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Background: This phase 3 study evaluated the efficacy and safety of 6-month treatment with romosozumab in Korean postmeno-
pausal women with osteoporosis.

Methods: Sixty-seven postmenopausal women with osteoporosis (bone mineral density [BMD] T-scores <-2.5 at the lumbar spine,
total hip, or femoral neck) were randomized (1:1) to receive monthly subcutaneous injections of romosozumab (210 mg; n=34) or
placebo (rn=33) for 6 months.

Results: At month 6, the difference in the least square (LS) mean percent change from baseline in lumbar spine BMD (primary effi-
cacy endpoint) between the romosozumab (9.5%) and placebo (—0.1%) groups was significant (9.6%; 95% confidence interval, 7.6
to 11.5; P<0.001). The difference in the LS mean percent change from baseline was also significant for total hip and femoral neck
BMD (secondary efficacy endpoints). After treatment with romosozumab, the percent change from baseline in procollagen type 1 N-
terminal propeptide transiently increased at months 1 and 3, while that in C-terminal telopeptide of type 1 collagen showed a sus-
tained decrease. No events of cancer, hypocalcemia, injection site reaction, positively adjudicated atypical femoral fracture or osteo-
necrosis of the jaw, or positively adjudicated serious cardiovascular adverse events were observed. At month 9, 17.6% and 2.9% of
patients in the romosozumab group developed binding and neutralizing antibodies, respectively.

Conclusion: Treatment with romosozumab for 6 months was well tolerated and significantly increased lumbar spine, total hip, and
femoral neck BMD compared with placebo in Korean postmenopausal women with osteoporosis (ClinicalTrials.gov identifier
NCT02791516).
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INTRODUCTION

Osteoporosis is a major health problem in postmenopausal wom-
en [1]. In postmenopausal women, normal bone turnover cycles
are impaired by estrogen deficiency, resulting in reduced bone
mineral density (BMD) and increased risk of fracture in sites
such as the spine, hip, and wrist [1]. According to the Korea Na-
tional Health and Nutrition Examination Survey (2008 to 2011),
the prevalence of osteoporosis in women aged =50 years is
38.0% [2]. The lifetime risk of osteoporosis-related fractures in
women aged =50 years was 59.5% according to a Korean na-
tional health insurance review during 2005 to 2008 [3].

Treatment strategies to increase bone strength are essential to
prevent postmenopausal women with osteoporosis from suffer-
ing a first or subsequent fracture [4]. For high-risk women with
severe postmenopausal osteoporosis or previous fractures, one
of the treatment options is to use anabolic agents, such as teripa-
ratide and abaloparatide, to enhance bone formation [5]. How-
ever, in Korea, teriparatide was the only option as an anabolic
agent until recently, and novel therapeutic options for severe os-
teoporosis to enhance BMD increase and reduce the risk of frac-
ture, such as biologic agents, are warranted.

Romosozumab is a humanized monoclonal antibody directed
against sclerostin, a glycoprotein produced by osteocytes [6].
Sclerostin is an endogenous inhibitor of the Wingless-type (Wnt)
signaling pathway. Inhibition of sclerostin by romosozumab ac-
tivates the Wnt signaling pathway in the bone, which results in
an increase in bone formation and decrease in bone resorption,
thereby resulting in a robust increase in BMD and possibly bone
strength [7,8]. The efficacy of 210 mg romosozumab given as a
subcutaneous once monthly (QM) injection has been demon-
strated in various clinical trials. For postmenopausal women with
osteoporosis, the efficacy of 12-month treatment with romoso-
zumab in preventing fractures was demonstrated in the phase
3 Fracture Study in Postmenopausal Women with Osteoporosis
(FRAME) [9] and Active-Controlled Fracture Study in Post-
menopausal Women with Osteoporosis at High Risk (ARCH)
[10] studies. Moreover, results from the An Open-label Study to
Evaluate the Effect of Treatment With Romosozumab or Teripa-
ratide in Postmenopausal Women (STRUCTURE) study
showed that romosozumab demonstrated superior BMD gains
over teriparatide at the total hip and femoral neck sites, as well
as an increase in lumbar spine BMD [11]. In men with osteopo-
rosis (the phase 3 PlaceBo-ContRolled Study Evaluatlng The
Efficacy AnD Safety Of Romosozumab In TreatinG MEn With
Osteoporosis [BRIDGE] study), treatment with romosozumab
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for 12 months was associated with a significantly greater mean
percentage change from baseline in lumbar spine and total hip
BMD compared with placebo [12]. Based on the results of these
studies and the Korean phase 3 study reported in the current man-
uscript, romosozumab (Evenity™ Inj. Pre-filled Syringe, Am-
gen Korea Limited, Seoul, Korea) was approved in Korea for
the treatment of osteoporosis in men and postmenopausal wom-
en at high risk for fracture [13].

This phase 3 study was conducted as a part of the regulatory
requirements for the approval of romosozumab in postmeno-
pausal women with osteoporosis in Korea, with the aim to eval-
uate the safety and efficacy of 6-month treatment with romoso-
zumab (210 mg subcutaneously QM) in this patient population
(ClinicalTrials.gov identifier NCT02791516).

METHODS

Study design

This phase 3, multicenter, randomized, double-blind, placebo-
controlled study was conducted across 10 centers in Korea from
January 2017 to September 2018. The dose and route of admin-
istration of romosozumab (210 mg subcutaneously QM) were
selected on the basis of significant improvements from baseline
in BMD outcomes demonstrated in previous phase 2 [14] and
phase 3 [9,10] studies of romosozumab in postmenopausal
women with osteoporosis.

After screening, eligible patients (postmenopausal women
with osteoporosis) were randomized (1:1) to receive romoso-
zumab (210 mg subcutaneously QM) or matching placebo for 6
months. Patients were followed up monthly for 6 months of
treatment (primary analysis) and for an additional 3 months to
assess the immunogenicity (formation of anti-romosozumab an-
tibodies) and adverse events (AEs) for the final analysis (Fig. 1).

This study was conducted in accordance with the Ethical Prin-
ciples for Medical Research Involving Human Subjects outlined
in the Declaration of Helsinki in 1975 (revised in 2013), Inter-
national Council for Harmonisation Good Clinical Practice (ICH
GCP) guidelines, and other applicable regulations or guidelines.
The study protocol and the informed consent form were approved
by the Institutional Review Board at the Catholic University
Yeouido Hospital (IRB no. 2016-1117-0035) and at each site.
Prior to enrollment in the study, written informed consent was
obtained from all patients, including consent for protocol-spe-
cific screening procedures and administration of study medica-
tion.
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Fig. 1. Study design. IP, investigational product; D, day; M, month; SC, subcutaneous; QM, once monthly.

Participants

This study enrolled ambulatory, postmenopausal Korean wom-
en with osteoporosis (age =55 to <90 years). Patients with a
BMD T-score <-2.5 at the lumbar spine, total hip, or femoral
neck at the time of screening, as assessed by dual-energy X-ray
absorptiometry (DXA), and at least two evaluable vertebrae in
the L1 through L4 region and at least one hip evaluable by DXA
were eligible for study participation. Key exclusion criteria were
a BMD T-score =—4.0 at the lumbar spine, total hip, or femoral
neck; history of hip fracture or metabolic or bone disease (except
osteoporosis) that may interfere with the interpretation of the re-
sults; evidence of vitamin D insufficiency; history of solid organ
or bone marrow transplant; current uncontrolled hyper- or hy-
pothyroidism; current uncontrolled hyperparathyroidism or his-
tory of hypoparathyroidism; current hyper- or hypocalcemia;
history of malignancy within 5 years (except nonmelanoma skin
cancers and cervical or breast ductal carcinoma in situ); and pos-
sible diagnosis of multiple myeloma or related lymphoprolifera-
tive disorders. Patients who had previously taken osteoporosis
medications were enrolled only if the washout period was suffi-
cient (Supplemental Table S1).

Randomization and blinding
Eligible patients were randomized (1:1) to receive either romo-
sozumab or placebo in a double-blind manner. Randomization
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was based on a schedule prepared by the sponsor’s central ran-
domization group before the start of the study. Treatment ran-
domization was performed via an interactive voice response
system (IVRS). Information on the randomization was stored in
the IVRS, and unblinded information was available only to the
site staff authorized to access the IVRS. A patient’s treatment
assignment was to be unblinded only when knowledge of the
treatment was deemed essential for further management of the
patient.

Interventions
During screening, patients underwent general, safety, laboratory
(serum chemistry, hematology, serum 25-hydroxyvitamin
(25(0OH)) vitamin D levels, and serum protein electrophoresis),
and imaging (lumbar spine and hip DXA scan) assessments.

Romosozumab (70 mg/mL, dosing volume 1 mL; Amgen
Inc., Thousand Oaks, CA, USA) and matching placebo were
supplied in single-use prefilled syringes and administered sub-
cutaneously at the anterior abdominal wall, upper thigh, and up-
per arm using three prefilled syringes (cumulative dose of 210
mg romosozumab) on day 1 (on the day of randomization or
within 72 hours of randomization) and months 1 to 5.

Patients with a serum 25(OH) vitamin D level of 20 to 40 ng/mL
at screening received an initial loading dose of 50,000 to 60,000
IU vitamin D orally after randomization (within 1 week of the
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study day 1 visit). Those with a serum 25(OH) vitamin D level
of >40 ng/mL at screening could also receive the vitamin D load-
ing dose at the investigator’s discretion. Throughout the study
period, patients received daily oral calcium (500 to 1,000 mg)
and vitamin D (600 to 800 IU) supplementation.

The study treatment and assessments were discontinued when
patients met any of the following criteria: patient’s request, AEs,
ineligibility for study participation, protocol deviation, noncom-
pliance to treatment, requirement for alternative therapy, proto-
col-specified criteria, death, lost to follow-up, and decision by
the sponsor or investigator. In the event of a clinical fracture, the
investigator was required to discuss the fracture risk and alter-
native treatment options, and patients were requested to complete
the remaining visits regardless of the choice of post-discontinu-
ation treatment. Study drug administration and other protocol-
required therapies were also withheld or discontinued in patients
with abnormal hepatic laboratory values, as specified in the Guid-
ance for Industry Drug-Induced Liver Injury issued by the Unit-
ed States (US) Food and Drug Administration (FDA) [15].

Outcomes

The primary efficacy endpoint was the percent change from
baseline in lumbar spine BMD at month 6. The secondary effi-
cacy endpoints were the percent change from baseline in femo-
ral neck and total hip BMD at month 6. Exploratory efficacy
endpoints were the percent changes from baseline in bone turn-
over markers (BTMs; procollagen type 1 N-terminal propeptide
[PINP] as a bone formation marker and serum C-terminal telo-
peptide of type 1 collagen [CTX] as a bone resorption marker)
over 6 months. Treatment-emergent adverse events (TEAEs),
serious TEAEs, TEAEs of interest (hypersensitivity, cancer, hy-
pocalcemia, injection site reaction, hyperostosis, osteoarthritis,
atypical femoral fracture [AFF], osteonecrosis of the jaw [ONJ]),
and serious cardiovascular events were monitored throughout
the primary and final analysis periods as safety endpoints. Se-
rum chemistry and hematology were assessed at screening, day
1, and months 1, 3, and 6 at Q2 Solutions (Singapore); blood
anti-romosozumab antibodies were assessed at day 1 and months
1, 3, 6, and 9 at Amgen Inc. The pharmacokinetic endpoint was
serum romosozumab concentrations assessed at day 1 and months
1, 3, and 6 at Amgen Inc.

Lumbear spine, femoral neck, and total hip BMD was assessed
using DXA scan and centrally reviewed at Bioclinica (Portland,
OR, USA). PINP and CTX were assessed on day 1 and at months
1, 3, and 6. TEAEs were monitored throughout the study, and to
fully evaluate the TEAEs of interest, potential events of ONJ,
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AFF, and serious cardiovascular TEAEs were submitted to an
independent committee for adjudication.

Sample size

The sample size was determined based on the results from the
phase 2 study of romosozumab in postmenopausal women [14].
This study found that the estimated mean percent difference in
lumbar spine BMD between romosozumab and placebo at month
6 was 7.9% (95% confidence interval [CI], 6.6 to 9.3); the stan-
dard deviation (SD) of mean percent change in lumbar spine
BMD at month 6 in the romosozumab and placebo groups was
3.9% and 3.8%, respectively (Amgen Inc., data on file). It was
thus determined that a sample size of 30 patients per treatment
group would provide >99% power to detect a significant treat-
ment difference in the percent change in lumbar spine BMD at
month 6, assuming a mean percent difference of 6.6% and an
SD of 3.9 with two-sided type 1 error of 5% and a 10% dropout
rate under the two-sample ¢ test.

Statistical methods

All patients who were randomized, regardless of the treatment
received, were included in the full analysis set. Among them, all
patients who had a baseline DXA BMD measurement and at
least one postbaseline DXA BMD measurement for the lumbar
spine, femoral neck, or total hip skeletal sites were included in
the BMD efficacy analysis set. The BTM efficacy analysis set
included all patients who had a baseline measurement and at
least one postbaseline measurement for CTX and PINP. The
safety analysis set consisted of all patients who received at least
one dose of the study drug. All patients in the safety analysis set
who had an evaluable serum romosozumab concentration were
included in the pharmacokinetics analysis set.

Continuous variables were summarized descriptively using
mean, median, SD, first quartile, third quartile, minimum, maxi-
mum, and the number of available observations. Nominal cate-
gorical variables were presented as frequencies and percentages.
Percent change from baseline in lumbar spine, total hip, and fem-
oral neck BMD at month 6 was evaluated using an analysis of
covariance model. BTMs for treatment groups were presented
as graphs depicting medians and interquartile ranges (IQRs) for
percent change over time and assessed using the Wilcoxon rank-
sum test. TEAEs were coded using Medical Dictionary for Reg-
ulatory Activities version 20.1 (primary analysis) or version
21.0 (final analysis). All statistical analyses were performed us-
ing SAS version 9.3 (SAS Institute, Cary, NC, USA).
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Fig. 2. Patient disposition. BMD, bone mineral density; BTM, bone turnover marker.

RESULTS

Patient demographics and baseline characteristics

A total of 67 patients were enrolled and randomized into the ro-
mosozumab (n=34) and placebo groups (n=33). One patient in
the romosozumab group and one patient in the placebo group
withdrew their consent and discontinued the study before month
6 and 9, respectively. All the 34 and 33 patients in the romoso-
zumab and placebo groups, respectively, were included in the
full analysis set for the primary analysis at month 6 and the safe-
ty analysis set for the final analysis at month 9 (Fig. 2).

Patient demographic and baseline characteristics were gener-
ally balanced between the romosozumab and placebo groups,
as illustrated by the age of patients (mean+SD, 66.7+7.6 and
68.4 7.2 years, respectively) and BMD T-score at the lumbar
spine (—2.7£0.8 and 2.6+ 0.6, respectively) and total hip (-2.2+
0.7 and —2.2%0.6, respectively) (Table 1). Baseline laboratory
parameters were also similar between the romosozumab and
placebo groups (Supplemental Table S2). The distribution of
baseline cardiovascular risk factors was similar between the
groups. However, the proportion of patients aged =75 years was
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numerically higher in the placebo group than in the romosozum-
ab group (seven patients [21.2%] vs. four patients [11.8%]), as
was the proportion of patients with any history of cardiovascu-
lar risk factors (24 patients [72.7%] vs. 20 patients [58.8%])
(Supplemental Table S2).

All patients received concomitant calcium and vitamin D
supplementation at baseline. Based on screening 25(OH) vita-
min D values, an initial loading dose of 50,000 to 60,000 IU vi-
tamin D was administered within 1 week of randomization to
32 and 33 patients in the romosozumab and placebo groups, re-
spectively.

Efficacy

At month 6, the primary efficacy endpoint was met as the ob-
served difference in the least square (LS) mean percent change
from baseline in lumbar spine BMD between the romosozumab
(9.5%; 95% CI, 7.8 to 11.2; n=33) and the placebo (—0.1%;
95% CI, —1.6 to 1.5; n=31) groups was significant (9.6%; 95%
CI, 7.6 to 11.5; P<0.001). Furthermore, the difference in the LS
mean percent change from baseline in total hip BMD between
the groups at month 6 was significant (romosozumab group

Copyright © 2021 Korean Endocrine Society
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Table 1. Patient Demographics and Baseline Characteristics
(Full Analysis Set, Month 6 Primary Analysis)
Romosozumab
Variable I(’la_c;k;()) 210mg SC QM éléﬂ
n=33 (n=34) (n=
Age, yr 684172 66.7£7.6 67.5+7.4
Age group, yr
<65 13 (39.4) 14 (41.2) 27 (40.3)
=65-<75 13 (39.4) 16 (47.1) 29 (43.3)
=75 7(21.2) 4(11.8) 11 (16.4)
BMI, kg/m* 228423 234+29 23.1£2.6
Historical fracture
Any 8(24.2) 7 (20.6) 15(22.4)
Osteoporotic* 6(18.2) 5(14.7) 11(16.4)
Nonvertebral 5(15.2) 5(14.7) 10 (14.9)
Major nonvertebral® 5(15.2) 4(11.8) 9(13.4)
Any historical fracture at or after the age of 45 years
Any 8(24.2) 7(20.6) 15(22.4)
Osteoporotic® 6(18.2) 5(14.7) 11(16.4)
Nonvertebral 5(15.2) 5(14.7) 10 (14.9)
Major nonvertebral® 5(15.2) 4(11.8) 9(13.4)
Time since the most recent fracture, mo®
<12 0 0 0
=12 8(24.2) 7 (20.6) 15(22.4)
BMD T-score
Lumbar spine —2.610.6 —2.7£0.8 —2.7£0.7
Total hip -2.2+0.6 -2.2+0.7 —2.240.7
Femoral neck -2.54+0.5 —2.440.6 -2.54+0.6
Serum 25(OH) vitamin D, 29.5%+5.7 31.3+£89 30.4+7.5
ng/mL
Serum 25(OH) vitamin D level, ng/mL
<20 0 1(2.9) 1(1.5)
=20 33 (100.0) 33(97.1) 66 (98.5)
Values are expressed as mean=standard deviation or number (%). Per-
centages are based on the number of patients randomized.
SC, subcutaneous; QM, once monthly; BMI, body mass index; BMD,
bone mineral density; 25(0OH), 25-hydroxyvitamin.
*An osteoporotic fracture is defined as a fracture reported on the fracture
electronic case report form (eCRF) page, excluding “skull fracture,”
“facial bones fracture,” “fingers fracture,” “toes fracture,” fractures with
high trauma severity, and pathological fractures; "Subset of nonvertebral
fractures, including fractures of the pelvis, distal femur, proximal tibia,
ribs, proximal humerus, forearm, and hip; ‘Includes all spine fractures
reported on the eCRF and nonspine fractures after the age of 45 years.

[2.9%; 95% CI, 2.0 to 3.8], placebo group [0.3%; 95% CI, —0.5
to 1.2], difference [2.6%; 95% CI, 1.4 to 3.7]; P<0.001). The
difference in the LS mean percent change from baseline in fem-
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Fig. 3. Percent change (least square mean and 95% confidence in-
terval) from baseline in dual-energy X-ray absorptiometry (DXA)
bone mineral density (BMD) at the lumbar spine, total hip, and
femoral neck at month 6.

oral neck BMD between the groups (romosozumab group [3.0%;
95% CI, 1.7 to 4.2], placebo group [0.8%; 95% CI, —0.7 to 2.2],
difference [2.2%; 95% CI, 0.7 to 3.6]; P=0.004) was also sig-
nificant (Fig. 3).

The percent change from baseline in PINP in the romosozum-
ab group showed a rapid significant increase compared with the
placebo group at month 1 (median, 95.5% [IQR, 31.1 to 148.3]
vs. —10.7% [IQR, —28.2 to 10.3], P<0.001), remained signifi-
cantly high at month 3 (23.1% [IQR, —5.6 to 70.7] vs. 1.1%
[IQR, -25.2 to 13.9], P=0.010), and returned to nearly baseline
levels by month 6 (7.4% [IQR, —15.5 to 31.6] vs. —11.6% [IQR,
-21.9 to 30.2]; P=0.209) (Fig. 4A). The median PINP level at
month 1 was 90.5 pg/L (IQR, 74.0 to 125.0) in the romosozumab
group and 47.0 pg/L (IQR, 25.0 to 62.0) in the placebo group.
The median percent change from baseline in serum CTX showed
a sustained significant decrease in the romosozumab group com-
pared with the placebo group at month 1 (-30.7% [IQR, —46.0
to —10.3] vs. 8.6% [IQR, —15.3 to 36.4], P<0.001), month 3
(-19.0% [IQR, —30.7 to 11.1] vs. 8.8% [IQR, —15.2 to 20.2],
P=0.044), and month 6 (-25.2% [IQR, —35.8 to 1.3] vs. 6.1%
[IQR,-21.6 to 51.2], P=0.005) (Fig. 4B).

Safety

During the 6-month treatment period, at least one TEAE was
reported in nine patients (26.5%) in the romosozumab group
and 13 patients (39.4%) in the placebo group. TEAEs reported
in two or more patients were lumbar spinal stenosis (romoso-
zumab, n=0; placebo, n=2) and nasopharyngitis (romosozum-
ab, n=0; placebo, n=2) (Table 2). Serious TEAEs were reported
in none of the romosozumab patients and in two placebo pa-
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Fig. 4. Median (interquartile range) percent change from baseline in (A) procollagen type 1 N-terminal propeptide (P1NP) and (B) serum C-
terminal telopeptide of type 1 collagen (CTX) by visit. SC, subcutaneous; QM, once monthly.

tients (lumbar spinal stenosis, grade 2; pulmonary tuberculosis
and fracture femur, grade 3). No patients had TEAEs leading to
treatment discontinuation or death.

TEAE:s of interest reported during the 6-month treatment pe-
riod were hypersensitivity (rash in romosozumab, dermatitis
contact in placebo, n=1 each), osteoarthritis (romosozumab,
n=1), and hyperostosis (lumbar spinal stenosis, placebo, n=2).
No events of cancer, hypocalcemia, injection site reaction, posi-
tively adjudicated AFF, positively adjudicated ONJ, or positive-
ly adjudicated serious cardiovascular events were observed. No
femur fracture events were reported in the romosozumab group,
and one patient in the placebo group reported a serious femur
fracture (as noted above). No clinically relevant changes from
baseline were observed for any of the hematology or chemistry
laboratory parameters.

In the final analysis at month 9, the overall incidence of TEAEs
was higher in the placebo group (48.5%) than that in the romo-
sozumab group (35.3%). No patients had TEAEs leading to treat-
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ment discontinuation or death. No events of positively adjudicat-
ed AFF, positively adjudicated ONJ, or positively adjudicated
serious cardiovascular events were reported during the final
analysis period (Supplemental Table S3).

During the 6-month treatment period, five patients (14.7%)
developed binding anti-romosozumab antibodies (cumulative:
month 1 [#=1], month 3 [n=2], month 6 [n=5]), but no patient
developed neutralizing antibodies. At the final analysis at month
9, six patients (17.6%) developed binding anti-romosozumab
antibodies (two patients [5.9%] transient) and one patient (2.9%)
developed neutralizing antibodies (nontransient). One patient
was antibody negative at the primary analysis but tested positive
for binding, non-neutralizing anti-romosozumab antibodies at
the final analysis. Another patient who tested positive for bind-
ing, non-neutralizing anti-romosozumab antibodies at the pri-
mary analysis tested positive for neutralizing antibodies at the
final analysis.
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Table 2. Summary of TEAEs (Safety Analysis Set, Month 6 Pri-
mary Analysis)
Placebo Romosozumab
TEAE (n=33) 210 mg SC QM
(n=34)
No. of patients reporting TEAEs 13 (39.4) 9(26.5)
Musculoskeletal and connective tissue 4(12.1) 4(11.8)
disorders
Arthralgia 0 1(2.9)
Arthritis 0 1(2.9)
Back pain 1(3.0) 1(2.9)
Pain in extremity 0 1(2.9)
Lumbear spinal stenosis 2(6.1) 0
Musculoskeletal pain 1(3.0) 0
Nervous system disorders 1(3.0) 2(5.9)
Lumbosacral radiculopathy 0 1(2.9)
Neurologic neglect syndrome 0 1(2.9)
Paraesthesia 1(3.0) 0
Cardiac disorders 0 1(2.9)
Angina pectoris 0 1(2.9)
Gastrointestinal disorders 2(6.1) 1(2.9)
Enteritis 0 1(2.9)
Gastritis 1(3.0) 0
Nausea 1(3.0) 0
Infections and infestations 5(15.2) 1(2.9)
Bronchitis 1(3.0) 1(2.9)
Laryngitis 0 1(2.9)
Cystitis 1(3.0) 0
Nasopharyngitis 2(6.1) 0
Pulmonary tuberculosis 1(3.0) 0
Investigations 0 1(2.9)
Alanine aminotransferase increased 0 1(2.9)
Aspartate aminotransferase increased 0 1(2.9)
Neoplasms benign, malignant, and 1(3.0) 1(2.9)
unspecified (including cysts and polyps)
Lipoma 0 1(2.9)
Oral papilloma 1(3.0) 0
Skin and subcutaneous tissue disorders 1(3.0) 1(2.9)
Rash 0 1(2.9)
Dermatitis contact 1(3.0) 0
Vascular disorders 0 1(2.9)
Hypertension 0 1(2.9)
Ear and labyrinth disorders 1(3.0) 0
Vertigo positional 1(3.0) 0
(Continued to the next page)
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Table 2. Continued
Placebo Romosozumab
TEAE : 210 mg SC QM
(n=33) N
(n=34)
Eye disorders 1(3.0) 0
Dry eye 1(3.0) 0
Injury, poisoning, and procedural 1(3.0) 0
complications
Femur fracture 1(3.0)
Respiratory, thoracic, and mediastinal 2(6.1)
disorders
Bronchiectasis 1(3.0)
Rhinitis allergic 1(3.0)
Values are expressed as number (%).
TEAE, treatment-emergent adverse event; SC, subcutaneous; QM, once
monthly.

Pharmacokinetic analysis

The trough serum concentrations of romosozumab in the romo-
sozumab group increased over the 6-month treatment period
(mean*SD concentration: 5,120%+3,170 ng/mL at month 1
[7=33], 6,690%5,330 ng/mL at month 3 [#=30], and 8,710%
7,620 ng/mL at month 6 [n=29]).

DISCUSSION

The results of this phase 3, multicenter, randomized, double-
blind, placebo-controlled study showed that monthly treatment
with romosozumab significantly increased lumbar spine BMD
compared with placebo at 6 months of treatment (difference be-
tween the LS mean percent change from baseline 9.6%) in Ko-
rean postmenopausal women with osteoporosis. Significant in-
creases in total hip and femoral neck BMD were also observed
in the romosozumab group compared with the placebo group.
PINP showed a rapid significant increase at month 1 in the ro-
mosozumab group compared with the placebo group, and the
median PINP level observed at month 1 in the romosozumab
group (90.5 pg/L) was higher than the normal reference inter-
vals of PINP in Korean women (18.7 to 83.2 pg/L) [16]. In
contrast, serum CTX showed a sustained significant decrease in
the romosozumab group compared with the placebo group
throughout the 6-month study period.

The efficacy results of the current study were largely consis-
tent with those obtained in previous phase 3 studies of romoso-
zumab in postmenopausal women with osteoporosis [9-11]. The
LS mean percent changes in BMD at the lumbar spine, total hip,
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and femoral neck in our study (9.5%, 2.9%, and 3.0%, respec-
tively) were similar to those observed at month 6 in the romoso-
zumab group of the FRAME (9.7%, 4.7%, and 2.3%, respective-
ly) [9] and STRUCTURE (7.2%, 2.3%, and 2.1%, respectively)
[11] studies. Our results also showed a rapid increase and return
to baseline levels in PINP and a sustained decrease from base-
line in CTX after treatment with romosozumab. These results
were also consistent with those observed in the previous phase 3
studies [9-11], suggesting a dual effect of romosozumab in in-
creasing bone formation and decreasing bone resorption. The re-
sults of the current study should not be considered a justification
for the 6-month use of romosozumab in Korea as it was tested in
only a small sample of 67 patients. Moreover, physicians are ad-
vised to consider switching to antiresorptive therapies following
treatment with romosozumab to avoid a decrease in BMD, per
the Korean [13] and US FDA [17] prescribing information.

Inhibition of sclerostin is associated with potential safety con-
cerns, such as cardiovascular risks [6]. Indeed, during the
12-month double-blind period of the ARCH study, positively
adjudicated serious cardiovascular AEs, such as cardiac isch-
emic events and cerebrovascular events, were more frequently
observed in the romosozumab group (2.5%) than in the alendro-
nate group (1.9%) [10]. Given the ARCH study results, use of
romosozumab is contraindicated in Korea [13] or should not be
initiated in the US [17] in patients who have had a myocardial
infarction or stroke within the preceding year. However, the in-
cidence rates of positively adjudicated serious cardiovascular
AEs were generally balanced between the romosozumab and
placebo groups in the FRAME study [9] and in its subgroup
analysis of Japanese participants [18]. Additionally, in our study,
no positively adjudicated serious cardiovascular AEs were ob-
served. Physicians have to make the risk-benefit evaluation of
romosozumab treatment for each patient. Further real-world
safety data will help physicians assess the risk-benefit balance
of romosozumab treatment in their patients.

In our study, 17.6% and 2.9% of patients in the romosozumab
group developed binding and neutralizing anti-romosozumab
antibodies, respectively, at the month 9 final analysis. There re-
sults were largely consistent with those obtained in previous
phase 3 studies in postmenopausal women with osteoporosis
[9-11]. In previous studies, the presence of binding or neutraliz-
ing antibodies did not have a detectable impact on the efficacy
or safety of romosozumab [9-11]. In our study, no notable effect
on the drug exposure was observed in patients who tested posi-
tive for binding or neutralizing antibodies.

This study is the first to assess the efficacy and safety of ro-
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mosozumab in postmenopausal women with osteoporosis in
Korea. However, this study has some limitations. First, this
study was conducted in a small population of 67 patients. Sec-
ond, the rate of fracture risk reduction was not evaluated in this
study. Third, the efficacy of romosozumab in increasing BMD
was evaluated for only 6 months although romosozumab is rec-
ommended to be administered to patients for 1 year according
to other pivotal studies [9-11]. Fourth, the effect of antiresorp-
tive therapies following the 6-month romosozumab treatment
could not be assessed in our study. Last, the current study results
do not justify short-term (6-month) use of romosozumab in
postmenopausal women with osteoporosis.

In conclusion, compared with placebo, treatment with romo-
sozumab was well tolerated and significantly increased BMD at
the lumbar spine, total hip, and femoral neck after 6 months of
treatment in Korean postmenopausal women with osteoporosis.
As with the previous pivotal studies, bone formation increased
and bone resorption decreased immediately after treatment with
romosozumab, and the bone formation returned to nearly base-
line levels by month 6.
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