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Objective: To evaluate the pharmacokinetics (PK), bioequivalence and safety profile of the

recombinant human chorionic gonadotropin (r-hCG) injection formulation LZM003 (test

drug) comparing with that of Ovidrel® (reference drug) in healthy Chinese subjects.

Methods: This is a randomized, single-blind, single-dose, two-arm and two-period cross-

over Phase I study. Subjects were randomized evenly to a single dose of LZM003 or

reference drug injected subcutaneously, with a 10-day or longer between-treatment washout

period. PK parameters, anti-drug antibodies (ADAs), and adverse events (AEs) were

assessed. The primary PK endpoints were area under the curve (AUC) of the concentra-

tion–time curve from zero to last quantifiable concentration (AUC0-t), AUC from zero to

infinity (AUC0-∞), and peak concentration (Cmax). Bioequivalence was determined by asses-

sing whether the 90% confidence intervals (CIs) for the geometric mean ratio (GMR) of

LZM003 to reference drug fell within predefined margins of 80% −125%.

Results: Forty-eight subjects (24 males and 24 females) were enrolled and one subject

withdrew for personal reasons. Mean values of primary PK parameters were similar (p >

0.05) between LZM003 and the reference drug. The 90% CIs for primary PK endpoints’

GMR of LZM003 to reference drug ranged between 0.9144 and 1.1845, which were within

bioequivalence margins of 80−125%. Incidence of AEs was similar (p > 0.05) between the

two groups. Neither LZM003 nor reference drug produced anti-drug antibody (ADA) in

healthy subjects.

Conclusion: LZM003 and reference drug were bioequivalent. The PK and safety assess-

ments were similar (p > 0.05) between the two formulations in healthy Chinese subjects.

Trial Registration Number: ChiCTR-IIR-16010158 (http://www.chictr.org.cn).

Trial Registration Date: December 15, 2016.

Keywords: bioequivalence, human chorionic gonadotropin, Chinese subject, pharmacokinetics

Background
Assisted Reproductive Technology (ART) refers to the technology of using medical

assistance for treating infertility, including in vitro fertilization-embryo transfer

(IVF-ET), intracytoplasmic sperm injection (ICSI), embryo culture, and embryo

cryopreservation.1 Controlled ovarian hyperstimulation (COH) is the first stage of

IVF-ET technology which requires the administration of gonadotropins such as

gonadotropin-releasing hormone agonists (GnRHa), recombinant follicle-stimulating
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hormone (r-FSH) and human chorionic gonadotropin (hCG)

to induce the maturation of a large number of follicles.2

hCG, a heterodimer glycoprotein composed of α- and β-
subunits secreted by placental trophoblast cells, acts like

a superagonist of luteinizing hormone (LH).3–6 The struc-

ture of β-hCG and β-LH is similar and they can bind to the

same receptor.7 Clinically, hCG has been used instead of

LH to produce LH pulses which can promote follicle

maturation and ovulation, thus transforming ruptured

follicles into corpus luteum to stimulate progesterone

secretion.8,9

Recombinant hCG (r-hCG) is an intact hCG prepara-

tion produced from Chinese Hamster Ovary (CHO) cells

using recombinant technology.10,11 Compared with urinary

hCG (u-hCG) that is extracted from the urine of pregnant

women,12–15 r-hCG shows higher purity and batch-to-

batch consistency, and can be injected subcutaneously.4,16

LZM003 (test drug) was developed by Livzon

MabPharm Inc. and is an r-hCG biosimilar of Ovidrel®

(reference drug). (Investigator’s brochure of

LZM003. Zhuhai: Livzon MabPharm Inc, Personal com-

munication, 2016). This phase I clinical trial was imple-

mented to assess the pharmacokinetics (PK),

bioequivalence, safety and immunogenicity profiles of

LZM003 by comparing with that of the reference drug

after a single subcutaneous injection in healthy Chinese

subjects. To support the approval of LZM003 by CFDA,

bioequivalence study is required. The design17–19 was

based on literature studies, and the reference drug

Ovidrel was chosen.

Materials and Methods
Formulations
Test formulations of LZM003 250 μg (lot number:

201603006; production date: March 2, 2016; expiration

date: February 2018 and lot number: 201610020; produc-

tion date: October 25, 2016; expiration date: September

2018) and reference formulation 250 μg (lot number

BA035951; expiration date: Jan 2018) were used in this

study.

Subjects
All the subjects provided written informed consent forms

(ICF) prior to any study-related procedure. Healthy male

and female subjects aged 18–40 years old, with a body

weight of 45–75 kg and a body mass index (BMI) of

19.0–26.0 kg/m2 were enrolled in this study. All subjects

were judged to be healthy by physicians based on medical

history, clinical examinations, clinical laboratory tests, and

electrocardiography (ECG) examination. Female subjects

had a normal menstrual cycle (25–34 days). The follicle-

stimulating hormone (FSH), LH, prolactin (PRL), estradiol

(E2) and progesterone (P) levels in female subjects (2–3

days after the first day of their recent menstrual cycle) and

FSH levels in male subjects were within the normal range

or, if outside the normal range, assessed by physicians as

not clinically significant. Female subjects agreed to prac-

tice contraception throughout the study period and within

1 month after the end of the study.

Subjects were excluded if any of the following condi-

tions were present: history and/or presence of gastrointest-

inal, renal, hepatic, cardiovascular, hematological,

respiratory, nervous, psychological, metabolic or immuno-

logical abnormalities, or any other acute/chronic disease;

history and/or presence of clinical-relevant allergic dis-

ease, or allergic reaction to any component of the test or

reference formulations; current clinically relevant infec-

tious disease; pregnant or lactating; history and/or pre-

sence of endocrine abnormalities; use of any prescription

or nonprescription medication within 14 days before study

and/or during the course of the study; medicated within 90

days from the day of drug administration in another clin-

ical trial; the use of any LH preparation, human menopau-

sal gonadotropin (hMG), or hCG preparation within 90

days before study enrollment; alcohol or drug abuse, or

smoked >10 cigarettes per day, currently or within 90 days

before study; the loss or donation of >200 mL of blood

within 90 days before study enrollment; ectopic pregnancy

within 90 days before study enrollment.

Ethics
This Phase I trial (registered at http://www.chictr.org.cn:

ChiCTR-IIR-16010158) was approved by the Ethics

Committee (EC) of People’s Liberation Army (PLA)

General Hospital (C2016-044-02) and was conducted in

accordance with the Guidelines of Good Clinical Practice

(GCP) 20 and the Declaration of Helsinki.21

Study Design
This is a randomized, single-blind, single-dose, two-arm

and two-period crossover Phase I study. Investigators were

not blinded to the study group assignments, but subjects

were unaware of the treatment options. Following screen-

ing, eligible subjects were randomized evenly to receive

a single dose of either LZM003 or reference drug (250 μg)
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subcutaneously with a 10-day washout period for men, and

with days according to menstrual cycle for women (female

subjects were subcutaneously administered at 3–5 days of

menstruation). The subjects were checked in the Hospital

on the day before drug administration, and left the center

168 hrs later (ie, on day 8, 7 days after drug administra-

tion) by completing related observations and assessments.

The research flow chart is presented in Figure 1.

PK Parameters
Blood samples (3 mL) from peripheral vein were collected

pre-dose and at 3, 6, 9, 12, 16, 20, 24, 28, 32, 48, 72, 96,

120, 144, 168 hrs post-dose. After standing for 30 mins at

room temperature, the blood samples were centrifuged

(1500 g, 15 mins) at 2~8 °C to separate the serum, frozen

immediately below −60 °C, and stored at −70 °C until

drug concentration analysis.

Serum hCG concentrations were measured using

a validated solid-phase enzyme-linked immunosorbent

assay (ELISA) with the Alpco hCG ELISA kit (ALPCO

Diagnostics, RN-56490/RN-56491, 25-HCGHU-E01).

A standard curve (STD) was established with a lower limit

of quantitation (LLOQ) of 0.20 ng/mL and an upper limit of

quantitation (ULOQ) of 32.00 ng/mL. Quality controls (QC)

samples were made by spiking LZM003 or the reference

drug into pooled human serum (PHS) at concentrations of

24.00 (high-quality control, HQC), 5.00 (middle quality con-

trol, MQC), 0.60 (low-quality control, LQC) ng/mL.

Colorimetric intensity was determined on a microplate reader

at 450-nm wavelength (calibration wavelength: 620 nm).

The inter-assay accuracy and precision were calculated

in at least six validation runs and displayed a coefficient of

variation (CV%) values less than 20%. Overall, 130 out of

135 of reanalyzed samples (96.3%) met incurred sample

reanalysis (ISR) acceptance criteria.

The serum PK parameters were determined by

Bioanalytical Department, WuXi AppTec Co. Ltd, Shanghai

with a non-compartmental model using WinNonlin version

6.3. The primary PK endpoints were area under the curve

(AUC) of the concentration–time curve from zero to last

quantifiable concentration (AUC0-t), AUC from zero to infi-

nity (AUC0-∞), and peak concentration (Cmax). The secondary

PK variables were time to Cmax (Tmax), terminal elimination

half-life (t1/2), rate constant of apparent terminal elimination

(λz), apparent volume of distribution (Vd), total body clearance

(CL), and relative bioavailability (F) [F = AUC0-t

(LZM003)/AUC0-t (reference drug) × 100%].

Immunogenicity
Blood samples (5 mL) for the measurement of anti-drug

antibodies (ADAs) were collected at 10 mins pre-dose and

at 168 hrs post-dose. After standing for 30 mins at room

temperature, the blood samples were centrifuged (1500 g,

15 mins) at 2~8 °C to separate the serum and the serum

was frozen immediately below −60 °C. The serum ADAs

were analyzed by Bioanalytical Department, WuXi

AppTec Co. Ltd, Shanghai.

ADAs were measured using a validated electrochemilu-

minescent (ECL) immunoassay method with an MSD plate

reader (MESO QuickPlex SQ 120). The ECL values corre-

spondingly reflected the levels of anti-LZM003 or

anti-reference drug antibodies in samples. The immunoreac-

tion-specific inhibition assay and titer test would be run to

further confirm and measure the intensity of positive ADAs.

Safety Assessments
Safety profiles were investigated by vital signs, physical

examinations, 12-lead ECG, clinical lab tests (hematology,

serum biochemistry, coagulation function, hormones and

routine urinalysis), adverse events (AEs) reporting, local

tolerability and immunogenicity (ADAs and NAbs).

AEs were categorized and listed according to System

Organ Class (SOC) and Preferred Term (PT) in the Medical

Dictionary for Regulatory Activities (MedDRA, version

Screened
N=145

Randomized
N=48

LZM003 250μg S.C.
N=24

Ovidrel 250μg S.C.
N=24

Ovidrel 250μg S.C.
N=24

LZM003 250μg S.C.
N=24

D 1 D 8 D 1 D 8
First Period Second Period

PK, Safety,
ADAAnalysis

PK, Safety,
ADAAnalysis

Washout Period

Figure 1 The research flow chart.

Abbreviations: SC, subcutaneous injection; PK, pharmacokinetics; ADA, anti-drug antibody.
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20.0). The severities of AEs were graded by Common

Terminology Criteria for Adverse Events (CTCAE, version

4.03). All AEs were followed up until solved, stable, or

subject(s) withdrew from the trial or out of contact.

Analysis Sets
The following analysis sets were employed:

(a) Full analysis set (FAS) for demographic and char-

acteristic analysis that included randomized sub-

jects receiving LZM003 and reference drug.

(b) Safety set (SS) for safety analysis that included

subjects from FAS who had post-medication safety

profiles. The analysis was based on their groups

and medication cycles.

(c) Pharmacokinetic analysis set (PKAS) for PK ana-

lysis that included subjects from the FAS who were

admittable for the calculation of Cmax, AUC0-t,

AUC0-∞ and the drug absorption, distribution,

metabolism and elimination and drug immunogeni-

city were not adversely affected.

(d) Bioequivalence analysis set (BEAS) for bioequiva-

lence analysis that included subjects from PKAS

who were admittable to evaluate primary PK para-

meters in both cycles.

(e) Anti-drug antibody analysis set (ADA-AS) for immu-

nogenicity analysis that included subjects enrolled,

received drugs and had immunogenicity data.

Statistical Analysis
All statistical analyses were performed using SAS

Enterprise Guide 7.1 (SAS Institute Inc., USA). The sam-

ple size for this study was determined using a 90% power

analysis performed on the basis of previous pharmacoki-

netic studies, which revealed 28% of %CV for Cmax.
4,21

The significance level of the two one-sided t-test (TOST)

was 0.05, %CV was 28%, and the dropout rate was 20%.

Demographic parameters [including age, sex, ethnic,

height (cm), weight (kg), BMI (kg/m2)] were summarized

by descriptive statistics. Wilcoxon rank-sum test and

Fisher exact test were conducted to calculate P values

between groups for continuous measurements and discrete

measurements, separately.

Descriptive statistics such as mean and standard devia-

tion, minimum, median, maximum, geometric mean and CV

%were presented for PK parameters. An analysis of variance

(ANOVA) model with “treatment groups, period, sequence

and treatment effects” as fixed effects and “subjects within

sequence effect” as a random effect was applied to the log-

transformed primary PK parameters. According to the char-

acteristics of normal theory confidence intervals (CIs), the

bioequivalence test was conducted using TOST at

a significance level of 5% (CIs).22 The geometric mean ratios

(GMRs) and the corresponding 90% CIs between LZM003

and reference drug were estimated. If the 90% CIs for GMRs

fell within predefined margins of 80–125%,22,23 the two

formulations were considered bioequivalent.

Non-parametric analysis was performed to calculate the

median and 90% CIs for non-transformed values of t1/2 and

Tmax using the Hodges–Lehmann test. CL and Vd were

summarized by formulations using descriptive statistics.

Results
Subjects
Ninety-seven out of 145 subjects who signed up for ICFs

did not meet the inclusion criteria. A total of 48 subjects

(24 females and 24 males) were enrolled and randomized

selected to the LZM003- reference drug group and refer-

ence drug-LZM003 group evenly. The study began with

48 healthy subjects, and 47 completed the clinical study

with one subject (enrolled number: 2–012, reference drug-

LZM003 group) withdrew from the study after the first

period of drug administration for personal reason. The

subjects had the average age (mean ± SD) of 29.1 ± 4.84

years, weight (mean ± SD) of 59.85 ± 8.153 kg, and BMI

(mean ± SD) of 22.30 ± 1.789 kg/m2. Demographic pro-

files are outlined in Table 1.

PK Parameters
Serum hCG concentrations over time after administration of

LZM003 and reference drug were analyzed based on PKAS.

Themean serum concentration–time curves were superimpo-

sable between LZM003 and reference drug. The elimination

of LZM003 tended to be faster than reference drug within

144~168 hrs but with no significant differences. Geometric

mean (± SD) plasma concentrations of LZM003 and refer-

ence drug by log-transformation are shown in Figure 2.

PKAS included 48 (100%) subjects, and calculation of

PK parameters of LZM003 included 47 subjects. After sub-

cutaneous injection of LZM003 and reference drug, the

average Cmax values were achieved at 16.00 hrs and 19.96

hrs, respectively. Themean Cmax, AUC0-t and AUC0-∞ values

for LZM003 and reference drug were comparable (p > 0.05).

PK parameters for the two drugs are presented in Table 2.
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In female subjects, the mean t1/2 and Vd values in LZM003

(31.53 ± 7.52 hrs; 39.16 ± 14.08 L) group tended to be

different from those in reference drug (44.41 ± 11.60 hrs;

51.66 ± 19.30 L) group. However, the mean Tmax value of

LZM003 group was shorter than that of reference drug group

(16.00 hrs for LZM003 and 23.99 hrs for the reference drug;

p < 0.01). PK parameters by gender classification are pre-

sented in Table 3. Compared with that in males, the mean Tmax

value of the LZM003 group was significantly different in

females. But gender factor did not affect the bioequivalence of

Tmax (Table 4). Concentration–time curves by gender classifi-

cation are shown in Figures 3 and 4.

Bioequivalence
BEAS enrolled 47 subjects with one subject withdrew at the end

of the first period. The 90% CIs for the GMRs of AUC0-∞,

Table 1 Demographic Profiles – FAS

Parameter Group Total (N=48) P value

LZM003– Reference Drug (N=24) Reference Drug –LZM003

(N=24)

Age, mean (SD), years 28.5 (5.03) 29.6 (4.67) 29.1 (4.84) 0.4023

Gender Male, n (%) 12 (50.0) 12 (50.0) 24 (50.0) 1.0000

Female, n (%) 12 (50.0) 12 (50.0) 24 (50.0)

Ethnic, n (%) Han, n (%) 23 (95.8) 23 (95.8) 46 (95.8) 1.0000

Others, n (%) 1 (4.2) 1 (4.2) 2 (4.2)

Height, mean (SD), cm 161.8 (7.87) 165.4 (9.39) 163.6 (8.77) 0.1793

Weight, mean (SD), kg 58.92 (8.541) 60.78 (7.816) 59.85 (8.153) 0.4393

BMI, mean (SD), kg/m2 22.43 (1.923) 22.17 (1.675) 22.30 (1.789) 0.7258

Abbreviations: FAS, full analysis set; SD, standard deviation; BMI, body mass index; n, numbers.

Figure 2 Concentration–time curves (geometric mean ± SD) – log-transformed – PKAS. The dashed line in the picture is a lower limit of quantitation (LLOQ), 0.20 ng/mL.

Abbreviations: SD, standard deviation; PKAS, pharmacokinetic analysis set.
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AUC0-t and Cmax values ranged from 0.9144 to 1.1845 and fell

within the predefined range of 80.00%-125.00%, indicating

LZM003 and reference drug were bioequivalent. The bioequi-

valence statistics for PK parameters of LZM003 and reference

drug are presented inTable 4. For bioequivalence analysis of t1/2,

the formulation and period factors were significantly different (p

< 0.05) for the two drugs. According to non-parametric analysis,

the median with 90% CIs of t1/2 was −8.94 (−11.92, −5.96),
which showed that t1/2 had a significant difference (p<0.05)

between LZM003 and reference drug.

Immunogenicity
No antibodies to LZM003 or reference drug were detected

in all 190 serum samples. Performance of further specific

inhibition assay of immunoreaction and the titer test were

unnecessary.

Safety
An overview of AEs is outlined in Table 5. No serious or

unexpected AEs were observed in this trial. Of all 79 treat-

ment-emergent adverse events (TEAEs), 40 were considered

drug-related. In the LZM003-reference drug group, 44 TEAEs

were experienced by 21 subjects (87.5%), and 21 TEAEs

experienced by 11 subjects (45.8%) were considered drug-

related. In reference drug-LZM003 group, 35 TEAEs were

experienced by 16 subjects (66.7%), and 19 TEAEs experi-

enced by 11 subjects (45.8%) were considered drug-related.

Table 2 PK Parameters for LZM003 and Reference Drug–PKAS

PK Parameters Mean ± SD (%CV)

LZM003 (N = 47) Reference Drug (N = 48)

AUC0-∞ (hr*ng/mL) 338.136 ± 141.2665 (41.78) 340.733 ± 124.6080 (36.57)

AUC0–t (hr*ng/mL) 316.169 ± 132.5797 (41.93) 318.583 ± 118.3718 (37.16)

Cmax (ng/mL) 6.838 ± 3.8923 (56.92) 6.092 ± 2.6405 (43.35)

Tmax (hr)
a 16.000 (6.00, 28.00) 19.955 (6.00, 32.00)

λz (1/hr) 0.025 ± 0.0071 (29.01) 0.019 ± 0.0050 (26.55)

t1/2 (hr) 31.902 ± 15.9461 (49.99) 39.716 ± 11.5495 (29.08)

CL (L/hr) 0.867 ± 0.3710 (42.77) 0.837 ± 0.3271 (39.08)

Vd (L) 38.123 ± 18.4011 (48.27) 47.216 ± 20.4491 (43.31)

F (%) 100.780 ± 28.3496 (28.13)

Notes: aTmax was represented by a median (minimum, maximum).

Abbreviations: PKAS, pharmacokinetic analysis set; AUC0-∞, the area under the curve between 0 and infinity; AUC0–t, the area under the curve of the plasma

concentration until the last concentration observed; Cmax, the peak of concentration; Tmax, time to Cmax; λz, rate constant of apparent terminal elimination; t1/2, terminal

elimination half-life; CL, total body clearance; Vd, apparent volume of distribution; F, relative bioavailability; SD, standard deviation; CV, coefficient of variation.

Table 3 PK Parameters by Gender Classification–PKAS

PK Parameters Mean ± SD (%CV)

Male (N = 24) Female (N = 24)

LZM003 (N = 24) Reference Drug (N = 24) LZM003 (N = 23) Reference Drug (N = 24)

AUC0-∞ (hr*ng/mL) 351.79 ± 150.14 (42.68) 337.65 ± 118.23 (35.02) 323.89 ± 133.21 (41.13) 343.82 ± 133.16 (38.73)

AUC0–t (hr*ng/mL) 322.28 ± 136.03 (42.21) 319.96 ± 117.18 (36.63) 309.79 ± 131.63 (42.49) 317.21 ± 122.05 (38.48)

Cmax (ng/mL) 7.30 ± 4.35 (59.58) 6.85 ± 2.86 (41.73) 6.35 ± 3.38 (53.16) 5.33 ± 2.21 (41.39)

Tmax (hr)
a 15.99 (6.03, 28.00) 15.99 (6.00, 28.00) 16.00 (6.00, 28.00) 23.99 (12.00, 32.00)

λz (1/hr) 0.03 ± 0.01 (33.15) 0.02 ± 0.01 (24.26) 0.02 ± 0.01 (21.24) 0.02 ± 0.00 (22.76)

t1/2 (hr) 32.26 ± 21.31 (66.06) 35.02 ± 9.59 (27.39) 31.53 ± 7.52 (23.86) 44.41 ± 11.60 (26.12)

CL (L/hr) 0.84 ± 0.35 (41.422) 0.84 ± 0.33 (39.53) 0.90 ± 0.40 (44.47) 0.83 ± 0.33 (39.47)

Vd (L) 37.13 ± 22.03 (59.34) 42.77 ± 21.00 (49.10) 39.16 ± 14.08 (35.96) 51.66 ± 19.30 (37.35)

F (%) 107.19 ± 35.49 (33.11) 94.09 ± 16.50 (17.54)

Note: aTmax was represented by a median (minimum, maximum).

Abbreviations: PKAS, pharmacokinetic analysis set; AUC0-∞, the area under the curve between 0 and infinity; AUC0–t, the area under the curve of the plasma

concentration until the last concentration observed; Cmax, the peak of concentration; Tmax, time to Cmax; λz, rate constant of apparent terminal elimination; t1/2, terminal

elimination half-life; CL, total body clearance; Vd, apparent volume of distribution; F, relative bioavailability; SD, standard deviation; CV, coefficient of variation.
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Difference in drug-related TEAEs between LZM003

and reference drug was significantly different (p<0.05) in

the second period (34.8% vs 4.2%, P = 0.02). The drug-

related TEAEs (LZM003 vs reference drug) in the first

period were withdrawal bleeding (37.5% vs 4.2%),

opsomenorrhea (33.3% vs 16.7%), metrorrhagia (4.2% vs

4.2%), polymenorrhea (0 vs 4.2%), sinus arrhythmia

(4.2% vs 4.2%), sinus bradycardia (0 vs 4.2%), diarrhea

(4.2% vs 4.2%) and abdominal pain (0 vs 4.2%). And in

the second period were withdrawal bleeding (34.8% vs 0)

and urine leukocyte positive (0 vs 4.2%). The incidence of

withdrawal bleeding was slightly higher in subjects receiv-

ing LZM003 than those receiving the reference drug.

Discussion
The results showed that the PK profiles of single subcuta-

neous injection of LZM003 and reference drug in healthy

Chinese subjects were similar. Neither of the drugs was

immunogenic and both had similar safety profiles.

We found that both LZM003 and reference drug were of

a slight difference between females and males, but with little

difference in the same gender group. The absorption,

Table 4 Bioequivalence Statistics for PK Parameters of LZM003 and Reference Drug–BEAS

PK Variables

(N = 47)

LSM and GMR 90% CI ANOVA P value CV (%) Power

(%)
LZM003 Reference

Drug

LZM003/

Reference Drug

Formulations Sequence Period

AUC0-∞ (hr*ng/mL)a 5.7442 5.7701 0.9745 (0.9144, 1.0385) 0.4981 0.7299 0.5735 18.5 100

AUC0–t (hr*ng/mL) 5.6764 5.6993 0.9774 (0.9221, 1.0360) 0.5122 0.8226 0.9365 16.9 100

Cmax (ng/mL) 1.8061 1.7216 1.0882 (0.9998, 1.1845) 0.1008 0.8980 0.2266 24.8 86

Tmax (hr)
a - - −2.000 (−4.000, 0.000) 0.2387 0.1962 0.6928 - -

t1/2 (hr)
a - - −8.940 (−11.918, −5.963) <0.0001 0.7178 0.0255 - -

Notes: aThe median of Tmax and t1/2 were analyzed by the nonparametric method.

Abbreviations: BEAS, bioequivalence analysis set; AUC0-∞, the area under the curve between 0 and infinity; AUC0–t, the area under the curve of the plasma concentration

until the last concentration observed; Cmax, the peak of concentration; Tmax, time to Cmax; t1/2, terminal elimination half-life; ANOVA, analysis of variance; LSM, least-square

mean; GMR, geometric mean ratio; CI, confidence interval; CV, coefficient of variation.
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Figure 3 Concentration–time curves (geometric mean ± SD) – log-transformed – Females. The dashed line in the picture is a lower limit of quantitation (LLOQ), 0.20 ng/mL.

Abbreviation: SD, standard deviation.
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distribution and elimination process of both drugs were

roughly the same in males and females. But male subjects

were more likely to have higher values in AUC0-∞, AUC0-t,

and Cmax than female subjects. It is possible that more drugs

were absorbed into males’ body circulation because more

body fluids men have. The metabolic processes of LZM003

were faster than that of reference drug, because the average

t1/2 and eliminating time of LZM003 were slightly shorter,

and this difference was more pronounced in female subjects.

The reason for this difference between the two drugs is

unknown but it cannot be caused by ADAs owing to negative

ADA detection.

In this trial, the t1/2 (mean ±SD) of reference drug in female

subjects was 44.41 ± 11.6 hrs, which was different from the

reported data. According to instructions of reference drug and

previous studies on female subjects in other ethnic groups

(Japanese, Korean and Caucasian),21,24 the t1/2 of reference

drugwas about 30 to 35 hrs. It has also reported that there were

no significant differences in t1/2 of reference drug between

healthy Caucasian and Japanese female subjects.24 Yet we

have not found other studies which investigated the pharma-

cokinetics of reference drug in healthy Chinese subjects. The

reason for this t1/2 difference between Chinese and other ethnic

groups remains unknown. However, it is possible that pituitary

down-regulation was achieved in other studies whereas it was

not in our study. After pituitary gland was switched off, LH

value was under the baseline and ovarian activity was sup-

pressed in females. Because the β subunits of r-hCG and LH

are the same, r-hCG is used to promote ovulation instead of

LH. And we detected the β subunit of r-hCG (LZM003 and

reference drug) for PK analysis. Compared with subjects who

went through the down-regulation treatment, subjects in our

study had a relatively high serum concentration of β subunits

from endogenous LH and r-hCG injected. This might result in

a relatively longer t1/2 in our study. It should also be noted that

Vd was 51.66 ± 19.3 L in Chinese female subjects, higher than
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Figure 4 Concentration–time curves (geometric mean ± SD) – log-transformed – Males. The dashed line in the picture is a lower limit of quantitation (LLOQ), 0.20 ng/mL.

Abbreviation: SD, standard deviation.

Table 5 Summary of Adverse Events – SS

LZM003 - Reference Drug

(N = 24)

Reference Drug - LZM003

(N = 24)

P valuea

Frequency Cases Incidence Frequency Cases Incidence

AE 44 21 87.5 35 16 66.7 0.1681

TEAE 44 21 87.5 35 16 66.7 0.1681

Drug-related TEAE 21 11 45.8 19 11 45.8 1.0000

Notes: aP value was a comparison of the incidence of LZM003 – reference drug group and reference drug – LZM003 group based on Fisher exact test. None of TEAE level 3

and above; STEAE; drug-related STEAE; deaths due to TEAE; discontinuations due to TEAE; discontinuations due to drug-related TEAE; drug suspension and resumption due

to TEAE and drug withdrawal due to TEAE happened in this trial.

Abbreviations: SS, safety set; AE, adverse event; TEAE, treatment-emergent adverse event; STEAE, serious treatment-emergent adverse event.
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that reported24 in Japanese females and in Caucasian females

which were 32.20 ± 24.7 L and 25.80 ± 20.3 L, respectively.

We suspected that it might be related to the longer t1/2 which

could cause a higher drug concentration and a wider distribu-

tion in vivo. Some PK profiles of reference drug were slightly

different between male and female subjects in this study,

including Tmax, t1/2, Vd and Cmax. We supposed that the

differences in body weight and body mass composition

might have resulted in longer Tmax and t1/2, higher Vd and

lower Cmax in female subjects.

Previous studies3,21,24 have reported that some TEAEs

occurred after reference drug administration in healthy sub-

jects, including withdrawal bleeding, metrorrhagia, sinus

arrhythmia, abdominal pain, diarrhea and urine leukocyte

positive, yet no research has reported opsomenorrhea, poly-

menorrhea and sinus bradycardia. The adverse events had

shown that withdrawal bleeding was more likely to happen

in the LZM003 group than in the reference drug group, but

all were mild (CTCAE level I). No treatment measures were

taken and all bleeding were stopped naturally in the end. We

suspect that fewer people enrolled in this trial which could

cause great individual differences, which might be respon-

sible for this phenomenon. And the different sensitivity to

drugs might also be one of the reasons.

A Phase III study, following this trial, is ongoing which

aims to determine the clinical efficacy and safety profiles

for Chinese patients.

Conclusion
This study demonstrated that LZM003 was bioequivalent

to reference drug in AUC and Cmax value, and the PK

profiles of the reference drug were in line with the results

of other ethnic groups. A single subcutaneous injection of

either LZM003 or reference drug was well tolerated in

healthy Chinese subjects.

Abbreviations
ADA, anti-drug antibody; ADA-AS, Anti-drug antibody

analysis set; AE, adverse event; ANOVA, analysis of var-

iance; ART, assisted reproductive techniques; AUC0-∞, area

under the curve between 0 and infinity; AUC0-t, serum con-

centration until the last concentration observed; BEAS, bioe-

quivalence analysis set; BMI, body mass index; CHO,

Chinese hamster ovary; CI, confidence interval; CL, total

body clearance; Cmax, peak of concentration; CTCAE,

Common Terminology Criteria for Adverse Events; E2,

estradiol; EC, Ethics Committee; ECG, electrocardiography;

ECL, electrochemiluminescent; ELISA, enzyme-linked

immunosorbent assay; F, relative bioavailability; FAS, full

analysis set; FSH, follicle stimulating hormone; GCP, good

clinical practice; GMR, geometric mean ratio; GMR, geo-

metric mean ratio; hCG, human chorionic gonadotropin;

hMG, human menopausal gonadotropin; HQC, high quality

control; ICF, informed consent forms; ISR, incurred sample

re-analysis; LH, luteinizing hormone; LLOQ, lower limit of

quantitation; LQC, low quality control; MedDRA, Medical

Dictionary for Regulatory Activities; MQC, middle quality

control; NAb, neutralizing antibody s; P, progesterone; PHS,

pooled human serum; PK, pharmacokinetics; PKAS, phar-

macokinetic analysis set; PLA, People’s Liberation Army;

PRL, prolactin; PT, Preferred Term; QC, quality control;

r-hCG, recombinant hCG; SD, standard deviation; SOC,

System Organ Class; SS, safety set; STD, standard curve;

t1/2, terminal elimination half-life; TEAE, treatment-

emergent adverse event; Tmax, time to Cmax; TOST, two one-

sided t-tests; u-hCG, urinary hCG; ULOQ, upper limit of

quantitation; Vd, apparent volume of distribution; λz, rate
constant of apparent terminal elimination.

Data Sharing Statement
We used electronic case record form (eCRF) to collect

individual identified participant data (IPD) in this trial.

We are not ready to share deidentified participant data

until National Medical Products Administration (NMPA)

is approved for LZM003. However, the protocol of this

trial is available by searching the registration number

ChiCTR-IIR-16010158 at http://www.chictr.org.cn.
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