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a b s t r a c t 

Purpose: To assess the potential survival benefit associated with receipt of definitive treatment (radical 

prostatectomy or radiation), compared to non-definitive treatment (hormonal therapy or chemotherapy) 

among men with metastatic prostate cancer. 

Methods: A cohort of men diagnosed with metastatic (T4/M1/N1 or T4/M1) prostate cancer from 1999 

to 2013 in the Veterans Health Administration were identified and followed to December 28, 2014. All- 

cause and prostate cancer-specific mortality were evaluated at 10 years for the T4/M1/N1 cohort and 

8 years for the T4/M1/ cohort. The association of definitive treatment (radical prostatectomy or radia- 

tion), compared to non-definitive (hormonal therapy or chemotherapy) with both all-cause and prostate 

cancer-specific mortality was assessed using inverse probability of treatment weighted (IPTW) multivari- 

able survival analyses. 

Results: The cohort included 2919 with T4/M1/N1 disease and 1479 men with T4/M1 disease. Receipt of 

definitive treatment was associated with a reduced risk of 10-year all-cause (Hazard Ratio (HR): 0.61; 95% 

Confidence Interval (CI): 0.57–0.65) and prostate cancer-specific mortality (HR: 0.50; 95% CI: 0.46-0.55) 

among men diagnosed with T4/M1/N1 met–astatic disease. Definitive treatment was similarly associated 

with a reduced risk of all-cause (HR: 0.84; 95% CI: 0.77–0.91) and prostate cancer-specific (HR: 0.81; 95% 

CI: 0.73–0.90) mortality among men diagnosed with T4/M1 only metastatic disease. 

Conclusions: Definitive treatment may improve survival in men diagnosed with metastatic prostate 

cancer. 

© 2023 The Author(s). Published by Elsevier Inc. 

This is an open access article under the CC BY-NC-ND license 
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Introduction 

In the U.S., an estimated 34,130 deaths were attributable to 

prostate cancer (PCa) in 2021 [1] . For men diagnosed with local- 

ized or regional disease (stages I-III), the 5-year relative survival 

rate is nearly 100% [1] . However, men who are diagnosed with 

metastatic disease (stage IV) only have a 30.6% 5-year relative sur- 

vival rate [1] . 

With emerging novel therapeutic strategies, men diagnosed 

with PCa have more treatment options now than ever before. 

Broadly, treatment types can be categorized into: (1) definitive 

therapy including radical prostatectomy (surgery) or radiation, and 
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(2) non-definitive therapy, including chemotherapy or hormonal 

therapies, such as androgen deprivation therapy (ADT) [2] . Treat- 

ment options differ depending on the extent of the disease, pa- 

tient’s risk of recurrence, and patient characteristics such as age, 

comorbidity, and personal preference [2] . 

Currently, there is no standard treatment for high risk or newly 

diagnosed metastatic PCa. The National Comprehensive Cancer 

Network (NCCN) does provide guidelines for treatment for newly 

diagnosed high risk and metastatic PCa that include definitive ther- 

apies, non-definitive therapies, or a combination of both [3] . The 

guidelines for patients who are classified as very high risk (clini- 

cal stage T3b, primary Gleason pattern 5 or ≥4 cores with Gleason 

score 8–10) include external beam radiation (EBRT) plus ADT, EBRT 

plus brachytherapy plus ADT, radical prostatectomy plus pelvic 

lymph node dissection, or ADT alone in select patients that are 

not candidates for radical prostatectomy [3] . For men with regional 

spread of disease (i.e., Any T, N1, M0), the NCCN guidelines recom- 

mend EBRT plus ADT or ADT alone [3] . Finally, for men with M1 

metastatic PCa, the current guidelines recommend primary therapy 

with ADT only [3] . 

Although the majority of men with metastatic PCa are treated 

with non-definitive therapy alone, there is limited evidence that 

definitive treatment with either radical prostatectomy or radiation 

can improve both PCa-specific or all-cause survival among men di- 

agnosed with metastatic PCa [4–15] . To date, the STAMPEDE clini- 

cal trial observed that radiation in addition to standard therapy im- 

proves failure-free survival, but not all-cause mortality in men with 

newly diagnosed metastatic PCa [16] . However, this trial is limited 

to evaluation of radiation and might not be generalizable to men 

in the U.S., as recruitment was limited to the U.K. and Switzerland 

[16] . Most observational studies utilize the Surveillance, Epidemi- 

ology, and End Results (SEER) [ 4 , 6 , 7 , 10 , 15 ] and the National Can- 

cer Database (NCDB) [ 13 , 14 ]. The remaining evidence comes from 

small institutional studies [ 9 , 12 , 17 ], a retrospective case-series [18] , 

and one study utilizing the Munich Cancer Registry [8] . 

The objective of our study is to assess the potential survival 

benefit associated with receipt of definitive treatment (radical 

prostatectomy or radiation), compared to non-definitive treatment 

(hormonal therapy or chemotherapy) among men diagnosed with 

metastatic prostate cancer at the Veterans Health Administration 

(VHA). 

Methods 

Data sources 

The cohort for this study was retrieved from The Veterans 

Affairs Central Cancer Registry (VACCR). The VACCR collects and 

stores data on veterans diagnosed with cancer and receiving treat- 

ment at a VHA medical center. These data include patient demo- 

graphics, cancer identification, stage, grade, and treatment [19] . 

Additional clinical data, such as prostate-specific antigen (PSA) val- 

ues and comorbid conditions, were retrieved from the Corporate 

Data Warehouse (CDW), which stores data entered by medical staff

during patient visits. 

This study received the approval from the St. Louis VA Medi- 

cal Center, Washington University in St. Louis, and Department of 

Defense (DOD) Institutional Review Boards. A waiver of informed 

consent was received. 

Study population 

From the VACCR, we identified men that were diagnosed with 

metastatic PCa between 1999 and 2013 with known clinical sever- 

ity (i.e., grade and PSA), and utilized two definitions of metastatic 

disease: a comprehensive definition that included men diagnosed 

with T4, M1, or N1 PCa and a more restrictive definition of 

metastatic disease that only included men diagnosed with T4 or 

M1 disease. This cohort (T4/M1) excludes patients who only had 

node positivity at the time of diagnosis. The T4/M1/N1 cohort in- 

cludes all patients with any evidence of disease outside of the 

prostate at the time of diagnosis. Clinical severity was missing for 

42.7% and 52.3% of the T4/M1/N1 and T4/M1 cohorts, respectively. 

This resulted in 3277 men with T4/M1/N1 disease and 1712 men 

with T4/M1 disease, with known clinical severity. We then lim- 

ited our analytic cohort to men with known exposure, outcome, 

and covariate status. Men that received no PCa treatment were 

excluded. Our final analytic cohorts consisted of 2919 (T4/M1/N1) 

and 1479 men (T4/M1), respectively. 

Outcomes 

Our primary outcomes were all-cause death and PCa-specific 

death. Death status was determined from VA Vital Status data, 

which captures approximately 97% of all deaths [ 20 , 21 ]. PCa- 

specific deaths were identified if the cause of death was recorded 

as ICD-9 code C61, malignant neoplasm of the prostate. Final death 

status was determined on December 28, 2014, the last date for 

which death status was available. Follow-up time began on date 

of diagnosis and continued until death or censoring. 

Exposure 

Our primary exposure was receipt of definitive treatment. 

Definitive treatment was defined as radical prostatectomy 

(surgery), radiation, surgery with adjuvant radiation, or surgery/ 

radiation with chemotherapy or hormone therapy. Non-definitive 

treatment was defined as receipt of hormone therapy, chemother- 

apy, or a combination of hormone therapy and chemotherapy 

Covariates 

Model covariates included: years from PCa diagnosis to first 

treatment ( ≤median, > median), grade (1, 2, 3, and 4), age at di- 

agnosis ( < 50, ≥50- < 60, ≥60- < 70, and ≥70), race (White, African 

American, and Other), PSA at diagnosis (0–20, > 20), location (ur- 

ban, rural) and Charlson comorbidity index without malignancy at 

diagnosis . 

Statistical analysis 

Inverse probability of treatment weighted (IPTW) survival 

analyses were utilized to reduce the bias resulting from the 

assignment of definitive treatment [ 22 , 23 ]. Generalized boosted 

regression was used to model a patient’s likelihood of receiving 

definitive or non-definitive treatment [24] with model covariates. 

We used Kolmogorov-Smirnov statistics to assess covariates bal- 

ances until all of the covariates were balanced [25] . Using the 

estimated model, we obtained the propensity scores for definitive 

treatment status, which were then used to compute the weights 

for the IPTW-adjusted survival analyses [26] . 

Survival (all-cause and PCa-specific) by definitive treatment sta- 

tus was compared using IPTW-adjusted Kaplan-Meir plots and the 

log-rank test. For all survival models follow-up began at time of 

first treatment. Since the covariates used in generalized boosted 

model can influence both treatment assignment and outcomes, we 

included the same covariates in our IPTW-adjusted time-to-event 

models [27] . Proportionality was assessed by examining the IPTW- 

adjusted Kaplan-Meir plots for violations of the proportional haz- 

ards assumption. To account for non-proportionality in survival 

analysis, we used a step function for the time-dependent covariate 
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and determined the change point that yielded the largest log par- 

tial likelihood [28] . All survival analyses were limited to ≤10 years 

due to sparse data after 10 years. For the T4/M1 analytic cohort, 

there was a violation of the proportional hazards assumption at 8 

years. To account for this, results were stratified by ≤8 years versus 

> 8 ∼10 years for both all-cause and PCa-specific survival. Number 

of patients censored and 8 and 10 years is available in supplemen- 

tary material. In a sensitivity analysis, we repeated the analysis, 

and stratified by race. 

All tests were two-sided. Statistical significance was evaluated 

at α = 0.05 level. All statistical analyses were performed using SAS 

statistical software version 9.4 and R version 3.6.0 (R Core Team, 

2019). 

Results 

Characteristics of study population 

T4/M1/N1 

Among men identified as metastatic using our comprehensive 

definition, there were a median of 55 days (mean: 212.4 days) from 

diagnosis to treatment ( Table 1 ). The majority of men were diag- 

nosed with Grade 3 (88.8%) cancer and were older than 60 years of 

age at time of diagnosis (78.8%). White men made up the majority 

of cohort (71.3%) followed by African American men (27.9%). Just 

over half the cohort was diagnosed with a PSA ≥20 (54.4%). Most 

men resided in an urban area at time of diagnosis (74.2%). 34.1% of 

the men received definitive treatment. 

Among the men that received definitive treatment, surgery 

was most prevalent treatment type (64.8%), followed by radia- 

tion (43.7%), with 8% of men receiving both surgery and radiation. 

Among men that received non-definitive treatment, hormone ther- 

apy was by far the predominant treatment type (99.7%); the re- 

maining 0.3% of men received either chemotherapy or chemother- 

apy with hormone therapy. Men that received definitive treatment 

had a significantly shorter time from diagnosis to treatment, were 

younger at age of diagnosis, had a lower PSA at diagnosis, a lower 

Charlson Comorbidity score, and were less likely to die over follow- 

up as compared to men that received non-definitive treatment. 

T4/M1 

Overall, demographic characteristics were similar among the 

cohort of men identified as metastatic using our more restrictive 

definition of metastatic disease. However, this more restrictively 

defined cohort was more likely to receive definitive treatment 

(34.1%) as compared to the T4/M1/N1 cohort (16.2%). Men that re- 

ceived definitive treatment were significantly younger at diagnosis, 

had a lower PSA, a lower Charlson Comorbidity score, and were 

less likely to die over follow-up as compared to men that received 

non-definitive treatment. 

Definitive treatment and mortality 

T4/M1/N1 

During follow-up there were 1909 deaths from any-cause, 1281 

(67.1%) of these deaths were attributable to PCa. IPTW-adjusted 

Kaplan-Meier plots for all-cause and PCa-specific mortality by 

receipt of definitive treatment ( Fig. 1 ) indicated that receipt of 

definitive treatment was associated with a significantly longer all- 

cause mortality-free survival: median survival 5.83 years for the 

definitive treatment group versus 3.69 years for the non-definitive 

treatment group (log-rank test P -value: < .0 0 01) and PCa-specific 

mortality-free survival: median survival 8.78 years for the defini- 

tive treatment group versus 4.72 years for the non-definitive 

treatment group (log-rank test P -value: < .0 0 01). 

IPTW-adjusted multivariable time-to-event analysis results 

show that receipt of definitive treatment was associated with a de- 

creased risk of all-cause mortality (HR: 0.61; 95% CI: 0.57–0.65) up 

to 10 years after diagnosis ( Table 2 ). Our results suggest that af- 

ter 10 years post-diagnosis the survival benefit of definitive treat- 

ment diminishes. Receipt of definitive treatment was also associ- 

ated with a significantly reduced risk of PCa-specific mortality (HR: 

0.50; 95% CI: 0.46–0.55) up to 10-year post diagnosis, with no sur- 

vival benefit observed after 10 years. 

T4/M1 

During follow-up there were 1170 death from any-cause, 809 

(69.1%) of these deaths were attributable to PCa. IPTW-adjusted 

Kaplan-Meier plots for all-cause and PCa-specific mortality by 

definitive treatment status ( Fig. 2 ) indicated that receipt of defini- 

tive treatment was associated with a significantly longer all-cause 

mortality-free survival: median survival 3.86 years for the defini- 

tive treatment group versus 3.23 years for the non-definitive 

treatment group (log-rank test P -value: < .0 0 01) and PCa-specific 

mortality-free survival: median survival 4.62 years for the defini- 

tive treatment group versus 4.28 years for the non-definitive treat- 

ment group (log-rank test P -value: < .0 0 01). 

IPTW-adjusted multivariable time-to-event analysis results for 

the more restrictive cohort (T4/M1) were consistent with the larger 

T4/M1/N1 cohort, but somewhat attenuated. Receipt of definitive 

treatment was associated with a decreased risk of all-cause mortal- 

ity (HR: 0.84; 95% CI: 0.77–0.91) up to 8 years after diagnosis. Our 

findings suggest that 8–10 years after diagnosis, the survival ben- 

efit of definitive treatment diminishes. Definitive treatment was 

similarly associated with a significantly reduced risk of PCa-specific 

mortality (HR: 0.81; 95% CI: 0.73–0.90) up to 8 years after diagno- 

sis, after which there was no survival benefit. 

Race-stratification 

In a sensitivity analysis, where we stratified by race, we ob- 

served a similar survival benefit for both all-cause and PCa-specific 

mortality in the T4/M1/N1 cohort for both Black and White men 

(Supplemental Material). No significant associations were observed 

for either Black or White men in the T4/M1 cohort. 

Discussion 

In this large, national study of U.S. Veterans diagnosed with the 

metastatic PCa, we observed that definitive treatment with either 

radical prostatectomy and/or radiation was associated with a sig- 

nificantly lower risk of both all-cause and PCa-specific mortality. 

To our knowledge, this is the first study to examine the association 

between the receipt of definitive treatment and survival among 

men diagnosed with metastatic PCa within the VHA. 

Our findings are consistent with the previous findings of defini- 

tive treatment among men diagnosed with metastatic PCa, includ- 

ing two meta-analyses [ 29 , 30 ] Most of this prior evidence comes 

from studies that utilized either SEER or the NCDB databases 

[ 4 , 6 , 7 , 10 , 11 , 13–15 ]. Specifically, a meta-analysis of five studies by 

Carneiro et al. indicated that receipt of local treatment (i.e., rad- 

ical prostatectomy and/or radiation) was associated with a signif- 

icantly longer overall survival (Risk Difference (RD): 0.19; 95% CI: 

0.17–0.21) [29] and cancer-specific survival (two studies), (RD: 0.16; 

95% CI: 0.16–0.29) [29] . The second meta-analysis of nine studies 

by Wang et al. was more consistent with our analytic approach us- 

ing hazard ratios instead of risk differences; however, it chiefly ex- 

amined radical prostatectomy as the primary definitive treatment 

type [30] . Similarly, this study reported that radical prostatectomy 

(vs. non-local therapy) was associated with a reduced risk of all- 

cause (HR: 0.49; 95% CI: 0.44–0.46) and cancer-specific (HR: 0.36; 
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Table 1 

Patients characteristics of men diagnosed with metastatic ∗ prostate cancer at the Veterans Health Administration between 1999 and 2013, by receipt of definitive prostate cancer treatment. 

Metastatic Cancer: T4, M1, or N1 Metastatic Cancer: T4 or M1 

Cohort Non-definitive Definitive 

P -value §

Cohort Non-definitive Definitive 

P -value §

Treatment † Treatment ‡ Treatment † Treatment ‡ 

N = 2919 N = 1925 N = 994 N = 1479 N = 1240 N = 239 

N (%) N (%) N (%) N (%) N (%) N (%) 

Days from diagnosis to first treatment , < .0001 .0604 

< = Median 1461 (50.05) 1024 (53.19) 437 (43.96) 747 (50.51) 613 (49.44) 134 (56.07) 

> Median 1458 (49.95) 901 (46.81) 557 (56.04) 732 (49.49) 627 (50.56) 105 (43.93) 

Grade .0097 .4068 

1 7 (0.24) 6 (0.31) 1 (0.10) 6 (0.41) 6 (0.48) 0 (0) 

2 214 (7.33) 153 (7.95) 61 (6.14) 130 (8.79) 109 (8.79) 21 (8.79) 

3 2592 (88.80) 1684 (87.48) 908 (91.35) 1276 (86.27) 1065 (85.89) 211 (88.29) 

4 106 (3.63) 82 (4.26) 24 (2.41) 67 (4.53) 60 (4.84) 7 (2.93) 

Age < .0001 < .0001 

< 50 48 (1.64) 19 (0.99) 29 (2.92) 16 (1.08) 9 (0.73) 7 (2.93) 

≥50- < 60 570 (19.53) 294 (15.27) 276 (27.77) 228 (15.42) 171 (13.79) 57 (23.85) 

≥60- < 70 1203 (41.21) 678 (35.22) 525 (52.82) 522 (35.29) 413 (33.31) 109 (45.61) 

≥70 1098 (37.62) 934 (48.52) 164 (16.50) 713 (48.21) 647 (52.18) 66 (27.62) 

Race .2187 .714 

White 2082 (71.33) 1354 (70.34) 728 (73.24) 1032 (69.78) 860 (69.35) 172 (71.97) 

Black 814 (27.89) 554 (28.78) 260 (26.16) 435(29.41) 370 (29.84) 65 (27.20) 

Other 23 (0.79) 17 (0.88) 6 (0.60) 12 (0.81) 10 (0.81) 2 (0.84) 

PSA < .0001 < .0001 

0- < 20 1332 (45.63) 635 (32.99) 697 (70.12) 532 (35.97) 398 (32.10) 134 (56.07) 

≥20 1587 (54.37) 1290 (67.01) 297 (29.88) 947 (64.03) 842 (67.90) 105 (43.93) 

Location .0017 .2983 

Urban 2165 (74.17) 1463 (76.00) 702 (70.62) 1110 (75.05) 937 (75.56) 173 (72.38) 

Rural 754 (25.83) 462 (24.00) 292 (29.38) 369 (24.95) 303 (24.44) 66 (27.62) 

Definitive Treatment Type 

Surgery ║ — 0 644 (64.79) — — 0 95 (39.75) —

Radiation ¶ — 0 415 (41.75) — 0 190 (79.50) 

Pca-Death (censored at 10 yr) < .0001 .0033 

Yes 1281 (43.88) 1041 (54.08) 240 (24.14) 809 (54.70) 699 (59.37) 110 (46.03) 

No 1638 (56.12) 884 (45.92) 754 (75.86) 670 (45.30) 541 (43.63) 129 (53.97) 

All death (censored at 10 yr) < .0001 < .0001 

Yes 1909 (65.40) 1500 (77.92) 409 (41.15) 1170 (79.11) 1013 (81.69) 157 (65.69) 

No 1010 (34.60) 425 (22.08) 585 (58.85) 309 (20.89) 227 (18.31) 81 (34.31) 

Charlson comorbidity index 1.39 (1.71) 1.55 (1.82) 1.09 (1.44) < .0001 1.50 (1.77) 1.56 (1.79) 1.22 (1.63) .0077 

∗ Metastatic cancer was defined in two ways: (1) Men diagnosed with T4, M1, or N1 prostate cancer or (2) men diagnosed with T4 or M1 prostate cancer. 
† Non-definitive treatment was defined as receipt of any other therapy other than surgery (radical prostatectomy or radiation). 
‡ Definitive treatment is defined as receipt of surgery (radical prostatectomy) or radiation, either alone or adjuvantly with other therapies. 
§ P -value determined using chi-square test for categorical variables and t -test for continuous variables. 
║ receipt of surgery (radical prostatectomy), either alone or adjuvantly with other therapies; percentages sum to over 100% as some men received both radiation and surgery. 
¶ receipt of radiation, either alone or adjuvantly with other therapies; percentages sum to over 100% as some men received both radiation and surgery. 
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Fig. 1. Kaplan Meir survival plots by receipt of definitive treatment for (A) all-cause mortality-free survival and (B) prostate cancer-specific mortality-free survival in men 

diagnosed with T4/M1/N1 prostate cancer. 

Table 2 

Inverse probability of definitive treatment weighted survival analyses: overall mortality and prostate cancer-specific mortality 

among men diagnosed with metastatic prostate cancer at the Veterans Health Administration between 1999 and 2013. 

Outcome Follow-up Definitive vs. Non-Definitive HR (95% CI) 

T4M1N1 (n = 2919) 

All-cause mortality ≤10 years 0.61 (0.57, 0.65) 

Pca-specific mortality ≤10 years 0.50 (0.46, 0.55) 

T4M1 (n = 1479) 

All-cause mortality ≤8 years 0.84 (0.77, 0.91) 

> 8 ∼10 years 3.33 (2.19, 5.05) 

Pca-specific mortality ≤8 years 0.81 (0.73, 0.90) 

> 8 ∼10 years 3.05 (1.73, 5.35) 

Inverse probability of treatment weighted survival analyses adjusting for years from prostate cancer diagnosis to first treatment 

( < = median and > median), Grade (1,2,3,4), age at diagnosis ( < 50, ≥50- < 60, ≥60- < 70, ≥70), race (White, Black, Other), PSA 

at diagnosis (0–20, > 20), and location (urban, rural) and comorbidity index without malignancy. 
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Fig. 2. Kaplan Meir survival plots by receipt of definitive treatment for (A) all-cause mortality-free survival and (B) prostate cancer-specific mortality-free survival in men 

diagnosed with T4/M1 prostate cancer. 

0.30–0.43) mortality [30] . Our study builds on these previous find- 

ings in a large, ethnically-diverse, national cohort of men treated 

at the VHA. 

These observational findings are supported by biological evi- 

dence. Radical prostatectomy reduces the primary tumor burden, 

as even aggressive systematic therapy with ADT and/or chemother- 

apy insufficiently treats the primary tumor [31] . Removal of the 

primary tumor can potentially interrupt Src signaling, eliminate 

the “source” for other metastases, and reduce chemokines [31] . 

Specifically, Src signaling is associated with tumor proliferation, 

angiogenesis, and invasion; thus removal of the primary tumor 

can interrupt Src signaling and subsequent disease progression 

[31] . In addition, the primary tumor may also serve as a source 

of metastatic cells throughout the body (“self-seeding”), and 

thus removal of the primary tumor is hypothesized to prevent 

new metastases [ 31 , 32 ]. Finally, the primary tumor can produce 

chemokines that can direct tumor cells to specific organ sites, and 

therefore removing the primary tumor can inhibit the trafficking 

of circulating tumor cells [31] . Prostate directed radiation therapy 

is hypothesized to work through similar biological mechanisms 

[ 32 , 33 ]. Radiation also reduces and potentially eliminates primary 

tumor burden. Additionally, there is some evidence that radiation 

can also have an “abscopal effect” [33] . The abscopal effect is 

a radiation-induced immunological response that results in a 

regression of distant disease after local treatment of the primary 

tumor with radiation, primarily through activation of antitumor 

cellular immunity [33] . 

Despite this evidence, in both our study and nationally, ADT 

monotherapy remains the primary treatment type for men with 

metastatic PCa [34] . In our study, the vast majority of men 

(T4/M1/N1: 64.4%; T4/M1: 81.7%) diagnosed with PCa received 

ADT only. Moving forward, appropriately identifying the men that 

could most benefit from definitive treatment after a diagnosis 

of metastatic disease is of vital importance. In our study, we 

observed that men that received definitive treatment were, on 

average, younger, had a lower PSA at diagnosis, and, had a lower 
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Charlson Comorbidity score. This observation is consistent with 

Parikh et al., where younger patients with less aggressive tumor 

characteristics were more likely to receive definitive treatment 

in the context of metastatic disease [13] . A SEER-based study 

suggested that among men with metastatic PCa, only those with a 

predicted cancer-specific mortality risk (based on tumor character- 

istics) less than 40% experience a survival benefit with receipt of 

definitive treatment [7] . Correctly identifying the men that could 

most benefit from definitive treatment could enhance survival 

among men metastatic disease and could potentially also help 

reduce the disparities characteristic of PCa [1] . 

Our study demonstrates that 35.0% of White men received 

definitive treatment compared to 31.9% of African American men 

in the T4/M1/N1 cohort. However, this potential disparity is likely 

minimized in our study population as all men have equivalent ac- 

cess to care through the VA health system. Indeed, previous re- 

search has indicated that receipt of definitive treatment among 

men with metastatic disease is associated with higher incomes, 

private insurance, Medicare, and treatment at a comprehensive 

or an academic medical center [13] . Thus, it is possible that in 

other populations there is a greater disparity in receipt of defini- 

tive treatment associated with race. Lack of definitive treatment for 

African American men with advanced PCa has the potential to ex- 

acerbate existing disparities, particularly considering that African 

American men are more likely to present with aggressive disease 

and should thus be considered for multimodality treatment. 

Currently, specific recommendations regarding definitive treat- 

ment in men diagnosed with metastatic PCa are lacking. Although 

our study and others suggest a survival benefit for definitive treat- 

ment for metastatic PCa, clear guidelines do not exist, especially 

for men with M1 disease. Clearer guidelines could help ensure 

that all men with metastatic disease are at least considered for 

definitive treatment, especially given the low survival rates for 

metastatic PCa and disparities in survival across races [1] . Ongo- 

ing clinical trials (NCT03678025, NCT02454543, and NCT01751438) 

that are examining standard-of-care systematic therapy with or 

without definitive treatment in men with metastatic PCa are nec- 

essary next steps in establishing clearer guidelines [35–37] . 

Our study is limited by the lack of randomization of treatment 

assignment. As such, receipt of definitive treatment was based on 

individual and clinician choice. Many factors contribute to treat- 

ment choice, and it likely that healthier, more compliant patients 

were more likely to receive definitive treatment. We are unable 

to account for all the factors that may have contributed to re- 

ceipt of definitive treatment. This could have resulted in a selec- 

tion bias where clinicians selectively offered definitive treatment 

to “healthier” patients. This could have biased our results if the 

survival benefit observed in these patients was not due to defini- 

tive therapy, but rather due to a selection of healthier patients to 

receive such treatment. However, with additional adjustment for 

frailty, we still observed a survival benefit associated with defini- 

tive treatment (data not shown). Nonetheless, it is possible that 

the observed benefit of definitive treatment is at least partially at- 

tributable to selection bias. It is also important to note that newer 

types of ADT have been introduced since the start of our study and 

we do not have information on modality of radical prostatectomy 

(i.e., robotic or laparoscopic), both of which could have impacted 

survival outcomes. Finally, our study may only be generalizable to 

male Veterans rather than all U.S. males. 

Despite these limitations, our study had several strengths. To 

our knowledge, this is the first study to examine the receipt of 

definitive treatment in men with metastatic PCa in a large, nation- 

ally representative, ethnically-diverse, cohort of U.S. Veterans. Our 

study includes all men diagnosed with metastatic PCa at any VA 

hospital across the U.S., over a 14-year period between 1999 and 

2013. Our cohort is ethnically diverse, with approximately 30% of 

the cohort consisting of African American men. Finally, because the 

VHA provides care regardless of insurance status or ability to pay, 

our study is able to control for healthcare access. This is in con- 

trast to the previously published literature, where receipt of defini- 

tive treatment may have been influenced by socioeconomic factors 

such as income or insurance status. 

Conclusion 

Receipt of definitive treatment in men with metastatic PCa is 

associated with reduced mortality. Clinicians and patients should 

carefully consider definitive treatment as a part of their multi- 

modality approach to metastatic disease. In addition to ongoing 

clinical trials, future studies among men with metastatic PCa are 

needed to examine the impact of definitive treatment on the qual- 

ity of life metrics and patient-reported outcomes. 
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