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Abstract
Denosumab is a human IgG2 monoclonal antibody against receptor activator of 
nuclear factor kappa-B ligand (RANKL) for the treatment of osteoporosis and 
bone loss. HLX14 is a proposed biosimilar of denosumab. This randomized, 
parallel-group, two-part, phase I study aimed to compare the pharmacokinet-
ics, pharmacodynamics, safety, and immunogenicity of HLX14 with reference 
denosumab in Chinese healthy adult male participants. In Part 1, participants 
were randomized 1:1 and given HLX14 or reference denosumab sourced from 
the European Union (EU). In double-blind Part 2, participants were randomized 
1:1:1:1 to receive HLX14 or denosumab sourced from the United States, EU, or 
China. All study drugs were administered via subcutaneous injection at a sin-
gle dose of 60 mg. The primary endpoints were area under the serum drug con-
centration–time curve from time 0 to the last concentration-quantifiable time t 
(AUC0–t), maximum serum drug concentration (Cmax), and area under the serum 
drug concentration–time curve from time 0 to infinity (AUC0–inf). Twenty-four 
participants were randomized in Part 1 and 228 in Part 2. The 90% confidence 
intervals of geometric mean ratio of AUC0–t, Cmax, and AUC0–inf between HLX14 
and denosumab from different sources fell within the pre-specified similarity 
margins of 0.80–1.25 (AUC0–t, 0.91–1.13; Cmax, 0.91–1.13; AUC0–inf, 0.91–1.12), 
demonstrating pharmacokinetic similarity. No notable difference was observed 
among treatment groups in pharmacodynamics, safety, or immunogenicity. 
HLX14 demonstrated highly similar pharmacokinetic characteristics with com-
parable pharmacodynamics, safety, and immunogenicity to denosumab, support-
ing its further investigation as a potential denosumab biosimilar.
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INTRODUCTION

Osteoporosis is a bone disease characterized by the de-
crease of bone mineral density and the loss of bone mass, 
as well as changes in the structure and strength of the 
bones.1 It mainly affects postmenopausal women and 
older men, leading to fragility fractures most frequently in 
the thoracic and lumbar spine, wrist, and hip.2 The global 
prevalence of osteoporosis in population aged >50 years 
was 26.0% in women (27.4% in postmenopausal) and 
11.2% in men, representing a major health issue.3

For those who achieve inadequate improvement with 
lifestyle and dietary measures for the management of 
osteoporosis, pharmacological treatment is highly rec-
ommended. Anti-resorptive drugs are usually the first-
line treatment, among which bisphosphonates (e.g., oral 
alendronate and intravenous zoledronate) and monoclo-
nal antibodies against receptor activator of nuclear fac-
tor kappa-B ligand (RANKL, e.g., denosumab) are the 
most widely used.4–7 Other treatment options include 
anabolic drugs (e.g., parathyroid hormone analogs), and 
sclerostin inhibitors (e.g., romosozumab); both classes of 
these drugs are required to be followed by anti-resorptive 
treatment.4–6,8

Oral bisphosphonates are known to cause upper gastro-
intestinal symptoms in 20%–30% of individuals and thus 
are contraindicated in those with active upper gastrointes-
tinal disease.8 Intravenous bisphosphonates avoid such ad-
verse events, yet produce an acute-phase flu-like illness in 
around 1/3 of patients after the first dose, with symptoms 
that can be severe in 2%–3% of patients.8 Additionally, use 
of bisphosphonates is restricted in individuals with severe 
renal impairment.4–6,8 RANKL inhibitors, however, have 

a generally better safety profile.4–6,8 RANKL is a trans-
membrane ligand belonging to the tumor necrosis factor 
superfamily; the inhibition of RANKL/RANK signaling 
downregulates osteoclast differentiation and activity, thus 
reducing bone resorption and increasing bone density.9 
The first RANKL inhibitor, denosumab (Prolia®), was 
approved by the European Medicines Agency in 2010,10 
by the United States (US) Food and Drug Administration 
(FDA) shortly thereafter,11 and then by the China (CN) 
National Medical Products Administration (NMPA) 
in 2020.12 A meta-analysis has shown that denosumab 
could significantly improve bone mineral density more 
than bisphosphonate at the lumbar spine, total hip, and 
femoral neck.7 Currently, denosumab is approved for the 
treatment of postmenopausal women and men with oste-
oporosis at high risk for fracture in the European Union 
(EU), the US, and CN.13–15 Additional indications for the 
treatment of bone loss at increased risk of fractures associ-
ated with hormone ablation in men with prostate cancer, 
or associated with long-term systemic glucocorticoid ther-
apy in women and men are approved in the EU and the 
US.13,14 The US FDA also approved denosumab in women 
at high risk for fracture receiving aromatase inhibitor for 
breast cancer.14

Considering the increase in the prevalence of osteopo-
rosis due to a global aging population, the development 
of new treatment options is important in managing oste-
oporosis and improving the quality of life in the elderly. 
Biosimilars, biological products that are highly similar 
to licensed reference biologics, can potentially increase 
accessibility to essential medications. HLX14 is a recom-
binant, fully human, anti-RANKL monoclonal IgG2 an-
tibody developed by Shanghai Henlius Biotech, Inc., and 

Study Highlights
WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?
Denosumab is a human IgG2 monoclonal antibody against receptor activator of 
nuclear factor kappa-B ligand for the treatment of osteoporosis and bone loss. 
HLX14 is a proposed biosimilar of denosumab.
WHAT QUESTION DID THIS STUDY ADDRESS?
This randomized, parallel-group, two-part, phase I study aimed to compare the 
pharmacokinetics, pharmacodynamics, safety, and immunogenicity of HLX14 
with reference denosumab in Chinese healthy adult male participants.
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HLX14 demonstrated highly similar pharmacokinetic characteristics with com-
parable pharmacodynamics, safety, and immunogenicity to denosumab.
HOW MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR 
TRANSLATIONAL SCIENCE?
HLX14 has shown promise as a potential denosumab biosimilar, warranting fur-
ther investigation.
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is a proposed biosimilar of denosumab.16 Preclinical stud-
ies of HLX14 showed comparable pharmacokinetic (PK), 
pharmacodynamic (PD), and safety profiles with the ref-
erence denosumab. A two-part phase I clinical study was 
conducted to compare the PK and PD characteristics, as 
well as safety and immunogenicity of HLX14 with those 
of reference denosumab sourced from the US, the EU, and 
CN in Chinese healthy adult male participants. Results 
from Part 1 were presented at the American Society for 
Clinical Pharmacology and Therapeutics 2022 annual 
meeting,16 and the full results are herein reported.

METHODS

Study design and treatment

This phase I clinical trial was conducted from November 3, 
2020 to September 12, 2023 and comprised two parts. Part 
1 was a single-center, open-label, randomized, pilot study 
aiming to compare the PK, PD, safety, and immunogenic-
ity of HLX14 with EU-denosumab. Part 2 of the study was 
conducted at three hospitals and was a double-blind, ran-
domized, four-arm study comparing the PK, PD, safety, 
and immunogenicity among HLX14, US-denosumab, EU-
denosumab, and CN-denosumab.

In Part 2 of this study, a single dose of 60 mg of HLX14, 
US-denosumab, EU-denosumab, or CN-denosumab 
was administered via subcutaneous injection on day 1. 
Participants were required to take 600 mg of calcium and 
400 IU of vitamin D daily after meals during the study (day 
1–134), the doses of which could be adjusted by the in-
vestigators based on serum calcium levels. The study was 
initiated on the day of signing the informed consent form 
and was completed on day 183 (for Part 1) or day 274 (for 
Part 2) after dosing, or by the time of subject's withdrawal 
from the study, whichever occurred first.

The study was conducted in accordance with the 
International Council for Harmonization guidelines on 
Good Clinical Practice and all applicable regulatory re-
quirements, including the Declaration of Helsinki, and 
was approved by the ethics committees at each participat-
ing center. Each subject provided written, informed con-
sent prior to enrollment in the study.

Subjects

Eligible participants were Chinese males aged ≥18 and 
≤65 years (for Part 1) or aged >28 and ≤65 years (for Part 
2), and weighed ≥50 kg with a body mass index (BMI) of 
19–26 kg/m2. Participants with no disease histories, or 
with a disease history that does not affect the study, and 

no abnormality in physical examinations, vital signs, elec-
trocardiogram, chest imaging, or laboratory tests were en-
rolled. Key exclusion criteria included a history of allergy 
to the study drugs, calcium, and/or vitamin D; previously 
or currently suffering from jaw osteomyelitis or osteone-
crosis of the jaw; fracture, or bone-related surgery within 
6 months prior to screening; abnormal serum calcium lev-
els during screening; and being positive for tobacco test. 
Full eligibility criteria can be found in the Appendix S1.

Randomization and masking

In Part 1, participants were randomized at a 1:1 ratio. In 
Part 2, participants were randomized at a 1:1:1:1 ratio; ran-
domization was stratified by weight (≤65 kg and >65 kg), 
and was performed using an interactive web response sys-
tem with unique random numbers.

Part 1 employed an open-label design. In Part 2, the 
investigators, relevant study personnel, and participants 
were masked to study allocation. The whole dosing proce-
dure was performed by an unblinded nurse to ensure that 
all other relevant personnel remained blinded.

Study endpoints

The primary endpoints (i.e., the primary PK parameters) 
were the area under the serum drug concentration–time 
curve from time 0 to the last concentration-quantifiable 
time t (AUC0–t), maximum serum drug concentration 
(Cmax), and area under the serum drug concentration–
time curve from time 0 to infinity (AUC0–inf). Secondary 
endpoints were secondary PK parameters, PD param-
eters of serum C-terminal telopeptide of type I collagen 
(s-CTX, a bone resorption marker17), safety profile, and 
immunogenicity.

The following secondary PK parameters were calcu-
lated in this study: time to reach maximum serum drug 
concentration (Tmax), total clearance (CL/F), apparent 
terminal elimination rate constant (λZ), elimination half-
life (t1/2), apparent volume of distribution (Vd/F), area ex-
trapolated from time t to infinity as a percentage of total 
AUC0–inf (%AUCex), mean residence time (MRT), area 
under the serum drug concentration–time curve from 
day 0 to day 28 (AUC0–28d), and area under the serum 
drug concentration–time curve from day 0 to day 112 
(AUC0–112d). PD parameters included in the study were 
area under the effect–time curve from time 0 to the last 
concentration-quantifiable time t of s-CTX (AUEC0–t), 
minimum observed concentration of s-CTX (Imin), maxi-
mum percent inhibition of s-CTX (Imax), and time to reach 
Imin of s-CTX (Tmin).
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Assessments

Sampling timepoints for PK, PD, and immunogenicity as-
sessments are provided in the Appendix S1.

The serum concentrations of HLX14 and denosumab 
were determined by a validated enzyme-linked immu-
nosorbent assay at WuXi AppTec (Shanghai) Co., Ltd. 
(Shanghai, China) for samples collected in Part 1, and at 
Shanghai Jollin Lab Co., Ltd. (Shanghai, China) for Part 
2 samples.

The serum concentrations of s-CTX were analyzed 
with β-CrossLaps/serum Elecsys cobas e 100 test kit (cat# 
11972308122) on Roche cobas® 6000 e601 immunoassay 
analyzer (Roche Diagnostics, IN, USA) at WuXi AppTec 
(Shanghai) Co., Ltd.

Only anti-drug antibody (ADA)-positive samples were 
further tested for neutralizing antibodies (NAbs). In Part 
1, ADAs were assessed by a validated electrochemilumi-
nescence immunoassay, and NAbs were detected by a val-
idated functional cell-based assay, both at WuXi AppTec 
(Shanghai) Co., Ltd. In Part 2, both ADAs and NAbs were 
assessed by validated electrochemiluminescence immu-
noassays at Shanghai Jollin Lab Co., Ltd.

Details of the analytical methods for PK, PD, and im-
munogenicity are provided in the Appendix S1.

Adverse events (AEs) were monitored during the 
study. After the last follow-up visit, only serious AEs re-
lated to the study drugs were recorded. AEs were coded 
by Medical Dictionary for Regulatory Activities version 
26.1, and graded per National Cancer Institute Common 
Terminology Criteria for Adverse Events version 5.0. AEs 
of special interest (AESIs) in this study included hyper-
sensitivity reactions, hypocalcemia, serious infections 
(including skin infections), osteonecrosis of the jaw, and 
atypical femur fracture.

Statistical analysis

A total of 24 participants were planned for Part 1, with 
12 participants in each group. The sample size of Part 2 
was recalculated based on the results from Part 1. In Part 
1, the maximum coefficient of variation (CV) of the three 
primary endpoints (AUC0–t, Cmax, and AUC0–inf) was ap-
proximately 28%. Assuming the actual geometric mean 
ratio (GMR) of HLX14 to denosumab for the primary end-
points being 0.98, the significance level being α = 0.05 (two 
one-tailed tests), the power for each primary endpoint of 
a single between-group comparison being 97%, the power 
of a single between-group comparison being above 91%, 
and the similarity margins for the primary endpoints 
being 80%–125%, 48 evaluable participants were needed 
in each treatment group. Considering that PK might not 

be evaluable in about 15% of participants, a total of 228 
participants (57 per group) were planned to be enrolled 
in Part 2.

The definition of population sets used in this study is 
provided in the Appendix S1. For Part 2 of the study, PK 
similarity analysis was performed. The primary endpoints 
(AUC0–t, Cmax, and AUC0–inf) were log-transformed and 
analyzed by analysis of variance (ANOVA). The factor 
in the ANOVA analysis was the treatment group. Least 
squares mean (LSM) and their 90% confidence intervals 
(CIs) were calculated for each treatment group. These 
point estimates and CIs were then exponentially back-
transformed to obtain GMR and the associated 90% CIs. 
If the 90% CIs of GMR of AUC0–t, Cmax, and AUC0–inf fell 
within the range of 0.80–1.25, PK similarity was demon-
strated between the two treatment groups.

All statistical analyses were performed using SAS® soft-
ware, version 9.4 or later (SAS Institute, NC, USA). The 
PK and PD parameters were calculated using Phoenix 
WinNonlin, version 8.2 (Certara, NJ, USA) with a non-
compartmental analysis.

Ethics statement

The study was conducted in accordance with the 
International Council for Harmonization guidelines on 
Good Clinical Practice and all applicable regulatory re-
quirements, including the Declaration of Helsinki, and 
was approved by the ethics committees at each participat-
ing center.

RESULTS

Subjects and exposure

In Part 1, 155 healthy adult male participants were 
screened, of which 24 were enrolled and randomized to 
the HLX14 group (n = 12) and the EU-denosumab group 
(n = 12) (Figure S1). All participants had completed the 
study and were included in all analysis sets (Table S1). In 
Part 2, a total of 1030 participants were screened, among 
whom 228 were enrolled and randomized to the HLX14 
group (n = 58), the US-denosumab group (n = 57), the 
EU-denosumab group (n = 56), and the CN-denosumab 
group (n = 57), comprising the full analysis set (FAS) 
(Figure 1). Details of reasons for screen failure were pro-
vided in Table S2. All participants received study treat-
ment and were included in the safety set (SS) (Table S1). 
Three (1.3%) participants were excluded from the PK 
parameter set (PKPS), one (0.4%) due to pre-dose serum 
drug concentration being >5% of Cmax, and the other two 
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(0.9%) due to premature drop-out before reaching Cmax. 
Two (0.9%) participants were excluded from the PD pa-
rameter set (PDPS) due to premature drop-out before 
reaching Imin. All participants were included in the PK 
concentration set (PKCS) and the PD concentration set 
(PDCS). 213 (93.4%) participants had completed Part 2 
of the study (Figure 1); the reasons for discontinuation 
from the study were participant decision (seven [3.1%] 
participants), poor compliance (six [2.6%]), and loss to 
follow-up (two [0.9%]).

Demographic and baseline characteristics were well 
balanced between the two treatment groups in Part 1 
(Table S3), as well as among the four treatment groups in 
Part 2 (Table 1). The actual exposures to HLX14 or deno-
sumab in all treatment groups in Part 1 and Part 2 were 
60 mg. Exposures to calcium and vitamin D during the 
study were comparable among groups (Table S4).

Pharmacokinetics

In the PKCS, serum concentrations of HLX14 and deno-
sumab were comparable at all planned time points of PK 
sample collection both in Part 1 and Part 2 of the study, 
as demonstrated in the mean serum drug concentration–
time curves (Figure 2a,b and Figure S2A,B). Descriptive 
statistics of the primary PK parameters in the PKPS 
showed similar AUC0–t, Cmax, and AUC0–inf among treat-
ment groups (Table 2 and Table S5). In Part 1, the CV of 
the primary endpoint AUC0–t was 25.6% in the HLX14 
group and 26.7% in the EU-denosumab group. The CV 
of the other two primary endpoints Cmax and AUC0–inf 
was 16.1% versus 18.7% and 25.8% versus 28.4%, respec-
tively. The maximum CV of the three primary endpoints 
in Part 1 (approximately 28%) was used for recalculating 
the sample size of Part 2. In Part 2, the geometric mean 

F I G U R E  1   Subject disposition in Part 2 of the study. CN, China; EU, European Union; US, United States.

1030 screened

802 excluded due to not 
meeting eligibility criteria

228 randomized

57 received
US-denosumab

57 received
CN-denosumab

53 completed 
study

53 completed 
study

58 received
HLX14

56 received
EU-denosumab

54 completed 
study

53 completed 
study

4 discontinued study
• 2 poor compliance
• 2 subject decision

4 discontinued study
• 2 poor compliance
• 2 subject decision

4 discontinued study
• 2 subject decision
• 1 loss to follow-up
• 1 poor compliance

3 discontinued study
• 1 loss to follow-up
• 1 poor compliance
• 1 subject decision

T A B L E  1   Demographics and baseline characteristics in Part 2 (FAS).

HLX14  
(n = 58)

US-denosumab  
(n = 57)

EU-denosumab  
(n = 56)

CN-denosumab 
(n = 57)

Median age, years (range) 34.0 (28–48) 34.0 (28–53) 33.0 (28–50) 34.0 (28–47)

Asian, n (%) 58 (100) 57 (100) 56 (100) 57 (100)

Median height, cm (range) 169.1 (156.7–184.2) 168.3 (150.6–182.7) 168.6 (154.7–188) 168.2 (151.5–178.3)

Median weight, kg (range) 65.2 (53–77.8) 65.1 (50.8–81.9) 65.2 (56.9–83.8) 65.4 (50.3–81.7)

Median BMI, kg/m2 (range) 22.6 (19.3–26) 23.2 (19.3–25.7) 23.1 (19.3–26) 23.7 (19.6–26)

ADA-positive, n (%) 1 (1.7) 1 (1.8) 3 (5.4) 2 (3.5)

Abbreviations: ADA, anti-drug antibody; BMI, body mass index; EU, European Union; FAS, full analysis set.
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(geometric CV [CVb]) of AUC0–t in the HLX14, US-, EU-, 
and CN-denosumab groups was 324.4 (20.8%), 332.6 
(25.5%), 309.0 (25.2%), and 323.7 (21.9%) day·μg/mL, re-
spectively. For Cmax and AUC0–inf, the geometric mean 
(CVb) was 6.0 (17.4%) versus 6.0 (24.1%) versus 5.6 (24.4%) 
versus 6.1 (23.7%) μg/mL, and 335.0 (20.5%) versus 344.9 
(25.1%) versus 321.3 (24.4%) versus 336.2 (21.5%) day μg/
mL. Descriptive statistics of the secondary PK parameters 

in the PKPS were also comparable among groups (Table 2 
and Table S5).

PK similarity analysis for Part 2 was conducted in the 
PKPS. After a single dose of subcutaneous injection, the 
GMR (90% CI) for AUC0–t between HLX14 versus US-
denosumab, HLX14 versus EU-denosumab, and HLX14 
versus CN-denosumab was 0.98 (0.91–1.05), 1.05 (0.98–
1.13), and 1.00 (0.94–1.07), respectively (Table  3). The 

F I G U R E  2   Pharmacokinetics and pharmacodynamics in Part 2. (a) Mean serum concentration–time profiles by treatment on a linear 
scale (PKCS). (b) Mean serum concentration–time profiles by treatment on a semi-log scale (PKCS). (c) Mean percentage change from 
baseline in s-CTX concentration (PDCS). Error bar represents standard deviation. PDCS, pharmacodynamic concentration set; PKCS, 
pharmacokinetic concentration set, s-CTX, serum C-terminal telopeptide of type I collagen.
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GMR (90% CI) for Cmax was 0.99 (0.93–1.06), 1.05 (0.99–
1.13), and 0.97 (0.91–1.04) for the respective pairs, and for 
AUC0–inf was 0.97 (0.91–1.04), 1.04 (0.97–1.12), and 1.00 
(0.93–1.06), respectively. The above GMRs were all close 

to 1, and all associated 90% CIs fell entirely within the pre-
specified similarity margins of 0.80–1.25, indicating that 
PK similarity was established between HLX14 and deno-
sumab sourced from the US, the EU, and CN (Table 3).

T A B L E  2   Descriptive statistics of pharmacokinetic parameters in Part 2 (PKPS).

Pharmacokinetic parameter
HLX14  
(n = 57)

US-denosumab 
(n = 56)

EU-denosumab 
(n = 56)

CN-denosumab 
(n = 56)

AUC0–t (day·μg/mL)

Mean (SD) 331.4 (72.3) 343.0 (86.7) 318.2 (76.5) 331.2 (71.8)

GeoMean (CVb%) 324.4 (20.8) 332.6 (25.5) 309.0 (25.2) 323.7 (21.9)

Cmax (μg/mL)

Mean (SD) 6.0 (1.0) 6.2 (1.4) 5.8 (1.3) 6.3 (1.5)

GeoMean (CVb%) 6.0 (17.4) 6.0 (24.1) 5.6 (24.4) 6.1 (23.7)

AUC0–inf (day·μg/mL)

Mean (SD) 342.1 (73.7) 355.2 (87.9) 330.3 (77.2) 343.7 (73.4)

GeoMean (CVb%) 335.0 (20.5) 344.9 (25.1) 321.3 (24.4) 336.2 (21.5)

Tmax (day)

Median (range) 9.0 (2.0–22.0) 11.0 (2.0–28.0) 11.0 (2.0–28.0) 9.1 (1.0–21.0)

CL/F (mL/day)

Mean (SD) 182.6 (35.4) 179.4 (47.4) 192.2 (48.3) 182.5 (39.4)

GeoMean (CVb%) 179.1 (20.5) 174.0 (25.1) 186.7 (24.4) 178.5 (21.5)

λz (1/day)

Mean (SD) 0.034 (0.008) 0.031 (0.006) 0.033 (0.007) 0.033 (0.009)

GeoMean (CVb%) 0.033 (21.7) 0.031 (18.8) 0.032 (20.8) 0.032 (27.5)

t1/2 (day)

Mean (SD) 21.5 (4.5) 22.8 (4.3) 22.2 (4.6) 22.7 (6.9)

GeoMean (CVb%) 21.0 (21.7) 22.4 (18.8) 21.7 (20.8) 21.8 (27.5)

Vd/F (L)

Mean (SD) 5.6 (1.3) 5.8 (1.3) 6.0 (1.6) 5.8 (1.5)

GeoMean (CVb%) 5.4 (22.3) 5.6 (22.7) 5.8 (26.1) 5.6 (26.1)

%AUCex (%)

Mean (SD) 3.1 (1.7) 3.5 (1.7) 3.8 (2.3) 3.7 (2.0)

GeoMean (CVb%) 2.8 (53.2) 3.1 (54.1) 3.3 (58.5) 3.2 (60.4)

MRT (day)

Mean (SD) 43.5 (6.3) 44.6 (6.6) 43.6 (5.4) 43.3 (8.6)

GeoMean (CVb%) 43.0 (15.1) 44.1 (14.9) 43.3 (12.6) 42.7 (16.9)

AUC0–28d (day·μg/mL)

Mean (SD) 141.6 (24.5) 145.0 (32.4) 136.8 (30.9) 147.9 (31.7)

GeoMean (CVb%) 139.6 (17.2) 141.3 (23.6) 133.2 (24.5) 144.6 (22.1)

AUC0–112d (day·μg/mL)

Mean (SD) 322.8 (62.5) 333.1 (77.0) 312.3 (69.4) 323.8 (61.3)

GeoMean (CVb%) 317.3 (18.5) 324.6 (23.4) 304.6 (23.3) 318.1 (19.5)

Note: Given that %AUCex of two participants in EU-denosumab group and one in CN- denosumab group were greater than 20%, the PK parameters of AUC0–inf, 
AUC0–t, %AUCex, Vd/F, CL/F, λz, t1/2, MRT and AUC0–112d were not included in summary.
Abbreviations: %AUCex, area extrapolated from time t to infinity as a percentage of total AUC0–inf; AUC0–112d, area under the serum drug concentration–
time curve from day 0 to day 112; AUC0–28d, area under the serum drug concentration–time curve from day 0 to day 28; AUC0–inf, area under the serum 
drug concentration–time curve from time 0 to infinity; AUC0–t, area under the serum drug concentration–time curve from time 0 to the last concentration-
quantifiable time t; CL/F, total clearance; Cmax, maximum serum drug concentration; CN, China; CVb, geometric coefficient of variation; EU, European Union; 
GeoMean, geometric mean; MRT, mean residence time; PKPS, pharmacokinetic parameter set; SD, standard deviation; t1/2, elimination half-life; Tmax, time to 
reach maximum serum drug concentration; US, United States; Vd/F, apparent volume of distribution; λz apparent terminal elimination rate constant.
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Pharmacodynamics

In the PDCS, after a single dose of HLX14 or denosumab, 
the profiles of percentage change from baseline in s-CTX 
concentration were largely consistent among treatment 
groups, as shown in the mean percentage change from base-
line in s-CTX concentration–time curves (Figure  2c and 
Figure S2C). In Part 2 of the study, s-CTX concentration was 
reduced by approximately 85% at day 5 post-dose, with the 
maximal reduction observed at around 1-month post-dose. 
The inhibition of s-CTX concentration was maintained at a 
high level for nearly six months, followed by a slow decrease, 
and eventually, the s-CTX concentration was recovered to 
around 75% of baseline level at day 274 post-dose.

Descriptive statistics of PD parameters in the PDPS 
showed comparable AUEC0–t, Imax, Imin, and Tmin among 
treatment groups in both Part 1 and Part 2 of the study 
(Table S6). In Part 2, the geometric mean (CVb) of AUEC0–t 
in the HLX14, US-, EU-, and CN-denosumab groups was 
18742.0 (16.7%), 19303.1 (15.7%), 18013.9 (26.2%), and 
18372.1 (18.8%) day·% inhibition, respectively. The geo-
metric mean (CVb) of Imax and Imin was 89.5 (5.7%) ver-
sus 90.9 (4.2%) versus 89.8 (5.6%) versus 89.7 (5.0%) % 
inhibition, and 0.051 (51.3%) versus 0.052 (48.6%) versus 
0.053 (46.7%) versus 0.054 (44.7%) ng/mL. The median 
Tmin was 28.0 days (range 4.0–105.0), 42.0 days (range 4.0–
105.1), 42.0 days (range 7.0–139.0), and 28.0 days (range 
4.0–134.0) in the respective groups.

Safety

All participants (24 [100%]) enrolled in Part 1 of the study 
experienced treatment-emergent AEs (TEAEs), and all 

these TEAEs were grade 1–2 (Table S7). The most com-
mon TEAEs are provided in Table S8. Three (25.0%) and 
two (16.7%) participants in the respective groups experi-
enced AESIs, all of which were hypocalcemia (Table S7). 
No TEAE leading to death or injection site reaction was 
reported.

All participants in Part 2 experienced TEAEs 
(Table 4). TEAEs with an incidence of ≥20% in all par-
ticipants were COVID-19 (HLX14 vs. US-denosumab 
vs. EU-denosumab vs. CN-denosumab, 62.1% vs. 56.1% 
vs. 60.7% vs. 59.6%), blood calcium increased (29.3% vs. 
28.1% vs. 28.6% vs. 12.3%), blood phosphorus decreased 
(22.4% vs. 22.8% vs. 19.6% vs. 26.3%), blood triglycerides 
increased (24.1% vs. 21.1% vs. 21.4% vs. 17.5%), and al-
anine aminotransferase increased (19.0% vs. 15.8% vs. 
28.6% vs. 19.3%). Grade ≥3 TEAEs were reported in three 
(5.2%), six (10.5%), six (10.7%), and two (3.5%) partici-
pants in the respective groups, most commonly (≥1% in 
all participants) blood triglycerides increased (3.4% vs. 
3.5% vs. 5.4% vs. 3.5%). Treatment-related AEs (TRAEs) 
occurred in a similar proportion of patients in the four 
treatment groups (82.8% vs. 84.2% vs. 85.7% vs. 80.7%), 
among whom two (3.4%), four (7.0%), one (1.8%), and 
zero reported grade ≥3 TRAEs, respectively (Table  S7). 
Four (6.9%), nine (15.8%), nine (16.1%), and nine (15.8%) 
participants in the respective groups experienced AESIs, 
including hypocalcemia (6.9% vs. 14.0% vs. 16.1% vs. 
15.8%, all grade 1–2) and serious infection (one [1.8%] 
grade 3 tuberculous arthritis in the US-denosumab 
group). Two (3.5%) participants in the US-denosumab 
group reported serious TRAEs, one (1.8%) each of arthri-
tis infective and synovitis. Only one (1.8%) participant in 
the US-denosumab group had an injection site reaction. 
No subject experienced TEAE leading to death.

Treatment groups for 
comparison

Geometric least squares mean ratio (90% CI)

AUC0–t  
(day μg/mL)

Cmax  
(μg/mL)

AUC0–inf 
(day μg/mL)

HLX14 vs. US-denosumab 0.98 (0.91–1.05) 0.99 (0.93–1.06) 0.97 (0.91–1.04)

HLX14 vs. EU-denosumab 1.05 (0.98–1.13) 1.05 (0.99–1.13) 1.04 (0.97–1.12)

HLX14 vs. CN-denosumab 1.00 (0.94–1.07) 0.97 (0.91–1.04) 1.00 (0.93–1.06)

US-denosumab vs. 
EU-denosumab

1.08 (0.99–1.16) 1.06 (0.98–1.14) 1.07 (0.99–1.16)

CN-denosumab vs. 
EU-denosumab

1.05 (0.97–1.13) 1.09 (1.01–1.17) 1.05 (0.97–1.12)

CN-denosumab vs. 
US-denosumab

0.97 (0.90–1.05) 1.02 (0.95–1.10) 0.97 (0.91–1.05)

Note: Due to %AUCex of two participants in EU-denosumab group and one in CN-denosumab group were 
greater than 20%, the PK parameters AUC0–inf and AUC0–t were not included in similarity evaluation.
Abbreviations: AUC0–inf, area under the serum drug concentration–time curve from time 0 to infinity; 
AUC0–t, area under the serum drug concentration–time curve from time 0 to the last concentration-
quantifiable time t; CI, confidence interval; Cmax, maximum serum drug concentration; CN, China; EU, 
European Union; PKPS, pharmacokinetic parameter set; US, United States.

T A B L E  3   Similarity of primary 
pharmacokinetic parameters among 
treatment groups in Part 2 (PKPS).
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Immunogenicity

Immunogenicity was analyzed in the SS. In Part 1 of the 
study, no ADA-positive sample was detected for any sub-
ject at any timepoint. In Part 2, six (10.3%) participants in 
the HLX14 group, 10 (17.5%) in the US-denosumab group, 
13 (23.2%) in the EU-denosumab group, and 12 (21.1%) in 
the CN-denosumab group tested positive for ADAs at least 
once after dosing. Among the ADA-positive participants, 
three participants in the US-denosumab group, three in 
the EU-denosumab group, and one in the CN-denosumab 
group only had negative titers, indicating weak ADA posi-
tivity in these participants. Additionally, one participant 
in the US-denosumab group, one in the EU-denosumab 
group, and two in the CN-denosumab group was ADA-
positive at baseline with their post-dose ADA titers not 

exceeding four times the baseline levels. Therefore, ADAs 
detected in these four participants were considered non-
treatment-boosted and unrelated to study drugs, as they 
did not meet the criterion for treatment-boosted ADAs. 
Throughout the study, only one (1.8%) participant in the 
US-denosumab group tested positive for NAbs.

DISCUSSION

In this randomized phase I study, the primary PK param-
eters have met the predefined similarity criteria, with the 
90% CIs of GMR for AUC0–t, Cmax, and AUC0–inf being en-
tirely within the pre-specified similarity margins of 0.80–
1.25, thereby demonstrating similarity between HLX14 
and reference denosumab from the EU, UK, and CN. A 

T A B L E  4   Treatment-emergent adverse events in Part 2 (SS).

n (%)

HLX14  
(n = 58)

US-denosumab 
(n = 57)

EU-denosumab 
(n = 56)

CN-denosumab 
(n = 57)

Any Grade ≥ 3 Any Grade ≥ 3 Any Grade ≥ 3 Any Grade ≥ 3

Any treatment-emergent adverse event 58 (100) 3 (5.2) 57 (100) 6 (10.5) 56 (100) 6 (10.7) 57 (100) 2 (3.5)

COVID-19 36 (62.1) 0 32 (56.1) 0 34 (60.7) 0 34 (59.6) 0

Blood calcium increased 17 (29.3) 0 16 (28.1) 1 (1.8) 16 (28.6) 1 (1.8) 7 (12.3) 0

Blood triglycerides increased 14 (24.1) 2 (3.4) 12 (21.1) 2 (3.5) 12 (21.4) 3 (5.4) 10 (17.5) 2 (3.5)

Blood phosphorus decreased 13 (22.4) 0 13 (22.8) 0 11 (19.6) 0 15 (26.3) 0

Hypophosphatemia 11 (19.0) 0 10 (17.5) 0 4 (7.1) 0 12 (21.1) 0

Alanine aminotransferase increased 11 (19.0) 0 9 (15.8) 0 16 (28.6) 0 11 (19.3) 0

Protein urine present 11 (19.0) 0 5 (8.8) 0 7 (12.5) 0 8 (14.0) 0

Blood cholesterol increased 10 (17.2) 0 12 (21.1) 0 10 (17.9) 0 5 (8.8) 0

Neutrophil count increased 10 (17.2) 0 7 (12.3) 0 3 (5.4) 0 8 (14.0) 0

Aspartate aminotransferase increased 8 (13.8) 0 8 (14.0) 0 8 (14.3) 0 10 (17.5) 0

Blood creatinine increased 8 (13.8) 0 5 (8.8) 0 5 (8.9) 0 8 (14.0) 0

White blood cell count increased 8 (13.8) 0 4 (7.0) 0 2 (3.6) 0 2 (3.5) 0

Neutrophil count decreased 7 (12.1) 0 7 (12.3) 0 9 (16.1) 2 (3.6) 9 (15.8) 0

Upper respiratory tract infection 6 (10.3) 0 12 (21.1) 0 6 (10.7) 0 10 (17.5) 0

White blood cell count decreased 6 (10.3) 0 9 (15.8) 0 6 (10.7) 0 6 (10.5) 0

Blood uric acid increased 6 (10.3) 0 6 (10.5) 0 9 (16.1) 0 7 (12.3) 0

Hypokalemia 5 (8.6) 0 5 (8.8) 0 5 (8.9) 0 8 (14.0) 0

Arthralgia 4 (6.9) 0 7 (12.3) 0 7 (12.5) 0 0 0

Blood calcium decreased 3 (5.2) 0 7 (12.3) 0 7 (12.5) 0 8 (14.0) 0

Blood magnesium increased 1 (1.7) 0 2 (3.5) 0 3 (5.4) 1 (1.8) 1 (1.8) 0

Blood potassium increased 1 (1.7) 1 (1.7) 1 (1.8) 0 3 (5.4) 0 0 0

Neutropenia 0 0 1 (1.8) 1 (1.8) 1 (1.8) 0 1 (1.8) 0

Arthritis infective 0 0 1 (1.8) 1 (1.8) 0 0 0 0

Synovitis 0 0 1 (1.8) 1 (1.8) 0 0 0 0

Note: Treatment-emergent adverse events were reported in ≥10% of participants in any treatment group and all grade ≥3 treatment-emergent adverse events 
were shown in the table.
Abbreviations: CN, China; EU, European Union; SS, safety set; US, United States.
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single dose of HLX14, US-denosumab, EU-denosumab, 
and CN-denosumab also produced similar PD characteris-
tics, safety, and immunogenicity in Chinese healthy adult 
male participants.

The US FDA approved its first denosumab biosimilar 
GP2411 (denosumab-bddz) in March 2024.18 Three addi-
tional denosumab biosimilars have been approved by the 
CN NMPA, namely LY06006, MW031, and QL1206.19–21 The 
discrepancy in regulatory approvals of biosimilars across 
geographical regions have limited treatment accessibility 
for patients globally. In the current phase I study, the simi-
larity between HLX14 and denosumab from three different 
sources (US, EU, and CN) was demonstrated. In the mean-
time, there is an ongoing international randomized phase III 
clinical study comparing HLX14 with EU-denosumab as a 
reference in women with postmenopausal osteoporosis at 
high risk for fracture (NCT05352516). The development of 
HLX14 is expected to increase the accessibility of patients to 
effective treatment both in China and internationally.

The serum concentration–time curves as well as the PK 
parameters of HLX14 in our study shared the same pattern 
as those of other denosumab biosimilars.22–24 The change 
in s-CTX concentration after a single dose of HLX14 was 
also similar to the change with other denosumab bio-
similars; the maximal inhibition of bone resorption ap-
peared at about 1-month post-dose, and was maintained 
for almost six months.22–25 As treatment effects of deno-
sumab rapidly diminish after treatment discontinuation, 
a marked rise of s-CTX in the 7–9 months post-injection 
was commonly observed, making the repeated injections 
at 6-month intervals necessary.8 In our trial, s-CTX con-
centrations increased to ≥50% of baseline levels at around 
7-month post-dose, which is consistent with this unique 
property of denosumab.

No new safety signal was identified in the HLX14 
group as compared to the denosumab groups in our study, 
or to other denosumab biosimilars.22–25 Most TEAEs in 
the current trial were grade 1–2. As the study period (from 
November 2020 to September 2023) spanned over the 
years of COVID-19 pandemic, it was not surprising to ob-
serve such a high incidence of COVID-19 (56.1%–62.1%), 
and the cases were evenly distributed across treatment 
groups. Blood phosphorus decrease (all grade 1–2) was fre-
quently observed in this study, which was consistent with 
known effects of denosumab on serum phosphorus lev-
els.25,26 Other TEAEs of relatively high incidence included 
changes in lipid profile (i.e., blood triglycerides increased 
and blood cholesterol increased) and upper respiratory 
tract infection, both of which were often reported during 
treatment with denosumab and denosumab biosimi-
lars.14,22,23,25 The most common AESI was hypocalcemia 
(6.9%–25.0%), a known common adverse event caused 
by denosumab.8,14 In this trial, all participants received 

calcium and vitamin D supplements to ensure adequate 
intake, and all events of hypocalcemia were grade 1–2. 
One (1.8%) subject receiving US-denosumab treatment 
experienced a grade 3 AESI of arthritis infective, which 
was resolved within three months. No TEAE leading to 
death occurred during the study.

Immunogenicity was similar between HLX14 and ref-
erence denosumab. With the exclusion of participants 
with negative tiers, the ADA-positivity rate was thereby 
10.5% (n = 6), 16.1% (n = 9), and 15.8% (n = 9) in the US-, 
EU-, and CN-denosumab groups, respectively, while that 
for the HLX14 group remained at 10.3% (n = 6). The inci-
dence of positive ADAs was nevertheless higher than that 
in the other trials of denosumab biosimilars.22–25 However, 
various factors may have an impact on the ADA-positivity 
rate, including but not limited to the sensitivity and spec-
ificity of the detection method and the study population. 
Furthermore, PK, PD, and safety profiles were generally 
not affected by the presence of ADAs in the current trial.

This study was designed so HLX14 was compared 
with reference denosumab sourced from the US, EU, and 
China, three major markets with large patient popula-
tions, in one trial. This design mitigates potential risks in 
regional differences in formulation, packaging, or manu-
facturing processes that could impact the trial outcomes. 
With comparison with the differently sourced references 
as a bridge, results from studies adopting this design may 
therefore facilitate greater scientific rigor and broader reg-
ulatory approval.

Clinical trials of denosumab enrolled East Asian par-
ticipants from study sites in Korea (NCT01575873) along 
with participants from EU and US, and PK analysis con-
cluded that was not affected by race.14 Consistent with 
this finding, Chen et al. evaluated the PK, PD, safety and 
tolerability of denosumab in 46 healthy Chinese adults 
and demonstrated similar PK and PD (s-CTX) profiles of 
the Chinese participants and those previously reported of 
Caucasians.27 Given the high similarity between the phar-
macokinetics of HLX14 and denosumab demonstrated in 
this study, it is therefore likely that PK of HLX14 is also 
not affected by race.

One potential limitation of the present study is that 
the study population consisted of only male participants. 
However, this enrolment criteria were selected to ensure 
the characterization of PK and PD in the most homoge-
nous population with the lowest variability. Furthermore, 
the PK of denosumab is not affected by gender as reported 
in the summary of product characteristics.13

The long-term findings after repeated dosing are cur-
rently being investigated in the ongoing, international, 
randomized phase III clinical study of HLX14 versus ref-
erence denosumab in women with postmenopausal osteo-
porosis at high risk for fracture.
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CONCLUSION

This phase I study demonstrated the PK similarity between 
HLX14 and denosumab (US-, EU-, and CN-sourced) in 
Chinese healthy adult male participants. PD character-
istics, safety, and immunogenicity were also comparable 
among treatment groups. Data from this study supports 
large-scale phase III clinical trials of HLX14 as a potential 
denosumab biosimilar in the treatment of osteoporosis 
and bone loss.
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