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Background: The U.S. Food and Drug Administration reported a higher incidence of cancer in patients who had spinal
arthrodesis and were exposed to a high dose of recombinant human bone morphogenetic protein-2 (rhBMP-2) compared
with the control group in a randomized controlled trial. The purpose of this study was to determine the risk of cancer after
spinal arthrodesis with BMP.

Methods: We retrospectively analyzed the incidence of cancer in 467,916 Medicare patients undergoing spinal ar-
throdesis from 2005 to 2010. Patients with a preexisting diagnosis of cancer were excluded. The average follow-up
duration was 2.85 years for the BMP group and 2.94 years for the control group. The main outcome measure was the
relative risk of developing new malignant lesions after spinal arthrodesis with or without exposure to BMP.

Results: The relative risk of developing cancer after BMP exposure was 0.938 (95% confidence interval [95% CI]: 0.913
to 0.964), which was significant. In the BMP group, 5.9% of the patients developed an invasive cancer compared with
6.5% of the patients in the control group. The relative risk of developing cancer after BMP exposure was 0.98 in males
(95% CI: 0.94 to 1.02) and 0.93 (95% CI: 0.90 to 0.97) in females. The control group showed a higher incidence of each
type of cancer except pancreatic cancer.

Conclusions: Recent clinical use of BMP was not associated with a detectable increase in the risk of cancer within a
mean 2.9-year time window.

Level of Evidence: Therapeutic Level III. See Instructions for Authors for a complete description of levels of evidence.

B
one morphogenetic proteins (BMPs) are members of
the transforming growth factor-beta (TGF-b) superfam-
ily and are essential cytokines involved in the develop-

ment, homeostasis, and repair of the musculoskeletal system as
well as other tissues. They are potent biological agents that
can induce bone formation and eliminate morbidity asso-
ciated with autologous bone-grafting. The U.S. Food and
Drug Administration (FDA) approved recombinant human
bone morphogenetic protein-2 (rhBMP-2) (INFUSE; Medtronic,
Memphis, Tennessee) for use in single-level anterior lumbar
interbody fusions in 2002, open tibial fractures in 2004, and

sinus and alveolar ridge augmentations associated with ex-
traction sockets in 2007.

Because growth factors such as BMP stimulate prolifer-
ation of some cell types, the potential stimulation or progres-
sion of neoplasms is of concern. In a randomized controlled
trial studying posterior lumbar spine arthrodesis, AMPLIFY
(Medtronic), a high-dose (20-mg/side) formulation of rhBMP-2
with a compression matrix ceramic carrier, led to an increased
incidence of cancer; however, the increase was not significant1.
Similarly, the FDA Executive Summary for AMPLIFY noted a
higher rate of neoplasms in the rhBMP-2 group than in the controls

Disclosure: One or more of the authors received payments or services, either directly or indirectly (i.e., via his or her institution), from a third party in
support of an aspect of this work. In addition, one or more of the authors, or his or her institution, has had a financial relationship, in the thirty-six months
prior to submission of this work, with an entity in the biomedical arena that could be perceived to influence or have the potential to influence what is written
in this work. No author has had any other relationships, or has engaged in any other activities, that could be perceived to influence or have the potential to
influence what is written in this work. The complete Disclosures of Potential Conflicts of Interest submitted by authors are always provided with the
online version of the article.

Peer Review: This article was reviewed by the Editor-in-Chief and one Deputy Editor, and it underwent blinded review by two or more outside experts. It was also reviewed
by an expert in methodology and statistics. The Deputy Editor reviewed each revision of the article, and it underwent a final review by the Editor-in-Chief prior to publication.
Final corrections and clarifications occurred during one or more exchanges between the author(s) and copyeditors.

1417

COPYRIGHT � 2014 BY THE JOURNAL OF BONE AND JOINT SURGERY, INCORPORATED

J Bone Joint Surg Am. 2014;96:1417-22 d http://dx.doi.org/10.2106/JBJS.M.01190



at the time of twenty-four and sixty-month follow-up2. Conse-
quently, AMPLIFY was not approved by the FDA, stating a
possible increased risk of cancer as the primary safety concern2.
A recent critical review of rhBMP-2 clinical trials and FDA
safety data highlighted the possible cancer risk and questioned
the statistical methods used to analyze an infrequent, but serious,
adverse event3.

Population-based studies can provide insight into the
true prevalence of rare events. Because low risks are difficult to
detect in a small sample size such as that in a phase-3 controlled
trial of a medical device, the effects on carcinogenesis may be
detectable only in a large population. The aim of this study was
to compare the incidence of new malignant neoplasms after
spinal arthrodesis with and without exposure to BMP, using a
large administrative database. We estimated the relative risk of
cancer in the population exposed to BMP in clinical use relative
to that in the population without such exposure.

Materials and Methods
Database Cohorts

Medicare patient data from January 1, 2005, to December 31, 2010, were
reviewed using the PearlDiver Technologies database (Warsaw, Indiana).

The database contains the Medicare Standard Analytical Files, which represent
100% of Medicare inpatient and outpatient facility data. International Classi-
fication of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) pro-
cedural codes identified patients who underwent cervical or thoracolumbar
spinal arthrodesis (see Appendix).

The ICD-9-CM code 84.52 detected patients who underwent spinal
arthrodesis with BMP, while the absence of the code determined the control
group (spinal arthrodesis without the use of BMP). Inclusion criteria were
Medicare patients who underwent a spinal arthrodesis. We excluded patients
with a preexisting cancer diagnosis at the time of surgery. The University of
Wisconsin institutional review board approved an exemption for this project.

Cancer Types
Twenty-four invasive cancer types used in the National Cancer Institute’s
Surveillance, Epidemiology and End Results (SEER) Program were defined as
the outcomes of interest in the FDA executive summary of AMPLIFY

2
as well as

in this study (see Appendix). We searched the database using ICD-9-CM di-
agnosis codes to identify new diagnoses of malignant neoplasms after spinal
arthrodesis with or without BMP.

Cancer Incidence
Patients having spinal arthrodesis from 2005 to 2009 were followed from the
date of surgery until that date in 2010. Therefore, the follow-up period was
exactly five years, four years, three years, two years, and one year for patients
who underwent surgery in 2005, 2006, 2007, 2008, and 2009, respectively.
Patients dying or lost to follow-up without a diagnosis of a new malignancy
were counted as cancer free, and therefore the cancer incidence reported in the
present study should be viewed as a minimum value.

Statistical Methods
The incidence of cancer per 100,000 patient-years at risk was calculated for the
treatment and control groups. Important covariates were sex, five-year age in-
tervals, and sex-specific five-year age intervals. A sensitivity analysis, in which
patients who had a cancer diagnosis within one year and within two years were
excluded, was performed. Lastly, we compared these results with predicted age
and sex SEER rates by the National Cancer Institute

4
. The relative risk and 95%

confidence interval (95% CI) were determined for the association of cancer with
the use of BMP in comparison with controls. The standard error (s.e.) of the

logarithm of the relative risk (RR) in the two groups with the observed number of
incident cancer cases, r1 and r2, was approximated by the following formula:

s:e: loge RR
� �

¼
ffiffiffiffiffiffiffiffiffiffiffiffiffi
1

r1
þ 1

r2

r

That is, it ignored, conservatively, the uncertainty arising from the total
number of patients in the two groups. A 95% CI for the logarithm of RR was
calculated as ±1.96 s.e. and was transformed back to a confidence interval for
RR by taking the exponential function of the lower and upper confidence limits
for loge RR. Significance was defined as a type-I error (a) of <0.05.

Source of Funding
This study was funded by the Education and Research Grant from the Depart-
ment of Orthopedics and Rehabilitation at the University of Wisconsin. This
project was supported in part by the University of Wisconsin Institute for Clinical
and Translational Research, funded through a National Institutes of Health Clinical
and Translational Science Award (grant number 1 UL1 TR000427, NCATS).
The funding sponsors did not play a role in this investigation.

Results
Patient Demographics

From 2005 to 2009, 467,916 Medicare patients who had spinal
arthrodesis were identified. BMP was used in 110,808 pa-

tients (23.7%) (Table I). The average duration of follow-up was
2.85 years in the BMP group and 2.94 years in the control group.
Females composed 62.5% of the BMP group compared with
58.4% of the control group (p < 0.001). A chi-square test to
compare age groups also showed a significant difference (p <
0.001). The patient distributions of sex and age were generally
uniform between groups despite the significant differences due
to large sample size (Table I). The greatest number of patients
was in the age group of under sixty-five years, and the number of
patients decreased in each successive age group (Table I).

Cancer Relative Risk
In the BMP group, 6557 patients (5.9%) developed a SEER
cancer compared with 23,232 patients (6.5%) in the control
group after spinal arthrodesis (Table II). The cancer incidence
per 100,000 patient-years was 2076 in the BMP group and 2212
in the control group. The relative risk of developing cancer in

TABLE I Patient Demographics

Control BMP

Total no. of patients 357,108 110,808

Male (%) 41.6 37.5

Female (%) 58.4 62.5

Age group (%)

<65 yr 29.8 27.2
65-69 yr 25.7 26.5
70-74 yr 20.1 21.4
75-79 yr 14.6 15.5
80-84 yr 7.3 7.2
‡85 yr 2.5 2.2
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the BMP group compared with the control group was 0.938
(95% CI: 0.913 to 0.964) (Table II). The difference was sig-
nificant (p < 0.001), indicating a lower risk in the BMP group.
The relative risk reduction in the BMP group was 6.2%. The
relative risk of cancer after excluding incident cancers within
one year was 1.013 (95% CI: 0.977 to 1.050) overall, 1.073
(95% CI: 1.018 to 1.131) for men, and 1.000 (95% CI: 0.947 to
1.047) for women. The relative risk of cancer after excluding
incident cancers within two years was 0.993 (95% CI: 0.946 to
1.042) overall, 1.027 (95% CI: 0.957 to 1.103) for men, and
0.996 (95% CI: 0.932 to 1.065) for women.

Effect of Sex
The incidence of cancer was significantly less in women than
in men in both treatment groups. The relative risk of cancer in
women was 0.93 (95% CI: 0.90 to 0.97; p < 0.001) (Table II).
There was a significant decrease in relative risk with BMP ex-
posure in women between sixty-five and seventy-four years old
(Fig. 1, Table II). The relative risk of developing cancer in men
was 0.98 (95% CI: 0.94 to 1.02), which was not significant

(Table II). However, a multiple-comparison correction of the
p value was not applied.

Effect of Age
As expected and as predicted by the National Cancer Institute,
cancer risk in both sexes increased with increasing age for both
treatment groups (Table II). However, the relative risk between
groups for both sexes was consistent and mirrored the overall
results with ratios close to unity, with only a few exceptions. For
men, there was a significant decrease in relative risk for those from
seventy to seventy-four years old and a significant increase in
relative risk for patients who are eighty-five years and older (Table
II). For women, there was a significant decrease in relative risk for
those between sixty-five and seventy-four years old. The age and
sex-adjusted relative risk was 0.932 (95% CI: 0.857 to 1.030).

SEER-Predicted Values
The results of this study in patients sixty-five years of age and
older were compared with the predicted SEER overall incidence
rates from 2005 to 20094. We excluded patients less than sixty-
five years of age since this group included an undefined age dis-
tribution, which was not likely similar to the SEER data (Table
II). The incidences per 100,000 patient-years of exposure were

Fig. 1

Relative risk of developing cancer. Values represent patients exposed

to bone morphogenetic protein (BMP) relative to controls by age group

(in years) for males and females. Error bars represent 95% confidence

intervals.

Fig. 2

Incidence rates of new cancer per 100,000 patient-years compared with

Surveillance Epidemiology and End Results (SEER)-predicted values.

BMP = bone morphogenetic protein.
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consistently greater than SEER predictions by 21% to 24% in
both treatment groups across all categories matched for age and
sex (Fig. 2).

Cancer Types
We calculated the relative risk of new neoplasms of nineteen
of the twenty-four most common SEER cancer types (Fig. 3).
Relative risks were not calculated for Hodgkin lymphoma,

cervix uteri, oral cavity and pharynx, Kaposi sarcoma, and
testis cancer because of the small numbers of diagnoses. The
relative risk ranged from 0.69 to 1.06. Lung and bronchus,
breast, and prostate cancer were most common in both
groups. The relative risk was <1 (indicating a lower risk in the
BMP group than in the control group) for each cancer type,
except pancreatic cancer. However, this was not significant
(Fig. 3).

TABLE II Cancer Risk

Percent with Diagnosis Incidence per 100,000 Patient-Years*

BMP Control BMP Control SEER Predicted RR (95% CI)

Overall 5.9 6.5 2076 2212 — 0.938 (0.913, 0.964)

Male 7.5 8.0 2674 2722 — 0.982 (0.944, 1.022)

Female 4.9 5.4 1699 1823 — 0.932 (0.896, 0.968)

Males by age
<65 yr 1.1 1.2 1269 1355 — 0.94 (0.84-1.04)
65-69 yr 2.1 2.1 2856 2868 2221 1.00 (0.92-1.07)
70-74 yr 1.8 2.0 3085 3368 2687 0.92 (0.85-0.99)†
75-79 yr 1.6 1.6 3665 3807 3042 0.96 (0.88-1.05)
80-84 yr 0.8 0.8 3980 3906 3158 1.02 (0.90-1.15)
‡85 yr 0.3 0.3 4542 3630 3110 1.25 (1.01-1.55)†

Females by age
<65 yr 0.8 1.0 1126 1200 — 0.94 (0.86-1.03)
65-69 yr 1.3 1.5 1720 1933 1366 0.89 (0.83-0.96)†
70-74 yr 1.1 1.3 1829 2102 1606 0.87 (0.80-0.94)†
75-79 yr 1.0 1.0 2155 2191 1823 0.98 (0.90-1.07)
80-84 yr 0.5 0.5 2149 2206 1948 0.97 (0.86-1.10)
‡85 yr 0.1 0.1 2003 2009 1831 1.00 (0.79-1.29)

*SEER = Surveillance Epidemiology and End Results, and RR = relative risk. †The difference was significant (p < 0.05).

Fig. 3

Relative risk of types of cancer. Error bars repre-

sent 95% confidence intervals. A value of <1

signifies a lower risk with bone morphogenetic

protein (BMP) exposure.
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Discussion

This study utilized a large Medicare database and analyzed
the relative risk of developing new cancers after spinal sur-

gery. We found that exposure to BMP was not only not associated
with increased cancer, but the opposite was seen; the relative risk
reduction in the BMP group was 6.2%. Although this association
was present, we cannot identify a biologic explanation from our
study for this effect.

The distribution of age and sex between the groups was
generally uniform, although differences were significant because
of the large sample size. To control for this, we stratified the
results by sex and age groups. BMP exposure was associated with
a significantly decreased risk of cancer in only one of the six age
groups in men (seventy to seventy-four years) and two of the six
age groups in women (sixty-five to seventy-four years). In ad-
dition to stratification, we calculated the relative risk after ad-
justing for age and sex differences between the groups, with a
similar relative risk of 0.932 (95% CI: 0.857 to 1.030).

The incidence of cancer in this study was higher than
SEER-predicted incidence values across all age intervals for
each sex. These differences are expected and reassure us that we
did not fail to capture many cancer diagnoses. The increased
incidence overpredicted in this study may be explained by the
differences in patient populations. SEER incidence values are
predicted across the general population, while this study in-
volved Medicare patients who underwent spinal arthrodesis.

The malignancies seen in the AMPLIFY study were diverse,
including solid tumors, skin cancer, and hematologic malignan-
cies5. This diversity is consistent with in vitro studies showing that
many cancers types have cell membrane receptors to BMP that
can be stimulated to promote growth and metastasis5. However,
we are aware of no preclinical data showing that BMPs can induce
cancer5,6. In our study, the specific types of cancer in each group
were diverse as well. Pancreatic cancer was the only neoplasm that
had a higher incidence in patients exposed to BMP. A recent study
found a significant increase in cancer events after BMP exposure7.
Of note, nine of the twenty cancer events in the BMP group were
basal cell carcinoma or squamous cell carcinoma, which are non-
SEER cancer types and frequently affect multiple sites. Our study
found no association between BMP and cancer when analyzing
SEER malignancies in distinct patients.

As follow-up data on cancer after exposure to BMP are
available only since its recent approval by the FDA in 2002, we
cannot accurately predict a lifetime risk of cancer. However, a mean
follow-up period of 2.9 years is adequate to capture the incidence of
cancer from exposure to a cancer promoter. This follow-up period is
consistent with the AMPLIFY study, which noted an increased risk
of cancer2. Furthermore, an unknown latent period exists between
carcinogenic exposure and cancer outcome. A sensitivity analysis
produced consistent results of relative risk of 1.013 (95% CI: 0.977 to
1.050) and 0.993 (95% CI: 0.946 to 1.042) after excluding incident
cancers within one year and within two years, respectively.

Two institutions performed systematic reviews analyzing
individual patient data from thirteen randomized clinical trials,
regulatory documents, and confidential reports8,9. The results be-
tween studies were contradictory, with Fu et al. reporting signifi-

cantly greater cancer risk at twenty-four months8, while the results
reported by Simmonds et al. were not significant9. The difference
between studies resulted from the inclusion of a single study, which
led to divergent outcomes. At forty-eight months, the significance
was no longer present in the study by Fu et al. We performed
sensitivity analysis by single study elimination that rejected the
significance as reported in the study by Fu et al. Additionally, the
study by Fu et al. did not include seven Medtronic-sponsored
randomized controlled trials and the study by Simmonds et al. did
not include six Medtronic-sponsored randomized controlled trials,
in which neither group developed cancer. If included, the addition
of these studies would have decreased the risk ratio toward unity8,9.

Limitations of the present study include the use of in-
stitutional databases, which involve potential confounding var-
iables that could not be analyzed, such as comorbidities, surgical
techniques, and BMP carriers. Another limitation is surgical
selection bias. A possible explanation for the observed differ-
ences between groups is the variable indications for BMP use
that introduced bias in terms of demographics and medical
comorbidities, which are important determinants of cancer risk.
Smoking has a known negative influence on arthrodesis success
and is a common indication for the use of BMP that could have
biased results toward higher relative risk with BMP; however,
this was not observed. We initially planned to examine smoking
history as a covariate, but because of poor reporting, the data did
not have sufficient accuracy.

A further limitation of this study is that dosage of BMP
was not available. A recent systematic review of BMP and
cancer suggests a possible dose-dependent relationship10. In
clinical use, it is uncertain how much rhBMP-2 was given,
as multiple kits may have been used. In the INFUSE clinical
trial, the cancer rate was similar (0.7%) in both the rhBMP-2
group and the control group after exposure to 4.2 to 8.4 mg of
rhBMP-211,12. However, the total dose in the AMPLIFY trial
was 40 mg for each patient1. The AMPLIFY trial involved a
higher dose and concentration; therefore, a dose-dependent
relationship could be the result of systemic dosage or local
concentration.

In conclusion, this study did not find an association between
BMP and cancer within a mean follow-up period of 2.9 years.

Appendix
Tables showing the ICD-9-CM procedural codes and the
National Cancer Institute’s Surveillance, Epidemiology

and End Results invasive cancer types are available with the
online version of this article as a data supplement at jbjs.org. n
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