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Abstract

Limited head-to-head comparative safety and effectiveness data exist between denosumab and
zoledronic acid in real-world healthcare. We aimed to examine the safety and effectiveness of
denosumab compared to zoledronic acid with regard to risk of serious infection and cardiovascular
disease (CVD) and osteoporotic fracture. We conducted a cohort study using claims data
(2009-2013) from a US commercial insurance. We included patients aged =50 years who newly
initiated denosumab or zoledronic acid. The primary outcomes were 1) hospitalization for serious
infection, 2) composite CVD endpoint including myocardial infarction, stroke, coronary
revascularization, and heart failure and 3) non-vertebral osteoporotic fracture including hip, wrist,
forearm and pelvic fracture. To control for potential confounders, we used 1:1 propensity score
matching. Cox proportional hazards models compared the risk of serious infection, CVD and
osteoporotic fracture within 365 days after initiation of denosumab versus zoledronic acid. After
PS matching, a total of 2,467 pairs of denosumab and zoledronic acid initiators were selected with
a mean age of 63 years and 96% were female. When compared with zoledronic acid, denosumab
was not associated with an increased risk of serious infection (HR 0.81, 95% confidence interval
[CI]10.55-1.21) or CVD (HR 1.11, 95% CI 0.60-2.03). Similar results were obtained for each
component of CVD. The risk of osteoporotic fracture was also similar between groups (HR 1.21,
95% CI 0.84-1.73). This large population-based cohort study shows that denosumab and
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zoledronic acid have comparable clinical safety and effectiveness with regard to the risk of serious
infection, CVD and osteoporosis fracture within 365 days after initiation of medications.
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Background

Osteoporosis continues to pose major health threats to the ageing population. Denosumab is
the first biologic agent approved for men or postmenopausal women with osteoporosis who
are at high risk for fractures. It is a fully human monoclonal antibody and inhibits bone
resorption by binding to the receptor activator of nuclear factor- kappa B ligand (RANKL),
thereby decreasing the differentiation of osteoclasts. Denosumab has shown sustained
efficacy in increasing bone mineral density and decreasing fracture risk, with data now
through 8 years of use (1, 2).

While the benefits of denosumab have been documented, several potential safety issues have
been raised. Given RANKL inhibition of non-skeletal immune cells potentially causing
immunosuppression (3), there is a theoretical concern for infection with denosumab. In the
pivotal trial of denosumab, the Fracture Reduction Evaluation of Denosumab in
Osteoporosis Every 6 Months (FREEDOM) trial, serious infections were more frequently
noted in the denosumab group than placebo (1). Moreover, osteoporosis and atherosclerosis
share common risk factors and pathophysiologic mechanisms. While it is not fully
understood whether use of denosumab leads to increased risk of vascular calcification and
cardiovascular disease (CVD) (4-6), many previous epidemiologic studies support a positive
association between serum osteoprotegerin (OPG), which has essentially the same
mechanism of action as denosumab, and atherosclerosis, vascular calcification, or CV
disease in human (7-9). In contrast, beneficial anti-atherosclerotic effects of denosumab have
been also reported in animal studies (10, 11). Nevertheless, relevant data in humans are still
insufficient and inconclusive.

In terms of effectiveness, denosumab is effective in reducing the risk of vertebral, non-
vertebral, and hip fractures in the FREEDOM trial (1). However, despite the availability of
alternative therapeutic compounds to reduce fracture risk, this trial was placebo-controlled
rather than comparing different drugs head-to-head. In addition, there are a growing number
of reports of atypical femur fractures in denosumab users (12-15).

Zoledronic acid is an intravenous bisphosphonate administered annually and thought to have
similar efficacy compared to denosumab, which is given biannually. In a large randomized
placebo-controlled trial, zoledronic acid resulted in significantly lower rates of vertebral
fractures, hip fractures, and non-vertebral fractures (16). Zoledronic acid may cause acute
flu-like symptoms for up to 3 days after the first infusion (17) and has been associated with
the possibility of an increased risk of atrial fibrillation (16, 18).
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To date, limited head-to-head comparative safety or effectiveness data exists between
denosumab and zoledronic acid in real-world settings. Aggregate evidence on both risks and
benefits is a key component in improving clinical decision-making in the management of
osteoporosis. To fill this evidence gap, we examined the safety and effectiveness of
denosumab compared to zoledronic acid for serious infection, CVD and osteoporotic
fracture in patients with osteoporosis.

We conducted a cohort study using the claims data from United HealthCare, a large
commercial U.S. health plan, for the period January 1, 2009 to December 31, 2013. This
database contains longitudinal claims information including medical diagnoses, procedures,
hospitalizations, physician visits, and pharmacy dispensing on more than 13 million fully-
insured subscribers with medical and pharmacy coverage at any particular time point across
the United States. Personal identifiers were removed from the dataset before the analysis to
protect subject confidentiality. Patient informed consent was therefore not required. The
study protocol was approved by the Institutional Review Board of the Brigham and Women's
Hospital.

Study Cohort

We included patients aged 50 years or older who newly initiated on denosumab or
zoledronic acid. The index date was defined as the first date of study medication denosumab
or zoledronic acid was prescribed. Because zoledronic acid is given yearly, we defined the
new users based on a minimum of 455 days of continuous insurance eligibility without
record of denosumab or zoledronic acid dispensing before the index date. To eliminate
patients who might receive osteoporosis medications for other indications, we excluded
patients who had a diagnosis of malignancy or received chemotherapy or oncology radiation
services in the 455-day period prior to the index date. Patients who received a diagnosis of
human immunodeficiency virus infection or underwent bone marrow or solid organ
transplantation, renal dialysis during the 455-day baseline period were excluded. Because
the study database has no data from nursing home stay, we further excluded nursing home
residents at baseline. Follow-up starts 1 day after the index date and continued through the
earliest of the following dates: occurrence of the study outcomes, switch to another regimen
(denosumab to zoledronic acid or zoledronic acid to denosumab), 365th day of follow-up,
insurance disenrollment, end of study period (December 31, 2013), or death.

Outcome Definition

The outcomes of interest were 1) serious infection, 2) composite CVD endpoint and 3)
nonvertebral osteoporotic fracture. Serious infection was defined as infections that required
hospitalization based on principal or secondary discharge International Classification of
Diseases, 9th Revision, Clinical Modification (ICD-9-CM) diagnoses codes (Appendix
Table 1) (19). The positive predictive value (PPV) for this algorithm was reported to be at
least 80% (20, 21). Patients were at risk only for their first hospitalized infection in the
analysis. Patients could have experienced more than one infection in a single hospitalization
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(e.g., sepsis and pneumonia). However, all infections occurring during each hospitalization
were treated as one serious infection. We defined a composite CVD endpoint as the first
occurrence of nonfatal myocardial infarction, nonfatal stroke, coronary revascularization, or
heart failure after the index date, according to inpatient principal or secondary diagnosis
codes and/or procedure codes (Appendix Table 1) (22). In addition, we assessed each
component of the composite CVD endpoint separately. In prior studies, the positive
predictive values of these claims-based algorithms for cardiovascular events were at least
80% (23-26). We also defined any non-vertebral osteoporotic fracture including hip, wrist,
forearm and pelvic fracture by diagnosis or procedure codes (Appendix Table 1). These
claims-based algorithms were found to have a PPV over 93% (27, 28). Hospital admission,
diagnosis, or procedure dates were used as the date of outcome occurrence according to each
outcome definitions. Patients were at risk only for their first serious infection, CVD
endpoint, or non-vertebral osteoporaotic fracture in the analysis. Each outcome was
indentified separately, so a patient could contribute one or more outcome incidents in
different models.

Patients' baseline variables potentially related to initiation of denosumab or zoledronic acid
and development of infection, CVD, and osteoporotic fracture were examined using data
from the 455 days before the index date. These variables (listed in Table 1) included
demographic factors, markers of health care utilization intensity, vaccination for flu and
pneumonia, comorbidities, use of other osteoporosis medications (bisphosphonates except
zoledronic acid, calcitonin, raloxifene, and parathyroid hormone), and use of other drugs. To
quantify patients' comorbidities further, we also calculated a comorbidity score that
combined conditions included in both the Charlson Index and the Elixhauser system based
on the ICD-9-CM (29).

Statistical Analyses

To control for potential confounders, we used propensity score (PS) matching. We used a
single, generic-outcome model which includes all measured covariates affecting any of the
outcomes (30). Multivariable logistic regression models including all the aforementioned
baseline covariates estimated the PS, defined as the predicted probability of a patient starting
denosumab compared with zoledronic acid. We then used a 5-to-1 digit greedy matching
algorithm with 1:1 ratio. After assembling the matched cohorts, baseline characteristics were
compared between denosumab and zoledronic acid users by calculating standardized mean
difference. We defined imbalance as an absolute value greater than 0.1 (31).

For each outcome, we estimated the incidence rate (IR) with 95% Cls for denosumab and
zoledronic acid users. The incidence rate ratio (IRR) with 95% Cls was calculated as the IR
among denosumab users divided by the IR among zoledronic acid users.

Cox proportional hazards model compared the risk of serious infection, CVD and
osteoporotic fracture within 365 days after initiation of denosumab versus zoledronic acid.
The proportional hazard assumptions were tested by adding an interaction term of exposure
and follow-up time to the model for each outcome and were not violated in any models.
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We conducted sensitivity analyses to assess the robustness of the findings. First, we stratified
patients by use of biologic disease-modifying antirheumatic drugs (DMARDS) at baseline.
Subgroups analyses were performed after 1:1 ratio PS matching for both of users and non-
users of biologic DMARDs. Second, due to different risk profiles in women and men,
stratified analysis by sex were performed. Third, to avoid including reactions which were not
related to the exposure, we excluded the outcomes that occurred on the first day of followup.
Fourth, we applied 60, 90, 180, or 270 days of follow-up time periods in order to see
whether results would change substantially according to the different follow-up days. All
analyses were run using SAS (Cary, North Carolina, USA), V.9.4.

There were 2,760 denosumab and 5,210 zoledronic acid users in the study database (Figure
1). After 1:1 PS matching, a total of 2,467 pairs of denosumab and zoledronic acid initiators
were identified. All the baseline characteristics were well-balanced between the denosumab
and zoledronic acid initiators in the PS-matched cohort. Both groups had a mean age of 63
years and majority (96%) of the patients were female (Table 1). Nearly all of the patients
had a diagnosis of osteoporosis (95%) at baseline and more than 84% of patients had a bone
mineral density test ordered. At baseline, use of any antibiotics (68%), antihypertensives
(42%), opioids (41%), and lipid-lowering medications (36%) was common in both groups.

The IRs for all of the outcomes including serious infection, composite CVD, non-vertebral
osteoporotic fracture were similar within 365 days after initiation of denosumab and
zoledronic acid (Table 2). When compared with zoledronic acid, denosumab was not
associated with an increased risk of serious infection (HR 0.81, 95% confidence interval [CI]
0.55-1.21) or CVD (HR 1.11, 95% CI 0.60-2.03) (Figure 2). Similar results were obtained
for each component of the composite CVD endpoint (Figure 2).

Subgroup analyses in 69 pairs of the matched biologic DMARD users and in 2,379 pairs of
matched biologic DMARD non-users confirmed that denosumab was not associated with an
increased risk of the each outcome of interest (Appendix Figure 1). However, among the
biologic DMARD non-users denosumab use was associated with an increased the risk of
heart failure (HR 2.51, 95% CI 1.01-6.24) compared with zoledronic acid. Subgroup
analyses in 2,367 pairs of the matched women and in 94 pairs of matched men confirmed
that denosumab was not associated with an increased risk of the each outcome of interest
(data not shown).

A series of sensitivity analyses with excluding the outcomes that occurred on the first
follow-up day as well as those with varied the duration of follow-up from 60 days to 365
days showed similar results (Appendix Table 4).

Discussion

Using a cohort which is representative of the privately insured population in the U.S., we
found that the use of denosumab was not associated with any appreciable excess risk of

serious infections or composite CVDs including nonfatal myocardial infarction, coronary
revascularization, nonfatal stroke, and heart failure compared with use of zoledronic acid
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within 365 days after initiation in patients aged 50 years or older with osteoporosis. We also
did not observe any differences in effectiveness evaluated by the risk of incident non-
vertebral osteoporotic fracture in denosumab versus zoledronic acid users.

Our results add interesting and clinically important evidence to the existing body of
literature in the pharmacologic management of osteoporosis. To date, few studies have
conducted a comprehensive evaluation of effectiveness and safety of denosumab compared
with zoledronic acid head-to-head. There is a previous meta-analysis of nine randomized
controlled trials reporting that the safety and efficacy of denosumab for reducing fracture
risk was not significantly different from bisphosphonates after 12 to 24 months despite
higher gains in bone mineral density (32). The studies included in this meta-analysis used
various bisphosphonates as their comparator group. One of the strengths of our study is that
we performed a direct comparison of biannual subcutaneous denosumab initiators versus
annual intravenous zoledronic acid initiators. Zoledronic acid among all bisphosphonates
has clinical efficacy and infrequent parental dosing schedule most similar to denosumab.
Because the, adherence to bisphosphonates is known to be generally poor, regardless of
whether daily, weekly, or monthly dosing strategies are used, with approximately 50% of
patients discontinuing therapy within the first year (33, 34) and the anti-fracture
effectiveness is associated with high adherence to bisphosphonates (35, 36), it is critical to
utilize a comparator drug that has similar route and frequency of administration to minimize
the risk of informative or differential censoring. Because we followed up the patients upto 1-
year after initiating of drugs, the adherence to zoledronic acid (which is given annually) was
not an issue in this study. For adherence to denosumab, there were 1,500 denosumab users
with more than 180 days of follow up. Among them 1,177 (78.5%) patients had a record of
the 2nd denosumab dose. Based on these numbers, adherence to denosumab could estimate
about 87% in the whole matched cohort. This high adherence of denosumab could increase
the comparability of the groups.

Furthermore, we evaluated the risk of a number of different safety events as well as the risk
of osteoporotic fracture as an effectiveness measure within 1-year among new users of
denosumab versus zoledronic acid in a large cohort representative of a population enrolled in
a nation-wide commercial health plan in the U.S. Such collective information on risks and
benefits as well as the generalizability of the data is practical and valuable in clinical care,
because aggregate risks need to be weighed against benefits upon choosing a pharmacologic
treatment for patients with osteoporosis.

In this study, about 95% of patients had diagnosis of osteoporosis in the baseline period.
That was because osteoporosis is known to be under-recorded in administrative databases in
which diagnosis codes are the sole source of case ascertainment (37, 38). Thus, instead of
the diagnosis of osteoporaosis, use of osteoporosis drugs has been proposed for case
ascertainment in pharmacy databases (37-40). In this study, as we excluded all the patients
who used denosumab or zoledronic acid for potentially other indications, we believe that the
rest of (about 5%) patients who had denosumab or zoledronic acid but no osteoporosis
diagnosis in the 455-day baseline period most likely had osteoporosis.
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We explored a potential heterogeneity of treatment effects stratified by sex and use of
biologic DMARDSs and found the consistent results with the main analysis. A previous
cohort study of patients with rheumatoid arthritis showed a similar rate of hospitalized
infection among rheumatoid arthritis patients receiving denosumab concurrently with
biologic DMARDs compared to those receiving zoledronic acid and a biologic DMARDs
for rheumatoid arthritis (19). Our stratified analyses showed a similar result that there was
no association with an increased risk of infection between denosumab and zoledronic acid
regardless of biologic DMARD use although our subgroup analysis results should be
interpreted with a caution due to potentially inadequate statistical power in the subgroups. In
one of the subgroup analyses, we observed an association between the use of denosumab
and risk of heart failure among the biologic DMARD non-users compared with zoledronic
acid. While this association could be a chance finding, it may be also biologically plausible.
Denosumab and bisphosphonates including zoledronic acid are known to cause
hypocalcaemia (41),(42). It is possible that hypocalcemia leads to development or
exacerbation of heart failure (43). Severe hypocalcemia and subsequent QT prolongation has
been also reported in patients treated with denosumab (44, 45). Nonetheless, this finding
needs to be confirmed in other populations.

Our study has several limitations. First, even though we controlled for a large number of
potential confounders using a propensity score matching method, there is a potential for
unmeasured or residual confounding by the severity of osteoporosis and other clinical risk
factors such as obesity, physical activity or frailty. However, the degree of unmeasured or
residual confounding would be minimal as we used the new user design with active
comparator (46). Second, our study did not examine the safety or effectiveness of
denosumab versus zoledronic acid in patients with a diagnosis of malignancy or a receipt of
chemotherapy or oncology services. Third, as we followed up to 365 days from the initial
drug use, this study was unable to determine the long-term safety and effectiveness. Fourth,
our study may not have adequate powers to detect a significant different between the
treatments for some of the individual endpoints and subgroup analyses. Lastly, although we
compared safety and effectiveness comprehensively, this study was not designed to examine
other potential safety events such as atypical fractures, hypocalcemia and osteonecrosis of
the jaw.

In conclusion, denosumab and zoledronic acid have comparable clinical safety and
effectiveness with regard to the risk of serious infection, CVD and non-vertebral
osteoporosis fracture in this large population-based cohort within 365 days after initiation of
medications. Future research may need to examine comparative effectiveness and safety of
these medications in patients with osteoporosis and other comorbidities such as
immunosuppressive diseases, organ transplantation, or chronic kidney disease.
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Refer to Web version on PubMed Central for supplementary material.
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Study cohort selection. The final study cohort included a total of 2,467 propensity score-
matched pairs of denosumab and zoledronic acid initiators.

J Bone Miner Res. Author manuscript; available in PMC 2018 March 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Choi et al.
Serious infection —
Composite CVD —[—
Myocardial infarction
Stroke -
Coronary revascularization —_—
Heart failure -1
Osteoporotic fracture -+
0.01 0.1 1 10

Page 12

0.81 (0.55-1.21)
1.11 (0.60-2.03)
1.12 (0.23-5.56)
0.29 (0.03-2.58)
0.84 (0.27-2.67)
1.60 (0.72-3.53)
1.21 (0.84-1.73)

favours denosumab  favours zoledronic acid

Hazard ratio (95% confidence interval)

Figure 2.

Forest plot demonstrating hazard ratios (95% confidence interval) comparing denosumab
with zoledronic acid. Composite cardiovascular disease (CVD) endpoint included of

myocardial infarction, stroke, coronary revascularization, and heart failure.
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Table 1

Baseline characteristics of propensity score-matched cohorts in the 455 days before the index date

Page 13

Characteristic

Denosumab N=2,467

Zoledronic acid N=2,467

Standard difference

Demographic

Age (years)

Male sex

Regions
Midwest
Northeast
South
West

History of healthcare utilizations
Number of hospitalizations
Number of hospitalizations for infections
Number of outpatient infection diagnoses
Number of outpatient visits
Number of emergency room visits
Number of cardiology visits
Number of endocrinology visits
Number of rheumatology visits
Bone density mineral test
Flu vaccination
Pneumonia vaccination

History of comorbidities
Combined comorbidity score
Osteoporosis
Fracture
Inflammatory arthritis
Chronic obstructive pulmonary disease
Diabetes mellitus
Chronic kidney disease
Hypertension
Prior acute myocardial infarction
Other ischemic heart disease
Other heart disease
Stroke
Heart failure
Coronary revascularization
Smoking
Obesity

History of medication use

Other osteoporosis medication use

63.2+8.4
3.9

21.5

6.8
55.2
16.5

0.3+1.1
0.03+0.2
1.8+3.6
14.6+13.2
0.3+1.0
0.9+2.3
0.6+1.5
1.3+3.3
84.4
39.2

6.0

0.5+1.4
95.5
15.4
19.2
53
10.6
41
43.3
0.5
13
2.0
1.7
9.0
20.3
12.0
43

30.0

63.2+8.6
44

21.6

7.2
55.7
155

0.3+1.2
0.04+0.2
1.9+4.7
15.4x14.7
0.3+0.9
0.7+£2.3
0.7£1.6
1.6+3.3
84.5
38.9

6.0

0.6+1.4
95.2
15.8
225
5.5
10.5
43
44.0
0.5
14
2.7
1.6
8.4
21.0
12.8
4.0

30.2

J Bone Miner Res. Author manuscript; available in PMC 2018 March 01.

<0.01
-0.03
0.03

-0.02
-0.04
-0.04
-0.06
<0.01

0.07
-0.01
-0.07

0.00

0.01
<0.01

-0.04
0.02
-0.01
-0.08
-0.01
0.00
-0.01
-0.01
0.01
-0.01
-0.05
0.00
0.02
-0.02
-0.02
0.02

<0.01



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Choi et al.

Page 14

Characteristic

Denosumab N=2,467

Zoledronic acid N=2,467

Standard difference

Other bisphosphonates except zoledronic acid
Calcitonin
Raloxifene
Parathyroid hormone
Antibiotics
Anticoagulants
Antidepressants
Antihypertensives
Antiplatelets/antithrombotics
Biologic DMARDs
Lipid lowerings
Non-biological non-specific immunosuppressive agents
NSAIDs and Coxibs
Opioids
Proton pump inhibitors
Steroids, oral
Oral steroid use in 90 day period
Cumulative prednisone equivalent dose in mg

Steroids, injectable

18.7
1.7
45
6.6

67.7
5.2

30.9

41.1
3.6
3.9

35.6

11.3

30.0

40.6

24.3

26.6

11.0

237+943

22.6

18.4
1.8
4.6
6.9

69.0
45

311

41.9
5.0
6.1

35.6

131

32.3

41.4

27.8

27.8

114

298+1,117

24.2

0.01
-0.01
-0.01
-0.01
-0.03

0.03
-0.01
-0.02
-0.07
-0.10

0.00
-0.05
-0.05
-0.02
-0.08
-0.03
-0.01
-0.06
-0.04

J Bone Miner Res. Author manuscript; available in PMC 2018 March 01.

Values are percentage or mean £SD. NSAIDs = nonsteroidal anti-inflammatory drugs; Coxibs = selective cyclooxygenase-2 inhibitors, DMARD=
disease-modifying antirheumatic drug



Page 15

Choi et al.

dnouf soualayal ay) aJem siasn ploe u_co:um_oNqN

sieak-uosiad 000'T Jod
¥

Ol7e] 8124 30UBPIdUI=YHY | ‘81BJ B0UBPIdUI=Y | ‘[eAI3)UI S0USPIILOI=]D

(¥8'1-68°0) 82'T
(8v'€-22'0) 8S'T
(LL'2-82°0) 88°0
(L2'2-€0°0) €0
(¥1'9-G2°0) ¥2'T
(S0'2-190) 2T'T
(€2'1-95°0) €80

(ev'28-1€'22) LT'62

(ev'6-68'2) G¥'S
(18'9-65'T) L¥'€
(T2'7-99°0) 86°T
(96'€-T7°0) 87'T
(Sz'91-50°2) €6°0T
(85°6€-90'72) T'TE

886'T
870'C
670°C
020°C
120°C
210
766'T

85
1T

[44
a9

(vL'1v-81'82) 9€°L€

(€0'vT-26'7) 65°8
(T£'9-9T'7) 90°€
(58'2-90°0) 190
(06'7-15'0) €8'T
(T9'81-v2'2) 62°CT

(eL'v€-16'8T) 96°'G2

909'T
629'T
ve9'T
9e9'T
GE9'T
129'T
8197

(12 %56) el

(10 %G6) ol
*

saeah uosiad

saseD

(10 9%56) ol
*

saeak uoslad

09 alnjoel} o_uo‘_oaooymo |elga1IaA-UON
4 ain|rey MesH

g uoleziLR|NIseAss Aleuoio)

T M011S

< uolnoJejul _m_Uhmuo>_\,_
(074 AAD ausodwiod
YA uondsjul snolss
sase)

/9%'Z=N pIde d1uolpsjoz

J97'¢=N qewnsouaqg

Author Manuscript

¢ 9lqeL

Author Manuscript

Author Manuscript

110y09 payorew a103s Ausuadoud sy ui pioe
21U0JP3]0Z pUB geWNSOUap UolenIUI Ja1e SABP G9E UIYIIM ainjdeiy 911010d031s0 [eigaliaA-uou pue ‘gAD 811sodwod ‘Uoiidajul SNOLISS JO Sajel 39UspIou|

Author Manuscript

J Bone Miner Res. Author manuscript; available in PMC 2018 March 01.



	Abstract
	Background
	Methods
	Data Source
	Study Cohort
	Outcome Definition
	Covariates
	Statistical Analyses

	Results
	Discussion
	References
	Figure 1
	Figure 2
	Table 1
	Table 2

