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A B S T R A C T

Purpose
Recent studies have linked the use of intravenous and orally administered bisphosphonates with
subsequent development of atrial fibrillation. Patients with cancer who receive intravenous
bisphosphonate therapy may be at particular risk for this adverse event because they receive
higher doses of these drugs than do patients treated for other indications. We examined the
association of intravenous bisphosphonates with atrial fibrillation, all classifications of supraven-
tricular tachycardia (SVT), and stroke among older patients with cancer.

Patients and Methods
Using Surveillance, Epidemiology, and End Results (SEER) -Medicare–linked data, we identified
older (� age 65 years) patients with cancer who were treated with intravenous infusions of
bisphosphonates between January 1, 1995 and December 31, 2003. We then matched 13,714
bisphosphonate nonusers to 6,857 bisphosphonate users, at a 2:1 ratio, on cancer type, age, sex,
presence of bone metastases, and SEER geographic region. Patients were observed until
December 31, 2003 or until they lost coverage from Medicare Parts A and B; enrolled in a health
maintenance organization; received a diagnosis of atrial fibrillation, any SVT, or stroke; or died.

Results
Receipt of intravenous bisphosphonates was modestly associated with an increased risk for atrial
fibrillation (hazard ratio [HR] � 1.30; 95% CI, 1.18 to 1.43), all SVT (HR � 1.28; 95% CI, 1.19 to
1.38), and stroke (HR � 1.30; 95% CI, 1.09 to 1.54). The risk for all SVT increased 7% for each
increase of five bisphosphonate dose equivalents (HR � 1.07; 95% CI, 1.02 to 1.12).

Conclusion
Clinicians who treat patients with cancer who have received intravenous bisphosphonates should
be aware of the possible cardiovascular adverse events associated with this treatment.

J Clin Oncol 28:4898-4905. © 2010 by American Society of Clinical Oncology

INTRODUCTION

Bisphosphonates are a primary treatment for osteo-
porosis, substantially reducing the risks of nonverte-
bral and hip fracture.1 More recently, intravenous
formulations of these agents have proved to be effec-
tive for treating bone metastases and hypercalcemia
in patients with cancer.2 There have also been re-
ports of potentially serious adverse events associated
with the use of bisphosphonates.3-8 In their clinical
trial of postmenopausal women with osteoporosis,
Black et al3 observed that patients who received
zoledronic acid injections once a year had a higher
risk of developing serious atrial fibrillation, resulting
in hospitalization or disability, compared with pa-
tients who received placebo. Likewise, a retrospec-
tive analysis of an earlier clinical trial—the Fracture
Intervention Trial of orally administered alendro-

nate conducted in 19974—reported a trend for
higher risk that was not statistically significant. On
the basis of these findings, the US Food and Drug
Administration recently commenced a safety review
of a potential link between serious atrial fibrilla-
tion adverse events and the entire bisphosphonate
drug class.9

In the last 2 years, several studies have yielded
inconsistent findings on the cardiotoxic effects of
bisphosphonate use in patients with osteoporosis.
Of the five large-scale observational investigations
conducted in the United States, Canada, and Eu-
rope, three studies6,10,11 have reported that oral
bisphosphonate use was associated with an in-
creased risk in atrial fibrillation, whereas two stud-
ies12,13 reported no such association. Moreover, in a
meta-analysis of four clinical trial data sets that in-
cluded both oral and intravenous bisphosphonate
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users, Loke et al5 reported that bisphosphonate use was modestly
associated with an increased risk of atrial fibrillation serious adverse
events (odds ratio � 1.47; 95% CI, 1.01 to 2.14; P � .04) but not all
atrial fibrillation events (serious and nonserious; odds ratio � 1.14;
95% CI, 0.96 to 1.36; P � .15).

Given the potential link between bisphosphonates and adverse
cardiovascular events observed among patients with osteoporosis,
investigators have raised concern that such risks may be substantially
increased among patients with cancer. These concerns are based on
the fact that patients with cancer typically receive intravenous bisphos-
phonates at doses that are approximately 10 times higher than the
doses received by patients with osteoporosis.14-18 Additionally, many
patients with cancer may be at increased risk of cardiovascular events
as a result of their exposure to chemotherapy agents.19-23 Although a
single study of 124 patients with solid tumors with bone metastases24

found no increased risk of atrial fibrillation associated with bisphos-
phonate treatment, no large-scale population-based studies have ex-
amined the cardiotoxic effects of bisphosphonate use among patients
with cancer. Because the risk of atrial fibrillation and the potential for
adverse outcomes associated with atrial fibrillation increase substan-
tially with age,25 determining whether bisphosphonate use increases
the risk of atrial fibrillation in older adults has particular clinical
importance. Therefore, we conducted a population-based cohort
study of older patients with cancer to examine the association of
intravenous treatment with pamidronate disodium or zoledronic acid
and a subsequent diagnosis of atrial fibrillation, all classifications of
supraventricular tachycardia (SVT), and stroke.

PATIENTS AND METHODS

Data Sources

The Surveillance, Epidemiology, and End Results (SEER) -Medicare–
linked database contains tumor characteristics for Medicare beneficiaries
newly diagnosed with cancer in geographic regions covered by the SEER
program.26 Approximately 94% of patients recorded in the SEER registry have
been linked to their Medicare claims for covered health-related services.

Study Participants

The methods used in this analysis are similar to those previously repor-
ted.8 We identified individuals who had been diagnosed with a malignant
neoplasm between January 1, 1986 and December 31, 2002 and who were
recorded in the SEER registry. Patients diagnosed with lung cancer were
excluded because of the short median survival time (5 months). Patients with
multiple myeloma were also excluded because of the large proportion for
whom suitable matches could not be found. We excluded patients who were
not enrolled for at least 12 months before the first bisphosphonate injection in
both Medicare Parts A and B, who had belonged to a health maintenance
organization during the 12-month period before the first injection, or
whose cancer was diagnosed at autopsy or indicated on a death certificate.
Individuals who had a diagnosis of any cardiac dysrhythmia, conduction
disorder, or any cerebrovascular disease in the 12 months before study
entry were also excluded.

We matched two bisphosphonate nonusers to each bisphosphonate
user. Nonusers were selected from patients with cancer who had not received
any bisphosphonate therapy from January 1, 1995 through December 31,
2003. Nonusers who were not enrolled in both Medicare Parts A and Part B for
the 12 months before the first bisphosphonate injection, who were members of
a health maintenance organization for 12 months before the first injection, or
whose cancer was first diagnosed by autopsy or indicated on a death certificate
were excluded from this study. Study entry for a nonuser was the month and
year of the first bisphosphonate injection received by the user to which the

nonuser was matched. All members of the study cohort were � age 65 years at
study entry. We matched nonusers to users in two sequential steps. First,
patients were matched by type of cancer (breast, prostate, or all other cancers),
age at bisphosphonate administration, sex, presence of diagnosis of bone
metastases (International Classification of Diseases, ninth revision, code �
198.5) in the year before initiation of bisphosphonate treatment (yes or no),
and SEER region. We were able to successfully match 82.7% of bisphospho-
nate users with nonusers using this method. The remaining 17.3% of nonusers
were matched with users using the following less stringent criteria: type of
cancer (breast, prostate, or all other cancers), sex, and age using broader ranges
(� 65, 65 to 74, and � 75 years).

Risk Factors

Patient demographic characteristics and evidence of tobacco use were
obtained from the SEER Patient Entitlement and Diagnosis Summary File. We
used the Health Care Procedure Coding System drug administration codes
J2430 for pamidronate disodium and J3487 for zoledronic acid to select pa-
tients with cancer (bisphosphonate users) who had received one or more
infusions of pamidronate disodium (Aredia; Novartis, East Hanover, NJ) or
zoledronic acid (Zometa; Novartis) between January 1, 1995 and December
31, 2003. The presence of risk factors for atrial fibrillation (Table 1) during the
12 months before study entry was also examined. As previously described,8

Health Care Procedure Coding System codes were used to identify receipt of
chemotherapy, radiation therapy, and parenteral corticosteroids.

Outcomes

The following International Classification of Diseases (ninth revision)
codes were used to identify the three outcomes of interest in this study: 427.3
for atrial fibrillation; 427.0, 427.2, 427.3, and 427.9 for SVT; and 430 to 437
for stroke.

Dose Estimation

Medicare claims document the number of milligrams administered in
each bisphosphonate injection. We estimated cumulative dose by calculating
the number of milligrams recorded during the follow-up period for each
bisphosphonate user. Because the milligrams per dose for pamidronate and
zoledronic acid differ, we used 4 mg of zoledronic acid and 90 mg of pamidr-
onate as equivalent doses (each equaling one dose).

Statistical Analysis

We compared unadjusted Kaplan-Meier event-free survival estimates27

for atrial fibrillation and all SVT among bisphosphonate nonusers and users
for any occurrence of these events and also for events associated with a hospi-
talization. For stroke, we restricted all analyses to events associated with a
hospitalization. Multivariable survival analyses were performed using Cox
proportional hazards regression. We tested the assumption of proportionality
in the Cox model by determining that the logarithm of the baseline cumulative
hazard rates and the Schoenfeld residuals were proportional with follow-up
time. Patients were censored at death, at loss of Medicare parts A or B coverage,
at enrollment in a health maintenance organization, or at the end of the study
(ie, December 31, 2003).

We examined dose-response relationships among intravenous bisphos-
phonate recipients by estimating cumulative dose over time, which was then
modeled in Cox proportional hazards models as a time-dependent covariate
among all study patients who received bisphosphonate therapy (n � 6,857).
We also conducted sensitivity analyses by only counting as cases patients who
were diagnosed at three or more visits after the initial diagnosis on separate
dates and by only counting as cases those outcomes associated with an inpa-
tient admission. All analyses were performed using SAS version 9.1 (SAS
Institute, Cary, NC).

RESULTS

Baseline characteristics of bisphosphonate users and matched nonus-
ers are listed in Table 1. The distributions of age, sex, type of cancer,
risk factors, and year of drug administration were not statistically
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significantly different between users and nonusers. There were small
differences in the distribution of SEER regions between users and
nonusers. Differences between users and nonusers were observed for
the presence of bone metastases, use of intravenous corticosteroids,
and treatment with anthracycline or taxane. The median dose of
bisphosphonates used in the first year of follow-up was 15 equivalent
doses per patient, with an interquartile range of five to 32 doses.

We evaluated event-free survival among the intravenous
bisphosphonate users and nonusers for the three outcomes using
Kaplan-Meier curves (Fig 1). At 3 years, 18.0% (95% CI, 16.6% to
19.6%) of users had been diagnosed with atrial fibrillation compared
with 12.7% (95% CI, 11.9% to 13.5%) of nonusers, for an absolute risk
difference of 5.3% (95% CI, 3.1% to 7.7%; P � .001). At 6 years, the
absolute risk difference had increased to 8.0% (95% CI, 3.1% to
13.2%; P � .001). At 3 years, 28.0% (95% CI, 26.3% to 29.9%) of users
had been diagnosed with all SVT compared with 20.4% (95% CI,
19.5% to 21.4%) of nonusers, for an absolute risk difference of 7.6%
(95% CI, 4.9% to 10.4%; P � .001); at 6 years, the absolute risk
difference remained stable at 7.8% (95% CI, 2.6% to 13.1%; P� .001).
At 3 years, 5.5% (95% CI, 4.7% to 6.5%) of users had been hospitalized
for stroke compared with 4.1% (95% CI, 3.6% to 4.8%) of nonusers,
for an absolute risk difference of 1.5% (95% CI, 0.1% to 2.0%;
P � .0016); at 6 years, the absolute risk difference had increased to
4.0% (95% CI, 0.2% to 8.5%; P � .001).

We next investigated whether the association between intrave-
nous bisphosphonate therapy and cardiovascular toxicity was inde-
pendent of other factors associated with increased risk for any cardiac
dysrhythmia, including diabetes, obesity, hypertension, pulmonary
disease, and other conditions (Table 2). After adjusting for these po-
tential confounders, intravenous bisphosphonate use was associated
with an elevated risk for a diagnosis of atrial fibrillation (hazard ratio
[HR] � 1.30; 95% CI, 1.18 to 1.43), all SVT (HR � 1.28; 95% CI, 1.19
to 1.38), and stroke (HR�1.30; 95% CI, 1.09 to 1.54). These estimates
were comparable to the unadjusted HRs for atrial fibrillation
(HR � 1.45; 95% CI, 1.35 to 1.59), all SVT (HR � 1.40; 95% CI, 1.30
to 1.50), and stroke (HR � 1.37; 95% CI, 1.17 to 1.62).

We conducted a multivariable analysis including all variables
listed in Table 2 in which we assessed the dose-response relationships
for bisphosphonate use for all three outcomes (Table 3). The risk for
all SVT increased 7% for each increase of five dose equivalents

Table 1. Baseline Demographics and Clinical Characteristics for Intravenous
Bisphosphonate Users and Matched Controls (1995 to 2003)

Demographic or Clinical
Characteristic

% of
Bisphosphonate

Users
(n � 6,857)

% of
Controls�

(n � 13,714) P

Cancer 1.000
Breast 46.5 46.5
Prostate 27.9 27.9
Other 25.6 25.6

Year of drug administration 1.000
1995 1.0 1.0
1996 2.1 2.1
1997 4.7 4.7
1998 7.2 7.2
1999 8.1 8.1
2000 13.3 13.3
2001 13.5 13.5
2002 10.5 10.5
2003 39.7 39.7

Age at drug administration, years 1.000
� 65 7.8 7.8
65-69 20.5 20.5
70-74 27.1 27.1
75-79 23.4 23.4
80� 21.2 21.2

Race 1.000
White 84.0 80.1
Black 7.6 9.0
Hispanic 4.8 5.5
Other/unknown 3.6 5.3

Sex 1.000
Male 40.4 40.4
Female 59.6 59.6

SEER region .0081
Connecticut 14.8 14.8
Detroit 10.9 10.9
Hawaii 1.2 1.8
Iowa 10.2 10.7
New Mexico 3.9 4.2
Seattle 9.7 9.9
Utah 4.0 4.0
Atlanta 5.8 5.2
Rural Georgia 0.4 0.2
Kentucky 1.8 2.2
Louisiana 1.9 2.0
New Jersey 5.4 5.4
California 30.1 28.7

Bone metastasis 70.2 53.0 � .001
User of intravenous

corticosteroids 29.3 11.2 � .001
Comorbidity

MI 18.0 19.0 .0821
Heart failure 8.8 9.0 .6654
Heart valve disease 7.6 6.3 � .001
Tobacco use 3.3 3.4 .8048
Diabetes 13.2 14.0 .1059
Hypertension 52.2 53.5 .0619
Obesity 2.5 2.8 .1825
Enlarged heart/ventricular

hypertrophy 7.0 5.4 � .001
Pulmonary disease 2.9 2.3 .0147
Thyroid 18.9 17.4 .0087

(continued in next column)

Table 1. Baseline Demographics and Clinical Characteristics for Intravenous
Bisphosphonate Users and Matched Controls (1995 to 2003) (continued)

Demographic or Clinical
Characteristic

% of
Bisphosphonate

Users
(n � 6,857)

% of
Controls�

(n � 13,714) P

Cancer treatments
Anthracycline or taxane 28.0 12.6 � .001
Radiation therapy† 19.8 17.8 � .001

Abbreviations: SEER, Surveillance, Epidemiology, and End Results; MI,
myocardial infarction.

�We matched 82.7% of nonusers with users on type of cancer, age, sex,
SEER region, and bone metastasis. The remaining nonusers were matched
with users on type of cancer, sex, and broad range of age (� 65, 65 to 74,
and � 75 years).

†Only for breast, esophagus, stomach, pleura, trachea, mediastinum, or
other respiratory cancer or Hodgkin’s/non-Hodgkin’s lymphoma.
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(HR � 1.07; 95% CI, 1.02 to 1.12). The dose-response estimates for
atrial fibrillation (HR � 1.04; 95% CI, 0.98 to 1.10) and stroke
(HR � 1.02; 95% CI, 0.98 to 1.06) were not statistically significant.

To assess the validity of our findings, we repeated several analyses
using more stringent selection criteria and methodology. For the as-
sessment of atrial fibrillation and all SVT, we restricted the analyses to
outcomes associated with three or more office visits with the same

diagnosis code after the initial diagnosis. Each of these analyses
showed the same pattern of association as those previously described.
We also repeated the multivariable analyses restricting the outcome
measures to a new diagnosis of atrial fibrillation or SVT associated
with a hospitalization. In these analyses, the HRs were 1.22 (95% CI,
1.01 to 1.46) for atrial fibrillation and 1.22 (95% CI, 1.02 to 1.45) for all
SVT. The algorithm for the stroke diagnosis already included hospi-
talization in the definition.

DISCUSSION

In this retrospective study of more than 20,000 older patients with
cancer, we found that use of intravenously administered bisphospho-
nates in patients was modestly associated with an increased risk of
developing atrial fibrillation, all SVT, and stroke. The absolute risk
within 6 years of initiating intravenous bisphosphonate therapy was
approximately 8% for atrial fibrillation or all SVT and was 4% for
stroke. To our knowledge, this is the first large-scale, population-based
study to examine the possible cardiotoxic effects of bisphosphonates
among patients with cancer and the first to report an association
between intravenous bisphosphonate use and subsequent stroke.

In their randomized trial of 3,889 female patients receiving treat-
ment for postmenopausal osteoporosis, Black et al3 reported that
1.3% of patients who received a yearly infusion of zoledronic acid
developed serious atrial fibrillation (defined as an event resulting in
hospitalization or disability or judged to be life threatening) compared
with only 0.5% of patients on placebo (P � .001). However, there was
no increased risk for all types of atrial fibrillation combined or for
stroke. A number of observational studies of oral and intravenous
bisphosphonate use in patients with osteoporosis have produced con-
flicting results.4-7,9,11,13 A study of 124 patients with cancer with me-
tastases reported no cases of atrial fibrillation after treatment with
bisphosphonates.24 No large-scale, population-based studies of
bisphosphonate-associated toxicity have been conducted in patients
with cancer.

Patients with cancer receive doses of intravenous bisphospho-
nates that are, on average, 10 times higher per year than patients with
osteoporosis.14-18 In addition, some patients with cancer receive con-
comitant exposure to cardiotoxic chemotherapy agents.19-23 In view
of this, there were a priori reasons for suspecting that patients with
cancer receiving a bisphosphonate might experience a substantially
higher risk of cardiac dysrhythmias than patients with osteoporosis.
Despite the large doses of bisphosphonates received by our study
cohort, the observed magnitude of effect, an approximate 30% in-
crease associated with bisphosphonate use, was comparable to that
reported in previous studies of patients receiving lower doses.3-6

In contrast to previous studies in patients with osteoporosis, we
found that intravenous bisphosphonate use was associated with a 30%
excess risk for stroke and an absolute risk of 1.5% at 3 years and 4.0%
at 6 years. Our finding may be attributable to the higher doses of
bisphosphonates administered to patients with cancer. Because stroke
may be a distal outcome of bisphosphonate exposure mediated by
atrial fibrillation over several months or years, longer term studies are
needed to determine the true magnitude of this association.

The biologic mechanism underlying the association between
bisphosphonate use and atrial fibrillation is not well understood.

Non-bisphosphonate users
Bisphosphonate users
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Bisphosphonate users
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Fig 1. Kaplan-Meier estimates for adverse outcomes for matched patients with
cancer who did or did not receive intravenous bisphosphonates. Three pairs of
curves are given for the following outcomes: (A) atrial fibrillation, (B) supraven-
tricular tachycardia, and (C) stroke.
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Table 2. Adjusted HRs for Adverse Outcomes Associated With Bisphosphonate Use and Patient Characteristics Among 6,857 Patients With Cancer
Who Received Intravenous Bisphosphonates Compared With 13,714 Matched Controls

Factor

Atrial Fibrillation� All Supraventricular Tachycardia† Stroke‡

HR 95% CI P HR 95% CI P HR 95% CI P

Bisphosphonate use§ 1.3 1.18 to 1.43 � .001 1.28 1.19 to 1.38 � .001 1.3 1.09 to 1.54 � .0031
Age (for every 5 years) 1.21 1.18 to 1.25 � .001 1.14 1.11 to 1.16 � .001 1.19 1.12 to 1.25 � .001
Year of drug administration (each year) 0.96 0.94 to 0.98 � .001 0.94 0.92 to 0.95 � .001 0.97 0.93 to 1.01 .0988
SEER region

California 1.0 1.0 1.0
Connecticut 1.13 0.99 to 1.30 1.09 0.98 to 1.22 1.05 0.80 to 1.39
Detroit 1.14 0.98 to 1.32 1.43 1.28 to 1.60 1.42 1.09 to 1.83
Hawaii 0.97 0.65 to 1.45 1.3 0.97 to 1.74 0.69 0.29 to 1.62
Iowa 0.88 0.74 to 1.04 0.82 0.72 to 0.95 1.49 1.12 to 1.98
New Mexico 0.89 0.69 to 1.15 0.77 0.62 to 0.95 0.97 0.61 to 1.54
Seattle 0.98 0.83 to 1.16 0.91 0.79 to 1.04 1.56 1.18 to 2.08
Utah 0.7 0.53 to 0.91 0.64 0.51 to 0.80 1.18 0.77 to 1.81
Atlanta/rural Georgia 0.82 0.66 to 1.03 0.76 0.63 to 0.92 1.4 0.99 to 1.97
Kentucky 0.91 0.63 to 1.32 0.91 0.67 to 1.22 0.71 0.31 to 1.62
Louisiana 0.82 0.55 to 1.24 0.7 0.50 to 0.98 1.03 0.52 to 2.04
New Jersey 1.04 0.84 to 1.29 .0056 0.97 0.82 to 1.16 � .001 1.02 0.67 to 1.55 .0212

Race
White 1.0 1.0 1.0
Black 0.82 0.68 to 0.98 0.91 0.80 to 1.22 1.71 1.33 to 2.20
Hispanic 0.64 0.50 to 0.83 0.83 0.69 to 1.00 1.26 0.87 to 1.84
Other/unknown 0.79 0.62 to 1.01 � .001 0.77 0.63 to 0.94 .0107 1.13 0.75 to 1.70 � .001

Type of cancer
Breast 1.0 1.0 1.0
Prostate 1.65 1.46 to 1.86 1.55 1.41 to 1.70 1.52 1.23 to 1.89
Other 1.43 1.27 to 1.62 � .001 1.36 1.23 to 1.49 � .001 1.32 1.06 to 1.63 � .001

Bone metastasis at diagnosis
No 1.0 1.0 1.0
Yes 1.4 1.27 to 1.54 � .001 1.28 1.19 to 1.38 � .001 1.28 1.08 to 1.51 .0039

Intravenous corticosteroid use
No 1.0 1.0 1.0
Yes 1.09 0.95 to 1.25 .0056 1.06 0.95 to 1.18 � .001 1.1 0.85 to 1.42 .0212

Risk factors
MI

No 1.0 1.0 1.0
Yes 1.13 1.01 to 1.26 .0375 1.16 1.07 to 1.27 � .001 1.22 1.00 to 1.48 .0454

Heart failure
No 1.0 1.0 1.0
Yes 1.67 1.45 to 1.92 � .001 1.6 1.43 to 1.80 � .001 1.17 0.89 to 1.53 .0454

Heart valve disease
No 1.0 1.0 1.0
Yes 1.25 1.07 to 1.47 .0059 1.17 1.02 to 1.33 .0202 1.12 0.83 to 1.52 .4582

Tobacco use
No 1.0 1.0 1.0
Yes 0.96 0.71 to 1.29 .7708 0.89 0.70 to 1.13 .3271 1.67 1.11 to 2.53 .0149

Diabetes
No 1.0 1.0 1.0
Yes 1.1 0.97 to 1.25 .1546 1.05 0.94 to 1.16 .4034 1.26 1.02 to 1.56 .0315

Hypertension
No 1.0 1.0 1.0
Yes 1.17 1.07 to 1.29 .0011 1.17 1.08 to 1.26 � .001 1.37 1.15 to 1.63 � .001

Obesity
No 1.0 1.0 1.0
Yes 1.04 0.79 to 1.36 .7778 0.95 0.76 to 1.18 .6167 0.85 0.51 to 1.43 .5412

Enlarged heart/ventricular
hypertrophy
No 1.0 1.0 1.0
Yes 0.95 0.78 to 1.15 .5795 1.07 0.92 to 1.24 .3724 1.09 0.78 to 1.52 .6229

(continued on following page)
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However, animal studies have shown that bisphosphonates may accu-
mulate in the arterial wall and may affect arterial contraction.28 Addi-
tionally, bisphosphonates have been linked to inflammation and
rupture of atherosclerotic plaques in apolipoprotein E knock-
out mice.29

As expected, we also found significant associations between the
presence of recognized risk factors, such as hypertension and heart
disease, and the subsequent development of atrial fibrillation. It is
noteworthy, however, that simultaneous adjustment for these and
other potential confounders had only a small effect on the observed
association between bisphosphonate use and each of the three study
outcomes. This reflects the success of the matching process, such that
the distribution of risk factors among patient cases and controls was
generally similar (Table 1).

The results of this study may have been influenced by the several
limitations. First, information on outcomes and risk factors came
from diagnosis codes included in charges for outpatient and hospital-
ization services. Such diagnoses are not always accurate or complete.30

To further address the possibility of misclassification, we conducted

sensitivity analyses for the outcomes of atrial fibrillation and all SVT,
in which we restricted the outcomes to cases of the condition associ-
ated with three or more office visits with the same diagnosis code after
the initial diagnosis. In addition, we conducted analyses in which we
restricted the two aforementioned outcomes to those conditions oc-
curring with a hospitalization. These analyses showed the same pat-
tern of association of bisphosphonate use for both outcomes. It is
important to note that all data analyzed in this study were collected
before any reports of a possible association between bisphosphonates
and atrial fibrillation appeared in the literature.3 Therefore, it is un-
likely that a detection bias related to this posited association had any
impact on the data used in this investigation.

Second, Medicare claims provide no data on oral bisphospho-
nate use. Therefore, we were unable to assess the extent to which use of
these formulations contributed to the outcomes. Third, because two
diagnostic subgroups were excluded from the study (patients with
lung cancer were excluded as a result of short median survival time,
and patients with multiple myeloma were excluded as a result of an
insufficient number of matched controls), our ability to make

Table 2. Adjusted HRs for Adverse Outcomes Associated With Bisphosphonate Use and Patient Characteristics Among 6,857 Patients With Cancer
Who Received Intravenous Bisphosphonates Compared With 13,714 Matched Controls (continued)

Factor

Atrial Fibrillation� All Supraventricular Tachycardia† Stroke‡

HR 95% CI P HR 95% CI P HR 95% CI P

Pulmonary disease
No 1.0 1.0 1.0
Yes 1.74 1.37 to 2.21 � .001 1.58 1.29 to 1.93 � .001 0.82 0.45 to 1.50 � .001

Thyroid
No 1.0 1.0 1.0
Yes 1.1 0.98 to 1.22 .1090 1.09 1.00 to 1.20 .0456 1.02 0.83 to 1.24 .8737

Cancer treatments
Use of anthracycline or taxane

No 1.0 1.0 1.0
Yes 1.21 1.05 to 1.40 .0075 1.21 1.08 to 1.35 .0010 1.05 0.81 to 1.37 .7130

Radiation�

No 1.0 1.0 1.0
Yes 1.16 1.02 to 1.33 .0215 1.15 1.04 to 1.27 .0083 1.14 0.91 to 1.43 .2717

Abbreviations: HR, hazard ratio; SEER, Surveillance, Epidemiology, and End Results; MI, myocardial infarction; ICD-9, International Classification of Diseases, ninth
revision.

�Atrial fibrillation corresponds to ICD-9 code 427.3.
†All supraventricular tachycardia corresponds to ICD-9 codes 427.0, 427.2, 427.3, and 427.9.
‡Stroke corresponds to ICD-9 codes 430 to 437. Hospitalization was a required part of the definition of stroke.
§We matched 82.7% of nonusers with users on type of cancer, age, sex, SEER regions, and bone metastasis. The remaining nonusers were matched with users

on type of cancer, sex, and broad range of age (� 65, 65 to 74, and � 75 years).
�Only for breast, esophagus, stomach, pleura, trachea, mediastinum, or other respiratory cancer or Hodgkin’s/non-Hodgkin’s lymphoma.

Table 3. HRs for Adverse Outcomes Associated With Each Increase of Five Dose Equivalents� Among 6,857 Patients Who Received
Intravenous Bisphosphonates

Adverse Outcome

Unadjusted Model Adjusted Model†

HR 95% CI P HR 95% CI P

Atrial fibrillation 1.03 0.98 to 1.09 .2272 1.04 0.98 to 1.10 .1693
All supraventricular tachycardia 1.05 1.01 to 1.10 .0190 1.07 1.02 to 1.12 .0037
Stroke 1.01 0.94 to 1.10 .7500 1.02 0.94 to 1.11 .6350

Abbreviation: HR, hazard ratio.
�We used 4 mg of zoledronic acid and 90 mg of pamidronate as equivalent doses.
†Adjusted for age; race; sex; type of cancer; bone metastasis; Surveillance, Epidemiology, and End Results region; year of drug administration; comorbidity; and

use of intravenous corticosteroid.
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inferences about the cardiotoxic effects of bisphosphonates across
different cancer types is limited. Fourth, given the retrospective nature
of this study, it is possible that undetected selection bias and/or resid-
ual confounding may have affected our findings. For example, pa-
tients with a given risk factor for atrial fibrillation may have been more
or less likely to have received treatment with a bisphosphonate, result-
ing in confounding by indication. Our inclusion of multiple disease
risk factors for atrial fibrillation and stroke and our inclusion criteria
would have reduced the likelihood of such selection bias. Fifth, even
after matching, the bisphosphonate group had a higher proportion of
patients with bone metastases in the year before bisphosphonate ad-
ministration than the bisphosphonate nonuser group (70.29% v
53.09%, respectively) and presumably had a higher prevalence of
patients with any metastatic disease. We controlled for prior diagnosis
of bone metastases, receipt of radiation, and receipt of chemotherapy
to reduce any such confounding effect. Finally, we have no informa-
tion on the indication for bisphosphonate administration. We assume
it was for the treatment or prevention of bone metastases in the vast
majority of patients, but it is possible that some patients received the
drug for osteoporosis or other indications.

Atrial fibrillation is associated with substantial cardiovascular
morbidity and mortality.25,31-33 As with all cardiovascular conditions,
the frequency of atrial fibrillation increases substantially with
age.25,31-33 Older patients with cancer, given their current or past
exposure to cardiotoxic chemotherapy,34 may be particularly suscep-
tible to the cardiotoxic effects of bisphosphonates. Our study’s find-
ings of modestly increased risks for atrial fibrillation and other

cardiovascular events associated with bisphosphonate use must be
carefully weighed against the important role bisphosphonates play in
preventing the complications of bone metastasis.35 Clinicians should
be aware of the possible cardiotoxic impact of bisphosphonate ther-
apy. Prompt identification of atrial fibrillation followed by appropri-
ate treatment with anticoagulant therapy should substantially reduce
the risk of stroke and other adverse outcomes among older patients
with cancer receiving bisphosphonate therapy.
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