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ARTICLE INFO ABSTRACT
Keywords: Purpose: This study evaluated the efficacy, safety, pharmacodynamics (PD), pharmacokinetics (PK), and immu-
Biosimillar ) nogenicity of SB16 versus reference denosumab (DEN) up to 18 months in postmenopausal osteoporosis (PMO)
Bone mineral density patients, and assessed outcomes after switching from DEN to SB16 compared to those who continued with DEN
Denosumab or SB16
Clinical trial: :

iniea’ triats . Methods: 457 PMO patients were initially randomized, with 407 re-randomized at Month 12 to either continue
Postmenopausal osteoporosis . . X
SB16 DEN (DEN+DEN), switch to SB16 (DEN+SB16), or continue SB16 (SB16 + SB16) through Month 18. Efficacy

was assessed by the percent change from baseline in bone mineral density (BMD) at the lumbar spine, total hip,
and femoral neck. Safety, PD, PK, and immunogenicity were evaluated throughout the study period.

Results: Mean percent changes from baseline in lumbar spine, total hip, and femoral neck BMD at Month 18 were
comparable across treatment groups, indicating comparable efficacy between SB16 and DEN. The mean percent
change in lumbar spine BMD was 6.8 % (SB16 + SB16), 6.2 % (DEN-+SB16), and 6.8 % (DEN+DEN). Total hip
BMD increased by 4.4 %, 3.5 %, and 4.0 %, and femoral neck BMD by 3.4 %, 3.1 %, and 2.7 % for SB16 + SB16,
DEN+SB16, and DEN+DEN, respectively. Safety profiles were similar among groups, with no new safety con-
cerns identified after switching. Only one patient in the DEN+SB16 group developed non-neutralizing anti-drug
antibodies by Month 18, indicating a low immunogenicity risk for SB16.
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Conclusion: Switching from DEN to SB16 demonstrated comparable efficacy, safety, PD, PK, and immunogenicity
in PMO patients relative to those who continued DEN. SB16 was well tolerated over 18 months, demonstrating

comparable outcomes to DEN.

1. Introduction

Osteoporosis is a widespread bone disease that affects nearly 20 % of
the global adult population. It is characterized by a decrease in bone
mineral density and structural deterioration of bone tissue [1]. In the
US, women with postmenopausal osteoporosis (PMO) represent over
two-thirds of all osteoporosis cases [2]; their declining estrogen levels
cause an imbalance between bone resorption and bone formation and an
increase in the rate of bone remodeling, resulting in accelerated bone
loss and significantly increased risk of fractures [3,4].

Anti-RANKL biologics have emerged as a first line treatment for the
women with postmenopausal osteoporosis (PMO) with the development
of denosumab (Prolia; hereafter referred to as DEN), a fully human
monoclonal antibody which selectively binds to RANKL [5,6].

Despite their proven effectiveness, the availability and high cost of
originator biologics can limit patient access to vital medications such as
DEN [7-9]. Biosimilars are highly similar to an already authorized
reference (i.e., the “innovator” or “originator™) biological product, with
no clinically meaningful differences in terms of quality, safety, or effi-
cacy [10-12]. The motivation for switching to a biosimilar from an
originator biologic often stems from the potential for significant cost
savings, which can improve patient access and adherence to treatment
[13].

SB16 is a proposed DEN biosimilar that has been developed in
alignment with these goals. Rigorous analytical evaluations were per-
formed to ensure the biosimilarity of SB16 to DEN, including state-of-
the-art analytical methods that were employed to compare the physi-
cochemical, structural, and biological properties. The equivalence in
efficacy and comparable safety, pharmacokinetics (PK), pharmacody-
namics (PD), and immunogenicity between SB16 and DEN up to Month
12 has been previously demonstrated in patients with PMO [14]. This
main period study, which spanned 12 months, provided robust evidence
supporting the biosimilarity of SB16 to DEN, particularly in terms of its
clinical efficacy and safety profile [14].

In many therapeutic areas, emerging data suggest that switching
from a reference product to its biosimilar counterpart is as safe and
effective as continuing treatment with the reference product [15-17]. A
systematic review of over 170 studies showed no significant efficacy,
safety, or immunogenicity concerns related to switching from reference
biologics to biosimilars, with most data focusing on anti-TNFs [16].
Another systematic review and meta-analysis of 44 switch treatment
periods from 31 studies found no significant differences in safety profiles
or immunogenicity rates between patients who switched to or from a
biosimilar and those who remained on reference biologics [17]. How-
ever, uncertainties remain regarding the potential clinical effects of such
switching, particularly in relation to biosimilar immunogenicity
[18-20].

The current clinical study was designed to address whether switching
from DEN to SB16 impacts efficacy, safety, PK, PD, and immunogenicity
in patients with PMO. At 12 months, patients originally receiving DEN
were re-randomized to either continue DEN or switch to SB16. Herein,
we present the results from the switching study, focusing on the clinical
outcomes observed over the 18-month study period. In addition to
assessing the outcomes of the switching group, this study provides
comparative data between patients who continued treatment with SB16
and those who continued with DEN, offering further insights into the
sustained efficacy and safety of SB16 over time.

2. Materials and methods
2.1. Study design

This study was a Phase III, randomized, double-blind, parallel-group,
multicenter trial designed to evaluate the efficacy, safety, PK, PD, and
immunogenicity of SB16 compared to DEN in patients with PMO. The
study was conducted across 40 clinical sites in five countries: Czech
Republic, Denmark, Lithuania, Poland, and the Republic of Korea.

At Screening, the Interactive Web Response System (IWRS) assigned
each patient a unique number to ensure unbiased treatment group
assignment, which was concealed from patients, Investigators, and other
study personnel. A total of 457 patients were randomized at a 1:1 ratio to
receive either SB16 or DEN. SB16 or DEN was administered 60 mg
subcutaneously at baseline (Month 0) and again at Month 6 during the
main period of the study.

For the switching period, the same patient number used in the main
period was conveyed to register the patient using the INRS. At Month
12, patients receiving DEN were re-randomized at a 1:1 ratio to either
continue with 60 mg of DEN (DEN+DEN group) or switch to 60 mg of
SB16 (DEN-+SB16 group). Patients initially assigned to SB16 continued
their treatment with 60 mg of SB16 (SB16 + SB16 group) but underwent
the same randomization process at Month 12 to maintain blinding. The
switching period concluded at Month 18. Throughout the main period
and switching period, all patients received a daily supplement of at least
1 g of elemental calcium and 800 IU of vitamin D to support bone health.

The clinical study protocol, amendments, and informed consent
forms were reviewed and approved by an Independent Ethics Committee
or Institutional Review Board at each participating site. The study was
conducted in accordance with the International Council for Harmoni-
zation (ICH) Good Clinical Practice guidelines and the principles of the
Declaration of Helsinki. Informed consent was obtained from all patients
prior to their participation in the study.

2.2. Participants

2.2.1. Key inclusion criteria

Eligible participants for this study were postmenopausal women
aged 55 to 80 years. To qualify, participants were required to have a T-
score between —2.5 and — 4.0 at either the total hip or lumbar spine as
measured during the screening process. Additionally, all participants
were required to be naive to biologic treatments at the time of screening.

2.2.2. Key exclusion criteria

Participants were excluded from the study if they had a history of one
severe or more than two moderate vertebral fractures as determined by
spinal X-ray. Women with a history of hip fracture or those who had
undergone bilateral hip replacement were also excluded. Other exclu-
sion criteria included a serum 25-hydroxyvitamin D level of <20 ng/mL
(50 nmol/L), albumin-adjusted serum calcium levels outside the range
of 2.1 to 2.62 mmol/L (8.4 to 10.5 mg/dL), and an estimated glomerular
filtration rate (eGFR) of <45 mL/min according to the Modification of
Diet in Renal Disease (MDRD) formula or those undergoing dialysis.
Additionally, participants who had used oral bisphosphonates for oste-
oporosis treatment for more than three years cumulatively or for three
years or less with discontinuation less than one year prior to screening
were excluded from the study. The patients with diseases known to
cause osteoporosis, such as primary hyperparathyroidism, hyperthy-
roidism, and Cushing's disease were excluded.



Y.-S. Chung et al.

2.3. Assessments and outcomes

The primary and secondary endpoints up to Month 12 of this study
have been published previously [14]. The secondary endpoints included
in this manuscript are efficacy, safety, PD, PK, and immunogenicity up
to Month 18. Efficacy was evaluated by assessing the percent change
from baseline in bone mineral density (BMD) at the lumbar spine (L1 to
L4), total hip, and femoral neck at Month 18. The BMD measurements
were only performed using GE Lunar or Hologic machines, and certified
by the central reading center [14]. Safety was monitored through the
incidence of adverse events (AEs) and serious adverse events (SAEs)
reported throughout the study. A treatment-emergent adverse event
(TEAE) was defined as any AE with an onset date on or after the date of
the initiation of study drug. AEs which are already present before the
initiation of study drug and increase in severity after the initiation of
study drug was considered as TEAEs. Abnormalities discovered during
laboratory testing, physical examination, vital signs, and/or other safety
assessments which were assessed as clinically significant by the inves-
tigator were also reported as TEAEs. Adverse events of special interest
(AESI) included hypocalcemia, hypersensitivity to IP, osteonecrosis of
the jaw, atypical femoral fractures, and skin infections. PD outcomes
included the median percent change from baseline in serum C-telopep-
tide of type I collagen (CTX) and serum procollagen type I N-terminal
propeptide (P1NP) concentrations at Month 18. The PK profile was
assessed by measuring serum drug concentrations at Month 18. Addi-
tionally, immunogenicity was evaluated by determining the incidence of
anti-drug antibodies (ADAs) and neutralizing antibodies (NAbs) at
Month 18. The blood samples for PD, PK, and immunogenicity assess-
ment were collected on Month 0, 0.5, 1, 3, 6, 9, 12 (for main period), and
Month 18 (for switching period). At time points Month 0, 6 and 12, the
blood samples were taken before the SB16 or DEN injection was given.

Bone 192 (2025) 117371
2.4. Statistical analysis

The sample size calculation, as well as the definitions for the full
analysis set (FAS), randomized set (RAN), pharmacokinetic analysis set
(PKS), and pharmacodynamics analysis set (PDS), were previously
described [10]. The safety analysis set (SAF2) included all patients from
the initial safety analysis set (SAF1) who received investigational
product (IP) after re-randomization at Month 12.

Secondary efficacy analyses compared the SB16 + SB16, DEN+SB16,
and DEN+DEN treatment groups based on available data in the FAS.
Safety was assessed during the switching period by comparing these
treatment groups in SAF2, with AEs and SAEs coded using MedDRA
version 23.0. Each patient was counted once per preferred term (PT) and
system organ class (SOC). PK and PD analyses were conducted by
comparing the SB16 + SB16, DEN+SB16, and DEN+DEN groups within
the PKS and PDS. Immunogenicity was also assessed among these groups
during the switching period using SAF2 data.

3. Results
3.1. Patient disposition

Patient disposition up to Month 12 was previously reported [14]. Of
the 457 patients randomized, 456 (99.8 %) patients received the IP, and
417 (91.2 %) patients completed the main period (SB16 = 212, DEN =
205). A total of 407 patients were re-randomized (Fig. 1) and entered the
switching period, with 206 in the SB16 + SB16 group, 100 in the
DEN+SB16 group, and 101 in the DEN+DEN group. During the
switching period, three patients withdrew from the study due to consent
withdrawal: one from the DEN+SB16 group and two from the
DEN+DEN group. 404 patients completed the switching period of the
study, with completion rates of 100 % (206 patients) in the SB16 + SB16

457 Randomized (at Month 0) ]

N = 225 (100%2) SB16

F

n =212 (94.2%2)
Completed Main Period (Month 12)
v
| 206 Re-randomized (at Month 12) ]

19 Discontinued

+ 10 Consent Withdrawal

* 4 Adverse event

» 4 Lack of efficacy or
disease progression

« 1 Investigator’s discretion
for any other reason

N =232 (100%2) DEN

31 Discontinued
* 19 Consent Withdrawal
» 8 Adverse event

—
» 2 Protocol deviation
» 1 Lack of efficacy or
disease progression

I » 1 Other

n =205 (88.4%?)
Completed Main Period (Month 12)
2
[ 201 Re-randomized (at Month 12) ]

= 206 (100%") SB16+SB16 (

v
Il N =101 (100%") DEN+DEN

]<_

0 Discontinued

1 Discontinued

2 Discontinued

1 Consent Withdrawal L + 2 Consent Withdrawal
n =206 (100.0%") ( n =99 (99.0%") n =99 (98.0%") )
Completed Switching Period Completed Switching Period Completed Switching Period
(Month 18) L (Month 18) (Month 18) )

Fig. 1. Patient disposition by treatment group (RAN).

Summary of patient disposition during the study, showing the flow of patients from initial randomization through completion of the switching period, with high

completion rates across each treatment group.

Abbreviations: DEN, reference denosumab; RAN, randomized set.

@ Percentages based on the number of randomized patients at Month 0.
b percentages based on the number of randomized patients at Month 12.
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group, 99.0 % (99 patients) in the DEN+SB16 group, and 98.0 % (99
patients) in the DEN+DEN group.

3.2. Patient demographics and disease characteristics

The demographic and disease characteristics of the patients were

Table 1
Patient demographics at baseline and disease characteristics at baseline and
Month 12 (SAF2)".

Category SB16 + DEN+SB16 DEN+DEN
SB16 (N =100) (N =101)
(N = 206)
Demographics at baseline
Ageb, years; Mean (SD) 66.1 (5.72) 65.8 (5.73) 66.4 (6.05)
Age group >65 years; n (%) 120 (58.3) 61 (61.0) 57 (56.4)
Race, n (%)
Asian 14 (6.8) 10 (10.0) 11 (10.9)
White 192 (93.2) 89 (89.0) 90 (89.1)
Other 0 (0.0) 1(1.0) 0 (0.0)
e 25.00
BMI (kg/m*)“; Mean (SD) (3.72) 24.55 (3.44) 24.95 (3.41)
Bl‘g;sa;e:/";’; -1 06) 97 (47.1) 40 (40.0) 43 (42.6)
Disease characteristics at baseline
Years since menopause”, mean (SD) 16 (7) 15 (7) 17 (8)
Prevalent vertebral fracture, n (%)
Yes 92 (44.7) 57 (57.0) 49 (48.5)
No 112 (54.4) 43 (43.0) 50 (49.5)
Not assessable 2(1.0) 0(0.0) 2(2.0)
Serum 25-OH-Vitamin D
levels (nmol/L), mean (SD) 95.7 (41.4) 93.7 (31.4) 92.9 (39.3)
eGFR using MDRD equation (mL/
min/SA), 80.2 (13.7) 79.5 (15.7) 81.9 (15.4)
mean (SD)
Serum PTH (pmol/L), mean (SD) 4.2 (1.6) 4.0 (1.6) 4.3 (1.9)
Prig/:)use of oral bisphosphonates, n 40 (19.4) 16 (16.0) 14 13.9)
T-score, mean (SD)
Lumbar spine —3.05 —3.06 —3.07
(0.49) (0.53) (0.48)
. -1.82 —1.88 —1.85
Total hip ©0.78) ©.72) 0.75)
Femoral neck ~2.17 ~2.20 —2.17
(0.61) (0.57) (0.67)
Serum CTX (ng/mL); Mean (SD) 0.44 (0.21) 0.41 (0.19) 0.46 (0.21)
Disease characteristics at Month 12
Serum 25-OH-Vitamin D 100.6
levels (nmol/L), mean (SD) (38.3) 100.0 (43.8) 102.2(49.3)
eGFR using MDRD equation (mL/
min/SA), 77.0 (13.4) 75.7 (15.3) 76.8 (14.5)
mean (SD)
T-score®, mean (SD)
Lumbar spine ~2.71 ~2.74 —2.74
(0.56) (0.56) (0.55)
. —1.60 -1.69 —-1.65
Total hip ©.79) 0.75) ©.72)
Femoral neck ~2.01 ~2.06 ~2.05
(0.63) (0.61) (0.68)
Serum CTX (ng/mL)’; Mean (SD) 0.14 (0.10) 0.14 (0.09) 0.14 (0.09)

Abbreviations: BMI, body mass index; CTX, C-telopeptide of type I collagen;
DEN, denosumab; eGFR, estimated glomerular filtration rate; MDRD, modifi-
cation of diet in renal disease; N, number of patients in the SAF2; n, number of
patients in each category; PTH, parathyroid hormone; SA, 1.73m?; SAF2, safety
analysis set 2; SD, standard deviation.

@ Percentages calculated based on available data from the SAF2, which in-
cludes patients re-randomized at Month 12.

b Age calculated as the difference in years of ICF and birth year obtained.

¢ BMI calculated using baseline weight and height at screening.

d Years since menopause = (randomization date - date of last menstruation
+1)/365.25.

¢ Instrument quality control (IQC) and cross-calibration (Xcal) corrected BMD
measurement value.

f Any major protocol deviations impacting results were not included.
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well-balanced across the treatment groups at baseline and following re-
randomization at Month 12 (Table 1).

At baseline, the mean age of patients was consistent, ranging from
65.8 to 66.4 years across treatment groups, with 40.0 to 47.1 % having a
BMI of >25 kg/m?. Other demographics and disease characteristics at
baseline including mean T-scores (lumbar spine, total hip, and femoral
neck), serum CTX levels, serum 25-OH-Vitamin D levels, and eGFR
levels were well-balanced across treatment groups.

At Month 12, the disease characteristics, including T-scores and
serum CTX levels, remained well-balanced across the treatment groups,
suggesting uniformity in response to treatment.

3.3. Efficacy

At Month 18, the mean percent changes from baseline in BMD for the
lumbar spine, total hip, and femoral neck were comparable across
treatment groups (between DEN+SB16 and DEN-DEN groups, and be-
tween SB16 + SB16 and DEN+DEN groups) (Fig. 2). The mean (SE)
percent change in lumbar spine BMD was 6.8 % (0.30) in the SB16 +
SB16 group, 6.2 % (0.36) in the DEN+SB16 group, and 6.8 % (0.42) in
the DEN+DEN group. For total hip BMD, the mean (SE) percent changes
were 4.4 % (0.22), and 3.5 % (0.29), and 4.0 % (0.31) for the SB16 +
SB16, DEN+SB16, and DEN+DEN groups, respectively. Femoral neck
BMD showed mean (SE) percent changes of 3.4 % (0.28) in the SB16 +
SB16 group, 3.1 % (0.35) in the DEN+SB16 group, and 2.7 % (0.35) in
the DEN+DEN group.

3.4. Pharmacodynamics and pharmacokinetics

Median percent changes from baseline in serum CTX and P1NP were
also comparable across treatment groups (Fig. 3). Serum CTX levels
showed a median decrease of at least 50 % compared to baseline at all
time points. PINP levels decreased starting at Month 1, and consistent
reductions were observed through Month 18. PK profiles up to Month 18
were comparable between SB16 and DEN treatment groups, both when
continuing DEN and when switching from DEN to SB16 (data not
shown).

3.5. Safety and Immunogenicity

The mean duration of IP exposure during the overall study period
was comparable across treatment groups (518.5 days for the SB16 +
SB16 group, 543.4 days for the DEN+SB16 group, and 542.9 days for the
DEN+DEN group). TEAEs during the main period were similar between
SB16 and DEN groups, as previously reported.

During the switching period, the incidence of TEAEs was also com-
parable across treatment groups: 35.4 % for the SB16 + SB16 group,
29.0 % for the DEN+SB16 group, and 34.7 % for the DEN+DEN group.
Most TEAEs were mild or moderate in intensity (Table 2). AESI were rare
during the switching period, with hypocalcemia occurring in 2 of 206
(1.0 %) patients in the SB16 + SB16 group, and no AESI reported in the
other treatment groups. Skeletal fractures were reported in 4 of 206 (1.9
%) patients in the SB16 + SB16 group and 3 of 101 (3.0 %) patients in
the DEN+DEN group, with none in the DEN+SB16 group. A total of nine
SAEs occurred in seven patients (SB16 + SB16: 4 [1.9 %], DEN+SB16: 2
[2.0 %], DEN+DEN: 1 [1.0 %]) across all groups, with none being
related to the study drug. No injection site reactions or deaths were
reported during the switching period. At Month 18, immunogenicity
assessments revealed that only one patient in the DEN+SB16 group
developed ADAs; however, NAbs were not detected in this patient (data
not shown). No ADAs were detected in the SB16 + SB16 or DEN+DEN
treatment groups.

4. Discussion

This study compared the efficacy and safety of SB16 in PMO patients
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W

8 —@— SB16(SB16+SB16) ---M--- DEN
- DEN+SB16 —-—A--- DEN+DEN

7 —

6 —

Mean % Change from Baseline in Total Hip BMD

I I T I
Baseline Month 6 Month 12 Month 18

Time (Months)

Fig. 2. Mean percent change from baseline in lumbar spine, total hip, and femoral neck BMD (FAS).

Mean percent changes from baseline in BMD up to Month 18 for the lumbar spine (A), total hip (B), and femoral neck (C) were compared between SB16 (SB16 +
SB16), DEN-+SB16, and DEN+DEN treatment groups. The symbol and error bar represent mean and standard error at each timepoint.

Abbreviations: BMD, bone mineral density; DEN, reference denosumab; FAS, full analysis set.

who switched from DEN to SB16 against those who continued receiving
either SB16 or DEN over an 18-month period. The results demonstrated
that efficacy was maintained after switching from DEN to SB16, with
comparable outcomes observed between the DEN+SB16 and DEN+DEN
treatment groups. This study also confirmed that the efficacy of SB16 in
PMO patients was comparable and sustained between SB16 + SB16 and
DEN+DEN groups up to Month 18. SB16 + SB16, DEN-+SB16, and
DEN+DEN groups reported the mean percent changes from baseline up
to month 18 of 6.2 %-6.8 % in lumbar spine BMD, 3.5 %-4.4 % in total
hip BMD, and 2.7 %-3.4 % in femoral neck BMD respectively. The re-
ported values were similar with the results from the FREEDOM study

[21] and are consistent with other proposed DEN biosimilar studies
involving switching to DEN, including the ROSALIA study and the Phase
III CT-P41 study [22,23]. Similarity of efficacy between maintenance
and switching groups was sustained up to Month 18 in the ROSALIA
study and Phase III CT-P41 study [22,23]. By comparison, in the
ROSALIA study, GP2411 + GP2411, DEN+GP2411, and DEN+DEN
groups reported the mean percent changes from baseline up to month 18
of 6.4 %-7.1 % in lumbar spine BMD, 3.8 %-4.1 % in total hip BMD, and
2.7 %-3.2 % in femoral neck BMD [22]. In the Phase III CT-P41 study,
CT-P41 + CT-P41, DEN+CT-P41, and DEN+DEN groups reported mean
percent changes from baseline up to month 18 of 6.6 %-7.1 % in lumbar
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Fig. 3. Median percent changes from baseline in serum CTX and P1NP concentration profiles up to Month 18 (PDS).

Median percent changes from baseline in serum CTX (A) or P1NP (B) concentrations up to Month 18 were compared between SB16 (SB16 + SB16), DEN+SB16, and
DEN+DEN treatment groups. Analyses were based on available data from the PDS. The symbol and error bar represent median percent change and interquartile
range at each timepoint, respectively.

Abbreviations: BMD, bone mineral density; CTX, C-telopeptide of type I collagen; DEN, reference denosumab; P1NP, procollagen type I N-terminal propeptide; PDS,
pharmacodynamics analysis set.
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Table 2
Safety profiles during the switching period (SAF2)".
Number of subjects experiencing SB16 + SB16 DEN-+SB16 DEN-+DEN
N = 206 N =100 N =101
n (%) n (%) n (%)

At least one TEAE 73 (35.4) 29 (29.0) 35 (34.7)

TEAEs related to IP 3(1.5) 0 (0.0) 0 (0.0)

TEAE:s of special interest 2 (1.0) 0 (0.0) 0 (0.0)
Hypocalcemia 2(1.0) 0(0.0) 0(0.0)

At least one serious TEAE 4(1.9) 2(2.0) 1(1.0)

Injection site reactions 0 (0.0) 0 (0.0) 0 (0.0)

TEAEs leading to death 0 (0.0) 0 (0.0) 0 (0.0)

Frequently reported (> 2 %) TEAEs 39 (18.9) 12 (12.0) 15 (14.9)
Arthralgia 7 (3.4) 1Q1.0 2(2.0)
Bronchitis 5(2.4) 1 (1.0) 2(2.0)
COVID-19 5(2.4) 1(1.0) 2(2.0)
Headache 5(2.4) 2 (2.0) 2 (2.0)
Hypercholesterolemia 7 (3.4) 1(1.0) 1(1.0)
Nasopharyngitis 1 (0.5) 1(@1.0) 4 (4.0)
Upper respiratory tract infection 5(2.4) 0 (0.0) 0 (0.0)
Vitamin D deficiency 5(2.4) 5 (5.0) 2(2.0)

Abbreviations: DEN, denosumab; IP, investigational product; N, number of pa-
tients in the SAF2; n, number of patients with event; PTH, parathyroid hormone;
SAF2, safety analysis set 2; TEAE, treatment emergent adverse event.

@ Percentages calculated based on available data from the SAF2, which in-
cludes patients re-randomized at Month 12.

spine BMD, 2.8 %-3.5 % in total hip BMD, and 2.4 %- 3.0 % of femoral
neck BMD [23]. This further supports SB16 as an effective treatment
option, whether as first-line or initiated after DEN treatment, with BMD
results aligning closely with those from other biosimilar studies.

PD parameters evaluated in this study included serum CTX and
P1NP, which are key indicators of bone resorption and formation. The
median percent changes from baseline in CTX levels showed a consistent
decrease and maintenance over the study period across all treatment
groups, reflecting effective suppression of bone resorption. Similarly,
the median percent changes from baseline in serum PINP levels
decreased from the first month and remained stable throughout the
study in each treatment group. Comparable PD outcomes in serum CTX
and PINP between SB16 + SB16, DEN+SB16, and DEN-+DEN groups
confirm that switching from DEN to SB16 does not compromise the
therapeutic effects on bone metabolism. These findings are further
reinforced by the CTX and P1NP results from the GP-2411 and CT-P41
switching studies which demonstrated maintained suppression of
CTX/P1NP after switching from DEN to the respective biosimilar
[22,23].

SB16 and DEN exhibited comparable safety profiles during the
switching period, with similar incidences and characteristics of TEAEs
across the SB16 + SB16, DEN+SB16, and DEN+DEN groups. Most
TEAEs were mild or moderate in intensity. Importantly, no injection site
reactions were reported. Only two TEAEs of special interest (1.0 %, 2
events of hypocalcemia) were reported in the SB16 + SB16 group, with
no TEAEs of special interest reported in the DEN+SB16 or DEN+DEN
groups. No deaths or IP-related SAEs were reported, and the incidence of
skeletal fractures was comparable among the groups. The immunoge-
nicity assessment in this study revealed a very low ADA incidence
consistent with previously reported data from reference DEN (<1 %)
[24,25], with only one patient in the DEN-+SB16 group testing positive
for non-neutralizing ADAs by Month 18. No ADAs were detected in the
SB16 + SB16 or DEN+DEN groups. Collectively, these findings suggest
that SB16 is well-tolerated, with no significant safety and immunoge-
nicity concerns up to Month 18 including when patients switch from
DEN to SB16.

This study does have limitations. Since this study has only 6-month
switching period, so the longer-term effect is unknown. This study was
not designed to examine the impact of switching on fracture risk; the
BMD changes among the groups after switching are similar, so the
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fracture risk is likely similar. Finally, the effect of denosumab with-
drawal on BMD and bone turnover marker (BTM) was not examined.
Still, given the similarity of changes in BMD and BTM on treatment, it is
likely that the offset effects are similar between SB16 and DEN.

Our study design allowed for direct comparisons between
DEN+SB16 and DEN+DEN from Month 12 to Month 18, and between
SB16 + SB16 and DEN+DEN up to Month 18. Although not designed to
statistically compare equivalence, this switching period study provides
valuable data on switching from the reference product to biosimilar.
These results support the use of SB16 as a safe and effective alternative
to DEN, offering clinicians confidence in transitioning patients to this
biosimilar.

5. Conclusions

In conclusion, efficacy, safety, PD, PK, and immunogenicity were
comparable between PMO patients who switched to SB16 and those who
continued DEN. SB16 was well-tolerated over 18 months, with the safety
profile consistent with DEN, and maintained its clinical efficacy, sup-
porting SB16 as an effective and safe alternative in the management of
PMO.

Clinical trial registration

ClinicalTrials.gov  identifier NCT04664959; EudraCT number
2020-001479-34.

CRediT authorship contribution statement

Yoon-Sok Chung: Writing — review & editing, Supervision, Re-
sources, Project administration, Methodology, Investigation, Concep-
tualization. Bente Langdahl: Writing — review & editing, Supervision,
Resources, Project administration, Methodology, Investigation,
Conceptualization. Rafal Plebanski: Writing — review & editing, Re-
sources, Investigation. Edward Czerwinski: Writing — review & editing,
Resources, Investigation. Eva Dokoupilova: Writing — review & editing,
Resources, Investigation. Jerzy Supronik: Writing — review & editing,
Resources, Investigation, Conceptualization. Jan Rosa: Writing — re-
view & editing, Resources, Investigation. Andrzej Mydlak: Writing —
review & editing, Resources, Investigation. Rafal Sapula: Writing —
review & editing, Resources, Investigation. Anna Rowinska-Osuch:
Writing — review & editing, Resources, Investigation. Ki-Hyun Baek:
Writing — review & editing, Resources, Investigation. Audrone Urbo-
niene: Writing — review & editing, Resources, Investigation. Robert
Mordaka: Writing — review & editing, Resources, Investigation. Sohui
Ahn: Visualization, Validation, Software, Project administration,
Methodology, Formal analysis, Data curation. Young Hee Rho: Visu-
alization, Validation, Supervision, Project administration, Methodology,
Formal analysis, Data curation. Jisuk Ban: Writing — original draft,
Visualization, Validation, Supervision, Project administration, Method-
ology, Formal analysis, Data curation. Richard Eastell: Writing — re-
view & editing, Supervision, Resources, Project administration,
Methodology, Investigation, Funding acquisition, Conceptualization.

Funding

Funding for this study was provided by Samsung Bioepis Co., Ltd.,
(Incheon, Republic of Korea).

Declaration of competing interest

The authors declare the following financial interests/personal re-
lationships which may be considered as potential competing interests:
Yoon-sok Chung reports a relationship with Amgen that includes:
speaking and lecture fees. Yoon-sok Chung reports a relationship with
Samsung Bioepis that includes: consulting or advisory and funding


http://ClinicalTrials.gov

Y.-S. Chung et al.

grants. Bente Langdahl reports a relationship with Amgen that includes:
consulting or advisory and speaking and lecture fees. Bente Langdahl
reports a relationship with UCB that includes: consulting or advisory and
speaking and lecture fees. Bente Langdahl reports a relationship with
Gedeon-Richter that includes: speaking and lecture fees. Bente Langdahl
reports a relationship with Astellas that includes: speaking and lecture
fees. Bente Langdahl reports a relationship with AstraZeneca that in-
cludes: speaking and lecture fees. Bente Langdahl reports a relationship
with Samsung Bioepis that includes: funding grants. Rafal Plebanski
reports a relationship with Samsung Bioepis that includes: funding
grants. Edward Czerwinski reports a relationship with Amgen that in-
cludes: consulting or advisory and speaking and lecture fees. Edward
Czerwinski reports a relationship with Samsung Bioepis that includes:
funding grants. Eva Dokoupilova reports a relationship with AbbVie that
includes: funding grants. Eva Dokoupilova reports a relationship with Eli
Lilly that includes: funding grants. Eva Dokoupilova reports a relation-
ship with GSK that includes: funding grants. Eva Dokoupilova reports a
relationship with Novartis that includes: funding grants. Eva Dokoupi-
lova reports a relationship with Biopharma SPRL that includes: funding
grants. Eva Dokoupilova reports a relationship with Pfizer that includes:
funding grants. Eva Dokoupilova reports a relationship with Sanofi that
includes: funding grants. Eva Dokoupilova reports a relationship with
Hexal AG that includes: funding grants. Eva Dokoupilova reports a
relationship with Gilead that includes: funding grants. Eva Dokoupilova
reports a relationship with Janssen that includes: funding grants. Eva
Dokoupilova reports a relationship with Galapagos that includes:
funding grants. Eva Dokoupilova reports a relationship with Samsung
Bioepis that includes: funding grants. Jerzy Supronik reports a rela-
tionship with Samsung Bioepis that includes: funding grants. Jan Rosa
reports a relationship with Samsung Bioepis that includes: funding
grants. Andrzej Mydlak reports a relationship with Samsung Bioepis that
includes: funding grants. Rafal Sapula reports a relationship with
Zamosc Rehabilitation Clinic that includes: employment. Rafal Sapula
reports a relationship with Polish Rehabilitation Society that includes:
board membership. Rafal Sapula reports a relationship with Medical
Rehabilitation for Lublin Region that includes: consulting or advisory.
Rafal Sapula reports a relationship with Samsung Bioepis that includes:
funding grants. Anna Rowinska-Osuch reports a relationship with
Samsung Bioepis that includes: funding grants. Ki-Hyun Baek reports a
relationship with Samsung Bioepis that includes: funding grants.
Audrone Urboniene reports a relationship with Samsung Bioepis that
includes: funding grants. Robert Mordaka reports a relationship with
Samsung Bioepis that includes: funding grants. Sohui Ahn reports a
relationship with Samsung Bioepis that includes: employment. Sohui
Ahn reports a relationship with Samsung Biologics that includes: equity
or stocks. Young Hee Rho reports a relationship with Samsung Bioepis
that includes: employment. Young Hee Rho reports a relationship with
Samsung Biologics that includes: equity or stocks. Jisuk Ban reports a
relationship with Samsung Bioepis that includes: employment. Jisuk Ban
reports a relationship with Samsung Biologics that includes: equity or
stocks. Richard Eastell reports a relationship with AstraZeneca that in-
cludes: consulting or advisory. Richard Eastell reports a relationship
with Immunodiagnostic Systems that includes: consulting or advisory.
Richard Eastell reports a relationship with Sandoz that includes:
consulting or advisory. Richard Eastell reports a relationship with
Samsung Bioepis that includes: consulting or advisory. Richard Eastell
reports a relationship with CL Bio that includes: consulting or advisory.
Richard Eastell reports a relationship with CureTeQ that includes:
consulting or advisory. Richard Eastell reports a relationship with Bio-
con that includes: consulting or advisory. Richard Eastell reports a
relationship with Grunenthal that includes: consulting or advisory.
Richard Eastell reports a relationship with Takeda that includes:
consulting or advisory. Richard Eastell reports a relationship with
Theramex that includes: consulting or advisory. Richard Eastell reports a
relationship with UCB that includes: consulting or advisory. Richard
Eastell reports a relationship with Pharmacosmos that includes:

Bone 192 (2025) 117371

speaking and lecture fees. Richard Eastell reports a relationship with
Alexion that includes: speaking and lecture fees. Richard Eastell reports
a relationship with Radius that includes: speaking and lecture fees.
Richard Eastell reports a relationship with UCB that includes: speaking
and lecture fees. Richard Eastell reports a relationship with Amgen that
includes: speaking and lecture fees. Richard Eastell reports a relation-
ship with Samsung Bioepis that includes: travel reimbursement. Richard
Eastell reports a relationship with CL Bio that includes: travel reim-
bursement. Richard Eastell reports a relationship with Alexion that in-
cludes: funding grants. Richard Eastell reports a relationship with CL Bio
that includes: funding grants. Richard Eastell reports a relationship with
Osteolabs that includes: funding grants. Richard Eastell reports a rela-
tionship with DSMB for Biocon that includes: Chairman. Richard Eastell
reports a relationship with DSMB for CureTeQ that includes: Chairman.
Richard Eastell reports a relationship with DSMB for STOPFOP that in-
cludes: Chairman. If there are other authors, they declare that they have
no known competing financial interests or personal relationships that
could have appeared to influence the work reported in this paper.

Acknowledgements

Medical writing support was provided by Jack Cronk, PhD, on behalf
of SFL Regulatory Affairs and Scientific Communications Ltd., and
funded by Samsung Bioepis Co., Ltd.

Data availability

Upon request, and subject to certain criteria, conditions, and ex-
ceptions, Samsung Bioepis will provide access to individual de-identified
participant data to researchers whose proposals meet the research
criteria and other conditions and for which an exception does not apply.
Proposals should be directed to the corresponding author. For access,
data requestors must enter into a data access agreement with Samsung
Bioepis.

References

[1] N. Salari, H. Ghasemi, L. Mohammadi, M.H. Behzadi, E. Rabieenia, S. Shohaimi, et
al., The global prevalence of osteoporosis in the world: a comprehensive systematic
review and meta-analysis, J. Orthop. Surg. Res. 16 (1) (2021) 609, https://doi.org/
10.1186/s13018-021-02772-0.

[2] K.N. Ruiz-Esteves, J. Teysir, D. Schatoff, E.W. Yu, S.M. Burnett-Bowie, Disparities
in osteoporosis care among postmenopausal women in the United States, Maturitas
156 (2022) 25-29, https://doi.org/10.1016/j.maturitas.2021.10.010.

[3] R. Eastell, T.W. O’Neill, L.C. Hofbauer, B. Langdahl, L.R. Reid, D.T. Gold, et al.,
Postmenopausal osteoporosis. Nat Rev Dis Primers. 2 (2016) 16069, https://doi.
0rg/10.1038/nrdp.2016.69.

[4] A. Bhatnagar, A.L. Kekatpure, Postmenopausal Osteoporosis: A Literature Review.
Cureus. 14 (9) (2022) 29367, https://doi.org/10.7759/cureus.29367.

[5] S.Papapoulos, R. Chapurlat, C. Libanati, M.L. Brandi, J.P. Brown, E. Czerwinski, et
al., Five years of denosumab exposure in women with postmenopausal
osteoporosis: results from the first two years of the FREEDOM extension, J. Bone
Miner. Res. 27 (3) (2012) 694-701, https://doi.org/10.1002/jbmr.1479.

[6] D.L. Kendler, F. Cosman, R.K. Stad, S. Ferrari, Denosumab in the treatment of
osteoporosis: 10 years later: a narrative review, Adv. Ther. 39 (1) (2022) 58-74,
https://doi.org/10.1007/512325-021-01936-y.

[7]1 J.S. Smolen, R. Caporali, T. Doerner, B. Fautrel, F. Benedetti, B. Pieper, et al.,
Treatment journey in rheumatoid arthritis with biosimilars: from better access to
good disease control through cost savings and prevention of nocebo effects, RMD
Open 7 (2) (2021), https://doi.org/10.1136/rmdopen-2021-001637.

[8] H.Y. Huang, C.C. Liu, Y. Yu, L. Wang, D.W. Wu, L.W. Guo, et al.,
Pharmacoeconomic evaluation of Cancer Biosimilars worldwide: a systematic
review, Front. Pharmacol. 11 (2020) 572569, https://doi.org/10.3389/
fphar.2020.572569.

[9] H. Kim, R. Alten, L. Avedano, A. Dignass, F. Gomollon, K. Greveson, et al., The
future of Biosimilars: maximizing benefits across immune-mediated inflammatory
diseases, Drugs 80 (2) (2020) 99-113, https://doi.org/10.1007/5s40265-020-
01256-5.

[10] US Food and Drug Administration: Biological Product Definitions. https://www.fd
a.gov/files/drugs/published/Biological-Product-Definitions.pdf Accessed 27
August 2024.

[11] US Food and Drug Administration: Biosimilar Product Information. https://www.
fda.gov/drugs/biosimilars/biosimilar-product-information Accessed 27 August
2024.


https://doi.org/10.1186/s13018-021-02772-0
https://doi.org/10.1186/s13018-021-02772-0
https://doi.org/10.1016/j.maturitas.2021.10.010
https://doi.org/10.1038/nrdp.2016.69
https://doi.org/10.1038/nrdp.2016.69
https://doi.org/10.7759/cureus.29367
https://doi.org/10.1002/jbmr.1479
https://doi.org/10.1007/s12325-021-01936-y
https://doi.org/10.1136/rmdopen-2021-001637
https://doi.org/10.3389/fphar.2020.572569
https://doi.org/10.3389/fphar.2020.572569
https://doi.org/10.1007/s40265-020-01256-5
https://doi.org/10.1007/s40265-020-01256-5
https://www.fda.gov/files/drugs/published/Biological-Product-Definitions.pdf
https://www.fda.gov/files/drugs/published/Biological-Product-Definitions.pdf
https://www.fda.gov/drugs/biosimilars/biosimilar-product-information
https://www.fda.gov/drugs/biosimilars/biosimilar-product-information

[12]

[13]

[14]

[15]

[16]

[17]

[18]

. Chung et al.

European Medicines Agency: Biosimilars in the EU - Information guide for
healthcare professionals. https://www.ema.europa.eu/en/documents/leaflet/biosi
milars-eu-information-guide-healthcare-professionals_en.pdf (2019). Accessed 27
August 2024.

T.K. Kvien, K. Patel, V. Strand, The cost savings of biosimilars can help increase
patient access and lift the financial burden of health care systems, Semin. Arthritis
Rheum. 52 (2022) 151939, https://doi.org/10.1016/j.semarthrit.2021.11.009.

B. Langdahl, Y.S. Chung, R. Plebanski, E. Czerwinski, E. Dokoupilova, J. Supronik,
et al., Proposed Denosumab biosimilar SB16 vs reference Denosumab in
postmenopausal osteoporosis: phase 3 results up to month 12, J. Clin. Endocrinol.
Metab. (2024), https://doi.org/10.1210/clinem/dgae611.

H.C. Ebbers, H. Schellekens, Are we ready to close the discussion on the
interchangeability of biosimilars? Drug Discov. Today 24 (10) (2019) 1963-1967,
https://doi.org/10.1016/j.drudis.2019.06.016.

L. Barbier, H.C. Ebbers, P. Declerck, S. Simoens, A.G. Vulto, I. Huys, The efficacy,
safety, and immunogenicity of switching between reference biopharmaceuticals
and Biosimilars: a systematic review, Clin. Pharmacol. Ther. 108 (4) (2020)
734-755, https://doi.org/10.1002/cpt.1836.

T.M. Herndon, C. Ausin, N.N. Brahme, S.J. Schrieber, M. Luo, F.C. Andrada, et al.,
Safety outcomes when switching between biosimilars and reference biologics: a
systematic review and meta-analysis, PLoS One 18 (10) (2023) 0292231, https://
doi.org/10.1371/journal.pone.0292231.

C.L. Bennett, M.W. Schoen, S. Hoque, B.J. Witherspoon, D.M. Aboulafia, C.

S. Hwang, et al., Improving oncology biosimilar launches in the EU, the USA, and
Japan: an updated policy review from the southern network on adverse reactions,
Lancet Oncol. 21 (12) (2020), https://doi.org/10.1016/51470-2045(20)30485-X
e575-e88.

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Bone 192 (2025) 117371

E. van Overbeeke, B. De Beleyr, J. de Hoon, R. Westhovens, 1. Huys, Perception of
originator biologics and Biosimilars: a survey among Belgian rheumatoid arthritis
patients and rheumatologists, BioDrugs 31 (5) (2017) 447-459, https://doi.org/
10.1007/s40259-017-0244-3.

P. Dylst, A. Vulto, S. Simoens, Barriers to the uptake of biosimilars and possible
solutions: a Belgian case study, Pharmacoeconomics 32 (7) (2014) 681-691,
https://doi.org/10.1007/s40273-014-0163-9.

S.R. Cummings, J. San Martin, M.R. McClung, E.S. Siris, R. Eastell, LR. Reid, et al.,
Denosumab for prevention of fractures in postmenopausal women with
osteoporosis, N. Engl. J. Med. 361 (8) (2009) 756-765, https://doi.org/10.1056/
NEJMo0a0809493.

S. Jeka, E. Dokoupilova, A. Kivitz, P. Zuchowski, B. Vogg, N. Krivtsova, et al.,
Equivalence trial of proposed denosumab biosimilar GP2411 and reference
denosumab in postmenopausal osteoporosis: the ROSALIA study, J. Bone Miner.
Res. 39 (3) (2024) 202-210, https://doi.org/10.1093/jbmr/zjae016.

J.Y. Reginster, E. Czerwinski, K. Wilk, P. Borowy, A. Strzelecka, T. Budlewski, et
al., Efficacy and safety of candidate biosimilar CT-P41 versus reference
denosumab: a double-blind, randomized, active-controlled, phase 3 trial in
postmenopausal women with osteoporosis, Osteoporos. Int. (2024), https://doi.
org/10.1007/s00198-024-07161-x.

European Medicines Agency: Prolia SmPC. https://www.ema.europa.eu/en/docu
ments/product-information/prolia-epar-product-information_en.pdf (2024).
Accessed September 24 2024.

US Food and Drug Administration: Prolia Highlights of Prescribing Information.
https://www.accessdata.fda.gov/drugsatfda_docs/label/2024,/125320s2131bl.pdf
(2023). Accessed September 24 2024.


https://www.ema.europa.eu/en/documents/leaflet/biosimilars-eu-information-guide-healthcare-professionals_en.pdf
https://www.ema.europa.eu/en/documents/leaflet/biosimilars-eu-information-guide-healthcare-professionals_en.pdf
https://doi.org/10.1016/j.semarthrit.2021.11.009
https://doi.org/10.1210/clinem/dgae611
https://doi.org/10.1016/j.drudis.2019.06.016
https://doi.org/10.1002/cpt.1836
https://doi.org/10.1371/journal.pone.0292231
https://doi.org/10.1371/journal.pone.0292231
https://doi.org/10.1016/S1470-2045(20)30485-X
https://doi.org/10.1007/s40259-017-0244-3
https://doi.org/10.1007/s40259-017-0244-3
https://doi.org/10.1007/s40273-014-0163-9
https://doi.org/10.1056/NEJMoa0809493
https://doi.org/10.1056/NEJMoa0809493
https://doi.org/10.1093/jbmr/zjae016
https://doi.org/10.1007/s00198-024-07161-x
https://doi.org/10.1007/s00198-024-07161-x
https://www.ema.europa.eu/en/documents/product-information/prolia-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/prolia-epar-product-information_en.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2024/125320s213lbl.pdf

	SB16 versus reference denosumab in postmenopausal women with osteoporosis: 18-month outcomes of a phase III randomized clin ...
	1 Introduction
	2 Materials and methods
	2.1 Study design
	2.2 Participants
	2.2.1 Key inclusion criteria
	2.2.2 Key exclusion criteria

	2.3 Assessments and outcomes
	2.4 Statistical analysis

	3 Results
	3.1 Patient disposition
	3.2 Patient demographics and disease characteristics
	3.3 Efficacy
	3.4 Pharmacodynamics and pharmacokinetics
	3.5 Safety and Immunogenicity

	4 Discussion
	5 Conclusions
	Clinical trial registration
	CRediT authorship contribution statement
	Funding
	Declaration of competing interest
	Acknowledgements
	Data availability
	References


