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LETTER TO TH E EDITOR

Transcriptomic analyses of localized prostate cancers of
East Asian and North American men reveal race-specific
luminal-basal and microenvironmental differences

Dear editor,
Prostate cancer (PCa) remains a major healthcare burden
in men globally [1]. Most patients present with localized
disease, and treatment is recommended based on risk clas-
sification systems like theNationalComprehensiveCancer
Network (NCCN) [2]. However, these methods are impre-
cise for estimating metastasis-free survival and prostate
cancer-specific mortality and thus biomarkers that can
predict tumor aggression are needed [3–5]. Several stud-
ies have since characterized the molecular landscape of
localized PCa in White [4, 5] and Black/African-American
men [6], but data is lacking in Asian men. The Chinese
Prostate Cancer Genome and Epigenome Atlas (CPGEA)
reported on the genomic and epigenomic landscape of
208 PCa of men from China [7]. Comparative analyses
between the CPGEA cohort and data from The Can-
cer Genome Atlas (TCGA) revealed higher frequencies of
Forkhead box A1 (FOXA1) and chromodomain-helicase
DNA-binding 1 (CHD1) mutations, and lower frequencies
of phosphatase and tensin homolog (PTEN) mutations
and transmembrane protease serine 2-E26 transformation-
specific related gene (TMPRSS2-ERG) fusion in Chinese
compared with White men [7]. These preliminary find-
ings highlight the presence of race-specific differences in
molecular phenotypes of PCa.
Here, we conducted a study to compare the gene

expression profiles across 75 signatures between an East
Asian PCa cohort of 181 patients against a propensity
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score-matched (PSM) cohort of 905 North American PCa
patients, who were identified from a 100,529 North Amer-
ican PCa Genomics Resource for Intelligent Discovery
database (GRID, https://decipherbio.com/grid; Clinical-
Trials.gov,NCT02609269). PSMwas performed at a 1:5 ratio
between East Asian and North American patients using 4
factors: NCCN risk-group, clinical-stage, prostate-specific
antigen (PSA), and microarray quality control scores (see
SupplementaryMaterials andMethods). Tumorswere pro-
filed using the Decipher Genomic Classifier between 2013
and 2022 (Veracyte, San Francisco, CA, USA) [8]. Treat-
ment details of the East Asian cohort are provided in
Supplementary Materials and Methods and Supplemen-
tary Table S1. Ethics approval was obtained from the
SingHealth institutional review board (IRB protocol no.
2019/2177), and written informed consent was obtained
from all patients.
Proportional differences of selected gene expression sig-

natures between the East Asian and PSM-North American
cohorts are summarized in Figure 1A and Supplementary
Table S2. We observed fewer PCa with ERG-positivity
(16.0% vs. 30.4%, P < 0.001), average androgen receptor
(AR) activity scores (61.9% vs. 76.9%, P < 0.001), and PTEN
loss (7.7% vs. 20.2%, P < 0.001) in East Asian than in North
American patients. The Prediction Analysis of Microarray
50 (PAM50) classifier, which was first developed in breast
cancer, bins PCa into luminal A or B, and basal subtypes,
which may be predictive of sensitivity to androgen depri-
vation therapy [9]. We did not observe differences in the
distribution of PAM50 luminal-basal subtypes between
our East Asian and North American cohorts (luminal A:
8.3% vs. 14.0%; luminal B: 39.2% vs. 39.0%; basal: 52.5% vs.
47.0%; P = 0.092). Interestingly, when we compared the
distribution of luminal-basal PCa based on the Prostate
Subtyping Classifier, which revised the luminal-basal
classification of PCa into luminal differentiated, luminal
proliferating, basal immune, and basal neuroendocrine
[10], we observed significantly higher proportions of
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luminal proliferating (25.4% vs. 14.0%, P< 0.001) and basal
neuroendocrine subtypes (33.7% vs. 27.9%, P < 0.001) in
East Asian than in North American patients.
Gene expression signatures relating to angiogenesis and

the immune microenvironment also differed between PCa
of East Asian and North American patients (Figure 1B).
We observed lower angiogenesis scores (median: -0.38 vs.
-0.10, P< 0.001) and highermedian scores of immune sup-
pression signatures (myeloid-derived suppressor cells: 0.07
vs. -0.04, P < 0.001; regulatory T cells: 0.13 vs. 0.09, P <
0.001; programmeddeath 1 ligand 2: 0.18 vs. 0.15,P= 0.004)
in East Asian than in North American patients. These cor-
responded to a lowermedian activatedCD8 signature score
in the former than in the latter (0.06 vs. 0.12, P < 0.001).
To better understand the significance of these differ-

ences, we tested for associations between the PAM50
and Prostate Subtyping Classifier luminal-basal status and
selected gene signatures of ERG positivity, PTEN loss, and
AR activity. When stratified by PAM50 status, we observed
that basal tumors were strongly associated with a low
rate of ERG positivity, a high rate of PTEN loss, and low
AR activity in both East Asian and PSM-North Ameri-
can cohorts (Supplementary Figure S1). By the Prostate
Subtyping Classifier model, luminal differentiated and
luminal proliferating tumors had lower rates of PTEN
loss compared with basal immune and basal neuroen-
docrine tumors, and basal neuroendocrine PCa had the
lowest AR activity in both cohorts (Supplementary Figure
S2). Next, we generated a heatmap of hallmark signatures
ordered by the Prostate Subtyping Classifier subtypes and
cohorts (Figure 1C). Similar trends in hallmarks associ-
ated with the Prostate Subtyping Classifier subtypes were
observed in both East Asian and North American cohorts,
with basal tumors having higher expression of p53 and
hypoxia-related genes, while luminal proliferating tumors
had higher expression of DNA repair genes.
Finally, we investigated if the different molecular sub-

types were prognostic for distant metastasis-free survival
(DMFS) in the East Asian cohort. Patients with luminal A
and luminal differentiated tumors had the most favorable
DMFS among the luminal-basal subtypes (Supplemen-
tary Figure S3A-B). Among the microenvironment-related

signatures, we observed that patients with high angio-
genesis signature scores had an inferior DMFS in our
cohort (Hazard Ratio [HR] 3.79, 95% CI = 1.00-14.41,
P = 0.036, Supplementary Figure S3C). Interestingly,
angiogenesis was able to sub-stratify luminal B tumors for
DMFS. Patients with luminal B PCa and high angiogene-
sis scores had the worst DMFS, compared with the other
3 subgroups (HRref non-luminal B + angiogenesis low = 6.56, 95%
CI = 1.25-34.51, P = 0.025, Figure 1D).
Several limitations of the present study deserve men-

tion. First, these findings in our limited East Asian cohort,
which was comprised of mostly NCCN high-risk PCa
patients, ought to be validated in other Asian cohorts,
with balanced composition of the different NCCN risk
groups. Second, while we recruited subjects from differ-
ent geographical regions, we could not control for race
effects; while 90.1% of subjects in the East Asian cohort
were Chinese, we lacked curated physician-reported race
data in the North American cohort. Third, there is a need
to determine the corresponding therapeutic implications
of the race-specific phenotypic and microenvironmen-
tal differences. Such analyses can only be done using
well-curated cohorts from prospective registries or clinical
trials, for which archival tissues are available formolecular
profiling.
To summarize, we uncovered fewer ERG-positive,

PTEN-loss, and high AR activity tumors in East Asian
than in North American PCa patients. Additionally, there
was a higher proportion of luminal proliferating and
basal neuroendocrine PCa in East Asian than in North
American patients based on the Prostate Subtyping Clas-
sifier model. Interrogation of the tumor microenviron-
ment revealed lower levels of angiogenesis and an overall
immune suppressive state in East Asian than in North
American PCa patients. Of clinical relevance, high angio-
genesis and luminal B tumors had the worst DMFS in
our East Asian cohort. Taken together, our results show-
cased race-specific differences in gene expression profiles
of PCa from East Asian and North American patients,
adding to the literature on genomic and epigenomic inter-
racial heterogeneity of localized PCa. These data posit
the concept that demographic host factors are highly

F IGURE 1 Transcriptomic profiles of 181 East Asian prostate cancer (PCa) patients and 905 North American PCa patients identified
from a GRID database (NCT02609269). (A) Proportions of molecular subtypes (stacked bar charts) of tumor microenvironment-related
pathways between East Asian and North American PCa. (B) Signature scores of tumor microenvironment-related pathways between East
Asian and North American PCa. (C) Heatmap of 38 hallmarks of cancer pathways ordered by Prostate Subtyping Classifier (PSC) subtypes
and East Asian or North American cohorts, including reference expression profiles for Prediction Analysis Microarray 50 (PAM50) subtypes,
E26 transformation-specific related gene (ERG) signature, and androgen receptor (AR) activity. (D) Kaplan-Meier survival curves for distant
metastasis-free survival (DMFS) of East Asian cohort for combinatorial luminal B subtype and angiogenesis score. Hazard ratios (HR) were
computed using the Cox proportional hazard model. P values were generated using the Log-rank test and labeled as *<0.05; **<0.01;
***<0.001. Abbreviations: ERG, E26 transformation-specific related gene; PTEN, Phosphatase and tensin homolog; AR, Androgen receptor;
ARA, Androgen receptor activity; PAM50, Prediction analysis microarray 50; Lum A, Luminal A; Lum B, Luminal B; MDSC, Myeloid-derived
suppressor cells; DMFS, Distant metastasis-free survival; Angio, Angiogenesis; HR, Hazard Ratio.
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relevant in PCa tumorigenesis, and support a larger pan-
race meta-analysis.
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