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Abstract

Introduction: Local therapy (LT) may offer a survival advantage in 
highly select, newly diagnosed metastatic prostate cancer (mPCa) 
patients. However, it is unknown whether the benefits vary in 
Caucasian vs. African American (AA) patients.
Methods: Within the Surveillance Epidemiology and End Results 
(SEER) database (2004–2014), we focused on Caucasians and 
AA patients with newly diagnosed mPCa treated with LT: radical 
prostatectomy (RP) and brachytherapy (RT). Endpoints consisted 
of cancer-specific mortality (CSM) and overall mortality (OM). 
Kaplan-Meier analyses and multivariable Cox regression models 
tested for racial difference in CSM and OM.
Results: Between 2004 and 2014, we identified 408 (77.2%) 
Caucasians and 121 (22.8%) AAs with newly diagnosed mPCa 
treated with LT: RP (n=357) or RT (n=172). According to race, when 
LT is defined as RP, Caucasian patients had a significantly longer 
survival vs. AA patients: CSM-free survival 123 vs. 63 months 
(p=0.004) and OM-free survival 108 vs. 46 months (p=0.002). The 
CSM and OM benefits were confirmed in multivariable analyses 
(hazard ratio [HR] 0.56, p=0.01 for CSM; HR 0.60, p=0.01 for OM). 
However, no differences in CSM or OM were recorded according 
to race when LT consisted of RT. 
Conclusions: Our results indicate that race is not associated with 
difference in survival after LT in mPCa patients. However, when 
focusing on RP-treated patients, Caucasian race is associated with 
higher CSM and OM rates relative to AA race. This racial differ-. This racial differ-
ence does not apply to RT. Our findings should be considered in 
future prospective trials for the purpose of preplanned stratification 
according to race.

Introduction 

According to several retrospective studies, local ther-
apy (LT) may offer a survival advantage in highly select 
patients with newly diagnosed metastatic prostate cancer 
(mPCa).1-10 Nonetheless, the retrospective nature of these 
studies requires prospective validation. Toward that end, 
the ongoing g-RAMPP trial11 will provide European data. 
Similarly, the upcoming SWOG-1802 trial12 and others will 
provide North American data. To the best of our know-
ledge, no ongoing study is sufficiently powered to allow 
preplanned stratification according to race.11,12 Similarly, we 
are unaware of previous studies that examined the effect of 
race in retrospective analyses.

In the light of these limitations, our goal was to test the 
effect of race on cancer-specific mortality (CSM) and overall 
mortality (OM) in patients treated with LT in the context of 
newly diagnosed mPCa. Specifically, we hypothesized that 
the survival benefit of LT may be different according to race 
(Caucasian vs. African American [AA]), since AA patients 
may harbour more aggressive prostate cancer characteristics 
than their Caucasian counterparts.13-21 Moreover, we per-
formed separate analyses for radical prostatectomy (RP) and 
brachytherapy (RT), based on previously reported differences 
in the survival benefit according to LT type.6

Methods

Data source and patient selection 

The current study relied on the Surveillance Epidemiology 
and End Results (SEER) database (2004–2014), which 
samples 26% of the U.S. and approximates the U.S. in 
terms of demographic composition, as well as of cancer 
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incidence.22In the SEER database, we focused on Caucasian 
and AA men aged 18 years or older, diagnosed between 
2004 and 2014 with histologically confirmed adenocarcin-
oma of the prostate (International Classification of Disease 
for Oncology [ICD-O-3] code 8140 site code C61.9). We 
only considered patients with newly diagnosed mPCa. 
CSM was defined according to the SEER mortality code. 
All other deaths were considered as other-cause mortality 
(OCM). LT types available in SEER database consist of: 1) 
RP (surgery site codes 50 and 70) with or without external 
beam radiation therapy (EBRT); or 2) RT (i.e., brachyther-
apy) with or without EBRT.6 Brachytherapy was defined as 
prostate-directed radioactive implants with (“combination of 
beam with implants or isotopes” according to “Radiation.
recode” SEER variable) or without (“radioactive implant” or 
“radioisotopes” according to “Radiation.recode” SEER vari-
able) combined administration of EBRT. EBRT was excluded 
due to the lack of data regarding target site that allows to 
distinguish local from extraprostatic treatment.6 Surgical 
treatments other than RP were also excluded, as described 
earlier.6 These selection criteria yielded 529 patients, who 
were classified in overall analysis of the effect of LT (RP and 
RT) according to race. Subsequently, analyses were repeated 
according to LT type: one set of analyses focused on RP 
patients and another focused on RT patients.

Statistical analyses and covariates

Kaplan-Meier (KM) and Cox regression model (CRM) were 
fitted to evaluate CSM and OM. Race represented the risk 
variable of interest. In multivariable CRM, adjustment vari-
ables consisted of age at diagnosis, prostate-specific antigen 
(PSA), year of diagnosis, marital status (married, unmarried, 
unknown), biopsy Gleason score (GS) at diagnosis, clinical 
stage (cT), clinical lymph node stage (cN0, cNx, cN1), and 
M1 sub-stage (according to the sixth [2004–2009] and sev-(according to the sixth [2004–2009] and sev-
enth [2010–2014] edition of American Joint Committee on 
Cancer [AJCC] Cancer Staging Manual [M1a, M1b, M1c]).23

Medians and ranges were reported for continuously coded 
variables (age and PSA). The statistical significance of differ-
ences in medians and proportions was tested with Kruskal-
Wallis and Chi-square tests. All statistical tests were two-
sided with a level of significance set at p<0.05. Analyses 
were performed using the R software (version 3.3.0; http://
www.r-project.org/).

Results

General characteristics of the study populations

Overall, we identified 529 men with newly diagnosed mPCa 
treated with LT from 2004–2014. Of these, 408 (77.2%) were 

Caucasian and 121 (22.8%) were AA. AA patients had higher 
median PSA level at diagnosis (18.2 vs. 13.4 ng/ml; p=0.018) 
and were more frequently unmarried (41.3% vs. 22.5%; 
p<0.001) than Caucasian patients. Median age at diagnosis 
was virtually the same between the two groups (65 years for 
both; p=0.3). According to clinical AJCC M substaging, AAs 
more frequently harboured M1c stage (26.4% vs. 20.3%; 
p=0.017). RP was performed in 283 (69.4%) Caucasians 
and 74 (61.2%) AAs. Similarly, RT was performed in 125 
(30.6%) Caucasians and 47 (38.8%) AAs (Table 1).

Survival analyses

In the overall population consisting of RP and RT patients, 
KM analyses demonstrated CSM-free survival of 123 months 
for Caucasians vs. 117 months for AAs (p=0.1). Similarly, 
OM-free survival was 82 months for Caucasians vs. 57 
months for AAs (p=0.07) (Fig. 1A). In multivariable analy-
ses, no differences were reported according to race in model 
that focused on CSM (hazard ratio [HR] 0.71; confidence 
interval [CI] 0.49–1.03; p=0.07), as well as in the model that 
focused on OM (HR 0.75; CI 0.54–1.04; p=0.09) (Table 2). 

In patients treated with RP, unadjusted KM analyses dem-
onstrated CSM-free survival of 123 months for Caucasians 
vs. 63 months for AAs (p=0.004), and OM-free survival of 
108 months for Caucasians vs. 46 months for AAs (p=0.002) 
(Fig. 1B). In multivariable Cox regression models, stratifica-
tion according to Caucasian vs. AA race resulted in HR 0.56 
(CI 0.35–0.88; p=0.01). Similarly, in multivariable models 
predicting OM, stratification according to Caucasian vs. AA 
race resulted in HR 0.66 (CI 0.40–0.90; p=0.01) (Table 3).

In RT patients, unadjusted KM analyses showed that 
median CSM-free survival was 82 months for Caucasians 
and was not reached for AAs (p=0.4). Similarly, OM-free 
survival was 64 months for Caucasians vs. 68 months for 
AAs (p=0.4) (Fig. 1C). In multivariable analyses, no dif-
ferences were identified according to race in models that 
focused on CSM (HR 1.25;  CI 0.62–2.50; p=0.5), as well 
as in models that focused on OM (HR 1.21; CI 0.67–2.17; 
p=0.5) (Table 4).

Discussion

In the context of newly diagnosed mPCa, LT has been 
shown to improve overall survival in several retrospective 
epidemiological analyses.1-6,9,10 We hypothesized that AA 
patients may be associated with lower CSM and OM rates 
after LT relative to their Caucasian counterparts in the con-
text of mPCa, based on previous evidence suggesting a more 
aggressive PCa phenotype in AAs.13-18 We also postulated 
that the survival benefit from LT may differ according to LT 
type: RP vs. RT.2,3,6 To address this hypothesis, we examined 
the effect of race on CSM and OM in patients with mPCa 
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treated with LT that consisted of either RP or RT. Our study 
yielded several noteworthy findings. 

First, CSM and OM did not differ between Caucasian 
and AA patients when LT was defined as either RP and RT. 
Absence of differences was recorded in both unadjusted and 
fully adjusted analyses. This finding is consistent with previ-
ous studies that examined the effect of LT in the context of 
mPCa, where LT was defined as either RP and RT.3,6

However, when LT was defined as only RP, OM and CSM 
analyses showed important survival differences according 
to race. Specifically, AA patients exhibited worse survival 
in both CSM and OM analyses. Subsequent analyses that 
exclusively focused on RT patients failed to demonstrate 
racial differences in CSM and OM, in both unadjusted and 
adjusted models. Taken together, these findings illustrate 

two important points. Our data suggest that racial differ-
ences may be associated with survival differences after LT 
in the context of newly diagnosed mPCa. Our retrospective 
observations also suggest that a potential survival benefit 
according to Caucasian race may only apply to LT defined 
as RP, but not to RT.

These findings have important clinical implications. 
Until prospective, randomized trials of LT in mPCa context 
become available with preplanned stratification according 
to race, our retrospective analysis seems to show a different 
association between survival and RP according to race. This 
recommendation needs to be accompanied by a warning 
about potential flaws originating from retrospective analyses. 

Our findings also need to be considered, when the type 
of LT is debated in the context of the mPCa in AA patients. 

Table 1. Clinical and pathological characteristics of 529 patients with metastatic prostate cancer treated with local therapy 
(radical prostatectomy or brachytherapy)

Variable  Overall=529 (100%) AA=121 (22.8 %) Caucasian=408 (77.2%) p 
Local therapy type Brachytherapy 172 (32.5) 47 (38.8) 125 (30.6) 0.1

Radical prostatectomy 357 (67.5) 74 (61.2) 283 (69.4)

PSA Median, IQR 14.3 (6.3–58.7) 18.2 (7–98) 13.4 (6.3–45.2) 0.018

Age at diagnosis Median, IQR 65 (58–72) 65 (57–70) 65 (59–72) 0.3

Gleason score (biopsy) ≤6 133 (25.1) 30 (24.8) 103 (25.2) 0.5

7 249 (47.1) 51 (42.1) 198 (48.5)

8–10 55 (10.4) 15 (12.4) 40 (9.8)

Unknown 92 (17.4) 25 (20.7) 67 (16.4)

Clinical T stage <T2 278 (52.6) 67 (55.4) 211 (51.7) 0.47

T2 165 (31.2) 39 (32.2) 126 (30.9)

T3 45 (8.5) 3 (2.5) 42 (10.3)

T4 41 (7.8) 12 (9.9) 29 (7.1)

Clinical N stage N0 225 (42.5) 68 (56.2) 157 (38.5) 0.002

N1 76 (14.4) 14 (11.6) 62 (15.2)

NX 228 (43.1) 39 (32.2) 189 (46.3)

AJCC M1 stage M1a 55 (10.4) 6 (5) 49 (12) 0.017

M1b 343 (64.8) 76 (62.8) 267 (65.4)

M1c 115 (21.7) 32 (26.4) 83 (20.3)

Unknown 16 (3) 7 (5.8) 9 (2.2)

Marital status Married 358 (67.7) 68 (56.2) 290 (71.1) <0.001

Unmarried 142 (26.8) 50 (41.3) 92 (22.5)

Unknown 29 (5.5) 3 (2.5) 26 (6.4)

Year of diagnosis 2004 39 (7.4) 8 (6.6) 31 (7.6) 0.4

2005 42 (7.9) 7 (5.8) 35 (8.6)

2006 48 (9.1) 15 (12.4) 33 (8.1)

2007 43 (8.1) 12 (9.9) 31 (7.6)

2008 47 (8.9) 7 (5.8) 40 (9.8)

2009 45 (8.5) 13 (10.7) 32 (7.8)

2010 46 (8.7) 11 (9.1) 35 (8.6)

2011 50 (9.5) 12 (9.9) 38 (9.3)

2012 48 (9.1) 15 (12.4) 33 (8.1)

2013 51 (9.6) 9 (7.4) 42 (10.3)

2014 70 (13.2) 12 (9.9) 58 (14.2)
AA: African American; AJCC: American Joint Committee on Cancer; IQR: interquartile range; PSA: prostate-specific antigen.
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According to previously reported data,2-6,9 RT did show a 
survival benefit in retrospective survival analyses focusing 
on newly diagnosed mPCa. In several of these analyses, 
RT appeared to provide a benefit that was of lesser mag-
nitude than that derived from RP.2,3,6 Our findings add to 

the existing evidence and suggest no racial differences in 
survival when RT is contemplated. In consequence, until 
randomized, prospective trials examining the effect of LT 
on survival in mPCa become available, the results of the 
current analysis may help to better address the use of RP or 
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Fig. 1. Kaplan-Meier plots: cancer-specific mortality (CSM)-free survival (left column) and overall mortality (OM)-free survival 
(right column) of 529 Caucasian and African American (AA) patients with newly diagnosed metastatic prostate cancer, stratified 
according to local therapy type. CI: confidence interval.
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RT according to race in highly select mPCa patients who 
are candidates to receive LT. 

Second, regarding the survival benefit observed after RP 
in the context of mPCa, the advantage recorded in Caucasian 
patients requires special consideration. All analyses relied 
on two separate outcomes: CSM and OM. In both analyses, 
virtually the same results were observed. This observation 
indicates that RP in newly diagnosed mPCa has a robust 
beneficial effect in Caucasian patients, when either CSM or 

OM is examined. Similarities in CSM and OM imply that RP 
delivered to newly diagnosed metastatic Caucasian patients 
not only results in more favourable CSM, but also results in 
more favourable OM (HR 0.56, p=0.01 for CSM; HR 0.6, 
p=0.01 for OM).

Third, we confirmed the prognostic significance of sev-
eral established risk variables in newly diagnosed mPCa 
patients. These variables consisted of biopsy GS, clinical T 
stage, and PSA. These observations confirm the validity of 

Table 2. Multivariable Cox regression models* predicting 
CSM and OM in patients with newly diagnosed metastatic 
prostate cancer treated with local therapy

Variables CSM
HR (95% CI)

p OM
HR (95% CI)

p

Race

AA REF REF

Caucasian 0.71 
(0.49–1.03)

p=0.07 0.75 
(0.54–1.04)

p=0.09

PSA

<50 0.39 
(0.22–0.70)

p=0.002 0.38 
(0.23–0.63)

p<0.001

50–98 REF REF

>98 1.10 
(0.61–1.99)

p=0.7 0.93 
(0.55–1.57)

p=0.8

Gleason score 
(biopsy)

≤6 0.62 
(0.26–1.47)

p=0.3 0.60
 (0.30–1.20)

p=0.1

7 REF REF

8–10 2.42 
(1.50–3.89)

p<0.001 1.84 
(1.24–2.74)

p=0.002

Unknown 2.91 
(1.71–4.94)

p<0.001 2.33 
(1.49–3.64)

p<0.001

Clinical T stage

<T2 REF REF

T2 0.89 
(0.61–1.29)

p=0.5 0.93 
(0.67–1.28)

p=0.6

T3 0.76 
(0.39–1.48)

p=0.4 0.88 
(0.49–1.56)

p=0.6

T4 2.46 
(1.52–3.97)

p<0.001 2.19 
(1.42–3.40)

p<0.001

Clinical N stage

N0/NX REF REF

N1 0.62 
(0.37–1.05)

p=0.07 0.70 
(0.44–1.11)

p=0.1

AJCC M stage

M1a REF REF

M1b 1.62 
(0.37–3.24)

p=0.1 1.70 
(0.94–3.07)

p=0.07

M1c 2.09 
(1.01–4.31)

p=0.045 1.85 
(0.99–3.46)

p=0.05

Unknown 1.39 
(0.47–4.08)

p=0.5 1.33 
(0.51–3.47)

p=0.5

*Adjusted for age and marital status. AA: African American; AJCC: American Joint 
Committee on Cancer; CI: confidence interval; CSM: cancer-specific mortality; HR: hazard 
ratio; OM: overall mortality; PSA: prostate-specific antigen; REF: reference.

Table 3. Multivariable Cox regression models* predicting 
CSM and OM in patients with newly diagnosed metastatic 
prostate cancer treated with radical prostatectomy

Variables
CSM

HR  (95% CI)
p OM

HR  (95% CI)
p

Race

AA REF REF

Caucasian 0.56   
(0.35–0.88)

p=0.01 0.60   
(0.40–0.90)

p=0.01

PSA

<50 0.39   
(0.19–0.77)

p=0.007 0.43   
(0.23–0.80)

p=0.007

50–98 REF REF

>98 1.01   
(0.50–2.00)

p=0.9 0.86   
(0.46–1.59)

p=0.6

Gleason score 
(biopsy)

≤6 0.64   
(0.17–2.40)

p=0.5 0.57   
(0.18–1.75)

p=0.3

7 REF REF

8–10 3.27   
(1.71–6.25)

p<0.001 2.58   
(1.50–4.44)

p<0.001

Unknown 4.07   
(1.98–8.39)

p<0.001 3.18   
(1.50–5.88)

p<0.001

Clinical T stage

<T2 REF REF

T2 1.07   
(0.67–1.70)

p=0.7 1.09   
(0.72–1.65)

p=0.056

T3 1.26   
(0.59–2.69)

p=0.5 1.12   
(0.55–2.26)

p<0.001

T4 3.08   
(1.72–5.51)

p<0.001 2.55   
(1.49–4.37)

p<0.001

Clinical N stage

N0/NX REF REF

N1 0.49   
(0.27–0.88)

p=0.02 0.64   
(0.23–1.06)

p=0.08

AJCC M stage

M1a REF REF

M1b 1.14   
(0.50–2.60)

p=0.7 1.25   
(0.61–2.57)

p=0.5

M1c 1.07   
(0.44–2.60)

p=0.9 1.01   
(0.45–2.21)

p=0.9

Unknown 0.91   
(0.27–3.16)

p=0.9 0.99   
(0.32–3.01)

p=0.9

*Adjusted for age and marital status. AA: African American; AJCC: American Joint 
Committee on Cancer; CI: confidence interval; CSM: cancer-specific mortality; HR: hazard 
ratio; OM: overall mortality; PSA: prostate-specific antigen; REF: reference.
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our models with respect to disease aggressiveness according 
to stage and grade.

Our study is not devoid of limitations. First, it is affected 
by its retrospective nature, as applicable to previous analy-
ses.1-6,9,10 Second, we are not able to assess the exact extent 
of the metastatic disease, despite adjustment for AJCC M1 
substages. For example, we had no data regarding specific 
number or location of metastatic foci beyond the informa-

tion conveyed by M1 substages. Third, as in several pre-
vious analyses,2-4,6 we were unable to adjust for baseline 
comorbidities. To address these limitations, we performed 
analyses focusing on OM and not only in CSM. Analyses 
of both endpoints provided virtually the same results. This 
implies a marginal confounding effect of comorbidities, if 
any. Fourth, data regarding additional systemic treatments 
is not available in the SEER registry. Finally, the number of 
AA patients who benefited from LT was limited. This may 
have affected the statistical significance of our comparisons. 
However, the findings regarding racial differences in RP 
patients were both highly clinically meaningful and highly 
statistically significant. This implies that sample size did not 
undermine comparisons of survival according to race in RP 
patients. Regarding comparisons according to race in RT 
patients, the sample size was indeed more limited. However, 
the recorded absolute figures and rates were virtually the 
same between the two races. This suggests that lack of sur-
vival difference in RT patients is unlikely directly related to 
sample size limitations.

Conclusion

Our results indicate that race is not associated with differ-
ence in survival after LT in mPCa patients. When focusing 
on RP treated patients, Caucasian race is associated with 
higher CSM and OM rates relative to AA race; however, 
the effect of RT appears unrelated to race and virtually the 
same absolutes findings were recorded in Caucasian and 
AA patients.
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