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1 | INTRODUCTION
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Abstract

Background: There is substantial variability in prostate cancer (PCa) mortal-
ity rates across Caucasian American (CA), African American (AA), Asian, and
Hispanic men; however, these estimates are unable to disentangle race or ethnic-
ity from confounding factors. The current study explores survival differences in
long-term PCa outcomes between self-reported AA and CA men, and examines
clinicopathologic features across self-reported CA, AA, Asian, and Hispanic men.
Methods: This retrospective cohort study utilized the Center for Prostate Disease
Research (CPDR) Multi-center National Database from 1990 to 2017. Subjects
were consented at military treatment facilities nationwide. AA, CA, Asian, or
Hispanic men who underwent radical prostatectomy (RP) for localized PCa
within the first year of diagnosis were included in the analyses. Time from RP
to biochemical recurrence (BCR), BCR to metastasis, and metastasis to overall
death were evaluated using Kaplan-Meier unadjusted estimation curves and ad-
justed Cox proportional hazards regression.

Results: This study included 7067 men, of whom 5155 (73%) were CA, 1468
(21%) were AA, 237 (3%) were Asian, and 207 (3%) were Hispanic. AA men had
a significantly decreased time from RP to BCR compared to CA men (HR = 1.25,
95% CI = 1.06-1.48, p = 0.01); however, no difference was observed between AA
and CA men for a time from BCR to metastasis (HR = 0.73, 95% CI = 0.39-1.33,
p = 0.302) and time from metastasis to overall death (HR = 0.67, 95% CI = 0.36-
1.26, p = 0.213).

Conclusions: In an equal access health care setting, AA men had a shorter sur-
vival time from RP to BCR, but comparable survival time from BCR to metastasis
and metastasis to overall death.
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decrease in time from radical prostatectomy (RP) to bio-

Prostate cancer (PCa) is the most commonly diagnosed
non-skin malignancy and the fifth leading cause of can-
cer death in men worldwide, with an estimated incidence
of 1.3 million new cases and 359,000 deaths in 2018.' In
the United States, population-based estimates show that
African-American (AA) men are more likely to be diag-
nosed with PCa, present with distant metastasis, and 2.5
times more likely to die from PCa compared to Caucasian
American (CA) men, while Hispanic and Asian men are
more likely to be diagnosed with higher stage disease but
appear to have comparable oncologic outcomes compared
to CA men.” These racial disparities, especially in AA
men, are a major health concern and a focus of continual
research.’

Previous studies that adjusted for relevant confounding
variables found a moderate significant or non-significant

chemical recurrence (BCR), when comparing AA men
to CA men.*?* Fewer studies have examined the associ-
ation between race and metastasis-free survival, prostate
cancer-specific mortality, and overall death. These studies
report conflicting results: Some suggest that AA men have
a moderate decrease in survival time,?*>° whiles others
found no difference in survival between AA and CA men.
Emerging data from equal access systems and/or adjust-
ing for socioeconomic variables suggest that AA men have
non-inferior oncologic outcomes.”® However, due to
the nature of observational study designs, it is difficult to
distinguish race from confounding variables such as dif-
ferences in access to and receipt of healthcare, socioeco-
nomic status, age at diagnosis, and related comorbidities.*’

In order to further address the relationship between
race and long-term PCa outcomes, a racially diverse,
surgically treated cohort of men, enrolled over a 28-year
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period in an equal access military health care system was
examined. The primary aim of this study was to examine
the relationship between CA and AA race and survival
time from radical prostatectomy (RP) to BCR, BCR to me-
tastasis, and metastasis to overall survival, controlled for a
wide array of clinicopathologic relevant variables. A sec-
ondary study aim was to compare clinicopathologic vari-
ables across CA, AA, Hispanic, and Asian men.

2 | METHODS

2.1 | Study design and participants

A retrospective cohort study was conducted on patients
enrolled in the Center for Prostate Disease Research
(CPDR) Multi-Center National Database in men with
biopsy-confirmed PCa who underwent RP treatment
within 12months of diagnosis between January 1, 1990
and December 31, 2017. Enrollees in the CPDR database
are military health care beneficiaries who are eligible for
TRICARE-for-life health care coverage. Demographic,
clinical, treatment, and outcomes data were collected as
part of routine patient follow-up on all CPDR enrollees.
Informed consent was obtained at the time of transrectal
ultrasound-guided biopsy (TRUS) for suspicion of PCa, as
described previously.®® Men without self-reported race,
with distant metastasis within a year, local and/or distant
metastasis at biopsy, distant metastasis at pathology, or
men who underwent neoadjuvant therapy were excluded
from the study (Table S1). Institutional Review Board
(IRB) approval for data collection and evaluation activi-
ties were granted at each participating medical center and
the Uniformed Services University of the Health Sciences
(USUHS).

2.2 | Demographic, clinical, and
pathologic variables

Patient characteristics of interest in this study included:
Age at diagnosis (years), time from RP to last follow up
(years), time from diagnosis to RP (months), self-reported
race or ethnicity (CA, AA, Asian, Hispanic), obesity
(BMI <30, BMI>30), number of medical comorbidities
(chronic obstructive pulmonary disease, cardiovascular
disease, cerebral vascular accident, and/or cancer), PSA
(ng/ml) at time of diagnosis, pathologic stage (T2a, T3-
T4), 2014 ISUP Gleason score (<6, 3+4, 4+ 3, =8-10),
surgical margin status (positive, negative), primary treat-
ment year (1990-1994, 1995-1999, 2000-2004, 2005-2009,
2010-2014, 2015-2019), post-BCR PSA doubling time
(PSADT) (<3 months, 3-8.9 months, 9.0-14.9 months,

>15months), any secondary treatment, BCR, metastasis,
metastasis after BCR, death from any cause, and death
from any cause after metastasis.

2.3 | Study endpoints: Biochemical
distant metastasis, and overall death

BCR was defined as a PSA value >0.2 ng/ml observed at
>8weeks post-operatively, followed by a subsequent con-
firmatory PSA level >0.2 ng/ml or the initiation of salvage
therapy.® Distant metastasis was present if the patient
had a positive imaging study in the setting of a rising PSA
or a confirmed biopsy result of a distant lesion. A positive
imaging study included retroperitoneal lymphadenopathy
on magnetic resonance imaging or computerized tomog-
raphy, or a bone lesion on technetium-99 m-HDP bone
scan or CT scan.

BCR, distant metastasis, and overall death were mod-
eled as time-dependent study endpoints with three possi-
ble results: Achieved endpoint, censored, or achieved end
of study with no event. Men with <6 months of follow-up
time were excluded from each model. As an endpoint, dis-
tant metastasis must have occurred more than 1year after
PCa diagnosis. For the BCR endpoint, men were censored
at treatment date between RP and BCR, date of last known
medical visit, or date of death. For the distant metastasis
and death endpoint, men were censored at the date of last
known medical visit or date of death. Exclusions were
also made for men who underwent adjuvant treatments
between RP and BCR, between BCR and metastasis, or
between metastasis and death, due to the variability and
strong correlation of receipt of treatment with PSADT.

2.4 | Statistical analysis

All statistical analyses were performed using SAS version
9.4 (SAS Institute, Cary, NC). Frequencies and distribu-
tions of patient features were calculated for the study co-
hort, and stratified by race/ethnicity (CA, AA, Asian, and
Hispanic). The chi-square test and Mann-Whitney U test
was used to compare categorical and continuous vari-
ables, respectively.

A Kaplan Meier curve analysis was used to produce 5-,
10-, and 15-year probability estimates for survival from RP
to BCR, BCR to metastasis, and metastasis to overall death
as a function of race and race by obesity, restricted to AA
and CA men. Cox proportional hazards (PH) analysis was
used to model RP to BCR, BCR to distant metastasis, and
distant metastasis to overall death as a time-dependent
outcome, as a function of race (CA versus AA). The Cox
PH model from RP to BCR was controlled for age at RP,
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time from diagnosis to RP, primary treatment year, diag-
nostic PSA, obesity, pathologic stage, Gleason score, surgi-
cal margin status, and the number of major comorbidities.
The BCR to metastasis Cox PH model was controlled for
age at BCR, time from RP to BCR, obesity, pathologic
stage, Gleason score, surgical margin status, and PSADT.
The metastasis to overall death model was adjusted for age
at metastasis, time from RP to metastasis, obesity, and the
number of major comorbidities. Hazards ratios (HR) and
95% confidence intervals (CI) were reported for Cox PH
models. P-values were computed using two-sided statisti-
cal tests (@ = 0.05). PH assumptions were checked using
the ASSESS PH statement in SAS, and each variable met
the PH assumption.*’

3 | RESULTS

A total of 7067 men were eligible for the study, of whom
5155(73%),1468 (21%), 237 (3%), and 207 (3%) self-reported
as CA, AA, Asian, and Hispanic, respectively (Figure S1
and Table S1). Median patient age at diagnosis and me-
dian follow-up time following RP were 61.6 and 6.7 years,
respectively. Among variables that were significantly dif-
ferent across races, CA men were more likely to be older at
diagnosis (62.4years, p<0.001), have a longer time from
RP to last follow-up (7.0years, p<0.001), have PCa treat-
ment in earlier years (p <0.001), and have a longer post-
BCR PSADT (p = 0.11). AA men were less likely to have
major comorbidity (87.5%, p <0.001). Hispanic men were
more likely to have a lower diagnostic PSA level (5.1 ng/
ml, p<0.001). Asian men were less likely to be obese
(89.3%, p<0.001), and more likely to have a shorter time
from diagnosis to RP (2.0 months, p <0.001), be diagnosed
with the lowest pathologic prostate tumor stage and grade
(78.4%, T2, p = 0.009 and 55.7% <6, p = 0.046, respec-
tively) and to receive another treatment after RP (86.5%,
p =0.017) (Table 1). Men with a shorter PSADT also had a
shorter time from RP to BCR (p <0.001, Table 2).

There were 1134 (20%) men who had BCR in the over-
all cohort: 821 (20%) CA men and 256 (23%) AA men
(Table 1). The Kaplan-Meier analysis demonstrated that
AA men had a significantly shorter BCR-free survival time
compared to CA men (log-rank p = 0.005) (Figure 1A).
Additionally, compared to non-obese CA men, obese
CA men, non-obese AA men, and obese AA men all had
similar and shorter BCR-free survival times (log-rank
p = 0.0002). (Figure 1D).

Of the 1134 men who had BCR, there were 89 (8%)
men who had distant PCa metastasis following BCR in the
overall cohort: 71 (80%) CA men and 16 (18%) AA men.
The Kaplan-Meier analysis demonstrated that there was
no difference in survival from BCR to metastasis among
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CA men compared to AA men (log-rank p = 0.154)
(Figure 1A). There was also no difference in survival from
BCR to metastasis when evaluated by race and obesity
(log-rank p = 0.535) (Figure 1E).

Of the 198 men who had metastatic PCa, there were
98 (49%) men who died following their metastatic PCa
in the overall cohort: 82 (84%) CA men and 14 (14%) AA
men (Table 1). Kaplan—Meier analysis demonstrated that
AA men had a significantly longer survival time between
metastasis and overall death compared to CA men (log-
rank p = 0.035) (Figure 1A). When evaluated by race and
obesity, there was no difference in survival time from me-
tastasis to overall death (log-rank p = 0.421) (Figure 1E).

Survival time from RP to BCR was shorter for AA men
compared to CA men (HR = 1.25, 95% CI = 1.06-1.48,
Table 3) However, there was no difference in survival
time between AA and CA men from BCR to metastasis
(HR = 0.73, 95% CI = 0.39-1.33) and from metastasis to
overall death (HR = 0.67, 95% CI = 0.36-1.26).

4 | DISCUSSION
The relationship between race and survival time from
RP to BCR, BCR to metastasis, and metastasis to overall
survival (OS), controlled for a wide array of demographic,
clinical, and pathological relevant variables was exam-
ined as the primary study aim. Comparison of clinico-
pathologic variables across CA, AA Hispanic, and Asian
race or ethnicity was assessed as a secondary study aim.
Both analyses were conducted in a large retrospective co-
hort of racially diverse PCa patients treated with RP and
enrolled in an equal access military health care system
over a 28-year period. This setting reduces the disparity in
health care access, treatment, and education, which may
influence PCa progression and provides a deeper analysis
adjusted for potential confounders. This study supports
that there is a positive association between AA race and
BCR-free survival when compared to CA race, but no dif-
ference between CA and AA race and survival time be-
tween BCR and metastasis, and metastasis and overall
death. Furthermore, this analysis revealed that Asian and
Hispanic American men have similar or better clinical
and pathologic PCa features when compared to CA men.
To our knowledge, this is the first study to look at long-
term PCa outcomes on a continuum: From RP to BCR,
BCR to metastasis, and metastasis to overall survival, one
of the largest RP cohorts comparing long-term PCa out-
comes for CA and AA men, and one of the largest known
post-RP cohorts of Asian and Hispanic American men.*
Similar to other studies that have examined race and
BCR-free survival, our analysis also revealed a moder-
ate significant decrease in BCR-free survival time when
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TABLE 2 Median time between RP and BCR, BCR and metastasis, and metastasis and death in men without treatment to prevent

endpoint, overall and by PSA doubling time (N = 7067)

PSA doubling time
Characteristic All Subjects® <10 months >10 months p-value
Time from RP to BCR (years), median (range) 2.1(0.5,17.6) 1.7 (0.5,12) 2.3(0.5,17.6) <0.001
(N =956)
Time from BCR to metastasis (years), median 6.7 (0.5, 23.6) 7.5(0.5,22.3) 6.5 (0.5, 23.6) 0.61
(range) (N = 789)°
Time from to metastasis to death (years), median 4.4 (0.6, 23.9) 5.6 (0.6,23.9) 3.9(0.6,13.7) 0.23
(range) (N = 51)°
N = 185 for PSA doubling time <10 months and N = 772 for PSA doubling time >10 months.
°N = 164 for PSA doubling time < 10 months and N = 789 for PSA doubling time > 10 months.
°N = 21 for PSA doubling time < 10 months and N = 30 for PSA doubling time >10 months.
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FIGURE 1 Race-and obesity-stratified Kaplan-Meier estimation curves for 5-, 10-, and 15-year probability estimates of each

study outcome. These time to event models were estimated for the following: (A) Radical prostatectomy to biochemical recurrence,

(B) Biochemical recurrence to metastasis, (C) Metastasis to all-cause death, (D) Radical prostatectomy to biochemical recurrence, (E)

Biochemical recurrence to metastasis, and (F) Metastasis to overall death, with stratification by race, alone, and race-by-obesity subgroups

(n = 6623*). Abbreviations: AA, African American; CA, Caucasian American; BCR, biochemical recurrence. *Race comparisons were

limited to AA versus CA due to sample size constraints for other racial/ethnic groups.

comparing AA men to CA men, adjusted for confound-
ing variables. When BCR occurs, the treatment team often
recommends either androgen-deprivation (HT) and/or
salvage external beam radiation treatment (EBRT) usually
happens. In our cohort, there was no significant difference
between race and receipt of treatment after BCR (55%

AA men vs. 50% CA men, p = 0.18). However, despite a
shorter BCR-free survival time for AA men with a near
equal proportion of men receiving treatment after BCR,
there was no difference in survival time between BCR and
metastasis and metastasis and overall death when com-
paring AA men to CA men. These data are confirmed by
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TABLE 3 Multivariable Cox proportional hazards models predicting time to event outcomes

Radical prostatectomy to Biochemical recurrence to  Prostate cancer
biochemical recurrence prostate cancer metastasis metastasis to overall
(N = 3950)*" (N = 724)* death (N = 154)*
Variable HR (95% CI) P HR (95% CI) P HR (95% CI) p
Age at radical prostatectomy (years) 1.01 (0.998, 1.02) 0.101
Age at Biochemical recurrence (years) 0.99 (0.95, 1.03) 0.513
Age at metastasis (years) 1.01 (0.93, 1.09) 0.854
Time from diagnosis to radical 1.22(0.59, 2.51) 0.592
prostatectomy (years)
Time from radical prostatectomy to 0.95(0.83,1.09) 0.444
biochemical recurrence (years)
Time from radical prostatectomy to 1.12(0.98, 1.29) 0.101
metastasis (years)
Primary treatment year (1990-2017) 1.01 (0.997, 1.03) 0.114
Prostate-specific antigen level at 1.01 (1.00, 1.02) 0.040
diagnosis (ng/ml)
Race
AAvs. CA 1.05 (0.88, 1.25) 0.595 0.75(0.41, 1.38) 0.363 0.68 (0.24,1.95) 0.476
Obesity
Yes vs. No 1.15(0.97, 1.37) 0.118 0.84 (0.46,1.51) 0.550 0.53(0.19, 1.50) 0.233
Pathologic Gleason score
3+4vs.3+43 0.94(0.78, 1.12) 0.476 1.44 (0.77, 2.67) 0.249
44+3vs.34+3 1.14 (0.87, 1.49) 0.342 0.83(0.33, 2.08) 0.688
8~10vs.3+3 1.25(0.98, 1.43) 0.079 2.29(1.18,4.42) 0.014
Margin status
Yes vs. No 1.19 (0.98, 1.43) 0.078 0.87(0.48,1.58) 0.652
Pathologic T-stage
T3-T4 vs. T2 0.95(0.79, 1.16) 0.631 1.39 (0.74, 2.61) 0.306
Number of comorbidities
1vs.0 1.15 (0.95, 1.40) 0.151 1.07 (0.45, 2.52) 0.880
>=2vs.0 0.98 (0.68, 1.42) 0.923 6.52 (1.04, 41.08) 0.046
Prostate-specific antigen doubling time
> =10vs. <10 0.73 (0.60, 0.89) 0.002 0.35(0.21, 0.60) <0.001 1.07 (0.46, 2.46) 0.876

Note: Abbreviations: 95% CI, 95% Confidence Interval; HR, Hazard Ratio.

*Men with <6 months of follow-up time after radical prostatectomy were removed from the analysis.

®Men who received treatment after radical prostatectomy were censored at treatment.

a recent analysis on patients who received HT after BCR
in an equal access system, showing that race was not a
predictor of DM or other adverse outcomes. Additionally,
a recent analysis with the entire Department of Defense
database revealed no difference in overall survival be-
tween AA and CA men diagnosed with PCa.** Together,
these findings suggest that AA men may have the less ag-
gressive disease after BCR and/or that AA men may re-
spond better to treatment after BCR conferring improved
metastasis-free survival, prostate cancer-specific survival,
and overall survival for AA men. To this extent, there are
a few studies showing that prostate tumors in AA men are

more hormonally driven and thus more castrate-sensitive,
possibly leading to better responses to treatment.***
Freedland and colleagues'® were the only other group
able to examine AA and CA various long-term PCa out-
comes within one cohort, from the Shared Equal Access
Regional Cancer Hospital (SEARCH) database. They
found a significant decrease in BCR-free survival for AA
men as compared to CA men on univariable analysis, but
not after adjustment for multiple covariates; no difference
in aggressive PSA recurrence, metastasis-free survival,
prostate cancer-specific survival, or overall death for AA
men compared to CA men were observed. While their
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results were comparable to this study's analyses, our data
excluded patients who had neoadjuvant therapy, censored
all patients who had treatment after RP in the BCR-free
survival models, controlled for comorbidity illness infor-
mation, and confirmed that treatment after BCR and after
metastasis was equal between AA and CA men, ensuring
high accuracy of our data, notably in the context of an
equal access healthcare setting.

Lee and colleagues'® evaluated the interaction between
obesity and race on BCR-free survival and found that BCR-
free survival decreased along the following continuum:
Non-obese CA, obese CA, non-obese AA, and obese AA;
however, this association was not significant following
adjusted for pathological tumor stage and grade, and age.
Obese CA men, non-obese AA men, and obese-AA men all
had a similar decreased BCR-free survival time compared to
non-obese CA men. These findings suggest that while obe-
sity is associated with BCR-free survival in CA men, it may
not be for AA men. This relationship merits further inves-
tigation to establish the biological basis of the relationship
between obesity, race, and prostate cancer outcomes.

Population studies have found different PCa out-
comes among subgroups of both Asian men and Hispanic
men.”™ Previous reports among Asian men have re-
ported higher stages of disease post-RP and increased
likelihood of presentation with advanced stage disease
but generally have equal outcomes. Among Hispanic men,
it appears that there is no difference in prostate cancer-
specific mortality when comparing to other races, though
outcomes may be slightly different when accounting for
specific country of origin. Similar clinicopathologic fea-
tures were found among post surgically treated Asian and
Hispanic men when compared to CA men; however, fur-
ther research needs to be done to examine clinicopatho-
logic features among sub-groups of Asian and Hispanic
PCa patients and to determine long-term PCa outcomes in
Asian and Hispanic men.

There are important limitations to consider in inter-
preting these findings. First, this study focused only on
men who were eligible for RP opted to treat their disease
surgically. Therefore, these men are likely younger and
healthier than older men or men with multiple comor-
bidities. While this fact does provide a more homogenous
cohort, results may not be applicable to men who choose
other treatment modalities, such as definitive radiation.
Another study limitation was that lymph node status was
not systematically reported for the vast majority of sub-
jects over the 27year study period and, therefore, could
not be examined in multivariable models. Additionally,
prostate cancer-specific mortality was not collected; how-
ever, survival time from PCa metastasis to overall death
was modeled, which can serve as a surrogate for prostate
cancer-specific mortality. Furthermore, focusing on OS

as the outcome may avoid potential biases and inaccura-
cies inherent in identifying cause-specific mortality using
death certificates.*?

It is a key strength of the cohort examined in this lon-
gitudinal study that all men were enrolled within the
military health care system and shared common health
care access and insurance providers. All study subjects
were military health care beneficiaries with access to
TRICARE-for-life health care coverage. While we were
unable to account for individual-level education and
income levels, this military cohort is fairly homoge-
neous with respect to SES factors. Also, detailed clinical
information was available on study subjects which is a
unique attribute to the database from which this study
cohort was drawn.

Despite a younger age at diagnosis, increased obesity,
higher initial PSA levels, and shorter BCR-free survival,
AA men who underwent RP as primary treatment for PCa
had non-significantly increased survival times between
BCR and metastasis and metastasis and OS, compared to
CA men in an equal access healthcare system with mini-
mal barriers to healthcare education and access. In con-
cert with the recent results from the numerous studies
that have reported only moderate or minimal differences
between AA and CA men for long-term PCa outcomes
and highlight the need to decrease racial disparities in ac-
cess to care.
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PRECIS

Among men undergoing radical prostatectomy in an
equal access health care setting, we identified and de-
scribed a cohort of African American, Caucasian, Asian,
and Hispanic men. While African American men had an
increased risk of biochemical recurrence compared to
Caucasian American men after controlling for prostate
cancer prognostic factors, African American men experi-
enced a similar risk of metastasis and overall death com-
pared to Caucasian American men.
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