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Abstract

Background: Socioeconomic and health care utilization factors are major drivers of
prostate cancer (PC) mortality disparities in the USA; however, tumor molecular
heterogeneity may also contribute to the higher mortality among Black men.
Objective: To compare differences in PC subtype frequency and genomic aggres-
siveness by self-identified race.
Design, setting, and participants: Five molecular subtype classifiers were applied
for 426 Black and 762 White PC patients in the Decipher Genomics Resource
Information Database (GRID).
Outcome measurements and statistical analysis: Differences in subtype frequency
and tumor genomic risk (Decipher score >0.6) by race were evaluated using v2

tests and multivariable-adjusted logistic regression models.
Results and limitations: Subtype frequencies differed by race for four classifiers.
Subtypes characterized by the presence of SPOP mutations, SPINK1 overexpression,
and neuroendocrine differentiation were more common among Black men. ERG and
ETS fusion-positive subtypes were more frequent among White men, with no clear
differences for subtypes reflecting luminal versus basal lineage. The hypothesized
low-risk Kamoun S2 subtype was associated with a lower Decipher score among
White men only (p = 0.01 for heterogeneity), while the aggressive You PCS1
lsevier B.V. on behalf of European Association of Urology. This is an open access article
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subtype was associated with a higher Decipher score among White men only
(p = 0.001 for heterogeneity). The Tomlins ERG+ subtype was associated with a
higher Decipher score relative to all other subtypes among Black men, with no
association among White men (p = 0.007 for heterogeneity).
Conclusions: The frequency of PC molecular subtypes differed by self-identified
race. Additional studies are required to evaluate whether our observations suggest
differences in the tumor genomic risk of progression by self-identified race.
Patient summary: We studied five classifiers that identify subtypes of prostate
tumors and found that subtypes differed in frequency between Black and White
patients. Further research is warranted to evaluate how differences in tumor sub-
types may contribute to disparities in prostate cancer mortality.
� 2022 The Author(s). Published by Elsevier B.V. on behalf of European Association of
Urology. This is an open access article under the CC BY-NC-ND license (http://creative-

commons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Prostate cancer (PC) mortality is more than twofold higher
among Black men than among White men in the USA [1].
Socioeconomic and health care–related factors are major
drivers of PC mortality disparity [2], but genomic and bio-
logical features may also be associated with this disparity
[3]. Prostate tumors are phenotypically and molecularly
heterogeneous [4,5]. The prevalence of prostate tumor
mutations, copy number alterations, gene fusions, and splic-
ing variants differs by self-identified race [6–12]. Although
clinical and pathological attributes convey prognostic infor-
mation, they are insufficient to fully characterize prognosis
and guide treatment. Prognostic stratification of tumors is
needed to optimally intercept progression of aggressive
tumors and minimize overtreatment of indolent tumors.

Numerous classification schema have been developed to
define biologically and clinically relevant prostate tumor
subtypes [4,5,13–18]. The majority of these prostate tumor
subtyping schemes have been developed in predominantly
White populations and have not been well studied in Black
men. Consequently, it remains unclear whether the preva-
lence of these subtypes and their prognostic value differ
by race. Widespread implementation of precision medicine
approaches that fail to consider tumor heterogeneity associ-
ated with race may widen existing PC disparities [19]. We
applied five transcriptomic subtype classifiers to tumors
obtained after radical prostatectomy and assessed their dis-
tributions and associations with the Decipher genomic risk
score by self-identified race.

2. Patients and methods

2.1. Study population

Data used in this study were retrieved from the Decipher Genomics

Resource Information Database (GRID) registry (NCT02609269) of PC

patients who underwent clinical testing or participated in research stud-

ies with the Decipher genomic classifier assay. The registry consists of

patient-level deidentified, anonymized demographic and clinicopatho-

logical data, including self-identified race, and gene expression profiles

from tumor specimens [20]. This study was approved by the Dana-

Farber Cancer Institute institutional review board.

We identified 429 self-identified Black men who underwent radical

prostatectomy at Cleveland Clinic, Durham Veterans Affairs Medical
Center, Johns Hopkins University, Thomas Jefferson University, the

University of Pennsylvania, and the Urology Group in the Decipher GRID

[6,8,21–23]. For comparison, 780 self-identified White men from the

Mayo Clinic were selected from the Decipher GRID. Three Black and 18

White men had incomplete clinicopathological data and were excluded,

leaving a population of 426 Black and 762White men for analysis. Details

of the gene expression profiling methods are provided in the Supplemen-

tary material.

2.2. Identification and classification of subtypes

Five previously reported transcriptomically defined subtyping

approaches developed specifically for PC and for which sufficient

methodological detail was available for implementation were consid-

ered (Table 1). These approaches were selected to reflect a range of sub-

type classifiers proposed for PC, including approaches defined by the

presence of specific genomic alterations [14], tumor histology [15], or

tumor lineage [16], as well as completely agnostic clustering approaches

to define subtypes [17,18]. Methods for subtype classifier implementa-

tion are outlined in the Supplementary material.

2.3. Statistical analyses

Subtype distributions were compared by self-identified race using Pear-

son’s v2 test. Agglomerative hierarchical clustering using Cramer’s V as

the clustering metric was applied to assess the associations between

the subtype classifiers. The Wilcoxon rank-sum test was used to assess

differences in median Decipher score by race for subtypes. Logistic

regression models were also used to estimate the odds ratio (OR) and

95% confidence interval (95% CI) for a high Decipher score (>0.6) across

subtypes. As mortality outcomes were unavailable, we used the Decipher

score, a validated genomic risk score that is predictive of metastasis and

PC-specific mortality, as a marker of tumor genomic risk of progression

[24]. The heterogeneity of these associations by race was evaluated using

a likelihood ratio test of subtype � race product terms. Sensitivity analy-

ses using a propensity score–matched subcohort and normalization of

the Decipher score across study sites are described in the Supplementary

material. All statistical tests were two-sided with p < 0.05 considered sta-

tistically significant. All statistical analyses were performed in R version

3.6.0 (R Foundation for Statistical Computing, Vienna, Austria).

3. Results

The distributions of age and clinical and pathological
characteristics for 426 Black and 762 White PC patients
are shown in Table 2. White patients had a greater mean
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Table 1 – Description of the prostate tumor subtype classifications evaluated

Classifier Subtype characteristics Clinical implications

Zhang subtypes
[16]

Subtypes reflecting luminal or basal lineage Basal gene expression profiles are enriched in advanced-
stage cancers

Luminal
Basal

Tomlins subtypes
[14]

Subtypes defined by presence of ERG fusion, ETS fusion, overexpression of
SPINK1 or absence of other alterations

SPINK1+ associated with higher GS; ERG+ and ETS+ with
higher-stage pT3 tumors

ERG+

ETS+

SPINK1+

Triple negative
You subtypes [18] PCS1 subtype is associated with worse metastatic

outcomes
PCS1 Luminal-like lineage, high GS, SPOP mutations, ETS fusions
PCS2 Luminal-like lineage, low GS, ERG fusions
PCS3 Basal-like lineage, low GS

Kamoun subtypes
[17]

S2 subtype is associated with low risk of biochemical
recurrence

S1 Frequent ERG fusions, p53 and PTEN inactivation
S2 Frequent ERG fusions, low GS score, few genomic alterations
S3 Absence of ERG fusions, mutations in SPOP and FOXA1, losses in CHD1 and

ZNF292
Alshalalfa

subtypes [15]
Gene signature indicating early small-cell or neuroendocrine differentiation Neuroendocrine-like subtype associated with higher

genomic risk
Adenocarcinoma
Neuroendocrine

GS = Gleason score.

Table 2 – Distributions of clinical and pathological characteristics
and Decipher score for 1188 prostate cancer cases by racea

Characteristic Black
(n = 426)

White
(n = 762)

p
value

Mean age at diagnosis, yr
(standard deviation)

61.2 (6.8) 64.6 (7.1) <0.001

Prostate-specific antigen
category, n (%)

<0.001

<4 ng/ml 64 (15.0) 65 (8.5)
4–10 ng/ml 236 (55.4) 342 (44.9)
10–20 ng/ml 88 (20.7) 179 (23.5)
>20 ng/ml 38 (8.9) 176 (23.1)

Gleason score, n (%) <0.001
6 60 (14.1) 78 (10.2)
7 308 (72.3) 380 (49.9)
8 23 (5.4) 106 (13.9)
9–10 35 (8.2) 198 (26.0)

Extraprostatic extension, n (%) <0.001
Yes 139 (32.6) 367 (48.2)
No 287 (67.4) 395 (51.8)

Seminal vesicle invasion, n (%) <0.001
Yes 58 (13.6) 252 (33.1)
No 368 (86.4) 510 (66.9)

Lymph node invasion, n (%) <0.001
Yes 5 (1.2) 106 (13.9)
No 421 (98.8) 656 (86.1)

Decipher score, n (%) 0.002
Low (<0.45) 212 (49.8) 412 (54.1)
Intermediate (0.45–0.6) 105 (24.6) 123 (16.1)
High (>0.6) 109 (25.6) 227 (29.8)

a The p values are from a Wilcoxon rank-sum test (continuous variables) or a
v2 test of proportions (categorical variables). Percentages may not sum to
100% because of rounding.
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age of diagnosis (64.6 yr) relative to Black patients (61.2 yr).
Pretreatment prostate-specific antigen (PSA) levels were
higher among White patients, with 46.6% of White patients
having PSA >10 ng/ml, versus 29.6% of Black patients. Some
39.8% of White patients had Gleason score �8 tumors ver-
sus 13.6% of Black patients. Extraprostatic extension
(48.2% among White vs 32.6% among Black patients),
seminal vesicle invasion (33.1% vs 13.6%), and lymph node
invasion (13.9% vs 1.2%) were more frequent among White
patients.

Five subtype classifiers were applied to the cohort
(Table 1). To examine whether subtype assignment was
correlated across classifiers, pairwise v2 tests were per-
formed to compare subtype distributions across the five
classifiers. Subtype assignments were associated (p < 0.01)
across classifiers in the total population for all pairwise
comparisons except Kamoun/Zhang and Alshalalfa/
Kamoun. To examine which classifiers grouped samples
most similarly, hierarchical clustering was performed using
Cramer’s V. Clustering analyses identified two subtype clus-
ters that grouped samples similarly: (1) You, Zhang, and
Alshalalfa; and (2) Tomlins and Kamoun (Supplementary
Fig. 1). The You, Zhang, and Alshalalfa classifiers all reflect
AR activity and luminal/basal lineage. The Tomlins and
Kamoun subtypes reflect the presence of ERG or ETS fusions.
These two clusters of classifiers were observed for both
Black and White men.

Table 3 shows the distribution of subtypes by race. The
distributions differed by race in crude frequency and after
adjustment for tumor clinicopathological characteristics
for four of the five classifiers. The You PCS1 subtype was
more prevalent among Black men (25.1%) than White men
(18.2%; multivariable-adjusted p [pma] < 0.001), although
the PCS3 subtype was the most common in both groups.
The Kamoun S3 subtype was more frequent among Black
men (73.7%) than White men (33.2%), while White men
had higher frequencies of the S1 (36.7% White vs 13.8%
Black) and S2 subtypes (30.1% White vs 12.4% Black;
pma < 0.001). Using the Tomlins classifier, the ERG+ subtype
was most common amongWhite men (43.8%), while the tri-
ple negative (ERG�/ETS�/SPINK1�) subtype was most com-
mon among Black men (56.1%; pma < 0.001). The SPINK1+

subtype was also more common among Black men (17.6%



Table 3 – Frequency of prostate cancer molecular subtypes by race

Subtype
classification

Subtype frequency, n (%)a p value

Black
(n = 426)

White
(n = 762)

Crudeb Adjustedc

Zhang subtypes 0.48 0.09
Luminal 299 (70.2) 551 (72.3)
Basal 127 (29.8) 211 (27.7)

Tomlins subtypes <0.001 <0.001
ERG+ 82 (19.2) 334 (43.8)
ETS+ 30 (7.0) 175 (23.0)
SPINK1+ 75 (17.6) 30 (3.9)
Triple negative 239 (56.1) 223 (29.3)

You subtypes <0.001 <0.001
PCS1 107 (25.1) 139 (18.2)
PCS2 72 (16.9) 201 (26.4)
PCS3 247 (58.0) 422 (55.4)

Kamoun subtypes <0.001 <0.001
S1 59 (13.8) 280 (36.7)
S2 53 (12.4) 229 (30.1)
S3 314 (73.7) 253 (33.2)

Alshalalfa
subtypes

0.04 0.02

Adenocarcinoma 406 (95.3) 744 (97.6)
Neuroendocrine 20 (4.7) 18 (2.4)

a Percentages may not sum to 100% because of rounding.
b Crude p value from v2 test of proportions.
c Multivariable adjusted p value from likelihood ratio test of a logistic
regression model of subtype on race adjusted for age, Gleason score,
prostate-specific antigen level, lymph node involvement, extraprostatic
extension, and seminal vesicle invasion.
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vs 3.9%). For the Alshalalfa classifier, a small proportion of
tumors were classified as neuroendocrine, with enrichment
of this subtype among Black men (4.7% vs 2.4%; pma = 0.02).
Finally, the prevalence of basal tumors according to the
Zhang classifier did not significantly differ between Black
(29.8%) and White men (27.7%; pma = 0.09).

The distributions of the Decipher genomic risk classifier
by subtype and race are shown in Fig. 1. The median Deci-
pher genomic risk score was modestly higher among Black
than White men (0.45 vs 0.41; p = 0.04, Wilcoxon rank-
sum test). The median Decipher score for the Tomlins
ERG+ subtype was higher among Black men than White
men (p < 0.001), with no differences for the other Tomlins
subtypes. For the You subtypes, the median Decipher score
for PCS1 was higher among White men than Black men
(p < 0.001), while the reverse pattern was observed for the
PCS3 subtype (p < 0.001). The Kamoun S2 subtype had a
lower median Decipher score among White men than
among Black men (p < 0.001). Finally, the Zhang and Alsha-
lalfa subtype classifiers did not show strong evidence of dif-
ferences in the distribution of the Decipher score by race
across subtypes.

After adjustment for tumor clinicopathological charac-
teristics, the Zhang basal, Tomlins ERG+, You PCS1, Kamoun
S1, and Alshalalfa neuroendocrine subtypes were associated
with higher Decipher scores (>0.6; Table 4). Differential
associations between subtypes and the Decipher score were
observed by race for three of the five classifiers. For the You
subtypes, the PCS3 subtype was associated with a lower
Decipher score among White men in comparison to the
PCS1 subtype (OR 0.29, 95% CI 0.18–0.45), but there was
no association among Black men (OR 1.05, 95% CI
0.58–1.92; p for heterogeneity [phet] 0.001). Similarly, the
Kamoun S2 subtype was associated with a lower Decipher
score in comparison to S1 tumors among White men (OR
0.39, 95% CI 0.23–0.62), but not among Black men (OR
0.98, 95% CI 0.39–2.45; phet = 0.01). For the Tomlins sub-
types, among Black men, the ETS+, SPINK1+, and triple neg-
ative subtypes were all significantly associated with lower
Decipher score in comparison to the ERG+ subtype (all ORs
<1). By contrast, none of the Tomlins subtypes were associ-
ated with the Decipher score compared to the ERG+ subtype
amongWhite men (phet = 0.007). The Zhang (phet = 0.20) and
Alshalalfa (phet = 0.96) subtypes were not differentially
associated with the Decipher score by race, with the basal
and neuroendocrine subtypes were associated with a higher
Decipher score among both Black and White men.

Differences in tumor clinical and pathological character-
istics by race (Table 1) raised concerns about residual
confounding. Thus, we assembled a propensity score–
matched subset of our cohort consisting of 356 Black and
356 White men. The matched subcohort showed balance
by race in age and tumor clinicopathological characteristics
(Supplementary Table 1). A high Decipher score was found
in 27.5% and and 18.0% of the Black and White men, respec-
tively. Similar patterns in the subtype distributions by race
were observed in the matched subcohort as in the full
cohort (Supplementary Table 2). The Tomlins SPINK1+ and
triple negative, You PCS1, and Kamoun S3 subtypes were
enriched among Black men, while the Tomlins ERG+, You
PCS2, and Kamoun S1 and S2 subtypes were more frequent
among White men. Finally, the subtype associations with
the Decipher score by race observed in the full cohort were
consistent in the matched subcohort, with suggestively
heterogeneous associations for the Kamoun and You sub-
type classifiers (Supplementary Fig. 2, Supplementary
Table 3). The difference for the Tomlins subtypes observed
in the unmatched full cohort was attenuated and was not
statistically significant in the matched subcohort.

Since the distribution of the Decipher genomic risk clas-
sifiers differed by race and data source, we evaluated
whether batch effects and variability in patient populations
across sites might explain differences in the associations
between subtype and Decipher score by calculating
source-specific Z-score–normalized Decipher scores. In
multivariable-adjusted linear models, similar associations
were observed between the subtypes and the crude and
normalized Decipher scores by race to those that were
observed in the primary analyses (Supplementary Table 4).
These results suggest that the differential associations
between subtypes and the Decipher genomic risk score by
race were probably not caused by bias introduced by batch
effects across data sources.

4. Discussion

We investigated variation in the distribution and prognostic
value of molecularly defined PC transcriptomic subtype
classifiers by race in the Decipher GRID. Five subtyping
schemas were identified and implemented, representing a
spectrum of the subtyping approaches that have been pro-
posed in PC. Four of the five classifiers yielded significant
differences in subtype distributions by race. Moreover, in
three of the five classifiers the association between sub-
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Fig. 1 – Distribution of scores for the Decipher genomic risk classifier for Black and White patients with prostate cancer in the total population and by
subtypes. The p values are from Wilcoxon rank-sum tests.
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Table 4 – Odds of a high Decipher score (>0.6) by tumor molecular subtype in the total population and stratified by patient self-identified race

Subtype classification Odds ratio (95% confidence interval)a phet

Total population Black White

Zhang subtypes 0.20
Luminal Reference Reference Reference
Basal 1.44 (1.07–1.94) 1.86 (1.14–3.03) 1.24 (0.85–1.81)

Tomlins subtypes 0.007
ERG+ Reference Reference Reference
ETS+ 0.61 (0.40–0.92) 0.13 (0.03–0.64) 0.82 (0.52–1.28)
SPINK1+ 0.52 (0.29–0.90) 0.28 (0.12–0.69) 0.70 (0.26–1.70)
Triple negative 0.63 (0.45–0.88) 0.32 (0.16–0.62) 0.86 (0.57–1.30)

You subtypes 0.001
PCS1 Reference Reference Reference
PCS2 0.40 (0.26–0.60) 0.69 (0.29–1.65) 0.27 (0.16–0.45)
PCS3 0.49 (0.35–0.69) 1.05 (0.58–1.92) 0.29 (0.18–0.45)

Kamoun subtypes 0.01
S1 Reference Reference Reference
S2 0.50 (0.33–0.75) 0.98 (0.39–2.45) 0.39 (0.23–0.62)
S3 0.56 (0.40–0.78) 0.46 (0.23–0.92) 0.66 (0.44–0.98)

Alshalalfa subtypes 0.96
Adenocarcinoma Reference Reference Reference
Neuroendocrine 2.42 (1.15–5.02) 2.38 (0.86–6.59) 2.46 (0.83–6.98)

phet = p value for heterogeneity from a likelihood ratio test of race � subtype product terms.
a Odds ratios and 95% confidence intervals were estimated from logistic regression models including race, subtype, age, Gleason group, prostate-specific
antigen level, extraprostatic extension, seminal vesicle invasion, and lymph node invasion.
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types and a genomic risk score differed by race, suggesting
that some subtypes may have differential prognostic value
across racial groups independent of tumor clinicopatholog-
ical characteristics.

PCs are clinically and molecularly heterogeneous, but
unlike for other cancer sites, consensus subtypes have yet
to emerge. Identification of relevant subtypes can poten-
tially enhance prognostic stratification, guide clinical
decision-making, and yield insights into disease etiology.
Numerous PC subtyping schema have been proposed,
including subtypes defined according to specific genomic
alterations, tumor histology, and tumor lineages, as well
as purely agnostic clustering [4,5,13–18]. However, PC sub-
typing approaches, including those assessed in the present
study, have generally not considered tumor molecular
heterogeneity by race or ethnicity in identifying subtypes.
The Kamoun S1 and S2 subtypes and You PCS2 subtype
were identified through agnostic clustering analyses and
found to have frequent ERG fusions [17,18]. These subtypes
were less prevalent among tumors from Black men. More-
over, the prognostic value of the ERG fusion–enriched
Kamoun S2 subtype differed by race, with this subtype
associated with lower Decipher score among White men
but not among Black men. These findings align with those
for the Tomlins classifier, which uses gene expression data
to infer the presence or absence of three mutually exclusive
genomic alterations: ERG fusions, ETS fusions, and SPINK1
overexpression [14]. Although the Tomlins ERG+ subtype
was less common among Black men, it was associated with
the highest genomic risk across subtypes for Black men. Our
findings also confirmed prior reports that the SPINK1+ and
triple negative subtypes are more common among Black
men [11]. Interestingly, luminal and basal subtypes identi-
fied via the You and Zhang classifiers were associated with
similar Decipher scores among Black men [16,18]. This find-
ing among Black men contrasts with the initial publications
of both classifiers, which were largely based on White men.
You et al [18] reported that the PCS1 luminal subtype rep-
resents an aggressive tumor phenotype, while Zhang et al
[16] reported that the basal subtype was enriched in
advanced disease. Similarly, the AR activity–related classi-
fiers (Alshalalfa, You, and Zhang) did not show strong differ-
ences in subtype distribution or prognostic value among
Black men relative to White men [15,16,18]. Thus, our
results validate the original prognostication of these sub-
types for White men, but suggests that different associa-
tions may be seen in Black men.

The disparity in PC mortality by race or ethnicity is
among the largest across cancer sites and has been persis-
tent over time, reflecting both higher incidence and worse
survival among Black men [25]. The survival disparity is lar-
gely driven by socioeconomic and contextual factors that
influence health care utilization [2,3]. Population studies
in equal access settings such as the Veterans Affairs medical
system and randomized clinical trials have shown no differ-
ences in PC survival by race or ethnicity [26,27]. However,
differences in tumor genomic heterogeneity by race may
also contribute to the mortality disparity [2,3]. Somatic
mutation profiles differ between Black andWhite men, with
mutations at ERF, FOXA1, SPOP, and ZFXH3 enriched in pri-
mary tumors in Black men, while mutations at TP53 are
enriched in tumors in White men [28–31]. ERG rearrange-
ments and deletions at PTEN are more frequent in primary
tumors in White men, whereas amplifications at MYC are
more common in metastatic tumors in Black men
[9,28,31,32]. In addition, gene expression analyses have
consistently revealed dysregulation of immune response
pathways in tumors in Black men [7,28,33–35]. Creed
et al. [36] reported that nearly half of the genes included
in commercial gene expression prognostic signatures such
as Oncotype Dx Prostate, Prolaris, and Decipher are differ-
entially expressed between Black and White men, although
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there were negligible prognostic differences between Black
and White men for the Prolaris and Decipher scores [23,36].

Our study has some limitations. The study used the con-
struct of self-identified race andwe are unable to distinguish
between variation in tumor phenotype that arises as a result
of differences in social and environmental context and life-
style factors, and variation associated with genetic ancestry.
In addition, while we implemented five subtyping classifiers
that were representative of the spectrum of subtyping
approaches in PC, our work is not a comprehensive analysis
of all subtyping approaches that been proposed for PC. The
subtypes included in our analyses were developed specifi-
cally for prostate tumors and thuswe did not evaluate classi-
fiers developed for other cancer sites such as PAM50, which
has been demonstrated to have prognostic relevance when
applied to PCs [13]. An additional limitation of this work is
that clinical endpoint data were unavailable for a majority
of the study population and therefore the Decipher genomic
risk scorewas used as ameasure of the tumor risk of progres-
sion. Although theDecipher test is a validatedpredictor of the
risk of high-grade disease, risk of metastasis, and PC-specific
mortality, it is an imperfect surrogate [37–39]. Thus, though
we report that certain subtypes had higher (or lower) Deci-
pher scores among Black men, we cannot infer that this
definitively implies differential prognosis. Importantly,
Howard et al. [23] reported no difference in the prognostic
value of the Decipher score among Black men. The Decipher
GRID is generated through clinical and research use of the
Decipher score and thus, owing to referral patterns, the reg-
istry population may not be wholly generalizable to the
broader US population. Because the data studied here were
pooled from multiple contributing institutions and differ-
ences in the clinical and pathological tumor characteristics
by race existed, confounding is a concern. Attempts to
account for confounding using traditional regression meth-
ods and the formation of a matched cohort yielded highly
similar results. Nevertheless, residual confounding by social
and contextual factors could still have influenced the results
observed. Finally, the pooling of data from multiple sources
raises concerns about batch effects. However, subtype classi-
fiers were applied before pooling data, and the associations
observed with the Decipher genomic risk score were robust
in a sensitivity analysis that normalized the distribution of
the score across sources.

5. Conclusions

We report that several previously proposed molecular sub-
typing classifiers for PC showed different subtype distribu-
tions and associations with a genomic risk score by race.
Themolecular heterogeneity observed in existing tumor sub-
types suggests that differences in subtype frequency may
influence racial disparities in PC. Additional research is
needed to validate these findings and investigate possible
differences in subtype prognosis by race. As molecular sub-
typing approaches inPChave largely beendeveloped in Euro-
centric populations, greater inclusivity of under-represented
populations in PC genomics research may yield important
insights into biologically or clinically relevant PC molecular
subtypes for translation to diverse patient populations.
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