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Racial Differences in Prostate Cancer
Characteristics and Cancer-Specific Mortality:
An Overview
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Department of Urology, Kobe University Graduate School of Medicine, Kobe, Japan

Racial differences of prostate cancer incidence and mortality among Asian, Black, and Caucasian men have been known,
however, comprehensive update of this topic is not yet reported. In the present review, an overview of the racial differences
in prostate cancer characteristics and cancer-specific mortality is collected and reviewed. Regarding racial differences of in-
cidence and mortality, surprising differences in the incidence of prostate cancer are seen among different populations around
the world, with some countries having rates that are 60 to 100 times higher than others. African-American men have a higher
incidence of prostate cancer, higher prostate cancer mortality, and are diagnosed with prostate cancer at a younger age than
Caucasian American men. Furthermore, race is gaining attention as an important factor to consider for planning active sur-
veillance for localized prostate cancer, especially among African-Americans. In addition, the causes of these differences are
being elucidated by genomic profiling. Determinants of racial disparities are multifactorial, including socioeconomic and
biologic factors. Although race-specific differences in prostate cancer survival estimates appear to be narrowing over time,
there is an ongoing need to continue to understand and mitigate racial factors associated with disparities in health care out-
comes.
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INTRODUCTION

A number of new cases of prostate cancer is reported
to be 1,414,259 in 2020. Other than lung cancer, prostate
cancer is the most common cancer among men in the
world. Estimated number of deaths from prostate can-
cer is also reported to be 375,304 according to the Glob-
al Cancer Observatory (Fig. 1) [1]. Incidence of prostate
cancer 1s increasing in Asia according to increased
prostate-specific antigen (PSA) screening, westernized

food, as well as the life extension. Racial differences
of prostate cancer incidence and mortality have been
known, however, comprehensive update of this topic is
not yet reported. In the present review, an overview of
the racial differences in prostate cancer characteristics
and cancer-specific mortality is collected and reviewed.

EVIDENCE ACQUISITION

PubMed, MEDLINE, Embase, Web of Science, Sco-
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pus, the Cochrane database, and recent abstracts were
searched to identify all available studies addressing
acial differences of prostate cancer published before
April 30, 2021. The following keywords were used in
the search strategy to identify potential reports: (pros-
tate cancer OR prostate carcinoma OR prostatic cancer
OR prostatic cancer disease) AND (racial difference OR
human race specificity OR ethnic group). Two indepen-
dent reviewers (N.H., M.LF.) performed initial screening
of the existing literature. Reasons for study exclusions
were noted. We then performed a critical evaluation
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Total: 10,065,305

(7.1%)

(6.3%) Data from International Ageacy for Re-

search on Cancer (IARC, 2020) [1].

Fig. 2. Estimated age-standardized (A)
incidence rates and (B) mortality rates in
each countries, 2020 (prostate, male, all
ages). ASR: age-standardized race. Data
from International Ageacy for Research
on Cancer (IARC, 2020) [1].

of the studies selected and relevant reports were sub-
jected to a full-text review. The relevance of each study
was confirmed on a case-by-case basis. Disagreements
were resolved via consensus with all co-authors.

RACIAL DIFFERENCES OF
INCIDENCE AND MORTALITY

Surprising differences in the incidence of prostate
cancer are seen among different populations around
the world (Fig. 2A), with some countries having rates
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that are 60 to 100 times higher than others [2]. The
incidence of prostate cancer is typically low in Asian
men, with age-adjusted incidences ranging from 2 to
10 per 100,000 men. The incidence in northern Eu-
rope is generally high. African-American men have
the highest incidence of prostate cancer in the world.
Incidence and mortality rates of prostate cancer in
each country are shown in Fig. 2. Differences in the
mortality of prostate cancer are also observed among
different populations around the world (Fig. 2B). In the
United States, the incidence among African-American
men is 60% higher than among Caucasian men [3].
The prostate cancer-specific mortality rate of African-
American men is reported to be more than twice that
of non-Hispanic Caucasian men [4]. For example, in the
USA, African Americans have the highest incidence
and mortality rates, which are approximately twice
as those of European American men and 3 to 4 times
higher than those of Asian Americans (Fig. 1) [5]. How-
ever, race-specific differences in survival estimates of
prostate cancer appear to be narrowing over time [6].

RACIAL DIFFERENCE AND
PROSTATE-SPECIFIC ANTIGEN
SCREENING

The incidence of prostate cancer among African-
American men is 64% higher than among Caucasian
men, and the mortality rate of prostate cancer is 2.3
times higher [7,8]. Further, autopsy data shows that
prostate cancer transforms into forms that are more
active among African-American men at a younger age
compared to Caucasian men [8]. Data also suggests that
prostate cancer develops at a younger age in African-
American men. Analysis of the 2010 SEER data re-
vealed that non-Hispanic Caucasian men were diag-
nosed with prostate cancer 1.2 years later than non-
Hispanic African-American men [9], while an earlier
SEER analysis found that African-American men were
diagnosed with prostate cancer at age which was mean
of 3 years younger than Caucasian men [10]. A popu-
lation-based retrospective cohort study in Great Brit-
ain found that Caucasian men were diagnosed with
prostate cancer a mean of 5.1 years later than men of
African descent [11]. Another study estimated that men
of African descent were approximately twice as likely
to be diagnosed with prostate cancer before the age of
45 as Caucasian men [12]. Based on these results, race-
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based PSA reference ranges have been proposed for
PSA cutoff values for performing a biopsy [13]. Finally,
modeling studies have suggested that African-Ameri-
can men have a higher incidence of preclinical disease
and are at higher risk of metastasis than Caucasian
American men [14]. Hence, baseline PSA levels are seen
as a stronger predictor than race [15].

Further, it was found in a recent study including
41,250 men in the Veterans Affairs (VA) Health Care
System database that the optimal PSA threshold for
predicting prostate cancer diagnosis within 4 years
was higher in Caucasians than in African-American
men (25 ng/mL vs. 1.9 ng/mL) [16]. A prospective study
found that Black men aged 40 to 64 with PSA levels
above the 90th percentile were at a much higher risk
of active prostate cancer than people whose PSA levels
were below the median [17]. Factors contributing to this
racial difference include genetic risk factors, differ-
ences In environmental exposure, differences in patient
and doctor behavior, and poorer access to quality medi-
cal care such as early cancer screenings and follow-up
care, delayed diagnosis, and inadequate treatment [18-
22]. In addition, recently Hur and Giovannucci reported
that the earlier onset of puberty in males could be a
risk factor for prostate carcinogenesis and potentially
account for the observed racial disparities in the dis-
ease burden [23].

African-American men have a higher incidence of
prostate cancer, higher prostate cancer mortality, and
are diagnosed with prostate cancer at a younger age
than Caucasian American men. This is due to a high
rate of prostate cancer onset before the appearance of
symptoms and the high likelihood of tumor progression
before the onset of symptoms. Therefore, for African-
Americans, it may be sensible to consider initiating
shared decision-making about PSA screening at age 40,
and to consider screening yearly rather than every two
years [14].

Regarding Asian populations, Kimura [24] reported
that the incidence and mortality was much lower in
Asian countries compared to the countries in North
America, Europe, and Oceania. Also, the incidence in
Asian immigrants in Western countries had higher
incidence of prostate cancer compared to those in their
countries of birth. She concluded that the lower PSA
screening rate in Asian countries and some of the
Asian populations in Western countries may partially
explain the low incidence of prostate cancer in Asian
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populations [24].

RACIAL DIFFERENCE AND
TREATMENT

Race is gaining attention as an important factor to
consider for planning active surveillance for localized
prostate cancer, especially among African-Americans.
From 2010 to 2012, Black men had a higher lifetime
risk of developing prostate cancer and a higher pros-
tate cancer mortality rate than Caucasian American
men (182% vs. 13.3% and 4.4% vs. 2.4%, respectively) [25].
One study found that the increased prostate cancer-
specific mortality seen in African-American men was
limited to grade group 1 patients [26]. Multiple stud-
ies have shown that Black men with very low-risk of
prostate cancer may have high grade (grade group >2)
cancers that are not detected by pre-treatment biopsies.
It has been reported that pathological upgrading is 1.7
to 2.3 times more common in African-Americans than
in Caucasian Americans with matching clinical param-
eters [27,28]. However, some studies have not observed
differences in stage assessments or upgrading rates
[29,30]. For example, a retrospective study of 895 men
showed no significant differences in the frequency of
pathological upgrading, up-staging, or biochemical re-
currence between African-American and Caucasian-
American men [26]. Several studies have reported that
among men with low prostate cancer risk who enrolled
in active surveillance programs, Caucasian Americans
have a lower risk of progressing to a higher Gleason
grade cancer or high-volume status than African-
Americans [31-33]. African-Americans in low to mod-
erate-risk groups also appear to be at a higher risk for
biochemical recurrence after treatment [34]. In addi-
tion, African-American patients with low risk or mod-
erate-risk prostate cancer with a good prognosis have a
higher overall post-treatment mortality rate, primarily
due to post-ADT cardiovascular complications [35]. The
reasons for these clinical discrepancies are being stud-
ied. One explanation may be differences in the areas
tumors occupy in the prostate, which could reflect dif-
ferences in prostate cancer sub-types associated with
variations in gene expression [21,36-38]. Disparities in
treatment and access to medical care may also play im-
portant roles [39,40]. A multi-parametric magnetic reso-
nance imaging (mpMRI) is a strategy that improves
risk stratification in African-American patients that

220 www.wjmh.org

The World Journal of

MEN'’s HEALTH

considers active surveillance. mpMRI uses image-guid-
ed targeted biopsies and has been found to improve
the detection of clinically significant tumors in some
men [41]. Vengaloor Thomas et al [42] retrospectively
reviewed prostate cancer patient data (n=1,319,225)
from the National Cancer Database (NCDB) to deter-
mine whether racial differences exist among the tar-
get population. As a result, no statistically supported
racial disparities were observed for African American
and Caucasian men with bone metastasis (p=0.885).
Similarly, there were no racial disparities in survival
for men suffering from other metastases (liver, lung,
or brain). However, racial disparities in survival were
observed among African American and Caucasian men
with non-metastatic prostate cancer (p<0.001) or when
metastasis status was not taken into account (p<0.001)
[42].

Recently, Wen et al [43] evaluated the impact of
clinical characteristics and factors related to access to
care on survival by race using data from the NCDB
for 526,690 patients with prostate cancer who un-
derwent radical prostatectomy. In their study, when
adjustments were made for age and year of diagnosis
only, it was observed that the Black, AAPIs (Asian
Americans and Pacific Islanders), and Hispanic popu-
lation had 51% higher mortality, 22% lower mortality,
and 6% lower mortality, respectively compared to the
Caucasian population. However, after adjustments for
all clinical factors and nonclinical factors, the Black-
White survival disparity narrowed to 20%, whereas
the AAPI-White disparity increased to 35%. Among
the controlled-for factors, education, median household
income, and insurance status primarily contributed to
racial disparity [43]. Regarding radiation therapy, Kodi-
yan et al [44] utilized the NCDB and compared over-
all survival (OS) in 27,150 Black and Caucasian men
receiving radiotherapy. The study reported that OS
was equivalent between Black and Caucasian race in
favorable risk (hazard ratio [HR], 0.928; 95% confidence
interval [CI], 0.583-1.477; p=0.753) and unfavorable-risk
subgroups (HR, 1.078; 95% CI, 0.843-1.379; p=0.550). No
significant interaction existed between treatment and
race for either cohort but there was a significant in-
teraction between race and age in those with unfavor-
able risk (HR, 1.046; 95% CI, 1.009-1.084; p=0.015), with
greater OS in those of Caucasian race <60 years (HR,
0.320, 95% CI, 0.137-0.752; p=0.009) [44].

Regarding Asian populations, Hassanipour et al [45]
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performed a systematic review and meta-analysis to
provide a comprehensive estimate of the survival of
prostate cancer patients in Asian countries. According
to the results of this study, the prostate cancer sur-
vival rate in Asian countries is relatively lower than
in Europe and North America, which may be due to
less access to diagnostic facilities and higher age at
recognition of disease than to advanced countries. An-
other result of our study was the higher survival rate
of prostate cancer in countries with very high human
development index (such as South Korea and Japan),
with similar survival rates as those of advanced coun-
tries such as Europe and North America.

RACIAL DIFFERENCES IN GENOMIC
PROFILING OF PROSTATE CANCER

Mahal et al [46] analyzed tumor genomic profiles
across race in a diverse cohort of patients. This study
included 2,393 men (80 Asian, 2,109 White, and 204
Black), 1,484 patients had primary disease (43 Asian,
1,308 White, and 133 Black) and 909 patients had meta-
static disease (37 Asian, 801 White, and 71 Black). 11.56%
of Asian men had more than 20 mutations among the
patients with primary prostate cancers. The occurrence
of FOXAI mutations was greater in Black men than
in White men (18.6% vs. 11.9%; 95% CI, 0.8-13.5; p=0.03),
in addition, such mutations occurred more frequently
in Asian men as well (37.8% vs. 11.9%; 95% CI, 10.2—41.7;
p<0.001). The occurrence of T'P53 mutations was ob-
served to be lesser in Black men than in White men
(14.2% vs. 20.6%; 95% CI, —12.7 to 0; p=0.045). Mutations
in the gene encoding androgen receptor (AR) were
rare, regardless of race. The frequencies of genes with
actionable mutations, those are alterations that are the
intended targets of precision-oncology drugs, and muta-
tions in DNA-repair genes did not differ substantially
among the racial groups.

Among the patients with metastatic prostate cancer,
6.8% of Black men had more than 20 mutations. The
occurrence of AR mutations was greater in Black men
than in White men (18.3% vs. 8.1%; 95% CI, 1.0-19.4;
p=0.004). The occurrence of T'P53 mutations was great-
er in Asian men than Black men (62.0% vs. 22.5%; 95%
CI, 21.2-58.0; p=0.008) and White men (62.0% vs. 36.4%;
95% CI, 9.7—41.7; p=0.004). The occurrence of genes with
actionable mutations was greater in Black men than
in White men (26.7% vs. 18.0%; 95% CI, 0-19.5; p=0.05),

Nobuyuki Hinata and Masato Fujisawa: Racial Differences in Prostate Cancer I

which was similar to the occurrence observed for DNA-
repair genes (225% vs. 15.6%; 95% CI, 0.5—-18.1; p=0.05).
In addition, BRAF mutations, which are rare in
prostate cancer and are considered to be actionable in
many tumor sites, were frequently observed in Black
men than in White men (7.0% vs. 1.5%; 95% CI, 04—-115;
p=0.002).

Clinically significant alterations may occur at differ-
ent frequencies across races. Notably, Black men with
metastatic prostate cancer were more likely have tu-
mor mutations in AR, along with mutations in DNA-
repair genes and actionable genetic mutations than
White and Asian men [46].

Germline mutations in BRCAI and BRCAZ2 (related
to hereditary breast and ovarian cancer syndrome) are
found in 02% to 0.3 % of the general population and
are more common in certain racial and ethnic groups
[47]. Many studies have observed associations between
germline mutations in BRCAI and BRCAZ2 and in-
creased risk of prostate cancer [48-57]. In particular,
BRCA2 mutations have been found to be associated
with a risk of prostate cancer that is 2 to 6 times high-
er, though findings detailing the association between
BRCAI mutations and prostate cancer risk have not
been very consistent [49,51,52,57-59]. In addition, pros-
tate cancer in men with BRCA germline mutations
are more active, occur earlier, and have significantly
shorter survival periods than prostate cancer in non-
carriers [60-65). In cases of fatal prostate cancer, 60% of
BRCA1/2 and ATM mutation carriers are reported to
have no family history [62].

A number of genes and genetic mutations associated
with prostate cancer risk are also known. A linkage
analysis of high-risk family lines identified RNASEL
(1925), ELAC2 (17q12), MSRI (8p22), HOXB13 (17g21),
and other responsible genes [66]. The HOXBI13 G84E
mutation (rs138213197) is a relatively new genetic
mutation reported by researchers at Johns Hopkins
University in 2012. This missense mutation involves
the replacement of glutamic acid for glycine at codon
84. This mutation was found in 1.4% (72/5,083 cases)
of prostate cancer patients and 0.1% (1/1,401 cases) of
a control group, which constitutes a 20.1 times higher
risk of disease (95% CI, 3.5-803.3) [67]. A summary
of various studies stated that the risk of developing
prostate cancer among carriers of this mutation is 3.3
to 20.1 times higher [66]. The proportion of carriers of
the HOXBI3 G84E mutation in families with famil-
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Table 1. A brief synopsis of racial differences in genomic profiling of prostate cancer

1. Black patients are more likely to harbor DNA repair mutations of any kind.

2. Black patients with metastatic disease were more likely to have actionable mutations.

3. Androgen receptor mutations are rare but more prevalent in Black patients than the others.

4. Seven percent of Black patients had BRAF mutations, which are prevalent in other cancers and are targetable.

5. TP53 mutations are much more common in Asian patients than in the other groups.
6. Asian patients are far more likely to harbor FOXAT mutations in the primary tumor.

ial prostate cancer is high. The mutation was found
in 31% (42/137 cases) of men who do not have prostate
cancer and 51% (194/382 cases) of men who were diag-
nosed with prostate cancer. Regional differences are
observed in the frequency of the HOXBI3 G84F mu-
tation in families with familial prostate cancer, with
the frequency in Finland, Sweden, North America,
and Australia at 22.4%, 8.2%, 0%—6.1%, 2.6%, respec-
tively [68]. When classified by race, this mutation was
observed in 4.8% of European families with familial
prostate cancer, however, it was not found in African,
Jewish, or Chinese families [68,69].

GWAS have been carried out since the mid-2000s
[70,71]. There are nearly 100 single-nucleotide polymor-
phisms (SNPs) associated with prostate cancer [72].
Of the genetic loci associated with a risk of prostate
cancer, about 60 start with the 8q24 region. However,
GWAS have found racial differences in the frequency
of SNP alleles, with some SNP being associated with
increased risk in some races [72,73]. A brief synopsis of
racial differences in genomic profiling of prostate can-
cer is summarized in Table 1.

BRCA MUTATION CARRIERS AND
TREATMENT

The occurrence of prostate cancer is greater in men
who have BRCA mutations than the general popula-
tion. It should be noted that there are large racial dif-
ferences in BRCA mutations, which makes it difficult
to generalize morbidity and mortality [74,75]. Prostate
cancer has a high degree of familial aggregation. If
one of a person's first-degree relatives is a prostate
cancer patient, the person’s risk of being diagnosed
with prostate cancer doubles. Further, if there are 2 or
more prostate cancer patients among the first-degree
relatives of individuals, the individuals risk of being
diagnosed with prostate cancer is 5 to 11 times higher
[76]. If the presence of BRCAI mutation and BRCA2

222 www.wjmh.org

mutation is reported in individuals, their of developing
prostate cancer is 2 times and 5 to 7 times higher, re-
spectively [77].

As discussed below, the therapeutic approach for
BRCA mutation carriers who have not developed
prostate cancer is different from the one for general
prostate cancer patients. First of all, there is a higher
possibility of cancer that is highly malignant and has a
poor prognosis; thus, early detection and radical treat-
ment are recommended. For advanced cancers, anti-
neoplastic chemotherapy mainly involving cisplatin or
novel PARP inhibitors are recommended.

According to a German study that searched for
BRCA2 mutations in 382 patients with familial pros-
tate cancer and 92 patients who developed prostate
cancer at age 60 or younger but had no family his-
tory of prostate cancer, mutations were found in 5
patients with familial prostate cancer, however none
were found in the 92 patients with no family history
[78]. In an Australian family cohort of 1,423 people that
included multiple breast cancer patients, 148 prostate
cancers had poor prognoses and the mortality risk of
BRCAZ2 mutation carriers was reported to be 4.5 times
higher than non-carriers. In contrast, a US. study that
searched 266 patients with familial prostate cancer did
not detect any BRCA2 mutations. Prostate cancer in
BRCAI mutation carriers is thought to have a worse
prognosis than general prostate cancer, but not as poor
as in BRCA2 mutation carriers [63].

The NCCN guidelines recommends PSA screening at
age 40 for mutation carriers [10,79]. Prostate cancer was
reported in 47% of people with high PSA levels [10]. The
IMPACT trial used a cohort with known BRCA muta-
tion data. Subjects with levels >3.0 ng/mL underwent
biopsies. Of the 791 BRCAI mutation carriers and 531
non-carriers, and 731 BRCAZ2 mutation carriers and
428 non-carriers, 162 people with PSA levels over this
threshold underwent biopsies. Of them, 59 were diag-
nosed with prostate cancer. Among these 59 patients, 18
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were BRCAI mutation carriers, 10 were BRCAI non-
carriers, 24 were BRCAZ2 mutation carriers, and 7 were
BRCAZ2 mutation non-carriers. The positive predictive
value in BRCA2 mutation carriers was the highest at
48%.

TREATMENT OF BRCA MUTATION
CARRIERS

Prostate cancer in BRCA mutation carriers should
be seen differently than regular prostate cancer, and
cases of early detection should be treated aggressively
instead of undergoing active surveillance. Particularly,
patients with BRCA2 mutations have a poor prognosis.
In cases of metastasis, cisplatin-based chemotherapy or
PARP inhibitors can be expected to be effective.

Men with BRCA mutations not only have a higher
risk of developing prostate cancer, but their cancers
also progress more quickly than prostate cancer in
patients without mutations. Histopathologically, they
have high Gleason scores (>8) [63], a high frequency of
lymph node metastasis, and poor prognoses [65]. The
search for BRCA mutations can thus be interpreted as
looking for a biomarker for highly malignant prostate
cancer with a poor prognosis. In BRCA2 mutation
carriers in particular, cancer onset tends to be rela-
tively young, diagnosed at an advanced stage, highly
malignant, and has a median survival period of only
2.1 years [61]. In a U.S. cohort of 182 patients with pros-
tate cancer from families with BRCA2 mutations and
119 patients with prostate cancer from families with
BRCAI mutations, the median OS periods were 4.0
years and 8.0 years, respectively. The prognosis of pros-
tate cancer in BRCA2 mutation carriers is extremely
poor. The prognosis remains poor even after adjusting
for Gleason score and stage, and cannot be explained
by pathological background factors [80]. Recently, a his-
tological type called intraductal carcinoma of the pros-
tate (IDC-P) has been attracting attention. IDC-P has a
poor prognosis, and prostate cancer with a BRCA2 mu-
tation tends to be of this histological type [81]. A study
of 1,090 high-risk prostate cancer patients who under-
went total prostatectomy that examined genetic ex-
pression profiles related to the DNA damage response
(DDR) pathway observed significantly worse prognoses
in cases with dysregulation of the DDR pathway that
includes BRCA [82]. Therefore, BRCA mutation car-
riers should be seen differently than regular prostate
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cancer, and cases that are discovered early should
undergo aggressive treatment instead of active surveil-
lance. In cases of metastasis, neoplastic chemotherapy
with cisplatin [83] or PARP inhibitor therapy should
be considered. In a phase II trial of the PARP inhibi-
tor (Olaparib) in patients with metastatic castration-
resistant prostate cancer who had been treated with
docetaxel and had abnormal DNA repair genes, DNA
repair mutations were found in 16 of the 49 patients
who underwent genetic analysis, and among those 16
patients, 14 patients responded to olaparib. Among
the 14 patients, seven were confirmed to have somatic
BRCA2 mutations, and 3 had germline mutations
[9]. The trial is transitioning to phase III and PARP
inhibitor was associated with longer progression-free
survival and better measures of response and patient-
reported end points than either enzalutamide or abi-
raterone In men with metastatic castration-resistant
prostate cancer who had disease progression while
receiving enzalutamide or abiraterone and who had
alterations in genes with a role in homologous recom-
bination repair [84].

CONCLUSIONS

Population-based studies demonstrate that differenc-
es in the incidence of prostate cancer are seen among
different populations around the world. Determinants
of racial disparities are multifactorial, including socio-
economic and biologic factors. Although race-specific
differences in prostate cancer survival estimates ap-
pear to be narrowing over time, there is an ongoing
need to continue to understand and mitigate racial fac-
tors associated with disparities in health care outcomes.
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