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Abstract

Background: National Comprehensive Cancer Network guidelines recommend monthly 

osteoclast inhibitor treatment (OIT) in men with metastatic castration-resistant prostate cancer 

(mCRPC) to prevent skeletal related events (SREs). We assessed adherence to guidelines by 

quantifying treatment for SRE prevention in a population-based cohort of men with mCRPC.

Methods: Using Surveillance, Epidemiology, and End Results-Medicare data, we identified men 

aged >65 with prostate cancer as a primary cause of death during 2006–2010. We assessed OIT 

during a 12-month period between 15 and 3 months before death and used multivariable negative 

binomial regression to identify factors associated with treatment.

Results: Among 9,634 men who died of prostate cancer, 22% received ≥ 1 OIT, and use 

increased slightly over time. Men age 75–84 and ≥ 85 were less likely than younger men to be 

treated (IRR 0.63, 95% CI 0.49–0.78 and IRR 0.34, 95% CI 0.17–0.50, respectively). African 

American men were less likely than white men to receive OIT (IRR 0.75, 95% CI 0.54–0.95), as 

were men from areas with lower median income (P=0.014). Compared with men seeing a urologist 

only, men seeing a medical oncologist and a urologist (IRR 2.52, 95% CI 2.36–2.68) or a medical 

oncologist alone (IRR 3.82, 95% CI 3.54–4.09) had higher incidence rates of treatment.

Conclusions: Fewer than a quarter of American men dying of prostate cancer received 

recommended treatment to prevent SREs within the final year of their lives, with particularly low 

rates of treatment among older men, African American men, and those living in areas with low 

median income. Visits with a medical oncologist were associated with increased use. Further 
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evaluation of these disparities by age, race and socioeconomic status are necessary to identify 

interventions to reduce them.

Introduction

Prostate cancer is the most common non-cutaneous malignancy among American men and is 

the second leading cause of cancer death in the United States [1]. Men with metastatic 

prostate cancer are at risk for skeletal related events (SREs) from cancer treatment-induced 

bone loss, pathologic fractures, and pain from progression of prostate cancer [2]. Skeletal 

related events are a leading cause of morbidity and increased mortality among men with 

prostate cancer [2]. Osteoclast inhibitor treatment (OIT) reduces the risk of SRE, 

hospitalization, and mortality in men with prostate cancer [3]. National guidelines include a 

category 1 recommendation recommending up to monthly treatment of men with metastatic 

castration-resistant prostate cancer (mCRPC) with zoledronic acid or denosumab to reduce 

the risk of SREs in this high-risk population [4].

Whether clinical practice in the United States adheres to the guideline recommendations for 

monthly treatment with OIT has not been reported. We hypothesized that there would be 

overall low utilization of OIT, and that rates of treatment would be associated with 

identifiable clinical and sociodemographic factors. We assessed rate of treatment with OIT 

in a large, population-based cohort of older American men with prostate cancer during a 12-

month period beginning 15 months before death and concluding 3 months before death from 

prostate cancer. We also identified patient, physician, and disease factors associated with 

treatment with bisphosphonates. The analysis was restricted to bisphosphonate utilization 

due to years of SEER-Medicare data available.

Materials and Methods

Data

We used Surveillance, Epidemiology and End Results (SEER) Medicare data for this 

investigation. The National Cancer Institute’s SEER registry program collects data, 

including patient sociodemographics, tumor characteristics, and treatment information, for 

each incident cancer identified in a region. These population-based cancer registries 

currently reflect approximately 28% of the United States population [5]. SEER data and 

Medicare administrative data have been merged using a matching algorithm that links files 

for over 94% of SEER patients aged 65 or older [6]. The Medicare claims data used in this 

study included the Medicare Provider Analysis and Review file (inpatient admissions), the 

100% Physician/Supplier file (physicians’ services for comorbidity assessment and 

ascertainment of bone density testing and ADT), and the Hospital Outpatient Standard 

Analytic file (outpatient facility services to identify comorbidity and bone density testing 

and ADT).

Study Cohort

We identified all men 65 years of age or older enrolled in parts A and B of fee-for-service 

Medicare with prostate cancer as a primary cause of death during the period of 2006–2009 

(N = 9634). Men with an International Classification of Diseases, ninth edition [ICD-9] 
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diagnosis codes 185.xx (Malignant neoplasm of prostate) and V10.46 (Personal history of 

malignant neoplasm of prostate) were included. Medicare lacks a diagnosis code for CRPC, 

and metastatic disease is coded inconsistently. Because a large majority of men dying of 

prostate cancer have castration-resistant disease, and because 90% of men dying of prostate 

cancer have bone metastases, the identified population with prostate cancer identified as a 

primary cause of death should predominantly include men with CRPC with bone metastases 

in the 15 months prior to death [1].

Receipt of OIT

We measured receipt of available OIT during the time period, including zoledronic acid, 

pamidronate, due to the database years available for analysis. We described receipt of OIT 

during a 12-month period beginning 15 months before death and concluding 3 months 

before death when care intensity may decrease due to enrollment on hospice. We limited the 

expected period of hospice enrollment to a 3-month period prior to death because very few 

individuals are enrolled in hospice for a prolonged period prior to death from cancer, with 

<10% patients utilizing hospice for > 6 months at the end of life [7]. Health Care Common 

Procedure Coding System [HCPCS] codes used to track OIT administration included J3487, 

J3488, Q4095, J2430, C9411, C9272, J3590, as well as ICD-9 code E933.6.

Patient Characteristics

We characterized patients’ age, race/ethnicity, marital status, SEER region, comorbid illness 

at the time of diagnosis (based on the Klabunde modification of the Charlson Index), year of 

diagnosis, stage at diagnosis, tumor grade (by Gleason score), primary treatment (surgery, 

radiation, or neither), median household income, proportion of high school graduates in the 

census tract of residence (categorized in quartiles within registries), and year of death [8, 9]. 

We also characterized visits with urologists and medical oncologists, as they are the 

providers most likely to treat men with mCRPC with bisphosphonates, and identified men 

seen only by other types of providers. Variables were categorized as in Table 1.

Analyses

We used negative binomial regression with an offset of log follow-up time to identify factors 

associated with treatment with bisphosphonates, including patient and tumor characteristics, 

and the physicians with whom they had outpatient visits. Independent variables included all 

variables in Table 1. All tests of statistical significance were two sided. We used R statistical 

software for analyses. The study was approved by the institutional review board at 

Vanderbilt University Medical Center.

Results

Characteristics of the 9,634 men who died of prostate cancer during the study period are 

included in Table 1. Overall, 2,094 (22%) received treatment with at least one dose of OIT 

during the 12-month study period (Table 1), and 2,364 (25%) experienced a skeletal related 

event (Table 1).

Unadjusted rates of treatment by patient characteristics are presented in Table 1 with 

incidence rate ratios [IRR] and 95% confidence intervals [CIs]. The likelihood of treatment 

Sonnenburg et al. Page 3

Clin Oncol Res. Author manuscript; available in PMC 2019 April 10.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



with OIT decreased with increasing age (Figure 1). Men ≥85 years old and men 75–84 years 

old were less likely to receive treatment than men age 65–74 (IRR 0.34, 95% CI 0.170.50 

for men ≥ 85, and IRR 0.63, 95% CI 0.49–0.78) (Table 1). OIT rates varied by race (Figure 

2). African American men were less likely than white men to receive treatment (IRR 0.75, 

95% CI 0.54–0.95), but there was no significant difference in treatment rates between other 

races and white men (Table 1). Men living in areas of the two highest quartiles of median 

income were more likely to receive OIT than men in areas of the lowest income quartile 

(IRR 1.32, 95% CI 1.14–1.51 for quartile 3, and IRR 1.31, 95% CI 1.09–1.53 for quartile 4). 

Men diagnosed in later years of the study were less likely to receive OIT than men 

diagnosed in 1995 (Table 1). The likelihood of OIT did not vary significantly by 

comorbidity burden, education level, SEER region, or Gleason score (Table 1).

OIT was more likely among several populations. Married men were more likely to receive 

treatment than unmarried men (IRR 1.39, 95% CI 1.26–1.52). Men with metastatic disease 

at the time of diagnosis were more likely to receive OIT than men who were initially 

diagnosed with localized disease (IRR 1.99, 95% CI 1.84–2.13). The likelihood of OIT 

increased yearly with men dying later in the study having a higher likelihood of treatment 

than men dying in 2006–2007 (Table 1). Men treated with ADT (androgen deprivation 

therapy) via orchiectomy or GnRH (gonadotropin-releasing hormone) agonist were more 

likely to OIT than men not treated with ADT, and men with osteoporosis were more likely to 

receive treatment than men without osteoporosis (IRR 3.18, 95% CI 3.04–3.31 for men 

treated with a GnRH agonist, IRR 1.83, 95% CI 1.44–2.23 for men treated with 

orchiectomy, and 1.24, 95% CI 1.05–1.44 for men with osteoporosis). The unadjusted 

likelihood of OIT also varied substantially by SEER region, with highest rates in Greater 

California and New Jersey, and the lowest rates in Rural Georgia and Hawaii (Table 1).

The types of physicians with whom patients had visits were also associated with treatment 

(Figure 3). Men seeing a medical oncologist were more likely than men seeing only a 

urologist to receive treatment (IRR 3.82, 95% CI 3.54–4.09 for men seeing a medical 

oncologist only, and IRR 2.52, 95% CI 2.36–2.68 for men seeing both a medical oncologist 

and a urologist) (Table 1). Men only seeing other types of physicians were less likely to 

receive OIT than men seeing a urologist only (0.79, 95% CI 0.62–0.96) (Table 1).

Discussion

We evaluated the rate of OIT in a population-based cohort of men with advanced prostate 

cancer between 2006 and 2009. During the study period, only 22% of men received at least 

one dose of OIT, and 25% experienced a clinically relevant SRE. Several populations, 

including African American men and elderly men, and men living in areas of low median 

income, were significantly less likely to receive treatment than Caucasians, younger men, 

and men living in areas of higher median income, respectively. Treatment by a medical 

oncologist was associated with greater incidence of OIT than treatment by a urologist alone.

Our observation that African American men had lower rates of OIT may be related to the 

fact that African American men generally have a higher baseline bone mineral density than 

Caucasian men [10]. A previous study demonstrated that African American men with 

prostate cancer are also less likely to undergo bone density testing, possibly reflecting 
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knowledge of greater bone mineral density in this population versus a disparity in the 

provision of screening and supportive care for these patients [11]. Elderly men received OIT 

less commonly than younger patients, identifying a disparity that is particularly striking as 

this population has greater rates of osteoporosis and falls as compared with younger men. 

Finally, we identified difference in physician specialty and treatment, likely due to 

zoledronic acid requiring intravenous infusion. Should this analysis be repeated in a more 

contemporary cohort, we expect that differences between specialties would decrease as 

practices are able to administer denosumab via subcutaneous injection rather than requiring 

an infusion center for administration.

Our study is the first to report on rates of treatment with OIT in a nationally-representative 

population-based cohort of men with mCRPC. Previous studies describing OIT utilization in 

men with metastatic prostate cancer report similarly low rates of bisphosphonate utilization 

[12, 13]. A series of 147 chart reviews from men with confirmed mCRPC treated in one of 

15 community-based urology practices reported that 49% of patients received at least one 

dose of bisphosphonates [12]. The higher rate of treatment in this group may be due to the 

small number of select practices included. Similar to our analysis, a separate study of 461 

patients with bone metastatic prostate cancer enrolled in one of two private US health care 

systems found that only 20.2% of men received treatment with bisphosphonates [13]. The 

differences between these studies are likely due to sample selection and size, with this study 

more likely representing utilization rates nationally given the cohort and size of the study.

While our study reports multiple clinically relevant findings, we acknowledge that it has 

several limitations. Limited clinical data were available in SEER including lack of a 

diagnosis code for mCRPC and we defined our cohort by a series of assumptions that may 

not include all patients who have mCRPC. To address these, we performed sensitivity 

analyses in a cohort defined by having a diagnosis of prostate cancer, death from prostate 

cancer, and a code for bone metastases, and our results were unchanged. Further, code-based 

population studies do not include patient-level data on potentially relevant variables such as 

performance status, dental history, or information related to treatment decisions between 

patients and physicians. Additionally, the 12-month window of observation would not 

capture receipt of bisphosphonates outside of the window. Given the guideline 

recommendation for monthly treatment with OIT, however, we believe that identifying at 

least one treatment during the 12-month period was reasonable to inform our understanding 

of practice patterns. Finally, this dataset does not include the most contemporary rates of 

utilization due to availability of datasets and follow up studies are necessary to define 

utilization rates of newer osteoclast targeted agents such as denosumab. We postulate that 

rates of OIT will be higher in the era of denosumab as physicians can administer it without 

an infusion center, and differences in utilization by specialty are also likely less pronounced. 

However, this is less likely to affect disparities that exist in OIT by race and age.

Conclusion

Guideline recommendations based on level one evidence suggest monthly treatment of men 

with mCRPC with OIT to prevent SREs and reduce morbidity and mortality in this 

population [14]. Despite this, less than a quarter of American men dying of prostate cancer 
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received OIT in this study. Factors associated with a lower incidence of OIT, including older 

age, African American race, and lower socioeconomic status, reveal disparities which should 

be addressed to improve outcomes for men with mCRPC. Follow up studies including 

interventions targeting the groups with lower rates of treatment identified in this study are 

necessary to optimally reduce skeletal complications among men with mCRPC.
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Figure 1: 
Predicted number of medications by age group
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Figure 2: 
Predicted number of medications by race
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Figure 3: 
Predicted number of medications by provider group
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