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Abstract

Osteoanabolic-first treatment sequences are superior to oral bisphosphonates for fracture reduction and bone mineral density (BMD) gain.
However, data comparing osteoanabolic medications, with the more potent antiresorptive, denosumab (DMAb), are limited. We analyzed
FRAME and FRAME Extension data to assess BMD and fracture incidence in patients treated with romosozumab (Romo) followed by DMAb
(Romo/DMAb) versus DMAb (DMAb/DMAb) for 24 months. In FRAME, women aged ≥55 years (total hip [TH] or femoral neck [FN] T-score: –2.5
to –3.5) were randomized to Romo or placebo for 12 months followed by DMAb for 12 months. In FRAME Extension, both cohorts received
DMAb for another 12 months. This post hoc analysis compared BMD change and fracture incidence in patients on Romo/DMAb (months 0–24)
versus DMAb/DMAb (months 12–36). Patient characteristics were balanced by propensity score weighting (PSW) and sensitivity analyses were
conducted using PSW with multiple imputation (PSW-MI) and propensity score matching (PSM). Unmeasured confounding was addressed
using E-values. After PSW, over 24 months, compared with DMAb/DMAb, treatment with Romo/DMAb produced significantly greater BMD
increases at the lumbar spine [LS], TH, and FN (mean differences: 9.3%, 4.4%, and 4.1%, respectively; all p<0.001). At month 24, in women
with a baseline T-score of –3.0, the probability of achieving a T-score > –2.5 was higher with Romo/DMAb versus DMAb/DMAb (LS: 92% versus
47%; TH: 50% versus 5%). In the Romo/DMAb versus DMAb/DMAb cohorts, new vertebral fractures were significantly reduced (0.62% versus
1.26% [odds ratio = 0.45; p=0.003]) and rates of clinical, nonvertebral, and hip fractures were lower (differences not significant). Similar BMD
and fracture outcomes were observed with PSW-MI and PSM sensitivity analyses. The sequence of Romo/DMAb resulted in greater BMD gains
and higher probability of achieving T-scores > –2.5, significantly reduced new vertebral fracture incidence, and numerically lowered the incidence
(not significant) of clinical, nonvertebral, and hip fractures versus DMAb only through 24 months.
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Lay Summary

In patients with very high fracture risk, a treatment sequence with a bone-forming agent, followed by a bisphosphonate (one type of antiresorptive
that reduces bone loss) is more effective in increasing bone mineral density (BMD) and reducing fracture risk compared to treatment with
bisphosphonates alone. Here, we utilized patient data from the FRAME and FRAME Extension clinical trials to compare changes in BMD and
fracture incidence in postmenopausal women with osteoporosis treated with the bone-forming agent, romosozumab (Romo), for 12 months
followed by the most potent antiresorptive, denosumab (DMAb), for 12 months (Romo/DMAb) versus patients treated with DMAb alone for
24 months. Propensity score weighting was used to balance the patient characteristics between the two groups. We found that BMD gains
were significantly higher in patients treated with the Romo/DMAb sequence versus DMAb alone; these patients also had a higher probability
of achieving a T-score above the osteoporosis range (>–2.5). In addition, new vertebral fractures were significantly lower and rates of clinical,
nonvertebral, and hip fractures trended lower in patients treated with the Romo/DMAb sequence versus DMAb alone. Thus, a 24-months
treatment sequence of Romo/DMAb compared with DMAb alone, resulted in higher BMD gains and lower fracture risk.

Introduction

Recent osteoporosis guidelines suggest that osteoanabolic
agents be considered as initial therapy in patients at very
high risk of fracture.1-4 These recommendations are based on
studies indicating that initial treatment with osteoanabolic
agents leads to faster and larger effects against fractures and
greater gains in BMD than oral bisphosphonates alone.5-14

However, none of the controlled trials directly compared an

osteoanabolic-first treatment sequence with the more potent
antiresorptive agent, denosumab (DMAb).

Romosozumab (Romo)15 is a sclerostin inhibitor that
exerts a dual effect on bone, increasing bone formation
whilst decreasing bone resorption.16,17 In the FRAME clinical
trial, patients received Romo or placebo for 12 months,
followed by DMAb for 12 months; in the FRAME Extension,
patients in both cohorts received DMAb for an additional
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12 months.18,19 In FRAME, treatment with Romo for
12 months resulted in larger gains in BMD when compared
with placebo, and these gains were further increased following
transition to DMAb. Treatment with Romo versus placebo
also reduced the relative risk of new vertebral (73%;
p<0.001), clinical (36%; p=0.008), and nonvertebral (25%;
p=0.096) fractures with continued fracture risk reductions of
similar magnitude after transition to DMAb for 12 months.18

In FRAME Extension, fracture risk reductions were sustained
in the cohort that initially received Romo versus placebo with
a cumulative 36-month relative risk reduction of 66% for
new vertebral, 27% for clinical, and 21% for nonvertebral
fractures.19

In this post hoc analysis of FRAME and FRAME Extension,
we compared the efficacy of Romo followed by DMAb with
that of DMAb only over 24 months on BMD gains and
fracture risk.

Methods

Patients and study design

Participants enrolled in the FRAME (NCT01575834) and
FRAME Extension trials were included in this analysis;
both studies have been described in detail previously.18,19

In FRAME, women aged 55-90 years with a T-score of –
2.5 to –3.5 at total hip (TH) or femoral neck (FN) were
randomized to receive blinded Romo 210 mg s.c. once
monthly (QM) or placebo s.c. QM for 12 months, after which
women in both cohorts received open-label DMAb 60 mg s.c.
once every 6 months (Q6M) for 12 months. In FRAME
Extension, patients received DMAb 60 mg s.c. Q6M for an
additional 12 months. The current post hoc analyses focused
on women who received Romo for 12 months followed by
DMAb for 12 months in FRAME (Romo/DMAb cohort;
months 0–24; Figure 1) and those who received DMAb for
12 months in FRAME followed by DMAb for 12 months in
the FRAME Extension trial (DMAb/DMAb cohort; months
12–36; Figure 1).

Outcome measures

The study analyzed the percentage changes in BMD over
24 months (from 0 to 24) for the Romo/DMAb cohort and
(from 12 to 36) for the DMAb/DMAb cohort. The least-
squares mean group differences in the percentage change
over 24 months between the two cohorts were calculated.
Probabilities of achieving a T-score >–2.5 at the lumbar spine
(LS) and TH over the 24-month treatment sequence in patients
with baseline T-scores of –3.5, –3.0, and –2.7 were deter-
mined. These same baseline threshold T-score cut-points were
previously used to assess probabilities of attaining target BMD
levels with Romo/alendronate compared with alendronate
only.20 The incidence of new vertebral, nonvertebral, clinical,
and hip fractures during the 24 months of treatment was
calculated in both cohorts.

Statistical analysis
Primary PSW analysis
Because patients in the DMAb/DMAb cohort started active
treatment 12 months after those in the Romo/DMAb cohort,
baseline characteristics differed slightly (baseline = month 0
for Romo/DMAb; baseline = month 12 for DMAb/DMAb).
To address these post-randomization factors and avoid the

effect of confounding and bias in this comparative analysis, we
used propensity score weighting (PSW) to balance the patient
characteristics. PSW with complete case analysis was chosen
as the primary analytic approach because it allows the evalu-
ation of all patients with available baseline measurements.

A propensity score (PS) was calculated by logistic regression
with available baseline covariates including age, BMI, BMD
T-score at multiple sites (LS, TH, FN), several key laboratory
tests (serum calcium corrected by albumin, serum phospho-
rous, estimated glomerular filtration rate), demographic vari-
ables (ethnicity, race, geographical region), lifestyle risk fac-
tors (current smoking, alcohol use ≥3 drinks per day), fracture
history (prevalent vertebral fracture, any historical fracture
at age ≥ 45 years), prior use of osteoporosis medication, and
parental history of hip fracture. Any individual vertebrae that
were missing or not readable on baseline radiographs or any
uncertainty in parental hip fracture history were also included
as covariates. All baseline covariates in the DMAb/DMAb
cohort were based on month 12 data, except lifestyle risk
factors and parental history of hip fracture, which were
based on month 0 data, and accounted for any laboratory
changes, DXA changes, concomitant medicine usages, and
fracture events during the 12-month placebo period before
starting DMAb.

For the PSW procedure, we estimated the average treatment
effect on the treated (ATT) of all treatment effects21 with
weights 1 for patients in the Romo/DMAb cohort and weights
PS/(1 – PS) for patients in the DMAb/DMAb cohort. We
evaluated the balance of covariates before and after weighting
using standardized mean difference (SMD)22 and estimated
the ATT in each matched dataset. An SMD of >0.1 (>10%)
between treatment groups denotes meaningful imbalance in
the baseline covariate.23

Based on the PSW cohorts, percentage change from baseline
in BMD was assessed in patients who had a baseline measure-
ment and ≥1 postbaseline measurement at month 24 in the
Romo/DMAb cohort and at month 36 in the DMAb/DMAb
cohort. Last observation carried forward (LOCF) was used
for patients who did not have BMD measurements at these
endpoints but had ≥1 postbaseline measurement. The mean
difference (95% confidence interval [CI]) in BMD percent-
age change from baseline for the Romo/DMAb cohort ver-
sus DMAb/DMAb cohort was analyzed using weighted lin-
ear regression with adjustment for machine type. The prob-
ability of achieving a TH or LS T-score > –2.5 at month
24 was estimated based on a weighted logistic regression
model, adjusted for baseline LS or TH BMD T-score within
each treatment cohort. The incidence of new vertebral frac-
tures over 24 months was calculated using radiographs at
month 24 for the Romo/DMAb cohort and at month 36
for the DMAb/DMAb cohort (or LOCF for patients with
post-treatment radiographs before these endpoints who were
missing radiographs at the 24- and 36-month endpoints). The
treatment effect on new vertebral fractures was estimated
using weighted logistic regression and the treatment effects
of other fractures were estimated using weighted Cox propor-
tional hazard model.

For patients with missing values of outcomes, we used
all the available data to carry out imputation. These data
included month-12 and month-24 DXA for all patients;
month-6 and month-18 DXA for patients in imaging sub-
study24; and month-6, month-12, month-18, and month-24
lumbar X-ray for all patients.
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Figure 1. FRAME/FRAME extension study design. N = number of patients randomized in the study; n = number of patients in each study cohort. Patients
included in the Romo/DMAb cohort received Romo for 12 months followed by DMAb for 12 months in FRAME (n = 3490 after PSW, n = 3589 after PSW-MI,
and n = 2797 after PSM out of 3589 from the parent FRAME trial). Patients included in the DMAb/DMAb cohort received DMAb for 12 months in FRAME
and for 12 months in the FRAME extension trial (n = 2952 after PSW, n = 3205 after PSW-MI, and n = 2797 after PSM out of 3205 from the parent FRAME
trial). Abbreviations: DMAb = denosumab; MI = multiple imputation; PSM = propensity score matching; PSW = propensity score weighting; Q6M = every
6 months; QM = monthly; Romo = romosozumab.

Sensitivity analyses

Sensitivity analyses were performed to evaluate the robustness
of our findings and to handle missing data. First, we used a
multiple imputation approach for the PSW (PSW-MI) analysis
to ensure that there was no confounding bias due to missing
baseline data. This approach addressed missing data for base-
line covariates and outcomes. Missing values were imputed
using fully conditional specification (FCS) method result in 40
complete datasets. The imputation model included all baseline
covariates mentioned in the logistic regression model for PS,
and selected outcomes such as new vertebral fracture at month
12 and month 24; BMD values at LS, TH, and FN at baseline,
month 12 and month 24; and BMD T-scores at LS, TH, and
FN at month 24. For each dataset, we calculated separate
PS and performed separate PSW analyses. The results from
40 complete sets were combined, and valid inferences for the
parameters of interest were derived.

Second, we used propensity score matching (PSM), where
subject-to-subject comparisons are simple and intuitive, but
some patients are excluded because no match can be found,
and sample size is therefore restricted to a subpopulation.
For the PSM analysis, we matched the Romo/DMAb and
DMAb/DMAb cohorts (1:1) using greedy nearest neighbor
matching without replacement and a caliper of width equal
to 0.25 of the standard deviation of the logit of the PS.25 The
mean differences (95% CI) in BMD percentage change from
baseline for the Romo/DMAb cohort versus DMAb/DMAb
cohort were analyzed using a generalized estimating equation
with adjustment for machine type. The probability of achiev-
ing a TH or LS T-score > –2.5 at month 24 was estimated
based on a logistic regression model, adjusted for baseline LS
or TH BMD T-score within each treatment cohort. For group
differences in the incidence of new vertebral fractures, odds
ratios with 95% CI were determined by conditional logistic

regression.26 For hip, clinical, and nonvertebral fractures,
treatment cohorts were compared using a Cox proportional
hazard model stratified on the matched pairs.27 LOCF was
used to impute any missing BMD or fracture incidence values
in patients who had ≥1 postbaseline measurement.

Third, to assess how a potential unmeasured or uncon-
trolled confounding was associated with treatment and out-
comes, we calculated the “E-value”,28 defined as the mini-
mum strength of association, on the risk ratio scale, between
an unmeasured confounder and both the treatment and out-
come to fully explain a specific treatment–outcome associa-
tion, conditional on the measured covariates.

For all analyses, a significance level of 0.05 (two-sided)
without multiplicity adjustment was determined. All statisti-
cal analyses were carried out using SAS statistical software
version 9.4 (SAS Institute).

Results

Patient disposition and baseline characteristics

Figure 2 shows the derivation of patients included in these
analyses. In FRAME, 3589 and 3591 women were random-
ized to the Romo/DMAb and placebo/DMAb arms, respec-
tively. Within the placebo/DMAb arm, 386 women with-
drew during the year on placebo, leaving 3205 participants
in the DMAb/DMAb cohort. After excluding patients who
were missing baseline data (Romo/DMAb, 99 patients and
DMAb/DMAb, 253 patients), the numbers of patients in the
Romo/DMAb and DMAb/DMAb cohorts were 3490 and
2952, respectively. All were included in the PSW analysis.

Table 1 shows the baseline covariates before and after bal-
ancing with PSW. The cohorts were fairly comparable before
PSW with some imbalances observed in a few covariates
including serum phosphorus level, prior use of osteoporosis
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Figure 2. Patient disposition. The flowchart shows the number of patients included in each cohort from the FRAME and FRAME Extension trials after
primary PSW and sensitivity analyses using PSW-MI and PSM. Abbreviations: DMAb = denosumab; MI = multiple imputation; PSM = propensity score
matching; PSW = propensity score weighting; Romo = romosozumab.

medication, and prevalent vertebral fracture. All covariates
were balanced after PSW. The SMD of PS between the two
cohorts before balancing was 0.36, which was reduced to –
0.01 after PSW (Supplemental Figure S1).

PSW analysis
BMD change between Romo/DMAb and DMAb/DMAb
cohorts
The least-squares mean percentage change at 24 months in
BMD was higher with Romo/DMAb than with DMAb/DMAb
at the LS (16.8% versus 7.5%; mean difference: 9.3%), TH
(8.4% versus 4.0%; mean difference: 4.4%), and FN (7.6%
versus 3.5%; mean difference: 4.1%). The difference between
the cohorts was significant at all skeletal sites (p<0.001;
Figure 3A). At 24 months, a small proportion of patients
(Romo/DMAb, 0.2% versus DMAb/DMAb, 6.0%) had miss-
ing BMD values at each skeletal site, which were imputed by
LOCF (Supplemental Table S1).

Probabilities of achieving T-scores > –2.5
At baseline, the percentage of patients who had an LS or
TH T-score < –3.5, <–3.0, and <–2.7 were similar between
the two cohorts (Table 2). Over 24 months, the probabilities
of achieving LS and TH T-scores > –2.5 were higher in the
Romo/DMAb versus DMAb/DMAb cohorts in patients at all
starting cut-points, with baseline threshold T-scores of –3.5
(LS: 60.6% versus 3.1%; TH: 3.2% versus 0%), –3.0 (LS:
92.3% versus 47.2%; TH: 49.6% versus 5.2%), and –2.7 (LS:
97.6% versus 86.9%; TH: 88.3% versus 60.8%) (Figure 3B
and Table 3).

Incidence of fractures in Romo/DMAb and DMAb/DMAb
cohorts
The 24-month incidence of new vertebral fractures was lower
in the Romo/DMAb cohort than in the DMAb/DMAb cohort
(0.62% versus 1.26% [odds ratio = 0.45]; p=0.003). The inci-
dence rates of clinical fractures, nonvertebral fractures, and

hip fractures were numerically but not significantly lower in
the Romo/DMAb cohort than in the DMAb/DMAb cohort
(Figure 3C). At month 24, 5.7% and 0.4% patients in the
Romo/DMAb and DMAb/DMAb group, respectively, had
missing values for new vertebral fracture, which were imputed
by LOCF (Supplemental Table S1).

Sensitivity analyses
PSW-MI and PSM analyses
The PSW-MI analysis was based on 3589 patients in the
Romo/DMAb cohort and 3205 patients in the DMAb/DMAb
cohort. All baseline covariates were balanced after PSW-
MI analysis, and the SMD of PS between the two cohorts
was reduced from 0.36 to –0.004 (Supplemental Table S2).
After the PSM procedure, 2797 patients in each cohort were
available for the sensitivity analysis. After PSM, most of the
baseline covariates were balanced except serum phosphorus,
BMD T-score for TH and FN, and geographical region (Sup-
plemental Table S3); the SMD of PS between the two cohorts
was reduced from 0.36 to 0.23 (Supplemental Table S3;
Supplemental Figure S1).

After balancing the treatment cohorts, results for BMD
increments, probabilities of achieving non-osteoporotic T-
scores, and fracture incidence were similar to those observed
with the primary PSW analysis (Supplemental Tables S4
and S5; Supplemental Figures S2 and S3).

E-values
We found significant BMD gains at all skeletal sites in
the Romo/DMAb cohort as compared with DMAb/DMAb
cohort. The E-values for this association (E-value for the
upper limit of the Cl) at LS, TH, and FN were 7.54 (7.12),
4.54 (4.29), and 3.71 (3.50), respectively (Figure 3A), which
indicated that the likelihood of an unmeasured or unknown
confounder having an effect on BMD gains was very small.
Similar effects were observed for new vertebral fracture
(E-value, 3.87 [1.95]) (Figure 3C). E-values calculated for
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Figure 3. Comparison of BMD gains, probabilities of achieving T-score > –2.5, and patient incidence of fracture between Romo/DMAb and DMAb/DMAb
cohorts after PSW. (A) Percentage change in BMD from baseline during the 24-month treatment period. n = number of patients with evaluable data at the
time point of interest. aMean difference (95% CI) in percentage BMD change between Romo/DMAb versus DMAb/DMAb. (B) Probabilities of achieving
LS and TH T-scores of >–2.5 at month 24. n = number of patients with evaluable BMD data at baseline and month 24. The results were based on observed
data; no imputation method was used to handle missing outcomes. (C) Patient incidence of fracture during the 24-month period. n1 = number of patients
with a fracture; N1 = number of patients in the PSW subset who had a baseline and ≥1 postbaseline evaluation of vertebral fracture at or before month
24 (Romo/DMAb cohort) or month 36 (DMAb/DMAb cohort); N = number of patients included in the PSM analysis. Abbreviations: DMAb = denosumab;
FN = femoral neck; HR = hazard ratio; LS = lumbar spine; OR = odds ratio; PSW = propensity score weighting; Romo = romosozumab; TH = total hip.
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Table 2. Proportion of patients with baseline T-scores < −2.7, <−3.0, and <−3.5 before and after PSW.

Before balancing After PSW

Romo/DMAb
(N = 3490)

DMAb/DMAb
(N = 2952)

Romo/DMAb
(N = 3490)

DMAb/DMAb
(N = 2952)

BMD T-score, n (%)
Lumbar spine

<−2.7 1893 (54.24) 1557 (52.74) 1893 (54.24) 1593 (53.96)
<−3.0 1472 (42.18) 1224 (41.46) 1472 (42.18) 1257 (42.58)
<−3.5 798 (22.87) 689 (23.34) 798 (22.87) 720 (24.39)

Total hip
<−2.7 1127 (32.29) 899 (30.45) 1127 (32.29) 991 (33.57)
<−3.0 433 (12.41) 340 (11.52) 433 (12.41) 400 (13.55)
<−3.5 0 (0.00) 22 (0.75) 0 (0.00) 29 (0.98)

Abbreviations: DMAb = denosumab; PSW = propensity score weighting; Romo = romosozumab.

Table 3. Probabilities of achieving a T-score>–2.5 at month 24 with Romo/DMAb or DMAb/DMAb treatment sequence after PSW.

After PSW

Romo/ DMAb
(N = 3490)

DMAb/ DMAb
(N = 2952)

Lumbar spine, n 2850 2696
Baseline T-score, Pt Esta (95% CI)

–3.5 0.606 (0.573, 0.638) 0.031 (0.022, 0.042)
–3.0 0.923 (0.906, 0.937) 0.472 (0.436, 0.509)
–2.7 0.976 (0.968, 0.982) 0.869 (0.843, 0.892)

Total hip, n 2825 2691
Baseline T-score, Pt Esta (95% CI)

–3.5 0.032 (0.021, 0.047) 0.000 (0.000, 0.000)
–3.0 0.496 (0.457, 0.535) 0.052 (0.040, 0.069)
–2.7 0.883 (0.864, 0.900) 0.608 (0.575, 0.640)

Abbreviations: DMAb = denosumab; PSW = propensity score weighting; Romo = romosozumab. aPredicted values based on weighted logistic regression model
adjusted for baseline BMD T-score. N = number of patients; n = number of patients with evaluable lumbar spine or total hip BMD value at baseline and month
24. No imputation method was used to handle missing outcomes for complete case analysis.

the BMD and fracture outcomes using sensitivity analyses
also demonstrated similar effects (Supplemental Figures S2
and S3).

Discussion

In this post hoc analysis, we compared the efficacy of a
24-month sequence of Romo followed by DMAb versus
24 months of DMAb treatment in the FRAME and FRAME
Extension populations. The treatment sequence of Romo
followed by DMAb resulted in BMD gains that were
more than twice as large at the LS, TH, and FN than
those associated with 24 months of DMAb only. Romo
followed by DMAb reduced the incidence of new vertebral
fractures by approximately 50% compared with DMAb for
24 months. Results from the primary analysis using PSW
were corroborated with sensitivity analyses using PSW-MI
and PSM. Recent analyses from the FNIH/SABRE project
show that TH BMD gain with osteoporosis treatment is an
excellent surrogate for antifracture efficacy.29,30 Furthermore,
achieving a TH BMD level on or after treatment that is at least
above the osteoporosis range is linked to a reduced subsequent
risk of fractures.20,31 Our results add to the growing
body of literature showing superiority of osteoanabolic
or osteoanabolic-first treatment sequences compared with
even the most potent antiresorptive treatment and provide
additional rationale for the evolving role of osteoanabolic
therapy in osteoporosis management.5-7,9-13,32-34 Our
findings also lend further support to the recent guidelines

from the American Association of Clinical Endocrinologists
(AACE), Endocrine Society, and The North American
Menopause Society (NAMS) to consider osteoanabolic
treatment as initial therapy in patients with very high fracture
risk.1-3,35

The probability of achieving T-scores (>–2.5) after
24 months of treatment was also substantially higher at all
starting BMD levels for the regimen beginning with Romo
followed by DMAb versus DMAb only.20,36 A similar result
was seen in post hoc analyses from the ARCH study, which
showed that the probability of achieving LS and TH T-scores
above –2.5 after 3 years with alendronate alone is much lower
compared with the Romo followed by alendronate treatment
sequence.20 These results indicate that for patients with very
low starting BMD (T-score < –2.8 at the TH or <–3.0 at the
LS), achieving BMD levels above osteoporosis range within
a short period of time is much more likely when treatment
begins with Romo compared with either alendronate or
DMAb alone.20,36

While the incidence of nonvertebral and hip fractures was
numerically lower in patients treated with Romo/DMAb ver-
sus DMAb/DMAb, the group differences were not statisti-
cally significant. This study had ample sample size to see
a significant benefit against new vertebral fracture but was
inadequate to see significant effects against other fracture
types. This is due in part to the low osteoporosis severity
level in FRAME where only a small proportion of patients
had prevalent vertebral fracture (18%) or prior non-vertebral
fracture history (22%).18 Furthermore, although all patients

https://academic.oup.com/jbmr/article-lookup/doi/10.1093/jbmr/zjae116#supplementary-data
https://academic.oup.com/jbmr/article-lookup/doi/10.1093/jbmr/zjae116#supplementary-data
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in this study ostensibly had a T-score < –2.5, it is possi-
ble that some of the patients, particularly those from the
Latin American region, might have had higher T-scores if
a country-specific reference population had been used to
calculate T-scores, rather than the NHANES reference popu-
lation.37 These challenges were faced in the full FRAME and
FRAME Extension trials where an unexpectedly low back-
ground nonvertebral fracture rate was seen in the Latin Amer-
ican cohort.18 Based on the observed background fracture
rates in the overall FRAME population, it is estimated that
a sample size of over 12 000 and 21 000 patients would have
been required to have enough power to see a treatment effect
of Romo/DMAb versus DMAb/DMAb against nonvertebral
fracture and hip fracture, respectively, in this relatively low
risk population. A separate analysis focusing on the subset of
postmenopausal women from FRAME who had no prior frac-
tures but were otherwise at very high fracture risk showed that
treatment with Romo/DMAb significantly increased BMD
and reduced vertebral, clinical, and nonvertebral fracture risk
compared with placebo/DMAb.38 Findings from the FNI-
H/SABRE study have suggested minimum treatment versus
placebo BMD gains thought to be associated with a treatment
effect against nonvertebral and hip fractures.30 In our study,
the mean 4.4% group difference in TH BMD gain exceeds
the surrogate threshold BMD gains associated with reductions
in both nonvertebral and hip fracture (2.1% and 3.2% TH
BMD gains, respectively).30 Based on these considerations,
we would expect that Romo/DMAb treatment would reduce
fracture risk at these sites compared with 24 months of DMAb
in a population with severe osteoporosis or a study of larger
sample size.

Limitations of this study included its post hoc design, the
reduced sample size compared with the full FRAME popula-
tion, and different baseline characteristics in the two cohorts,
based on the 1-year difference between the start of active
treatment in the two cohorts. One potential confounding
factor not included in this analysis was the recency of previous
fractures. While radiographic fractures one year prior to base-
line were captured in the DMAb/DMAb cohort (while they
were on placebo), radiographic vertebral fractures were not
routinely captured in the Romo/DMAb cohort. Because of the
imbalanced and incomplete capture of recent fracture data, we
were not able to include recency of fracture as a covariate.
Although the effect of unmeasured confounding cannot be
ruled out, the potential impact was likely small, since many
confounders were included in the analysis and evidence from
our analysis of E-values confirmed its minimal effect.

Strengths of this study included that the cohorts were
derived from a large randomized controlled trial with well-
defined patients and baseline characteristics. Several statis-
tical techniques (PSW and PSM) were used to provide well
balanced cohorts with absolute SMDs <0.1 for almost all
variables as recommended,39 and these produced BMD and
fracture outcomes that were very similar. PSW-MI also pro-
duced similar outcomes, adding more robustness to our find-
ings. In addition, E-values observed in our analysis suggest
that considerable unmeasured confounding would be required
to explain an effect estimate indicating minimal residual bias
in our results.

In conclusion, this study is the first to compare the effects
of romosozumab followed by denosumab versus denosumab
therapy alone on fracture risk and BMD over a 24-month
period. Our results suggest that initiating treatment with

Romo followed by DMAb leads to fracture resistance, larger
mean BMD gain and a greater likelihood of achieving BMD
levels above the osteoporosis range compared with DMAb
only. These data provide additional evidence regarding the
optimal approach for managing osteoporosis in those at high-
est risk.
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