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Abstract
Summary The efficacy and safety of denosumab were
evaluated in Japanese postmenopausal women with osteo-
porosis. Total hip and distal 1/3 radius bone mineral
densities (BMDs) were increased, and lumbar spine BMD
was increased in magnitude with increasing dose. Bone
turnover markers significantly decreased compared with
placebo. Denosumab was well tolerated in Japanese
subjects.
Introduction The efficacy and safety of three doses of
denosumab were compared with a placebo over
12 months in Japanese postmenopausal women with
osteoporosis.
Methods In this phase 2 multicenter, randomized, placebo-
controlled study, 226 subjects were randomized and 212

subjects received at least 1 dose of investigational product,
subcutaneously. All subjects also received daily supple-
ments of at least 600 mg elemental calcium and 400 IU
vitamin D from the beginning of screening through
12 months of treatment.
Results Compared with placebo, denosumab (14, 60,
and 100 mg) showed significant increases in percent
BMD values of lumbar spine (5.25, 6.27, and 7.00) and
total hip (3.90, 3.69, and 4.35) from baseline in
12 months. Distal 1/3 radius BMD was also significant-
ly increased except at the 100-mg dose (1.82, 1.35, and
1.15). Denosumab significantly decreased the serum C-
terminal crosslinking telopeptide of type 1 collagen and
urinary N-terminal crosslinking telopeptide of type I
collagen/urinary creatinine levels in 8 days, and bone
alkaline phosphatase in 3 months. No new vertebral
fracture was observed on spinal radiographs in either
group. The overall incidences of adverse events were
similar in the denosumab groups and the placebo group.
No subject developed antibodies to denosumab. These
results were similar to those obtained in the US phase 2
study.
Conclusions Denosumab 60 mg could be an effective dose
for Japanese postmenopausal women with osteoporosis as
was shown in the Caucasian population.

Keywords AMG 162 . BMD . Bone ALP. Serum CTX-I .
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Introduction

Osteoporosis is defined as a skeletal disorder characterized
by compromised bone strength predisposed to an increased
risk of fracture [1]. The prevalence of osteoporosis was
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estimated to be approximately 200 million people world-
wide [2]. The number of patients with osteoporosis in Japan
has been assessed to be about ten million [3].

Osteoporosis is largely due to increased bone resorption,
resulting from increased recruitment, activation, and/or
activity of osteoclasts driven by the signal through a receptor
activator of nuclear factor-kB ligand (RANKL) [4]. Denosu-
mab is a fully human monoclonal IgG2 antibody to RANKL
that binds to the soluble and cell membrane-bound forms of
human RANKL with high affinity and specificity. Denosu-
mab binding to RANKL prevents RANK activation and
inhibits the formation, activation, and survival of osteoclasts.
Denosumab has been approved for the treatment of
osteoporosis in several countries.

The denosumab US phase 2 dose–response study (US
study) showed that denosumab increased bone mineral
density (BMD) and decreased bone turnover markers
significantly compared with placebo in postmenopausal
women with low BMD at 12, 24, and 48 months [5–7]. The
Fracture REduction Evaluation of Denosumab in Osteopo-
rosis given every 6 Months (FREEDOM) trial was a
randomized, double-blind, placebo-controlled, large inter-
national study that has been shown to significantly reduce
fracture risks [8].

To date, however, the dose–response of denosumab on
BMD and bone turnover markers has not been studied
extensively in the Asian population with osteoporosis. The
purpose of this study is to evaluate the dose–response of
denosumab on efficacy and safety in Japanese women. This
report presents the effects of 12 months of denosumab
treatment on BMD, bone turnover markers, and adverse
events in Japanese subjects.

Methods

Study design and subjects

This randomized, placebo-controlled, phase 2 dose–re-
sponse study included four double-blind groups. Subjects
were randomized to one of four treatment groups which
were denosumab (14, 60, or 100 mg) and placebo. These
subjects were administered with the investigational drug
subcutaneously every 6 months for 12 months (total of two
doses). All subjects also received daily supplements of at
least 600 mg elemental calcium and 400 IU vitamin D from
the beginning of screening through 12 months of treatment.

Subjects that were enrolled in this trial were ambulatory
Japanese postmenopausal women that were no older than
80 years old. All the subjects had osteoporosis, a BMD T-
score of −2.5 to −4.0 at the L1–L4 spine or −2.5 to −3.5 at
either the femoral neck or total hip. The eligible criteria of
BMD T-score for Japanese subjects were obtained previ-

ously in the study including 12,419 Japanese females at the
ages from 20 to 85 years or more [9]. The absolute values
of BMD in Japanese women are apparently smaller than
those of Caucasian, and WHO T-score was obtained from
Caucasian women. Thus, we applied the Japanese women’s
T-score in this study. The validity of the T-score in relation
to fracture occurrence was also confirmed in Japanese [10].
Only Hologic dual-energy X-ray absorptiometry (DXA)
instruments were used to measure BMD in the study.
Subjects were excluded if they had received any oral
bisphosphonate treatment, parathyroid hormone (PTH), or
PTH derivatives within the last 12 months before initial
administration of the investigational product, systemic
hormone replacement therapy, selective estrogen receptor
modulators, calcitonin, calcitriol, maxacalcitol, falecalci-
triol, or alfacalcidol within the last 3 months. Patients were
also excluded if they had hypocalcemia, more than two
moderate vertebral fractures (grade 2), or any severe
vertebral fracture (grade 3) on spinal X-rays as determined
by the Genant criteria [11]. Institutional review boards at
each study site approved the study protocol, and all subjects
provided written informed consent.

Study procedure

BMD values of the lumbar spine (L1–L4) and hip of all
subjects were obtained by DXA at baseline, 1, 3, 6, and
12 months of treatment. The BMD of the forearm was
measured at baseline, 6, and 12 months. Quality control and
analysis of DXA scans were performed by Synarc Inc.
(Oregon, USA).

To diagnose vertebral fractures, anterior–posterior and
lateral X-ray films of the thoracic and lumbar spine were
taken at baseline and 12 months. If a subject presented with
acute back pain at a time point other than a scheduled visit
for the X-ray and then occurrence of a vertebral fracture
was suspected, the investigator should obtain a lateral
spinal X-ray and submit it to Synarc Inc. for evaluation. All
X-ray films showing evidence of a vertebral fracture were
adjudicated by radiologists in Synarc Inc., who were
blinded to the treatment group assignment. The levels of
serum C-terminal crosslinking telopeptide of type 1
collagen (CTX-I; Serum Crosslaps ELISA kit, Nordic
Biosciences, Herlev, Denmark) and urinary N-terminal
crosslinking telopeptide of type I collagen (NTX-I; Osteo-
mark® NTx Urine, Wampole Laboratories, NJ, USA) were
measured at baseline, 8 days (day 1 is the first day the
investigational product is administrated), and monthly
through 12 months with an additional measurement 7 days
after the second subcutaneous injection. NTX-I was
adjusted for urinary creatinine (Cr) excretion. Bone-
specific alkaline phosphatase (bone ALP; Tandem®-
Ostase®, Beckman Coulter, CA, USA) was assessed at
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baseline, 1, 3, 6, 9, and 12 months. Intact PTH (iPTH;
Elecsys PTH, Roche Diagnostics K.K., Tokyo, Japan) was
measured at baseline, 1, 3, 6, 7, 9, and 12 months.

The subject must be fasting for at least 10 h prior to serum
and urine collection. The urine sample should be collected in
the morning from the second urine void of the day.

Safety assessment

All subjects were questioned about adverse events at each
treatment visit (at least once a month). Adverse events were
reported without any consideration of the relationship
between the adverse event and the study drug. Investigators
were blinded to the treatment group assignment and
classified each adverse event based on seriousness (yes or
no), severity (mild, moderate, or severe), and the relation-
ship to the study drug.

Hematologic and chemical tests were examined at
baseline, 8 days, 1, 2, 3, 6, 7, 9, and 12 months, and 7 days
after the second administration. Hematologic and chemical
tests were analyzed at the central laboratory. Serum
albumin-adjusted calcium (in milligrams per deciliter) was
calculated as follows: actual serum calcium (in milligrams
per deciliter)−0.8×[serum albumin (in grams/deciliter)−4]
[only when albumin <4.0 (in grams/deciliter)].

The anti-denosumab antibodies were assessed at base-
line, 6, and 12 months. A validated electrochemilumines-
cent immunoassay (PPD Inc., VA, USA and Amgen Inc.,
CA, USA) was used to detect denosumab-binding anti-
bodies; samples with binding antibodies were later screened
for denosumab-neutralizing antibodies by a cell-based
assay (Amgen Inc., CA, USA).

Electrocardiograms (ECG) were conducted at baseline,
1, 6, and 12 months. All ECGs were obtained before
administration of placebo or denosumab. QTc interval was
evaluated using both Bazett’s and Fridericia’s correction
formulae. ECGs were read manually by investigators.

Statistical analyses

The primary efficacy endpoint of this study was the percent
change of lumbar spine BMD from baseline to 12 months.
The primary analysis used t test using last observation
carried forward imputation to compare each denosumab
group with the placebo group. Each denosumab group
versus the placebo group was tested in a step-up fashion
using Hochberg’s procedure to adjust for multiplicity. As a
sensitivity analysis, an analysis of covariance model with
the treatment groups as the main effect and baseline lumbar
spine BMD as the single covariate was also applied. Bone
turnover markers were analyzed using the nonparametric
methodology. Rank tests were used to compare each
denosumab group with the placebo group.

The primary endpoint analyses were performed using the
full analysis set (the primary efficacy subset). This set
included all randomized subjects who received at least one
dose of the investigational product and had a baseline and
at least one post-baseline measure of lumbar spine of DXA.

Results

The disposition of study subjects is summarized in Fig. 1. Of
the 226 women randomly assigned to the treatment groups
(169 denosumab, 57 placebo), 212 subjects received at least
one dose of the study drug and 195 subjects completed
12 months of study. Fourteen subjects withdrew from the
study before administration of the investigational product.
Patient demographics are presented in Table 1. Baseline
demographics were generally balanced among the groups.

BMD

Denosumab treatments showed significant mean percent
increases from baseline to 12 months in BMD at lumbar
spine: 5.71% for 14 mg, 6.73% for 60 mg, and 7.45% for
the 100-mg dose group, respectively. All treatment groups
showed a statistical difference in magnitude with increasing
dose compared with 0.46% in the placebo group (Fig. 2a).
Mean percent increases from baseline to 12 months in
BMD of the total hip were 3.29% for 14 mg, 3.09% for
60 mg, and 3.74% for the 100-mg dose group, respectively.
All treatment groups showed a statistical difference com-
pared with −0.61% in the placebo group (Fig. 2b). At the
distal 1/3 radius, the mean percent increases from baseline
to 12 months in BMD were 1.28% for 14 mg, 0.81% for
60 mg, and 0.61% for the 100-mg dose group, respectively.
All treatment groups showed a statistical difference com-
pared with −0.54% in the placebo group (p<0.05), except
at 100-mg dose group (p=0.0536) (Fig. 2c).

Bone turnover markers

The effects of denosumab compared with placebo on the
bone turnover markers (CTX-I, NTX-I/Cr, and bone ALP)
are presented in Fig. 3a, b, and c. Denosumab treatment
significantly reduced CTX-I and NTX-I/Cr concentrations
from baseline by 8 days relative to placebo. All doses of
denosumab maintained the decrease of CTX-I levels for
6 months, whereas values for the 14-mg dose showed signs
of diminishing reduction following the 4-month time point,
but were still reduced compared to placebo at all time
points. Bone ALP levels significantly decreased by
3 months relative to placebo, reaching 45% to 65% of the
baseline at 6, 9, and 12 months in all denosumab dose
groups.
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iPTH and calcium levels

Increases from baseline in iPTH concentrations were
observed in the denosumab groups at 1 month, and then

returned toward baseline in 6 months (Fig. 3d). The mean
albumin-adjusted serum levels of calcium in denosumab-
treated subjects demonstrated early and small decreases
from baseline, as compared with the placebo (Fig. 3e).
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Fig. 1 Study recruitment and randomization

Table 1 Baseline demographics

Placebo
(N=55)

Denosumab
14 mg (N=53)

Denosumab
60 mg (N=54)

Denosumab
100 mg (N=50)

Total Denosumab
(N=157)

All
(N=212)

Age (years) 64.6±7.0 65.9±7.1 65.1±6.3 64.6±7.1 65.2±6.8 65.1±6.8

Years since
menopause (years)

15.6±7.5 16.3±8.2 15.6±6.6 15.8±7.3 15.9±7.3 15.8±7.3

Height (cm) 151.6±6.5 150.5±5.5 150.7±4.9 151.0±5.1 150.7±5.1 151.0±5.5

Weight (kg) 51.3±6.8 50.0±5.6 50.7±7.8 50.8±5.9 50.5±6.5 50.7±6.6

BMI (kg/m2) 22.3±2.4 22.1±2.6 22.3±3.3 22.3±2.5 22.2±2.8 22.3±2.7

Baseline L1–L4
BMD (g/cm2)

0.652±0.040 0.649±0.049 0.642±0.051 0.633±0.051 0.642±0.051 0.644±0.048

Baseline L1–L4
BMD T-score

−3.02±0.34 −3.04±0.41 −3.10±0.44 −3.18±0.43 −3.10±0.43 −3.08±0.41

Baseline total hip
BMD (g/cm2)

0.674±0.070 0.665±0.083 0.637±0.070 0.663±0.077 0.655±0.077 0.660±0.076

Baseline total hip
T-score

−1.72±0.64 −1.79±0.75 −2.06±0.63 −1.82±0.70 −1.89±0.70 −1.85±0.69

Distal 1/3 radius
(g/cm2)

0.491±0.054 0.508±0.074 0.475±0.057 0.492±0.068 0.491±0.068 0.491±0.064

Prevalent vertebral
fracture [no. (%)]

7 (12.7) 12 (22.6) 7 (13.0) 8 (16.0) 27 (17.2) 34 (16.0)

Urine NTX-I/Cr
(nmol/mmol)

49.54±27.95 48.57±42.98 42.55±16.77 47.94±23.32 46.30±29.83 47.14±29.32

Serum CTX-I (ng/mL) 0.50±0.22 0.54±0.23 0.52±0.20 0.48±0.21 0.51±0.21 0.51±0.22

Bone ALP (μg/L) 13.61±4.92 13.89±4.17 14.14±5.18 13.44±4.68 13.83±4.68 13.77±4.73

Intact parathyroid
hormone (pmol/L)

4.06±1.11 4.20±1.31 4.69±1.37 4.39±1.34 4.43±1.35 4.33±1.30

Plus–minus values are mean±SD

N number of subjects who received ≥1 dose of investigational product, BMI body mass index, BMD bone mineral density, NTX-I/Cr N-terminal
crosslinking telopeptide of type I collagen/creatinine, CTX-1 C-terminal crosslinking telopeptide of type 1 collagen, ALP alkaline phosphatase
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Vertebral fracture

None of the subjects had a new or worsening (defined by an
increase of at least one grade from baseline on the Genant
criteria) vertebral fracture during the study.

Safety

The most common adverse events and the system organ
classes in which adverse events were frequently reported
showed no difference between the groups (Table 2). The
number of subjects reporting serious adverse events did not
differ (Table 3). There was no case of osteonecrosis of the
jaw.

No clinically significant trends were noted in serum
chemistry or hematology safety parameters, other than
decreases in serum albumin-adjusted calcium, phosphorus,
and total alkaline phosphatase. One case of treatment-
related mild hypocalcemia was reported in the 14-mg
group. Denosumab administration was not associated with
any significant ECG abnormalities. No subject developed
antibodies to denosumab.

Discussion

To date, dose–response study results of denosumab for
osteoporosis are available only in the US study, which
investigated mainly Caucasians. This study clearly demon-
strates that BMD increases and changes in bone turnover
markers in Japanese osteoporosis patients in equivalence
with those in Caucasians. No difference was observed in
the data of adverse events. The optimal dose, considered to
be 60 mg per 6 months, is consistent with that of
Caucasians.

Mean percent changes from baseline in BMD at
lumbar spine and total hip were significantly greater in
the denosumab groups than in the placebo group at
1 month and thereafter. The BMD response of lumbar
spine at 12 months was observed regardless of the
patient’s baseline demographics; subjects’ years since
menopause, baseline BMD T-scores of lumbar spine,
and total hip, previous osteoporosis medication use,
baseline bone marker levels, smoking status, baseline
weight/BMI, or the presence of prevalent fractures (data

�Fig. 2 Mean percent change from baseline to specific time points in
bone mineral density (BMD) at lumbar spine (L1–L4) (a), total hip
(b), and distal 1/3 radius (c). Values are means and error bars show
standard deviation. *p value<0.05 vs. placebo based on t test; **p
value<0.0001 vs. placebo based on t test.
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Fig. 3 Median percent change
from baseline to specific time
points in serum CTX-I (a), urine
NTX-I/Cr (b), bone ALP (c),
and iPTH (d). Values are
medians and error bars show
interquartile. Mean change from
baseline to specific time points
in serum albumin-adjusted cal-
cium (e). Values are means and
error bars show standard devia-
tion.
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not shown). Therefore, BMD increases by denosumab
treatment could be consistently expected in Japanese
patients with osteoporosis. Denosumab also increased
distal 1/3 radius BMD. These results indicate that
denosumab can increase bone density at trabecular bone
and cortical bone as well as those observed previously
in Caucasians [5–7, 12]. BMD increases in all three
denosumab groups were observed in all measured sites.
However, mean percent increase in magnitude with
increasing dose by denosumab was more marked in

lumbar spine than in total hip and 1/3 distal radius.
Thus, lumbar spine, rich in trabecular bone, could be
more sensitive in detecting the response of BMD
increases to denosumab. The percent increases of
lumbar spine BMD in this study seemed to be slightly
higher than the study of Caucasians [5]. Smaller absolute
BMD values in Japanese may have contributed to this
small difference.

Bone resorption markers, CTX-I and NTX-I, rapidly
decreased after the start of denosumab administration

Fig. 3 (continued)
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and the effects were sustained during the dosing interval
of 6 months in 60- and 100-mg doses. The dose of
14 mg, while rapidly reduced bone resorption markers
to similar levels of those in 60- and 100-mg doses, but
the reduction was less pronounced towards the end of
the treatment cycle. These findings clearly indicate that
a 14-mg dose in 6 months is not enough to maintain the
pronounced reduction of bone resorption. The bone ALP
level was significantly decreased in denosumab groups
compared to the placebo groups at 3 months. The
delayed decrease in bone ALP concentration suggests
that denosumab acts primarily to inhibit bone resorption,
and then coupling between bone resorption and forma-
tion secondarily reduces bone formation. This time
difference was apparently similar to that observed in
Caucasians [5–7]. The maintenance of bone ALP sup-
pression did not seem to be enough in the 14-mg dosing.
The response of iPTH did not seem to greatly differ from
that in Caucasians.

Although a maximized effect on lumbar BMD was
not apparent, the data sets of bone turnover markers
clearly indicate that systemic inhibition of bone resorp-
tion by denosumab seems to be maximized at 60 mg in

every 6-month dosing regimen in patients with osteo-
porosis. The degree of bone resorption inhibition did
not differ in 3 months after dosing of denosumab.
Thus, the dose of denosumab does not seem to
influence the extent of inhibition of bone resorption,
but affects the duration of inhibition of bone resorption.
Therefore, the maximized effective dose of denosumab,
when used in a 6-month interval, is apparently 60 mg
in Japanese women with osteoporosis as determined in
Caucasians.

The 12-month treatment of denosumab 14, 60, and
100 mg was well tolerated among Japanese postmeno-
pausal women in this study. The overall incidences of
adverse events, treatment-related adverse events, with-
drawals due to adverse events, and serious adverse
events were similar in the denosumab groups and the
placebo group, with no dose-related adverse events
being observed. The decreases in serum calcium,
phosphorus, and total alkaline phosphatase were mild
and consistent with known effects on bone metabolism
by denosumab.

In the FREEDOM trial, the incidences of eczema,
flatulence, and hospitalization for cellulitis were only

Table 2 Most common adverse events (≥10% subject incidence in any group) and system organ class (≥20% in any group)

System organ class
Preferred term

Placebo
(N=54), n (%)

Denosumab 14 mg
(N=53), n (%)

Denosumab 60 mg
(N=54), n (%)

Denosumab 100 mg
(N=51), n (%)

Number of subjects reporting
adverse events

49 (90.7) 50 (94.3) 47 (87.0) 48 (94.1)

Infections and infestations 28 (51.9) 30 (56.6) 27 (50.0) 29 (56.9)

Nasopharyngitis 21 (38.9) 18 (34.0) 22 (40.7) 22 (43.1)

Musculoskeletal and connective
tissue disorders

20 (37.0) 18 (34.0) 16 (29.6) 15 (29.4)

Back pain 4 (7.4) 3 (5.7) 8 (14.8) 9 (17.6)

Periarthritis 6 (11.1) 1 (1.9) 1 (1.9) 1 (2.0)

Skin and subcutaneous tissue
disorders

11 (20.4) 12 (22.6) 11 (20.4) 14 (27.5)

Eczema 5 (9.3) 6 (11.3) 4 (7.4) 6 (11.8)

Nervous system disorders 11 (20.4) 12 (22.6) 11 (20.4) 10 (19.6)

Headache 5 (9.3) 7 (13.2) 6 (11.1) 3 (5.9)

Injury, poisoning, and procedural
complications

15 (27.8) 8 (15.1) 9 (16.7) 11 (21.6)

Contusion 8 (14.8) 1 (1.9) 4 (7.4) 1 (2.0)

Respiratory, thoracic, and mediastinal
disorders

10 (18.5) 11 (20.8) 7 (13.0) 9 (17.6)

Upper respiratory tract inflammation 8 (14.8) 4 (7.5) 3 (5.6) 6 (11.8)

Gastrointestinal disorders 15 (27.8) 16 (30.2) 15 (27.8) 18 (35.3)

Includes only treatment-emergent adverse events

N number of subjects who received ≥1 dose of investigational product, n number of subjects reporting at least one adverse event
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reported slightly but showed significantly higher results in
the denosumab group than in the placebo group, for the
duration of 3 years in 7,868 subjects. There was no
significant difference in the overall incidence of cellulitis
between the two groups [8]. In this study, cellulitis and
flatulence were not found and the incidence of eczema in
the denosumab groups did not significantly differ to that of
the placebo group for the period of 1 year in 212 subjects.
Thus, although the number of cases in this study is
obviously small, these adverse events do not seem to raise
major concern for exploring further clinical study in
Japanese subjects.

Conclusion

Denosumab effectively increased BMD at lumbar spine,
total hip, and distal 1/3 radius in Japanese postmenopausal
women with osteoporosis and rapidly decreased bone
turnover markers compared with placebo. Denosumab is
well tolerated. These results were similar to the US phase 2
study. The maximized effective dose of denosumab, when
used in a 6-month interval, is apparently 60 mg in Japanese
women with osteoporosis. This result may warrant a further
study to examine the efficacy on fracture risk reduction in
Japanese subjects with postmenopausal osteoporosis.

Table 3 Serious adverse events

System organ class
Preferred term

Placebo
(N=54), n (%)

Denosumab 14 mg
(N=53), n (%)

Denosumab 60 mg
(N=54), n (%)

Denosumab 100 mg
(N=51), n (%)

Number of subjects reporting
serious adverse events

4 (7.4) 6 (11.3) 4 (7.4) 2 (3.9)

Gastrointestinal disorders 1 (1.9) 3 (5.7) 0 (0) 1 (2.0)

Colitis ischemic 0 (0) 1 (1.9) 0 (0) 0 (0)

Colonic polyp 0 (0) 1 (1.9) 0 (0) 0 (0)

Hemorrhoids 0 (0) 0 (0) 0 (0) 1 (2.0)

Intestinal ischemia 0 (0) 1 (1.9) 0 (0) 0 (0)

Colitis 1 (1.9) 0 (0) 0 (0) 0 (0)

Nervous system disorders 0 (0) 0 (0) 1 (1.9) 1 (2.0)

Cerebral artery embolism 0 (0) 0 (0) 0 (0) 1 (2.0)

Cerebral infarction 0 (0) 0 (0) 1 (1.9) 0 (0)

Vascular disorders 0 (0) 1 (1.9) 1 (1.9) 0 (0)

Hypotension 0 (0) 0 (0) 1 (1.9) 0 (0)

Varicose vein 0 (0) 1 (1.9) 0 (0) 0 (0)

Cardiac disorders 0 (0) 0 (0) 1 (1.9) 0 (0)

Palpitations 0 (0) 0 (0) 1 (1.9) 0 (0)

Ear and labyrinth disorders 0 (0) 1 (1.9) 0 (0) 0 (0)

Meniere’s disease 0 (0) 1 (1.9) 0 (0) 0 (0)

Injury, poisoning, and procedural
complications

0 (0) 1 (1.9) 0 (0) 0 (0)

Subdural haematoma 0 (0) 1 (1.9) 0 (0) 0 (0)

Musculoskeletal and connective
tissue disorders

2 (3.7) 0 (0) 1 (1.9) 0 (0)

Rotator cuff syndrome 0 (0) 0 (0) 1 (1.9) 0 (0)

Hemarthrosis 1 (1.9) 0 (0) 0 (0) 0 (0)

Intervertebral disc protrusion 1 (1.9) 0 (0) 0 (0) 0 (0)

All neoplasms 0 (0) 0 (0) 1 (1.9) 0 (0)

Breast cancer 0 (0) 0 (0) 1 (1.9) 0 (0)

Infections and infestations 1 (1.9) 0 (0) 0 (0) 0 (0)

Hepatitis C 1 (1.9) 0 (0) 0 (0) 0 (0)

Includes only treatment-emergent adverse events. Data are presented in descending order of frequency in the denosumab group. A subject may
have experienced more than one serious adverse event

N number of subjects who received ≥1 dose of investigational product, n number of subjects reporting at least one adverse event
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