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Abstract
Summary In this post hoc analysis, we assessed romosozumab efficacy and safety in European patients enrolled in FRAME. 
Romosozumab treatment through 12 months, followed by denosumab for a further 24 months, resulted in early and sustained 
risk reduction for major fracture categories, associated with large gains in bone mineral density.
Introduction In the multinational FRAME phase 3 trial of romosozumab in postmenopausal women with osteoporosis, 
marked differences between clinical and non-vertebral fracture outcomes were observed among patients from Central and 
Southern America versus rest of world. This post hoc analysis assessed romosozumab efficacy and safety in European patients 
enrolled in the FRAME trial and extension study.
Methods In FRAME (NCT01575834), patients were randomised 1:1 to romosozumab 210 mg or placebo monthly (QM) for 
12 months, followed by open-label denosumab 60 mg Q6M to month 36, including a 12-month extension study. We report 
incidence of major fracture outcomes, bone mineral density (BMD) change from baseline and safety for European patients 
enrolled in FRAME.
Results In FRAME, 3013/7180 (41.96%) patients were European; 1494 received romosozumab and 1519 received pla-
cebo. Through 12 months, romosozumab reduced fracture risk versus placebo for non-vertebral fracture (1.4% versus 
3.0%; p = 0.004), clinical fracture (1.4% versus 3.6%; p < 0.001), new vertebral fracture (0.4% versus 2.1%; p < 0.001) and 
major osteoporotic fracture (0.9% versus 2.8%; p < 0.001), with results sustained through 36 months following transition to 
denosumab. Hip fractures were numerically reduced with romosozumab at month 12 (0.2% versus 0.6%; p = 0.092). Romo-
sozumab increased BMD versus placebo at month 12; all patients in the romosozumab and placebo groups experienced 
further increases by month 36 after transition to denosumab. Adverse events were balanced between groups.
Conclusions Among European patients in FRAME, romosozumab resulted in early and sustained risk reduction for all major 
fracture categories, associated with large BMD gains that continued after transition to denosumab.
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Introduction

Patients with osteoporosis are at an increased risk of 
fracture, morbidity and mortality [1, 2]. Gains in bone 
mineral density (BMD) are associated with fracture risk 
reductions across all fracture categories [3]; therefore, 
treatments that can rapidly increase BMD, such as romo-
sozumab [4], should be expected to reduce fracture risk 
across the whole spectrum of osteoporotic fractures [5].

In the phase 3 Fracture Study in Postmenopausal 
Women with Osteoporosis (FRAME; NCT01575834), 
romosozumab treatment through 12 months led to sub-
stantial gains in BMD as compared with placebo, associ-
ated with rapid reductions in the risk of vertebral and clin-
ical fractures [6, 7]. Reductions in fracture risk and gains 
in BMD observed with romosozumab were sustained after 
transition to open-label anti-resorptive denosumab treat-
ment through to the end of the primary analysis period 
at month 24 and through to month 36 after a 12-month 
extension phase [6, 8]. However, differences in non-verte-
bral fracture risk were noted among trial populations from 
different geographical regions and the reduction in the 
risk of non-vertebral fracture did not achieve statistical 
significance for all patients enrolled in FRAME through 
12 months [6, 9].

Here we report a post hoc analysis to assess the 
efficacy and safety of romosozumab among European 
women with postmenopausal osteoporosis enrolled in 
the FRAME phase 3 trial and extension study. These 
analyses provide details on the European cohort of the 
FRAME study not previously reported. In the context 
of increased accessibility of romosozumab in several 
European countries, this information may help to better 
inform treatment decisions for women with postmeno-
pausal osteoporosis.

Methods

Study design and patients

The post hoc analyses reported here are based on data from 
the FRAME phase 3, international, randomised, double-
blinded, placebo-controlled, parallel-group trial [6, 8]. The 
study was approved by an independent ethics committee 
(IEC) or institutional review board (IRB) for each study 
centre. Informed consent was obtained from all individual 
participants included in the study. Patients included in these 
post hoc analyses were enrolled from the European Union 
(EU27) plus Switzerland and the UK, herein referred to as 
European patients.

In FRAME, patients were randomised 1:1 to receive 
either 210 mg romosozumab subcutaneously or placebo 
monthly for 12 months. After 12 months, patients entered 
an open-label period and received 60 mg denosumab sub-
cutaneously every 6 months for a further 24 months, includ-
ing a 1-year extension study from months 24–36 (Fig. 1) 
[6, 8]. During the open-label period, blinding to the ini-
tial treatment allocation was maintained. Full inclusion 
and exclusion criteria have been described previously [6]. 
Briefly, all patients included in FRAME were ambulatory 
postmenopausal women aged 55–90 with a BMD T-score 
of − 2.5 to − 3.5 at the total hip or femoral neck. Exclusion 
criteria included a history of hip fracture, any severe or more 
than two moderate vertebral fractures, or exposure to treat-
ments affecting bone metabolism (within washout periods 
as defined in the study protocol) [6].

Study procedures

Study procedures have previously been described in full 
[6]. Briefly, lateral radiographs of the spine were assessed 

Fig. 1  FRAME study design. aIncluded patients were enrolled from EU27 plus Switzerland and the UK. QM, every month; Q6M,  every 
6 months; SC, subcutaneously
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for the presence of vertebral fractures at baseline and for 
the presence of new vertebral fractures (defined as those 
which occurred on-study) every 12 months thereafter, or, 
when a patient experienced back pain suggestive of vertebral 
fracture. Radiographs were assessed at a central imaging 
vendor (Bioclinica) and fracture severity was graded using 
the Genant semiquantitative grading system; assessors were 
blinded to treatment allocation [6]. Non-vertebral, clinical, 
hip and major osteoporotic fractures were assessed at the 
time that the event occurred and were adjudicated blinded 
to treatment allocation at the central imaging vendor (Bio-
clinica). Clinical fractures included clinical vertebral and 
non-vertebral fractures that were associated with signs and/
or symptoms indicative of a fracture. Major osteoporotic 
fractures included clinical vertebral fractures and fractures 
of the hip, forearm or humerus that were not associated with 
high trauma severity or a pathologic fracture.

BMD measurements at the lumbar spine and proximal 
femur were performed by dual-energy X-ray absorptiom-
etry (DXA) at baseline and every 12 months thereafter using 
Lunar or Hologic bone densitometers. DXA scans were pro-
cessed and analysed blinded to treatment at the central imag-
ing vendor (Bioclinica).

Statistical analysis

In these post hoc analyses, incidence of fracture is 
reported for new vertebral fracture, non-vertebral fracture, 
clinical fracture, hip fracture and major osteoporotic frac-
ture. Incidence of new vertebral fracture was analysed by 
a logistic regression model adjusted for age and prevalent 
vertebral fracture stratification variables. Data are reported 
with odds ratios and 95% confidence intervals (CIs) for 
all patients included in the analysis set for new vertebral 
fractures. Missing data for new vertebral fractures were 
imputed by carrying forward the last non-missing post-
baseline value prior to the missing value (LOCF). Inci-
dences of all other fracture categories were analysed by 
a Cox proportional hazards model adjusted for age and 
prevalent vertebral fracture stratification variables. Data 
are reported with hazard ratios and 95% CIs for all patients 
included in the post hoc analyses.

Changes in BMD are reported as the least-squares 
mean percentage change from baseline. Least-squares 
mean percentage change from baseline was based on an 
ANCOVA model adjusted for age and prevalent vertebral 
fracture stratification variables, baseline value, machine 
type and baseline value-by-machine type interaction. 
Changes in BMD are reported with 95% CIs for patients 
who had a baseline and at least one post-baseline BMD 
measurement. Missing data were imputed by LOCF. 
Given the post hoc nature of these analyses, comparisons 
between treatment groups for the incidence of fracture 

and changes in BMD were not pre-specified. Therefore, 
all reported p values are nominal.

The incidences of adverse events (AEs) are reported 
for all included patients who received at least one dose of 
romosozumab or placebo during the double-blinded period 
of the trial. Data are reported for month 0–12 and month 
0–36; data through 36 months are cumulative and include 
all AEs that occurred during the double-blinded period, 
the open-label period and the extension period of the trial. 
AEs are reported by preferred term, coded according to the 
Medical Dictionary for Regulatory Activities (MedDRA) 
version 19.1.

Results

Patient disposition and baseline characteristics

Of the 7180 patients enrolled in the FRAME trial, 3013 
(42%) patients were enrolled from EU27, plus Switzerland 
and the UK and were included in these analyses (Fig. 1). 
A total of 2597 (86.2%) European patients completed the 
12-month double-blinded period of the trial and 2323 
(77.1%) completed through to 36 months, including the 
12-month extension study. The most common reasons 
for discontinuation through 36 months were consistent 
with results from the global study: withdrawal of con-
sent (n = 393; 13.0%), adverse event (n = 70; 2.3%), other 
(n = 61; 2.0%) and death (n = 57; 1.9%).

Baseline demographics and characteristics for Euro-
pean patients enrolled in FRAME were balanced between 
treatment groups. Baseline characteristics in both treat-
ment groups were similar to the overall FRAME popu-
lation, with the exception of a higher FRAX score (for 
major osteoporotic fracture and hip fracture) and a greater 
prevalence of prior osteoporotic fracture (Table 1). The 
average age was 70.4  years and the mean ± standard 
deviation BMD T-score was − 2.52 ± 1.06 at the lumbar 
spine, − 2.43 ± 0.48 at the total hip and − 2.72 ± 0.28 at the 
femoral neck. A total of 1279 (42.4%) patients had expe-
rienced a prior osteoporotic fracture at or after the age of 
45 years and 620 (20.6%) patients had at least one preva-
lent vertebral fracture. The mean 10-year probability of 
major osteoporotic fracture (based on FRAX® version 3.9, 
calculated with BMD) among European patients enrolled 
in FRAME was slightly higher than the mean probability 
for all patients enrolled in the global FRAME study (16.3% 
versus 13.4%, respectively). Similarly, the mean 10-year 
probability of hip fracture (FRAX® version 3.9, calculated 
with BMD) was higher among European patients enrolled 
in FRAME compared with the global FRAME study popu-
lation (7.2% versus 5.9%, respectively).
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Incidence of fracture

Through 12 months, romosozumab reduced the incidence 
of all fracture categories versus placebo (Figs. 2 and 3). At 
month 12, the incidence of new vertebral fractures was sig-
nificantly lower among patients treated with romosozumab 
versus placebo (incidence 0.4% [6 of 1338 patients] in the 
romosozumab group versus 2.1% [29 of 1368 patients] in 
the placebo group; odds ratio, 0.21 [0.09, 0.52]; p < 0.001; 
Fig. 2). Furthermore, reductions in the incidence of new 
vertebral fractures were sustained through 24 months and 
36 months after patients transitioned from romosozumab to 
denosumab compared with patients who transitioned from 
placebo to denosumab (Fig. 2).

Similarly, the incidences of non-vertebral fracture, 
clinical fracture and major osteoporotic fracture were 
significantly reduced in romosozumab-treated versus 
placebo-treated patients. Through month 12, 1.4% (21 of 

1494 patients) in the romosozumab group and 3.0% (45 of 
1519 patients) in the placebo group experienced a non-ver-
tebral fracture (hazard ratio, 0.47 [0.28, 0.79]; p = 0.004; 
Fig. 3a); 1.4% (21 of 1494 patients) in the romosozumab 
group and 3.6% (54 of 1519 patients) in the placebo group 
experienced clinical fractures (hazard ratio, 0.39 [0.24, 
0.65]; p < 0.001 Fig. 3b), whilst a total of 0.9% (14 of 
1494 patients) in the romosozumab group and 2.8% (42 
of 1519 patients) in the placebo group experienced major 
osteoporotic fractures through month 12 (hazard ratio, 
0.34 [0.19, 0.62]; p < 0.001; Fig. 3d). Incidences of hip 
fracture were numerically reduced with romosozumab 
(Fig. 3c). Reductions in the incidence of non-vertebral, 
clinical, major osteoporotic and hip fracture categories 
were sustained through 24  months and 36  months in 
patients who received romosozumab followed by deno-
sumab compared with patients who received placebo fol-
lowed by denosumab (Fig. 3).

Table 1  Baseline demographics and characteristics

Data are reported for patients from EU27 plus Switzerland and the UK. Percentages are based on the number of patients randomised at base-
line. a10-year probability of major osteoporotic fracture or hip fracture, calculated with BMD. Based on the FRAX® version 3.9 (www. shef. ac. 
uk/ frax/); bnot readable was defined as at least one vertebra with a missing Genant grade between T4 and L4 and all remaining vertebrae with 
a Genant grade of 0; cgraded by Genant semiquantitative grading. BMD, bone mineral density; Dmab, denosumab; MOF, major osteoporotic 
fracture; N, number of patients enrolled in FRAME from EU27 plus Switzerland and the UK randomised at baseline; PBO, placebo; Romo, 
romosozumab

Characteristic PBO/Dmab  
(EU patients)
N = 1519

Romo/Dmab 
(EU patients)
N = 1494

EU patients enrolled in 
FRAME
N = 3013

All patients 
enrolled in 
FRAME
N = 7180

Age, years, mean ± SD 70.4 ± 6.9 70.4 ± 7.1 70.4 ± 7.0 70.9 ± 7.0
Age ≥ 75 years, n (%) 454 (29.9) 434 (29.0) 888 (29.5) 2240 (31.2)
Ethnic group, n (%)

  Hispanic or Latino
  Non-Hispanic or Latino

9 (0.6)
1510 (99.4)

8 (0.5)
1486 (99.5)

17 (0.6)
2996 (99.4)

2843 (39.6)
4337 (60.4)

BMI, kg/m2, mean ± SD 25.2 ± 4.7 25.0 ± 4.3 25.1 ± 4.5 24.7 ± 4.4
BMD T-score, mean ± SD

  Lumbar spine
  Total hip
  Femoral neck

 − 2.52 ± 1.07
 − 2.41 ± 0.48
 − 2.72 ± 0.28

 − 2.52 ± 1.04
 − 2.44 ± 0.48
 − 2.73 ± 0.29

 − 2.52 ± 1.06
 − 2.43 ± 0.48
 − 2.72 ± 0.28

 − 2.72 ± 1.04
 − 2.47 ± 0.47
 − 2.75 ± 0.29

FRAX score (%),a mean ± SD
  10-year probability of MOF
  10-year probability of hip fracture

16.1 ± 8.8
7.1 ± 5.8

16.4 ± 9.3
7.2 ± 6.1

16.3 ± 9.1
7.2 ± 5.9

13.4 ± 8.6
5.9 ± 5.3

Prior osteoporotic fracture ≥ 45 years, n (%) 649 (42.7) 630 (42.2) 1279 (42.4) 2528 (35.2)
Prevalent vertebral fracture, n (%)

  Yes
  No
  Not readable/missingb

322 (21.2)
1143 (75.2)
54 (3.6)

298 (19.9)
1129 (75.6)
67 (4.5)

620 (20.6)
2272 (75.4)
121 (4.0)

1317 (18.3)
5634 (78.5)
229 (3.2)

Most severe grade of vertebral fracture,c n (%)
  Normal
  Mild
  Moderate/severe
  Not readable/missingb

1143 (75.2)
180 (11.8)
142 (9.3)
54 (3.6)

1129 (75.6)
173 (11.6)
125 (8.4)
67 (4.5)

2272 (75.4)
353 (11.7)
267 (8.9)
121 (4.0)

5634 (78.5)
756 (10.5)
561 (7.8)
229 (3.2)
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Bone mineral density change from baseline

Romosozumab increased BMD at the lumbar spine, total hip 
and femoral neck by 12 months. At month 12, the least-squares 
mean percentage change from baseline in BMD was greater with 
romosozumab versus placebo by 12.3 percentage points (95% CI 
11.9, 12.6; p < 0.001) at the lumbar spine (Fig. 4a), 5.2 percent-
age points (95% CI 5.0, 5.5; p < 0.001) at the total hip (Fig. 4b) 
and 5.0 percentage points (95% CI 4.7, 5.4; p < 0.001) at the 
femoral neck (Fig. 4c).

At month 24 and month 36, after all patients had tran-
sitioned to denosumab, patients from both the placebo and 
romosozumab groups experienced further gains in BMD. 
However, the least-squares mean percentage change from 
baseline in BMD at the lumbar spine, total hip and femoral 
neck remained significantly greater for patients who received 
romosozumab versus placebo prior to transitioning to deno-
sumab (p < 0.001 for all comparisons; Fig. 4).

Safety

Overall, the incidence of AEs was balanced between treat-
ment groups during the double-blinded period (months 

Fig. 2  Incidence of new vertebral fracture through 36  months. Inci-
dences of new vertebral fracture are presented with odds ratios and 
95% confidence intervals based on a logistic regression model 
adjusted for age and prevalent vertebral fracture stratification vari-
ables. Missing values were imputed by carrying forward the last 
non-missing post-baseline value prior to the missing value (LOCF). 
LOCF, last observation carried forward; n, number of patients in 
analyses for new vertebral fracture

Fig. 3  Incidence of new fracture 
through 36 months. Incidences 
of (a) non-vertebral fracture, (b) 
clinical fracture, (c) hip fracture 
and (d) major osteoporotic 
fracture are presented with 
hazard ratio estimates and 95% 
confidence intervals based on a 
Cox proportional hazards model 
adjusted for age and prevalent 
vertebral fracture stratification 
variables. n, number of patients 
randomised

2531Osteoporosis International (2022) 33:2527–2536
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0–12) and during the total study period, including the 
12-month extension (months 0–36) (Table  2). Through 
36 months, AEs were reported in 88.5% of patients treated 
with romosozumab followed by denosumab and 90.4% 
of patients treated with placebo followed by denosumab 
(Table 2). The incidences of serious AEs, AEs leading to 
discontinuation and treatment-related AEs were low and bal-
anced between groups.

Through 12 months, during the double-blinded period 
of the trial, the most common AEs (reported in more than 
10% of patients) were nasopharyngitis (reported by 15.3% of 
patients treated with romosozumab and 15.4% with placebo) 
and arthralgia (reported by 10.6% of patients treated with 
romosozumab and 10.0% with placebo) (Table 2).

Consistent with overall results previously reported for 
the FRAME trial [6], the incidence of serious adjudicated 
cardiovascular AEs was similar between groups through 
12 months (reported by 1.4% of patients treated with romo-
sozumab and 1.5% with placebo). The incidence remained 
low and similar between groups through 36 months; 4.0% 
of patients who transitioned from romosozumab to deno-
sumab and 4.1% of patients who transitioned from placebo 
to denosumab reported serious adjudicated cardiovascular 
AEs (Table 2).

There was one incidence of adjudicated osteonecrosis of 
the jaw that occurred in the romosozumab treatment group 
during the first year of the trial. The event was associated 
with poorly fitted dentures and was considered not related 
to treatment by the investigator. No events adjudicated as 

atypical femoral fracture occurred in either treatment group 
through 36 months (Table 2). The incidence of injection 
site reactions was higher with romosozumab versus placebo 
through 12 months (5.5% versus 2.3%; Table 2). None of the 
injection site reactions was reported as serious. Incidences 
of other AEs of interest including malignancy, osteoarthritis 
and hypersensitivity were balanced between the two treat-
ment groups through 36 months (Table 2).

Discussion

In these post hoc analyses reporting data for European 
patients enrolled in the FRAME phase 3 trial, romosozumab 
treatment led to significant reductions in the risk of new 
vertebral, clinical, non-vertebral and major osteoporotic 
fractures, in addition to numerically fewer hip fractures.

Previous studies have identified relationships between 
ethnicity, fracture risk and anti-fracture efficacy [9–12]. In 
the global FRAME study population, the reduction in non-
vertebral fracture risk with romosozumab did not achieve 
statistical significance [6]. Further subgroup analyses con-
firmed that the incidence of non-vertebral fractures was low 
in patients enrolled from Central and Southern America 
compared with the rest of the world, consistent with the 
lower FRAX® score in Central and Southern American 
patients enrolled in the trial [6, 9]. In comparison, the Euro-
pean patients included in the analyses reported here had a 
higher fracture risk than the overall population enrolled in 

Fig. 4  Bone mineral density percent change from baseline through 
36  months. Least-squares mean percentage change in BMD from 
baseline at the (a) lumbar spine, (b) total hip and (c) femoral neck 
is reported with 95% confidence intervals. Data were based on an 
ANCOVA model adjusted for treatment, age and prevalent vertebral 
fracture stratification variables, baseline value, machine type and 

baseline value-by-machine type interaction; *p < 0.001. Missing data 
were imputed by carrying forward the last non-missing post-baseline 
value prior to the missing value (LOCF). BMD, bone mineral density; 
LOCF, last observation carried forward; n, number of patients with 
BMD values at baseline and at least one post-baseline visit

2532 Osteoporosis International (2022) 33:2527–2536



1 3

the global FRAME trial, as denoted by differences in base-
line FRAX® score and the higher incidence of fracture in 
the placebo-treated patients. In support of these findings, 
previous post hoc analyses from the FRAME trial reported 
that the lower anti-fracture efficacy of romosozumab in 
Central and Southern American patients was not due to 
ineffectiveness of romosozumab in these patients, but was 
in fact impacted by the low non-vertebral fracture risk in 
this population [9]. Furthermore, significant interactions 
between romosozumab anti-fracture efficacy and baseline 
FRAX® have been reported, in which greater efficacy of 
romosozumab has been observed for patients with high base-
line fracture risk [13].

Variations in fracture risk between geographies have been 
acknowledged previously [12], with such variations due to 
both genetic and environmental factors [11, 14]. Previous 
results from FRAME reported that patients from Central 
and Southern America had a lower baseline height than 
patients from other regions, and that fracture risk was lower 
despite a consistent number of falls, suggesting that skeletal 

differences may have contributed to a lower fracture risk in 
this population when considering the physical mechanics 
of a fall [9]. Aside from genetic and physical differences, 
other studies have reported on the relationship between 
dietary habits and osteoporosis [14], whilst a recent review 
summarising updates to the FRAX® tool note a number of 
new clinical risk factors that will increase applicability of 
FRAX®, including severity and treatment of type 2 diabetes, 
site, number of, and time since previous fracture, and preva-
lent falls, together emphasising the multi-factorial nature of 
fracture risk [15]. Further study would be required in order 
to determine whether such factors influenced the results 
observed in these post hoc analyses.

The increasing recognition of differences in fracture 
risk is also reflected in the development of country-specific 
FRAX® models [16–20]. Overall, the importance of ethnic-
ity in determining fracture risk, alongside other factors such 
as time since fracture [21], is increasingly being recognised 
as a consideration for the personalised approach to osteopo-
rosis treatment [10].

Table 2  Adverse events in FRAME EU patients

Data are reported for patients from EU27 plus Switzerland and the UK who received ≥ 1 dose of study treatment during the double-blinded 
period of the trial. aBased on investigator assessment; bmost common AEs defined as any AE occurring in ≥ 10% patients in any treatment group 
during months 0–12. Dmab, denosumab; N, number of patients randomised at baseline; PBO, placebo; Romo, romosozumab

12 months 36 months

PBO 
N = 1506
n (%)

Romo 
N = 1491
n (%)

PBO/Dmab 
N = 1506
n (%)

Romo/Dmab 
N = 1491
n (%)

Adverse event summary
  Any adverse event 1227 (81.5) 1168 (78.3) 1361 (90.4) 1320 (88.5)
  Serious adverse events 160 (10.6) 184 (12.3) 362 (24.0) 370 (24.8)
  Adverse events leading to discontinuation of study treatment 59 (3.9) 69 (4.6) 79 (5.2) 88 (5.9)
  Adverse events leading to discontinuation from trial 30 (2.0) 26 (1.7) 39 (2.6) 34 (2.3)
  Treatment-related adverse  eventsa 251 (16.7) 283 (19.0) 287 (19.1) 327 (21.9)

        Treatment-related serious adverse events 9 (0.6) 8 (0.5) 16 (1.1) 17 (1.1)
  Deaths 8 (0.5) 11 (0.7) 29 (1.9) 26 (1.7)

Most common adverse events (reported in ≥ 10% patients)b

  Nasopharyngitis 232 (15.4) 228 (15.3) 313 (20.8) 317 (21.3)
  Arthralgia 151 (10.0) 158 (10.6) 243 (16.1) 234 (15.7)

Adverse events of interest
  Hypocalcaemia 0 (0.0) 0 (0.0) 0 (0.0) 4 (0.3)
  Hypersensitivity 68 (4.5) 74 (5.0) 107 (7.1) 114 (7.6)
  Injection site reactions 35 (2.3) 82 (5.5) 35 (2.3) 83 (5.6)
  Malignancy 28 (1.9) 28 (1.9) 61 (4.1) 61 (4.1)
  Hyperostosis 11 (0.7) 5 (0.3) 26 (1.7) 16 (1.1)
  Osteoarthritis 170 (11.3) 138 (9.3) 246 (16.3) 219 (14.7)
  Adjudicated osteonecrosis of the jaw 0 (0.0) 1 (< 0.1) 0 (0.0) 1 (< 0.1)
  Adjudicated atypical femoral fracture 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Cardiovascular adverse events
  Adjudicated cardiovascular serious adverse event 23 (1.5) 21 (1.4) 61 (4.1) 60 (4.0)
  Adjudicated cardiovascular death 4 (0.3) 6 (0.4) 18 (1.2) 18 (1.2)
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In these post hoc analyses, European patients enrolled in 
FRAME benefitted from significant reductions in the inci-
dences of non-vertebral fracture and major osteoporotic frac-
ture, observed through 12 months with romosozumab versus 
placebo. Importantly, the treatment effect of romosozumab 
was sustained after both treatment groups transitioned to 
anti-resorptive denosumab therapy; the incidence of all frac-
ture categories was reduced for patients who received romo-
sozumab followed by denosumab compared with patients 
who received placebo followed by denosumab. Since frac-
ture risk reduction is influenced by baseline fracture risk, 
patients at medium, high or very high risk of fracture may 
experience greater benefits from treatment compared with 
those at low risk of fracture. Supportive of these findings, 
recent post hoc analyses from the first year of the FRAME 
phase 3 trial demonstrated that the efficacy of romosozumab 
for the reduction of clinical fracture, osteoporotic fracture 
and major osteoporotic fracture was significantly greater 
compared with placebo in patients at high baseline fracture 
risk [13]. Similar results were reported in the FREEDOM 
trial of denosumab in osteoporosis, in which patients at 
high risk of fracture experienced greater reductions in risk 
of clinical fracture and on-study fractures, likely due to their 
higher baseline fracture risk [22, 23].

Previous studies have reported increases in bone formation 
markers and reductions in bone resorption markers follow-
ing treatment with romosozumab, which translate into rapid 
and substantial gains in BMD [6, 24, 25]. Changes in BMD 
observed in these post hoc analyses for patients enrolled 
from Europe were also noteworthy and consistent with the 
rapid and large gains previously reported [6, 8]. Through 
12 months, greater gains in BMD were observed at the lum-
bar spine, total hip and femoral neck with romosozumab ver-
sus placebo and increases in BMD further improved through 
36 months after transition from romosozumab to denosumab.

Overall, among European patients enrolled in FRAME, 
the incidence of AEs was balanced between treatment 
groups through 12 and 36  months. The most common 
adverse events during the 12-month double-blinded treat-
ment period were nasopharyngitis and arthralgia; the inci-
dence of these events was similar between romosozumab and 
placebo treatment groups. The incidence of serious cardio-
vascular events and cardiovascular events leading to death 
were low and similar between treatment groups through 12 
and 36 months.

The post hoc analysis reported here includes a num-
ber of strengths; the size of the groups in these analyses 
were large and the data are reported from a controlled 
clinical trial with quality adjudicated fracture and BMD 
outcomes. Additionally, the countries included in these 
sub-analyses include different ethnicities and therefore a 
range of baseline risks. Limitations of this analysis include 
the fact that the data were collected during a clinical trial 

with defined patient inclusion criteria and therefore may 
not fully reflect that of a real-world population. Further-
more, given the post hoc nature of this study and that these 
sub-analyses were not pre-specified, the power to detect 
differences in efficacy and safety of romosozumab in these 
analyses may be limited. Despite this, significant reduc-
tions in the risk of new-vertebral, non-vertebral, clinical 
and major osteoporotic fractures were observed. In future, 
real-world data reporting on treatment with romosozumab 
and the romosozumab-denosumab sequence may provide 
further important insights for the management of osteo-
porosis in patients at high risk of fracture, with or without 
prior fracture.

In conclusion, among European patients enrolled in the 
FRAME phase 3 trial and extension, treatment with romo-
sozumab through 12 months followed by denosumab for a 
further 24 months resulted in early and sustained reductions 
in risk of major fracture categories, associated with substan-
tial gains in BMD.
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