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Abstract
Introduction To describe the real-world use of romosozumab in Japan, we conducted a chart review of > 1000 Japanese 
patients with osteoporosis (OP) at high risk of fracture, across multiple medical institutions.
Materials and methods Treatment-naïve and prior OP-treatment patients who received romosozumab for 12 months followed 
by ≥ 6 months of sequential OP treatment were included. The primary objective described the baseline demographics and 
clinical characteristics; secondary objectives evaluated changes in bone mineral density (BMD) and bone turnover markers 
in all patients and effectiveness of romosozumab in a sub-group of treatment-naïve patients using the fracture risk assess-
ment tool  (FRAX®).
Results Of the 1027 patients (92.4% female), 45.0% were treatment-naïve. The mean ± SD age of treatment-naïve versus 
prior OP-treatment patients was 76.8 ± 8.5 and 77.1 ± 8.5 years. The most frequent prior OP treatment was bisphosphonates 
(45.0%). Romosozumab treatment for 12 months increased BMD at the lumbar spine in all groups; the median percent 
change from baseline in lumbar spine BMD was higher in the treatment-naïve (13.4%) versus prior OP-treatment group 
(bisphosphonates [9.2%], teriparatide [11.3%], denosumab [DMAb, 4.5%]). DMAb, bisphosphonates, or teriparatide after 
romosozumab maintained the BMD gains at all skeletal sites at month 18 in treatment-naïve patients. Most treatment-naïve 
patients were at high risk of fracture, BMD increased consistently with romosozumab regardless of the baseline fracture 
risk assessed by FRAX.
Conclusion This large-scale, multicenter chart review provides clinically relevant insights into the profiles of patients initi-
ating romosozumab, effectiveness of real-world romosozumab use, and sequential therapy in Japanese patients at high risk 
of fracture.
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Introduction

Osteoporosis (OP) is a major public health burden and is 
one of the leading causes of morbidity and mortality among 
elderly women and men worldwide [1]. Using the World 
Health Organization (WHO) bone mineral density (BMD)-
based definition of OP (BMD T-score ≤ − 2.5 as assessed 
by dual-energy X-ray absorptiometry [DXA]), Japan had 
the highest prevalence of OP (38%) among women in 

industrialized countries [2]. Management of OP includes the 
use of antiresorptive treatments (such as bisphosphonates, 
selective estrogen receptor modulators [SERMs], and the 
RANKL inhibitor denosumab [DMAb]) and osteoanabolic 
or bone-forming agents (such as teriparatide, abaloparatide, 
and romosozumab) with various mechanisms of action [3].

Romosozumab, a sclerostin antibody, has a dual effect 
of promoting bone formation and reducing bone resorption 
[4, 5]. In global and regional clinical trials, treatment with 
romosozumab was shown to significantly increase BMD and 
reduce fracture risk when compared with placebo (FRAME 
[6], Japan phase 2 trial [7]), alendronate (ARCH [8]), or teri-
paratide (STRU CTU RE [9]) in postmenopausal women with 
OP; in men with OP romosozumab significantly increased 
spine and hip BMD (BRIDGE [10]). In a subgroup analysis 
of FRAME, Japanese women at high risk of fracture showed 
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significant BMD gains and a reduced trend in fracture risk 
with 12 months of romosozumab versus placebo, followed 
by DMAb for 24 months [11].

For the prevention and treatment of OP, Japanese guide-
lines have incorporated the Fracture Risk Assessment Tool 
 (FRAX®), which estimates the 10-year probability of major 
osteoporotic (defined as clinical vertebral, hip, forearm, or 
proximal humerus fracture) and hip fractures [12], into the 
criteria for initiating pharmacological treatment [13]. The 
interaction between treatment efficacy and baseline fracture 
risk characterized using FRAX has been explored in sev-
eral analyses performed using placebo-controlled studies 
[14–22]. Efficacy of romosozumab on clinical, osteoporotic, 
and major osteoporotic fractures was significantly greater 
in patients with high baseline FRAX fracture probability 
compared with that of placebo in the FRAME study [22].

Romosozumab was approved in Japan in January 2019 for 
the treatment of OP in patients at a high risk of fracture [23]. 
Since its approval, many retrospective and prospective stud-
ies describing the real-world effectiveness of romosozumab 
have been published [24–31]. However, most of the current 
real-world evidence from Japan comes from single-center 
studies with a sample size of < 250 patients. Therefore, to 
gain more in-depth real-world clinical insights into patient 
profiles and the effectiveness of romosozumab in larger 
patient populations in Japan, we conducted a large-scale, 
multicenter, retrospective chart review in Japanese patients 
with OP at a high risk of fracture. To evaluate the effec-
tiveness of romosozumab and sequential OP treatment, we 
examined patients who were treated with romosozumab for 
12 months and then transitioned to a sequential OP treatment 
for at least 6 months. In addition, we explored the relation-
ship between baseline fracture probability (as measured by 
FRAX) and the effectiveness of romosozumab in treatment-
naïve patients in the real-world.

Materials and methods

Patients and study design

This observational, multicenter, retrospective review of med-
ical charts of Japanese patients included data from March 4, 
2018, to June 30, 2021. For this review, the number of study 
sites was determined based on the distribution of health-
care organizations with > 50 patients with a prescription 
for romosozumab in five geographic regions; the percent of 
patients with diagnosed OP at a high risk of fracture in each 
region was 12.6% in Hokkaido/Tohoku, 33.3% in Kanto, 
15.6% in Chubu, 18.6% in Kansai, and 20% in Chugoku/
Shikoku/Kyushu (Supplemental Fig. 1) [32].

This analysis included patients with OP at a high risk 
of fracture as defined by the latest (year 2012 revision) 

Japanese diagnostic criteria for primary OP [33], and who 
received romosozumab for 12 months starting March 4, 
2019 (ie., romosozumab Japan launch date) or after, and 
then transitioned to another OP therapy for ≥ 6 months. All 
patients met at least one of the following criteria: (1) BMD 
T-score < − 2.5 with one or more prevalent fragility fracture 
at any skeletal site according to WHO’s severe osteoporosis 
definition [33]; (2) lumbar spine BMD T-score < − 3.3; (3) 
presence of two or more prevalent vertebral fractures; (4) 
any prevalent vertebral fracture with semi-quantitative grade 
3 [34]; or (5) prevalent hip fractures (considered as high risk 
of fracture).

Patients initiating treatment on March 4, 2019, or there-
after, with conditions specified as contraindications in the 
Japan  EVENITY® (romosozumab) label, (ie., a history of 
hypersensitivity to any of the ingredients or the presence 
of hypocalcemia) were excluded [23]. In September 2019, 
after the study enrollment began, the Japan romosozumab 
label was updated to include a warning regarding the imbal-
ance of major adverse cardiac events (MACE), a composite 
endpoint of cardiovascular (CV) death, nonfatal myocardial 
infarction, and nonfatal stroke observed in patients receiving 
romosozumab in a clinical study conducted outside of Japan 
and in Japanese patients in a postmarketing surveillance. 
The update also included advisement to assess the benefit of 
fracture reduction and risk of a CV event when prescribing 
romosozumab as well as monitoring of any CV events [23].

Patients were categorized as either treatment-naïve (if 
they had not received any previous OP treatment) or as 
patients with prior OP treatment (if they had received any OP 
treatment within 6 months before romosozumab initiation), 
as reported in the case report form. Data were collected dur-
ing the baseline period (12 months before romosozumab ini-
tiation [ie., index date]), the romosozumab treatment period 
(12 months), and a follow-up of ≥ 18 months after the index 
date (Fig. 1).

This study was conducted in accordance with the ethical 
standards of the Declaration of Helsinki. Though this was a 
retrospective chart review without any patient intervention, 
the study protocol was approved by the institutional ethical 
review board/ethics committee at each study site. Based on 
the recommendation of the ethics committee, an “opt out” 
approach was implemented at all study sites.

Outcome measures

The primary objective of this study was to describe the base-
line demographic and clinical characteristics of Japanese 
patients with OP at a high risk of fracture who completed 
12 months of romosozumab treatment and transitioned to 
other OP therapies for at least 6 months.

The secondary objectives were to describe changes in 
BMD and bone turnover markers (BTMs) from baseline to 
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12 months and to 18 months of treatment. BMD at 12-month 
was defined as BMD observed post completion of romo-
sozumab therapy and prior to initiation of sequential therapy 
within a window of 12 ± 2 months from the initiation of 
romosozumab. Similarly, BMD at 18-month was defined 
as the last observed BMD at least 6 months after the first 
sequential therapy post romosozumab therapy within a 
window of 18 ± 2 months. The following variables were 
captured based on the availability in the patient’s medical 
charts: demographics and medical history including preva-
lent fractures, history of CV disease, most recent prior OP 
therapy, and most recent BMD T-score from the initiation 
date of romosozumab in the baseline period, healthcare uti-
lization, and substance use (smoking status and alcohol con-
sumption at romosozumab initiation). For the first sequential 
therapy chosen after romosozumab treatment, the name and 
dose of the drug, the start and end date of treatment, and 
the reason for choice of treatment were collected for each 
patient in all treatment groups. For BMD, absolute values 
and percent changes from baseline over 18 months at the 
lumbar spine, total hip, and femoral neck were described. 
The machine type used for the DXA measurement at each 
visit was also recorded.

Although serum type I collagen cross-linked C-terminal 
telopeptide (CTX), is a globally recommended marker for 
bone resorption [35], tartrate-resistant acid phosphatase 5b 
(TRACP-5b) is the most commonly evaluated bone resorp-
tion marker in Japan; thus, instead of CTX we obtained 
TRACP-5b data for all patients, consistent with practice 
patterns in Japan. Absolute values and percent changes 
from baseline in serum concentrations over 18  months 
were described for the following BTMs: procollagen type 
1 N-propeptide (P1NP), bone-specific alkaline phosphatase 

(BSAP), TRACP-5b, and type I collagen cross-linked N-ter-
minal telopeptide (NTX). For NTX, urine concentrations 
were also obtained. Safety data were not collected in this 
study.

In treatment-naïve patients with a baseline FRAX score, 
we analyzed the relationship between baseline fracture 
probability, and the effectiveness of romosozumab based 
on absolute and percent change in BMD from baseline. 
In addition to the variables captured for all the patients, 
10-year probability of a major osteoporotic fracture and of 
a hip fracture was included for treatment-naïve patients. Ten-
year probabilities of major osteoporotic and hip fractures, as 
assessed by FRAX, were calculated with actual femoral neck 
BMD (in g/cm2) or T-score at baseline.

Statistical analyses

Statistical analyses were descriptive in nature and no formal 
hypotheses were tested in this study. The following summary 
statistics were reported for continuous variables: number of 
patients, mean, median, standard deviation (SD), first quar-
tile (Q1), and third quartile (Q3). For categorical variables, 
the number and percents were reported.

As the BMD data for all skeletal sites were positively 
skewed, percent change from baseline in BMD values were 
summarized using median and quartile range values instead 
of mean and SD values. For comparison between groups, 
only patients with BMD or BTM data available at both 
baseline and month 12 (at the respective skeletal site) were 
included.

Unless specified otherwise, the analyses were performed 
for full analysis set (FAS), which was defined as all patients 
who had a romosozumab initiation date. No statistical 

Fig. 1  Study design. The base-
line period was defined as the 
12 months before romosozumab 
initiation. The period including 
12 months of romosozumab 
treatment and at least 6 months 
of the first sequential therapy 
was defined as the follow-up 
period. BMD, bone mineral 
density; BTM, bone turnover 
marker; FRAX, Fracture Risk 
Assessment Tool; OP, osteopo-
rosis; QM, once monthly; SC, 
subcutaneous
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imputation was employed for addressing missing data. All 
statistical analyses were conducted using SAS software, ver-
sion 9.4.

Results

Baseline characteristics of overall population 
grouped by prior therapy

This retrospective, observational study was conducted at 19 
sites across five regions in Japan (Supplemental Fig. 1). All 
1027 patients were included in the FAS; of whom, 1002 
(97.6%) patients received 12 doses of romosozumab, while 
25 (2.4%) patients received 11 doses of romosozumab. Due 
to the retrospective nature of the study, some data were not 
available for all the patients. Supplemental Table 1 shows 
the number of patients for whom the data were available for 
each baseline demographic and clinical characteristic. The 
number of recorded scans by each type of DXA machine are 
shown in Supplemental Table 2. Hologic Discovery was the 
most commonly used DXA machine (eight study sites), fol-
lowed by Hitachi Aloka Medical DCS-900 (four study sites), 
GE Prodigy (three study sites), GE Lunar iDXA (two study 
sites), and Hitachi Aloka ALPHYSLF (two study sites). Hol-
ogic Horizon machines were used at one study site, while the 
DXA machine type used was unknown at three study sites.

Of the 1027 patients enrolled in this study, 462 (45.0%) 
patients were treatment-naïve and 565 (55.0%) received 
prior OP treatment; as only 2 patients received calcitonin as 
a prior OP treatment and data were missing for 3 patients, 
no further data analysis was performed for these 5 patients 
(Table 1). Overall, 949 (92.4%) were women, 77 (7.5%) 
were men, and the sex of 1 patient was unknown. The mean 
(SD) age was 76.8 (8.5) years for treatment-naïve patients 
and 77.1 (8.5) years for patients with prior OP treatment. 
Most patients had no prevalent vertebral fracture at base-
line. Among patients with prior OP therapy, patients treated 
with DMAb before romosozumab had the highest mean 
(SD) FRAX score (10-year probability) of 33.02% (16.10) 
for major osteoporotic fracture. The duration of the most 
recent prior OP therapy showed a skewed distribution for 
each treatment group, with a median duration that was dif-
ferent between groups. The most used prior treatment was 
bisphosphonates (254/565, 45.0%). Supplemental Table 3 
provides further details on the prior OP treatments received.

Other patient characteristics such as the number of 
patients with a history of major osteoporotic fracture, cer-
ebrovascular disease, and ischemic heart disease were simi-
lar between treatment-naïve patients and patients with prior 
OP treatment. No patients with a history of cerebrovascular 
disease and/or ischemic heart disease within 1 year before 
study enrollment were initiated on romosozumab following 

the label update; however, one patient with a history of 
stroke was included, but the timing of stroke in relation to 
initiation of romosozumab was not collected. Per the label 
update, for patients with a high risk of ischemic heart dis-
ease or cerebrovascular disease, the decision to prescribe 
romosozumab should be made after considering the benefit 
of fracture reduction versus the risk of a CV event [23].

Baseline BMD and BTMs values in patients 
with month 12 data

Due to the retrospective nature of this chart review, BMD 
and BTM data were not available for all patients at month 
12. Therefore, for a better understanding and comparison 
of the clinical characteristics of the patients at baseline and 
at month 12, we summarized the baseline BMD and BTM 
values in patients for whom respective data were available at 
both time points (Supplemental Table 4). Notable differences 
in baseline absolute BMD values and T-scores between the 
treatment-naïve group and other prior OP treatment groups 
were observed at all skeletal sites.

In general, patients previously treated with teriparatide 
had a higher baseline level of P1NP, while patients pre-
viously treated with DMAb had a lower baseline level of 
TRACP-5b than that seen among patients from other groups. 
These trends were consistent with the accepted mechanisms 
of action/pharmacodynamics of these prior treatments. The 
median BSAP value was higher in patients treated with teri-
paratide compared with patients from other treatment groups 
for whom data were available. However, BSAP data were 
available for only a small number of patients in each treat-
ment group. NTX data were limited with less than 10% of 
patients having both pre- and post-baseline NTX data col-
lected and hence are not included in this report.

Changes in BMD in patients with 12‑month data

The median percent change from baseline in BMD values 
after administration of romosozumab over 12 months was 
numerically higher for the treatment-naïve group; however, 
the interquartile ranges (IQR) for these values overlapped 
between the treatment-naïve group and prior OP treatment 
groups at the lumbar spine, total hip, and femoral neck 
(Fig. 2a). The median percent change from baseline in lum-
bar spine BMD was numerically higher in the treatment-
naïve group (13.4%) compared with that in prior OP treat-
ment groups such as bisphosphonates (9.2%), teriparatide 
(11.3%), or DMAb (4.5%). In the DMAb group, the percent 
increase in lumbar spine and femoral neck BMD from base-
line to month 12 was numerically smaller compared with 
the increases observed in other groups; moreover, a small 
decrease in BMD was observed at the total hip at month 12.
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Table 1  Baseline demographic and clinical characteristics (FAS)

Characteristics Treatment-naïve 
n = 462

All patients (N = 1027)

Prior OP treatment*

Active vitamin  D3 
n = 30

BISs 
n = 254

DMAb 
n = 95

SERMs 
n = 41

TPTD 
n = 140

Age, mean (SD), 
years

76.8 (8.5) 78.2 (8.8) 77.8 (7.9) 78.7 (7.1) 72.0 (7.7) 76.1 (9.9)

Sex, n
  Women 415 27 241 92 41 128
  Men 47 3 13 2 0 12

Years since meno-
pause, mean (SD)

30.5 (11.7) 23.0 (NA) 27.5 (11.1) 33.6 (12.5) 21.3 (10.8) 34.5 (14.4)

FRAX (10-year 
probability) score 
for major osteo-
porotic fracture, 
% mean (SD)

28.38 (13.37) 27.01 (11.75) 31.09 (13.97) 33.02 (16.10) 21.15 (8.80) 28.40 (13.47)

Duration of most 
recent prior 
OP  treatmenta, 
median (Q1, Q3), 
days

NA 273.0 (169.0, 
1032.0)

558.0 (191.0, 
1251.0)

378.5 (183.0, 
728.0)

591.0 (280.0, 
978.0)

318.0 (123.0, 
568.0)

Bone turnover markers, median (Q1, Q3)
  P1NP (µg/L) 68.3 (44.8, 86.7) 54.2 (40.1, 71.4) 22.9 (17.0, 41.2) 18.3 (14.0, 36.4) 36.0 (25.6, 45.6) 105.0 (60.9, 175.6)
  BSAP (µg/L) 13.4 (9.0, 19.3) 28.4 (28.4, 28.4) 10.9 (8.5, 15.1) 8.7 (6.5, 13.3) 11.8 (7.2, 14.3) 18.4 (12.1, 23.5)
  TRACP-5b 

(U/L)
487.0 (344.0, 

605.0)
413.0 (310.0, 

453.0)
272.0 (199.0, 

419.0)
226.0 (142.0, 

345.5)
372.5 (236.5, 

409.0)
502.5 (388.0, 

812.0)
BMD, mean (SD), g/cm2

  Lumbar spine 0.75 (0.16) 0.76 (0.16) 0.78 (0.19) 0.80 (0.19) 0.75 (0.16) 0.80 (0.23)
  Total hip 0.60 (0.09) 0.62 (0.10) 0.60 (0.11) 0.59 (0.10) 0.64 (0.10) 0.59 (0.10)
  Femoral neck 0.52 (0.09) 0.52 (0.12) 0.53 (0.09) 0.53 (0.12) 0.55 (0.09) 0.52 (0.11)

BMD T-score, mean (SD)
  Lumbar spine − 2.58 (1.31) − 2.45 (1.22) − 2.17 (1.55) − 2.21 (1.26) − 2.33 (1.36) − 2.06 (1.84)
  Total hip − 2.87 (0.82) − 2.73 (0.90) − 3.04 (0.99) − 3.08 (0.88) − 2.67 (0.89) − 2.93 (1.05)
  Femoral neck − 3.57 (0.80) − 3.57 (1.15) − 3.65 (0.80) − 3.68 (0.98) − 3.51 (0.81) − 3.64 (1.01)

Patients with avail-
able prevalent 
vertebral fracture 
 datab

428 30 246 91 40 130

  Mean number 
of prevalent 
vertebral frac-
ture (SD)

0.8 (1.9) 0.9 (1.4) 1.0 (1.8) 1.0 (2.4) 0.8 (2.0) 0.6 (1.4)

  Category of number of prevalent vertebral fractures, n (%)
    0 314 (73.4) 20 (66.7) 153 (62.2) 59 (64.8) 30 (75.0) 87 (66.9)
    1 49 (11.4) 2 (6.7) 38 (15.4) 19 (20.9) 5 (12.5) 27 (20.8)
    2 22 (5.1) 3 (10.0) 22 (8.9) 5 (5.5) 1 (2.5) 9 (6.9)
    3 15 (3.5) 3 (10.0) 14 (5.7) 1 (1.1) 0 (0.0) 2 (1.5)
    ≥ 4 28 (6.5) 2 (6.7) 19 (7.7) 7 (7.7) 4 (10.0) 5 (3.8)
    Missing 34 0 8 4 1 10

Prevalent major nonvertebral fractures, n (%)
  Wrist 30 (12.8) 2 (12.5) 16 (10.8) 2 (3.6) 1 (5.9) 6 (6.7)
  Hip 26 (11.1) 1 (6.3) 18 (12.2) 6 (10.9) 2 (11.8) 12 (13.5)
  Humerus 10 (4.3) 2 (12.5) 8 (5.4) 4 (7.3) 0 (0.0) 2 (2.2)
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To better understand the effectiveness of sequential ther-
apy after romosozumab treatment, we analyzed the percent 
change in BMD from baseline in treatment-naïve patients 
who received 12 months of romosozumab followed by at 
least 6 months of sequential therapy. At month 18, sequen-
tial treatment with DMAb, bisphosphonates, and teripara-
tide improved or maintained the BMD gains at all skeletal 
sites in treatment-naïve patients (Supplemental Fig. 2). The 
median percent change in total hip and femoral neck BMD 
from baseline was numerically higher for the active vitamin 
 D3 group than in other groups; however, these data were 
available for < 10 patients and the IQR overlapped with the 
IQR of the other treatment groups.

Changes in BTMs in patients with 12‑month data

We analyzed percent change from baseline in the bone for-
mation markers P1NP and BSAP and the bone resorption 
marker TRACP-5b during the 12 months of romosozumab 
treatment for each treatment group (Fig. 2b). The median 
percent change from baseline for P1NP was lower at all 
time points in the teriparatide group compared with other 
treatment groups. The median percent change from baseline 
for TRACP-5b was higher at all time points in the DMAb 
group compared with other treatment groups. At month 12, 
an increase in the median percent change from baseline in 
BSAP was observed in the DMAb group, while BSAP levels 
in the other three groups were near or lower than baseline.

In patients with prior DMAb treatment, marked increases 
in P1NP and TRACP-5b from a low absolute baseline were 
seen during the 12 months of treatment with romosozumab. 
In patients with prior teriparatide treatment, levels of both 
P1NP and TRACP-5b decreased from a high absolute base-
line following treatment with romosozumab. In treatment-
naïve patients, P1NP levels remained close to baseline 
while TRACP-5b levels decreased from baseline. In patients 
treated with bisphosphonates before romosozumab, P1NP 
levels increased slightly while TRACP-5b levels remained 
near baseline through month 12.

Choice of OP treatment after romosozumab 
and reasons for choice

In the overall population, sequential OP treatments after 
romosozumab included DMAb (575, 56.0%), bisphospho-
nates (266, 25.9%), active vitamin  D3 (102, 9.9%), teripara-
tide (40, 3.9%), vitamin  K2 (29, 2.8%), and SERMs (15, 
1.5%) (Supplemental Table 5). No patients received calci-
tonin as a subsequent therapy.

Of the 462 treatment-naïve patients, most patients chose 
DMAb as the first sequential therapy (n = 297, 64.3%; ad hoc 
analysis). In this group, the most frequent reason for select-
ing sequential therapy after 12 months of romosozumab was 
to further increase BMD (ranging from 91.7 to 100% across 
treatments; Table 2). The second most frequent reasons 
for choosing the sequential therapy were “To simplify the 
administration method” (active vitamin  D3, 60.4%; DMAb, 

n = number of patients included in the respective OP group in FAS; N = number of patients included in FAS
The number of patients for whom data were available varied for each outcome measure, as shown in Supplementary Table 1
BIS, bisphosphonate; BMD, bone mineral density; BSAP, bone-specific alkaline phosphatase; DMAb, denosumab; FAS, full analysis set; FRAX, 
fracture risk assessment tool; NA, not applicable; OP, osteoporosis; P1NP, procollagen type 1 N-propeptide; Q1, first quartile; Q3, third quartile; 
SERM, selective estrogen receptor modulator; TPTD, teriparatide; TRACP-5b, tartrate-resistant acid phosphatase-5b
*Patients with missing data (n = 3) were not included and data for calcitonin as prior OP therapy are not shown due to the low number of patients 
(n = 2). The number of patients with missing data was not included in the calculation of percents
a Data are shown as median (Q1, Q3) to adjust for the skewed distribution of values observed within each OP treatment group. Most recent previ-
ous OP medications within 6 months before romosozumab initiation were recorded
b These data include patients with 0 prevalent vertebral fracture
c None of the patients enrolled after the label update in September 2019 had a history of cerebrovascular disease and ischemic heart disease. 
Per the update, prescription with EVENITY should be avoided in patients with a history of cerebrovascular disease and ischemic heart disease 
within the past 1 year

Table 1  (continued)

Characteristics Treatment-naïve 
n = 462

All patients (N = 1027)

Prior OP treatment*

Active vitamin  D3 
n = 30

BISs 
n = 254

DMAb 
n = 95

SERMs 
n = 41

TPTD 
n = 140

History of cerebrovascular  diseasec, n (%)
  Yes 31 (6.9) 2 (7.1) 17 (6.8) 6 (6.5) 3 (7.3) 8 (5.9)

History of ischemic heart  diseasec, n (%)
  Yes 14 (3.1) 3 (10.7) 6 (2.4) 2 (2.2) 0 (0.0) 4 (3.0)
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3.7%) and “To simplify the dosing schedule” (DMAb, 3.4%). 
Additional details on the sequential OP treatments for treat-
ment-naïve patients and the overall patient population are 
presented in Supplemental Table 5.

Baseline fracture risk and BMD response 
to romosozumab in treatment‑naïve patients

Of the 462 treatment-naïve patients, 217 patients had 

Fig. 2  Percent change in BMD and BTM from baseline to month 12 
in patients treated with romosozumab grouped by prior OP therapy. 
a. Median (Q1, Q3) percent change in BMD from baseline at the 
lumbar spine, total hip, and femoral neck in patients receiving romo-
sozumab treatment for 12  months and for whom the baseline and 
month 12 data were available at the respective skeletal site. Patients 
were grouped based on prior OP treatment received. The table shows 
the number of patients for whom data were available for at each time 
point. b. Median (Q1, Q3) percent change from baseline in P1NP, 
TRACP-5b, and BSAP in patients receiving romosozumab treat-

ment for 12 months and for whom baseline and month 12 data for the 
respective BTM were available. Patients were grouped based on the 
prior OP treatment received. The table shows the number of patients 
for whom data were available at each time point. *No data were avail-
able for month 3 for patients receiving TPTD as prior OP therapy. 
BIS, bisphosphonate; BMD, bone mineral density; BSAP, bone-spe-
cific alkaline phosphatase; BTM, bone turnover marker; DMAb, den-
osumab; OP, osteoporosis; P1NP, procollagen type 1 N-propeptide; 
Q1, first quartile, Q3, third quartile; TPTD, teriparatide; TRACP-5b, 
tartrate-resistant acid phosphatase-5b
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a baseline FRAX score. The baseline characteristics of 
treatment-naïve patients with a baseline 10-year FRAX 
probabilities are summarized in Supplemental Table 6. At 
baseline, the mean (SD) 10-year FRAX probabilities of 
major osteoporotic fractures and hip fracture were 28.38% 
(13.37) and 13.52% (10.59), respectively (Table 3). The 
majority of patients had a FRAX score of ≥ 15% based 
on 10-year probability of major osteoporotic fractures 

(82.0%) and a FRAX score of ≥ 3% based on 10-year prob-
ability of hip fractures (94.9%).

In 217 treatment-naïve patients, treatment with romo-
sozumab for 12 months resulted in an increase in BMD 
from baseline at all skeletal sites (Fig. 3a). The median 
(Q1, Q3) percent increase from baseline in BMD at month 
12 was 13.58% (8.66, 19.62) at the lumbar spine, 4.95% 
(2.28, 8.77) at the total hip, and 5.10% (1.32, 9.03) at 
the femoral neck, (Fig. 3b). At month 12, 69% (49/71) 

Table 2  Reasons for choice of first sequential OP therapy following 12 months of romosozumab treatment in treatment-naïve patients

n = number of patients for whom data were available at the end of treatment period
BIS, bisphosphonate; DMAb, denosumab; OP, osteoporosis; SERM, selective estrogen receptor modulator; TPTD, teriparatide
a One or more reasons for choice of sequential therapy could be selected

Reasonsa, 
n (%)

First sequential OP therapy

Active vitamin  D3 
n = 48

BISs 
n = 86

DMAb 
n = 297

SERMs 
n = 6

TPTD 
n = 16

Vitamin  K2 
n = 9

Need for more BMD gain 44 (91.7) 85 (98.8) 297 (100.0) 6 (100.0) 16 (100.0) 9 (100.0)
Intolerable adverse effects 0 (0.0) 1 (1.2) 2 (0.7) 0 (0.0) 0 (0.0) 0 (0.0)
To simplify the dosing schedule 0 (0.0) 2 (2.3) 10 (3.4) 0 (0.0) 0 (0.0) 0 (0.0)
Preference for oral administration 1 (2.1) 2 (2.3) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
To simplify the administration method 29 (60.4) 1 (1.2) 11 (3.7) 1 (16.7) 0 (0.0) 0 (0.0)
To reduce the cost of medications 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Request from patients/caregivers due to 

other reasons
2 (4.2) 0 (0.0) 1 (0.3) 0 (0.0) 0 (0.0) 0 (0.0)

Missing 1 (2.1) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Table 3  Baseline 10-year 
FRAX probability of major 
osteoporotic and hip fractures in 
treatment-naïve patients

10-year FRAX probability calculated with actual femoral 
neck BMD or T-score  

n = 217

Major osteoporotic fracture, % mean (SD) 28.38 (13.37)

FRAX risk, n (%)

� 0 to < 5 0 (0.0)

� 5 to < 10 13 (6.0)

� 10 to < 15 26 (12.0)

� 15 to < 20 22 (10.1)

� 20 to < 50 142 (65.4) 82.0%

� 50 14 (6.5)

Hip fracture, mean (SD) 13.52 (10.59)

FRAX risk, n (%)

� 0 to < 3 11 (5.1)

� 3 to < 5 22 (10.1)

� 5 to < 10 62 (28.6)

� 10 to < 15 39 (18.0) 94.9%

� 15 to < 20 50 (23.0)

� 20 33 (15.2)

Patients with missing data were not included
BMD, bone mineral density; FRAX, fracture risk assessment tool; SD, standard deviation
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of patients with a baseline lumbar spine BMD T-score 
of < − 3.3, threshold for “high-risk” in Japan for lumbar 
spine BMD [13] showed an improved T-score of ≥ − 3.3 
to < −  2.5 or a T-score within the osteopenia range 
(≥ − 2.5). In addition, 25.3% (25/99) and 13.8% (24/174) 
of patients with baseline total hip and femoral neck BMD 
T-scores of < − 2.5, respectively, showed an improved 
T-score within the osteopenia range (≥ − 2.5) at month 
12 (Fig. 3c).

In a scatter-plot analysis, BMD gains were observed at 
all skeletal sites regardless of the baseline FRAX 10-year 
probability for major osteoporotic fracture (Fig. 4a) and 
hip fracture (Fig. 4b).

Discussion

In this retrospective, observational, real-world study 
conducted at 19 sites distributed across five geographic 
regions in Japan, we describe the baseline demograph-
ics and clinical characteristics of 1027 Japanese patients 
with OP at a high risk of fracture who were treated with 
romosozumab after its launch in Japan. We also describe 
the change from baseline in BMD and BTMs in patients 
who received romosozumab for 12 months followed by 
sequential therapy for at least 6 months, where data were 
available. Unlike the previous real-world studies, where 

Fig. 3  Change in BMD and 
T-score at 12 months from 
baseline with romosozumab 
in treatment-naïve patients 
with baseline 10-year FRAX 
probabilities. a. Median (Q1, 
Q3) absolute change in BMD at 
12 months from baseline with 
romosozumab at the lumbar 
spine, total hip, and femoral 
neck in treatment-naïve patients 
with baseline 10-year FRAX 
probabilities. b. Median (Q1, 
Q3) percent change in BMD at 
12 months from baseline with 
romosozumab at the lumbar 
spine, total hip, and femoral 
neck in treatment-naïve patients 
with baseline 10-year FRAX 
probabilities. c. Shifts in 
T-score from baseline at month 
12 with romosozumab at the 
lumbar spine, total hip, and 
femoral neck in treatment-naïve 
patients with baseline FRAX 
score. Patient percent was cal-
culated from the total patients in 
each row (T-score). BMD, bone 
mineral density; FRAX, Frac-
ture Risk Assessment Tool; Q1, 
first quartile, Q3, third quartile
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the number of patients enrolled were < 300 and were con-
ducted for < 12 months, we provide a more detailed and 
in-depth understating of romosozumab treatment followed 
by sequential therapy in Japanese patients with OP.

In our study, the baseline demographic characteristics 
were largely similar between the groups based on prior OP 
treatment. However, as expected, the absolute baseline val-
ues of BMD and BTMs differed between the various treat-
ment groups.

The percent increases in BMD after 12 months of romo-
sozumab treatment at all skeletal sites measured in the treat-
ment-naïve group were similar to those observed in previous 
clinical trials such as FRAME [6] and its subgroup analysis 
in Japanese women with postmenopausal OP [36] as well as 
Japanese women with OP at a high risk of fracture [11]. The 
observed increase in BMD after 12 months of romosozumab 
treatment was higher in the treatment-naïve group compared 
with that in other prior OP treatment groups. These find-
ings are in line with those observed in phase 2 and phase 3 
studies with romosozumab [9, 37]. In addition, the percent 
changes in BMD from baseline at the lumbar spine, femoral 
neck, and total hip observed in patients previously treated 
with DMAb are similar to findings reported in the post hoc 
analysis of clinical trials evaluating the effect of treatment 

sequence on romosozumab response [38] as well as some 
real-world studies in Japanese patients with OP [25, 27, 
28]. The observed difference in the apparent effect of romo-
sozumab on percent change from baseline in BMD between 
the treatment-naïve group and the groups with various prior 
OP therapies could be attributed to the difference in base-
line values, such as BMD or BTMs, as a result of previous 
treatment. Similar to our study, other real-world studies have 
shown that the rate of increase in BMD with 12 months of 
romosozumab treatment was lower in patients with prior OP 
treatment than in treatment-naïve patients [25, 28]. However, 
previous studies did not describe the differences at base-
line in the absolute BMD values between various treatment 
groups which, in particular, may explain the apparent differ-
ences in the percent change in BMD.

In treatment-naïve patients, we found that the IQR of 
the median percent change in BMD at month 18 (following 
transition) overlapped at all three skeletal sites for different 
sequential therapies, suggesting that all sequential thera-
pies (including DMAb, bisphosphonates, teriparatide, and 
active vitamin  D3) were frequently able to maintain BMD 
gains after 12 months of romosozumab treatment. The most 
common reason for transitioning to sequential therapy after 
romosozumab treatment was to further increase BMD, and 

Fig. 4  Scatter plot of baseline fracture risk and BMD response to 
12-month romosozumab in treatment-naïve patients with baseline 
FRAX 10-year probabilities. a. Scatter plot of percent change in 
BMD at month 12 from baseline and FRAX 10-year probability for 

major osteoporotic fracture. b. Scatter plot of percent change in BMD 
at month 12 from baseline and FRAX 10-year probability for hip 
fracture. BMD, bone mineral density; FRAX, Fracture Risk Assess-
ment Tool
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DMAb was the most frequently selected sequential treat-
ment. In the DMAb group, there was an increasing trend 
of BMD gains up to 18 months. This choice of sequential 
therapy is supported by clinical trial data which show that in 
treatment-naïve patients with OP at a high risk of fracture, 
treatment with romosozumab followed by DMAb is associ-
ated with additional BMD increases [6, 11, 36]. However, 
BMD data were difficult to interpret for the active vitamin 
 D3 treatment group due to the high variability in response at 
all skeletal sites and the low number of patients (< 10) with 
available data.

The observed difference in median percent change from 
baseline values in P1NP between the teriparatide group 
and the other treatment groups may be due to the mark-
edly higher baseline value for P1NP observed in this group. 
For TRACP-5b, the difference in the pattern of change over 
time between the DMAb group and other treatment groups 
could be largely attributed to the median baseline level of 
TRACP-5b in the DMAb group, which was less than half of 
the median baseline value observed in the treatment-naïve 
and teriparatide groups. At month 12, the pattern of median 
percent change in BSAP was similar to that of P1NP among 
the different groups with prior OP treatment. However, as 
BSAP data were available for very few patients, the results 
were difficult to interpret.

Due to the high variability observed in the duration of the 
most recent prior OP therapy across and within the different 
treatment groups, any residual effect of prior treatment could 
not be accounted for correctly. However, such data provide 
a better representation of real-world conditions and play an 
important role in bridging the gap between clinical trials 
and the real world. Given the effect of prior therapy on base-
line BTMs values, it is important to consider both absolute 
differences and median percent changes from baseline in 
BTMs values following transition to romosozumab, to fully 
appreciate its treatment effect.

Our FRAX results showed that treatment-naïve patients 
included in this analysis were at a high risk of fracture based 
on the 10-year probability for either a major osteoporotic 
fracture or a hip fracture at baseline. More than 80% of the 
patients exceeded the Japanese pharmacological interven-
tion threshold score for major osteoporotic fracture (15%) 
[13], and 95% of the patients exceeded the Bone Health and 
Osteoporosis Foundation (BHOF) guideline threshold score 
for hip fracture (3%) [39]. At month 12, 69% of treatment-
naïve patients who had a baseline T-score of < − 3.3 (ie, 
Japanese high-risk criteria for lumbar spine BMD) [33] and 
25.3% and 13.8% of patients with a baseline total hip and 
femoral neck BMD T-score of < − 2.5, respectively, showed 
an improvement in T-score. Of note, our study found that 
there was consistent increase in BMD with romosozumab 
regardless of the baseline FRAX estimated 10-year prob-
ability in treatment-naïve patients.

Strengths of this study include the large number of 
patients and the study design, which sought to recruit a 
representative sample across Japan. As a real-world study, 
this patient population is more diverse and is thus closer to 
those observed in real-world practice than in clinical tri-
als, and may provide more insights into the effectiveness of 
OP therapeutic interventions in the clinical setting. Medical 
chart reviews provide an opportunity to collect and analyze 
information on clinical characteristics, treatment patterns, 
and outcomes that might not otherwise be available in 
alternative administrative data, such as insurance claims or 
electronic health records [40]. Results presented here reflect 
real-world treatment patterns and outcomes of romosozumab 
treatment in patients with OP at a high risk of fracture in 
Japan. In addition, the assessment of the effectiveness of 
romosozumab in this study was not solely based on the per-
cent change in BMD and BTMs from baseline; to account 
for the skewed data distribution of BMD and BTM values at 
baseline, we used median percent change with IQR. Finally, 
this is the first real-world study of Japanese patients with OP 
at high risk of fracture treated with romosozumab analyz-
ing the relationship between change in BMD and baseline 
fracture risk by FRAX.

An inherent limitation to this study is the use of real-
world data which includes factors that may have affected 
the data analysis, such as smaller sample size in some of 
the prior OP treatment groups, missing data, absence of 
DXA equipment standardization with phantom calibration 
between study sites and standardized interpretation, and 
variance in BTM data collection and analysis, eg., different 
laboratories and assays. Because, we only evaluated patients 
with baseline and 12-month data, additional studies are 
required to analyze change in BMD in patients who did not 
complete 11 or 12 doses. The primary objective of this study 
was to conduct a descriptive review; therefore, this study 
was not designed to generate between-group comparisons 
by any statistical method. In particular, the observed het-
erogeneity in baseline BMD and BTM values between the 
prior OP treatment groups did not allow for the comparison 
between these groups following romosozumab administra-
tion, and the interpretation of results may be inferred based 
on other observed and/or unobserved covariates.

In conclusion, this large-scale, multicenter chart review 
describes clinical characteristics of > 1000 Japanese patients 
with OP at a high risk of fracture initiating romosozumab. In 
this real-world clinical setting, treatment with romosozumab 
for 12 months resulted in increased BMD gains in both treat-
ment-naïve patients and patients with prior OP treatment. 
We also found that most treatment-naïve patients met the 
criteria for high risk of fracture, and their BMD increased 
consistently with romosozumab treatment regardless of their 
baseline fracture risk as assessed by FRAX; further, these 
BMD gains were maintained or improved after 6 months 
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of sequential therapy. These findings from a large sample 
size across geographical regions in Japan will help health-
care providers in making informed decisions on the use of 
romosozumab and sequential therapy in patients with OP at 
a high risk of fracture.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00774- 023- 01477-0.
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