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Abstract

Although clinical trials have shown that denosumab significantly increases bone mineral density at key skeletal sites more than oral
bisphosphonates, evidence is lacking from head-to-head randomized trials evaluating fracture outcomes. This retrospective cohort study uses
administrative claims data from Medicare fee-for service beneficiaries to evaluate the comparative effectiveness of denosumab vs alendronate
in reducing fracture risk among women with PMO in the US. Women with PMO ≥ 66 yr of age with no prior history of osteoporosis treatment,
who initiated denosumab (n = 89 115) or alendronate (n = 389 536) from 2012 to 2018, were followed from treatment initiation until the first of a
specific fracture outcome, treatment discontinuation or switch, end of study (December 31, 2019), or other censoring criteria. A doubly robust
inverse-probability of treatment and censoring weighted function was used to estimate the risk ratio associated with the use of denosumab
compared with alendronate for hip, nonvertebral (NV; includes hip, humerus, pelvis, radius/ulna, other femur), non-hip nonvertebral (NHNV),
hospitalized vertebral (HV), and major osteoporotic (MOP; consisting of NV and HV) fractures. Overall, denosumab reduced the risk of MOP
by 39%, hip by 36%, NV by 43%, NHNV by 50%, and HV fractures by 30% compared with alendronate. Denosumab reduced the risk of
MOP fractures by 9% at year 1, 12% at year 2, 18% at year 3, and 31% at year 5. An increase in the magnitude of fracture risk reduction
with increasing duration of exposure was also observed for other NV fracture outcomes. In this cohort of almost half-a-million treatment-naive
women with PMO, we observed clinically significant reductions in the risk of MOP, hip, NV, NHNV, and HV fractures for patients on denosumab
compared with alendronate. Patients who remained on denosumab for longer periods of time experienced greater reductions in fracture risk.

Keywords: osteoporosis, fracture prevention, antiresorptives, general population studies, statistical methods

Lay Summary

Osteoporosis-related fractures can have a significant impact on the health and quality of life of women with postmenopausal osteoporosis, as well
as pose a significant burden to society. Although clinical trials have shown that denosumab is more effective at increasing bone mineral density
compared with alendronate, there is a lack of evidence evaluating the fracture risk between these 2 commonly used osteoporosis therapies.
In this study using Medicare claims data for almost 500 000 women with postmenopausal osteoporosis with no prior history of osteoporosis
medication use, we compared the risk of fracture—an important outcome to patients and health care providers—between denosumab and
alendronate. Advanced analytic methods were implemented to ensure the study results were valid and were not unduly influenced by biases
common in observational studies.
We observed clinically meaningful reductions (from 30% up to 50%) in the risk of hip, nonvertebral, non-hip nonvertebral, hospitalized vertebral,
and major osteoporotic fractures for patients treated with denosumab compared with alendronate. Patients who remained on denosumab for
longer periods of time experienced greater reductions in fracture risk than those who remained on alendronate.

Introduction

Postmenopausal osteoporosis (PMO) affects millions of
women worldwide. The prevalence of PMO in women aged
≥50 yr has been estimated at 15.4% in the US and 22.1%
in the EU.1,2 Osteoporosis can greatly affect quality of life
due to increased risk of fractures and subsequent effect on
mobility, ambulation, and self-care.3-5 A recent systematic
review, including data from 36 countries, reported a 22.8%

median 1-yr mortality rate after hip fracture.6 Osteoporosis
represents a significant economic burden due to complications
following fractures,7 with one study reporting an annual
facility-related hospital cost of $5.1 billion USD for fracture
care in women aged ≥55 yr in the US, which is a greater annual
cost than myocardial infarction, stroke, or breast cancer.8

Management of osteoporosis includes non-pharmacological
(eg, diet, exercise, calcium, and vitamin D supplementation)
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and pharmacological therapies. According to current US
treatment guidelines, oral bisphosphonates (BP;
alendronate, ibandronate, and risedronate), IV BP (iban-
dronate and zoledronic acid), RANK-L inhibitors (deno-
sumab), and anabolics (abaloparatide, romosozumab, and
teriparatide) are all appropriate choices for initial therapy
among women with PMO at high risk for fracture.9-11

Randomized clinical trials (RCTs) have demonstrated that
denosumab is more effective in increasing bone mineral den-
sity (BMD) compared with oral and IV BP over 12 mo of
follow-up.12,13 However, the head-to-head efficacy of deno-
sumab vs BP on fracture outcomes—the clinical endpoint
of greatest interest to healthcare providers—has not been
evaluated in large-scale RCTs.14 A meta-analysis comprised
of RCTs found that greater improvements in BMD translated
to more fracture reduction within the treatment group, though
these findings may not be applicable to individual patients and
have not been studied in the clinical practice setting.15 More-
over, results from RCTs may not be generalizable to patients
receiving care in real-world clinical practice because patients
included in RCTs are inherently different from patients seen
in routine clinical care.16

Real-world data can be used to answer questions that
are difficult to address through RCTs, though conducting a
real-world comparative effectiveness study is challenging, as
confounding by indication is a common concern. Women
prescribed denosumab are more likely to be older, have more
comorbidities, and are at greater risk for fracture compared
with those taking oral BP.17,18 The few cohort studies exam-
ining the comparative effectiveness of denosumab vs alen-
dronate—the most widely used oral BP19—have reported
inconsistent results, potentially due to insufficient sample size
and the inability to account for imbalances in important
fracture-related risk factors that were either unavailable or
inadequately captured (ie, unmeasured confounding) between
patients receiving both medicines.20-22 To address this evi-
dence gap, the objective of our study was to assess the com-
parative effectiveness of denosumab vs alendronate on the risk
of osteoporotic fractures in a large, representative cohort of
postmenopausal women in the US.

Materials and methods

Study design

We conducted an active comparator, new user, retrospective
cohort study23 using the US Centers for Medicare and Medi-
caid Services’ Chronic Condition Warehouse database, which
includes 100% of Medicare beneficiaries in Fee-for-Service
plans.24 This was the second part of a 2-phase study; in the
first phase, we assessed the comparability of denosumab and
alendronate users using negative control outcomes to evaluate
the potential impact of unmeasured confounding. We found
sufficient balance in measured and unmeasured confounders
between both treatment groups.25 The associated protocols
for both studies received institutional approvals. This study
was registered on the European Network of Centres for Phar-
macoepidemiology and Pharmacovigilance (EUPAS49101).

Study population

Administrative claims were used to identify our study popula-
tion of women with PMO who were newly treated with deno-
sumab or alendronate between January 1, 2012 and December

31, 2018. Eligible patients had no prior history of osteoporo-
sis treatment (including alendronate, risedronate, oral and
IV ibandronate, zoledronic acid, denosumab, abaloparatide,
teriparatide, calcitonin, and raloxifene) using all available
prior data starting from January 1, 2006, and at least 455 d
of continuous health plan enrollment preceding the date of
treatment initiation, and were 66 yr or older (including the
required 455-d baseline period) on the date of treatment
initiation (Figure S1). Patients were excluded if they had a
history of Paget’s disease of bone, cancer (excluding non-
melanoma skin cancer), chemotherapy, hormonal therapy for
cancer, or radiation therapy during the baseline period.

Follow-up

Adopting an as-treated approach, patients were followed 1 d
after treatment initiation until the earliest of either a specific
fracture outcome (eg, when evaluating hip fracture as an
outcome, patients were not censored for non-hip fractures),
discontinuation (allowing for a 60-d grace period after the
end of the last prescription supply for alendronate and the
indicated 182-d dosing interval for denosumab), switch to a
different osteoporosis treatment, diagnosis of Paget’s disease
or cancer (including any form of cancer treatment), end of
Medicare enrollment, death, or end of available data (Decem-
ber 31, 2019).

Exposure assessment

Exposure to denosumab—60 mg administered via subcuta-
neous injection for the treatment of PMO—was assessed
using specific National Drug Codes and Healthcare Common
Procedure Coding System (HCPCS). Because HCPCS codes
that identify denosumab (C9272, J0897) do not differentiate
between indications for women with PMO (Prolia

®
) from

patients with bone metastases (XGEVA
®

), our study popu-
lation excluded any women with a prior cancer diagnosis
or who received any form of cancer therapy during the
baseline period. To further ensure that we were capturing
women initiating denosumab for the treatment of PMO, we
also employed algorithms that incorporate diagnosis codes,
medication dosage, and the total cost or cost per unit of the
drug (Methods S1). Exposure to alendronate (and oral BP)
was captured solely using National Drug Codes through Part
D prescription claims.

Outcome assessment

Hip, nonvertebral (NV; including pelvis, humerus, radius/ulna,
hip, and other femur fractures), hospitalized vertebral (HV),
non-hip nonvertebral (NHNV), and major osteoporotic
(MOP; consisting of NV and HV) fractures were identified
using ICD-9/10 and HCPCS codes (Table S1). Hip, NV, and
NHNV fractures were identified using one inpatient or one
outpatient diagnosis code combined with an HCPCS or ICD-
9/10 fracture repair procedure code. Hospitalized vertebral
fractures were identified using one inpatient diagnosis code
because of the concern regarding misclassifying pre-existing
vertebral fractures as incident outcomes during follow-up
(Methods S1). These algorithms were validated in a large
National Institutes of Health-funded cohort linking Medicare
claims data to adjudicated fracture medical records (eg, X-
rays, magnetic resonance imaging, computed tomography
scans) and were shown to have positive predictive values
ranging from 90.9% to 98.4%.26 Only the first fracture that
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occurred (of the specific outcome of interest) during follow-
up was analyzed. Patients were not censored for fracture
outcomes that occurred at different sites.

Baseline patient characteristics

Based on subject-matter expertise, a total of 118 different
patient characteristics were selected a priori that represent
potential confounders (Tables S2 and S3). Covariates, includ-
ing demographics, comorbidities, comedications, and health-
care service utilization, were captured during the baseline
period; the history of fractures and prior treatment were
assessed using all available data prior to treatment initiation.

In order to examine the potential imbalance of unmeasured
confounders, such as BMD between the treatment groups in
a similar patient population, we used a separate database
linking Medicare claims to a large national electronic health
record data system (PCORnet

®
) to calculate baseline Fracture

Risk Assessment Tool (FRAX
®

) scores, which predict the 10-
yr probability of hip and MOP fractures (Methods S1),27,28

among women with PMO newly initiating (no prior history
of) denosumab (n = 1088) and oral BP (n = 1662) from 2019
to 2020.

Statistical analyses

We used multivariate logistic regression with treatment as
the outcome to calculate propensity scores, which estimate
the conditional probability of receiving either denosumab or
alendronate. Multivariate Cox proportional hazards models
with censoring events as the outcome were used to estimate the
conditional probability of being censored between treatment
groups. Inverse probability of treatment weights (IPTWs) and
inverse probability of censoring weights (IPCW) were used
to adjust for confounding at treatment initiation and account
for potential bias from informative censoring during follow-
up in the fracture outcome models, respectively.29,30 Both
IPTW and propensity score matching perform similarly to
minimize bias due to confounding.31 As opposed to propen-
sity score matching, IPTW avoids exclusion of unmatched
patients from the cohort, allowing for greater retention of the
original study population. To remove outliers, we trimmed
0.5% of patients at each end of the IPTW distribution. Balance
before and after weighting was assessed using standardized
mean differences (SMDs), where an SMD >0.1 indicated
a clinically meaningful difference between the 2 treatment
groups.32

The cumulative incidence of each outcome was estimated
using augmented inverse probability of treatment and
censoring-weighted estimation functions.33 The estimator is
doubly robust; if either the treatment/censoring model or
the outcome model is properly specified, then the estimate
is consistent. The risk ratios (RRs) and risk differences of
each outcome, along with 95% CIs, were estimated at 1, 2,
3, 5, and > 5 yr for the denosumab and alendronate cohorts
to mirror time points reported by previously published RCTs
and estimate the treatment effect over an extended follow-
up. Prior to initiating comparative analyses, we had 80%
statistical power to detect a RR <0.88 or RR >1.13 for the
MOP fracture outcome.

The primary analyses were repeated among patients using
any oral BP (alendronate, ibandronate, or risedronate) as
the comparator; secondary analyses were conducted for all
outcomes and treatment comparisons within the following

subgroups: women (1) 80 yr and older, (2) with history of
any fracture, and (3) with no history of fracture. Follow-up
was limited to 5 yr for these subgroup analyses, given smaller
sample size and patient attrition over time.

Sensitivity analyses to assess the robustness of our findings
included: (1) an intention-to-treat (ITT) analysis, wherein
patients were not censored for treatment switching/discontin-
uation, to evaluate the potential magnitude of selection bias;
(2) a broader (ie, sensitive) definition of vertebral fracture
including those identified using an inpatient diagnostic code
or an outpatient diagnostic code combined with an associated
fracture repair or spine imaging code; and (3) quantitative
bias analysis to assess the extent of residual confounding that
would be required to explain the observed treatment effects
(Methods S1).

Results

Study population and baseline characteristics

A total of 90 805 and 392 682 treatment-naïve patients
who received denosumab and alendronate, respectively, were
included in this study (Figure S2). Mean age at baseline
was 75.5 and 74.6 yr in the denosumab and alendronate
groups, respectively (Table 1). Before weighting, the majority
of baseline characteristics were well balanced (105 of 118;
SMD ≤0.1) between the treatment groups. Covariates where
there were modest imbalances included age, race/ethnicity,
calendar year of index drug initiation, history of vertebral
fracture, systemic corticosteroid use, proton pump inhibitor
use, chronic kidney disease stages 3–5, vitamin D deficiency,
and number of outpatient visits (Table 1, Table S2). These
differences suggested that the denosumab cohort was at higher
fracture risk compared with the alendronate cohort.

After weighting and trimming, all covariates were balanced
between denosumab (n = 89 115) and alendronate (n = 389
536) users. Histograms for the propensity score distributions
showed good overlap, indicating comparability between the
IPTW-weighted groups (Figure S3). The distribution and bal-
ance of covariates were similar between denosumab and oral
BP users (Table S3).

Mean follow-up (allowing for censoring at the time of treat-
ment discontinuation or switch) was longer for denosumab
(1.5 yr) compared with alendronate (1.1 yr) across all fracture
outcome analyses (Table S4).

Comparative fracture outcomes analyses

Patients newly treated with denosumab vs alendronate experi-
enced a 39% decrease in the risk of MOP fracture (RR, 0.61;
95% CI, 0.48–0.74), 36% decrease in the risk of hip fracture
(RR, 0.64; 95% CI, 0.39–0.90), 43% decrease in the risk of
NV fracture (RR, 0.57; 95% CI, 0.42–0.71), 50% decrease in
the risk of NHNV fracture (RR, 0.50; 95% CI, 0.35–0.64),
and 30% decrease in the risk of HV fracture (RR, 0.70; 95%
CI, 0.40–1.01) over the entire follow-up period (Figure 1A–E).
The magnitude of MOP fracture risk reduction increased over
time: patients experienced 9% (RR, 0.91; 95% CI, 0.85–
0.97), 12% (RR, 0.88; 95% CI, 0.83–0.93), 18% (RR, 0.82;
95% CI, 0.77–0.87), and 31% (RR, 0.69; 95% CI, 0.62–0.76)
reductions in MOP fracture risk over 1, 2, 3, and 5 yr of
follow-up, respectively (Figure 1A). Similar reductions in risk
over time were observed for hip, NV, and NHNV fractures
(Figure 1B–D).
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Figure 1. Cumulative incidence of fracture outcomes: (A) major osteoporotic (MOP) fracture; (B) hip fracture; (C) nonvertebral (NV) fracture; (D) non-hip
NV (NHNV) fracture; (E) hospitalized vertebral (HV) fracture comparing patients initiating denosumab vs alendronate. ∗P <.05. CI, confidence interval; RR,
risk ratio.

The results comparing denosumab with oral BP users were
consistent with the primary analysis ( Figure S4A–E); alen-
dronate comprised a majority (72%) of the oral BP use. The
results across subgroups of patients 80 yr and older, and those
with and without a history of fracture were also consistent
with the overall findings over a 5-yr follow-up (Figure 2,
Figure S5).

Sensitivity analyses

Findings remained consistent, though effect estimates moved
closer to the null, using an ITT approach (Figure 3) and with
a sensitive definition of vertebral fracture (Figure 4). In a sep-
arate population of Medicare patients with available linkage
to electronic health record data, the mean 10-yr probability
for MOP and hip fracture was 25.0% and 12.5% among
denosumab users and 20.5% and 9.1% among oral BP users,
respectively (Table S5). Based on the distribution of FRAX
scores between treatment groups, and the positive association
between FRAX scores and fracture risk, quantitative bias
analyses revealed that the bias-adjusted effects of denosumab

vs alendronate on fracture were at least equal to or larger in
magnitude compared with the primary results for MOP (RR
≤0.60) and hip (RR ≤0.64) fracture (Table S6).

Discussion

In this study of nearly 500 000 older women with PMO in
the US, we found that women using denosumab as compared
with alendronate experienced a 30% to 50% reduction in the
risk of MOP, hip, NV, NHNV, and HV fractures over an 8-yr
time horizon. Similar reductions in fracture risk were observed
in subgroups of women 80 yr and older, and those with and
without a history of fracture. The magnitude of the fracture
risk reduction increased with longer duration of exposure in
all primary, secondary, and subgroup analyses except for HV
fractures. We found nearly identical results when comparing
against oral BPs as a class.

Complementary to the original Phase 3 RCT (FREEDOM),
which was used as the basis for regulatory approval across
the globe and demonstrated that denosumab reduces the risk
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Figure 2. Effectiveness of denosumab compared with alendronate on the risk of major osteoporotic, hip, nonvertebral, non-hip nonvertebral, and
hospitalized vertebral fractures among subgroups of patients with and without a history of fracture, and 80 yr and older. ∗P <.05. CI, confidence RR,
risk ratio.

of hip fracture by 40% at 3 yr compared with placebo,34 we
observed a plausible 18% reduction in hip fracture at 3 yr
in the current study. The cumulative incidence of hip fracture
in the denosumab arm of FREEDOM was 0.7% at 3 yr vs
1.8% in this analysis and baseline FRAX scores for MOP
fractures among FREEDOM patients were lower compared
with a Medicare patient population similar to the one used in
this study (15.6% vs 25.0%), perhaps reflecting the higher
risk patient population in this real-world cohort. The pat-
tern of continuous, long-term increases in fracture reduction
observed in our study is consistent with the higher rates of
NV fractures observed among denosumab users during years
1 to 3 of FREEDOM as compared with years 4 to 10 of the
open-label extension of the trial,35 and the continuous BMD
gains observed among denosumab users throughout the 10-yr
FREEDOM and open-label extension trials.36

Previous non-interventional studies evaluating the potential
fracture reduction benefit comparing denosumab and oral
BP have produced conflicting results, which may be due in
part to residual confounding. A Danish study using national
registry data found no meaningful differences in the 3-yr risk
of hip fracture and any fracture (hazard ratio [HR] ∼1.05 and
HR ∼0.92, respectively)20 and similar results were observed
in a separate Danish study limited to patients with type 2
diabetes.37 Because denosumab typically is used as second-
line treatment in Denmark (following alendronate), patients
treated with denosumab are likely to have more advanced
disease (ie, more likely to fracture). There was no adjustment
for BMD—an important determinant of fracture risk and
prescribing choice—in either of these studies. In contrast, a
smaller Swiss study that adjusted for BMD found meaningful
reductions in the risk of any fracture (HR, ∼0.54; 95% CI,
0.41–0.69), vertebral (HR, ∼0.51, 95% CI; 0.39–0.68), and

NV (HR, ∼0.54; 95% CI, 0.44–0.65), but not hip fractures
(HR, ∼0.85; 95% CI, 0.43–1.67) with the use of denosumab
vs alendronate.22

The present study should be evaluated while considering the
following limitations. First, only clinical vertebral fractures
were identified in this study, missing out on the vast majority
of vertebral fractures that do not come to clinical atten-
tion.38,39 Without access to successive patient radiographs,
it is not possible to pinpoint the time when a new vertebral
fracture occurred. As vertebral fractures are often asymp-
tomatic or present as back pain, significant delays between
the fracture episode and an eventual diagnosis can result in
misclassification where prevalent fractures occurring prior to
treatment initiation are captured as incident events, which is
not as relevant for other fracture endpoints. Consequently, we
identified vertebral fractures using validated algorithms with
inpatient diagnoses only (positive predictive value = 98.4%),
identifying clinically severe fractures types and intentionally
favoring specificity over sensitivity.40 Second, we cannot rule
out the possibility of residual confounding due to missing
information on BMD, a key confounder. We did, however,
calculate FRAX scores and found a higher 10-yr probabil-
ity of fracture in the denosumab cohort prior to treatment
initiation. We then used quantitative bias analysis to re-
estimate the RR of fracture for denosumab vs alendronate
users and observed results that were consistent with, if not
more pronounced than, our primary analysis (suggesting an
even greater benefit), indicating that our findings are robust
to unmeasured confounding.28 In a separate study, we uti-
lized negative control outcomes to assess whether first-line
alendronate users were a suitable comparator to first-line
denosumab users in a similar Medicare patient population
and found that there would be minimal residual confounding
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Figure 3. Effectiveness of denosumab compared with alendronate on the
risk of fracture outcomes using anintention-to-treat analysis.

Figure 4. Effectiveness of denosumab compared with alendronate using
a sensitive definition for vertebral fracture identified using inpatient diag-
noses or outpatient diagnoses combined with procedure code (eg, verte-
broplasty and kyphoplasty). CI, confidence RR, risk ratio.

between the 2 groups.25 Lastly, we observed high treatment
discontinuation rates in both groups over the 8-yr follow-up
period, though patients remained on denosumab for 7 mo
longer on average. We addressed the potential selection bias
introduced by treatment discontinuation using IPCW, which
reweights the contribution of patients remaining in the cohort
over time during the follow-up period (based on their baseline

clinical characteristics) to match the population at treatment
initiation. This approach helps to address the bias that can
be introduced when patients who discontinue treatment do
so for reasons related to the fracture outcome. In the ITT
analyses, we observed a consistent, though smaller, magnitude
of fracture risk reduction likely caused by high levels of
exposure misclassification, where patients were followed after
they discontinued or switched therapy.

Conclusion

In the largest comparative effectiveness study conducted to
date, we found clinically meaningful reductions in the risk of
fracture for patients treated with denosumab vs alendronate
in a representative cohort of almost half a million treatment-
naïve women with PMO in the US. Over a nearly 8-yr follow-
up period, we found greater reductions in the risk of fracture
with longer duration of use, which provides complimentary
evidence to the results from the original registrational clinical
trial and its long-term extension. As fractures are associ-
ated with significant morbidity and mortality,41-43 this study
provides clinically meaningful evidence, comparing available
osteoporosis medicines to help guide physicians, patients, and
policymakers, and may translate into significant improvement
in the quality of life of women with PMO.
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