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Abstract
Introduction  This post-hoc analysis of the FRAME study investigated the long-term efficacy and safety of romosozumab 
followed by denosumab in postmenopausal Japanese women with osteoporosis at high fracture risk.
Materials and methods  Data from Japanese women with a high fracture risk participating in the international, randomised, 
double-blind, placebo-controlled, phase 3 FRAME study were analysed. High risk of fracture was defined as ≥ 1 fragility 
fracture with bone mineral density (BMD) ≤ − 2.5 standard deviations [SD], > 2 prevalent vertebral fractures, prevalent 
semiquantitative grade 3 vertebral fracture, or lumbar spine BMD < − 3.3 SD. Endpoints included incidence of new vertebral 
fracture at 12, 24 and 36 months and percentage change from baseline in BMD at the lumbar spine, total hip and femoral neck.
Results  187 Japanese subjects at high risk of fracture were enrolled in FRAME. Incidence of new vertebral fractures was 
lower with romosozumab/denosumab vs. placebo/denosumab at 12, 24 and 36 months (relative risk reduction at all time-
points: 84%; p = 0.056). BMD increases at 12, 24 and 36 months were greater in subjects receiving romosozumab/denosumab 
than placebo/denosumab (lumbar spine: 16.3%, 21.5% and 23.2% vs 0.4%, 8.1% and 10.4%; total hip: 4.9%, 7.9% and 8.9% 
vs 0.4%, 2.8% and 4.1%; femoral neck: 4.8%, 7.6% and 8.1% vs 0.3%, 3.3% and 3.7%, respectively; all p < 0.001 vs placebo/
denosumab). Adverse events were generally balanced between groups.
 Conclusion  Romosozumab/denosumab in Japanese subjects at high risk of fracture resulted in significant BMD gains and 
numerically lower vertebral fracture rate vs. placebo/denosumab at all timepoints measured.
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Introduction

Osteoporosis is a significant economic and societal burden 
which is predicted to worsen over the next 20 years [1]. In 
Japan, approximately 10 million women and 3 million men 

meet the dual-energy X-ray absorptiometry (DXA) criteria 
for osteoporosis [2], and this number is expected to increase 
as the population ages. Osteoporosis is a global problem, 
with estimates from the US predicting that the number of 
fractures is expected to increase by 68% from 2018 to 2040, 
with related costs estimated to increase from $57 billion to 
more than $95 billion [1].

Initial osteoporosis treatments commonly used in Japan 
include bisphosphonates, selective oestrogen receptor 
modulators, eldecalcitol, denosumab and teriparatide [3]. 
Evidence suggests that fracture risk is highest in the first 
year following an initial fracture [4]; thus, a more potent 
initial treatment must be used in those at high risk of frac-
ture [5]. Clinical trial evidence from the FRActure study 
in postmenopausal woMen with ostEoporosis (FRAME; 
NCT01575834) suggests that 12 months of treatment with 
the bone-forming agent romosozumab as the initial ther-
apy leads to substantial increases in bone mineral density 
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(BMD) that are maintained when subjects are switched to 
denosumab [6–8]. These significant improvements in BMD 
with romosozumab compared with placebo were associated 
with a rapid decrease in fracture risk [6]. After 12 months 
of romosozumab or placebo, subjects were switched to 
denosumab for an additional 12  months, during which 
BMD continued to improve and fracture risk continued 
to decrease [6]. The FRAME study was then extended for 
an additional 12 months to assess whether the increases in 
BMD and reductions in fracture risk were maintained longer 
term in women continuing denosumab for a total study dura-
tion of 36 months [7]. This extension study showed that 
women receiving 12 months of romosozumab followed by 
24 months of denosumab had persistent reductions in frac-
ture risk and continued BMD gains compared with placebo 
followed by denosumab [7]. A subgroup analysis of all Japa-
nese women enrolled in FRAME reported that the efficacy 
and safety of romosozumab followed by denosumab over 
36 months was consistent with that observed in the total 
population [8].

In Japan, romosozumab is indicated for the treatment of 
individuals with osteoporosis at high risk of fracture, defined 
using established single risk factors [9, 10]. This publication 
summarises the results of a post-hoc analysis of the FRAME 
study that investigated the long-term efficacy and safety of 
romosozumab followed by denosumab in Japanese women 
at high risk of fracture.

Materials and methods

Study design

This is a post-hoc analysis of a subgroup of Japanese post-
menopausal women with osteoporosis at high risk of fracture 
who participated in the international, randomised, double-
blind, placebo controlled, phase 3 FRAME study [6, 7].

The study design of FRAME has been reported previ-
ously [6]. Briefly, 7180 subjects were randomised to receive 
either romosozumab 210 mg or placebo once monthly (QM) 
for 12 months of double-blind therapy. Randomisation was 
stratified by age (age ≥ 75 vs < 75 years) and prevalent ver-
tebral fracture (yes vs no). At 12 months, all subjects con-
tinuing the study transitioned to open-label therapy with 
subcutaneous denosumab 60 mg every 6 months (Q6M) for 
12 months; subjects completing 12 months of denosumab 
were then eligible for a further 12 months of denosumab 
treatment. The initial treatment assignment to romosozumab 
or placebo remained blinded throughout the entire study 
period. All subjects received daily calcium 500–1000 mg 
and vitamin D 600–800  IU. Those subjects who had a 
baseline serum 25-hydroxyvitamin D (25[OH]D) level of 

20–40 ng/mL could initially receive a loading dose of vita-
min D of 50,000–60,000 IU.

FRAME population

Subjects enrolled in FRAME were postmenopausal women 
aged 55–90 years with osteoporosis (defined as a BMD 
T-score at total hip or femoral neck of − 3.5 to − 2.5). Sub-
jects had to have ≥ 2 vertebrae in the L1 through L4 region 
and ≥ 1 hip evaluable by DXA. Women with a history of hip 
fracture, severe vertebral fracture or ≥ 2 moderate vertebral 
fractures were excluded from the study. Other exclusion 
criteria included: recent or repeated use of strontium rane-
late, fluoride, bisphosphonates, denosumab, any cathepsin 
K inhibitor, teriparatide, any parathyroid hormone analogue, 
oestrogen, hormonal ablation therapy, tibolone, cinacalcet, 
or calcitonin; recent prolonged use of systemic glucocor-
ticoids; a history of metabolic bone disease or conditions 
affecting bone metabolism; osteonecrosis of the jaw; a serum 
25(OH)D level of < 20 ng/mL; or current hypercalcaemia or 
hypocalcaemia.

The FRAME trial was conducted according to the Decla-
ration of Helsinki–Ethical Principles for Medical Research 
Involving Human Subjects, and the study protocol was 
approved by the ethics committee or institutional review 
board at each study centre. Informed consent was obtained 
from all individual participants prior to study enrolment.

Assessments

Subjects underwent the following assessments: DXA scans 
of the lumbar spine and proximal femur at screening and 
12, 24 and 36 months; lateral thoracic and lumbar spine 
radiographs at screening and 12, 24 and 36 months and at 
any other time in case of suspected vertebral fracture. A 
blinded central imaging vendor (BioClinica, Newark, CA, 
USA) assessed and graded vertebral radiographs using the 
Genant semiquantitative criteria [11] and confirmed nonver-
tebral fractures through review of radiographs or imaging 
reports. Only confirmed and adjudicated fractures by the 
central imaging assessor were included in the analysis.

Statistical analysis

The population for this analysis was Japanese postmeno-
pausal women with osteoporosis at high risk of fracture, 
defined as those with ≥ 1 of the following: World Health 
Organisation severe/established osteoporosis criteria of 
BMD T-score ≤  − 2.5 at any skeletal site plus a history 
of ≥ 1 fragility fracture at baseline [12, 13]; ≥ 2 prevalent 
vertebral fractures [14, 15]; a severe semiquantitative 
grade at baseline (Grade 3) [11, 14]; or lumbar spine BMD 
T-score at baseline <  − 3.3 [15, 16]. This definition of high 
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risk of fracture is reflected in the current romosozumab 
label in Japan [10].

This analysis was conducted as per a previously pub-
lished analysis of the Japanese subgroup in FRAME [8]. 
Efficacy analyses were conducted in the full analysis set 
for the Japanese postmenopausal high-risk subset, defined 
as subjects enrolled at study centres in Japan who were 
randomised to treatment with romosozumab/denosumab 
or placebo/denosumab and met the criteria for high risk 
as outlined above. The efficacy endpoints analysed were: 
the incidence of new vertebral fracture at 12, 24 and 
36 months, and other fracture types at 36 months; and the 
percentage change from baseline in BMD at the lumbar 
spine, total hip and femoral neck at 12, 24 and 36 months. 
No multiplicity adjustment was applied in the endpoint 
analysis, and all p values were nominal. This subgroup 
analysis was not adequately powered to demonstrate sta-
tistical significance.

Determination of the least-squares mean percentage 
change from baseline in BMD was performed using anal-
ysis of covariance models with adjustment for treatment, 
age (< 75 vs ≥ 75 years), prevalent vertebral fracture (yes 
vs no) at baseline, baseline BMD, machine type and the 
interaction between baseline BMD and machine type. A 
responder analysis was performed to assess the percent-
age of subjects with any BMD change from baseline, as 
well as particular magnitudes of BMD change (≥ 3%, ≥ 6% 
and ≥ 10% from baseline) at the lumbar spine and total 
hip at 12 months. This analysis used logistic regression 
models adjusted for treatment, age and prevalent verte-
bral fracture stratification variables, and baseline value, 
machine type and baseline value-by-machine type inter-
action. Shifts in BMD T-score at the lumbar spine and 
total hip from ≤  − 2.5 at baseline to >  − 2.5 at 12, 24 and 
36 months were analysed using logistic regression models 
adjusting for treatment, age, prevalent vertebral fracture 
stratification variables and baseline BMD T-score.

Risk ratios for new vertebral fractures were calculated 
by the Mantel–Haenszel method, and p values were deter-
mined by logistic regression models that were stratified by 
age (< 75 vs ≥ 75 years) and prevalent vertebral fracture 
(yes vs no) at baseline. For other fracture types, hazard 
ratios and p values were determined by Cox proportional-
hazards models stratified by age and prevalent vertebral 
fracture.

Nonvertebral fractures excluded fractures of the skull, 
facial bones, metacarpals, fingers and toes; pathologic frac-
tures; and fractures associated with major trauma. Major 
nonvertebral fractures included fractures of the pelvis, distal 
femur, proximal tibia, ribs, proximal humerus, forearm and 
hip. Major osteoporotic fractures included clinical vertebral, 
hip, forearm and humerus fractures, but excluded pathologi-
cal fractures.

Results

Subject disposition

Data from a total of 187 Japanese subjects who met the 
criteria for high risk were extracted for this analysis; 91 
in the romosozumab/denosumab group and 96 in the pla-
cebo/denosumab group (Fig. 1). Of these, 69 subjects in 
the romosozumab/denosumab group and 84 in the placebo/
denosumab group completed 36 months of the study. The 
most common reason for discontinuation was withdrawal of 
consent (10.2%), followed by adverse events (AEs; 6.4%). 
Seven subjects in the romosozumab/denosumab and five 
subjects in the placebo/denosumab group discontinued the 
study due to AEs, and one patient in each group was lost 
to follow-up. There were no deaths in the high-risk group.

Baseline characteristics

The mean age of the population was 71.6 years. More sub-
jects in the romosozumab/denosumab group than the pla-
cebo/denosumab group were aged ≥ 75 years (42.9% vs 
27.1%; Table 1). More subjects in the romosozumab/deno-
sumab group than the placebo/denosumab group had ≥ 1 
prevalent vertebral fracture (48.4% vs 31.3%), and more of 
these fractures were moderate in severity (34.1% vs 17.7%; 
Table  1). Other characteristics were generally similar 
between groups.

Bone mineral density

BMD at baseline according to machine type for all sites 
measured is summarised in Supplementary Table S1. For 
the lumbar spine, total hip and femoral neck, BMD increases 
after 12 months were significantly greater in subjects receiv-
ing romosozumab vs. placebo (Fig. 2a–c; p < 0.001 vs pla-
cebo for all). The significant difference in BMD between 
romosozumab and placebo recipients at 12 months was 
maintained at both 24 and 36 months (12 and 24 months, 
respectively, after the switch to denosumab in both groups).

The responder analysis showed that 12  months of 
treatment with romosozumab resulted in 97.6%, 95.2% 
and 83.1% of subjects achieving a ≥ 3%, ≥ 6% and ≥ 10% 
improvement from baseline, respectively, in lumbar spine 
BMD (Fig. 3a). Corresponding proportions of subjects 
receiving placebo were 18.3%, 3.2% and < 0.1%. A change 
from baseline of ≥ 3%, ≥ 6% and ≥ 10% in total hip BMD 
at 12 months was seen in 65.5%, 36.8% and 10.3%, respec-
tively, of romosozumab recipients, and 14.7%, 6.3% and 
1.1% of placebo recipients (Fig. 3b). All of the response 
rates in the romosozumab group were significantly greater 
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Fig. 1   Patient disposition through the study. Q6M every 6 months, QM once monthly
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Table 1   Key baseline demographic and disease characteristics of the high-risk group of Japanese postmenopausal women with osteoporosis

25(OH)D 25-hydroxyvitamin D, BMD bone mineral density, BMI body mass index, IQR interquartile range, MOF major osteoporotic fracture, 
Q6M every 6 months, QM once monthly, SD standard deviation
a Not readable is defined as ≥ 1 vertebra with missing Genant grade between T4 and L4 and all remaining vertebrae with Genant grade of 0

Placebo/Denosumab 60 mg Q6M (N 
= 96)

Romosozumab 210 mg QM/
Denosumab 60 mg Q6M 
(N = 91)

Mean age (SD), years 70.9 (6.3) 72.4 (6.9)
Age group, n (%)
  < 65 years 18 (18.8) 14 (15.4)
  ≥ 65 years 78 (81.3) 77 (84.6)
  ≥ 75 years 26 (27.1) 39 (42.9)

Japanese 96 (100.0) 91 (100.0)
Mean weight (SD), kg 48.9 (6.6) 47.5 (6.4)
Mean BMI (SD), kg/m2 21.7 (3.0) 21.3 (3.0)
Prior osteoporotic fracture at ≥ 45 years of age, n (%)
 Yes 72 (75.0) 75 (82.4)
 No 24 (25.0) 16 (17.6)

Prevalent vertebral fracture, n (%)
 Yes 30 (31.3) 44 (48.4)
 No 63 (65.6) 47 (51.6)
 Not readablea/missing 3 (3.1) 0 (0.0)

Number of prevalent vertebral fractures, n (%)
 0 63 (65.6) 47 (51.6)
 1 19 (19.8) 32 (35.2)
 ≥ 2 11 (11.5) 12 (13.2)
 Not readablea/missing 3 (3.1) 0 (0.0)

Most severe Genant semiquantitative grade, n (%)
 Normal 63 (65.6) 47 (51.6)
 Mild 13 (13.5) 13 (14.3)
 Moderate 17 (17.7) 31 (34.1)
 Not readablea/missing 3 (3.1) 0 (0.0)

Mean BMD T-score (SD)
 Lumbar spine  − 2.7 (0.96)  − 2.8 (0.98)
 Total hip  − 2.5 (0.43)  − 2.5 (0.53)
 Femoral neck  − 2.9 (0.29)  − 2.9 (0.30)

BMD T-score categories, n (%)
 Lumbar spine
   ≤  − 3.0 43 (44.8) 45 (49.5)
   >  − 3.0 and ≤  − 2.5 14 (14.6) 14 (15.4)
   >  − 2.5 36 (37.5) 28 (30.8)
  Missing 3 (3.1) 4 (4.4)

 Total hip
   ≤  − 2.5 54 (56.3) 43 (47.3)
   >  − 2.5 42 (43.8) 48 (52.7)
  Missing 0 (0.0) 0 (0.0)

 Femoral neck
   ≤  − 2.5 90 (93.8) 84 (92.3)
   >  − 2.5 6 (6.3) 7 (7.7)
  Missing 0 (0.0) 0 (0.0)

Median FRAX 10-year probability of MOF (IQR), % 24.8 (19.3–33.1) 26.2 (21.6–33.5)
Median 25(OH)D concentration (IQR), ng/mL 28.8 (23.4–34.0) 30.8 (23.6–36.0)
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Fig. 2   Least-squares mean per-
centage change from baseline in 
bone mineral density resulting 
from romosozumab treatment 
for 12 months followed by den-
osumab treatment for 24 months 
in the a lumbar spine, b total 
hip and c femoral neck. BMD 
bone mineral density, Q6M 
every 6 months, QM once 
monthly. *Nominal p < 0.001 
between treatment groups based 
on analysis of covariance model 
adjusting for treatment, age, 
prevalent vertebral fracture 
stratification variables, base-
line value, machine type and 
baseline value-by-machine type 
interaction. Shaded area denotes 
the double-blind period, where 
subjects received romosozumab 
or placebo
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than the response rates in the placebo group (p ≤ 0.016). 
These BMD gains resulted in 79.6% of the romosozumab/
denosumab group achieving a lumbar spine BMD 
T-score >  − 2.5 at 36 months, compared with 21.6% in 
the placebo/denosumab group (p < 0.001 vs placebo). 

The proportions of subjects achieving a total hip BMD 
T-score of >  − 2.5 at 36 months were 57.1% and 36.7% 
in the romosozumab/denosumab and placebo/denosumab 
groups, respectively (p < 0.001 vs placebo).

Fig. 3   Responder analysis of percentage change from baseline to 
12 months in bone mineral density in a lumbar spine and b total hip 
for individual subjects. The x-axis represents each individual subject. 

Horizontal lines reflect 3%, 6% and 10% responses relative to base-
line. N is the number of subjects with a baseline and ≥ 1 postbaseline 
assessment at or before 12 months
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Fracture risk

The incidence of new vertebral fractures was numerically 
lower with romosozumab/denosumab vs. placebo/deno-
sumab at 12, 24 and 36 months (relative risk reduction 84% 
at all timepoints; p = 0.056; Fig. 4). The risk of new fractures 
over 36 months decreased by 34%–65% for clinical, nonver-
tebral, major nonvertebral and major osteoporotic fractures, 
but these reductions were nonsignificant. Generally, the rate 
of these types of fractures was low in both groups and the 
study was not adequately powered to detect a difference in 
the rates of these fractures.

Safety

All 187 Japanese subjects with a high risk of fracture were 
included in the safety analysis. Treatment-emergent AEs 
(TEAEs) were experienced by 88.9% and 87.5% of subjects 
in the romosozumab/denosumab and placebo/denosumab 
groups, respectively (Table 2). A total of 4.4% and 5.2% 
of subjects in the romosozumab/denosumab and placebo/
denosumab groups discontinued treatment because of AEs. 
The most frequent AEs in the romosozumab/denosumab and 
placebo/denosumab groups were nasopharyngitis (46.7% vs 
43.8%), contusion (18.9% vs 7.3%), falls (16.7% vs 14.6%) 
and constipation (13.3% vs 9.4%; Table 2). Serious AEs 
(SAEs) occurred in 17.8% of subjects in the romosozumab/
denosumab group and 15.6% in the placebo/denosumab 
group. There were no fatal AEs and no positively-adjudi-
cated cardiovascular SAEs reported.

Events of interest that occurred during the study in high-
risk subjects in the romosozumab/denosumab and placebo/
denosumab groups were hypersensitivity (21.1% vs 18.8%), 
osteoarthritis (16.7% vs 19.8%), hyperostosis (4.4% vs 

2.1%), malignancy (3.3% vs 1.0%) and injection-site reac-
tion (2.2% vs 2.1%). There were no reports of osteonecrosis 
of the jaw (ONJ), atypical femoral fracture or hypocalcaemia 
(Table 2).

SAEs reported included hypersensitivity and hyperosto-
sis in one patient each from the romosozumab/denosumab 
group, and osteoarthritis in two subjects receiving romo-
sozumab/denosumab. All four cases of malignancy reported 
(one case each of colon cancer with liver metastases, gastric 
cancer and neoplasm of the appendix in the romosozumab/
denosumab group, and one case of gastric adenocarcinoma 
in the placebo/denosumab group; Table 2) were considered 
SAEs.

During the overall study period, binding antibodies devel-
oped in 17.8% of high-risk subjects. No subjects developed 
neutralising antibodies. The presence of antibodies did not 
appear to affect the efficacy or safety of study treatments.

Discussion

This post-hoc analysis of a subgroup of Japanese subjects 
at high risk of fracture from the FRAME study indicates 
that subjects who receive 12 months of treatment with 
romosozumab followed by denosumab for 24 months have 
significant and sustained BMD improvements vs. placebo/
denosumab. High-risk subjects who received romosozumab 
had higher rates of response at 12 months than subjects who 
received placebo, with almost all subjects (> 97%) in the 
romosozumab group achieving a clinically meaningful BMD 
gain in the lumbar spine of ≥ 3%; > 80% of subjects achieved 
a BMD gain of ≥ 10%. The exploratory analysis of fracture 
risk, while underpowered, suggested a trend towards reduc-
tions in fracture risk in patients receiving romosozumab/

Fig. 4   Fracture risk after 
romosozumab treatment for 
12 months followed by deno-
sumab treatment for 24 months. 
Subject incidence and relative 
risk reduction, based on relative 
risks, for new vertebral fracture 
by study visit in the analysis set 
for vertebral fractures. The last 
observation was carried forward 
for missing data. n number 
of subjects with fracture, N 
number of subjects analysed, 
Q6M every 6 months, QM once 
monthly, RRR​ relative risk 
reduction. Shaded area denotes 
the double-blind period, where 
subjects received romosozumab 
or placebo
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denosumab vs. placebo/denosumab, and the trend was con-
sistent across all fracture types. These results are notewor-
thy considering the romosozumab/denosumab group had a 
higher proportion of individuals aged ≥ 75 years, a greater 
prevalence of baseline fractures and a higher FRAX at base-
line than the placebo/denosumab group, and thus were at 
greater risk of fracture than the placebo/denosumab group.

These results are similar to those reported for the primary 
FRAME population and the Japanese FRAME subgroup 
analysis [7, 8]. The Japanese subgroup analysis supported 

the efficacy of romosozumab/denosumab seen in the global 
study and showed that this regimen is effective in Japanese 
patients [8], but it is also important to investigate the efficacy 
of romosozumab in Japanese subjects at high risk of frac-
ture. The high-risk subgroup in the present analysis had an 
estimated 10-year FRAX probability of major osteoporotic 
fractures of 24.8% and 26.2% for the placebo/denosumab 
and romosozumab/denosumab groups, respectively. Indi-
viduals with FRAX probabilities such as these are also con-
sidered at high risk of fracture. A FRAX 10-year probability 

Table 2   Treatment-emergent 
adverse events in high-risk 
postmenopausal Japanese 
women with osteoporosis 
through 36 months

a Identified by prespecified Medical Dictionary for Regulatory Activities (MedDRA) search strategies using 
MedDRA version 19.1. Hypocalcemia, injection-site reaction, osteoarthritis, and hyperostosis include only 
treatment-emergent adverse events as a result of Amgen-defined MedDRA search strategies. Hypersensitiv-
ity and malignancy include only treatment-emergent adverse events as a result of a narrow search/scope in 
standardized MedDRA queries
b Serious AE reported in 1 subject who received romosozumab/denosumab and in 0 subjects who received 
placebo/denosumab
c Serious AE reported in 2 subjects who received romosozumab/denosumab and in 0 subjects who received 
placebo/denosumab
d All reported malignancies were considered serious AEs. Malignancies reported were colon cancer (n = 1), 
gastric cancer (n = 1) and neoplasm of the appendix (n = 1) in the romosozumab/denosumab group, and 
gastric adenocarcinoma (n = 1) in the placebo/denosumab group
e Includes adverse events adjudicated positive by an independent adjudication committee
AE adverse event, Q6M every 6 months, QM once monthly, TEAEs treatment-emergent adverse events

Placebo/Denosumab 
60 mg Q6M (N = 96)

Romosozumab 210 mg QM/ 
Denosumab 60 mg Q6M 
(N = 90)

AE summary, n (%)
 All TEAEs 84 (87.5) 80 (88.9)
 Serious AEs 15 (15.6) 16 (17.8)
 AEs leading to study drug discontinuation 5 (5.2) 4 (4.4)
 AEs leading to discontinuation from study 5 (5.2) 7 (7.8)
 Fatal AEs 0 0

TEAEs occurring in ≥ 10% of any group, n (%)
 Nasopharyngitis 42 (43.8) 42 (46.7)
 Contusion 7 (7.3) 17 (18.9)
 Fall 14 (14.6) 15 (16.7)
 Constipation 9 (9.4) 12 (13.3)
 Back pain 13 (13.5) 10 (11.1)
 Osteoarthritis 9 (9.4) 10 (11.1)
 Hypertension 4 (4.2) 9 (10.0)
 Headache 3 (3.1) 9 (10.0)
 Spinal osteoarthritis 10 (10.4) 5 (5.6)

Events of interest, n (%)a

 Hypersensitivityb 18 (18.8) 19 (21.1)
 Osteoarthritisc 19 (19.8) 15 (16.7)
 Hyperostosisb 2 (2.1) 4 (4.4)
 Malignancyd 1 (1.0) 3 (3.3)
 Injection-site reaction 2 (2.1) 2 (2.2)
 Osteonecrosis of the jawe 0 0
 Atypical femoral fracturee 0 0
 Hypocalcaemia 0 0
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of ≥ 15% for a major osteoporotic fracture with low bone 
mass is indicated as one of the intervention thresholds in the 
Japanese guidelines for prevention and treatment of osteo-
porosis [17]. Kanis and colleagues estimated that, in 2011, 
there were 9.3 million women aged ≥ 50 years in Japan with 
a 10-year fracture probability of ≥ 15%. This number is set 
to increase to 12.7 million by 2035 [18]. Therefore, more 
potent initial therapy should be considered in subjects with 
a high risk of fracture, and data on the efficacy of potent 
regimens in these patients is of interest.

Only a small number of Japanese subjects enrolled in 
FRAME satisfied the criteria for high risk of fracture, which 
meant the analysis was underpowered for detection of sta-
tistically significant differences, particularly in fracture risk. 
However, the trends in fracture risk favoured romosozumab/
denosumab, and the BMD gains seen suggest that treatment 
with romosozumab followed by denosumab can result in an 
improvement in BMD such that many high-risk subjects no 
longer meet the densitometric criteria for osteoporosis [5].

The AEs seen in high-risk Japanese subjects were simi-
lar to those seen in the overall FRAME population and the 
Japanese subgroup analysis [7, 8]. While there were two 
deaths due to cardiovascular causes and one case of ONJ in 
the Japanese subgroup [8], there were no deaths, positively-
adjudicated cardiovascular SAEs or ONJ cases reported in 
the current high-risk Japanese subgroup.

The main limitation of this analysis was the small sample 
size of the high-risk subgroup, which meant the analysis 
lacked the statistical power to determine between-group 
differences. In addition, the baseline characteristics of the 
two treatment groups were not balanced, resulting in a more 
favourable risk profile in the placebo/denosumab group; 
however, this supports the conclusions. Future studies with a 
larger number of subjects at high risk of fracture are needed 
to confirm the promising results found in the present study.

In conclusion This subgroup analysis of the FRAME 
study showed that treatment with romosozumab followed 
by denosumab in Japanese subjects at high risk of fracture 
results in significant BMD gains and a trend towards reduc-
tions in fracture risk compared with placebo followed by 
denosumab through 36 months of follow-up. These results 
are consistent with the results of the Japanese subgroup anal-
ysis and the overall FRAME study results, suggesting that 
the sequence of romosozumab then denosumab is a robust 
and reasonable regimen for Japanese patients with osteopo-
rosis at high risk of fracture.
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