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Abstract

BACKGROUND—Skeletal related events (SREs) are common complications of bone metastatic 

castration-resistant prostate cancer (mCRPC). To the authors’ knowledge, there are limited data 

Corresponding Author: Stephen J. Freedland, MD, Professor of Urology, Division of Urology, Department of Surgery, Cedars-Sinai 
Medical Center, 8635 West 3rd Street, Suite 1070W, Los Angeles, CA 90048, Tel: 310-423-3497, Fax: 310-423-4711, 
stephen.freedland@cshs.org. 

CONFLICT OF INTEREST: Dr. Freedland is a consultant for Bayer Pharmaceuticals. The remaining authors made no disclosures.

CONFLICT OF INTEREST DISCLOSURES
Stephen J. Freedland has acted as a paid consultant for Bayer Pharmaceuticals.

AUTHOR CONTRIBUTIONS
Zachary Klaassen: Conceptualization, investigation, writing-original draft, writing-review and editing, and visualization.
Lauren E. Howard: Methodology, software, validation, formal analysis, writing-review and editing.
Amanda de Hoedt: Resources and writing-review and editing.
Christopher L. Amling: Resources and writing-review and editing.
William J. Aronson: Resources and writing-review and editing.
Matthew R. Cooperberg: Resources and writing-review and editing.
Christopher J. Kane: Resources and writing-review and editing.
Martha K. Terris: Resources and writing-review and editing.
Stephen J. Freedland: Conceptualization, methodology, investigation, resources, writing-original draft, writing-review and editing, 
visualization, supervision, project administration, and funding acquisition.

HHS Public Access
Author manuscript
Cancer. Author manuscript; available in PMC 2018 May 01.

Published in final edited form as:
Cancer. 2017 May 01; 123(9): 1528–1535. doi:10.1002/cncr.30505.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



regarding which factors predict SREs. The authors identified risk factors for SREs in men with 

bone mCRPC using characteristics commonly available in the medical record.

METHODS—Data from 454 patients with non-metastatic CRPC were identified from 2 Veteran 

Affairs Medical Centers from 2000 through 2013. Among these men, 233 (51%) developed bone 

metastases during follow-up and represent the cohort. First occurrence of an SRE was abstracted 

from the medical records. A stepwise multivariable Cox model was used to select the strongest 

predictors of time to SRE.

RESULTS—The median age of the patients at the time of diagnosis of bone mCRPC was 75 

years (interquartile range, 68–81 years), and there were 153 non-black patients (66%). During 

follow-up (median, 7.8 months [intequartile range, 2.9–18.3 months]), 88 patients (38%) had an 

SRE. On univariable analysis, more recent year of metastasis (hazard ratio [HR], 0.91), prostate-

specific antigen doubling time of ≥9 months versus <9 months (HR, 0.50), and bone pain (HR, 

3.34) were all found to be associated with SRE risk. On multivariable analysis, year of metastasis 

(HR, 0.93), biopsy Gleason score 7 versus ≤6 (HR, 1.74), radiotherapy as the primary localized 

treatment versus none (HR, 2.33), and bone pain (HR, 3.64) were associated with SRE risk. The 

area under the curve for a multivariable model based upon these risk factors was 0.744.

CONCLUSIONS—The authors identified several significant predictors of SREs among men with 

mCRPC. In particular, men with bone pain are at high risk of an SRE. If confirmed, future trials 

should focus on prolonging life and reducing SRE risk in mCRPC patients with bone pain.

Keywords

bone metastases; bone pain; metastatic castration-resistant prostate cancer (mCRPC); prostate 
cancer; skeletal related event (SRE)

INTRODUCTION

Prostate cancer is the most common non-cutaneous malignancy and second most common 

cancer-related mortality among American men [1]. Patients who die of prostate cancer 

typically die of complications of metastatic castration-resistant prostate cancer (mCRPC). In 

particular, > 90% of patients with mCRPC have evidence of bone metastases [2] and 

mortality from prostate cancer is often secondary to complications from bone metastases 

[3,4]. Patients with bone mCRPC are at risk of skeletal-relative events (SREs), specifically 

pathologic fracture, spinal cord compression, radiotherapy (RT) to bone, or surgery to bone 

[5]. In addition to the morbidity and mortality from SREs, there is a substantial economic 

burden to the US health care system treating and managing patients with SREs [6,7].

Given the devastating outcomes of SREs, preventing such events is important. Several 

clinical trials involving bone-stabilizing agents, such as bisphosphonates and denosumab, 

have demonstrated pain relief and reduced SREs without an objective improvement in 

survival [5,8–10]. However, other systemic therapies for mCRPC (abiraterone, 

enzalutamide), as well as new bone-targeting therapies (radium-223) have demonstrated not 

only an improvement in time to first SRE but also an improvement in overall survival [11–

13].
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There currently is a lack of robust data identifying which factors are predictive of SRE for 

patients with bone mCRPC. To the best of our knowledge, previous studies regarding 

whether bone pain is predicts of subsequent SREs are few [5,14]. Data from a trial of 

zoledronic acid vs placebo in men with bone mCRPC demonstrated that pain and analgesic 

scores were increased in the placebo group but had no correlation to disease progression, 

performance status or quality of life [5]. A more recent analysis assessing the effect of 

zoledronic acid on SRE incidence as determined by the level of bone pain at the time of 

study entry found that zoledronic acid decreased SREs compared to placebo, irrespective of 

bone pain status [14]. It is interesting to note that this article demonstrated that bone pain 

was unrelated to the risk of developing an SRE over the next 24 months. However, because 

the time to SRE is highly variable, it is crucial to assess time to SREs, not just risk of SRE 

over a given time. As such, whether bone pain truly predicts risk of time to SRE is unclear.

Given the morbidity and mortality associated with SREs, improving the ability to predict 

these events in high-risk men is crucial. The objective of this study was to assess predictors 

of time to SRE using characteristics commonly available in the medical record at the time of 

bone mCRPC. Using the US Veterans Affairs Medical Center-based Shared Equal Access 

Regional Cancer Hospital (SEARCH) database, we tested the hypothesis that bone pain 

would be a strong predictor of time to SRE in patients with bone mCRPC.

MATERIALS AND METHODS

Study Population

After obtaining Institutional Review Board approval, data from patients with mCRPC were 

identified from 2 Veteran Affairs medical centers (San Diego, Calif and Durham, NC) in the 

SEARCH database, regardless of primary treatment modality. The methods used to create 

this specific cohort have been previously described [15]. In brief, from these 2 medical 

centers, we first identified 7,888 patients who received androgen deprivation therapy (ADT) 

between 1991 and 2013 and had prostate-specific antigen (PSA) levels ≥ 2 ng/mL after 

initiating ADT from a query of the electronic medical records. We then manually reviewed 

records to limit our cohort to those individuals who had documented CRPC as defined by 

the Prostate Cancer Working Group 2 definition (relative increase of 25% and absolute 

increase of >2ng/mL nadir while receiving continuous ADT, including gonadotropin-

releasing hormone agonist, antagonist, or bilateral orchiectomy) [16]. All imaging reports 

were read by trained personnel to search for distant prostate cancer metastases. PSA 

doubling time (PSADT) was calculated by the natural log of 2 divided by the slope of the 

linear regression of the natural log of PSA over time in months [17]. Subjects with 

calculated PSADT <0 or >120 were assigned 120 months to facilitate analysis. All available 

PSA values before metastases but after CRPC diagnosis were used to calculate PSADT. To 

calculate PSADT, subjects had to have ≥2 PSAs levels over ≥3 months. Bone pain was 

determined from medical records within 2 months before or after diagnosis of bone 

metastasis that stated the patient was or was not experiencing bone pain [18]. Details were 

not consistently available in the charts to determine location or intensity of the pain. Patients 

who had metastatic disease at or before the time of CRPC diagnosis or had CRPC diagnosis 

before the year 2000 were excluded from the study. Figure 1 shows the process of how we 
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arrived at our study cohort. We identified 454 patients with nonmetastatic CRPC who were 

followed to determine whether they developed metastases. Because we were interested in 

progression of bone mCRPC to SRE, we excluded 198 patients who did not develop 

metastases and 23 patients who only developed soft tissue metastases. Of the 454 with 

nonmetastatic CRPC, 233 (51%) developed bone metastases and were included in our final 

cohort. First occurrence of an SRE (pathologic fracture, spinal cord compression, RT to 

bone, or surgery to bone) [5] was collected from the Veterans Affairs medical records and 

any notes from outside the Veterans Affairs hospital that were available or any mention of 

care outside the Veterans Affairs hospital mentioned in the Veterans Affairs notes. Primary 

and secondary treatments for prostate cancer were at the discretion of the patient and 

treating physician.

Statistical Analysis

Patient characteristics were summarized using median and 25th and 75th percentiles for 

continuous variables and count and percentages for categorical variables. We tested the 

association between various clinical factors and risk of SRE. Time zero was defined as the 

time of diagnosis of bone mCRPC and patients were followed to time of first SRE or date of 

last known contact with the Veterans Affairs health system or death. We estimated 

univariable hazard ratios (HRs) for each predictor using Cox proportional hazards models. 

We then used forward selection with α of .2 to select the strongest predictors of time to 

SRE. We chose a threshold value of α = .2 to not exclude variables that were important but 

did not reach statistical significance due to the small sample size and limited power. The 

predictors we assessed included age (continuous), year of metastasis diagnosis (continuous), 

race (black vs non-black), treatment center (center 1 vs center 2), biopsy Gleason score (2–6 

vs 7 vs. 8–10 vs unknown/no biopsy), primary localized treatment (none vs radical 

prostatectomy with or without RT vs primary RT), PSA at metastasis (continuous, log-

transformed), PSADT (<9 months vs ≥9 months vs missing), months from ADT to CRPC 

(continuous), months from CRPC to metastasis (continuous), number of bone metastases at 

the time of initial diagnosis of bone metastases (1 vs 2 vs 3–9 vs ≥10), and bone pain (yes vs 

no vs unknown). We calculated the area under the curve of the final multivariable model to 

assess the accuracy of the model to predict SREs.

Kaplan-Meier curves were used to graphically show time from mCRPC to SRE. Differences 

in time to SRE between groups were tested using the log-rank test.

RESULTS

Baseline Patient Characteristics

Table 1 shows the demographic and clinical characteristics of our study cohort of 233 men. 

Characteristics are reported at baseline, which is the time of initial bone metastases 

diagnosis. The median age at diagnosis of bone metastasis was 75 years (interquartile range 

[IQR], 68–81 years) and the median year of bone metastasis was 2007 (IQR, 2004–2010). 

There were 80 black patients (34%) and 153 non-black patients (66%). During follow-up 

(median 7.8 months [IQR, 2.9–18.3 months]), 88 patients (38%) had an SRE. Of these, 75 
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(85%) received RT to bone, 7 (8%) had a pathological fracture, 4 (4%) had spinal cord 

compression, and 2 (2%) had surgery to bone.

Predictors of SRE

On univariable analysis, year of metastasis (HR, 0.91, P= .005); PSADT of ≥9 versus <9 

months (HR 0.50, p=0.011), and bone pain (HR, 3.34; P< .001) were all associated with risk 

of SRE (Table 2). There was a trend toward black patients to be at lower risk for SRE, 

although this did not reach statistical significance (HR, 0.65; P= .069). Similarly, there was a 

trend toward receiving primary treatment, particularly RT, and an increase risk of SRE 

compared with no primary treatment, although this was not statistically significant (P= .

064).

On multivariable analysis, year of metastasis (HR, 0.93; P= .028), biopsy Gleason score of 7 

versus ≤6 (HR, 1.74; P= .041), RT as primary localized treatment versus none (HR, 2.33; 

P< .001), and bone pain (HR, 3.64, P< .001) were found to be associated with risk of SRE. 

Although not significant, there was a trend toward an increased risk of SRE among patients 

with biopsy Gleason score 8 to 10 versus those with Gleason ≤6 (HR, 1.54; P= .112), as well 

as those individuals with ≥10 bone metastases versus 1 (HR, 1.60; P= .052). The area under 

the curve of the multivariable model was 0.744.

Figure 2 shows the Kaplan-Meier curve for time to SRE among all patients in the cohort. 

The median time to SRE was 17.9 months. Figure 3 Top shows the Kaplan-Meier curve for 

time to SRE stratified by primary localized treatment. There was no significant difference in 

time to SRE observed among patients who received different primary localized treatments 

(log-rank P= .059). Figure 3 Bottom shows the Kaplan-Meier curve for progression to SRE 

stratified by bone pain. There was a statistically significant difference in progression to SRE 

among patients with bone pain (log-rank P< .001), with patients with bone pain at time of 

metastasis having the greatest risk of SRE. The median time to SRE among men with bone 

pain was 8.2 months versus 48.5 months in those without bone pain.

DISCUSSION

Given the morbidity, economic burden, and pending mortality associated with SREs in 

patients with bone mCRPC, we sought to identify predictors of SRE using characteristics 

commonly available in the medical record at the time of bone mCRPC diagnosis. We found 

bone pain at the time of bone mCRPC diagnosis was the strongest predictor of subsequent 

SRE. Moreover, men treated with RT also were found to be at higher risk of SRE. Although 

there were trends for high-grade biopsy Gleason disease and high-volume skeletal metastatic 

burden to be associated with SRE risk, these did not reach statistical significance. To our 

knowledge, the current study is the first to unequivocally identify bone pain as the most 

predictive variable for SRE among the clinicopathologic, treatment and demographic 

variables commonly available to clinicians. These results highlight an opportunity to risk 

stratify these patients for SRE to identify high-risk men who can be offered aggressive 

therapies to reduce their risk of SREs.

Klaassen et al. Page 5

Cancer. Author manuscript; available in PMC 2018 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Several studies have suggested that SREs are related to poorer survival, including an earlier 

study from our group using the same cohort as in the current study [6], [18–22]. In addition 

to poor clinical outcomes associated with SREs, the economic burden on the US health care 

system is substantial. In a Surveillance, Epidemiology, and End Results - Medicare study of 

3,297 men aged >65 years with bone metastatic prostate cancer, McDougall et al. [6] found 

that men experiencing ≥1 SRE had a 2-fold increase in the number of emergency department 

visits, a 4-fold increase in number of hospitalizations, and $21,000 in additional health care 

costs compared to men without an SRE. Although the number of SREs and mortality 

secondary to SREs decreased from 1998 to 2010 in the United States, Roghmann et al. [7] 

reported in a Nationwide Inpatient Sample study that during this time period, SRE hospital 

charges rose by 94% to >$300 million in 2010. Beyond the potential clinical benefit of being 

able to predict and provide early treatment for patients at high risk for SRE, in today’s 

fiscally conscience health care system, the monetary benefits of preventing SREs should not 

be overstated.

The current study finding that bone pain predicted the risk of SRE at the time of bone 

mCRPC is consistent with predictors of SREs for other malignancies. In an analysis of 444 

patients with bone metastatic breast cancer who were receiving zoledronic acid, Brown et al. 

[22] reported that pain score was a significant predictor of SREs on multivariable analysis. 

Indeed, in the current study, bone pain at the time of bone mCRPC (vs no bone pain; HR, 

3.64 [95% confidence interval (95%CI), 2.30–5.75]) was found to be the strongest predictor 

of SRE, even more so than high-volume skeletal metastases (≥10 vs 1; HR, 1.60, [95%CI, 

1.00–2.57]), which was included the same multivariable model. However, these findings are 

contrary to previous analysis that found bone pain was not significant linked to SREs within 

a phase 3 trial in patients with mCRPC [5,14]. In that trial, in which men with bone mCRPC 

were randomized to treatment with zoledronic acid versus placebo, bone pain was found to 

have no correlation with disease progression, performance status or quality of life [5]. A 

subsequent analysis of that study found that that although zoledronic acid decreased SREs in 

422 men with CRPC compared to placebo, over 24 months of follow-up, bone pain was 

found to be unrelated to absolute risk of SRE (time to SRE was not examined) [14]. Given 

that the most common SRE in the current study was RT to the bone, which typically is 

administered for bone pain, it appears intuitive that bone pain should predict earlier 

development of an SRE. Coupled with the previously mentioned data from other cancers, the 

data from the current study provide strong support for the belief that bone pain is a predictor 

of SRE, though future larger studies are needed to confirm this.

Beyond bone pain, previous studies attempting to identify predictors of SREs in patients 

with bone mCRPC have primarily been limited to ad hoc analyses of phase 3 randomized 

controlled trials. In an analysis of 643 with bone mCRPC who were randomized to treatment 

with zoledronic acid versus placebo, Smith et al. [24] found that elevated bone-specific 

alkaline phosphatase (BSAP), a marker for osteoblastic activity, was significantly associated 

with a shorter time to first SRE on multivariable analyses. This finding also held true for 

subset analyses of the patients treated with placebo and zoledronic acid. In the current study, 

we did not examine BSAP as predictor of SRE because the data were only available for 62 

of the 233 patients. Future studies are needed to better assess the value of BSAP as a 

predictor of SRE.
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One factor we identified as being linked with SRE was receipt of primary curative RT. To 

our knowledge, this has not been reported previously and thus requires validation in other 

data sets. If confirmed, we speculate that RT to the prostate may lead to some damage to the 

surrounding pubic bone, which, at the time of mCRPC, increases the risk of SRE. It is 

interesting to note that no increased risk was seen for men treated with surgery and therefore 

it is unlikely a generalized effect of having received primary treatment. Again, however, 

these results require validation in future studies.

Several agents have been shown to reduce the risk of SRE. For example, a phase 3 study of 

1904 men with bone mCRPC randomized to receive denosumab versus zoledronic acid 

demonstrated a median time to first SRE of 20.7 months for denosumab compared with 17.1 

months for zoledronic acid (HR 0.82; 95% CI, 0.71–0.95) [9]. Among 921 men with bone 

mCRPC randomized to receive radium-223 or placebo, in addition to improved overall 

survival, men receiving radium-223 were found to have a decreased median time to first 

SRE compared with men receiving placebo (15.6 vs 9.8 months; HR, 0.66 [95% CI, 0.52–

0.83]) [11]. Results from the phase 3 AFFIRM trial demonstrated that the median time to 

first SRE for patients being treated with enzalutamide was 16.7 months compared to 13.3 

months for those receiving placebo (HR, 0.69; 95% CI, 0.57–0.84) [12]. Similarly, data from 

the phase 3 COU-AA-301 trial demonstrated that patients treated with abiraterone plus 

prednisone had a significantly longer time to first SRE compared with those receiving only 

prednisone (25.0 months vs 20.3 months; P= .001) [13]. It is interesting to note that the 

recently released guidelines from the American Urological Association for management of 

CRPC state that treatment for SRE prevention in men with bone mCRPC is considered 

optional [24]. Given the availability of multiple options that reduce the risk of SRE (i.e. 

denosumab, zoledronic acid, enzalutamide, abiraterone, radium-223) together with the 

findings of the current study, which identify men with bone pain at high risk men for SREs, 

we would suggest that if confirmed future studies, treatment of these men should not be 

optional, but rather standard of care. Ideally, enrollment of these patients onto clinical trials 

testing new and better treatments including combination treatments is needed.

The strengths of the current study include the fact that we had access to the complete 

medical records and thus could accurately assess SRE risk. Indeed, the rate of SRE in our 

study (38%), was comparable to that of previous studies from phase 3 trials [14], suggesting 

that we captured nearly all SREs in the current study cohort. Furthermore, we had sufficient 

sample size with enough end points to allow detailed multivariable analysis. However, the 

current study is not without limitations including its retrospective design. The current study 

cohort consisted of patients with mCRPC who were being treated at 2 Veterans Affairs 

hospitals, which limits the generalizability of the study findings. We acknowledge that 21% 

of the cohort was missing data regarding bone pain and only 27% of patients had 

information regarding BSAP levels, thereby preventing us from analyzing BSAP as a 

predictor of SRE. Furthermore, we did not have sufficient data regarding alkaline 

phosphatase, as well as the use of new mCRPC medications such as enzalutamide, 

abiraterone, radium-223, and denosumab. Certainly, future studies assessing outcomes 

among patients with mCRPC who are being treated with these medications in a Veterans 

Affairs health care system are warranted. In addition, we did not use a standardized 

questionnaire for assessing bone pain, and thus the patient responses may be subjective. 
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Moreover, data were unavailable regarding the location (eg, rib vs pelvis) or intensity of the 

bone pain. Nonetheless, the fact that bone pain predicted SRE provides some level of 

validity to this measure. However, because inaccuracies in measurement tend to bias the 

results to the null, it is possible a prospectively collected bone pain assessment actually may 

be a stronger predictor of SRE than identified in our study. Clinically, it would seem 

reasonable to suggest that men with ≥10 bone metastatic lesions would be high risk of 

developing SRE. In the current study, this variable approached, but did not reach, statistical 

significance, although perhaps with a larger sample size and/or greater number of SRE 

events, the number of metastatic lesions would be predictive of SRE in multivariable 

analysis, although this requires further study. Although we found that primary RT increased 

the risk of SRE, the question of whether this reflects more aggressive disease at time of 

diagnosis, is a chance finding (type I error), or results from some other reason requires 

further testing in other data sets. Finally, because the Veterans Affairs health care system is 

an equal-access, equal payer government system, economic data were not readily available, 

thereby precluding such analyses to be performed.

CONCLUSIONS

In this study of US Veterans Affairs patients with prostate cancer, bone pain was found to be 

the strongest predictor of SRE among men with bone mCRPC. Given the morbidity, 

economic burden, and pending mortality associated with SREs in patients with bone 

mCRPC, these individuals should be considered for early and aggressive treatment in an 

attempt to prevent bone pain and pending SREs.
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Figure 1. 
Trials (CONSORT) diagram. CRPC indicates castration-resistant prostate cancer; mCRPC, 

metastatic castration-resistant prostate cancer; MO/Mx, nonmetastatic.

MO/Mx=non-metastatic; CRPC=castration-resistant prostate cancer; mCRPC=metastatic 

castration-resistant prostate cancer

*Note: the final cohort is smaller than originally estimated in the protocol because of re-

review of patients and fine-tuning of our definitions of positive and equivocal scans.
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Figure 2. 
Kaplan-Meier curve for time to skeletal-related events (SREs) among all patients. mCRPC 

indicates castration-resistant prostate cancer.
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Figure 3. 
(Top) Kaplan-Meier curve for time to skeletal-related events (SREs) by primary localized 

treatment. (Bottom) Kaplan-Meier curve for time to SRE by bone pain at metastasis 
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mCRPC, metastatic castration-resistant prostate cancer; RP, radical prostatectomy; XRT, 

radiotherapy.
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Table 1

Baseline Patient and Disease Characteristics

Variables No. (%) or Median (25th Percentile, 75th Percentile)

Number of patients 233

Age at metastases (years) 75 (68–81)

Year of metastases 2007 (2004–2010)

Race

 Non-black 153 (66%)

 Black 80 (34%)

Treatment center

 Center 1 119 (51%)

 Center 2 114 (49%)

Biopsy Gleason score

 2–6 34 (15%)

 7 63 (27%)

 8–10 61 (26%)

 Unknown/No Biopsy 75 (32%)

Primary localized treatment

 None 79 (34%)

 Radical Prostatectomy ± Radiation 55 (24%)

 Radiation Alone 99 (42%)

PSA at metastases (ng/mL) 44.1 (14.0–127.7)

PSADT at metastases (months)

 <9 113 (49%)

 ≥9 73 (31%)

 Missing 47 (20%)

Months from ADT to CRPC 40.9 (20.9–66.6)

Months from CRPC to metastases 15.2 (5.1–31.0)

Soft tissue metastases 35 (15%)

Number of bone metastases

 1 43 (18%)

 2 27 (12%)

 3–9 93 (39%)

 ≥10 70 (30%)

Bone pain

 No 81 (35%)

 Yes 103 (44%)

 Unknown 49 (21%)

Had an SREa 88 (38%)

 Pathological fracture 7 (8%)

 Radiation to bone 75 (85%)

 Spinal cord compression 4 (5%)
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Variables No. (%) or Median (25th Percentile, 75th Percentile)

 Surgery to bone 2 (2%)

Total follow-up (months)b 7.8 (3.9–18.3)

Abbreviations: ADT, androgen deprivation therapy; CRPC, castration-resistant prostate cancer; IQR, interquartile range; PSA, prostate-specific 
antigen; PSADT: prostate-specific antigen doubling time; RT, radiotherapy; SRE: skeletal-related event

a
Indicates first occurrence of an SRE.

b
Among patients who did not have an SRE.
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Table 2

Univariable and Multivariable Predictors of SRE Among Patients With mCRPC

Variables

Univariable Results Model Selectiona

HR 95% CI P HR 95% CI P

Age at metastases, y 0.99 0.97–1.01 0.318

Year of metastases 0.91 0.85–0.97 0.005 0.93 0.87–0.99 0.028

Race 0.069

 Non-black Referent

 Black 0.65 0.41–1.03

Treatment center 0.508

 Center 1 Referent

 Center 2 0.87 0.57–1.33

Biopsy Gleason score 0.233 Referent

 2–6 Referent -

 7 0.89 0.43–1.86 1.74 1.02–2.96 0.041

 8–10 1.58 0.79–3.17 1.54 0.90–2.62 0.112

 Unknown/No Biopsy 1.19 0.59–2.41

Primary localized treatment 0.064

 None Referent Referent

 Radical Prostatectomy ± Radiation 1.38 0.75–2.53 -

 Radiation Alone 1.82 1.09–3.03 2.33 1.50–3.62 <0.001

Number of bone metastases 0.107

 1 Referent Referent

 2 0.42 0.17–1.06

 3–9 0.88 0.51–1.52

 ≥10 1.26 0.70–2.27 1.60 1.00–2.57 0.052

PSA at metastases (ng/mL) 1.13 0.98–1.30 0.102

PSADT at metastases (months)

 <9 Referent

 ≥9 0.50 0.29–0.86 0.011

 Missing 0.96 0.57–1.61 0.880

Months from ADT to CRPC 1.00 0.99–1.01 0.948

Months from CRPC to metastases 0.99 0.98–1.00 0.078

Bone pain

 No Referent Referent

 Yes 3.34 2.04–5.48 <0.001 3.64 2.30–5.75 <0.001

 Unknown 0.84 0.39–1.83 0.667 -

Abbreviations: 95% CI, 95% confidence interval; ADT, androgen deprivation therapy; HR, hazard ratio; mCRPC, metastatic castration-resistant 
prostate cancer; PSA, prostate-specific antigen; PSADT: prostate-specific antigen doubling time; RT, radiotherapy; SRE: skeletal-related event

a
Forward selection with α=0.2
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