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ABSTRACT 

 
Title of Dissertation: Cost and Management of Fractures in Medicare Beneficiaries with 
Non-Metastatic Prostate Cancer Treated with Androgen Deprivation Therapy 
 
Candice Yong, Doctor of Philosophy, 2015 
 
Dissertation Directed by: Eberechukwu Onukwugha, MS, PhD 
 
Background: Androgen deprivation therapy (ADT) in prostate cancer (PCa) is 

associated with increased fracture risk and costs. There is limited information regarding 

the use of guideline-recommended bone mineral density (BMD) testing and 

bisphosphonate therapy. This study examined patient-specific (e.g., comorbidity) and 

non-patient-specific (e.g., physician specialist visits) factors associated with BMD 

testing, bisphosphonate therapy, fracture risk, and costs. 

Methods: This retrospective cohort analysis used linked Surveillance, Epidemiology, and 

End Results & Medicare data on men aged 65+ with non-metastatic PCa and treated with 

ADT. Cox proportional hazards models examined the association between baseline 

Charlson Comorbidity Index (CCI) and fracture, accounting for death as a competing 

risk. Partitioned weighted least squares regression models quantified the 5-year 

incremental cost of fractures. Multivariable logistic regression models quantified the 

effect of specialist visits on BMD testing and bisphosphonate use.  

Results: Of 30,904 men, 6,779 (22%) had a fracture during 5-years of follow-up. Among 

men aged 66-74 years, the sub-hazard ratio (SHR) (95% CI) for fracture was 1.17 (1.05–

1.29) for CCI=1 and 1.69 (1.51–1.90) for CCI=2+ (reference: CCI=0); CCI was not 

associated with fracture risk among the oldest men aged 85+ years. The mean (95% CI) 

incremental cost of fractures was $31,800 ($31,709–$31,891), $34,320 ($34,152–

$34,488), and $46,678 ($46,534–$46,822) among patients with CCI=0, CCI=1, and 



 

 

CCI=2+, respectively. Following ADT initiation, 17.9% received BMD testing and 9.6% 

received bisphosphonate. Compared to men who saw a urologist and primary care 

physician, bisphosphonate receipt was more likely among men with a urologist and 

medical oncologist involved in their care (AOR=1.89; 95% CI=1.38–2.57), and less 

likely among men who saw a urologist and radiation oncologist (AOR=0.63; 95% 

CI=0.42–0.95). There were no statistically significant associations between specialist 

visits and BMD testing. 

Conclusions: Patients with greater comorbidity burden had increased fracture risk and 

higher costs associated with fractures. These patients could benefit from regular 

monitoring of BMD and bisphosphonate therapy, which occurred in approximately 2 in 

10 men. Involving certain types of specialists (e.g., medical oncologists) in the 

management of men with PCa could be beneficial for bone health management. 
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1. OVERVIEW 

1.1 Study Motivation and Rationale  

Traditionally, the success of cancer treatment has been measured by cancer progression 

and mortality. With cancer survivors becoming a large and growing population and 

prostate cancer survivors accounting for one in five cancer survivors, there is an 

increasing focus on survivorship care, particularly in prostate cancer, including 

monitoring and providing intervention for long-term and late effects of cancer treatment. 

Prostate cancer (PCa) is the most common invasive cancer diagnosed among men, with 

one in six men developing PCa in their lifetimes. The American Cancer Society estimates 

that there will be 220,800 new cases of PCa and 27,540 deaths from PCa in the United 

States in 2015. Based on data from 2002 to 2008, the 5-year survival rates for patients 

who presented with localized, regional, and distant PCa at diagnosis were 100%, 100%, 

and 28%, respectively. Given the high survival rate in PCa patients, recognition and 

management of treatment-related adverse effects is particularly important among patients 

with PCa.  

 

Androgen deprivation therapy (ADT) is considered the most prevalent treatment in PCa, 

with 50% of men with PCa expected to receive ADT at some point following diagnosis. 

Despite the benefits associated with its use, ADT can cause a range of side effects that 

negatively affect patients’ health-related quality of life. Many patients on ADT 

experience troubling side effects within months of treatment initiation such as hot flashes, 

decrease of libido, and impotence. Over the past two decades, ADT has come to be 
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associated with more severe and concerning long-term adverse effects such as 

cardiovascular disease, diabetes, as well as osteoporosis and bone fractures.  

There is strong evidence in the literature that ADT use is associated with significant bone 

loss and osteoporosis, increased fracture risk, and excess treatment costs due to these 

fractures. However, little is known about the impact of patient factors such as 

comorbidity profile on the risk of fractures and associated excess costs among PCa 

patients on ADT. Knowledge of the impact of comorbidities on costs and fracture risk is 

important as it would facilitate clinical decision-making and treatment planning and 

enable clinicians to consider a patient’s comorbidity profile when assessing fracture risk.  

 

The findings on the association between ADT use and increased fracture risk have led to 

the development of evidence-based clinical guidelines that encourage monitoring and 

treatment for osteoporosis and fractures among PCa patients who receive ADT. As such, 

it is important to assess clinical practice in real-world settings and examine if physicians 

are ordering bone density tests and initiating osteoporosis medications among patients 

with PCa on ADT.  

 

The objectives of this study were to investigate the risk and costs of fracture occurrence, 

as well as the management of bone health among older men diagnosed with non-

metastatic PCa. Specifically, this study examined the impact of comorbidities on the time 

to fracture occurrence and direct medical costs among men with non-metastatic PCa 

treated with ADT.  In addition, this study examined the longitudinal management of bone 

health in terms of screening for osteoporosis through bone density testing, and prevention 

or treatment of osteoporosis through the use of bisphosphonates. 
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1.2 Specific Aims and Hypotheses 

This study has three specific aims that relate to the clinical and economic outcomes of 

ADT-associated bone loss, as well as the process outcomes in bone health management 

among older Medicare men with non-metastatic prostate cancer treated with androgen 

deprivation therapy. The specific study aims are as follows: 

Aim 1: To estimate the influence of comorbidity burden at the time of diagnosis on:  

a) The risk of fracture occurrence  

b) The additional costs associated with fractures 

Hypothesis 1a: PCa patients on ADT with a greater number of comorbidities [measured 

by higher Charlson comorbidity index (CCI)] have increased hazard of fracture 

occurrence compared to patients with fewer number of comorbidities. 

Hypothesis 1b: PCa patients on ADT with a greater number of comorbidities [measured 

by higher Charlson comorbidity index (CCI)] have higher additional costs associated 

with fractures compared to patients with fewer number of comorbidities.  

 

Aim 2: To examine the effect of physician specialist visit patterns (e.g. urologist only, 

urologist and primary care physician, urologist and medical oncologist, etc.) on bone 

mineral density (BMD) testing following ADT initiation 

Hypothesis 2: PCa patients on ADT who saw more types of physician specialists have 

greater likelihood of BMD testing compared to PCa patients on ADT who saw fewer 

types of physician specialists. 
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Aim 3: To examine the effect of physician specialist visit patterns (e.g. urologist only, 

urologist and primary care physician, urologist and medical oncologist, etc.) on 

bisphosphonate utilization following ADT initiation  

Hypothesis 3: PCa patients on ADT who saw more types of physician specialists have 

greater likelihood of bisphosphonate use compared to PCa patients on ADT who saw 

fewer types of physician specialists. 

 

1.3 Conceptual Framework 

The conceptual framework for this study illustrates the relationships between patient 

factors, system factors, care processes, and outcomes related to bone health among older 

Medicare men with non-metastatic PCa treated with ADT (Figure 1). This framework 

was adapted from the TRIAD (Translating Research Into Action for Diabetes) study by 

the United States Centers for Disease Control and Prevention (CDC), which evaluated the 

effect of patient factors and health system structures on the processes and outcomes of 

diabetes care among adults.1 Applying the framework to ADT-associated bone loss 

among patients with non-metastatic PCa receiving ADT, patient factors such as 

sociodemographic and clinical characteristics (e.g., comorbidity profile), together with 

system factors such as types of physician specialists seen by patients and physician 

practice patterns, affect both clinical (i.e., fracture occurrence) and economic outcomes 

(i.e., additional cost associated with fractures). The effect on outcomes could occur 

directly as well as indirectly through intermediate process outcomes such as screening 

and treatment of osteoporosis (i.e., bone density testing and bisphosphonate use).  
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Aim 1a of this study examined the relationship between comorbidities at the time of 

diagnosis and time to fracture occurrence, while Aim 1b examined the relationship 

between comorbidities at the time of diagnosis and fracture associated costs. Aim 2 

investigated the relationship between the types of physician specialists seen and bone 

density testing. The relationship between the types of physician specialists seen and 

bisphosphonate use was explored in Aim 3. Potential confounders of the examined 

relationships including patient-level factors such as age at diagnosis, race/ethnicity, 

marital status, and patient’s geographic location were included in the study analyses. 

Although other patient factors such as health literacy and health beliefs, as well as the use 

of non-pharmacological and behavioral interventions such as calcium and vitamin D 

supplementation and regular exercise, could influence both process outcomes and health 

outcomes, the information was not available in the dataset and hence could not be 

accounted for in the study analyses.  

  



6 

 

Figure 1. Conceptual framework of the relationships between patient factors, system factors, care 

processes, and outcomes related to bone health among Medicare men with non-metastatic prostate 

cancer treated with androgen deprivation therapy 

 
 
Note: The above framework was adapted from CDC’s TRIAD study that examined the links between 
patient characteristics, system factors, and outcomes in patients with diabetes.  
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2. BACKGROUND 

 

2.1 Survivorship Care in Oncology  

The cancer control continuum has been used to describe the various stages of cancer care, 

including prevention, early detection, diagnosis, treatment, survivorship, and end of life.2 

Traditionally, the success of cancer treatment has been determined by cancer progression 

and mortality. Given that cancer survivors are now a large and growing population, with 

an estimated 14 million cancer survivors in the United States in 2012, there is an 

increasing focus on survivorship care, including monitoring and providing intervention 

for long-term and late effects of cancer treatment.3 As outlined in the report by the 

Institute of Medicine, From Cancer Patient to Cancer Survivor: Lost in Transition, 

barriers that patients face in receiving appropriate survivorship care include a fragmented 

health care system resulting in poorly coordinated care, and lack of awareness of the late 

effects of cancer treatment.2 Barriers faced by health care providers include not having 

necessary tools such as evidence-based clinical practice guidelines to provide consistent 

quality care.  

 

2.2 Epidemiology of Prostate Cancer  

Prostate cancer (PCa) is the most common invasive cancer diagnosed among men, with 

one in six men developing PCa in their lifetimes.2 The American Cancer Society 

estimates that there will be 220,800 new cases of PCa and 27,540 deaths from PCa in the 

United States in 2015.4 PCa occurs mainly in older men – the average age at the time of 

diagnosis is 66, and nearly two thirds of all PCa cases are diagnosed in men aged 65 or 

older.4 PCa mortality rates have declined substantially since 19905, and the observed 
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decline has been attributed to the increased use of prostate-specific antigen (PSA) testing. 

PSA testing has led to more men being diagnosed with localized disease rather than 

advanced disease (stage shift), thereby allowing for the treatment of localized disease and 

improved survival rates.6 Based on data from 2002 to 2008, the 5-year survival rates for 

patients who presented with localized, regional, and distant PCa at diagnosis were 100%, 

100%, and 28%, respectively.7 The high survival rate among PCa patients, coupled with 

the finding that many patients with PCa die of conditions other than their malignancy, 

highlights the need for early recognition and management of treatment-related adverse 

effects in the PCa patient population.  

 

2.3 Androgen Deprivation Therapy in Prostate Cancer 

2.3.1 Use of androgen deprivation therapy in prostate cancer 

Androgen deprivation therapy (ADT) is a mainstay of treatment among PCa patients, and 

can be achieved surgically via bilateral orchiectomy, or pharmacologically with the use 

of luteinizing hormone-releasing hormone (LHRH) agonists.8 ADT is the recommended 

treatment for men with locally advanced and metastatic PCa.9 ADT is also increasingly 

used as an adjuvant treatment with radiation and surgery, and as primary treatment 

among non-metastatic patients.10 Indeed, the use of ADT has been found to be prevalent 

across all stages of PCa – a study by Onukwugha et al.11 reported that 94.7% of AJCC 

(American Joint Committee on Cancer) stage IV PCa patients received hormone therapy 

during follow-up; while Lu-Yao et al.12 found that 47.1% of patients with localized PCa 

were treated with primary ADT. ADT is usually continued until disease progression or 

the occurrence of intolerable adverse events. The total duration of ADT treatment is 

potentially long (spanning over more than 10 years in some cases), especially when ADT 
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is used as primary treatment for localized tumors.10 Among patients with high-risk 

disease, 24-36 months of ADT is an accepted standard of care.13 The likelihood of ADT-

associated side effects occurring is increased with the high prevalence and long duration 

of ADT use among PCa patients. This has resulted in growing recognition and concern 

about the long-term adverse effects associated with ADT use.  

 

2.3.2 Adverse effects associated with androgen deprivation therapy 

Despite the benefits associated with its use, ADT is associated with a range of side effects 

that negatively affect patients’ health-related quality of life. The vast majority of men 

receiving continuous ADT experience vasomotor symptoms (e.g. hot flashes) and sexual 

dysfunction (e.g. loss of libido, erectile dysfunction) within the first few months of 

therapy.14 Several studies have also documented that reduced testosterone levels 

associated with ADT results in changes in body composition, including loss of lean body 

mass, increased body fat, and decreased muscle strength.15, 16 Over the past few decades, 

ADT has come to be associated with more severe long-term adverse effects such as 

cardiovascular disease, diabetes, osteoporosis and bone fractures.14 

 

2.4 Osteoporosis and Fractures in the Male Population 

2.4.1 Epidemiology of osteoporosis and fractures in the male population 

Although osteoporosis is often regarded as a disease of aging women, it is also common 

in older men, and should not be overlooked as an important public health concern among 

men. Approximately 1 to 2 million men in the United States have osteoporosis, and an 

additional 8 to 13 million men have low bone mass.17 The International Osteoporosis 

Foundation estimates that one in five men over the age of 50 will experience osteoporotic 
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fractures.18 Fractures are clinically important as they are associated with substantial 

morbidity and mortality. It has been estimated that one-third of all hip fractures occur in 

men.19 Although fractures are less common in men than in women, when they do occur, 

these fractures are associated with higher morbidity and mortality in men than in women. 

Compared to women, men are two times more likely to die in the hospital after a hip 

fracture.20 The association between fracture and mortality extends to the PCa setting as 

well. Oefelein et al.21 reported that skeletal fractures were negatively associated with 

overall survival in 195 men with PCa treated with chronic ADT. Of the 195 men, 24 

(12%) had skeletal fractures during the median follow-up of 79 months, and the median 

overall survival among men with and without skeletal fractures after PCa diagnosis was 

121 and 160 months, respectively (log rank test p = 0.04).21   

 

2.4.2 Burden of osteoporosis in the male population 

The burden of osteoporosis is predominantly due to the resulting increased predisposition 

to fractures. Osteoporosis-related fractures are associated with substantial total medical 

and hospitalization costs.22 In 2005, the annual estimated cost for fractures related to 

osteoporosis in the United States was estimated at $16.9 billion, and it is expected to rise 

to $25.3 billion in 2025.22 It has been estimated that men account for over 25% of the 

approximate $17 billion annual cost associated with fractures in the United States.23 

 

In a systematic review of studies that examined direct costs associated with the treatment 

of osteoporosis-related fractures in the United States, Budhia et al.22 reported that overall, 

costs associated with osteoporotic fractures are substantial, and were 1.6-6.2 fold higher 

than costs for patients with no fractures in the United States population. Mean fracture 
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costs in general ranged from $3,884 to $27,730. The authors attributed the large variation 

in estimated fracture costs to differences in the studies in terms of source of data used, 

patient selection criteria, cost analysis methodologies, and cost components included in 

their evaluation. Comorbidities, especially in the elderly, were found to be a significant 

contributor to fracture costs - Orsini et al.24 suggested that up to 75% of expenditures per 

patient may be associated with comorbidities in patients with a fracture, rather than the 

fracture or osteoporosis care itself.  

 

2.5 Androgen Deprivation Therapy-Induced Bone Loss 

2.5.1 Physiology of ADT-induced bone loss 

The bone mass of a normal adult is maintained by the dynamic equilibrium between bone 

formation and bone resorption. ADT depletes circulating levels of estrogens and 

testosterone, both of which are necessary to maintain bone mass through promotion of 

bone formation  and suppression of bone resorption.25 In males on ADT, both estrogen 

and testosterone levels fall, shifting the balance of bone turnover toward resorption. 

Consequently, bone mineral density is decreased, leading to osteopenia or osteoporosis, 

and ultimately increasing the risk of bone fractures.14 

 

2.5.2 Bone mineral density loss associated with ADT use 

Numerous studies have documented that ADT use is associated with significant bone loss 

and osteoporosis.26-33 These studies demonstrated that patients who received ADT had 

BMD that was consistently lower than either patients with PCa who did not receive ADT 

or age-matched healthy individuals, and that BMD loss was observed regardless of the 

presence of osteopenia or osteoporosis at baseline34. Overall, men with PCa who receive 
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ADT have BMD measurements from 6.5% to 17.3% lower than men with PCa who are 

not treated with ADT.35 The decline in BMD among patients receiving ADT generally 

occurs during the first 6 to 12 months of initiating therapy. The rate of bone loss 

associated with androgen suppression has been reported to be approximately 3% to 7% 

per year36, with the greatest rate of bone loss occurring during the first year of therapy34, 

37, 38. Serpa Neto et al.39 conducted a meta-analysis based on five selected studies27, 30-33, 

and reported that patients with PCa on ADT had an increased risk of developing 

osteoporosis compared to patients with PCa who were not on ADT, with a pooled risk 

ratio of 1.30 (95% CI: 1.22–1.40).  

 

2.5.3 Fractures associated with ADT use 

Since decreased BMD is a major risk factor for fracture occurrence, it is not unexpected 

that studies have also demonstrated the relationship between ADT use and increased 

fracture risk.32, 40-45 In a meta-analysis conducted by Serpa Neto et al.39, based on five 

selected studies32, 41-44, patients with PCa on ADT had an increased risk of fractures 

compared to patients with PCa who were not on ADT, with a pooled risk ratio of 1.17 

(95% CI: 1.14–1.20). Based on SEER-Medicare data on 80,844 men, patients with non-

metastatic PCa on pharmacologic ADT were found to have a 34% higher risk of fracture 

than men not on ADT.45 Beebe-Dimmer et al.45 reported that fracture rates increased with 

increasing duration of ADT use, and was attenuated with increasing number of months 

since the end of ADT use.   
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2.5.4 Fracture costs associated with ADT use 

Krupski et al.46 assessed whether men with prostate cancer treated with ADT have a 

higher incidence of bone fractures than those not treated with ADT, and the excess 

treatment costs associated with these fractures. After 3 years of follow-up, patients 

treated with ADT experienced significantly more fractures (18.7% vs. 14.6%, p<0.001), 

and the mean unadjusted health care cost during the 3-year period was $48,350 per 

person for cases and $26,097 for controls. The authors did not examine the effect of 

comorbidities on health care costs among patients on ADT. In a study among male and 

female patients without cancer, aged 55 years or greater, comorbidities were found to 

significantly affect hospitalization costs and the length of stay following hip fracture.47 

The estimated cost for the reference patient was $13,805, with weight loss/malnutrition 

(incremental cost of $4,713) and pulmonary circulation disorders (incremental cost of 

$2,932) contributing the largest increase in hospitalization costs.47 Likewise, the total 

direct medical costs among PCa patients treated with ADT may be affected by the types 

and number of comorbidities present.  

 

2.6 Potential Influence of Comorbidities on Costs and Fracture Risk 

Comorbidities are pre-existing conditions that coexist with the index disease. They are 

necessary to describe patient populations and are often included in health outcomes 

research to adjust for confounding when they are associated with the outcome being 

studied. A patient’s comorbidity profile is an important consideration in oncology 

practice, particularly among older patients, since the prevalence of comorbidities 

increases with age.48 In the PCa setting, comorbidities are prevalent and have been 

reported to be an important predictor of overall survival.49  
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Although the association between ADT use and costs, and the relationships between 

predictors such as ADT use, duration of ADT use, and the time from last ADT use and 

fracture risk have been documented in the literature, little is known about the impact of 

comorbidity profile on costs and fracture risk in this population. Knowledge of the impact 

of comorbidities on costs and fracture risk is important as it would enable clinicians to 

consider a patient’s comorbidity profile when evaluating fracture risk and making 

treatment decisions.  

 

Dennison and colleagues50 used a large, multinational cohort of 52,960 women to 

investigate the effect of comorbidities on fracture risk over 2 years, and found that 

comorbidities such as Parkinson's disease, multiple sclerosis, chronic obstructive 

pulmonary disease, osteoarthritis, and heart disease contributed most to fracture 

prediction. A review article reported that osteoporosis severity in the general population 

is increased not only by conventional risk factors such as older age, smoking, or alcohol 

abuse, but also by a number of comorbidities including inflammatory bowel and joint 

diseases with or without glucocorticoid therapy, diabetes, and celiac disease.51 Based on 

this finding in the general population, it is likely that fracture risk among patients with 

PCa on ADT may be influenced by patients’ comorbidity profile as well.   

 

2.7 Clinical Guidelines on Bone Health Management and Current Practice 

2.7.1 Evidence-based guidelines on bone health management  

The National Osteoporosis Foundation (NOF) has developed guidelines to prevent and 

manage osteoporosis: recommended strategies include non-pharmacological practices 
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such as regular exercise and avoidance of tobacco, calcium and vitamin D 

supplementation, regular bone density testing, and bisphosphonate therapy.52 The 

American College of Physicians guidelines for osteoporosis screening among men 

recommend bone density testing for all men who are at increased risk of developing 

osteoporosis, including men with PCa who receive ADT.53  

 

Specific to the PCa population, the National Comprehensive Cancer Network (NCCN) 

Prostate Cancer Guidelines recommend a baseline DXA scan (before starting ADT) to 

characterize a patient’s fracture risk, and a follow-up DXA scan after 1 year of therapy. 

The guidelines also recommend calcium and vitamin D supplementation for all patients, 

and consideration of bisphosphonate therapy with denosumab (60 mg SQ every 6 

months), zoledronic acid (5 mg IV annually), or alendronate (70 mg PO weekly) as 

options in men receiving ADT who are at substantial risk for fracture based on standard 

risk assessment tools.54 In general, these guidelines do not specify the recommended 

frequency at which BMD testing should be conducted during follow-up, but guidelines 

from The Endocrine Society55 suggest that clinicians should monitor BMD at the spine 

and hip every 1–2 years to assess the response to osteoporosis treatment. 

 

Given the strong evidence regarding the relationship between ADT use and increased 

fracture risk, as well as clinical guidelines from various institutions that encourage 

monitoring and treatment for osteoporosis and fractures, it is important to evaluate the 

quality of care in real-world practice and examine if clinicians are ordering bone density 

tests and initiating osteoporosis medications among patients with PCa on ADT.  
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2.7.2 Current evidence on bone density testing in clinical practice 

Current data on physician management of osteoporosis in ADT-treated PCa patients are 

sparse, but suggest low rates of screening and treatment.56-59 In a cross-sectional study of 

174 veterans, just 34% of patients received recommended osteoporosis management 

based on Dual Energy X-ray Absorptiometry (DXA) scans (13%) or treatment with oral 

or IV bisphosphonates (21%).58 Using the SEER-Medicare data, Morgans et al.59 

examined bone density testing among men with local/regional prostate cancer diagnosed 

from 2001 to 2007 who received ADT for >1 year. Bone density testing was measured in 

the 18-month period beginning 6 months before ADT initiation till 12 months after ADT 

initiation. The authors found that 10.2% of men treated with ADT had a bone density test 

during the 18-month period around the time of ADT initiation. Although the study by 

Morgans et al.59 provided important information about the prevalence of BMD testing in 

patients with PCa on ADT, the authors measured BMD testing as a binary outcome over 

a 18-month period, and did not distinguish if BMD testing occurred at baseline or during 

follow-up, which is recommended by clinical guidelines. The authors also did not explore 

if patients received multiple and regular BMD tests during the duration of ADT therapy. 

 

Morgans et al.59 also examined predictors of BMD testing, and found that BMD testing 

increased over time - the odds of testing among those diagnosed in 2007-2008 was 

significantly higher compared to those diagnosed in 2001-2002 (OR=2.29; 95% CI=1.83-

2.85). The authors also reported that African American (AA) men were significantly less 

likely than white men to undergo testing (OR=0.72; 95% CI=0.61-0.86). Also, men in the 

oldest age category (>85 years) were less likely than men ages 66 to 69 years to undergo 

BMD testing (OR=0.76; 95% CI=0.65-0.89). The types of physicians with whom patients 
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had visits also were associated with BMD testing. Men who had a medical oncologist or 

primary care physician (PCP) or both involved in their care post-diagnosis of PCa were 

more likely to undergo testing than those who had urologist visits only.  Not all patients 

diagnosed with PCa will see a urologist11 therefore it is important to examine physician 

visit patterns that are not anchored to the urologist. Radiation oncologists may prescribe 

adjuvant ADT and order BMD tests thus it also would be useful to include radiation 

oncology when considering the relationship between physician visits and the likelihood 

of BMD testing.  

 

Alibhai et al.60 examined BMD testing within 2 years of starting ADT among patients 

receiving at least 6 months of continuous ADT in Ontario, Canada. Among 33,036 men, 

4.8% received a prior BMD test, and the use of BMD tests within 2 years of starting ADT 

ranged from 0.5 per 100 person-years in 1995 to 18.0 per 100 person-years in 2008. 

Significant predictors of BMD testing included younger age, not living in a rural area, 

later start year of ADT, prior osteoporosis, prior BMD test, prior bisphosphonate use, and 

having a regular primary care physician (p<0.01).  

 

2.7.3 Overview of bone-modifying agents for osteoporosis in men 

Although there are a few classes of bone-modifying agents available for prevention and 

treatment of osteoporosis in men, bisphosphonates are most commonly used in clinical 

practice. Through the process of osteoclast inhibition, bisphosphonates decrease bone 

turnover and increase BMD in men receiving ADT. Based on data from randomized 

clinical trials, intravenous (IV) bisphosphonates, including pamidronate61, 62 and 

zoledronic acid63-68, have been shown to prevent bone loss in PCa men who receive ADT. 



18 

 

Oral alendronate and risedronate have been shown to increase BMD and reduce fracture 

rates in men with osteoporosis due to either hypogonadism or corticosteroid therapy.35, 69 

Recent trial data have also suggested that oral alendronate increases bone mineral density 

among PCa patients on ADT.70, 71 Since the most commonly investigated bisphosphonate 

in PCa is IV zoledronic acid, and there is currently less evidence on the efficacy of oral 

bisphosphonates in the PCa setting, oral bisphosphonates are considered as second-line 

options to IV bisphosphonates in PCa men who are receiving ADT. Indeed, clinical 

guidelines from the Endocrine Society indicate that oral alendronate may be considered 

in patients with PCa if treatment with zoledronic acid is not feasible due to prior side 

effects, cost, or other logistical issues.55 Although the use of bisphosphonate therapy in 

PCa patients on ADT has been shown to prevent bone loss, long-term data on the 

incidence of fracture in men with PCa treated with bisphosphonate therapy are not 

available. 

 

With regard to other bone-modifying agents that may be used in men, denosumab, a fully 

humanized monoclonal antibody targeting RANKL (receptor activator of nuclear factor 

kappa B ligand), is another osteoclast-targeted therapy that was recently approved by the 

FDA in 2010 for treatment of men with non-metastatic prostate cancer receiving ADT. 

The efficacy of denosumab in increasing BMD and decreasing the incidence of new 

vertebral fractures among men with non-metastatic PCa on ADT was demonstrated in a 

randomized, placebo-controlled trial.72, 73 Selective estrogen receptor modulators (SERM) 

are another class of bone-modifying agents that is mainly used for the prevention and 

treatment of osteoporosis in women. Although they are not approved by the Food and 
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Drug Administration (FDA) for use in men, two randomized controlled trials examined 

the effects of SERM agents, including raloxifene74 and toremifene75, among men with 

PCa on ADT and found that these agents were associated with an increase in BMD.  

 

2.7.4 Current evidence on bisphosphonate use in clinical practice 

In the general population, osteoporosis is a manageable and potentially preventable 

condition, and this should also extend to men receiving ADT for prostate cancer. Optimal 

care involves baseline evaluation and ongoing monitoring of BMD, and the use of 

bisphosphonate therapy in the presence of risk factors for fractures.76, 77 Given that age 

greater than 65 and the use of ADT are considered to be risk factors for fractures77, the 

use of bisphosphonates among elderly Medicare patients with PCa on ADT is clinically 

justified.  

 

There is relatively little information available in the literature on the use of 

bisphosphonates in clinical practice. Several single-institution studies of Veterans Affairs 

(VA) practices have reported low rates of bone-modifying agents use among men with 

PCa receiving ADT.56-58 Tanvetyanon et al.56 conducted a retrospective medical record 

review of 184 patients from a VA hospital who received ADT for at least 1 year, and 

found that oral and IV bisphosphonates were prescribed in 4.9% (95% CI: 1.8-8.0%) and 

0.5% (95% CI: 0-2.0%) of patients, respectively. The authors also examined the use of 

estrogen or calcitonin, but found that none of the 184 patients received these agents. Yee 

et al.58 examined the electronic medical records of 174 VA patients with PCa and 

reported 21% of the patients received oral or IV bisphosphonates, 1% received calcitonin, 

16% received calcium, and 10% received vitamin D. A major limitation of these studies 
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is the small sample sizes and the lack of generalizability of findings to the general PCa or 

Medicare population.  

 

2.8 Gaps in the Literature  

2.8.1 Gaps in the literature on bone density testing 

Overall, a major gap in the current literature with regard to BMD testing is the lack of 

information on follow-up BMD testing, which is recommended by clinical guidelines. 

Longer duration of ADT use confers greater risk of bone loss and fracture occurrence, 

and since many patients receive long-term ADT, it is therefore not adequate to only 

monitor BMD testing at baseline, around the time of ADT initiation. Multiple and regular 

BMD testing throughout the duration of ADT use is a critical component in the screening 

for osteoporosis related to ADT use.  

 

There is also limited information available on the role of physician specialist visits in 

BMD testing following ADT use. Greater understanding of the factors that affect the 

likelihood of BMD testing is necessary in order to identify targeted approaches for 

improving BMD testing rates. Current evidence in the literature provides information on 

demographic factors that influence BMD testing, including age and race/ethnicity of 

patients. The types of physician specialists seen by patients with PCa have been reported 

to influence outcomes such as type of treatment received.78, 79 Similarly, the types of 

physician specialists seen by patients is likely to affect the likelihood of BMD testing as 

well59, 60. Specifically, care from physicians from multiple disciplines can improve patient 

health and management (in this case, management of bone health) if care is coordinated 

and information is exchanged among physicians. A comprehensive examination of real-
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world physician visit patterns and their relationship with patterns of BMD testing will 

provide useful data regarding management of PCa patients on ADT. 

 

2.8.2 Gaps in the literature on bisphosphonate use 

A major gap in the current literature is the dearth of information on the use of 

bisphosphonates, or bone-modifying agents in general, in large population-based cohorts. 

Since the efficacy of bisphosphonates in increasing BMD has been demonstrated in 

several clinical trials, and clinical guidelines recommend that bisphosphonate therapy 

should be initiated in patients with PCa on ADT, it is of interest to characterize the 

prevalence of oral and IV bisphosphonate use in real-world clinical practice. Further, 

given the availability of several bone-modifying agents for prevention and treatment of 

osteoporosis in men, some of which are FDA-approved, some of which are not FDA-

approved but have been used in clinical trials involving men with PCa, population-based 

estimates of the prevalence of bone-modifying agents other than bisphosphonates are also 

of interest.  

 

Another gap in the literature is the need for more information on the predictors of 

bisphosphonate use. Similar to the case for BMD testing, the types of physician 

specialists seen by patients may be a significant predictor of bisphosphonate use. 

Specifically, care from physicians from multiple disciplines may be associated with better 

bone health management, as measured by both BMD testing and bisphosphonate use.  
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3 Impact of Comorbidity Burden on Fracture Risk and the Incremental Cost of 

Fractures in Medicare Men with Non-Metastatic Prostate Cancer Treated with 

Androgen Deprivation Therapy 

 

3.1 INTRODUCTION 

Older men aged 65 or older account for two-thirds of all prostate cancer (PCa) cases4, and 

these older patients frequently present with multiple comorbid conditions at the time of 

PCa diagnosis. Among men with PCa, increasing comorbidity burden has been found to 

be associated with important outcomes including lower likelihood of treatment receipt, 

poorer overall survival, and increased risk of various short-term postoperative 

complications.48, 49 As such, it is vital for cancer specialists who treat older PCa patients 

to consider a patient’s comorbidity profile when developing treatment plans, including 

the receipt of androgen deprivation therapy (ADT). 

 

Androgen deprivation therapy, which includes orchiectomy or the use of luteinizing 

hormone-releasing hormone (LHRH) agonists, is a common and effective treatment 

modality in PCa. However, it has undesirable effects on bone health, and is associated 

with significant bone mineral density (BMD) loss33, 34 and up to 35% increased risk of 

fractures32, 39, 41, 45 within 6 to 12 months of ADT initiation80. The rate of bone density 

loss among men treated with ADT has been reported to be greater than the rate among 

postmenopausal women.81 Although the association between ADT use in PCa and 

increased fracture risk and costs has been established, little is known about the impact of 

the patient’s comorbidity burden on fracture risk and associated costs. Since bone loss 
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and fractures are treatable and preventable conditions, it would be beneficial for 

clinicians to be able to identify the subset of PCa patients on ADT at increased risk of 

fracture, and who therefore may require closer monitoring of BMD and be considered for 

initiation of bone-modifying agents for prevention or treatment of bone loss. 

 

Optimal management of patients with PCa at risk of fractures is important as fractures are 

associated with substantial clinical and economic burden to patients and the health care 

system. Data from the United States show that 1 in 3 patients with a hip fracture are 

admitted to a nursing facility in the year after fracture occurrence, and the mortality rate 

among these patients increased to 20% during this one-year period.24 Krupski et al.46 

assessed the excess costs associated with fractures in men with PCa treated with ADT, 

and reported that the total healthcare cost over 3 years was on average $13,807 higher 

among men with fractures compared to those without fractures.  

 

Evidence from the non-cancer literature suggests that patients’ comorbidity profiles 

significantly affect fracture risk50, mortality risk after fractures82, as well as 

hospitalization costs and the length of stay following fractures47. Comorbidities including 

Parkinson's disease, multiple sclerosis, chronic obstructive pulmonary disease, 

osteoarthritis, heart disease, diabetes, and celiac disease have been reported to be 

associated with increased fracture risk.50, 51 A study conducted in male and female 

patients aged 55 years or older reported that the average cost for a hospitalization 

following a hip fracture was $13,805, with weight loss/malnutrition (incremental cost of 
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$4,713) and pulmonary circulation disorders (incremental cost of $2,932) contributing the 

largest increase in hospitalization costs.47 Likewise, fracture risk and total health care 

costs among PCa patients treated with ADT may be affected by the types and number of 

comorbidities present. Knowledge on the impact of comorbidities on fracture risk and 

costs would contribute to the body of literature and facilitate fracture risk assessment and 

treatment decision-making in clinical practice. The study objectives were to examine the 

influence of baseline comorbidity burden on 1) the risk of fracture occurrence; and 2) the 

incremental cost associated with fractures among older men with non-metastatic PCa and 

treated with ADT.  

 

3.2 METHODS 

3.2.1 Study Design and Study Cohort 

This retrospective cohort analysis was conducted using linked Surveillance, 

Epidemiology and End Results (SEER)-Medicare data, and was approved by the 

University of Maryland Institutional Review Board. Men older than 65 years with an 

incident diagnosis of non-metastatic PCa between 2000 and 2005 were identified as 

eligible study subjects. Study inclusion criteria were: 1) continuous enrollment in 

Medicare Parts A and B for 12 months prior to diagnosis; 2) initiation of ADT within 6 

months after diagnosis; and 3) continuous receipt of ADT for at least 6 months. Similar to 

a previous study, ADT duration for each patient was measured in months and determined 

by first creating monthly indicators of exposure to LHRH agonist, and then summing the 

monthly indicators to obtain total ADT duration.32 The study was limited to patients with 

non-metastatic PCa at diagnosis as those with metastatic disease could have fractures 
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associated with an underlying clinical condition such as metastasis to the bone. Patients 

were excluded if they had: 1) Medicare Advantage plan enrollment during the 12 months 

prior to diagnosis; 2) history of cancer within 5 years prior to PCa diagnosis; or 3) 

incident post-mortem PCa diagnosis.  

3.2.2 Study Variables 

As illustrated in the study schematic in Figure 2, the index month was the month of ADT 

initiation. Patients included in the final study sample were followed until death or up to 5 

years after ADT initiation i.e. December 2010 to capture fracture events and costs.  

 

Figure 2. Study schematic illustrating outcome variable and primary independent variable in Aim 1 

 

 

Fractures 

Post-ADT fractures were identified through ICD-9 diagnosis codes from the Medicare 

physician (carrier), inpatient, or outpatient claims files. A binary indicator was used to 

determine if men had any fracture occurrence during the 5-year period after ADT 

initiation. Fractures due to accidents or falls from non-routine activities (e.g. fall on or 
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from ladders or scaffolding, fall from or out of building or other structure), as identified 

by e-codes that accompany the fracture diagnosis codes, were excluded as the accidental 

causes associated with these fractures preclude them from being attributed to ADT use. 

 

Costs 

Total direct medical costs were evaluated from the payer (i.e. Medicare) perspective. 

Reimbursed costs were obtained from Medicare Parts A and B claims, and included costs 

for health services utilization such as hospitalization, physician fees, and drugs. Monthly 

costs beginning from the month of ADT initiation to the end of follow-up were calculated 

and summed up over the 5-year period following ADT initiation. Costs were inflation-

adjusted to 2010 US dollars by using the medical component of the annual Consumer 

Price Index, as reported by the Bureau of Labor Statistics.83 

 

Measures of comorbidity burden 

Baseline comorbidities were determined using claims data from the 12 months pre-

diagnosis, and defined using three measures: 1) Charlson Comorbidity Index (CCI); 2) 

Elixhauser comorbidities; and 3) Elixhauser Comorbidity Index (ECI). The Charlson84 

and Elixhauser85 comorbidity classification systems are the two most commonly used 

comorbidity indices in health services research, and have been found to be significantly 

associated with outcomes including mortality, fracture occurrence and health care 

expenditures.86 In this study, CCI was operationalized as a categorical variable with 

CCI=0 as the referent category, along with CCI=1, and CCI= 2 or higher as comparator 
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groups. The prevalence of each of the 30 Elixhauser comorbidities and the mean total 5-

year costs among patients with or without each comorbidity were examined to identify 

selected Elixhauser comorbidities to include in regression analyses. The final regression 

models included binary indicators for the 5 most prevalent Elixhauser comorbidities, the 

5 Elixhauser comorbidities that were associated with the highest 5-year total costs, and 

the 5 Elixhauser comorbidities that were associated with the highest fracture associated 

costs. Due to some overlap of comorbid conditions based on the three criteria, the final 

regression models included binary indicators for 11 Elixhauser comorbidities, namely 

uncomplicated diabetes, cardiac arrhythmias, chronic pulmonary disease, deficiency 

anemia, congestive heart failure, renal failure, liver disease, complicated diabetes, alcohol 

abuse, obesity, and fluid and electrolyte disorders.  

 

Although the Elixhauser comorbidities provide a more comprehensive view of a patient’s 

comorbidity burden, the use of 30 binary indicators in regression modeling could be 

problematic because of data over-fitting or lack of convergence.87 Further, without a 

single weighting system, the relative importance of each of the 30 comorbidities cannot 

be taken into account. Due to these limitations of the Elixhauser comorbidities, van 

Walraven et al.87 developed and validated a single Elixhauser Comorbidity Index (ECI) 

score that summarizes all 30 Elixhauser comorbidities. A scatterplot of the mean total 5-

year costs by ECI score was plotted to examine the unadjusted association between costs 

and ECI score. In regression analyses, ECI was operationalized as a categorical variable 

with ECI=0 as the referent category, along with ECI<0, ECI=1-6, and ECI>6 as 

comparator groups. 
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Additional information on the measures of comorbidity burden 

The CCI was calculated by first using ICD-9 diagnosis codes and HCPCS codes in 

MEDPAR, Outpatient and NCH claims data to identify the presence of the 16 conditions 

included in the CCI, and then assigning each condition with a weight determined based 

on the risk associated with mortality for each condition.88 The total CCI score was then 

computed by summing the weights across all 16 conditions. Compared to the CCI, the 

Elixhauser comorbidities are more extensive and identifies the presence of 30 

comorbidities, with each comorbidity coded as a binary indicator (i.e., present/absent). 

The ECI is a single index score that that summarizes all 30 Elixhauser comorbidities; it 

was developed and validated by van Walraven and colleagues for predicting in-hospital 

mortality in a general patient population.87 The authors assigned points to each 

comorbidity and the ECI score was calculated by summing up the points of all Elixhauser 

comorbidities for each individual. 

 

The analyses also included potential confounders in the regression models. The fracture 

risk models were adjusted for patient-level characteristics including demographic 

information (age at diagnosis, race, urban residence, and geographic region of SEER 

registry) and clinical variables (stage of PCa at diagnosis, poor tumor differentiation at 

diagnosis, a binary indicator for at least 12 months of ADT), pre-existing osteoporosis, 

pre-existing osteoarthritis, history of fracture, and year of diagnosis. In addition to these 

potential confounders, the cost regression models also adjusted for total medical costs in 

the 1 year prior to ADT.  



29 

 

3.2.3 Statistical Analysis 

Analysis of time to fracture occurrence 

Kaplan-Meier (KM) plots were produced to determine the unadjusted effect of baseline 

comorbidity burden (measured by CCI and ECI) on time to fracture occurrence. Cox 

proportional hazards (PH) regression models were used to examine the association 

between comorbidity burden at baseline and time to fracture occurrence, accounting for 

death as a competing risk.89 The initial regression model for CCI included binary 

indicators for CCI=1 and CCI=2+ at baseline (reference group: CCI=0). Models with 

interaction terms between the CCI indicators and other independent variables including 

age, race, and duration of ADT were also estimated. Based on a cut-off value of p<0.05, 

the final regression model included interactions between the CCI categories and age 

categories (66-74 years, 75-84 years, and 85 years and older). The initial regression 

model for ECI included binary indicators for ECI=1-6, ECI=7+, or ECI<0 at baseline 

(reference group: ECI=0). Models with interaction terms between the ECI indicators and 

other independent variables including age, race, and duration of ADT were also 

estimated. Based on a cut-off value of p<0.05, the final regression model included 

interactions between the ECI categories and age categories (66-74 years, 75-84 years, and 

85 years and older).  

 

Adjusted survival curves were produced for the full sample and age-stratified samples to 

examine the CCI and ECI effect on the hazard of fracture occurrence graphically.90 The 

Cox PH assumption was tested both graphically and by including interactions of the 

comorbidity indicators and a function of time in the models. Although the PH assumption 
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was violated in the CCI model based on this test, the KM curves and adjusted survival 

curves suggested that the PH assumption was only violated during the initial months of 

follow-up. This observation is consistent with prior clinical evidence indicating that 

increased fracture risk occurs after 6-12 months of ADT use.80 Therefore, time-invariant 

adjusted sub-hazard ratios for fracture and 95% confidence intervals were reported, 

stratified by the three age groups, namely 66-74 years, 75-84 years, and 85 years or older.     

 

Analysis of costs 

An issue with time restricted cost analysis is dealing with individuals with censored data 

i.e. individuals with less than 5-years of follow-up data. Right censoring of health care 

costs could arise as patients may be lost to follow-up at varying times due to the loss of 

Medicare Part A or Part B coverage. Patients will continue to accrue health care costs 

after they are censored, and the inability to capture their costs after they are censored will 

result in underestimation of their total healthcare costs.  

 

To account for censored cost data, the Lin’s regression method was used.91 In this 

method, monthly cost data for patients who were still alive and uncensored in each month 

were inflated to account for the uncaptured costs of patients who were censored. 

Specifically, monthly costs were weighted by the inverse probability of being 

uncensored. As per Lin’s regression method, partitioned weighted least squares 

regression models were estimated to determine the monthly incremental cost of fractures, 

represented by the beta coefficient for the fracture indicator. Generalized linear models 
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(GLMs) with Poisson distribution and identity link function were used to analyze the 

monthly inverse probability weighted (IPW) cost data. The modified Park test was used 

to determine the appropriate family distribution, and the Pregibon link test was used to 

select the appropriate link function for each monthly regression model.92, 93 

 

To assess incremental cost of fractures by CCI subgroups, we estimated monthly 

regression models with interaction terms between the binary indicator for fracture and the 

categorical variable for baseline CCI. The regression model with interaction terms 

estimated in each month is shown below: 

�� = �(�� + �
����� +  ���������� + ���������� + �
����� • �������� +

���������� • �������� + � !" +  #�$%&%��$ +  '    

where y represents the inverse probability weighted (IPW) costs in month i, CCIOne and 

CCI2plus represent binary indicators for CCI score of one and CCI score of two or more, 

respectively; Fracture is a binary indicator for post-ADT fracture; PLD represents 

patient-level demographic characteristics, Clinical represents patient-level clinical 

characteristics. 

 

The beta coefficients for the fracture indicator (β3) in each month were summed up over 

60 months to derive the 5-year total incremental cost associated with fractures among 

men with CCI=0. The monthly incremental cost associated with fractures among men 

with CCI=1 and CCI=2 or higher were represented by the summed coefficients, (β3 + λ1) 

and (β3 + λ2), respectively. Similarly, the monthly incremental cost associated with 
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fractures among the CCI=1 and CCI=2 or higher groups were summed over 60 months to 

determine the cumulative 5-year total incremental cost associated with fractures. 

Bootstrapping with 1,000 sample replicates was used to produce 95% confidence 

intervals for the cost estimates.  

 

Similar to the approach used for the CCI model, partitioned weighted least squares 

regression models were used to quantify the association between the Elixhauser 

Comorbidity Index and the incremental cost of fractures. ECI was operationalized as a 

categorical variable with ECI=0 as the referent category, along with ECI<0, ECI=1-6, 

and ECI>6 as comparator groups. Of the 30 Elixhauser comorbid conditions, the 11 

unique conditions which were most prevalent, or associated with the highest total costs, 

or associated with the highest fracture costs, were selected to be included in the 

regression analyses. However, the partitioned generalized linear models with the specific 

Elixhauser comorbid conditions could not be estimated due to lack of convergence in 

some months; hence, a single regression model was used instead to quantify the 

association between the 11 selected Elixhauser comorbidities and the incremental cost of 

fractures. All statistical tests were two-tailed and the cut-off value for statistical 

significance was 0.05. Statistical analyses were conducted using SAS statistical software, 

version 9.3. 
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3.3 RESULTS 

3.3.1 Characteristics of Study Cohort 

Following study inclusion and exclusion criteria shown in Figure 3, the study cohort 

included 30,904 patients with mean age of 76 years who were diagnosed with non-

metastatic PCa between 2000 and 2005 and received ADT for at least 6 months. Of the 

full cohort, 57% had 60 months of follow-up, 28% died, and 15% were censored. Fifty-

nine percent of the cohort was diagnosed with stage 1 or 2 (T1/T2) PCa, 6.6% had stage 3 

or 4 PCa, and 34% had unknown PCa stage. The majority (98%) received an LHRH 

agonist over a median (mean) duration of 14 (21.8) months, and 2% had orchiectomy 

only. The distribution of the study cohort by Charlson Comorbidity Index (CCI) at 

baseline was 63% with CCI=0, 23.5% with CCI=1, and 13.5% with CCI=2 or higher.  

 

Table 1 shows descriptive characteristics of the cohort by fracture occurrence, stratified 

by baseline CCI. Stratified by PCa stage, the median ADT duration was 13 months in 

stage 1 or 2 patients, 16 months in stage 3 patients, and 20 months in stage 4 patients. 

Overall 5-year survival was 74.9% in patients with stage 1 or 2 PCa, 71.0% in stage 3 

patients, 56.8% in stage 4 patients, and 67.9% in unstaged patients (Table 2). As shown 

in Table 3, the 5 most prevalent Elixhauser comorbidities in the study cohort were 

uncomplicated diabetes (17.4%), cardiac arrhythmias (12.8%), chronic pulmonary 

disease (11.3%), deficiency anemia (8.1%), and congestive heart failure (7.2%). The 

distribution of the study cohort by Elixhauser Comorbidity Index (ECI) categories at 

baseline was 60% with ECI=0, 21% with ECI=1-6, 13% with ECI=7 or higher, and 5% 

with ECI<0.  



34 

 

 

Figure 3. Flow chart of cohort selection of older men with non-metastatic prostate cancer diagnosed 

during 2000-2005 and who received androgen deprivation therapy for at least 6 months (N=30,904) 
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Table 1. Descriptive characteristics of patients with non-metastatic prostate cancer diagnosed in 

2000-2005, stratified by Charlson Comorbidity Index (CCI) at diagnosis (N=30,904) 
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Table 2. Median duration of ADT in months and overall survival, stratified by stage of prostate 

cancer at diagnosis (N=30,904) 

  

Median (mean) ADT 

duration in months 

Proportion on 

ADT for at least 

1 year  

1 year survival 5-year 

survival 

Stage 1 (N=8,413) 13 (21.1) 4,898 (58.2%) 97.3% 74.6% 

Stage 2 (N=9,588) 13 (19.4) 5,715 (59.6%) 97.3% 76.1% 

Stage 3 (N=1,193) 16 (22.4) 795 (66.6%) 96.8% 71.0% 

Stage 4 (N=754) 20 (26.9) 551 (73.1%) 94.3% 56.8% 

Unstaged (N=10,253) 16 (24.1) 6,736 (65.7%) 96.2% 67.9% 

 
 
 
 

Table 3. Prevalence of Elixhauser comorbid conditions among patients with non-metastatic prostate 

cancer diagnosed in 2000-2005 (N=30,904) 

  N % 

Diabetes, uncomplicated 5,385  17.4  

Cardiac arrhythmias 3,962  12.8  

Chronic pulmonary disease 3,493  11.3  

Deficiency anemia 2,504  8.1  

Congestive heart failure      2,211       7.2  

Peripheral vascular disorders      2,003       6.5  

Valvular disease      1,514       4.9  

Fluid and electrolyte disorders      1,256       4.1  

Hypothyroidism      1,223       4.0  

Diabetes, complicated      1,045       3.4  

Neurodegenerative disorders         933       3.0  

Renal failure         722       2.3  

Coagulopathy         526       1.7  

Rheumatoid arthritis/collagen vascular diseases        446       1.4  

Depression         421       1.4  

Psychosis         384       1.2  

Weight loss         295       1.0  

Obesity         278       0.9  

Paralysis         268       0.9  

Blood loss anemia         240       0.8  

Alcohol abuse         188       0.6  

Pulmonary circulation disorders         164       0.5  

Liver disease         113       0.4  

Hypertension, complicated           41       0.1  

Peptic ulcer disease, no bleeding           21       0.1  

Drug abuse           19       0.1  

AIDS/HIV           11  0.04  
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3.3.2 Descriptive Results for Fracture Occurrence 

During the 5 years of follow-up, 6,779 (22%) of the cohort experienced any fracture. As 

shown in Figure 4, the most common sites of fracture were vertebrae (8.3%), femur 

(6.9%) and rib (3.9%). The bivariate associations between baseline comorbidity burden 

and fracture occurrence in the full sample and age subgroups using CCI and ECI are 

shown in Tables 4 and 5, respectively. The 5-year prevalence of fracture by baseline CCI 

ranged from 20.3% to 27.9%, and was highest among those with CCI=2 or higher 

(p<0.0001). Similarly, the 5-year prevalence of fracture by baseline ECI ranged from 

19.6% to 27.5%, and was highest among those with the greatest comorbidity burden, i.e., 

ECI=7 or higher (p<0.0001). Table 6 shows the prevalence of fracture by each 

Elixhauser comorbid condition, with peptic ulcer disease (52.4%), liver disease (34.5%), 

weight loss (33.2%), blood loss anemia (32.5%), and rheumatoid arthritis (32.1%) 

accounting for the highest prevalence of fracture occurrence. 

 

Kaplan-Meier plots of time to fracture occurrence by CCI and ECI categories as well as 

graphs of log(-log(survival)) versus log of survival time to test for the proportional 

hazard assumption are shown in Figures 5 and 6. Among men who experienced any 

fractures, the mean (median) time from ADT initiation to first fracture was 25.1 (22.8) 

months. As shown in Table 7, the time from ADT initiation to first fracture occurrence 

varied by baseline CCI (p<0.0001) and ECI (p<0.0001). Men with greatest baseline 

comorbidity burden experienced fractures the soonest; the mean (median) time to fracture 
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occurrence was 22.2 (18.9) months for those with CCI=2 or higher and 21.5 (18.2) 

months for those with ECI=7 or higher.  

 
 

Figure 4. Five-year prevalence of fracture occurrence* by site among men with non-metastatic 

prostate cancer in 2000-2005 (N=30,904) 

 
*Across all sites, 6,779 (22%) of the study cohort experienced any fracture during 5-year follow-up. 
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Table 4. Five-year fracture prevalence estimates by baseline Charlson Comorbidity Index in the full 

sample and age subgroups 

  Fracture occurrence 

(Row %) 

p-value 

Full sample (N=30,904)     

Charlson Comorbidity Index  <.0001 

CCI=0 (N=19,466; 63.0%) 3,954 (20.3%)  

CCI=1 (N=7,247; 23.5%) 1,656 (22.9%)  

CCI=2+ (N=4,191; 13.6%) 1,169, (27.9%)  

66-74 years (N=12,756)    

Charlson Comorbidity Index  <.0001 

CCI=0 (N=8,322; 65.2%) 1,311 (15.8%)  

CCI=1 (N=2,891; 22.7%) 531 (18.4%)  

CCI=2+ (N=1,543; 12.1%) 401 (26.0%)  

75-84 years (N=14,937)    

Charlson Comorbidity Index  <.0001 

CCI=0 (N=9,216; 61.7%) 2,066 (22.4%)  

CCI=1 (N=3,566; 23.9%) 863 (24.2%)  

CCI=2+ (N=2,155; 14.4%) 617 (28.6%)  

85+ years (N=3,211)    

Charlson Comorbidity Index  0.25 

CCI=0 (N=1,928; 60.0%) 577 (29.9%)  

CCI=1 (N=790; 24.6%) 262 (33.2%)  

CCI=2+ (N=493; 15.4%) 151 (30.6%)   
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Table 5. Five-year fracture prevalence estimates by baseline Elixhauser Comorbidity Index in the 

full sample and age subgroups 

  Fracture occurrence 

(Row %) 

p-value 

Full sample (N=30,904)     

Elixhauser Comorbidity Index  <.0001 

    ECI=0 (N=18,624; 60.3%) 3,645 (19.6%)  

    ECI=1-6 (N=6,620; 21.4%) 1,645 (24.9%)  

    ECI=7 or higher (N=4,106; 13.3%) 1,130 (27.5%)  

    ECI<0 (N=1,554; 5.0%) 359 (23.1%)  

66-74 years (N=12,756)    

Elixhauser Comorbidity Index  <.0001 

    ECI=0 (N=8,534; 66.9%) 1,350 (15.8%)  

    ECI=1-6 (N=2,360; 18.5%) 491 (20.8%)  

    ECI=7 or higher (N=1,259; 9.9%) 302 (24.0%)  

    ECI<0 (N=603; 4.7%) 100 (16.6%)  

75-84 years (N=14,937)    

Elixhauser Comorbidity Index  <.0001 

    ECI=0 (N=8,578; 57.4%) 1,849 (21.6%)  

    ECI=1-6 (N=3,463; 23.2%) 898 (25.9%)  

    ECI=7 or higher (N=2,134; 14.3%) 603 (28.3%)  

    ECI<0 (N=762; 5.1%) 196 (25.7%)  

85+ years (N=3,211)    

Elixhauser Comorbidity Index  0.46 

    ECI=0 (N=1,512; 47.1%) 446 (29.5%)  

    ECI=1-6 (N=797; 24.8%) 256 (32.1%)  

    ECI=7 or higher (N=713; 22.2%) 225 (31.6%)   

    ECI<0 (N=189; 5.9%) 63 (33.3%)  
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Table 6. Five-year fracture prevalence estimates by Elixhauser comorbidities 

 N Fracture 

(n) 

Fracture 

(%) 

p-value 

Peptic ulcer disease, no bleeding        21            11  52.4% <0.01 

Liver disease     113             39  34.5% 0.001 

Weight loss      295            98  33.2% <.0001 

Blood loss anemia      240            78  32.5% <.0001 

Rheumatoid arthritis/collagen 
vascular diseases 

     446           143  32.1% <.0001 

Hypertension, complicated        41            13  31.7% 0.13 

Psychosis      384          119  31.0% <.0001 

Neurodegenerative disorders      933          285  30.5% <.0001 

Coagulopathy      526          158  30.0% <.0001 

Alcohol abuse      188            56  29.8% 0.009 

Hypothyroidism   1,223          349  28.5% <.0001 

Peripheral vascular disorders   2,003          566  28.3% <.0001 

Renal failure      722           204  28.3% <.0001 

Depression      421           119  28.3% 0.002 

Diabetes, complicated   1,045           293  28.0% <.0001 

Valvular disease   1,514          420  27.7% <.0001 

Fluid and electrolyte disorders   1,256          346  27.5% <.0001 

Cardiac arrhythmias   3,962       1,085  27.4% <.0001 

Deficiency anemia   2,504           684  27.3% <.0001 

Paralysis      268            70  26.1% 0.10 

Congestive heart failure   2,211          573  25.9% <.0001 

Chronic pulmonary disease   3,493           881  25.2% <.0001 

Diabetes, uncomplicated   5,385       1,322  24.5% <.0001 

Pulmonary circulation disorders      164            40  24.4% 0.45 

Obesity      278             55  19.8% 0.38 

Drug abuse        19  NR NR 0.12 

AIDS/HIV        11  NR NR 0.06 

Excluded lymphoma, solid tumors, metastatic cancer. 
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Figure 5. Kaplan-Meier plot of time to fracture occurrence by baseline Charlson Comorbidity Index 

(CCI) among men with non-metastatic prostate cancer in 2000-2005 (N=30,904) (TOP) and graph of 

log(-log(survival)) versus log of survival time (BOTTOM) to test for proportional hazard assumption 
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Figure 6. Kaplan-Meier plot of time to fracture occurrence by baseline Elixhauser Comorbidity 

Index (ECI) among men with non-metastatic prostate cancer in 2000-2005 (N=30,904) (TOP) and 

graph of log(-log(survival)) versus log of survival time (BOTTOM) to test for proportional hazard 

assumption 
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Table 7. Median (mean) time to first fracture occurrence among those with any fractures, by baseline 

Charlson Comorbidity Index (CCI) and Elixhauser Comorbidity Index (ECI) (N=30,904) 

Comorbidity Measure Median time 

to fracture 

(months) 

Mean time 

to fracture 

(months) 

p-value 

Charlson Comorbidity Index   <.0001 
    CCI=0 (N=19,466) 24.2 26.3  
    CCI=1 (N=7,247) 22.1 24.3  
    CCI=2 or higher (N=4,191) 18.9 22.2  
Elixhauser Comorbidity Index   <.0001 
    ECI=0 (N=18,624) 24.5 26.7  
    ECI=1-6 (N=6,620) 21.8 24.2  
    ECI=7 or higher (N=4,106) 18.2 21.5  
    ECI<0 (N=1,554) 23.7 25.0  

 

3.3.3 Descriptive Results for Costs 

The mean (interquartile range; IQR) unadjusted 5-year total direct medical costs are 

shown in Table 8. Using inverse probability weighted (IPW) estimation, the mean (IQR) 

unadjusted 5-year total direct medical cost was $77,244 ($35,366 - $97,087) in the full 

cohort. In the full-sample estimation, which did not account for censored cost data, the 

mean (IQR) unadjusted 5-year total direct medical cost was $74,600 ($34,617 - $93,582).  

Figure 7 depicts the mean unadjusted total costs in 2010 dollars among patients with 

fracture (N=6,779) and without fracture (N=24,125), by source of costs. The main drivers 

for the cost differences between men with and without fracture were inpatient, physician, 

and skilled nursing facility costs. Table 9 shows the descriptive mean 5-year IPW costs 

stratified by CCI and fracture occurrence. In the full cohort, men with fracture occurrence 

incurred a mean (IQR) cost of $104,456 ($50,363 - $130,930) while men without fracture 

occurrence incurred a mean (IQR) cost of $69,597 ($32,767 - $86,270), equivalent to a 

mean cost difference of $34,859 (p<0.001). The mean cost difference between men who 

had fractures and men who did not have fractures varied by CCI subgroups, and was 

$30,013 among those with CCI=0 (p<0.001), $31,629 among those with CCI=1 

(p<0.001), and $44,361 among those with CCI=2 or higher (p<0.001).  
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Table 8. Mean (interquartile range; IQR) 5-year and 3-year total direct medical costs for patients 

with non-metastatic prostate cancer diagnosed in 2000-2005 and 2000-2007, respectively 

 (Base Case) 

5-year direct medical costs 

N=30,904 

 

3-year direct medical costs  

N=38,488 

 Mean (IQR) Mean (IQR) 

Full-sample estimation $74,600  
($34,617 - $93,582) 

$53,217  
($25,672 - $64,677) 

Uncensored case estimation $77,970  
($36,385 - $98,150) 

$54,782  
($26,276 - $66,827) 

Inverse probability weighted 

(IPW) estimation  

$77,244  
($35,366 - $97,087) 

$54,683  
($26,130 - $66,336) 

Full sample estimation = accumulated total costs for all patients, regardless of whether patients died, had 
complete follow-up, or were censored. 
Uncensored case estimation = accumulated total costs for complete (uncensored) cases only. 
IPW estimation = accumulated weighted total costs for available cost data in each month – monthly cost 
weighted by the inverse probability of not being censored at the end of each month.
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Figure 7. Mean unadjusted total costs in 2010 dollars among patients with fracture (N=6,779) and 

without fracture (N=24,125), by source of costs 
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Table 9. Descriptive mean 5-year total direct medical costs using IPW estimation (interquartile range 

in parentheses), by Charlson Comorbidity Index and fracture occurrence in the 2000-2005 cohort 

(N=30,904) 

 Fracture 

(N= 6,779) 

No Fracture 

(N=24,125) 

All  

(N=30,904) 

CCI=0 (N=19,466) (N=3,954) 

$91,512 

($45,148 - $115,696) 

(N=15,512) 

$61,499 

($30,374- $76,128) 

$67,595 

($32,432 -  $84,146) 

CCI=1 (N=7,247) (N=1,656) 

$107,471 

($55,801 - $133,952) 

(N=5,591) 

$75,842 

($36,466 - $95,541) 

$83,069 

($39,484 - $105,621) 

CCI=2+ (N=4,191) (N=1,169) 

$143,970 

($68,174 - $182,239) 

(N=3,022) 

$99,609 

($44,546 - $129,129) 

$111,983 

($49,872 - $144,331) 

All (N=30,904) $104,456 

($50,363 - $130,930) 

$69,597 

($32,767 - $86,270) 

$77,244 

($35,366 - $97,087) 

5-year mean cost difference between men with fractures vs. men without fractures, by CCI subgroups: 
CCI=0: $91,512 - $61,499 = $30,013 (p<0.0001) 
CCI=1: $107,471 - $75,842 = $31,629 (p<0.0001) 
CCI=2+: $143,970 - $99,609 = $44,361 (p<0.0001) 
 
 

 
Based on unadjusted mean cost differences between men with and without each 

Elixhauser comorbidity, the top 5 comorbidities that were associated with the highest 5-

year total costs were renal failure ($55,130), liver disease ($41737), complicated diabetes 

($40,778), congestive heart failure ($39,695), and deficiency anemia ($33,443) 

(Appendix Table A1). Comparing the cost associated with fractures among men with 

and without each Elixhauser comorbidity, the 5 comorbidities that were associated with 

the highest unadjusted fracture costs were liver disease, renal failure, alcohol abuse, 

obesity, followed by fluid and electrolyte disorders (Table 10). 

 

Appendix Figure A1 shows a plot of the mean 5-year total cost by Elixhauser 

comorbidity index (ECI) score. The mean (IQR) 5-year total cost by ECI category was 

$67,167 ($32,104 - $83,274) among men with ECI=0, $86,417 ($40,708 - $110,462) 

among men with ECI=1-6, $104,809 ($46,910 - $133,998) among men with ECI=7 or 
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greater, and $86,098 ($41,008 - $106,997) among men with ECI<0. Table 11 shows the 

descriptive mean 5-year IPW costs stratified by ECI and fracture occurrence. The mean 

cost difference between men who had fractures and men who did not have fractures 

varied by ECI subgroups, and was $30,032 among those with ECI=0 (p<0.001), $31,890 

among those with ECI=1-6 (p<0.001), $43,295 among those with ECI=7 or greater 

(p<0.001), and $32,106 among those with ECI<0 (p<0.001). 
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Table 10. Mean cost differences among men with each comorbidity who did not experience or 

experienced any fractures during follow-up (N=30,904) (Presented in descending order of mean cost 

difference.) 

    N Row 

% 

Mean cost  

($) 

Cost 

difference 

($) 

p-value 

Liver disease No fracture 74  83,129   

 Fracture 39 34.5% 186,564 103,435 <0.01 

Renal failure No fracture 518  112,310   

 Fracture 204 28.3% 178,762 66,452 <.0001 

Alcohol abuse No fracture 132  86,866    

  Fracture 56 29.8% 154,243 67,377 <.0001 

Obesity No fracture 223  95,550   

 Fracture 55 19.8% 160,079 64,529 <0.01 

Fluid and electrolyte 
disorders 

No fracture 910  90,038   

Fracture 346 27.5% 145,971 55,933 <.0001 

Depression No fracture 302  86,134    

  Fracture 119 28.3% 136,177 50,043 <.0001 

Diabetes, complicated No fracture 752  102,991   

 Fracture 293 28.0% 151,682 48,691 <.0001 

Congestive heart failure No fracture 1,638  102,002    

  Fracture 573 25.9% 148,677 46,676 <.0001 

Paralysis No fracture 198  97,714    

  Fracture 70 26.1% 144,993 47,279 <0.01 

Weight loss No fracture 197  75,631    

  Fracture 98 33.2% 122,627 46,996 <0.01 

Coagulopathy No fracture 368  94,742    

  Fracture 158 30.0% 139,334 44,592 <.0001 

Deficiency anemia No fracture 1,820  95,959    

  Fracture 684 27.3% 139,955 43,996 <.0001 

Chronic pulmonary 
disease 

No fracture 2,612  86,061   

Fracture 881 25.2% 128,135 42,075 <.0001 

Pulmonary circulation 
disorders 

No fracture 124  98,553   

Fracture 40 24.4% 139,891 41,338 0.02 

Diabetes, 
uncomplicated 

No fracture 4,063  85,112   

Fracture 1,322 24.5% 126,265 41,153 <.0001 

Hypothyroidism No fracture 874  79,100    

  Fracture 349 28.5% 118,985 39,885 <.0001 

Blood loss anemia No fracture 162  93,990    

  Fracture 78 32.5% 133,658 39,667 0.01 

Valvular disease No fracture 1,094  93,456    

  Fracture 420 27.7% 131,035 37,579 <.0001 

Psychosis No fracture 265  85,252   

 Fracture 119 31.0% 122,829 37,577 <.0001 



50 

 

Table 10 Continued. Mean cost differences among men with each comorbidity who did not 

experience or experienced any fractures during follow-up (N=30,904) (Presented in descending order 

of mean cost difference.) 

    N Row 

% 

Mean cost  

($) 

Cost 

difference 

($) 

p-value 

Rheumatoid 
arthritis/collagen 
vascular diseases 

No fracture 303  93,831   

Fracture 143 32.1% 129,786 35,956 <0.01 

Peripheral vascular 
disorders 

No fracture 1,437  92,433   

Fracture 566 28.3% 128,066 35,633 <.0001 

Cardiac arrhythmias No fracture 2,877  86,413    

  Fracture 1,085 27.4% 120,950 34,537 <.0001 

Drug abuse No fracture NR  109,058    

  Fracture NR NR 138,138 29,080 0.46 

Neurodegenerative 
disorders 
  

No fracture 648  85,062    

Fracture 285 30.5% 110,852 25,789 <.0001 

AIDS/HIV No fracture NR  151,888   

 Fracture NR NR 158,151 6,263 0.90 

Peptic ulcer disease, no 
bleeding 

No fracture NR  121,918   

Fracture NR NR 124,794 2,875 0.94 

Hypertension, 
complicated 
  

No fracture 28  101,590    

Fracture 13 31.7% 97,014 (4,576) 0.88 

 

Table 11. Mean 5-year total direct medical costs using IPW estimation (interquartile range in 

parentheses), by Elixhauser Comorbidity Index and fracture occurrence in the 2000-2005 cohort 

(N=30,904) 

 Fracture 

(N= 6,779) 

No Fracture 

(N=24,125) 

All  

(N=30,904) 

ECI=0 (N=18,624) (N=3,645) 

$91,321 

($44,618 - $115,272) 

(N=14,979) 

$61,289 

($30,114- $75,266) 

$67,167 

($32,104 -  $83,274) 

ECI=1-6 (N=6,620) (N=1,645) 

$110,383 

($57,146 - $141,486) 

(N=4,975) 

$78,493 

($37,226 - $98,245) 

$86,417 

($40,708 - $110,462) 

ECI=7 or greater 

(N=4,106) 

(N=1,130) 

$136,189 

($66,951 - $168,704) 

(N=2,976) 

$92,894 

($41,814- $120,854) 

$104,809 

($46,910 - $133,998) 

ECI<0 (N=1,554) (N=359) 

$110,787 

($55,202 - $137,488) 

(N=1,195) 

$78,681 

($38,313 - $93,960) 

$86,098 

($41,008 - $106,997) 

All (N=30,904) $104,456 

($50,363 - $130,930) 

$69,597 

($32,767 - $86,270) 

$77,244 

($35,366 - $97,087) 

5-year mean cost difference between men with fractures vs. men without fractures, by ECI subgroups: 
ECI=0: $91,321 - $61,289 = $30,032 (p<0.0001) 
ECI=1-6: $110,383 - $78,493 = $31,890 (p<0.0001) 
ECI=7 or greater: $136,189 - $92,894 = $43,295 (p<0.0001) 
ECI<0: $110,787 - $78,681 = $32,106 (p<0.0001) 
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3.3.4 Adjusted Results for Fracture Risk 

Adjusted survival curves of the CCI effect and ECI effect on fracture occurrence in the 

full sample and age-stratified samples are shown in Figures 8 and 9. Results from the 

Cox PH models show that men with increasing comorbidity burden at baseline had 

increasing hazard of fracture occurrence, and this effect was modified by age at diagnosis 

(Table 12). Among men aged 66 to 74 at diagnosis, the adjusted SHR (95% CI) 

associated with fracture occurrence was 1.17 (1.05 – 1.29) for those with CCI=1 and 1.69 

(1.51 – 1.90) for those with CCI=2 or higher (referent category: CCI=0). Among men 

aged 75 to 84 at diagnosis, the adjusted SHR (95% CI) associated with fracture 

occurrence was 1.08 (0.99 – 1.16) for those with CCI=1 and 1.30 (1.19 – 1.43) for those 

with CCI=2 or higher. The effect of CCI=1 and CCI=2 or higher on fracture occurrence 

was not statistically significant among the oldest men aged 85+ years; the adjusted SHR 

(95% CI) associated with fracture occurrence was 1.10 (0.95 – 1.28) for those with 

CCI=1 and 1.02 (0.85 – 1.23) for those with CCI=2 or higher.
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Figure 8. Adjusted survival curves for time to fracture occurrence by baseline CCI among men with 

non-metastatic prostate cancer in 2000-2005 in the full sample and age subgroups 
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Figure 9. Adjusted survival curve for time to fracture occurrence by baseline ECI among men with 

non-metastatic prostate cancer in 2000-2005 in the full sample and age subgroups 
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Table 12. Adjusted subhazards ratios (SHR) for fracture occurrence among men with non-metastatic 

prostate cancer diagnosed in 2000-2005 (N=30,904) [SHR greater than 1 indicates increased hazards 

of fracture occurrence compared to reference category.] 
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Adjusted hazard ratios for fracture occurrence by the specific Elixhauser comorbidities 

are shown in Table 13. The Elixhauser comorbidities that were associated with the 

greatest statistically significant increase in risk of fractures were liver disease 

(SHR=1.44; 95% CI=1.05 – 1.99), complicated diabetes (SHR=1.22; 95% CI=1.07 - 

1.39), cardiac arrhythmias (SHR=1.16; 95% CI=1.08 - 1.24), and uncomplicated diabetes 

(SHR=1.15; 95% CI=1.08 - 1.23). Similar to the CCI results, the Cox PH models that 

used ECI as a measure of comorbidity burden showed an association between increasing 

comorbidity burden and increasing hazard of fracture occurrence (Table 14). Among 

men aged 66 to 74 at diagnosis, the adjusted SHR (95% CI) associated with fracture 

occurrence was 1.32 (1.19 - 1.46) for those with ECI=1-6 and 1.54 (1.35 – 1.75) for those 

with ECI=7 or higher (referent category: ECI=0). In the oldest population (85+ years), 

the adjusted SHR (95% CI) associated with fracture occurrence was 1.10 (0.94 - 1.29) for 

those with ECI=1-6 and 1.03 (0.87 - 1.22) for those with ECI=7 or higher (referent 

category: ECI=0).  
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Table 13. Adjusted subhazards ratios (SHR) for fracture occurrence by Elixhauser comorbidites 

among men with non-metastatic prostate cancer diagnosed in 2000-2005 (N=30,904) [SHR greater 

than 1 indicates increased hazards of fracture occurrence compared to reference category.]    

Variable SHR (95% CI) p-value 

No comorbidity* Reference 

Liver disease (N=113)  1.44 (1.05 - 1.99) 0.03 

Diabetes, complicated (N=1,045) 1.22 (1.07 - 1.39) <0.01 

Cardiac arrhythmias (N=3,962) 1.16 (1.08 - 1.24) <.0001 

Diabetes, uncomplicated (N=5,385) 1.15 (1.08 - 1.23) <.0001 

Deficiency anemia (N=2,504) 1.13 (1.03 - 1.23) 0.01 

Chronic pulmonary disease (N=3,493) 1.12 (1.04 - 1.21) <0.01 

Renal failure (N=722) 1.16 (1.00 - 1.35) 0.05 
Congestive heart failure (N=2,211) 0.98 (0.89 - 1.08) 0.67 
Alcohol abuse (N=188) 1.18 (0.89 - 1.56) 0.25 
Obesity (N=278) 0.84 (0.64 - 1.11) 0.21 
Fluid and electrolyte disorders (N=1,256) 1.03 (0.91 - 1.17) 0.62 

Age    
    66-74 Reference 
    75-84 1.29 (1.22 - 1.36) <.0001 
    85+   1.66 (1.53 - 1.8) <.0001 

Race    
    Non-Hispanic White            Reference 
    Non-Hispanic African American 0.59 (0.53 - 0.66) <.0001 
    Hispanic                      0.90 (0.81 - 1.01) 0.06 
    Other                         0.71 (0.62 - 0.82) <.0001 

Poor tumor differentiation    
    No      Reference 
    Yes     1.10 (1.05 - 1.16) <0.01 

Osteoporosis at baseline    
    No      Reference 
    Yes     1.63 (1.3 - 2.04) <.0001 

Osteoarthritis at baseline    
    No      Reference 
    Yes     1.16 (1.07 - 1.26) <0.01 

ADT duration    
    ADT < 12 months Reference 
    ADT >= 12 months 1.21 (1.15 - 1.28) <.0001 

Fracture pre-diagnosis    
    No      Reference 
    Yes     2.57 (2.34 - 2.83) <.0001 

PCa stage at diagnosis    
    Stage 1/2 Reference 
    Stage 3/4 1.01 (0.91 - 1.12) 0.85 
    Unstaged  1.01 (0.96 - 1.07) 0.77 

*The reference group for each comorbidity was individuals without the specific comorbidity.
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Table 14. Adjusted sub-hazards ratios (SHR) for fracture occurrence among men with non-

metastatic prostate cancer diagnosed in 2000-2005 (N=30,904) [SHR greater than 1 indicates 

increased hazards of fracture occurrence compared to reference category.] 

 
 

  



58 

 

3.3.5 Adjusted Results for Incremental Cost of Fractures 

Based on regression analyses, patients with any fracture incurred additional mean cost of 

$33,650 compared to those without any fracture. Results from the multivariable model 

with interaction terms between the fracture indicator and CCI category showed that the 

incremental cost of fractures varied by baseline CCI. As shown in Table 15, the 5-year 

mean incremental cost of fractures (95% CI) was $31,800 ($31,709 - $31,891) among 

patients with CCI=0, $34,320 ($34,152 - $34,488) among patients with CCI=1, and 

$46,678 ($46,534 - $46,822) among patients with CCI=2 or higher. Table 15 also shows 

the incremental cost of fractures by baseline ECI, which was $32,019 ($30,726 - 

$32,722) among men with ECI=0, $34,353 ($32,263 - $35,915) among men with ECI=1-

6, $44,202 ($41,644 - $47,829) among men with ECI>6, and $34,175 ($30,050 - 

$38,070) among men with ECI<0. 

 

Results from the single regression model examining the incremental cost of fractures by 

specific Elixhauser comorbidities are shown in Table 16. Among men without any of the 

11 Elixhauser comorbidities, the mean incremental cost of fractures (95% CI) was 

$28,189 ($28,179 - $28,200). The incremental cost of fractures varied across types of 

comorbidities, but was highest among those with liver disease ($62,343; 95% 

CI=$62,195 - $62,492), alcohol abuse ($48,778; 95% CI=$48,665 - $48,890), obesity 

($48,005; 95% CI=$47,893 - $48,116), renal failure ($46,239; 95% CI=$46,172 - 

$46,306), and fluid and electrolyte disorders ($37,952; 95% CI=$37,906 - $37,997). 
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Table 15. Summary of covariate-adjusted 5-year incremental cost of fractures by baseline Charlson 

Comorbidity Index (CCI) and Elixhauser Comorbidity Index (ECI) 

 Adjusted mean incremental cost of fractures 

 Mean Std. dev. Std. error 95% CI 

Charlson Comorbidity Index      

   CCI=0  $31,800 1464.09 46.30 ($31,709 - $31,891) 

   CCI=1  $34,320 2702.64 85.46 ($34,152 - $34,488) 

   CCI=2+  $46,678 4563.23 144.30 ($46,534 - $46,822) 

Elixhauser Comorbidity Index     

   ECI=0  $32,019 1475.75 46.67 ($30,726 - $32,722) 

   ECI=1-6  $34,353 2678.11 84.69 ($32,263 - $35,915) 

   ECI=7 or higher $44,202 4729.93 149.57 ($41,644 - $47,829) 

   ECI<0 $34,175 5766.85 182.36 ($30,050 - $38,070) 

The regression models also controlled for measures at diagnosis, including age, race, urban residence, poor 
tumor differentiation, stage of prostate cancer, presence of osteoarthritis, presence of osteoporosis, total 
medical costs in the 1 year pre-ADT, geographic region of SEER registry, and year of diagnosis.  

 

Table 16. Summary of regression-adjusted 5-year incremental cost of fractures by Elixhauser 

comorbidities using single regression model (Presented in descending order of adjusted mean 

incremental cost of fractures.) 

 Adjusted mean incremental cost of fractures 

Elixhauser Comorbidity Mean Std. error 95% CI 

No comorbidity $28,189 5.21 ($28,179 - $28,200) 

Liver disease $62,343 75.70 ($62,195 - $62,492) 

Alcohol abuse $48,778 57.35 ($48,665 - $48,890) 

Obesity $48,005 56.98 ($47,893 - $48,116) 

Renal failure $46,239 34.05 ($46,172 - $46,306) 

Fluid and electrolyte disorders $37,952 23.25 ($37,906 - $37,997) 

Chronic pulmonary disease $32,577 14.05 ($32,549 - $32,605) 

Congestive heart failure $32,311 19.15 ($32,273 - $32,349) 

Diabetes, uncomplicated $32,276 12.16 ($32,242 - $32,300) 

Deficiency anemia $29,295 16.84 ($29,262 - $29,328) 

Diabetes, complicated $29,162 26.85 ($29,109 - $29,214) 

Cardiac arrhythmias $27,144 12.84 ($27,118 - $27,169) 

The regression models also controlled for measures at diagnosis, including age, race, urban residence, poor 
tumor differentiation, stage of prostate cancer, presence of osteoarthritis, presence of osteoporosis, total 
medical costs in the 1 year pre-ADT, geographic region of SEER registry, and year of diagnosis.  
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3.4 DISCUSSION 

 

In this large cohort analysis of older men with non-metastatic PCa treated with ADT, 

post-ADT fractures occurred in approximately 1 in 5 men, and fracture occurrence was 

associated with substantial additional healthcare costs. Prior studies have established the 

increased risk of fractures associated with ADT use, as well as the excess costs associated 

with these fractures. A patient’s comorbidity profile is an important consideration when 

developing treatment plans in PCa, particularly among older patients who frequently 

present with multiple comorbid conditions.48 This study adds to the literature by 

determining how a patient’s comorbidity burden at baseline influences the risk of 

fractures and associated costs. Increasing comorbidity burden was found to be associated 

with increased hazard of fracture occurrence and higher incremental cost of fractures. 

This association was consistent whether comorbidity was measured using Charlson 

Comorbidity Index or the Elixhauser Comorbidity Index.  

 

In this study, men aged 66-74 years with CCI=2 or higher had 69% greater risk of 

fracture occurrence compared to men aged 66-74 years with CCI=0. The implications of 

these findings on patient management are two-fold. First, patients with greater 

comorbidity burden who are at increased risk of fracture occurrence should be targeted 

for closer monitoring with bone mineral density (BMD) testing following ADT initiation, 

and be considered for treatment with bone-modifying agents like bisphosphonates, 

particularly in the presence of other risk factors for fractures such as smoking or history 

of fractures. Second, since fracture risk has been shown to increase with increasing 

duration of ADT use45, the course of ADT treatment in patients with heightened risk of 
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fractures could be adapted or reduced where clinically appropriate. The prevalence of 

specific Charlson comorbid conditions by age group and CCI score category are shown in 

Appendix Table A2. Compared to those with CCI=1, men with CCI=2 had higher 

prevalence of conditions including congestive heart failure, chronic renal failure, and 

both uncomplicated and complicated diabetes regardless of age group. 

 

The Elixhauser comorbidities that were associated with statistically significant increase in 

risk of fracture included liver disease, complicated diabetes, and uncomplicated diabetes. 

The association between liver disease and increased fracture risk has been reported 

among non-cancer patients and was attributed to the role of the liver in the bone 

remodeling process, whereby the liver produces proteins that contribute to bone 

formation such as fibronectin and insulin-like growth factors (IGF-I).94 Several studies in 

the general patient population have also shown an excess risk of fracture among patients 

with diabetes.95-97  

 

The 5-year mean incremental cost associated with fractures among patients with CCI=0 

was $31,800 (95% CI=$31,709 - $31,891), and $46,678 (95% CI=$46,534 - $46,822) 

among patients with CCI=2 or higher, equivalent to 50% higher costs. This finding 

highlights the substantial economic burden associated with fracture occurrence among 

men with non-metastatic PCa, particularly among those with greater comorbidity burden. 

This study underscores the need for patient management strategies and interventions to 

assess fracture risk, which could ultimately lead to reduced fractures and cost reductions 

in this population. The WHO Fracture Risk Assessment Tool (FRAX), which includes 
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factors such as an individual’s age, body mass index, family and personal history of 

fracture, is commonly used by clinicians to identify individuals with increased 10-year 

risk of fracture.98 Results from the Global Longitudinal Study of Osteoporosis in Women 

showed that the prediction of fracture risk among older females was improved when 

information on comorbidities (including Parkinson’s disease, multiple sclerosis, chronic 

obstructive pulmonary disease, arthritis, and heart disease) was added to the FRAX risk 

factors in regression models.50 Similarly, information on comorbidity burden as measured 

by the CCI or ECI could be used to enhance fracture risk assessment among older men 

with PCa treated with ADT.   

 

In addition to the use of comorbidity indices like the CCI and ECI, cost containment 

strategies and fracture risk assessment could benefit from the incorporation of 

information on the specific types of comorbidities.99 Nikkel et al.47 reported that average 

hospitalization costs following a hip fracture among older non-cancer patients without 

comorbidities were $13,805, and conditions such as fluid and electrolyte disorders, renal 

failure, and alcohol abuse were associated with statistically significant additional 

hospitalization costs of $1,652, $1,141, and $942, respectively. Although the cost 

estimates from this study represent long-term incremental cost of fractures that are not 

directly comparable to the costs of a single hospitalization event, this study also found 

conditions such as fluid and electrolyte disorders, renal failure, and alcohol abuse to be 

associated with the highest 5-year incremental cost of fractures of $37,952, $46,239, and 

$48,778, respectively. As well, liver disease and obesity also ranked among the top 5 

conditions associated with the highest incremental cost of fractures in this study.  
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There were some limitations to this study. This study was conducted in a population of 

older Medicare men with non-metastatic PCa, therefore the results are not generalizable 

to younger men with PCa. Administrative claims data from the one year prior to PCa 

diagnosis were used to identify comorbidities; hence there is the possibility of incomplete 

or inaccurate capture of comorbidities. In analyzing the influence of comorbidity burden 

on fracture risk, we could not account for certain fracture risk factors such as bone 

mineral density test results, patient’s smoking history, alcohol consumption and family 

history of fractures, due to the lack of laboratory results and other medical information in 

claims data. PCa progression could not be captured in the analysis; it is possible that 

some patients could have developed metastasis to the bone leading to pathological 

fracture occurrence. Although the results show that men with late stage (stage 3 or 4) 

non-metastatic PCa had 9% increased hazard of fracture occurrence compared to men 

with stage 1/2 PCa, the association was not statistically significant. Due to sample size 

and model convergence limitations, the effect of specific Elixhauser comorbid conditions 

on costs and fracture risk was limited to 11 Elixhauser comorbid conditions in this study. 

A larger sample size would have allowed the inclusion of binary indicators for all 30 

Elixhauser comorbid conditions in analyses. Lastly, it was not possible to analyze the 

effect of comorbidities on the hazard of site-specific fractures due to the relatively small 

number of individuals who experienced fractures at each site. Future research in this area 

could examine fractures by specific sites such as hip, vertebrae, or non-vertebrae. 

Another potential area for future research is the assessment of indirect costs such as loss 

of productivity and costs from the patient’s perspective including out-of-pocket costs. 

The incremental costs of fracture reported in this study were direct medical costs from the 
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Medicare payer perspective, and hence represent an underestimate of the total economic 

burden of fractures in older men with non-metastatic PCa treated with ADT. 

 

In addition to being associated with substantial economic burden, fracture occurrence in 

the non-metastatic PCa population could be debilitating and negatively affect a patient’s 

health-related quality of life including the functional and emotional well-being of the 

patient. This study demonstrated that a patient’s comorbidity profile may have a role in 

predicting long-term incremental cost of fractures and fracture risk following ADT in 

older men with non-metastatic PCa. Men with high comorbidity burden at baseline would 

incur the highest incremental cost of fractures and are at the greatest risk of experiencing 

fractures, and therefore would benefit from evidence-based bone health management 

strategies such as regular monitoring of bone mineral density (BMD) following ADT 

initiation, and treatment with bone-modifying agents like bisphosphonates particularly in 

the presence of fracture risk factors.
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4 Physician Specialist Visits and Bone Mineral Density Testing Following 

Androgen Deprivation Therapy among Medicare Beneficiaries with Non-

Metastatic Prostate Cancer 

 

4.1 INTRODUCTION 

Prostate cancer (PCa) is the most commonly diagnosed non-cutaneous malignancy 

among men in the United States, with approximately 220,800 newly diagnosed cases of 

PCa estimated in 2015.4 Due to the high five-year survival rate of nearly 100% among 

men with local or regional disease at diagnosis, PCa survivors account for 1 in 5 of all 

cancer survivors in the United States. Awareness of survivorship care issues and the 

implementation of evidence-based management of the late effects of cancer treatment are 

therefore especially important when treating men with PCa.  

 

Androgen deprivation therapy (ADT), which includes orchiectomy or the use of 

luteinizing hormone-releasing hormone (LHRH) agonists, is a common treatment 

modality in men with PCa. Up to 50% of men with PCa across all stages receive ADT 

during the course of their disease.100 Although ADT is beneficial for PCa, it has 

undesirable effects on bone health, including significant bone mineral density (BMD) 

loss33, 34 and increased risk of fractures32, 41, along with the excess costs due to fractures46. 

ADT depletes circulating levels of estrogens and testosterone, both of which are 

necessary to maintain bone mass through promotion of bone formation and suppression 

of bone resorption.25 The rate of bone loss associated with androgen suppression is 

approximately 3% to 7% per year36, with the greatest rate of bone loss occurring during 
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the first year of therapy34, 37, 38. Compared to men with PCa who were not treated with 

ADT, men who received ADT had 6.5% to 17.3% lower BMD measurements.35 

 

Recognizing the adverse effect of ADT on bone, clinical practice guidelines from the 

National Comprehensive Cancer Network and American College of Physicians 

recommend BMD testing at baseline prior to ADT initiation in men with PCa, as well as 

periodically during follow-up.53, 54, 101 Despite the recommended guidelines, studies from 

single Veterans Affairs hospitals have demonstrated low rates, ranging from 9 to 13%, of 

BMD testing in PCa survivors treated with ADT.56-58 As well, retrospective analyses of 

larger cohorts of men with PCa from Canada and the United States have also reported 

low rates of BMD testing in men with PCa treated with ADT.59, 60, 102, 103 Although 

several studies have documented the use of BMD tests in men with PCa treated with 

ADT, these studies mostly examined any BMD testing that occurred post-ADT initiation, 

and did not distinguish between baseline and follow-up BMD testing.  

 

Greater understanding of the determinants of BMD testing in this population are 

necessary to formulate strategies to improve uptake of BMD testing; however, there is 

limited published evidence available on the patient-level, physician-level, or healthcare 

system-level factors that influence BMD testing. A few studies found that BMD tests in 

PCa men were mostly ordered by primary care physicians (PCP)56, and that patients with 

only a urologist involved in their care were significantly less likely to receive BMD 

testing compared to those with both a urologist and a PCP involved in their care 

(OR=0.71; 95% CI=0.64-0.80).102 Another study reported that men with a medical 
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oncologist and/or a PCP in addition to a urologist were significantly more likely to 

receive BMD testing compared to men who only consulted a urologist (OR=1.42; 95% 

CI=1.18-1.72).59 While previous studies showed that the specific types of specialists seen 

influences BMD testing following ADT initiation, it is not clear if the degree of multi-

specialist contact also influences BMD testing. 

 

The objectives of this study were to assess the prevalence of BMD testing at baseline 

(prior to or during the time of ADT initiation) and during follow-up, and to quantify the 

relationship between baseline physician specialist visits and the likelihood of follow-up 

BMD testing. Specialist contact was defined in two ways: 1) the specific types of 

specialists seen; and 2) the number of specialist types seen (i.e., multi-specialist contact). 

This enabled us to investigate whether BMD testing is influenced by the type of specialist 

seen or the number of different specialist types seen. 

 

4.2 METHODS 

4.2.1 Study Design and Study Cohort 

This was a retrospective cohort analysis of linked Surveillance, Epidemiology and End 

Results (SEER) registry and Medicare claims data104 on men aged 65 or older with 

incident non-metastatic PCa diagnosed during 2007 to 2009, with Medicare claims data 

from 2006 to 2010. This study was approved by the University of Maryland Baltimore 

Institutional Review Board. Medicare claims data were used to obtain baseline patient 

characteristics during the one year prior to diagnosis and information on post-diagnosis 

health services utilization including BMD testing. Patients were included if they fulfilled 
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the following inclusion criteria: 1) continuous enrollment in Medicare Parts A and B for 

12 months prior to diagnosis; 2) initiation of ADT within 6 months after diagnosis; and 3) 

continuous receipt of ADT for at least 6 months. To allow for capture of utilization of 

both intravenous and oral bone-modifying agents like bisphosphonates, patients were also 

required to have at least 6 months of continuous enrollment in Medicare Part D. The 

study cohort was limited to patients with non-metastatic PCa at diagnosis because BMD 

testing is not reliable in the presence of metastatic bone disease, and guidelines 

recommend intravenous bisphosphonate in men with bone metastasis without the need 

for BMD testing. Patients were excluded if they had: 1) Medicare Advantage plan 

enrollment during the 12 months prior to diagnosis; 2) history of cancer within 5 years 

prior to PCa diagnosis; or 3) incident post-mortem PCa diagnosis.  

 

4.2.2 Study Variables  

The index date was the date of ADT initiation. Similar to a previous study, ADT duration 

for each patient was measured in months and determined by first creating monthly 

indicators of exposure to LHRH agonist, and then summing the monthly indicators to 

obtain total ADT duration.32 The outcome of interest was receipt of BMD testing, which 

was identified from Medicare claims with the ICD-9 or Current Procedural Terminology 

(CPT) codes associated with dual-energy x-ray absorptiometry (DXA) scan, ultrasound, 

or computed tomography bone density testing. BMD tests that occurred during the 12 

months prior to ADT through the 3 months post-ADT were considered baseline BMD 

testing. BMD tests that occurred more than 3 months post-ADT through end of follow-up 

were considered follow-up BMD testing.  
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The primary independent variable was baseline physician visits during the 6-month 

period around ADT initiation (i.e., 3 months before plus 3 months after ADT initiation) 

(Figure 10). Visits to urologists, medical oncologists, radiation oncologists, and primary 

care physicians (PCPs) were identified. Physician specialty was determined from the 

American Medical Association (AMA) Physician Masterfile. Urologists were identified 

from the AMA specialty codes for urology or urological surgery. Medical oncologists 

were identified from specialty codes for hematology and/or oncology. Radiation 

oncologists were identified based on specialty codes for radiation oncology. PCPs were 

identified from specialty codes for general practice, family practice, internal medicine, or 

geriatric medicine.  

 

Figure 10. Study schematic illustrating outcome variable and primary independent variable in Aim 2 
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Based on the most common physician visit profiles in the cohort, physician visits were 

categorized into six mutually exclusive categories: urologist and PCP; urologist only; 

urologist and radiation oncologist; urologist and radiation oncologist and PCP; urologist 

and medical oncologist +/- others; and no urologist involved. The Physician Visit Index 

(PVI) was used as a measure of the degree of multi-specialist contact.105 The PVI 

measures dispersion of care across specialist types by accounting for the number of 

different specialist types involved in the patient’s care and the number of visits to each 

specialist type. The PVI ranges from zero to one. Values closer to zero represent greater 

degree of multi-specialist contact -- more types of specialists seen, and greater number of 

visits to different specialist types. The PVI was calculated by summing the squared shares 

of each patient's total physician visits for each specialist type visited during the 6-month 

period around ADT initiation. For analyses, four mutually exclusive PVI categories were 

created based on the observed quartiles in the cohort. 

 

The analyses also explored the impact of other patient-level characteristics on follow-up 

BMD testing, including demographic information (age at diagnosis, race, marital status) 

and clinical variables (tumor differentiation at diagnosis, stage of PCa). Claims data from 

the 12 months period prior to diagnosis were used to determine the Charlson Comorbidity 

Index (CCI) and pre-existing osteoporosis. Since previous receipt of BMD testing is 

likely to be correlated with future receipt of BMD testing, the regression models also 

included a binary indicator for BMD testing in the 12-month period prior to ADT 

initiation. The regression models also controlled for census tract-level socioeconomic 
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variables (median income and percentage of population speaking English but not well/not 

at all), as well as the patient’s geographic region of SEER registry and year of diagnosis. 

Medicare Part B and Part D claims were used to identify post-ADT bisphosphonate use 

including intravenous bisphosphonates (zoledronic acid and pamidronate) and oral 

bisphosphonates (alendronate, ibandronate, and risedronate). 

 

4.2.3 Statistical Analysis 

Based on descriptive analyses, the prevalence of baseline and follow-up BMD testing in 

the study cohort were reported. The descriptive prevalence of post-ADT bisphosphonate 

use was also reported. Descriptive statistics including the mean and median time in days 

to the first follow-up BMD test were also reported. Multivariable logistic regression 

models were estimated to determine the relationship between baseline physician visits 

and follow-up BMD testing. Goodness-of-fit and goodness-of-link for the regression 

models were examined using the Hosmer-Lemeshow test106, and the regression error 

specification test (RESET)107, respectively. Separate models were estimated for the two 

measures of physician visits: 1) physician visit categories, and 2) physician visit index 

(PVI). As well, the likelihood ratio test was used to compare full and reduced models 

with and without physician visit measures, respectively. Statistical tests were two-tailed 

and the cut-off value for statistical significance was 0.05. Statistical analyses were 

conducted using SAS statistical software, version 9.3. 

 

 

 

 

 

 



72 

 

4.3 RESULTS 

4.3.1 Characteristics of Study Cohort 

The study cohort included 4,631 men who were diagnosed with non-metastatic PCa 

between 2007 and 2009 and treated with ADT for at least 6 months (Figure 11). The 

mean age of the cohort was 76 years, and the cohort was followed over a median period 

of 27 months (IQR: 20.3 - 32.5 months). The majority of the cohort (78%) had stage 1 or 

2 PCa, 9% had stage 3 or 4 PCa, and 13% had unknown PCa stage (Table 17). Ninety-

eight percent of the cohort received an LHRH agonist over a median duration of 12 

months, and 2% had orchiectomy. Stratified by PCa stage, the median ADT duration was 

12 months in stage 1 or 2 patients, 13 months in stage 3 patients, and 15.5 months in 

stage 4 patients.(Table 18) Overall survival was 91.9% in patients with stage 1 or 2 PCa, 

92.9% in stage 3 patients, 83.5% in stage 4 patients, and 85.7% in patients with unknown 

stage.  
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Figure 11. Flow chart of cohort selection of older men with non-metastatic prostate cancer diagnosed 

during 2007-2009 and who received androgen deprivation therapy for at least 6 months (N=4,631) 
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Table 17. Descriptive statistics for patients with non-metastatic prostate cancer in 2007-2009 

(N=4,631) 

  N Col % 

Age   

66-74 2,175 47.0 

75-84 2,042 44.1 

85+ 414 8.9 

Race   

Non-Hispanic White  3,427 74.0 

Non-Hispanic African American  382 8.3 

Hispanic 511 11.0 

Other  311 6.7 

Married 2,729 58.9 

Urban residence 4,069 87.9 

AJCC Stage at diagnosis   

Stage 1 or 2 3,621 78.2 

Stage 3 or 4 394 8.5 

Unstaged 616 13.3 

Poorly Differentiated Tumor 3,547 76.6 

Charlson Comorbidity Index   

Zero 2,642 57.0 

One 1,148 24.8 

Two or higher 841 18.2 

Osteoporosis pre-diagnosis 65 1.4 

BMD pre-diagnosis 150 3.2 

Fracture pre-diagnosis 179 3.9 

Bisphosphonate use pre-ADT 72 1.6 

Region of SEER registry   

Northeast 1,134 24.5 

South 815 17.6 

Midwest 620 13.4 

West 2,062 44.5 

Year of diagnosis   

2007 1,796 38.8 

2008 1,509 32.6 

2009 1,326 28.6 
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Table 18. Median duration of ADT in months and overall survival, stratified by stage of prostate 

cancer at diagnosis 

  

Median (mean) ADT 

duration in months 

Proportion on 

ADT for at least 

1 year  

1-year survival Overall 

survival* 

Stage 1 or 2 (N=3,621) 12 (14.2) 1,986 (54.9%) 97.5% 91.9% 

Stage 3 (N=255) 13 (15.3) 160 (62.8%) 96.5% 92.9% 

Stage 4 (N=139) 15.5 (16.3) 99 (71.2%) 95.7% 83.5% 

Unstaged (N=616) 13 (15.4) 386 (62.7%) 94.2% 85.7% 

*Median follow-up in full sample was 27.4 months. 

 

4.3.2 Descriptive Results 

The proportions of patients who saw any urologist, medical oncologist, radiation 

oncologist, or PCP during the six-month period around ADT initiation were 97%, 12%, 

52%, and 71%, respectively. The majority of patients received care from multiple 

specialist types. The proportions who saw two, three, or four specialist types were 43%, 

37%, and 5%, respectively. The three most common physician visit profiles were 

urologist plus radiation oncologist plus PCP (32%), urologist plus PCP (29%), followed 

by urologist only (13%). Descriptive characteristics of the study cohort, stratified by the 

six mutually exclusive physician visit categories, are shown in Table 19. Greater details 

on the distribution of types of physician specialists seen by patients with each physician 

visit category are shown in Table 20. The mean (SD) PVI over the 6-month period was 

0.58 (0.20). Appendix Table A3 shows the distribution of types of physician specialists 

seen by patients within each PVI quartile. 
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Table 19. Descriptive characteristics of study cohort, stratified by physician visit categories. 

(U=Urologist; RO=Radiation oncologist; MO=Medical oncologist; PCP=Primary care physician) 
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Table 20. Distribution of physician visit profiles among patients with non-metastatic prostate cancer 

(N=4,631) 

N % 

Number of specialist types   

None 23 0.5% 

One 642 13.8% 

Two 2009 43.4% 

Three 1734 37.4% 

Four 223 4.8% 

Physician visit categories   

Urologist and PCP  1357 29.3% 

Urologist only 581 12.5% 

Urologist and radiation oncologist 562 12.1% 

Urologist and radiation oncologist and PCP 1486 32.1% 

Urologist and medical oncologist, with or 
without radiation oncologist or PCP 

  

All specialists 223 4.8% 

Urologist and medical oncologist and PCP 145 3.1% 

Urologist and medical oncologist and    
radiation oncologist 

90 1.9% 

Urologist and medical oncologist only 53 1.1% 

No urologist involved   

PCP only 40 0.9% 

Radiation oncologist and PCP 18 0.4% 

Radiation oncologist only 12 0.3% 

Medical oncologist only NR NR 

Medical oncologist and PCP NR NR 

Medical oncologist and radiation oncologist NR NR 

Medical oncologist and radiation oncologist   
and PCP 

13 0.3% 

No specialists 23 0.5% 

NR: Not reported due to to small cell size (<11), as per data use agreement.  
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Overall, 363 (7.8%) of the 4,631 patients had baseline BMD testing (12 months prior to 

ADT through the 3 months post-ADT), and 563 (12.2%) received follow-up BMD testing 

(more than 3 months post-ADT through end of follow-up). Taking both baseline and 

follow-up BMD testing into consideration, 3,804 (82.1%) did not have any BMD testing, 

264 (5.7%) had baseline BMD testing only, 464 (10.0%) had follow-up BMD testing 

only, and 99 (2.1%) had both baseline and follow-up BMD testing (Figure 12). As 

shown in Figure 13, the cumulative percentage of men who received BMD testing over 

time was 3.7% at 3 months post-ADT and increased to 9.7% and 13.8%, respectively, at 

12 months and 24 months following ADT initiation. 

 

Figure 12. Proportion of men with non-metastatic prostate cancer who received baseline and/or 

follow-up BMD testing (N=4,631) 
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Figure 13. Cumulative percentage of men who received BMD testing at 3, 6, 12 and 24 months 

following ADT initiation (N=4,631) 

 
 

 

The proportion of men who received follow-up BMD testing, by physician visits and 

physician visit categories, are shown in Figure 14. Across specialist types, the proportion 

of patients with BMD testing was highest (17.4%) among those who saw medical 

oncologists, and comparable (~12%) among those who saw other specialist types. By 

physician visit categories, the proportion of men with BMD testing was highest (17.0%) 

among those with urologist and medical oncologist involved in their care, and lowest 

among those with only urologist involved in their care (8.8%). Figure 15 shows the 

proportion of men who received BMD testing by physician visit index (PVI). The use of 

BMD testing was lowest (10.4%) among those with the first PVI quartile (i.e., those with 

least dispersed care across different types of physician specialists).
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Figure 14. Proportion who received follow-up BMD testing, by physician visits (top) and physician 

visit category (bottom) (N=4,631) (U=Urologist; RO=Radiation oncologist; MO=Medical oncologist; 

PCP=Primary care physician) 
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Figure 15. Proportion who received follow-up BMD testing, by physician visit index (PVI) (N=4,631) 

 

 

4.3.3 Multivariable Regression Results 

Covariate-adjusted odds ratios for follow-up BMD testing are shown in Table 21. 

Compared to men who saw a urologist and PCP, the odds of bisphosphonate receipt was 

lower among men who saw a urologist only (AOR=0.74; 95% CI=0.53 – 1.03) and men 

who saw a urologist and radiation oncologist (AOR=0.84; 95% CI=0.60 – 1.18); 

however, these associations were not statistically significant. Similarly, there were no 

statistically significant associations between the other physician visit categories and the 

likelihood of follow-up BMD testing. Although baseline physician visit categories did not 

influence the likelihood of follow-up BMD testing, there were other patient factors that 

influenced BMD testing. Specifically, men diagnosed with stage 3 or 4 PCa had 

increased odds of BMD testing compared to men diagnosed with stage 1 or 2 PCa 

(AOR=1.38; 95% CI=1.02 – 1.86). Men with greater comorbidity burden of CCI=2+ also 

had increased odds of BMD testing compared to men with CCI=0 (AOR=1.41; 95% 
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CI=1.11 – 1.78). Interestingly, there was geographical variation in the likelihood of BMD 

testing, where patients in the West census region had statistically significantly higher 

odds of BMD testing compared to patients in the Northeast census region (AOR=1.52; 

95% CI=1.20 – 1.93). Results from model misspecification tests for the multivariable 

logistic regression models examining the relationship between physician visits and BMD 

testing are reported in Appendix Table A4. The difference in log likelihood between the 

full and reduced models with and without physician visit variables was not statistically 

significant (7.594; p=0.055). 

 

Multivariable results from the regression models that measured physician dispersion of 

care across specialist types using the PVI are shown in Table 22.  Compared to patients 

with the least dispersed care (1st quartile for PVI), those with the most dispersed care (4th 

quartile) were statistically significantly more likely to receive follow-up BMD testing 

(AOR=1.33; 95% CI=1.03 – 1.70). Men with PVI in the second quartile also had 

increased odds of follow-up BMD testing (AOR=1.34; 95% CI=1.04 – 1.74); however, 

men with PVI in the third quartile did not have statistically significant differences in 

BMD testing compared to men with PVI in the first quartile. 

 

In additional analyses that examined both BMD testing and bisphosphonate use, 3,732 

(80.6%) of the men with non-metastatic PCa treated with ADT did not receive any BMD 

testing or bisphosphonate following ADT initiation, 232 (5.0%) received a BMD test and 

bisphosphonate, 455 (9.8%) received a BMD test but no bisphosphonate, and 212 (4.6%) 

receive a bisphosphonate without any BMD test.  
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Table 21. Adjusted odds ratios for follow-up bone mineral density testing among patients diagnosed 

with non-metastatic prostate cancer in 2007-2009, using physician visit categories (N=4,631) 

  AOR 95% CI p-value 

Physician visit categories    

Urologist and PCP  Reference  

Urologist only 0.74 (0.53 - 1.03) 0.08 

Urologist and radiation oncologist 0.84 (0.60 - 1.18) 0.32 

Urologist and radiation oncologist and PCP 1.03 (0.81 - 1.30) 0.84 

Urologist and medical oncologist, with or   
 without radiation oncologist or PCP 

1.24 (0.92 - 1.67) 0.17 

No urologist involved 1.16 (0.68 - 1.96) 0.59 

Age    

66-74 Reference  

75-84 1.05 (0.87 - 1.28) 0.59 

85+ 0.97 (0.69 - 1.36) 0.86 

Race    

White non-Hispanic Reference  

African American non-Hispanic 0.81 (0.53 - 1.25) 0.34 

Hispanic 0.90 (0.65 - 1.23) 0.51 

Other  0.89 (0.63 - 1.28) 0.54 

Married 1.00 (0.82 - 1.21) 0.96 

AJCC Stage at diagnosis    

Stage 1 or 2 Reference  

Stage 3 or 4 1.38 (1.02 - 1.86) 0.04 

Unstaged 1.30 (1 - 1.69) 0.05 

Poorly Differentiated Tumor 1.29 (1.02 - 1.63) 0.03 

Charlson Comorbidity Index    

Zero Reference  

One 1.07 (0.86 - 1.34) 0.54 

Two or higher 1.41 (1.11 - 1.78) <0.01 

Osteoporosis pre-diagnosis 2.25 (1.26 - 4.01) 0.01 

BMD pre-ADT 2.28 (1.59 - 3.25) <.0001 

Region of SEER registry    

Northeast Reference  

South 0.77 (0.53 - 1.12) 0.17 

Midwest 1.05 (0.75 - 1.47) 0.80 

West 1.52 (1.2 - 1.93) <0.01 

Year of diagnosis    

2007 Reference  

2008 0.86 (0.7 - 1.06) 0.15 

2009 0.52 (0.41 - 0.66) <.0001 

Model also controlled for percentage of household speaking English but not well, median income in census 

tract. 
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Table 22. Adjusted odds ratios for follow-up bone mineral density testing among patients diagnosed 

with non-metastatic prostate cancer in 2007-2009, using Physician Visit Index quartiles (N=4,631) 

  AOR 95% CI p-value 

Physician visit index    

1st quartile - Least dispersed Reference  

2nd quartile 1.34 (1.04 - 1.74) 0.03 

3rd quartile 1.09 (0.85 - 1.41) 0.50 

4th quartile - Most dispersed 1.33 (1.03 - 1.7) 0.03 

Age    

66-74 Reference  

75-84 1.05 (0.86 - 1.27) 0.64 

85+ 0.98 (0.7 - 1.37) 0.91 

Race    

White non-Hispanic Reference  

African American non-Hispanic 0.81 (0.52 - 1.24) 0.33 

Hispanic 0.90 (0.66 - 1.24) 0.52 

Other  0.89 (0.63 - 1.28) 0.54 

Married 1.00 (0.82 - 1.21) 0.99 

AJCC Stage at diagnosis    

Stage 1 or 2 Reference  

Stage 3 or 4 1.41 (1.04 - 1.9) 0.03 

Unstaged 1.32 (1.01 - 1.71) 0.04 

Poorly Differentiated Tumor 1.31 (1.04 - 1.66) 0.02 

Charlson Comorbidity Index    

Zero Reference  

One 1.08 (0.87 - 1.35) 0.50 

Two or higher 1.44 (1.14 - 1.82) <0.01 

Osteoporosis pre-diagnosis 2.24 (1.26 - 3.99) 0.01 

BMD pre-ADT 2.35 (1.65 - 3.35) <.0001 

Region of SEER registry    

Northeast Reference  

South 0.77 (0.53 - 1.11) 0.15 

Midwest 1.04 (0.74 - 1.45) 0.84 

West 1.51 (1.19 - 1.92) <0.01 

Year of diagnosis    

2007 Reference  

2008 0.86 (0.7 - 1.05) 0.14 

2009 0.52 (0.41 - 0.66) <.0001 

Model also controlled for percentage of household speaking English but not well, median income in census 

tract. 
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4.4 DISCUSSION 

In this population-based cohort of older men with non-metastatic PCa treated with ADT, 

17.9% of the cohort received BMD testing either at baseline or during follow-up. 

Specifically, 7.8% of the cohort received baseline BMD testing (12 months prior to ADT 

through the 3 months post-ADT), and 12.2% received follow-up BMD testing (more than 

3 months post-ADT through end of follow-up). The likelihood of follow-up BMD testing 

was not statistically significantly associated with physician visit patterns at baseline. 

However, patients with greater dispersion of care across physician specialist types as 

measured by the PVI had increased likelihood of BMD testing compared to patients with 

lower dispersion of care.  

 

Previous studies in older Medicare men with PCa treated with ADT reported BMD rates 

ranging from 8.6% to 11.5%.59, 102, 103 These studies measured BMD testing over different 

time periods, including 12 months prior to ADT through the 6 months post-ADT, 12 

months prior to ADT through the 3 months post-ADT, and 6 months prior to ADT 

through the 12 months post-ADT. The rates reported in these studies are more closely 

comparable to the baseline BMD testing reported in this study, since the men in this study 

were followed over a longer period of 27 months to obtain information on follow-up 

BMD testing. The rationale for characterizing both baseline and follow-up BMD testing 

in this study was to allow for comparison of practice in real-world settings with clinical 

guidelines that recommend BMD testing at baseline prior to ADT initiation in men with 

PCa, as well as periodically during follow-up to monitor changes in BMD.53, 54, 101 

Overall, the majority (82.1%) of the cohort did not receive any BMD testing at all, 5.7% 
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had baseline BMD testing only, 2.1% had both baseline and follow-up BMD testing, and 

10.0% had follow-up BMD testing only. It is possible that the 5.7% of men with baseline 

BMD testing only had normal BMD test results and hence were deemed by their 

physicians not to require follow-up BMD testing.  

 

The finding that 8 in 10 men did not receive any BMD testing could be due to several 

reasons. It is possible that physicians may have recommended testing, but patients chose 

not to undergo testing. Patients’ refusal to undergo testing could be due to personal health 

beliefs or barriers to use such as the reimbursement policy for BMD testing. During the 

study period, Medicare reimbursement for BMD testing was limited to testing once every 

2 years. Although Medicare would cover more frequent BMD testing where medically 

necessary (as recommended by a health care provider), the reimbursement restriction may 

still present a barrier to the use of BMD testing in men receiving ADT.102, 108 Indeed, a 

study found that 9.1% of Medicare claims for BMD testing among men were denied; and 

up to 42% of claims for BMD testing done more frequently than 2 years were denied.109 

 

Previous studies reported that patients who were managed by urologist and PCP, or 

urologist and PCP and medical oncologist, were statistically significantly more likely to 

receive BMD testing compared to patients who were managed by urologist only. While 

the findings in this study were qualitatively similar to previous studies, the observed 

effects did not reach statistical significance in this study. This could be due to the 

different methodology utilized in this study for identifying physician visits. In previous 

studies, physician visits were captured during the same period over which BMD testing 
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was captured. The limitation associated with this design is the lack of temporality 

between cause and effect i.e., it is not clear if the physician visits occurred before or after 

the BMD tests. Evidently, it would not be accurate to attribute BMD testing to any 

physicians seen after the occurrence of the BMD test. In this study, physician visits were 

captured during the 6-month period around ADT initiation (i.e., 3 months before plus 3 

months after ADT initiation), and BMD testing was captured after this period, therefore 

ensuring that the physician visits preceded BMD testing.  

 

Post-hoc analyses were conducted to characterize physician visits over three different 

time periods, namely period 1 (the 6-month period around ADT initiation), period 2 (3-6 

months post-ADT initiation), and period 3 (6-9 months post-ADT initiation) as illustrated 

in Appendix Figure A2. Interestingly, these analyses revealed that there are differences 

in physician visit patterns over time. Overall, physician contact was highest during ADT 

initiation and decreased over time. As shown in Appendix Figure A3, the proportion of 

patients who saw a urologist in periods 1, 2 and 3 were 97%, 69%, and 62%, 

respectively. The proportion of patients who saw a medical oncologist in periods 1, 2 and 

3 were 12%, 9%, and 9%, respectively. The proportion of patients who saw a PCP in 

periods 1, 2 and 3 were 71%, 53%, and 52%, respectively. Appendix Figure A4 

characterizes the most common physician visit profiles during each time period. While 

the 3 most common physician visit profiles in period 1 were urologist plus radiation 

oncologist plus PCP (32%), urologist plus PCP (29%), followed by urologist only (13%); 

the 3 most common profiles in period 2 were urologist plus PCP (28%), urologist only 
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(24%), followed by PCP only (11%) and no visits to the specialists of interest (11%). The 

trend in physician visit profiles in the period 3 was similar to period 2.  

 

Multivariable regression results from post-hoc analyses that examined the effect of 

physician specialist visits in each time period on the likelihood of follow-up BMD testing 

are shown in Appendix Table A5. Physician visits during period 1 were not associated 

with BMD testing. During period 2, men who saw a medical oncologist were more likely 

to receive BMD testing compared to men who did not see a medical oncologist (p=0.02). 

During period 3, men who saw a medical oncologist (p<0.01) or PCP (p=0.03) were more 

likely to receive BMD testing. This suggests that the likelihood of BMD testing is not 

only dependent on the type of physician specialists seen by patients, but also on the 

timing of patient contact with physicians. Previous studies showed that patients managed 

by medical oncologists or PCPs in addition to urologists had higher BMD testing rates. 

This study adds to the body of literature by demonstrating that continued contact with 

physicians including medical oncologists and PCPs following ADT initiation, particularly 

beyond 6 months after ADT initiation, could be beneficial for bone health management.  

 

This study had several limitations. The study cohort comprised older Medicare 

beneficiaries with non-metastatic PCa who were living in SEER areas and were enrolled 

in fee-for-service Medicare, hence the results are not be generalizable to younger patients 

or patients enrolled in other insurance plans. As claims data were used to identify BMD 

testing, this study could not capture instances whereby patients elected not to undergo 

BMD testing despite physician recommendations or patients were not able to undergo 
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BMD testing due to denial of reimbursement from Medicare. Further, BMD test results 

were not available in the dataset; therefore it was not possible to determine if patients 

with baseline BMD testing only did not receive follow-up BMD testing because their 

baseline BMD test results were normal. There were a small number of patients (N=23) 

who did not have claims-based evidence of any contact with the specialist types of 

interest. This may have been due to misclassification of information on physician 

specialty, which was obtained from AMA specialty codes. Finally, although this study 

was limited to men with non-metastatic PCa at the time of diagnosis according to SEER, 

it was not possible to capture information on prostate cancer progression. It is possible 

that some of the men developed bone metastasis during follow-up and received BMD 

testing as part of the diagnostic work-up for pathologic fractures related to metastatic 

disease, rather than for the purposes of monitoring for ADT-associated bone loss. 

 

In summary, the study findings show that approximately 2 in 10 men received BMD 

testing at any time prior to or following ADT initiation, despite clinical guidelines that 

recommend BMD testing at baseline prior to ADT initiation, as well as periodically 

during follow-up. The types of physician specialists seen by patients affected the 

likelihood of BMD testing. Patients who had medical oncologists or PCPs involved in 

their care were more likely to receive BMD testing compared to those without these 

specialists involved in their care; however, the association was only observed among 

patients who had these specialists involved in their care during the 3-6 months post-ADT 

or 6-9 months post-ADT, suggesting that continued contact with these specialists beyond 

the period around ADT initiation could be beneficial for bone health management. Future 
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research to examine the reasons for lack of uptake of BMD testing among these patients 

at risk of fractures is warranted.
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5 Physician Specialist Visits and Bisphosphonate Use Following Androgen 

Deprivation Therapy: Cohort Analysis of Medicare Beneficiaries with Non-

Metastatic Prostate Cancer  

 

5.1 INTRODUCTION 

There were approximately 14 million cancer survivors in the United States in 2012, of 

which 20% were prostate cancer (PCa) survivors.3 To cater to the unique needs of the 

growing population of cancer survivors, oncology care has evolved to encompass 

survivorship care, which includes the monitoring and management of the late effects of 

cancer treatment.2 Although survivorship care is gaining recognition as an important 

component of cancer care, there remains uncertainty about several issues, including the 

ideal model for providing coordinated survivorship care, the physician specialist types 

who should be involved, and the role of each subspecialist.110 While multi-specialist 

involvement in patient care has been shown to be beneficial for outcomes including 

cancer treatment receipt and survival111, 112, it is not clear if multi-specialist contact is 

associated with better survivorship care.  

 

Survivorship care in terms of the management of late effects of cancer treatment is 

important in PCa due to the high prevalence of PCa survivors.113  Androgen deprivation 

therapy (ADT), which includes orchiectomy or the use of luteinizing hormone-releasing 

hormone (LHRH) agonists, is a mainstay of treatment in PCa. Although ADT is 

beneficial for PCa, it has undesirable effects on bone health, including significant bone 

mineral density (BMD) loss33, 34 and increased risk of fractures32, 41 within 6-12 months of 

ADT initiaion80, along with the excess costs due to fractures46.  
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These findings have led to the development of clinical guidelines that encourage 

monitoring and treatment for osteoporosis and fractures among PCa survivors treated 

with ADT.52-54 These guidelines recommend baseline evaluation of BMD prior to 

initiating ADT, with periodic monitoring of BMD thereafter, and the use of oral or 

intravenous bisphosphonate therapy in the presence of fracture risk factors. Although 

several studies have examined BMD testing in men on ADT59, 60, 102, 103, there is less 

information available on the use of bone-modifying agents in clinical practice and the 

factors that affect utilization of these agents. Several single-institution studies of Veterans 

Affairs (VA) hospitals have reported low rates of use of bone-modifying agents, ranging 

from 5% to 21%, among men treated with ADT.56-58 Little is known about 

bisphosphonate use in older men with PCa, a population that constitutes two-thirds of all 

PCa cases. Data from the Texas cancer registry/Medicare database showed that 5.6% of 

men received bone-modifying agents after ADT initiation; however this was based on 

information from one US state.103  

 

Using linked Surveillance, Epidemiology and End Results (SEER)-Medicare data, the 

study investigated the relationship between physician specialist visits and bone health 

management in PCa. The study objective was to examine the effect of physician 

specialist visits on bisphosphonate utilization following ADT. Specialist contact was 

defined in two ways: 1) the specific types of specialists seen; and 2) the number of 

specialist types seen (i.e., multi-specialist contact). Findings from this study reflect real-

world practice of bisphosphonate utilization in older Medicare beneficiaries with PCa and 

can provide guidance on strategies for improving overall survivorship care in PCa. Since 
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BMD loss is not unique to PCa, our study findings would also inform survivorship care 

practices in other cancers such as breast cancer.  

 

5.2 METHODS 

5.2.1 Study Design and Study Cohort 

This retrospective cohort analysis used linked SEER registry and Medicare claims data104 

on men aged 66+ with an incident diagnosis of non-metastatic PCa between 2007 and 

2009. This study was approved by the University of Maryland Baltimore Institutional 

Review Board. Medicare claims data from 2006 to 2010 were used to obtain baseline 

patient characteristics during the one year prior to diagnosis, and to abstract information 

on health services and drug utilization following diagnosis. Inclusion criteria were: 1) 

continuous enrollment in Medicare Parts A and B for 12 months prior to diagnosis; 2) 

initiation of ADT within 6 months after diagnosis; 3) continuous receipt of ADT for at 

least 6 months; and 4) at least 6 months of continuous enrollment in Medicare Part D, to 

capture use of oral bisphosphonates covered under Part D. The study was limited to 

patients with non-metastatic PCa at diagnosis as intravenous bisphosphonate therapy is 

recommended in metastatic bone disease for prevention and delay of skeletal 

complications. Patients were excluded if they had: 1) Medicare Advantage plan 

enrollment during the 12 months prior to diagnosis; 2) history of cancer within 5 years 

prior to PCa diagnosis; or 3) incident post-mortem PCa diagnosis.  

 

 

 



94 

 

5.2.2 Study Variables 

The index date was the date of ADT initiation. Similar to a previous study, ADT duration 

for each patient was measured in months and determined by first creating monthly 

indicators of exposure to LHRH agonist, and then summing the monthly indicators to 

obtain total ADT duration.32 The outcome of interest was post-ADT oral or intravenous 

bisphosphonate use. Medicare claims were used to identify use of intravenous 

bisphosphonates, including zoledronic acid and pamidronate, and oral bisphosphonates, 

including alendronate, ibandronate, and risedronate. To provide a comprehensive 

overview of bone-modifying agent utilization following ADT, the use of calcitonin and 

teriparatide were also reported. Denosumab use was not examined as it was not available 

during the entire study period. 

 

The primary independent variable was baseline physician visits during the 6-month 

period around ADT initiation (i.e., 3 months before plus 3 months after ADT initiation) 

(Figure 16). Specialist visits of interest included visits to urologists, medical oncologists, 

radiation oncologists, and primary care physicians (PCPs). PCPs included the following 

specialties: general practice, family practice, general internal medicine, or geriatric 

medicine. Based on the most common physician visit profiles in the cohort, physician 

visits were categorized into six mutually exclusive categories: urologist and PCP; 

urologist only; urologist and radiation oncologist; urologist and radiation oncologist and 

PCP; urologist and medical oncologist +/- others; and no urologist involved. The 

Physician Visit Index105 (PVI) was used as a measure of the degree of multi-specialist 

contact. The PVI measures dispersion of care across specialist types by accounting for the 
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number of different specialist types involved in the patient’s care and the number of visits 

to each specialist type. The PVI ranges from zero to one. Values closer to zero represent 

greater degree of multi-specialist contact - more types of specialists seen, and greater 

number of visits to different specialist types. The PVI was calculated by summing the 

squared shares of each patient's total physician visits for each specialist type visited 

during the 6-month period around ADT initiation. For analyses, four mutually exclusive 

PVI categories were created based on the observed quartiles in the cohort. 

 

Figure 16. Study schematic illustrating outcome variable and primary independent variable in Aim 3 

 

 

The analyses also explored the impact of other patient-level characteristics on 

bisphosphonate receipt, including demographic information (age at diagnosis, race, 

marital status) and clinical variables (tumor differentiation at diagnosis, stage of PCa). 

Claims data from the 12 months pre-diagnosis were used to determine the Charlson 

Comorbidity Index (CCI), pre-existing osteoporosis, and receipt of BMD testing. The 
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regression models also controlled for census tract-level socioeconomic variables (median 

income and percentage of population speaking English but not well/not at all), as well as 

geographic region of SEER registry and year of diagnosis. 

 

5.2.3 Statistical Analysis  

The prevalence of oral and intravenous bisphosphonate receipt at 12 months post-ADT, 

24 months post-ADT and end of follow-up was described. Multivariable logistic 

regression models were estimated to determine the relationship between physician visits 

and bisphosphonate use following ADT initiation. We examined goodness-of-fit using 

the Hosmer-Lemeshow test106, and goodness-of-link using the regression error 

specification test (RESET)107. Separate models were estimated for the two measures of 

physician visits: 1) physician visit categories, and 2) physician visit index (PVI). As well, 

the likelihood ratio test was used to compare full and reduced models with and without 

physician visit measures, respectively. Sensitivity analysis was conducted in the sub-

sample of patients who received ADT for at least 1 year. Statistical tests were two-tailed 

and the cut-off value for statistical significance was 0.05. Statistical analyses were 

conducted using SAS statistical software, version 9.3.  

 

5.3 RESULTS 

5.3.1 Characteristics of Study Cohort 

The study cohort included 4,631 patients with non-metastatic PCa and treated with ADT 

for at least 6 months (Figure 17). The mean age of the study cohort was 76 years, and 

median follow-up period was 27 months. Seventy-eight percent of the cohort was 
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diagnosed with stage 1 or 2 PCa, 9% had stage 3 or 4 PCa, and 13% had unknown PCa 

stage (Table 23). The majority (98%) received an LHRH agonist over a median duration 

of 12 months, and 2% had orchiectomy. Stratified by PCa stage, the median ADT 

duration was 12 months in stage 1 or 2 patients, 13 months in stage 3 patients, and 15.5 

months in stage 4 patients. Overall survival was 91.9% in patients with stage 1 or 2 PCa, 

92.9% in stage 3 patients, 83.5% in stage 4 patients, and 85.7% in patients with unknown 

stage.  

 
Figure 17. Flow chart of cohort selection of older men with non-metastatic prostate cancer diagnosed 

during 2007-2009 and who received androgen deprivation therapy for at least 6 months (N=4,631) 
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Table 23. Descriptive statistics for patients with non-metastatic prostate cancer in 2007-2009 

(N=4,631) 

  N Col % 

Age   

66-74 2,175 47.0 

75-84 2,042 44.1 

85+ 414 8.9 

Race   

Non-Hispanic White  3,427 74.0 

Non-Hispanic African American  382 8.3 

Hispanic 511 11.0 

Other  311 6.7 

Married 2,729 58.9 

Urban residence 4,069 87.9 

AJCC Stage at diagnosis   

Stage 1 or 2 3,621 78.2 

Stage 3 or 4 394 8.5 

Unstaged 616 13.3 

Poorly Differentiated Tumor 3,547 76.6 

Charlson Comorbidity Index   

Zero 2,642 57.0 

One 1,148 24.8 

Two or higher 841 18.2 

Osteoporosis pre-diagnosis 65 1.4 

BMD pre-diagnosis 150 3.2 

Fracture pre-diagnosis 179 3.9 

Bisphosphonate use pre-ADT 72 1.6 

Region of SEER registry   

Northeast 1,134 24.5 

South 815 17.6 

Midwest 620 13.4 

West 2,062 44.5 

Year of diagnosis   

2007 1,796 38.8 

2008 1,509 32.6 

2009 1,326 28.6 
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5.3.2 Descriptive Results 

The proportions of patients who saw any urologist, medical oncologist, radiation 

oncologist, or PCP during the six-month period around ADT initiation were 97%, 12%, 

52%, and 71%, respectively. The majority of patients received care from multiple 

specialist types. The proportions who saw two, three, or four specialist types were 43%, 

37%, and 5%, respectively. The three most common physician visit profiles were 

urologist plus radiation oncologist plus PCP (32%), urologist plus PCP (29%), followed 

by urologist only (13%). Descriptive characteristics of the study cohort, stratified by the 

six mutually exclusive physician visit categories used in regression analyses, are shown 

in Table 24. The mean (SD) PVI over the 6-month period was 0.58 (0.20).  

 

Table 25 shows the prevalence of use of bone-modifying agents including 

bisphosphonates and the time to initiation in days following ADT. Overall, 444 (9.6%) of 

the cohort received any bisphosphonate after starting ADT, with more patients receiving 

oral (6.1%) compared to intravenous (3.9%) bisphosphonates. Only 0.6% and <0.5% of 

the cohort received calcitonin and teriparatide. Bisphosphonate use at 12 months and 24 

months post-ADT was 6.4% and 9.0%, respectively. The median time from ADT 

initiation to use of oral and intravenous bisphosphonates was 133 days and 240 days, 

respectively. In the sub-sample of 2,631 patients who received ADT for at least 12 

months, the proportion who received any bisphosphonate was 11.6%.
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Table 24. Descriptive characteristics of study cohort, stratified by physician visit categories. 

(U=Urologist; RO=Radiation oncologist; MO=Medical oncologist; PCP=Primary care physician) 
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Table 25. Use of bone-modifying agents and time to initiation following ADT among men with non-

metastatic prostate cancer on at least 6 months of ADT (N=4,631) and at least 12 months of ADT 

(N=2,631) 

 Full Sample 

ADT duration at least 6 months 

(N=4,631) 

Sub-Sample 

ADT duration at least 12 months 

(N=2,631) 

Bone-modifying agent 

(BMA) 
Number (%) 

with post-ADT 

use 

Median (mean) 

days from ADT 

to BMA initiation 

Number (%) 

with post-ADT 

use 

Median (mean) 

days from ADT 

to BMA 

initiation (days) 

Any bisphosphonate 444 (9.6%) 176 (256) 304 (11.6%) 188 (264) 

   Oral bisphosphonate 280 (6.1%) 133 (233) 180 (6.8%) 138 (238) 

   IV bisphosphonate 179 (3.9%) 240 (308) 134 (5.1%) 241 (317) 

Calcitonin 27 (0.6%) 417 (374) 19 (0.7%) 457 (424) 

Parathyroid hormone <0.5%* 365 (396) <0.5%* 564 (564) 

*Exact number not reported due to small cell size (<11), as per data use agreement. 

 
 
 

The proportion of patients who received bisphosphonate was highest among those who 

saw a medical oncologist (20.7%) and lowest among those who saw a radiation 

oncologist (8.2%) (Figure 18). Oral bisphosphonates were more commonly used than 

intravenous bisphosphonates among men who saw urologists, radiation oncologists, or 

PCPs. In contrast, among men who saw medical oncologists, more patients received 

intravenous bisphosphonates (12.5%) than oral bisphosphonates (8.2%). The prevalence 

of bisphosphonate use was similar across the four PVI quartiles (Figure 19). 
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Figure 18. Proportion who received post-ADT intravenous or oral bisphosphonates, stratified by 

physician visits (top) and physician visit category (bottom) (N=4,631) 

 
U=Urologist; RO=Radiation oncologist; MO=Medical oncologist; PCP=Primary care physician. 
*Exact percentages not reported due to small cell size (<11 individuals). 
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Figure 19. Proportion who received post-ADT intravenous or oral bisphosphonates, stratified by 

Physician Visit Index quartiles* (N=4,631) 

 
*Range of physician visit index for each quartile reported in parentheses: 1st quartile (0.625 – 1); 2nd 
quartile (0.52 – 0.621); 3rd quartile (0.432 – 0.52); 4th quartile (0.25 – 0.431). Patients in the 1st quartile had 
least dispersed care, i.e., saw fewer physician specialty types, compared to patients in the 4th quartile. 
 

5.3.3 Multivariable Regression Results 

Adjusted odds ratios for post-ADT bisphosphonate use are shown in Table 26. Compared 

to men who saw a urologist and PCP, the odds of bisphosphonate receipt was statistically 

significantly lower among men who saw a urologist and radiation oncologist (AOR=0.63; 

95% CI=0.42 – 0.95) and men who saw a urologist and radiation oncologist and PCP 

(AOR=0.70; 95% CI=0.52 – 0.93). On the contrary, the likelihood of bisphosphonate 

receipt was statistically significantly higher among men who had a urologist and medical 

oncologist involved in their care (AOR=1.89; 95% CI=1.38 – 2.57).  

 

Also shown in Table 26, there were other patient factors that were associated with the 

likelihood of bisphosphonate use. Patients with Stage 3 or 4 PCa had increased odds of 

bisphosphonate use compared to patients with stage 1 or 2 PCa (AOR=1.80; 95% 

CI=1.30 – 2.49). Patients with osteoporosis or BMD testing during the 1 year pre-



104 

 

diagnosis also had statistically significantly increased odds of bisphosphonate use 

compared to those without osteoporosis or BMD testing (p<0.01). Geographic variation 

was also observed for bisphosphonate use, whereby men residing in the Western region 

were more likely to receive bisphosphonate compared to those residing in the 

Northeastern region (AOR=2.37; 95% CI=1.74 – 3.23). 

 

Multivariable regression results using the PVI quartiles are shown in Table 27. There 

was no statistically significant relationship between the degree of multi-specialist contact 

as measured by PVI and bisphosphonate receipt. Results from model misspecification 

tests for the multivariable logistic regression models examining the relationship between 

physician visits and bisphosphonate use demonstrated that the models were properly 

specified (Appendix Table A6). The difference in log likelihood between the full and 

reduced models with and without physician visit variables was statistically significant 

(32.556; p<0.01). Results from a sensitivity analysis in patients who received ADT for at 

least 1 year were qualitatively similar. Additional sensitivity analyses were also 

conducted by varying the period over which physician visits were captured. As shown in 

Appendix Table A7, the results were qualitatively similar when physician visits were 

measured during the 3-month period prior to ADT; however, patients who saw a urologist 

only had statistically significantly lower odds of bisphosphonate use compared to patients 

who saw a urologist and PCP (p<0.03). As well, alternative regression models that used 

urologist only or urologist plus radiation oncologist plus PCP as reference groups (as 

opposed to urologist plus PCP that was used as a reference group in the main analysis) 

are presented in Appendix Table A8. 
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Table 26. Adjusted odds ratios for post-ADT bisphosphonate use among patients diagnosed with 

non-metastatic prostate cancer in 2007-2009, using physician visit categories (N=4,631) 

  AOR 95% CI p-value 

Physician visits    

Urologist and PCP  Reference  

Urologist only 0.77 (0.53 - 1.12) 0.17 

Urologist and radiation oncologist 0.63 (0.42 - 0.95) 0.03 

Urologist and radiation oncologist and PCP 0.70 (0.52 - 0.93) 0.01 

Urologist and medical oncologist, with or  
  without radiation oncologist or PCP 

1.89 (1.38 - 2.57) <0.01 

No urologist involved 1.58 (0.93 - 2.70) 0.09 

Age    

66-74 Reference  

75-84 0.83 (0.66 - 1.04) 0.11 

85+ 1.10 (0.78 - 1.57) 0.58 

Race    

Non-Hispanic White Reference  

Non-Hispanic African American  1.09 (0.69 - 1.72) 0.72 

Hispanic 1.01 (0.72 - 1.43) 0.94 

Other  1.09 (0.74 - 1.61) 0.65 

Married 0.96 (0.77 - 1.19) 0.69 

AJCC Stage at diagnosis    

Stage 1 or 2 Reference  

Stage 3 or 4 1.80 (1.30 - 2.49) <0.01 

Unstaged 1.83 (1.38 - 2.42) <0.01 

Poorly Differentiated Tumor 1.35 (1.03 - 1.77) 0.03 

Charlson Comorbidity Index    

Zero Reference  

One 1.03 (0.80 - 1.32) 0.85 

Two or higher 0.99 (0.75 - 1.31) 0.93 

Osteoporosis pre-diagnosis 7.30 (4.06 - 13.13) <0.01 

BMD pre-diagnosis 4.14 (2.71 - 6.33) <0.01 

Percent of HH speaking English but not well 1.02 (1.01 - 1.02) <0.01 

Median income in census tract  1.01 (1.00 - 1.01) 0.03 

Region of SEER registry    

Northeast Reference  

South 1.25 (0.81 - 1.94) 0.32 

Midwest 1.79 (1.19 - 2.71) 0.01 

West 2.37 (1.74 - 3.23) <0.01 

Year of diagnosis    

2007 Reference  

2008 1.15 (0.90 - 1.46) 0.27 

2009 0.78 (0.60 - 1.02) 0.06 
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Table 27. Adjusted odds ratios for post-ADT bisphosphonate use among patients diagnosed with 

non-metastatic prostate cancer in 2007-2009, using Physician Visit Index quartiles (N=4,631) 

  AOR 95% CI p-value 

Physician visit index    

1st quartile - Least dispersed Reference  

2nd quartile  1.14 (0.85 - 1.53) 0.38 

3rd quartile 1.13 (0.85 - 1.50) 0.40 

4th quartile - Most dispersed 1.15 (0.86 - 1.53) 0.35 

Age    

66-74 Reference  

75-84 0.84 (0.67 - 1.04) 0.11 

85+ 1.24 (0.88 - 1.74) 0.22 

Race    

Non-Hispanic White Reference  

Non-Hispanic African American 1.11 (0.71 - 1.76) 0.65 

Hispanic 1.01 (0.72 - 1.42) 0.95 

Other  1.02 (0.70 - 1.50) 0.91 

Married 0.97 (0.78 - 1.21) 0.77 

AJCC Stage at diagnosis    

Stage 1 or 2 Reference  

Stage 3 or 4 2.06 (1.50 - 2.84) <0.01 

Unstaged 1.94 (1.47 - 2.56) <0.01 

Poorly Differentiated Tumor 1.38 (1.06 - 1.81) 0.02 

Charlson Comorbidity Index    

Zero Reference  

One 1.02 (0.80 - 1.31) 0.86 

Two or higher 1.02 (0.78 - 1.35) 0.87 

Osteoporosis pre-diagnosis 7.10 (3.98 - 12.69) <0.01 

BMD pre-diagnosis 4.41 (2.92 - 6.67) <0.01 

Percent of HH speaking English but not well 1.02 (1.01 - 1.02) <0.01 

Median income in census tract  1.01 (1.00 - 1.01) 0.01 

Region of SEER registry    

Northeast Reference  

South 1.24 (0.80 - 1.92) 0.33 

Midwest 1.75 (1.16 - 2.63) 0.01 

West 2.35 (1.73 - 3.18) <0.01 

Year of diagnosis    

2007 Reference  

2008 1.13 (0.89 - 1.43) 0.33 

2009 0.77 (0.59 - 1.00) 0.05 
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5.4 DICUSSION 

In this retrospective cohort analysis of older men with non-metastatic PCa treated with 

ADT, approximately 1 in 10 men received bisphosphonate therapy after ADT initiation. 

Bisphosphonate utilization varied by the specific types of specialists seen; utilization was 

highest among patients with a medical oncologist involved in their care during the time of 

ADT initiation, followed by patients who saw PCPs, and lowest among those with a 

radiation oncologist involved in their care.  

 

Clinical guidelines for the management of men treated with ADT recommend periodic 

BMD monitoring, and bisphosphonate therapy in the presence of fracture risk factors, 

including age greater than 65 and history of fractures.76 To date, relatively little data is 

available on the use of bisphosphonates among PCa patients on ADT, and is based on 

single cancer registries or VA hospitals. Of 1,060 men with PCa in the Texas cancer 

registry/Medicare database, 5.6% received bone conservation agents within 6 months 

after ADT.103 A medical record review at an Illinois VA hospital reported that oral and 

intravenous bisphosphonates were prescribed in 4.9% and 0.5% of 184 patients who 

received ADT.56 Another study of 174 New Mexico VA patients reported that 21% 

received bisphosphonates, and 1% received calcitonin.58 The present study extends these 

observations to a larger cohort of elderly patients within the SEER-Medicare dataset, and 

underscores the fact that there is relatively limited use of bone-modifying agents among 

the PCa population that is at risk of fractures due to ADT and older age. Further, this is 

among the first studies to address the impact of physician visit patterns on the use of 

these agents in PCa patients.  
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The finding of low bisphosphonate utilization in a large patient population, coupled with 

low BMD testing rates reported previously59, 60, 102, 103, suggest that a significant gap 

exists in the management of bone loss associated with ADT. A better understanding of 

the reasons for the discordance between clinical practice and evidence-based guidelines 

would be beneficial for formulating strategies to improve patient management. The 

likelihood of bisphosphonate receipt was affected by the types of physician specialists 

seen by patients but not by the degree of variation in types of specialists as measured by 

PVI, suggesting that ADT-induced bone loss in PCa is more often treated by certain 

subspecialists such as medical oncologists than other specialist types. The lack of 

association between the concentration of care across multiple specialist types, as 

measured by PVI, and bisphosphonate receipt, suggests that involving more specialist 

types in care has less influence on bone health management; rather, involving certain 

types of specialists (e.g., medical oncologists) has greater impact on bone health 

management.  

 

One possible reason for the suboptimal management of ADT-induced bone loss is the 

lack of consensus on which specialist type should be in charge of bone health 

management. In the PCa setting, it is unclear whether managing bone health should fall 

under the purview of the cancer specialist who prescribes ADT, or the PCP who is 

responsible for providing general care. Urologic care typically does not include bone 

health management; hence many urologists may not feel comfortable managing 

osteoporosis in PCa survivors.102 A survey of Canadian urologists and radiation 
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oncologists who treat patients with PCa reported that only 11% of respondents would 

treat the patient themselves if osteoporosis were diagnosed, whereas 40% would refer the 

patient to the PCP.114  

 

The recent American Cancer Society Prostate Cancer Survivorship Care Guidelines113 are 

targeted at PCPs, suggesting that PCPs are encouraged to manage bone health as well as 

other health issues such as cardiovascular disease, diabetes, and hyperlipidemia in PCa 

survivors. To achieve this, efforts are needed to ensure that PCPs are aware of treatment-

related adverse effects and are comfortable managing them. A survey of 227 PCPs in 

Colorado reported that although 58% disagreed that the late effects of treatment should 

be managed by oncologists, approximately 50% felt unprepared to evaluate or manage 

the long-term effects of cancer.110 The barriers cited by PCPs included lack of standards 

for survivorship care (52.5%), inadequate formal training regarding survivorship care 

(47.2%), and inadequate access to patients’ cancer treatment history (36.1%).110 The 

latter reason suggests that better coordination and improved communication between 

oncologists and PCPs could improve survivorship care. Research in the breast and colon 

cancer settings found that PCPs who received survivorship care plans from their patients’ 

cancer specialists were 9 times more likely to report having survivorship discussions with 

survivors.115 

 

Other explanations for the variation in bisphosphonate utilization rates by specialist type 

include the lack of importance ascribed to managing bone loss as a consequence of ADT, 

or clinical uncertainty over the appropriate intervention to manage bone loss. Although 
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several clinical trials in men with non-metastatic PCa have shown that bisphosphonates 

are effective in improving BMD at various sites including lumbar spine, total hip, and 

femoral neck, the effect of these agents on fracture prevention was not demonstrated due 

to small sample sizes and short follow-up period of 1 year.64, 67, 70 The lack of clinical 

evidence in terms of fracture prevention might deter some specialists from prescribing 

bisphosphonates for patients. Future work examining utilization of denosumab, a drug 

that was approved by FDA in 2011 for ADT-associated bone loss following evidence of 

fracture prevention at 36 months in a large clinical trial73, would be informative. Higher 

rates of utilization of denosumab would suggest that clinical uncertainty on the 

effectiveness of fracture prevention could be among the reasons for current low rates. On 

the other hand, comparable rates of denosumab use would indicate that physician 

specialists are not actively managing ADT-associated bone loss.  

 

This study had some limitations. To examine use of oral bisphosphonates, the study 

sample was limited to those with Medicare Part D enrollment. It is unclear if the 

prevalence of bisphosphonate use will be similar among non-Part D enrollees. We were 

also unable to ascertain if the absence of bisphosphonate utilization was due to the 

physician’s decision not to prescribe bisphosphonate or patient’s refusal to initiate 

bisphosphonate. Further, although age over 65 and ADT use are established risk factors 

for fracture, there are other risk factors (e.g., smoking, alcohol consumption, family 

history of fracture) that are considered when deciding on treatment with bone-modifying 

agents. However, this information was not available in the dataset. In addition, compared 

to other specialist types, medical oncologists saw a higher proportion of stage 3 and stage 
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4 patients who would be more likely to develop bone metastasis; there may be a greater 

predisposition for using bisphosphonate therapy among such patients. 

 

In conclusion, there was low bisphosphonate utilization in older Medicare men with PCa 

following ADT, and utilization was affected by the specific types of physician specialists 

seen, but not by the degree of variation in the types of physician specialists. The 

management of bone loss associated with ADT and other aspects of survivorship care in 

older men with PCa may be improved by enhancing coordination of care between 

specific subspecialists, including medical oncologists.
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6. CONCLUSIONS, IMPLICATIONS, AND FUTURE RESEARCH 

 

Bone health management is gaining recognition as an important component of care 

among men with prostate cancer (PCa) receiving androgen deprivation therapy (ADT) 

and at risk for fractures. While the associations between ADT use and increased fracture 

risk and excess treatment costs due to these fractures have been established, little is 

known about the impact of patient factors such as comorbidity burden on the risk of 

fractures and associated excess costs. There is also limited data available on the 

application of guideline recommendations pertaining to bone health management in real-

world settings. Motivated by these gaps in the literature, this study used population-based 

data from SEER-Medicare to examine the impact of baseline comorbidities on the hazard 

of fracture occurrence and the additional costs associated with fractures among older men 

with non-metastatic PCa treated with ADT. In addition, this study examined the effect of 

physician specialist visits on the management of bone health in terms of screening for 

osteoporosis through bone mineral density (BMD) testing, and prevention or treatment of 

bone loss through the use of bisphosphonates. 

 

Post-ADT fractures occurred in approximately 1 in 5 men over the 5 years of follow-up, 

and fracture occurrence was associated with substantial additional healthcare costs. 

Increasing comorbidity burden was associated with increased hazard of fracture 

occurrence and higher incremental cost of fractures, and the associations were consistent 

whether comorbidity was measured using the Charlson Comorbidity Index (CCI) or the 

Elixhauser Comorbidity Index. Notably, the effect of comorbidity burden on risk of 

fracture varied depending on the patient’s age at the time of diagnosis. The association 
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between comorbidity burden and risk of fracture was strongest and statistically 

significant among the youngest patients (i.e., aged 66 to 74 years), but not statistically 

significant among the oldest patients (i.e., aged 85 years or older). The lack of 

statistically significant association in the subgroup of oldest patients could be attributed 

to the underlying association between older age and increased fracture risk; hence 

comorbidity burden had a less substantive independent effect on fracture risk among the 

oldest patients. As well, compared to men in the youngest age group, a larger proportion 

of the oldest men aged 85 or older were likely dying due to old age and were therefore no 

longer at risk of experiencing fractures. With regard to costs, the 5-year mean 

incremental cost associated with fractures among patients with CCI=0 was $31,800 (95% 

CI=$31,709 - $31,891) in 2010 dollars, and $46,678 (95% CI=$46,534 - $46,822) among 

patients with greater comorbidity burden (i.e., CCI=2 or higher), which is approximately 

equivalent to 50% higher costs.  

 

This study highlights the clinical and economic consequences of ADT-associated bone 

loss among older men with non-metastatic PCa, and underscores the need for patient 

management strategies and interventions to assess fracture risk among patients receiving 

ADT, which could ultimately translate to reduced fractures and cost reductions in this 

population. A patient’s comorbidity profile is an important consideration when 

developing treatment plans in PCa, particularly among older patients who frequently 

present with multiple comorbid conditions. Results from this study indicate that patients 

with greater comorbidity burden have increased fracture risk and higher costs associated 

with fractures, which suggest that patients on ADT with greater comorbidity burden may 
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require even closer monitoring of bone mineral density and be considered for initiation of 

bone-modifying agents for the prevention or treatment of bone loss.  

 

The use of the Charlson Comorbidity Index as a measure of a patient’s comorbidity 

burden is useful in research, but the CCI may be difficult to calculate in real-world 

clinical settings. As well, cost containment strategies and fracture risk assessment by 

clinicians could benefit from the incorporation of information on the specific types of 

comorbidities. Using the Elixhauser comorbidities as a measure of comorbidity burden, 

the types of comorbidities that were associated with the largest statistically significant 

increase in risk of fractures included liver disease, complicated diabetes and 

uncomplicated diabetes. For costs, comorbid conditions including liver disease, alcohol 

abuse, obesity, and renal failure were associated with the highest 5-year incremental cost 

of fractures, ranging from $46,239 (95% CI=$46,172 - $46,306) to $62,343 (95% 

CI=$62,195 - $62,492).  

 

The association between liver disease and increased fracture risk has been reported 

among non-cancer patients and was attributed to the role of the liver in the bone 

remodeling process, whereby the liver produces proteins that contribute to bone 

formation such as fibronectin and insulin-like growth factors (IGF-I). Several studies in 

the general patient population have also shown an excess risk of fracture among patients 

with diabetes. The exact mechanism explaining the substantially higher incremental cost 

of fractures in patients with specific comorbidities requires further study. A possible 

reason is that patients with specific comorbidities could be more likely to require 
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additional care or experience complications when they are hospitalized or treated for 

fractures, which in turn result in greater health resource utilization and healthcare costs. 

 

The effect of comorbidities on the hazard of site-specific fractures could not be examined 

in this study due to the relatively small number of individuals who experienced fractures 

at each site. Future studies could build on this current work to examine fractures by 

specific sites such as hip, vertebrae, or non-vertebrae, as well as investigate the 

occurrence of multiple fractures. Another potential area for future research is the 

assessment of indirect costs such as loss of productivity and costs from the patient’s 

perspective including out-of-pocket costs. The additional costs associated with fractures 

reported in this study were direct medical costs from the Medicare payer perspective, and 

hence underestimate the total economic burden of fractures in older men with non-

metastatic PCa treated with ADT. 

 

Contrary to recommendations in clinical guidelines, the use of BMD testing and 

bisphosphonates in the study cohort of men at risk of fractures due to ADT use and older 

age were relatively low. Approximately 2 in 10 men received BMD testing at any time 

prior to or following ADT initiation. The types of physician specialists seen by patients 

affected the likelihood of BMD testing. Patients who had medical oncologists or PCPs 

involved in their care were more likely to receive BMD testing compared to those 

without these specialists involved in their care. Interestingly, this association was only 

observed among patients who had these specialists involved in their care during the 3-6 

months post-ADT or 6-9 months post-ADT.  The association was not observed among 
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individuals with specialists involved in their care during the 6-month period around ADT 

initiation, suggesting that continued contact with these specialists could be beneficial for 

bone health management.  

 

Previous studies reported low use of intravenous bisphosphonates among men with PCa 

receiving ADT and cited the lack of information on the use of oral bisphosphonates as a 

possible reason for low rates of treatment for ADT-associated bone loss. Leveraging both 

Part B and Part D claims data from Medicare, this study examined the use of both 

intravenous and oral bisphosphonates and found that post-ADT bisphosphonate was 

initiated in approximately 1 in 10 men. In the subgroup of patients who received longer 

duration of ADT (at least 12 months), the prevalence of post-ADT oral or intravenous 

bisphosphonate use was only slightly higher, at 11.6%. Similar to BMD testing, 

bisphosphonate receipt also varied with the types of specialists seen. Patients with 

medical oncologists involved in their care were more likely to receive bisphosphonates 

compared to patients managed by other specialist types.  

 

The study findings suggest that a significant gap exists in the management of bone loss 

associated with ADT. While it can be argued that in the absence of BMD test results to 

confirm bone mineral density loss, not all men at risk of fractures due to ADT use and old 

age should receive bisphosphonates, the fact that only 2 in 10 men received a BMD test 

to screen for bone loss reflects a gap in care in bone health management. Future research 

to better understand the reasons for the discordance between clinical practice and 

evidence-based guidelines from the perspectives of different specialist types would be 
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informative. Possible reasons could be the lack of importance ascribed to managing bone 

loss as a consequence of ADT or the lack of consensus on which specialist type should be 

in charge of bone health management.  

 

Another potential barrier to bone health management is the clinical uncertainty over the 

appropriate intervention to manage bone loss. Although several clinical trials in men with 

non-metastatic PCa have shown that bisphosphonates are effective in improving bone 

mineral density at various sites including the lumbar spine, total hip, and femoral neck, 

the effect of these agents on fracture prevention was not demonstrated due to small 

sample sizes and short follow-up period of one year. The lack of strong clinical evidence 

in terms of fracture prevention might deter some specialists from prescribing 

bisphosphonates for patients. In light of this concern, long-term trials and large 

observational studies evaluating the efficacy and real-world effectiveness of bone-

modifying agents in preventing fractures are warranted. 

 

The literature is rife with information on the importance and benefits of survivorship 

care, but there remains uncertainty about the ideal model for providing coordinated 

survivorship care. This cohort analysis of older men with non-metastatic PCa and treated 

with ADT indicates that patients could benefit from regular monitoring of bone mineral 

density and be considered for initiation of bone-modifying agents for the prevention or 

treatment of bone loss. In addition, the study findings suggest that involving certain types 

of specialists (e.g., medical oncologists and primary care physicians) could be beneficial 

for bone health management.



118 

 

  

7. APPENDIX 

7.1 List of Appendix Tables and Figures 

 
Appendix Table A1. Mean cost differences between men without and with each 
Elixhauser comorbidity (N=30,904) (Presented in descending order of mean cost 
difference.)  
 
Appendix Table A2. Prevalence of Charlson comorbid conditions, by age group and CCI 
group  
 
Appendix Table A3. Distribution of physician visit profiles by physician visit index 
(PVI) quartiles among patients with non-metastatic prostate cancer (N=4,631) 
(U=Urologist; RO=Radiation oncologist; MO=Medical oncologist; PCP=Primary care 
physician) 
 
Appendix Table A4. Results from model misspecification tests for the logistic regression 
models examining the relationship between physician visits and the likelihood of follow-
up BMD testing  
 
Appendix Table A5. Adjusted odds ratios for follow-up bone mineral density testing 
among patients diagnosed with non-metastatic prostate cancer in 2007-2009, using 
physician visit categories over various time periods after ADT initiation (N=4,631) 
 
Appendix Table A6. Results from model misspecification tests for the logistic regression 
models examining the relationship between physician visit categories and the likelihood 
of post-ADT bisphosphonate receipt 
 
Appendix Table A7. Adjusted odds ratios for post-ADT bisphosphonate use using 
physician visits during 6-month period vs. 3-month pre-ADT period 
 
Appendix Table A8. Adjusted odds ratios for post-ADT bisphosphonate use among 
patients diagnosed with non-metastatic prostate cancer in 2007-2009 in alternative 
logistic regression models 
 
Appendix Figure A1. Mean 5-year total direct medical costs by Elixhauser Comorbidity 
Index score 
 
Appendix Figure A2. Study schematic for post-hoc analyses in Aim 2 
 
Appendix Figure A3. Proportion of patients with non-metastatic prostate cancer with 
physician visits during each time period (N=4,631) 
 
Appendix Figure A4. Most common physician visit profiles (ranking in parentheses) 
among patients with non-metastatic prostate cancer during each time period (N=4,631)



119 

 

Appendix Table A1. Mean cost differences between men without and with each Elixhauser 

comorbidity (N=30,904) (Presented in descending order of mean cost difference.)  

  Full Sample (N=30,904) 

  N % Mean cost 

($) 

Difference 

($) 

p-value 

No AIDS/HIV 30,893  -         77,216     

AIDS/HIV        11  0.04        154,734        77,519  <0.01 

No Renal failure  30,182  -         75,956     

Renal failure       722   2.3        131,086        55,130  <.0001 

No Peptic ulcer disease, no bleeding  30,883  -         77,212     

Peptic ulcer disease, no bleeding          21    0.1        123,424        46,212  <0.01 

No Drug abuse  30,885   -         77,217      

Drug abuse          19    0.1        119,772        42,554  0.03 

No Liver disease  30,791  -         77,091     

Liver disease        113   0.4        118,828        41,737  <0.01 

No Diabetes, complicated  29,859  -         75,865     

Diabetes, complicated     1,045    3.4        116,643        40,778  <.0001 

No congestive heart failure   28,693   -         74,404      

congestive heart failure     2,211    7.2        114,098        39,695  <.0001 

No Deficiency anemia   28,400   -         74,534      

Deficiency anemia     2,504   8.1        107,977        33,443  <.0001 

No Paralysis  30,636   -         76,956      

Paralysis        268    0.9        110,063        33,107  <.0001 

No Pulmonary circulation disorders  30,740  -         77,076     

Pulmonary circulation disorders        164   0.5       108,635        31,559  <.0001 

No Coagulopathy  30,378   -        76,709      

Coagulopathy        526    1.7        108,137        31,428  <.0001 

No Obesity  30,626  -         76,961     

Obesity        278    0.9        108,317        31,355  <.0001 

No Alcohol abuse  30,716   -         77,062      

Alcohol abuse        188    0.6        106,935        29,874  <.0001 

No Blood loss anemia  30,664   -         77,012      

Blood loss anemia        240    0.8        106,882        29,871  <.0001 

No Fluid and electrolyte disorders  29,648  -         76,049     

Fluid and electrolyte disorders     1,256   4.1        105,447        29,398  <.0001 

No Rheumatoid arthritis/collagen 
vascular diseases 

 30,458  -         76,832     

Rheumatoid arthritis/collagen 
vascular diseases 

       446    1.4        105,359        28,527  <.0001 

No Valvular disease  29,390   -         75,871      

Valvular disease     1,514    4.9        103,881        28,010  <.0001 

No Peripheral vascular disorders   28,901  -         75,493     

Peripheral vascular disorders     2,003   6.5        102,502        27,009  <.0001 

No Depression   30,483   -         76,925      

Depression        421    1.4        100,279        23,354  <.0001 
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Appendix Table A1 Continued. Mean cost differences between men without and with each 

Elixhauser comorbidity (N=30,904) (Presented in descending order of mean cost difference.)  

  Full Sample (N=30,904) 

  N % Mean cost 

($) 

Difference 

($) 

p-value 

No Hypertension  30,863   -         77,213      

Hypertension, complicated          41    0.1       100,139        22,926  0.11 

No Chronic pulmonary disease  27,411  -         74,768     

Chronic pulmonary disease     3,493  11.3         96,673        21,905  <.0001 

No diabetes, uncomplicated  25,519  -         73,451     

Diabetes, uncomplicated     5,385  17.4          95,215        21,764  <.0001 

No cardiac arrhythmias  26,942   -         74,504      

Cardiac arrhythmias     3,962  12.8          95,871        21,367  <.0001 

No Psychosis  30,520  -         76,996     

Psychosis        384    1.2          96,897        19,901  <.0001 

No Neurodegenerative disorders  29,971   -         76,755      

Neurodegenerative disorders        933   3.0          92,940        16,185  <.0001 

No Weight loss  30,609   -         77,109      

Weight loss        295    1.0          91,243        14,135  <0.01 

No Hypothyroidism  29,681   -         76,698      

Hypothyroidism     1,223    4.0          90,482        13,784  <.0001 
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Appendix Table A2. Prevalence of Charlson comorbid conditions, by age group and CCI group  
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Appendix Table A3. Distribution of physician visit profiles by physician visit index (PVI) quartiles 

among patients with non-metastatic prostate cancer (N=4,631) (U=Urologist; RO=Radiation 

oncologist; MO=Medical oncologist; PCP=Primary care physician) 

PVI quartile N % 

1st quartile - Least dispersed (N=1,446)   
U only 581 12.5% 
U + PCP 368 7.9% 
U + RO 361 7.8% 
U + RO + PCP 34 0.7% 
U + MO 24 0.5% 
PCP only 40 0.9% 
RO only 12 0.3% 
MO only NR NR 
RO + PCP NR NR 
MO + PCP NR NR 
MO + RO  NR NR 
MO + RO + PCP NR NR 
U + MO + PCP NR NR 
U + MO + RO NR NR 
All specialists NR NR 

2nd quartile (N=948)   
U + PCP 590 12.7% 
U + RO 148 3.2% 
U + RO + PCP 147 3.2% 
U + MO 21 0.5% 
U + MO + PCP 14 0.3% 
RO + PCP NR NR 
U + MO + RO NR NR 
MO + PCP NR NR 
MO + RO NR NR 
MO + RO + PCP NR NR 
All specialists NR NR 

3rd quartile (N=1,079)   
U + RO + PCP 518 11.2% 
U + PCP 399 8.6% 
U + RO 53 1.1% 
U + MO + PCP 41 0.9% 
U + MO + RO 34 0.7% 
All specialists 18 0.4% 
U + MO NR NR 
RO + PCP NR NR 
MO + RO NR NR 
MO + RO + PCP NR NR 

4th quartile - Most dispersed (N=1,135)   
U + RO + PCP 787 17.0% 
All specialists 203 4.4% 
U + MO + PCP 88 1.9% 
U + MO + RO  49 1.1% 
MO + RO + PCP NR NR 
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Appendix Table A4. Results from model misspecification tests for the logistic regression models 

examining the relationship between physician visits and the likelihood of follow-up BMD testing  

 
Model with physician visit categories: 
 

i) The Akaike Information Criterion, Schwartz Criterion, Log likelihood, and Hosmer-
Lemeshow tests were used to assess model fit. 

Goodness of fit statistic  AIC SC -2 log L HL (chi2; 
Pr>chi2) 

c-
statistic 

Intercept-only model 3425.15 3431.59 3423.15   

Intercept with main effects 3289.29 3463.17 3235.29 6.55; 0.59 0.666 

 
ii) The Pregibon link test and RESET test were used to determine the goodness of link for the 

logistic regression model. The table provides the p-values on the squared and cubed linear 
predictors.  

Goodness of link test  Linear 
predictor 

Squared linear 
predictor 

Cubed linear 
predictor 

Pregibon link test 0.08 0.87 0.77 

RESET test - 0.99 0.72 

 
Model with physician visit index quartiles: 
 

i) The Akaike Information Criterion, Schwartz Criterion, Log likelihood, and Hosmer-
Lemeshow tests were used to assess model fit. 

Goodness of fit statistic  AIC SC -2 log L HL (chi2; 
Pr>chi2) 

c-
statistic 

Intercept-only model 3425.15 3431.59 3423.15   

Intercept with main effects 3286.68 3447.69 3236.68 11.15; 
p=0.19 

0.666 

 
ii) The Pregibon link test and RESET test were used to determine the goodness of link for the 

logistic regression model. The table provides the p-values on the squared and cubed linear 
predictors.  

Goodness of link test  Linear 
predictor 

Squared linear 
predictor 

Cubed linear 
predictor 

Pregibon link test 0.07 0.87 0.74 

RESET test - 0.90 0.60 

 
To examine goodness of fit for the logistic model focused on examining the relationship between physician 
visit categories and the likelihood of follow-up BMD testing, several indicators, including the Akaike 
Information Criterion, Schwartz Criterion, Log likelihood, and Hosmer-Lemeshow tests were used. Results 
from the model diagnostic tests are shown in table(i) above. Lower values for the information criteria 
statistics indicate an improved model fit while p-values below 0.05 indicate that there is evidence of model 
misspecification.  
 
As well, the Pregibon link test and the RESET (Regression Equation Specification Error Test) test were 
used to test if the logistic model was properly specified in terms of goodness of link. These tests determine 
if non-linear functions of the independent variables are predictive of the dependent variable. Hence, p-
values below 0.05 for the squared and cubed functions of the predictor variables would be indicative of 
model misspecification. The diagnostic test results shown in table(ii) above for the logistic model provide 
evidence that the model was properly specified.
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Appendix Table A5. Adjusted odds ratios for follow-up bone mineral density testing among patients 

diagnosed with non-metastatic prostate cancer in 2007-2009, using physician visit categories over 

various time periods after ADT initiation (N=4,631) 
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Appendix Table A6. Results from model misspecification tests for the logistic regression models 

examining the relationship between physician visit categories and the likelihood of post-ADT 

bisphosphonate receipt 

 
Model with physician visit categories: 
 

iii) The Akaike Information Criterion, Schwartz Criterion, Log likelihood, and Hosmer-
Lemeshow tests were used to assess model fit. 

Goodness of fit statistic  AIC SC -2 log L HL (chi2; 
Pr>chi2) 

c-
statistic 

Intercept-only model 2927.90 2934.34 2925.90   

Intercept with main effects 2641.37 2815.26 2587.37 11.17; 
p=0.19 

0.742 

 
iv) The Pregibon link test and RESET test were used to determine the goodness of link for the 

logistic regression model. The table provides the p-values on the squared and cubed linear 
predictors.  

Goodness of link test  Linear 
predictor 

Squared linear 
predictor 

Cubed linear 
predictor 

Pregibon link test <0.0001 0.39 0.093 

RESET test - 0.62 0.066 

 
Model with physician visit index quartiles: 
 

iii) The Akaike Information Criterion, Schwartz Criterion, Log likelihood, and Hosmer-
Lemeshow tests were used to assess model fit. 

Goodness of fit statistic  AIC SC -2 log L HL (chi2; 
Pr>chi2) 

c-
statistic 

Intercept-only model 2927.90 2934.34 2925.90   

Intercept with main effects 2684.75 2845.75 2634.75 11.45; 
p=0.18 

0.72 

 
iv) The Pregibon link test and RESET test were used to determine the goodness of link for the 

logistic regression model. The table provides the p-values on the squared and cubed linear 
predictors.  

Goodness of link test  Linear 
predictor 

Squared linear 
predictor 

Cubed linear 
predictor 

Pregibon link test <0.0001 0.37 0.12 

RESET test - 0.51 0.062 

 
To examine goodness of fit for the logistic model focused on examining the relationship between physician 
visit categories and the likelihood of post-ADT bisphosphonate receipt, several indicators, including the 
Akaike Information Criterion, Schwartz Criterion, Log likelihood, and Hosmer-Lemeshow tests were used. 
Results from the model diagnostic tests are shown in table(i) above. Lower values for the information 
criteria statistics indicate an improved model fit while p-values below 0.05 indicate that there is evidence of 
model misspecification.  
 
As well, the Pregibon link test and the RESET (Regression Equation Specification Error Test) test were 
used to test if the logistic model was properly specified in terms of goodness of link. These tests determine 
if non-linear functions of the independent variables are predictive of the dependent variable. Hence, p-
values below 0.05 for the squared and cubed functions of the predictor variables would be indicative of 
model misspecification. The diagnostic test results shown in table(ii) above for the logistic model provide 
evidence that the model was properly specified.  
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Appendix Table A7. Adjusted odds ratios for post-ADT bisphosphonate use using physician visits 

during 6-month period vs. 3-month pre-ADT period 

  Model with 6-month visits Model with 3-month pre-

ADT visits 

  AOR 95% CI p-

value 

AOR 95% CI p-

value 

Categories for physician visits           

Urologist and PCP  Reference  Reference   

Urologist only 0.77 (0.53 - 1.12) 0.17 0.73 (0.55 - 0.96) 0.03 

Urologist and radonc 0.63 (0.42 - 0.95) 0.03 0.60 (0.39 - 0.90) 0.01 

Urologist and radonc and PCP 0.70 (0.52 - 0.93) 0.01 0.58 (0.41 - 0.81) <0.01 

Urologist and medonc, with or  
 without radonc or PCP 

1.89 (1.38 - 2.57) <0.01 1.53 (1.09 - 2.16) 0.01 

No urologist involved 1.58 (0.93 - 2.70) 0.09 1.29 (0.79 - 2.09) 0.31 

Age           

66-74 Reference  Reference   

75-84 0.83 (0.66 - 1.04) 0.11 0.81 (0.65 - 1.02) 0.07 

85+ 1.10 (0.78 - 1.57) 0.58 1.09 (0.77 - 1.54) 0.63 

Race           

White non-Hispanic Reference  Reference   

African American non-Hispanic 1.09 (0.69 - 1.72) 0.72 1.08 (0.68 - 1.70) 0.76 

Hispanic 1.01 (0.72 - 1.43) 0.94 0.98 (0.70 - 1.39) 0.93 

Other  1.09 (0.74 - 1.61) 0.65 1.05 (0.71 - 1.54) 0.81 

AJCC Stage at diagnosis           

Stage 1 or 2 Reference  Reference   

Stage 3 or 4 1.80 (1.30 - 2.49) <0.01 1.89 (1.37 - 2.62) <0.01 

Unstaged 1.83 (1.38 - 2.42) <0.01 1.88 (1.42 - 2.48) <0.01 

Poorly Differentiated Tumor 1.35 (1.03 - 1.77) 0.03 1.40 (1.07 - 1.83) 0.02 

Charlson Comorbidity Index           

Zero Reference  Reference   

One 1.03 (0.80 - 1.32) 0.85 1.02 (0.79 - 1.31) 0.88 

Two or higher 0.99 (0.75 - 1.31) 0.93 0.98 (0.74 - 1.30) 0.90 

Osteoporosis pre-diagnosis 7.30 (4.06 - 13.1) <0.01 7.45 (4.16 - 13.4) <0.01 

BMD pre-diagnosis 4.14 (2.71 - 6.33) <0.01 4.25 (2.79 - 6.46) <0.01 

Region of SEER registry           

Northeast Reference  Reference   

South 1.25 (0.81 - 1.94) 0.32 1.27 (0.82 - 1.97) 0.28 

Midwest 1.79 (1.19 - 2.71) 0.01 1.79 (1.19 - 2.70) 0.01 

West 2.37 (1.74 - 3.23) <0.01 2.43 (1.79 - 3.30) <0.01 

c-statistic=0.742 c-statistic=0.738 

-2logL=2587.368 -2logL=2603.387 
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Appendix Table A8. Adjusted odds ratios for post-ADT bisphosphonate use among patients 

diagnosed with non-metastatic prostate cancer in 2007-2009 in alternative logistic regression models 
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Appendix Figure A1. Mean 5-year total direct medical costs by Elixhauser Comorbidity Index score 

 

  



129 

 

Appendix Figure A2. Study schematic for post-hoc analyses in Aim 2 
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Appendix Figure A3. Proportion of patients with non-metastatic prostate cancer with physician visits 

during each time period (N=4,631) 
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Appendix Figure A4. Most common physician visit profiles (ranking in parentheses) among patients 

with non-metastatic prostate cancer during each time period (N=4,631) 
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