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Abstract

Objectives—Men treated with androgen deprivation therapy (ADT) or radiation therapy (RT) 

for prostate cancer have an increased risk for fractures. Given uncertainty as to whether specific 

clinical factors can identify men at increased risk, we sought to develop a prognostic index for risk 

of fracture in this population.

Materials and methods—We used the Surveillance, Epidemiology, and End Results-Medicare 

database to identify men who received ADT or RT after being diagnosed with localized prostate 

cancer in 2007-2009. Cox proportional hazards models tested the association of potential risk 

factors with fracture. In a derivation group, hazard ratios were used to assign points for factors 

independently related to fracture. The prognostic index was then applied to a validation group.
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Results—The sample of 5,824 men had a median age of 73.0 years; 82.9% were white and 8.6% 

had a fracture within 2 years of treatment for prostate cancer. The Cox model identified 8 

variables (age, race, hormone treatment, Elixhauser score, anxiety, Parkinson's, fall-inducing 

medications and disability status) independently associated with fracture. In the derivation cohort, 

4.3% of the sample experienced a fracture in the low-risk group, 8.9% in the intermediate group, 

and 19.2% in the high-risk group (C statistic, 0.749). The index was applied to the validation 

cohort (C statistic, 0.782).

Conclusion—The prognostic index can help to identify patients at increased risk for fracture. 

This underscores the importance of identifying risk factors for fracture, given the substantial 

variation in fracture risk in men treated with ADT or RT.
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INTRODUCTION

Prostate cancer is primarily a disease of aging.(1) The mean age of patients with prostate 

cancer is 73 years, and about 85% of patients are diagnosed after age 65 years.(2) Aging is 

associated with a progressive decrease of physiologic reserves that affects older patients’ 

tolerance for cancer therapy, and, in some cases, can restrict the options for cancer 

treatment.(3)

Fractures are a relatively common and clinically significant adverse outcome among older 

men with prostate cancer.(4-6) Additionally, fractures are associated with severe bone pain, 

limited mobility, and hospitalization for treatment, as well as negatively associated with 

overall survival independent of pathological stage.(4, 7, 8) In addition to (lower) bone 

density, factors associated with an increased risk of fracture include: older age, multiple 

coexisting conditions, history of falls and previous fractures, lower body mass index, poor 

functional status, and lifestyle factors (such as physical inactivity, smoking and alcohol use).

(9-15) Hence, a better understanding of which patients are at increased risk for fracture 

should be considered when selecting cancer treatments.

Androgen deprivation therapy (ADT) and radiation therapy (RT) are two forms of cancer 

treatment that are implicated in promoting fractures,(5, 15-17) and are widely used 

therapeutic treatment modalities for prostate cancer.(18, 19) ADT, often given 

concomitantly with RT for men with non-metastatic disease or rising prostate-specific 

antigen, has been shown to reduce morbidity and possibly increase survival in men with 

locally advanced disease.(20-22) Although these forms of therapy exhibit cancer control 

benefits they can also produce negative side effects, such as weakening of the skeleton.(5, 9, 

15, 18) For example, a rapid loss of bone-mineral density due to hypogonadism occurs 

within the first 6 to 12 months of ADT.(16, 17, 23) Prior studies have demonstrated that RT 

also increases the risk of fractures by damaging the bone matrix.(15, 24) Fracture risk-

stratification for men treated with ADT or RT therefore has particular importance.(5, 15, 16, 

25)
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In addition to cancer treatments, older men with prostate cancer take, on average, five 

different medications. Polypharmacy has been linked to increased risk of falls and fractures, 

as well as decline in cognitive and physical functioning.(3, 26) Patients taking multiple 

medications have an especially high risk of fractures, through several potential mechanisms. 

For instance, some medications have been demonstrated to decrease bone density and 

subsequently increase fracture risk.(27-31) Some antihypertensive medications are 

frequently associated with falls due to postural hypotension.(32, 33) Benzodiazepines have 

negative effects on cognition, gait, and balance, and are also associated with a high risk of 

falling.(28, 29)

Although studies have identified risk factors for fractures in men with prostate cancer, the 

combined effect of these factors on fracture risk has not been adequately addressed.(5, 

16-19, 24, 25) These factors alone may not be sufficient for identifying patients at increased 

risk, because they fail to take into account additional significant predictors of fracture, such 

as poor functional status. Valid and effective prognostic indices are greatly needed—

specifically, risk stratification systems for fracture designed or tested exclusively in the older 

population. Moreover, the recent availability of Medicare Part D data allows us to 

incorporate medications in addition to cancer treatment in the prognostic index to investigate 

specific coexisting conditions in greater detail.

To address these knowledge gaps, we performed a claims-based observational study to 

identify factors associated with fracture among Medicare beneficiaries receiving ADT 

and/or RT for prostate cancer, as this is a group of patients who face an increased risk of 

fracture as a result of their prostate cancer treatment. We then developed a prognostic index 

to assess fracture risk in these patients. Stratifying patients treated with ADT or RT for 

prostate cancer—based on clinical characteristics, coexisting conditions, and medication use

—has the potential to identify men with increased fracture risk, thus allowing for targeted 

treatment interventions of the high-risk populations.

MATERIALS AND METHODS

Study Overview and Data Source

We conducted a retrospective cohort study of men with prostate cancer who received ADT 

and/or RT, using the Surveillance, Epidemiology, and End Results (SEER)-Medicare 

database. SEER-Medicare is a database consisting of patient demographics and cancer 

characteristics from 17 tumor registries linked to Medicare claims that include date of 

service, diagnoses, and procedures from care billed by hospitals, outpatient facilities, and 

physicians.(34) We also used First Databank's MedKnowledge database, which contains 

drug information including National Drug Codes (NDC). The Yale Human Investigation 

Committee approved the protocol, determining that this study did not involve human 

subjects.

Study Sample

We identified patients, 67 years or older, who started ADT and/or RT from April 2007 

through June 2009. We restricted the study to patients with clinical tumor stage I or II who 
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lived at least 6 months after starting ADT and/or RT. Patients who received at least one dose 

of medical ADT after prostate cancer diagnosis either in the form of gonadotropin-releasing 

hormone (GnRH) agonist, steroidal or non-steroidal anti-androgens, or who underwent 

orchiectomy within 9 months of prostate cancer diagnosis, were classified as ADT users. 

Patients who received ADT, RT or orchiectomy in the two years prior to prostate cancer 

diagnosis were excluded. We also excluded patients who had a fracture claim in the year 

prior to receipt of ADT or RT to ensure that the fracture captured in the claims data is a new 

or incident fracture.

Construction of Variables

We assessed the primary outcome of interest (fracture) using International Classification of 

Diseases, 9th revision (ICD-9) and Healthcare Common Procedure Coding System (HCPCS) 

codes (Appendix 1). We identified diagnosis and procedure codes indicative of fracture from 

a Mr OS study assessing osteoporosis in men and from studies investigating fractures from 

Medicare claims and consolidated the codes into a master list by fracture site.(35-42) 

Patients were followed up for outcomes from the start of treatment until end of follow-up 

(December 31, 2010).

We grouped the risk factors that we hypothesized to be associated with fracture into four 

categories: demographic variables, clinical risk factors (tumor grade, tumor stage, comorbid 

conditions, disability), cancer treatment, and medication use. The demographic 

characteristics in our analysis included age, race, and median household income at the 

census tract or zip code level. Comorbidity status was calculated according to conditions 

used by Elixhauser, et al., that we previously found were associated with survival in a 

sample of patients without cancer.(43) Three additional specific coexisting conditions 

(anxiety, dementia and Parkinson's disease) that are not a part of the Elixhauser index were 

selected a priori because of their association with falls.(32) All comorbid conditions were 

identified by searching the inpatient, outpatient, and physician claims in the interval from 24 

through 3 months prior to diagnosis, for specific ICD-9 diagnosis codes. Codes were only 

included if they were associated with a hospital claim or appeared on at least two outpatient/

physician claims that were billed at least 30 days apart. Osteoporosis was identified by a 

combination of diagnosis code 733.0× or the receipt of medication used to treat 

osteoporosis. For diagnosis code 733.0×, we applied the same requirements used for the 

Elixhauser conditions, such that a patient had to have this diagnosis code recorded on at 

least one inpatient claim or >2 outpatient/physician claims billed >30 days apart. We also 

utilized the Medicare part D database to identify patients receiving medicationsused to treat 

osteoporosis (bisphosphonates and selective estrogen receptor modulators) for a minimum 

of 60 days in the four months prior to starting ADT and/or RT.

We also included disability status as a measure of functional status. The original disability 

status prediction model was created using data from a representative sample of the Medicare 

beneficiary population age 66 and over to generate a weighted prediction of the probability 

that a beneficiary has poor functional status.(44) The disability status measure is a marker of 

poor functional status linking self-reported measures of functional status, strength, stamina, 

and exercise to various functional dimensions and degrees of limitations. We categorized the 
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disability status into quartiles and created a dichotomous variable based on the highest 

quartile (i.e. most disabled) vs. the remaining three quartiles.

We ascertained receipt of radiation by searching claims for HCPCS codes indicating the 

delivery of standard external beam radiation therapy (EBRT), intensity-modulated radiation 

therapy (IMRT), stereotactic radiosurgery, or proton beam therapy. Patients who received 

EBRT or IMRT must have received at least four treatments to be considered treated. Patients 

were categorized based on the dose frequency of ADT [1-3 doses, 4-8 doses or ≥ 9 doses] 

taken during the time period. The study included osteoporosis-promoting medications 

(calcineurin inhibitors and steroids) as well as medications that increase fall risk 

(antihypertensive medications and central nervous system (CNS)-active medications; 

Appendix 2). To be considered a medication user the patient must have received a minimum 

of 60 days of medication in the four months prior to starting treatment.

Statistical Analysis

We used Cox proportional-hazards regression to determine which covariates were 

independently associated with the occurrence of fracture, adjusting for sociodemographic 

and clinical characteristics, cancer treatment received, and medication use.

To create the risk score, we randomly divided the sample into two cohorts: derivation 

(n=2,912) and validation samples (n=2,912). We used unadjusted Cox proportional hazards 

models to determine which covariates were significantly associated with the outcome of any 

fracture in the derivation cohort. Covariates had to be significant at the level of p<.20 to be 

included in the multivariable model and at the level of p<.10 to be retained in the final set of 

risk factors. We then constructed a risk score using a method similar to the Framingham 

Risk Score.(45) We divided the regression coefficients for the various risk factors by the 

lowest coefficient, and rounded the resulting coefficients to the nearest integer; the overall 

risk score was calculated by adding up the points for each of the final set of risk factors 

present. A risk score was calculated for each patient by adding the points of each risk factor 

that was present. For example, a white male (2 points), 75 years old (2 point), treated with 6 

months of ADT (1 point), greater than 3 Elixhauser conditions (4 points) and taking CNS 

active medications (2 points) would have a risk score of 11 points. After Winsorizing to the 

5th and 95th percentiles, derivation cohort risk scores ranged from 2 to 12 points. We divided 

the risk score into 3 groups representing low, intermediate, and high risk of any fracture. 

Model performance in both cohorts was measured with the C statistic. All analyses were 

performed using SAS version 9.2 (SAS Institute Inc., Cary NC).

RESULTS

We identified 5,824 men who fulfilled our inclusion criteria. The median age was 73.0 

years, the majority of the cohort was white (82.9%), and approximately 15% of the patient 

population had ≥3 coexisting conditions (Table 1). Twenty percent of men received ADT 

only, 43% of men received RT only, whereas approximately 36% of men received both 

forms of therapy.
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At 2-years post-treatment, 8.6% of the sample experienced a fracture (3.1% with fracture of 

the hip, humerus, or elbow; Table 2). Advancing age was associated with risk of fracture; 

men over the age of 85 had almost twice the risk of fracture compared to men under 69 

years (HR 2.23; 95% CI, 1.55-3.22). Men with greater than three coexisting conditions had a 

significant increase in fracture risk (HR 2.56; 95% CI, 2.07-3.15). Specifically, we found 

that men with anxiety, Parkinson's or osteoporosis had a significantly increased risk for 

fracture. Increased doses of ADT were associated with fracture risk compared to men who 

did not receive this form of therapy. Likewise, men treated with CNS active medications or 

antihypertensive medications had an increased risk of fracture compared to men not taking 

these medications (HR 1.74; 95% CI, 1.35-2.26, HR 1.19; 95% CI, 1.07-1.33).

Multivariable Analysis

In multivariable analyses, advanced age, race, and number of GnRH doses were 

independently associated with greater risk for fracture. Men aged 80-84 and 85-94 had a 

higher risk for fracture compared to men aged 67-69 (HR 1.57; 95% CI, 1.13-2.17 and HR 

1.82; 95% CI, 1.30-2.56), respectively. Black men had significantly lower risk for fracture 

than white men (HR 0.57; 95% CI, 0.43-0.75). A dose-dependent relationship between ADT 

and risk for fracture was also found, increasing steadily with the increasing number of doses 

of GnRH agonist received (HR for 1-3 doses: 1.23; 95% CI, 0.98-1.55; 4-8 doses: 1.44; 95% 

CI, 1.21-1.71; ≥9 doses: 1.46; 95% CI, 1.17-1.83). Patients with anxiety, Parkinson's and 

poorer functional status, based on the disability status measure also had an increased risk for 

fracture (HR 1.70; 95% CI, 1.36-2.12, HR 2.13; 95% CI, 1.44-3.14 and HR 1.18; 95% CI, 

1.03-1.36), respectively. After controlling for other covariates, men treated with CNS active 

medications had an increased risk for fracture (HR 1.41; 95% CI, 1.09-1.82). The use of 

antihypertensive medications or osteoporosis-promoting medications was not associated 

with risk of fracture in our multivariable analysis.

Risk stratification system

Our risk score was based on 8 significant risk factors identified in the multivariable analysis, 

which include: age, race, number of ADT units, Elixhauser score, whether the patient had 

anxiety, Parkinson's disease, use of CNS active medications, and disability status (Table 3). 

Patients were divided by risk scores into 3 risk groups, with 1,323 patients in the lowest risk 

group (risk score 2-5), 1,234 patients in the intermediate group (risk score 6-9) and 355 

patients in the highest risk group (risk score ≥10).

In the derivation cohort, the 2-year fracture rate for the low-risk group was 4.3% (95% CI, 

3.1-5.7; Figure 1) while patients in the high-risk group had a fracture rate of 19.2% (95% CI, 

14.5-24.7), representing a 4.5-fold increase in fracture between the low-risk and high-risk 

groups. Applying the risk stratification system to the validation cohort, the 2-year fracture 

rates for the low-, intermediate-, and high-risk groups were 6.2% (95% CI, 4.7-7.9), 10.6% 

(95% CI, 8.7-12.8), and 16.5% (95% CI 12.3-21.5), respectively, representing a 2.6-fold 

increase in fracture between the low-risk and high-risk groups. The model predicted well in 

both the derivation (C statistic, 0.749) and validation (C statistic, 0.782) cohorts.
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DISCUSSION

In this study, we developed and validated a prognostic index to identify older men with 

localized prostate cancer at high risk for fracture based on demographic characteristics, 

comorbidities, and medication use in addition to cancer treatment. The proposed index could 

help to stratify patients into fracture risk groups.

We identified a group of patients receiving treatment for prostate cancer at highest risk of 

fracture. ADT and RT are a routine part of the management for many men with 

nonmetastatic prostate cancer.(21, 46) These forms of treatment result in significant bone 

loss, thus increasing the risk of fractures. Fractures are associated with increased morbidity, 

hospitalizations and reduced survival in men with prostate cancer independent of metastasis.

(4, 47) Men with prostate cancer treated with ADT and/or RT are particularly susceptible to 

fractures because these patients are most likely elderly and may have a multitude of risk 

factors that contribute to the increased risk of fracture. Prior studies have reported that 

measures to prevent osteoporosis are not routinely utilized in this population.(48-51) Based 

on clinic audits and surveys, few urologists and radiation oncologists would order bone 

mineral density tests or start bisphosphonates or vitamin D to prevent fractures.(48, 50)

Our study builds upon prior reports by identifying modifiable risk factors independently 

associated with fractures. We found that treatment with CNS-active medications increases 

fracture risk in this patient population. Of the 8 risk factors included in our prognostic index, 

medications can be one of the simplest risk factors to modify. Consistent with our results, a 

case-control study among elderly Medicaid enrollees reported an increased risk of hip 

fracture associated with use of hypnotics-anxiolytics, tricyclic antidepressants and 

antipsychotics.(52) A previous retrospective study in patients without cancer reported a 

moderate association between CNS-active medications and fracture,(53) whereas we found a 

slightly stronger association between CNS-active medications and fracture risk among men 

treated with ADT or RT. This finding could be attributed to the fact that we grouped 

antipsychotics in addition to antidepressants and benzodiazepines in the CNS-active 

medication category. The results could also reflect the inherent increased fracture risk 

among patients treated with ADT or RT.

We found a relationship between cancer treatment and fracture risk. Studies of prescription 

claims databases have suggested that GnRH-agonist treatment is associated with a 1.5-fold 

greater risk of fracture.(5) This observation is consistent with prior work that found pelvic 

three-dimensional EBRT was associated with a 76% increased risk of hip fracture.(15) 

Furthermore, they report that the risk was increased further by the addition of short-course 

ADT to EBRT.(15) Our findings also support the dose-response relationship between 

dosage of ADT administered and the risk of fracture seen in a prior study.(5) In this study, 

however, investigators did not explore whether common risk factors for fractures, such as 

coexisting conditions specific to the geriatric population or medication use, potentiate this 

risk. In addition, previous studies have found that patients who received orchiectomy are at 

an increased risk of fracture.(25, 54) We were unable to evaluate this association reliably 

due to the low number of patients who received orchiectomy in our sample.
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Our study has limitations, including the inability to assess all variables that may contribute 

to fracture risk as the SEER-Medicare database does not include potentially important 

fracture risk factors such as BMI, bone mineral density, balance, gait, alcohol consumption, 

nicotine usage, use of vitamin D supplements or over-the-counter sedative/hypnotic drugs. 

We excluded men with prior fracture, in order to capture new fractures associated with 

cancer treatment. Because prior fracture is an important risk factor for subsequent fracture, it 

is possible that the results of our prognostic index could be different in this population. In 

addition, although we excluded men with metastatic disease, some of the fracture risk 

observed in men treated with ADT or RT may have been related to the progression of the 

underlying malignancy. Accurate assessment of dementia diagnosis remains challenging 

using administrative data. The severity of dementia is unknown from Medicare claims and 

early dementia was found to be under-reported in claims data. (55, 56) Our study is also 

limited in that we only included data from 2007-2010, so we were unable to assess long-

term outcomes.

In summary, our data suggest that the assessment of fracture risk for patients with localized 

prostate cancer cannot be based on cancer treatment alone, given that a combination of 

factors can substantially elevate a man's risk of fracture. Fractures are an important cause of 

morbidity and mortality in these patients, and may be preventable with effective 

prophylactic strategies. Current National Comprehensive Cancer Network clinical guidelines 

recommend dual-energy X-ray absorptiometry scan for risk assessment for men with 

prostate cancer treated with ADT alone or in combination with radiation therapy; however, a 

recent study reports that few men receiving therapy for prostate cancer undergo bone density 

screening.(57, 58) Based on our findings, clinicians prescribing ADT or initiating radiation 

should use risk factors such as concurrent use of CNS-active medications, increasing age, 

and history of anxiety or Parkinson's to guide decision making for fracture prevention 

strategies. Clinicians can use this index as a basis to counsel patients on their increased risk 

for fracture and also as a means to decide who should be screened for bone mineral density. 

Acknowledging the limitations of administrative data, our prognostic index performed well 

for 1-and 2-year fracture prediction in two independent cohorts of men receiving treatment 

for prostate cancer. Future work is needed to validate this prediction system using clinical 

data abstracted from electronic medical records or physical examination. This future work 

will be vital to assure the validity and generalizability of the proposed index. The model 

provides a practical system that we hope will ultimately prove to be a useful tool for risk 

stratification in older patients with prostate cancer.
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Figure 1. 
1- and 2-year fracture in derivation and validation cohorts by risk strata
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Table 1

Patient Characteristics

Characteristic N %

Total 5824

Age (in years)

67-69 1155 19.8

70-74 2193 37.7

75-79 1521 26.1

80-84 738 12.7

85-94 217 3.7

Race

White 4830 82.9

Black 533 9.2

Other 461 7.9

Income

<$33K 1441 24.7

$33K - <$40K 942 16.2

$40K - <$50K 1107 19.0

$50K - <$63K 958 16.5

≥$63K 1376 23.6

Year of Diagnosis

2007 2635 45.2

2008 2512 43.1

2009 677 11.6

Radiation therapy

No 1200 20.6

Yes 4624 79.4

ADT

None 2534 43.5

Hormone (1-3 units) 599 10.3

Hormone (4-8 units) 1881 32.3

Hormone (≥9 units) 810 13.9

Tumor Grade

Well-differentiated 29 0.5

Moderately-differentiated 2256 38.7

Poorly-differentiated 3517 60.4

Undifferentiated 22 0.4

Clinical T Stage

I 3457 59.4

II 2367 40.6

Elixhauser Score

0 2532 43.5
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Characteristic N %

Total 5824

1-2 2376 40.8

≥3 916 15.7

Anxiety

No 5712 98.1

Yes 112 1.9

Dementia

No 5764 99.0

Yes 60 1.0

Parkinson's

No 5749 98.7

Yes 75 1.3

Osteoporosis

No 5690 97.7

Yes 134 2.3

Medications that cause osteoporosis
*

No 5725 98.3

Yes 99 1.7

Medications that cause falls (CNS)
†

No 5448 93.5

Yes 376 6.5

Medications that cause falls (Antihypertensive)
‡

No 3855 66.2

Yes 1969 33.8

Disability score

Q1 1456 25.0

Q2-Q4 4368 75.0

*
Medications that cause osteoporosis include: calcineurin inhibitors and glucocorticoids.

†
Central nervous system-active medications include: tricyclic agents, antipsychotics, and atypical antipsychotics).

‡
Antihypertensive medications include: peripheral alpha-1 receptor blockers, central alpha-2 receptor agonists, cardiac and non-cardiac selective 

medications and alpha-beta blockers.
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Table 3

Prognostic index for risk of fracture

Characteristic Points

Age (in years)

67-74 0

75-79 2

80-84 3

85-94 5

Race

White 2

Black/other 0

ADT

None 0

Hormone (1-3 doses) 1

Hormone (4-8 doses) 1

Hormone (≥9 doses) 2

Elixhauser Score

0 0

1-2 1

≥3 4

Anxiety

No 0

Yes 5

Parkinson's

No 0

Yes 4

Medications that cause falls (CNS)

No 0

Yes 2

Disability status

Q1 0

Q2-Q4 2
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