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Abstract
Background Denosumab has been approved for the treatment of bone metastases from solid tumors. QL1206 is the first 
denosumab biosimilar and needs to be compared with denosumab in a phase III trial.
Objective This phase III trial aims to compare the efficacy, safety, and pharmacokinetics between QL1206 and denosumab 
in patients with bone metastases from solid tumors.
Methods This randomized, double-blind, phase III trial was conducted in 51 centers in China. Patients aged 18–80 years, 
with solid tumors and bone metastases, and an Eastern Cooperative Oncology Group performance status of 0–2 were eligible. 
This study was divided into a 13-week double-blind period, a 40-week open-label period, and a 20-week safety follow-up 
period. In the double-blind period, patients were randomly assigned (1:1) to receive three doses of QL1206 or denosumab 
(120 mg subcutaneously every 4 weeks, each). Randomization was stratified by tumor types, previous skeletal-related events, 
and current systemic anti-tumor therapy. In the open-label period, up to ten doses of QL1206 could be given in both groups. 
The primary endpoint was percentage change in urinary N-telopeptide/creatinine ratio (uNTX/uCr) from baseline to Week 
13. Equivalence margins were ± 0.135. Secondary endpoints included percentage change in uNTX/uCr at Week 25 and 53, 
percentage change in serum bone-specific alkaline phosphatase at Week 13, 25, and 53, and time to on-study skeletal-related 
events. The safety profile was evaluated based on adverse events and immunogenicity.
Results From September 2019 to January 2021, in the full analysis set, 717 patients were randomly assigned to receive 
QL1206 (n = 357) or denosumab (n = 360). Median percentage changes in uNTX/uCr at Week 13 in two groups were 
− 75.2% and − 75.8%, respectively. Least-squares mean difference in the natural log-transformed ratio of uNTX/uCr at 
Week 13 to baseline between the two groups was 0.012 (90% confidence interval − 0.078 to 0.103), within the equivalence 
margins. There were no differences in the secondary endpoints between the two groups (all p > 0.05). Adverse events, 
immunogenicity, and pharmacokinetics were similar in the two groups.
Conclusions Denosumab biosimilar QL1206 had promising efficacy, tolerable safety, and pharmacokinetics equivalent to 
denosumab and could benefit patients with bone metastases from solid tumors.
Clinical Trial Registration ClinicalTrials.gov Identifier: NCT04550949, retrospectively registered on 16 September, 2020
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Key Points 

The objective of this phase III trial is to compare the effi-
cacy, safety, and pharmacokinetics between QL1206, the 
first denosumab biosimilar, and denosumab in patients 
with bone metastases from solid tumors.

QL1206 was confirmed equivalent to denosumab in 
efficacy, with similar safety and pharmacokinetic pro-
files. Switching from denosumab to QL1206 is feasible. 
QL1206 is an option for patients with bone metastases 
from solid tumors.

2  Patients and Methods

2.1  Study Design and Participants

This was a multicenter, randomized, double-blind, phase 
III trial conducted in 51 centers in China. Patients aged 
18–80 years; with histologically or cytologically confirmed 
solid tumors and bone metastases within 3 months; Eastern 
Cooperative Oncology Group performance status of 0–2; 
life expectancy ≥ 3 months; and adequate organ function 
were eligible. Exclusion criteria included previous treatment 
with denosumab or bisphosphonates; previous or ongoing 
osteomyelitis or osteonecrosis of the jaw, active dental or 
jaw bone disease requiring oral surgery, an unhealed wound 
after a dental operation or oral surgery, or a planned invasive 
dental operation, radiotherapy, or surgery to bones.

The study protocol was approved by the ethics committee 
in each center and registered at ClinicalTrials.gov (identi-
fier NCT04550949). All patients provided written informed 
consent before participation.

2.2  Study Procedure

The baseline characteristics of patients including age, sex, 
ethnicity, height, weight, Eastern Cooperative Oncology 
Group performance status, tumor characteristics, and previ-
ous SREs were recorded. The treatment period was divided 
into a 13-week double-blind period and a 40-week open-
label period. The safety follow-up period was 20 weeks. A 
random allocation sequence was generated by a statistician 
using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA). 
The patients were randomly assigned 1:1 into the QL1206 
or denosumab group, stratified based on tumor types (breast 
cancer, lung cancer, or the others), previous SREs, and cur-
rent systemic anti-tumor therapy (yes or no) by investigators 
using an Interactive Web Response System. In the double-
blind period, the patients received three doses of QL1206 or 
denosumab [120 mg subcutaneously every 4 weeks (Q4W)]. 
Investigators other than the nurses who administer the study 
drugs were blinded to allocation. The data of the primary 
endpoint was obtained at the end of the double-blind period. 
In the open-label period, to evaluate the long-term efficacy 
and safety of QL1206 and the feasibility of switching from 
denosumab to QL1206, up to 10 further doses of QL1206 
(120 mg subcutaneously Q4W) can be given at the discretion 
of investigators in both groups. The patients also received 
daily supplementation of calcium (≥ 500 mg) and vitamin 
D (≥ 400 U) throughout the treatment period. All cancer-
specific therapies were allowed, except for bisphosphonates 
or unapproved investigational treatments.

The uNTX and s-BALP levels were measured in the cen-
tral laboratory (Guangzhou Kingmed Diagnostics Group 

1 Introduction

Bone is a common site for tumor metastasis. Patients with 
bone metastases have signs of bone destructions and altera-
tions of bone turnover markers (e.g., urinary N-telopeptide/
creatinine ratio [uNTX/uCr] and serum bone-specific alka-
line phosphatase [s-BALP]). Affected patients can also 
present with skeletal-related events (SREs) [1, 2]. Skeletal-
related events may lead to bone pain and mobility impair-
ment, which result in a decline in quality of life [3].

Denosumab  (Xgeva®; Amgen Inc., Thousand Oaks, 
CA, USA) is an anti-receptor activator of the nuclear factor 
kappa-B ligand monoclonal antibody [4]. Studies showed 
denosumab is an effective and safe treatment for preventing 
SREs and improving quality of life in patients with bone 
metastatic solid tumors or multiple myeloma [5–10]. Deno-
sumab has been approved for the prevention and treatment 
of bone metastases from solid tumors by the US Food and 
Drug Administration and European Medicines Agency [11, 
12]. N-telopeptide is a bone turnover marker indicating bone 
resorption [13]. A research study has shown that the uNTX/
uCr level is higher in patients with bone metastatic pros-
tate cancer or lung cancer than that in patients without bone 
metastases [14]. The change in uNTX/uCr after treatment 
is associated with SREs, disease progression, and death in 
patients with bone metastases receiving denosumab [15–17]. 
These findings suggest that uNTX/uCr is an appropriate sur-
rogate endpoint for SREs.

QL1206 (Qilu Pharmaceutical Co., Ltd., Jinan, China) is 
the first biosimilar of denosumab, and has the same chemical 
structure as denosumab. A preliminary phase I trial involv-
ing healthy participants has demonstrated the bioequivalence 
between QL1206 and denosumab [18]. Here, we reported 
the results of a phase III trial comparing the efficacy, safety 
profile, and pharmacokinetics (PK) between QL1206 and 
denosumab in patients with bone metastases from solid 
tumors.
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Co., Ltd., Guangzhou, China) at baseline, at Week 2, 5, 13, 
25, 37, and 53, and at study treatment discontinuation, using 
an enzyme-linked immunosorbent assay [19] and the Access 
Ostase assay (Beckman Coulter Inc., Brea, CA, USA) [20], 
respectively. SREs, which were defined as pathologic frac-
tures, spinal cord compression, or requirements for radiation 
or surgery of bones, were assessed throughout the treatment 
period.

Adverse events (AEs) were evaluated from study treat-
ment initiation to the end of the safety follow-up period 
according to the National Cancer Institute Common Ter-
minology Criteria for Adverse Events version 5.0. Immu-
nogenicity was evaluated through measuring the serum 
anti-drug antibody (ADA) levels in the central laboratory 
(Shanghai Xihua Scientific Co., Ltd., Shanghai, China) at 
Week 5, 13, 25, and 53, and at study treatment discontinu-
ation, using a semi-quantitative electrochemiluminescent 
assay. Those with positive ADA results received further tests 
for the neutralizing antibody (Nab) by a semi-quantitative 
electrochemiluminescent Nab assay.

For the population PK (popPK) analysis, the data from 
the phase I trial of QL1206 in healthy subjects (80 for 
QL1206 and 76 for denosumab) [18] and the present trial 
were used. In the present study, the serum samples were 
collected at Week 1, 5, 9, 10, 11, 12, 13, 25, and 53. Drug 
concentrations were tested in the same laboratory as ADA 
detection using an enzyme-linked immunosorbent assay.

2.3  Outcomes

The primary endpoint was the percentage change in uNTX/
uCr from baseline to Week 13. The secondary endpoints 
included percentage change in uNTX/uCr from baseline to 
Week 25 and 53, the percentage change in s-BALP from 
baseline to Week 13, 25, and 53, and the time to first on-
study SRE. The safety endpoints were AEs and immuno-
genicity. The exploratory endpoint was popPK.

2.4  Statistical Analysis

It is assumed that the natural log-transformed uNTX/uCr 
ratio of Week 13 to baseline [=ln(uNTX/uCrWeek13÷uNTX/
uCrbaseline)] was equal between the two groups. In total, 598 
patients (299 each group) were required for 80% power with 
a pooled standard deviation of 0.56 and equivalence margins 
of ± 0.135 based on a 90% two-sided confidence interval 
(CI). Considering a possible 15% dropout rate, a sample size 
of 700 patients (350 each group) was needed.

All statistical analyses were performed using SAS ver-
sion 9.4. For the primary endpoint, according to the Sta-
tistical Guideline of Bioequivalence Study of National 
Medical Products Administration of China [21], a p-value 
of < 0.05 for two one-sided tests was considered statistically 

significant. For the secondary endpoints, a two-sided p-value 
of < 0.05 was considered statistically significant. The analy-
sis set should be as close as possible to the intention-to-treat 
ideal [22]. Thus, the primary and secondary endpoints were 
evaluated in the full analysis set (FAS), including all ran-
domized patients receiving at least one dose of the study 
drug and one efficacy evaluation. The per-protocol set (PPS) 
was used for the sensitivity analyses, and included patients 
in the FAS without a major protocol violation. The safety 
endpoints were summarized by treatment group in the safety 
set, which included patients receiving at least one dose of the 
study drug and one post-baseline safety evaluation.

Comparison of the primary endpoint between the two 
groups was performed using an analysis of covariance on 
the natural log-transformed uNTX/uCr ratio of Week 13 
to baseline. The treatment group and randomization strata 
were independent variables and the baseline uNTX/uCr was 
a covariate, with equivalence margins of ± 0.135. Missing 
data were imputed using the last observation carried forward 
method for subjects with a post-baseline assessment. Prede-
fined subgroup analyses of the primary endpoint were based 
on age, sex, and randomization strata. Further, to minimize 
the center effect, a serial number of centers was included as 
an additional independent variable in the analysis of covari-
ance model for a post-hoc sensitivity analysis.

Changes in uNTX/uCr at the other timepoints were ana-
lyzed using the same methods as the primary endpoint, 
except missing data were not imputed. The percentage 
changes in s-BLAP were compared using a van Elteren 
test adjusted by randomization strata. The median time to 
the first on-study SRE was estimated by the Kaplan–Meier 
method and Greenwoods’ formula. Hazard ratios were cal-
culated using a Cox proportional hazards model adjusted by 
randomization strata.

PopPK was analyzed in the patients receiving at least 
one dose of the study drug and one drug concentration 
evaluation in the present study (i.e., popPK analysis set). 
The PK model was established based on the healthy sub-
jects in the phase I study [18]. PopPK modeling was con-
ducted through NONMEM version 7.4 (Icon Development 
Solutions, LLC, Ellicott City, MD, USA) using standard 
model building and evaluation approaches. Covariates, 
including disease state (healthy subject or patient), treat-
ment group, age, sex, baseline body weight, baseline esti-
mated glomerular filtration rate, baseline aspartate ami-
notransferase, baseline alanine aminotransferase, baseline 
alkaline phosphatase, baseline albumin, and ADA were 
evaluated to determine the association with PK. Nonlin-
ear mixed-effects modeling was used to estimate the PK 
parameters. The final model was evaluated using visual 
predictive checks. Based on the established popPK model, 
the maximum a posteriori Bayesian method was used to 
estimate the individual PK parameters of patients. PK 
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bioequivalence was also judged using the 90% CI of the 
ratio of a log-transformed exposure measure (the area 
under the serum drug concentration-time curve [AUC] 
from t = 0 to Week 4 after a single dose [AUC 0–4 week,1], 
maximum serum drug concentration after a single dose 
 [Cmax,1], AUC from t = 0 to Week 4 at steady-state [AUC 
0–4 week,ss], and maximum serum drug concentration at 
steady-state  [Cmax,ss]; equivalence margins: 80–125%).

3  Results

3.1  Patient Enrollment and Baseline Characteristics

From September 2019 to January 2021, 853 patients were 
screened and 728 were randomized to the two groups (364 
patients in each group). The FAS included 717 patients 
(357 and 360 patients in the QL1206 and denosumab 
groups, respectively). The PPS included 646 patients (321 
and 325 patients in the QL1206 and denosumab groups, 
respectively; Fig. 1). The baseline characteristics were not 
statistically significant different between the two groups 
(Table 1).

3.2  Efficacy Analyses

In the FAS, the median percentage changes in uNTX/uCr 
at Week 13 were − 75.2% (− 86.8%, − 53.5%) for QL1206 

and − 75.8% (− 87.3%, − 48.7%) for denosumab (Fig. 2A). 
The analysis of covariance showed the least-squares means 
(LSMs) of natural log-transformed uNTX/uCr ratio of 
Week 13 to baseline were − 1.429 (standard error 0.130) 
and − 1.441 (0.130) in the QL1206 group and denosumab 
group, respectively. The LSM difference between the two 
groups was 0.012 (0.055; 90% CI − 0.078 to 0.103; p = 
0.8208; Fig. 2B) within the equivalence margins of ±0.135. 
The results at Week 25 and 53 also showed a similarity 
between the two groups (Fig. 2A, B). There were parallel 
trends of the decline in s-BALP in the two groups (Fig. 2C). 
No significant difference in the percentage change at each 
timepoint was observed between the two groups (all p > 
0.05). At Week 53, the SRE rates were low and numerically 
similar between the two groups (34 [9.5%] and 30 [8.3%] 
events in the QL1206 and denosumab groups, respectively). 
In both the groups, the most common SRE was pathologi-
cal fracture (22 [6.2%] and 14 [3.9%] events). The time 
to the first on-study SRE was immature (Table S1 of the 
Electronic Supplementary Material [ESM]). The QL1206 
group had a hazard ratio of 1.163 (95% CI 0.711–1.900; 
p = 0.5478; Fig. 3) compared with the denosumab group. 
The PPS showed consistent results of all efficacy endpoints 
(uNTX/uCr, s-BALP, and SRE) between the QL1206 and 
denosumab groups (Table S2 of the ESM).

The results of the predefined subgroup analyses for com-
parison of the primary endpoint are shown in Fig. S1 of 
the ESM. No significant difference between the two groups 
was observed, except in the subgroup of patients without 

Fig. 1  Trial flowchart

728 patients randomized

364 assigned to QL1206 group 364 assigned to denosumab group

357 included in the full analysis set
• 321 included in the per-protocol set
• 27 received only one or two study 

treatment doses
• 6 received prohibited medication
• 3 met exclusion criteria

360 included in the full analysis set
• 325 included in the per-protocol set
• 26 received only one or two study 

treatment doses
• 7 received prohibited medication
• 3 received unplanned treatment

853 patients screened

125 excluded
• 109 ineligible
• 10 withdrew consent
• 6 other

7 excluded
• 5 with no efficacy evaluation
• 2 did not receive study 

treatment

4 with no efficacy evaluation
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current systemic anti-tumor therapy. However, this subgroup 
comprised only 13 patients (six for QL1206 and seven for 
denosumab). The post-hoc sensitivity analysis for the center 
effect showed the LSM difference of 0.008 (0.055; 90% CI 
− 0.082 to 0.098; p = 0.8860) between the two groups, con-
sistent with the primary analysis.

3.3  Safety Analysis

Among the 717 patients included in the SS, 707 (98.6%) 
patients had a treatment-emergent AE (TEAE), with 351/356 
(98.6%) and 356/361 (98.6%) patients having a TEAE in 
the QL1206 and denosumab groups, respectively. The most 
common TEAEs were anemia (37.6% and 36.3%), white 
blood cell count decreased (34.0% and 36.6%), neutrophil 
count decreased (33.7% and 36.6%), aspartate aminotrans-
ferase increased (31.2% and 33.5%), and alanine aminotrans-
ferase increased (30.9% and 32.1%). TEAEs ≥ grade 3 
(48.9% and 51.0%) and treatment-emergent serious AEs 
(19.7% and 20.5%) were similar between the groups. Neu-
trophil count decreased (15.4% and 15.0%), disease progres-
sion (8.4% and 8.3%), and white blood cell count decreased 
(7.6% and 9.1%) were the most common TEAEs ≥ grade 
3. Study treatment discontinuation because of a TEAE was 
reported in eight (2.2%) patients for QL1206 and 11 (3.0%) 
for denosumab. There were 18 (5.1%) and 22 (6.1%) patients 
who experienced a TEAE leading to death in the QL1206 
and denosumab groups, respectively. No death was consid-
ered treatment related (Table 2).

In total, 697 patients were included in the immuno-
genicity analysis (345 in the QL1206 group and 352 in the 
denosumab group). At Week 53, 15 (4.3%) patients in the 
QL1206 group and 18 (5.1%) patients in the denosumab 
group had positive ADA results. Six patients (3 [0.9%], 
each) had positive Nabs.

3.4  PopPK Analysis

The PK of QL1206 and denosumab in healthy subjects and 
patients with bone metastases from solid tumors were best 
described by a one-compartment model with Michaelis-
Menten kinetics. The final model parameters were esti-
mated with acceptable precision (Table S3 of the ESM). The 
results of visual predictive checks indicated that the model 
had excellent predictive ability to describe the QL1206 and 
denosumab concentrations. Overall, the model appeared to 
adequately characterize the PK of QL1206 and denosumab 

Table 1  Baseline demographics and tumor characteristics (full analy-
sis set)

Data are presented as mean ± standard deviation or number (%)
BMI body mass index (calculated as weight in kg divided by height in 
 m2), ECOG Eastern Cooperative Oncology Group, uNTX/uCr urinary 
N-telopeptide/creatinine ratio, s-BALP serum bone-specific alkaline 
phosphatase, SREs skeletal-related events
a Multiple sites of metastases per patient are possible

QL1206 
group (n = 
357)

Denosumab 
group (n = 
360)

Age, years 56.4 ± 9.9 56.8 ± 10.8
 ≤ 60 231 (64.7%) 211 (58.6%)
 > 60 126 (35.3%) 149 (41.4%)

Sex
 Male 129 (36.1%) 109 (30.3%)
 Female 228 (63.9%) 251 (69.7%)

Ethnicity
 Han 337 (94.4%) 335 (93.1%)
 Others 20 (5.6%) 25 (6.9%)

BMI, kg/m2 23.4 ± 3.5 23.5 ± 3.4
ECOG performance status
 0 69 (19.3%) 91 (25.3%)
 1 271 (75.9%) 254 (70.6%)
 2 17 (4.8%) 15 (4.2%)

uNTX/uCr, nmoL/mmoL 78.2 ± 95.8 78.6 ± 87.6
s-BALP, U/L 28.4 ± 45.3 27.0 ± 37.3
Tumor types
 Lung cancer 200 (56.0%) 198 (55.0%)
 Breast cancer 151 (42.3%) 156 (43.3%)
 Others 6 (1.7%) 6 (1.7%)

Site of  metastasesa

 Bone 357 (100%) 360 (100%)
 Lymph node 212 (59.4%) 216 (60.0%)
 Lung 113 (31.7%) 110 (30.6%)
 Liver 72 (20.2%) 53 (14.7%)
 Pleura 53 (14.8%) 64 (17.8%)
 Brain 28 (7.8%) 25 (6.9%)
 Kidney 8 (2.2%) 3 (0.8%)
 Meninges 3 (0.8%) 1 (0.3%)
 Others 60 (16.8%) 62 (17.2%)

Number of metastases
 1 77 (21.6%) 75 (20.8%)
 2 120 (33.6%) 130 (36.1%)
 ≥ 3 160 (44.8%) 155 (43.1%)

Previous SREs 56 (15.7%) 55 (15.3%)
Current systemic anti-tumor therapy 354 (99.2%) 355 (98.6%)
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and was suitable to explore any covariate effects on the PK 
of QL1206 and denosumab (Figure S2 of the ESM).

The maximum a posteriori Bayesian method was used 
to estimate the exposure parameters of patients with bone 
metastasis. For QL1206, the geomean of AUC 0–4 week,1 and 
 Cmax,1 after a single dose were 230 mg·day/L and 9.92 

mg/mL, respectively. For the steady-state exposure, the 
geomean of AUC 0–4 week,ss and  Cmax,ss were 655 mg·day/L 
and 27.0 mg/mL, respectively. For denosumab, the 
geomean of AUC 0–4 week,1 and Cmax,1 after a single dose 
were 217 mg·day/L and 9.42 mg/mL, while for the steady-
state exposure, the geomean of AUC 0–4 week,ss and  Cmax,ss 

Fig. 2  Urinary N-telopeptide/
creatinine ratio (uNTX/uCr) and 
serum bone-specific alkaline 
phosphatase (s-BALP) data in 
the full analysis set. A Median 
percentage changes from 
baseline (BL) in uNTX/uCr; B 
Least-squares means (LSM) of 
natural log-transformed ratio of 
uNTX/uCr at each timepoint to 
BL analyzed using one-sided 
analysis of covariance. Treat-
ment group and the randomiza-
tion strata were independent 
variables and BL uNTX/uCr 
was a covariate. Missing data 
at Week 13 were imputed using 
the last observation carried 
forward method for subjects 
with a post-BL assessment. 
The difference at Week 13 was 
within the equivalence margins 
(p = 0.8208). No significant dif-
ference between the two groups 
was observed at Week 25 and 
53 (p = 0.5905 and 0.1640); 
C Median percentage changes 
from BL in s-BALP. A van 
Elteren test adjusted by the 
randomization strata was used 
for comparison between the two 
groups. No significant differ-
ence between the two groups 
was observed at Week 13, 25, 
and 53 (p = 0.9585, 0.6681, 
and 0.4872). Urine and blood 
samples were tested for uNTX/
uCr and s-BALP, respectively. 
Numbers of patients with avail-
able uNTX/uCr and s-BALP 
data differed because of the 
different numbers of patients 
with missed sampling or a 
missed time window. W Week, 
SE standard error

-100

-80

-60

-40

-20

0

M
ed

ia
n
(Q

1,
Q
3)

of
pe

rc
en

ta
ge

ch
an

ge
fro

m
ba

se
lin
e
in

uN
TX

/u
C
r

QL1206
Denosumab

A

BL W2 W5 W13 W25 W37 W53

-77.5%
-77.7% -75.2% -79.1%

-81.1% -86.2%

-76.2% -78.2% -75.8% -80.0% -81.3% -83.8%

-2.5

-2.0

-1.5

-1.0

-0.5

0.0

LS
M

(S
E)

of
na

tu
ra

ll
og

-tr
an

sf
or

m
ed

ra
tio

of
uN

TX
/u

C
ra

te
ac

h
tim

e
po

in
tt

o
ba

se
lin

e

QL1206
Denosumab

B

BL W2 W5 W13 W25 W37 W53

-1.467 -1.462 -1.429

-1.822 -1.817
-1.993

-1.485 -1.512
-1.441

-1.857 -1.858 -1.878

-80
-70
-60
-50
-40
-30
-20
-10

0
10
20
30

M
ed

ia
n

(Q
1,

Q
3)

of
pe

rc
en

ta
ge

ch
an

ge
fro

m
ba

se
lin

e
in

s-
BA

LP

QL1206
Denosumab

BL W2 W5 W13 W25 W37 W53

C

6.8%
-4.2%

-38.0%

-47.7%
-52.0%

-53.7%

4.8%
-4.6%

-37.1%

-47.9%
-53.0% -55.9%

Number of patients with available data
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were 564 mg·day/L and 23.5mg/mL, respectively. The 
90% CI of the geometric mean ratios of above exposure 
(AUC 0–4 week,1,  Cmax,1, AUC 0–4 week,ss, and  Cmax,ss) between 
the QL1206 group and denosumab group were within the 
equivalence margins of 80–125%.

4  Discussion

The present double-blind phase III trial showed that 
QL1206, the first denosumab biosimilar, had a clinical effi-
cacy and safety profile comparable to denosumab. This was 
also the first study using the surrogate endpoint uNTX/uCr 
as the primary endpoint to evaluate the efficacy of a deno-
sumab biosimilar. We further studied the immunogenicity 
and PK of QL1206 and proved its similarity to denosumab.

The key strength of the present study is that the surrogate 
endpoint uNTX/uCr was chosen as the primary endpoint. 
N-telopeptide is a proteolytic product of type I collagen 
(a major component of bone matrix) and indicates bone 
resorption [13]. The uNTX/uCr is a commonly used bio-
marker in patients with bone metastatic diseases. In bone 
metastatic prostate cancer or lung cancer, uNTX/uCr was 
higher than that in patients without bone metastases [14]. 
Higher NTX at baseline suggests a higher risk of a negative 
outcome in patients who do not receive bone antiresorp-
tive agents [14]. Previous studies reported that uNTX/uCr 
reduction after treatment was also associated with a lower 

risk of SRE, disease progression, and death in patients with 
bone metastases receiving denosumab or bisphosphonates 
[15, 16]. A meta-regression analysis produced similar con-
clusions [17]. These results indicated that uNTX/uCr can 
be used as a surrogate endpoint for SRE in patients with 
bone metastases from solid tumors. Regulatory guidelines 
of the National Medical Products Administration of China, 
US Food and Drug Administration, and European Medicines 
Agency also supported a biomarker as the primary endpoint 
in a trial of a biosimilar versus the reference. [23–25] Addi-
tionally, in a previous phase III study of denosumab versus 
zoledronic acid [26] and two ongoing phase III studies of 
denosumab biosimilars versus the reference in patients with 
bone metastases (NCT04812509 and NCT04859569), the 
percentage change in uNTX/uCr from baseline to Week 13 
was also used as the primary endpoint. Thus, uNTX/uCr 
was chosen as the primary endpoint of the present study. 
We found a 75.8% decrease in uNTX/uCr after denosumab 
treatment at Week 13, consistent with the results of previous 
studies (81.9% decrease) [26]. QL1206 also had uNTX/uCr 
changes parallel to that produced by denosumab. Subgroup 
analyses of the change in uNTX/uCr at Week 13 showed 
that, except for the subgroup without current systemic anti-
cancer therapy, all the other subgroups of age, sex, tumor 
type, previous SRE, and current systemic anti-tumor therapy 
had similar changes in uNTX/uCr between the two groups. 
The subgroup without current systemic anti-tumor therapy 
comprised only 13 patients, which might have produced bias 

Fig. 3  Cumulative skeletal-
related event (SRE) rates in the 
two groups. Median survival 
time was not estimable (NE). A 
Cox proportional hazards model 
adjusted by the randomization 
strata was used for compari-
son between the two groups. No 
significant difference between 
the groups was observed  
(p = 0.5478). HR hazard ratio, 
CI confidence interval
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in the analysis. Further, the result of the sensitivity analysis 
for center effect was comparable to the primary analysis, 
indicating the center effect could be neglected.

Patients with SREs experienced pain and decreased qual-
ity of life [3]. Denosumab decreases the incidence of SREs 
and delays the time to SREs [6–8]. Although the SRE data 
were immature after the 53-week follow-up period in the 
present study, the time to the first on-study SRE was simi-
lar between the two treatments, indicating that QL1206 and 
denosumab had equivalent efficacy in both bone turnover 
markers and SREs. The incidences of SREs were compara-
ble between the QL1206 (9.5%) and denosumab treatments 
(8.3%), but were slightly higher than previous results of 

denosumab (4.9%) [26]. This may be because of an insuf-
ficient event number and/or different baseline characteristics 
in the two trials.

In previous studies, approximately 97% of patients receiv-
ing denosumab reported TEAEs [6–8]. Our present study 
showed similar incidences of TEAEs. Both treatments 
reported an incidence of 98.6%. Previous studies found 
denosumab can cause an electrolyte imbalance (e.g., hypoc-
alcemia and hypophosphatemia) [27, 28]. Similar frequen-
cies of hypocalcemia and hypophosphatemia were observed 
between two groups in the present study. Other categories 
of AEs (e.g., ≥ grade 3 TEAEs) were also similar between 

Table 2  Adverse events (safety set)

Data are presented as n (%)
TEAE treatment-emergent adverse event, TESAE treatment-emergent serious adverse event

QL1206 group (n = 356) Denosumab 
group (n = 
361)

All TEAEs 351 (98.6%) 356 (98.6%)
 Treatment related 254 (71.3%) 270 (74.8%)

TEAE ≥ grade 3 174 (48.9%) 184 (51.0%)
 Treatment related 33 (9.3%) 41 (11.4%)

TEAE leading to study drug suspension 16 (4.5%) 23 (6.4%)
 Treatment related 8 (2.2%) 7 (1.9%)

TEAE leading to study drug discontinuation 8 (2.2%) 11 (3.0%)
 Treatment related 4 (1.1%) 3 (0.8%)

TESAE 70 (19.7%) 74 (20.5%)
 Treatment related 1 (0.3%) 3 (0.8%)

TEAE leading to death 18 (5.1%) 22 (6.1%)
 Treatment related 0 0

TEAE in > 20% patients in either treatment group
 Anemia 134 (37.6%) 131 (36.3%)
 White blood cell count decreased 121 (34.0%) 132 (36.6%)
 Neutrophil count decreased 120 (33.7%) 132 (36.6%)
 Aspartate aminotransferase increased 111 (31.2%) 121 (33.5%)
 Alanine aminotransferase increased 110 (30.9%) 116 (32.1%)
 Hypocalcemia 99 (27.8%) 116 (32.1%)
 Hypophosphatemia 82 (23.0%) 95 (26.3%)
 Platelet count decreased 82 (23.0%) 91 (25.2%)
 Blood parathyroid hormone increased 78 (21.9%) 89 (24.7%)
 Hypoproteinemia 74 (20.8%) 74 (20.5%)
 Hypertriglyceridemia 74 (20.8%) 74 (20.5%)

TEAE ≥ grade 3 in > 5% patients in either treatment group
 Neutrophil count decreased 55 (15.4%) 54 (15.0%)
 Disease progression 30 (8.4%) 30 (8.3%)
 White blood cell count decreased 27 (7.6%) 33 (9.1%)
 Anemia 24 (6.7%) 25 (6.9%)
 Hypophosphatemia 20 (5.6%) 26 (7.2%)
 Platelet count decreased 16 (4.5%) 20 (5.5%)



267Biosimilar QL1206 vs Denosumab in Patients with Bone Metastases from Solid Tumors

the two groups. All these results suggested that QL1206 and 
denosumab have similar safety profiles.

Indeed, when QL1206 is approved, patients will have 
more choice to receiving either denosumab or QL1206. 
Previous studies have revealed increased discontinuation 
rates after switching other references drugs to biosimilars, 
mainly owing to nocebo effects [29]. After the double-blind 
period in the present study, all patients received QL1206 to 
assess the long-term efficacy and safety of QL1206 and the 
feasibility of switching from denosumab to QL1206. The 
changes in uNTX/uCr and s-BALP from baseline to Week 
25 and 53 as well as the on-study SRE throughout Week 53 
were similar between the two groups. Adverse events were 
tolerable. The incidences of TEAEs leading to treatment dis-
continuation were low (2.2% and 3.0%). Thus, the nocebo 
effect was considered not clinically relevant. This evidence 
strongly suggests that the QL1206 has clinical efficacy and 
safety equivalent to denosumab, and that switching from 
denosumab to QL1206 is feasible.

Denosumab is an antibody with the potential to stimulate 
host immune responses [30]. The preliminary phase I trial 
showed that 7.4% and 4.0% of healthy participants devel-
oped antibodies after QL1206 and denosumab treatment, 
respectively. [18] No Nab was identified in the healthy par-
ticipants. In the present study, we found that similar per-
centages of patients had positive antibodies after QL1206 
and denosumab treatment. The levels of antibodies were 
low, suggesting a low immunogenicity of the two drugs. In 
addition, similar percentages of patients had Nabs between 
the two groups. The significance of Nabs in patients with 
cancer but not in the healthy participants requires further 
investigation.

Although a popPK analysis of denosumab has been pre-
viously reported [31, 32], a popPK model of a denosumab 
biosimilar based on a comparative clinical study in patients 
with cancer has not been established. In the present study, 
the popPK analysis identified treatment, weight, and albu-
min as significant covariates influencing systemic clearance 
in the central compartment, and disease state, weight, and 
albumin as significant covariates influencing volume of dis-
tribution in the central compartment. However, the effects 
of covariates on exposure were not clinically meaningful, 
leading to a recommendation for no dose adjustments when 
administering QL1206 or denosumab to patients with bone 
metastases from solid tumors at the dosage of 120 mg Q4W. 
Model-based simulations demonstrated QL1206 (120 mg 
Q4W) is bioequivalent to denosumab.

This study has several limitations. First, this study only 
enrolled Chinese patients and most patients had lung cancer 
or breast cancer. Thus, caution must be paid when these 
results were interpreted for patients with other ethnicities 
or with bone metastases from other solid tumors. Second, 
the SRE data were immature because of an insufficient 

follow-up duration. Nevertheless, according to the protocol, 
the present study has already ended and the SRE results will 
not be updated. Third, we can only provide LSMs for uNTX/
uCr and a hazard ratio for SRE, but not a risk difference or 
ratio, according to data type.

5  Conclusions

As the first denosumab biosimilar, QL1206 has promising 
clinical efficacy in the reduction of uNTX/uCr, s-BALP, 
and the risk of SREs, and a tolerable safety profile, immu-
nogenicity, and PK similar to denosumab. Switching from 
denosumab to QL1206 is feasible. QL1206 is an option for 
patients with bone metastases from solid tumors.
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