08 0.6501
CG beta, 125 ug CG alfa, 125 pg

PD parameters:

Single dose of CG beta and CG alfa Testosterone baseline Testosterone baseline

administration to men corrected corrected

AUC;,¢ (h*ng/ml)* 1219 (40) 766 (35) 1.59 1.50;1.68 <0.00001

Cax (ng/ml)? 7.09 (30) 6.74 (32) 1.05 0.99; 1.11 0.1401

T (0)° 95.9 [48; 168] 72 [48; 120]

Abbreviations: AUC;, area under the concentration-time curve from time zero to infinity; AUC,, area under the concentration-time curve from time zero to time of last

measurable concentration (above the lower limit of quantification); CG, chorionic gonadotropin; CI, confidence interval; CL/F, apparent clearance; C,,,. peak plasma

concentration; PD, pharmacodynamic; PK, pharmacokinetic; t;, terminal half-life; T,
“Geometric mean (coefficient of variation%),

"Median [range], N = number of subjects.

max>

time to peak plasma concentration; V,/F, apparent distribution volume.
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DISCUSSION

The three-part design of this first-in-human trial of CG beta
provides information on the safety of CG beta in healthy sub-
jects, single and multiple dose PK in women, comparative
single dose PK in men, and allows a comparison of the PK of
CG beta between genders.

Single ascending doses up to 256 ug were safe and well-
tolerated in women and the increases in serum CG beta levels
were approximately proportional with dose. CG beta serum
hCG concentrations were too low to calculate meaningful PK
parameters after a single dose of 4 ug, but in the other dose
groups from 16 to 256 pg the AUC and C_,,, of CG beta in-
creased in an approximately dose proportional manner. The
PK parameters t,, apparent clearance (CL/F), and V,/F were
all similar across the dose range. The half-life of CG beta
was longer (45 vs. 29 h), the CL/F (0.5 vs. 0.7 L/h) was lower
and the V,/F (31 vs. 29 L) was comparable, when compared
to available literature data of CG alfa.'™"! The difference in
elimination rate between CG beta and CG alfa may be ex-
plained by the higher degree of sialylation of CG beta mol-
ecule including mono-, di-, tri-, as well as tetra-sialylation
structures.'”

Following multiple daily dosing of CG beta in women,
serum hCG levels accumulated and reached approximate
steady-state levels after 6-8 days. The estimates of t,,, CL/F,
and V,/F for CG beta after daily repeated administration were
similar to the estimates obtained after a single dose of CG
beta (42 vs. 45 h, 0.45 vs. 0.48 L/h, and 27 vs. 31 L, respec-
tively). The median time of maximum plasma concentration
(T,,a0) Was naturally shorter after multiple administration (8—
11 h) compared to single dose administration (16-24 h) as
concentrations remaining from previous doses were declin-
ing exponentially. Thus, the shift in T,,,, was mainly caused
by the slow elimination of CG beta in combination with the
relatively short dosing interval of 24 h.

In part 3 of the trial, the rhCG dose administered to down-
regulated men was 125 pg for both preparations. This choice
of dose was based on previous experience with urinary hCG
and published data for CG alfa.'®'® A dose of 125 ug rhCG
is high enough to give reliable comparative PK data and also
induces sufficient testosterone production for comparative
analysis (125 pg of CG alfa is approximately equivalent to
2500 IU as determined in the rat bioassay).18 Administration
of 125 pg CG beta and CG alfa to men resulted in consider-
ably higher exposure (1.5-fold) to CG beta compared with
CG alfa. In line with this, the estimated apparent clearance
was lower and the half-life longer for CG beta when com-
pared to CG alfa but the apparent volume of distribution after
administration was similar between compounds. Despite the
difference in exposure, the C,,, for serum hCG concentra-
tion increased to similar levels indicating that the absorption
rate is very similar, whereas the elimination is slower for CG

beta as supported by the lower CL/F and in accord with the
higher exposure. The PK data of CG alfa in part 3 are in good
agreement with those previously published for CG alfa.*'*
After single dose administration of 125 pg rhCG to men, the
production of testosterone was higher (1.6-fold) following
CG beta injection than after CG alfa injection. Maximum
serum testosterone production was reached at 3 days after in-
jection for both compounds but thereafter serum testosterone
declined at a slower rate in the CG beta group than in the CG
alfa group. Because the half-life of endogenous testosterone
is relatively short, the slower testosterone decline reflects the
longer half-life of CG beta.'”! Thus, the higher exposure
and lower apparent clearance of CG beta when compared to
CG alfa, resulted in sustained higher testosterone levels after
CG beta administration.

The association between BW and exposure in both women
and men indicated that regardless of gender, both AUC and
C,.x decreased with increasing body weight. Other studies
have shown similar associations for urinary and other recom-
binant hCG preparations.zz’24

Comparing the PK properties of CG beta after a single
s.c. administration of 125 ug in men and 128 pg in women
revealed very similar PK profiles without any apparent
gender-specific characteristics. The slightly higher exposure
in women is ascribed to their lower BW rather than to the
marginally higher dose. The PK parameters were similar re-
gardless of gender. The differences between rhCG expressed
in a human cell line and in a CHO cell line were assessed in
men only. However, because the PK differences of gonado-
tropins between men and women are known to be limited it is
to be expected that the differences between CG beta and CG
alfa observed in men can also be expected in women.?

The safety profile of CG beta in this trial was reassuring
with rather few AEs, all of which were of mild or moder-
ate intensity. The most frequent reported AE in women was
headache, and in men was hot flush, the latter most likely
related to their testosterone deficient status. Overall, the drug
was well-tolerated and its potential immunogenicity seems
low and in line with that reported for rFSH produced by the
same cell line.”®

In conclusion, CG beta has shown to be safe and well-
tolerated both in women and men. The PK-PD profile of CG
beta is different from CG alfa, and because the amino acid se-
quences are identical, it can be inferred that the glycosylation
differences are responsible for the lower clearance of CG beta
in comparison to CG alfa. Due to PK and PD differences, the
potential therapeutic dose of CG beta is likely to be lower, in
both women and men, than that for other hCG preparations.
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