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Abstract: Prostate cancer disproportionately affects men of African ancestry at nearly twice the rate
of men of European ancestry despite the advancement of treatment strategies and prevention. In this
review, we discuss the underlying causes of these disparities including genetics, environmental/
behavioral, and social determinants of health while highlighting the implications and challenges that
contribute to the stark underrepresentation of men of African ancestry in clinical trials and genetic
research studies. Reducing prostate cancer disparities through the development of personalized
medicine approaches based on genetics will require a holistic understanding of the complex interplay
of non-genetic factors that disproportionately exacerbate the observed disparity between men of
African and European ancestries.
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1. Introduction

In many developed countries, prostate cancer (PCa) is the second most frequently diagnosed
cancer and is the fifth leading cause of cancer death in men worldwide. In 2018, there were an estimated
1.3 million newly diagnosed cases of PCa and 359,000 associated deaths worldwide [1]. Despite the
higher burden of PCa incidence in developed countries, a disproportionate share of this burden is
experienced by men of African ancestry (MAA) (Figure 1). It is well established in the literature
that being of African ancestry is one of the risk factors for PCa in addition to family history and
advancing age. PCa mortality rate is the highest in the world for men residing in the Caribbean and
Sub-Saharan Africa (Figure 2) [2,3]. According to the International Agency for Research on Cancer
(IARC), PCa is further expected to trend upward in Africa from approximately 28,000 deaths in 2010 to
a little over 57,000 by 2030 [4] However, the burden of PCa incidence and mortality rates in Africa
and the Caribbean could be drastically underestimated due to underdiagnoses or under treatment,
instability of health management information systems, limited resources of cancer registry data,
and lack of screening [5,6]. In the United States alone, PCa is the second leading cause of death among
MAA, of which an estimated 29,500 cases of PCa are expected to occur among MAA in 2019, accounting
for 30% of all cancers diagnosed in this ethnic group [7,8]. The average annual PCa rate for MAA
between the years of 2011–2015 was 76% higher compared to non-Hispanic white men. In addition,
the mortality rate among MAA men with PCa is more than two times that of their non-Hispanic white
counterparts [9]. Despite advances in research, treatments, and prevention measures for PCa, MAA are
still most likely to develop PCa at an early age, die from PCa, and develop more aggressive forms
of the disease [9–12]. The noticeable differences in disparities among MAA worldwide are not well
understood. The complex interplay of genetics, dietary, environmental, lifestyle, and socioeconomic
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conditions are believed to play a role in PCa disparities [13]. However, the specific causal factors remain
unclear [14]. Currently, the only well-established risk factors for PCa are age, race, and family history
of the disease [9]. Elucidating the causes of these disparities will be essential in the advancement of
precision medicine and improving the survival outcomes for PCa in MAA.
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In this review, we discuss and highlight the biological, environmental, and social risk factors in
MAA in the context of the existing PCa disparity between these men and men of European ancestry
(MEA). We also explore some of the implications and challenges pertaining to the lack of MAA in
clinical and genomic research that could potentially play a part in exacerbating PCa disparities.

2. Genetic Influential Factors for Prostate Cancer Risk

2.1. Rare Variants of Moderate to Large Effects

Variation in genetic risk factors across ethnic groups has been studied and is increasingly
recognized as one of many potential explanatory factors that may be associated with PCa disparities.
Although socioeconomic conditions, lifestyle, and access to health care have been known to contribute
to this disparity, after adjusting for these factors, a racial disparity in PCa for MAA remains. Therefore,
a possible role for biological determinants should be explored. It has been well established that
individuals with a family history of PCa experience a 2.5-fold increase in risk with a single affected
first-degree relative and a five-fold increase with two or more affected first-degree relatives [17–20].
Additionally, PCa exhibits the highest reported heritability of any major cancer and the genetic
contribution detected in genetic studies is approximately 58% [21]. However, the ability to identify
PCa susceptibility genes has been limited.

Previous family-based linkage studies that focused on identifying loci with rare high-penetrance
variants that increase PCa risk have mainly been carried out in populations of European descent. These
studies yielded several genes responsible for hereditary prostate cancer such as HOXB13 [22–25],
HPC1(1q24-25) [26–29], HPCX(Xq27-28) [30], HPC20(20q13) [31], PCAP(1q42-43) [28,32–34],
and CAPB(1p36) [28,33], among others [35]. Among these loci (Table 1), MAA families have shown
evidence of linkage to HPC1 [26,29,36], PCAP, HPC20, and HPCX [36]. Additionally, linkage signals
have been identified in MAA families with a strong history of PCa for other genetic loci including
2p16, 12q24 [37], 2p21, 11q22, 17p11, and Xq21 [38], among others. However, the causal genes have not
been identified for several of these linked regions. Although rare and moderate to highly penetrant
risk variants other than HOXB13 (e.g., G84E mutation) are known, most of the familial risk remains
unexplained. Other studies have demonstrated predisposition genes RNASEL, MSR1, and ELAC2
to harbor low to moderate penetrance risk alleles that have been associated with PCa and disease
severity [39–45].

As with most cancers, diagnosis at an early age of PCa is an important indicator that suggests
inherited susceptibility. For example, men with early onset PCa are most likely to harbor SNPs
associated with PCa and rare mutations such as HOXB13 G84E [23]. A recent study using data from
the Surveillance, Epidemiology and End Results (SEER) program reported that 5- and 10-year relative
survival rates in men with early-onset PCa were significantly worse for MAA compared to MEA
(p < 0.0001) [46].

Studies of PCa as a multi-cancer syndrome has led to the discovery of mismatch repair genes
that confer a high risk of PCa when mutated. Germline mutations in mismatch repair genes BRCA1,
MLH1, PMS2, MSH2, and MSH6 have been implicated in having an increased risk of PCa [47]. It has
also been described that mutations in the BRCA2 gene involved in hereditary breast and ovarian
cancers also confers an increased risk of PCa and have potential clinical relevance regarding its
association with PCa. Recent studies demonstrated that germline mutations in BRCA1 and BRCA2 can
be essential in identifying men with higher risk of developing PCa, and are associated with a more
aggressive phenotype and poorer outcome when mutated [48–51]. A few studies have indicated that
mutation frequencies in BRCA1 and BRCA2 may differ by ethnic and racial groups [52–54]. Specifically,
the BRCA2 gene may be involved in early-onset PCa in MAA [53]. This may suggest that genetic
testing could possibly provide significant information regarding treatment stratification. However,
more studies are needed to determine if and how mutation frequencies in BRCA1/BRCA2 vary in
MAA populations.
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Table 1. Represented loci associated with prostate cancer risk.

Loci Method Population(s) Gene/Markers References
(population)

1p36 Linkage European CAPB [33]

1q24-25 Linkage/GWAS European
African American HPC1

[26] (Afr Amer)

[28] (Eur)

[29] (Eur)

1q42-43 Linkage
French and German

European
African American

PCAP
[34] (Fra & Germ)

[28] (Eur)

[36] (Afr Amer)

2p16 Linkage African American rs980481 and rs71527 [37]

2p21 Linkage African American D2S2259 [38]

11q22 Linkage African American D11S908 [38]

12q24 Linkage African American rs11067228 [37]

17p11 Linkage African American D17S1852 [38]

17q21 Linkage/GWAS European HOXB13 (G84E) rs138213197 [23]

20q13 Linkage European
African American HPC20 [28] (Eur)

[36] (Afr Amer)

Xq21 Linkage African American DXS986 [38]

Xq27-28 Linkage Finnish
African American HPCX [30] (Fin)

[36] (Afr Amer)

Legend: Previously discovered loci of rare high penetrance loci/variants by linkage analysis or genome-wide
association studies associated with PCa risk. The column headers represent information for methods, population(s),
gene or markers, and references. Populations for each study are given in superscript if more than one study is
presented. Afr Amer: African American; Eur: European; Fin: Finland; Fra: France; Ger: Germany.

2.2. Association Studies of Common Smaller Effect Variants

Some association studies in MAA have hypothesized that genetic factors involved in the androgen
pathway may contribute to PCa risk among MAA [55–57]. For example, a polymorphism in CYP17,
a gene involved in the androgen pathway, was associated with increased risk of PCa among MAA if
they carried the A2 allele in a meta-analysis after adjusting for age, study, prostate-specific antigen
(PSA) levels, and family history [55]. Other studies have supported the association between the A2
polymorphism and in PCa risk in MAA, but not in MEA [58–61]. However, one study among MEA
suggested an association between the A2 allele and increased susceptibility to PCa risk in first degree
relatives [62]. Although CYP17 has shown promising results, it lacked consistent validation in case
control studies across different ethnic populations [61–66]. Additionally, gene EphB2 on chromosome
1p was found to be associated with increased PCa risk in MAA with a positive family history, but this
association was not found in MEA [20].

It has been demonstrated in the literature that MAA are typically diagnosed with PCa at an early
age, tend to have a higher grade, and more advance stage of the disease compared to MEA [67–70].
One hypothesis that may partially explain these racial differences is that MAA generally have a
shorter CAG repeat sequence on the androgen receptor (AR) gene (chromosome Xq11-12) compared to
MEA [71–74]. The length of CAG repeats in MAA with PCa appears to be inversely correlated with
transcriptional activity on the androgen receptor, thus yielding higher androgenic activity that may
contribute to the risk of advance PCa disease [75,76]. An earlier case and control study of 1175 men
discovered that men with PCa were 1.5 times more likely to have a shorter CAG repeat sequence
(<19 repeats) compared with men who did not exhibit the disease (>25 repeats). This study also found
that men who presented shorter CAG repeat sequences were twice as likely to have a higher grade of
cancer, distant metastases, or a local spread of PCa beyond the prostate boundaries [77]. However,
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conclusions vary with the association between the differences in AR CAG sequence length repeats and
PCa risk [78–81].

Over the last decade, technology and study designs have evolved for identifying genetic risk
factors of complex disease such as PCa, which led to the discovery of approximately 170 common risk
variants through genome-wide association studies (GWAS) [82]. These PCa susceptibility variants
account for approximately 38% of familial risk in populations of European and Asian descent [83–88].
The common denominator of these studies is that the majority of them have been conducted in
populations of European descent. As a result, progressive steps have been made in the effort to identify
PCa risk variants/loci specific to African ancestral populations.

More recent studies in non-European cohorts have supported evidence that some risk variants are
more common in MAA than in other ethnic/racial populations [67,89–94]. For example, the 8q24 PCa
susceptibility region seems to harbor risk variants of different effect sizes that are specific to MAA
including Ghanaian, South African, Afro-Caribbean and Tobago men, Ugandan, and MAA [10,92,95–97].
Thus far, only a few loci have been identified that exhibit genome-wide significant association in MAA.
Locus 17q21: (rs7210100, odds ratio per allele = 1.51, p = 3.4 × 10−13) reached the level of genome-wide
significant association in an African descent population [90] and was subsequently validated in populations
of European decent [51,98,99]. More recently, a GWAS meta-analysis identified two novel genome-wide
significant association signals on chromosomes 13q34 and 22q12 with the risk-associated alleles found
only in MAA: 13q34, rs75823044 (OR 1.55, 95%, CI 1.37–1.76, p = 6.10 × 10−12), and rs78554043 on
22q12.1 (OR 1.62, 95% CI 1.39–1.89, p = 7.50 × 10−10) [100]. One particular GWAS that consisted of
a small sample of Ghanaian men did not reach genome-wide level significance, but yielded a novel
locus at 10p14 that was specific for high and low-risk PCa [101]. So far, one of these findings has
been replicated. A case control study of PCa among Ugandan men resulted in nominally statistical
associations and a similar effect size to those reported in the original study for 13q34 locus; rs75823044:
OR = 2.02, p = 0.04; rs78554043: OR = 1.53, p = 0.44 [102].

Although the majority of PCa risk variants have been discovered in European ancestry populations, there
have been many loci that harbor common risk alleles shared across most population settings [94,103–105].
Many susceptibility loci discovered in European and/or Asian descent populations have shown limited
replication in populations of African ancestry and displayed lesser magnitude of effects or opposite
directional effects by race [103–105]. However, Chang et al. [106] identified significant associations
in MAA that were in the same direction and of similar magnitude as those reported in MEA for
SNP rs10486567 at JAZF1, rs10993994 at MSMB, rs12418451 and rs7931342 at 11q13, and rs5945572
and rs5945619 at NUDT10/11. As of now, there have been several studies that sought to corroborate
associations reported in GWAS studies of European descent populations in populations of African
ancestry. One study validated PCa susceptibility variants rs7008482 (8q24; p = 2.45 × 10−5), rs6983267
(8q24; p = 4.48 × 10−7), and rs10993994 (10q11; p = 1.40 × 10−3) in South African men (331 cases
and 178 controls) [10] Hooker et al. The authors in [105] validated previous GWAS SNPs on loci:
(8q24; p = 1 × 10−4), 11q13.2 (p = 0.009), TCF2 (17q12; p = 0.008), KLK2 and KLK3 (19q13.33; p = 0.04),
and NUDT11 (Xp11.22; p = 0.05) in 454 cases and 301 controls of MAA. Finally, Waters et al. [104]
validated KLK2/3 (19q13.33) and NUDT10/11 (Xp11.22) in 860 cases and 575 controls. The loci that were
validated were not consistent across studies, which could be attributed to small sample sizes in each of
the studies or the possibility that PCa risk loci may differ by race, ethnicity, or geographic location.
As the continuation of African ancestral specific GWAS and meta-analyses are implemented, further
susceptibility variants are most likely to emerge, which may potentially explain ethnic and population
differences in PCa incidence and mortality rates as well as variations of phenotypes for this disease.

2.3. Somatic Mutations and Tumor Biomarkers

It is important to reiterate that MAA have the highest mortality rate for PCa, however, the biology
of their tumors remains understudied [107]. The overwhelming majority of tumor samples from large
genomic characterization studies are from patients of European ancestry [108]. Underrepresentation of
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diverse racial and ethnic groups in these studies can limit the potential to detect genomic patterns and
events that are enriched in these diverse groups. This can be critical when implementing patient-specific
molecular targeted therapy in early stages of the disease that could improve survival for these men.
Therefore, it is important to explore genetic factors that may influence tumor biology differentially
across distinct ancestral backgrounds.

Recently, studies using sequence-based methods have highlighted mutational events in the
biology of PCa tumors that have important biological and clinical implications. This includes the
recurrent genomic rearrangements at the gene fusion product of TMPRSS2, an androgen-regulated
transcriptional promoter, which lead to fusion transcripts and oncogenic over-expression of ERG
(TMPRSS2-ERG). TMPRSS2-ERG fusion plays a critical role in PCa carcinogenesis, [109], occurs in
over 50% of PCa patients [110,111], and has a propensity toward MEA. In contrast, MAA present PCa
at more aggressive and advanced stages, however, TMPRSS2-ERG fusions are less frequently acquired
in their tumors [112].

A growing body of evidence suggests that epigenetic changes such as DNA methylation are
essential in PCa etiology [113–115]. One study showed statistically significant higher methylation of
PCa related genes (AR, RARβ2, SPARC TIMP3, and NKX2-5) in prostate tissue samples from MAA
in comparison with MEA [115]. Additional studies that highlight specific molecular aberrations in
PCa of MAA include PTEN genomic deletions [116–120], differential gene expression, tumor location
and recurrent deletions of LSAMP [116,117,119,121–123], SPOP mutations [123,124], differential
expression in SPINK1 and dysregulation of GOLM1 loci [116,123], and loss-of function mutations
NKX3-1 [116,123,125]. Overall, the literature reveals that significant variations exist at a molecular
level in tumors of MAA compared to men of European ancestry. However, the sample sizes remain
small and additional larger studies are needed. In an era of PCa precision medicine, these findings
have broader implications toward understanding the genomic characterization and potential discovery
of novel biomarkers when MAA are included in PCa genomic studies.

3. Diet and Anthropometric Risk Factors for Prostate Cancer

3.1. Diet

While there are biological explanations for some of the differences in PCa presentation and
outcomes between men of African and European ancestry, additional underlying factor such as diet can
play a contributing role in exacerbating these disparities. To elucidate the contribution of environmental
factors such as diet in PCa etiology, migration studies have suggested that men from areas with low
PCa incidence are more inclined to acquire the incidence rate of their host country due to changes in
environment [126,127]. Changes in dietary habits after migration are meaningful since the discovery
that some ethnic minority populations are at a greater risk for complex diseases than the host country’s
population [128–131]. Over the years, studies of PCa have examined dietary factors as an important
modulator for PCa risk. Current Western dietary patterns of particularly high consumption of fat,
red meat, alcohol, and dairy products may be responsible for developing a higher PCa risk. A wide
range of dietary factors have been evaluated for their involvement in PCa risk, but results have
remained inconclusive, [132,133]. However, epidemiological studies have shown that higher intake of
processed meats, red meats, and reduction of fish may contribute to the incidence of more aggressive
PCa [134–140], suggesting that meat intake may play an important role in PCa risk.

Very few studies have examined these associations by race. Rodriguez et al. [137] examined
the association between the intake of red meat, processed meat, and poultry and its relation to the
incidence of PCa among MAA and MEA in the Cancer Prevention Study II Nutrition cohort [137].
Participants consisted of 692 MAA and 64,856 MEA from the study completed a detailed questionnaire
on diet, medical history, and lifestyle in 1992–1993. The follow up study in 2001 determined that meat
intake was not associated with PCa risk among MEA while total red meat intake was associated with
a higher PCa risk for MAA (RR, 2.0; 95% CI, 1.0–4.2, highest vs. lowest quartile). However, due to
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the imbalance in participant numbers within this study, it is likely that the MAA association may be
false positive. One population-based case-control study showed that increased intake of foods high in
animal fat was associated with PCa among MAA, but not among MEA [141]. However, a prospective
cohort study did not find a strong relationship between meat intake and PCa risk in MAA than in
MEA [134]. Another study evaluated the differences in dietary factors known to contribute to PCa
mortality and morbidity in Nigerian men from West Africa who had migrated and were currently
living in the U.S. and indigenous men living in Nigeria. This study observed that Nigerian men who
had migrated and were currently living in the U.S. had a higher intake of red meat and a lower intake
of fish compared to indigenous men living in Nigeria [142]. However, a higher intake of fruit and
whole grain food as well as a significantly lower trans fats intake was observed in Nigerian men living
in the U.S. relative to indigenous Nigerian men, thus potentially explaining a decreased PCa risk in the
Nigerian men living in the U.S. cohort. Although the sample size in this study was relatively small,
dietary changes of increased intake of fruits and whole grain foods and lower intake of trans fats are
within the scope of guidelines recommended for lowering PCa risk by the National Cancer Institute
(NCI) [143].

In addition to red and processed meats, previous studies have examined poultry intake and its
relation to PCa. A prospective study of men treated with radical prostatectomy for PCa showed that
very high intake of poultry was inversely associated with disease progression and very high intake of
eggs was marginally associated with a higher risk of high-grade disease [144]. In a small case-control
study examining PCa risk of MAA and MEA, high protein intake was either inconsistently related or
unrelated to PCa risk [145]. A subsequent study failed to observe any association between poultry
consumption and risk of total PCa among MAA or with total or metastatic PCa among MEA [137].

Research findings remain controversial as to whether dietary fat consumption and high diet
intake of different fatty acids may independently relate to PCa risk and or progression [134,146–148].
A meta-analysis of 13 published case control and cohort studies revealed a statistically significant
association between dietary fat and PCa [149]. However, other epidemiological studies that examined
the association between the two did not support a strong association [150,151]. While the majority
of cancers display increased glycolysis for the requirement of accelerated cell proliferation, PCa is
characterized by low glycolysis in which its cells are dependent on the oxidation of fatty acids [152].
Certain types of fatty acids have been investigated to play a possible role in PCa development and
progression [146,153–155]. Zhou et al. [156] examined the differences in fatty acid compositions
between PCa and benign prostatic tumors among pathological conditions of the disease and between
MAA and MEA. Their results revealed that MAA had higher concentrations of total fatty acids with
chains of 14–18 carbons than in benign prostatic tumors compared to MEA [156]. A cohort study of
1000 men treated for PCa by radical prostatectomy observed significant differences in the fatty acid
composition of periprostatic adipose tissue in African–Caribbean patients compared with MEA [157].
The conclusions of other studies remain inconsistent regarding ethnic specific associations with some
fatty acids and their role in PCa [134,158].

A growing body of evidence suggests that plant-based foods and their associated nutrients
demonstrate a protective association with PCa risk [159–163]. This led to the investigation of whether
plant-based diets confer a lower risk of PCa. To gain further clarity, researchers investigated the protective
association of a vegan diet with PCa risk compared with subjects subscribing to a non-vegetarian diet.
In this prospective cohort study of 26,346 male participants after stratifying for race, the statistically
significant association with a vegan diet remained only for the MEA (HR: 0.63; 95% CI: 0.46, 0.86).
Although MAA did not show any statistical significance, there was a similarity in effect size (HR: 0.69;
95% CI: 0.41, 1.18) [164].

3.2. Obesity

Obesity is a well-established risk factor for a multitude of adverse health outcomes and serves as a
potential risk factor that might lead to the progression of PCa [165–168]. Although African Americans
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generally have a higher prevalence of obesity compared to non-Hispanic whites [168], the difference in
prevalence between the two racial groups of men are relatively small and have inverse relationships
compared to the general obesity racial trend. From 2017–2018, the age-adjusted prevalence of obesity
(body mass index (BMI) ≥ 30) for MAA was 41% compared to 45% for MEA [168]. The proposed
mechanism behind its involvement is that retention of excess body fat can cause hormonal shifts in
testosterone, estrogen, insulin, and insulin-like growth factor (IGF)-1, which have some degree of
relation to PCa [169–171]. Although obesity has been linked to risk of several other cancers [172,173],
its association with PCa remains unclear.

The association between obesity and PCa has been inconsistent as some studies have shown
increased body mass to be associated with more aggressive tumors [174,175] while others had weak
or no associations at all [174,176,177]. Previous studies investigated the racial disparities of obesity
and PCa, but the results remain ambiguous. A retrospective multi-institutional analysis of the radical
prostatectomy of 3162 men evaluated the relationship between obesity and PCa. This study concluded
that after radical prostatectomy, obesity was found to be associated with a higher grade of PCa and
higher recurrence rates. Additionally, compared to MEA, MAA had higher recurrence rates and greater
body mass index (BMI) [167]. Another study discovered that obesity was inversely related to PCa
among MEA and unrelated to risk among MAA [178]. On the other hand, findings from a retrospective
study found that obesity is a risk factor for aggressive PCa regardless of race [179].

4. Social Determinants of Health

It is critical to understand that social determinants of health (also known as socioeconomic status)
are the landscape of which structural inequalities produce health inequalities, which in turn, can trigger
or exacerbate health disparities [180,181]. These determinants are deeply woven into the very fabric
of society that can be observed by the conditions in which people live, their income status, having
access to quality food, health care, housing, education, and geographic locations. These factors can
indirectly influence PCa risk through biological and behavioral pathways [182,183] and the ability to
receive definitive treatment [183–185].

Socioeconomically disadvantaged populations bear a disproportionate burden of adverse health
outcomes [186] including higher incidence and mortality rates of PCa [187–190]. African Americans
are affected the most by this disproportionate burden [191–193]. According to the 2016 Census Bureau
estimate [194], African Americans make up 13% (a little over 40 million) of the U.S. population,
however, 21% (nine million) fell below the poverty line, which is a yearly income of $25,465 for
a family of four [195]. For every one dollar of accumulated wealth that Caucasian families have,
African American families have just one cent [196]. The dimensions of these systemic inequalities are
beyond the scope of this review. However, a higher income and education can affect health through a
cascade effect on the ability to acquire resources such as access to better quality health care [197,198],
whereas residing in a food oasis area where there are no food deserts can provide access to healthier
and more nutritious food [199], thus, potentially lowering PCa risk. It has been shown that unfavorable
neighborhood environments can indirectly affect PCa severity through chronic stress mechanisms.
Individuals residing in disadvantaged neighborhoods experience a higher degree of emotional stress
that can result in multiple negative effects on the body that may be involved in the initiation of
carcinogenesis [200–202].

It has been hypothesized that inability to access quality health care, particularly screening for
detection of the disease, can lead to a more aggressive cancer at the time of diagnosis [203,204]. This led
Lynch et al. [205] to investigate whether neighborhood environment associations with advanced
PCa disease differed by MAA and MEA using a novel method of neighborhood-wide association
study (NWAS). This approach assessed the association between 14,663 neighborhood variables from
the U.S. Census with PCa aggressiveness in MAA compared to MEA. When comparing NWAS
results among MAA versus MEA, there were three variables from housing, one from education,
one employment and/or one transportation variable that were found to be scientifically associated
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with PCa aggressiveness in MAA compared to 17 socioeconomic variables that were mainly related
to poverty and/or income in MEA [205]. Discoveries such as this can be helpful in large scale
gene-environment studies as well as serve as additional markers when identifying predominately
African American communities/neighborhoods for PCa interventions.

MAA face several social barriers that can rather be perceived as a form of social injustice that
MEA may not encounter, thus contributing to poorer outcomes and risk. For example, a study
examined racial disparities in delivering definitive therapy for clinically localized PCa at the facility
level between MAA and MEA. The study found significant “within” hospital quality of care variation
in the rates of definitive PCa therapy between MEA and MAA, with the vast majority of facilities
favoring MEA [206]. Furthermore, a subsequent study found hospitals that primarily treated minority
groups were associated with lower odds of receiving definitive therapy and longer time to definitive
therapy despite adjustment for race [207]. In addition, there is a growing body of research that
demonstrates that in comparison to MEA, MAA are less likely to be treated for PCa with similar staging
of disease [208] and experience differences in treatment starting from early prognosis to eventually
terminal care [184,206,209–211]. For example, Wang et al. [212] reported that the treatments for PCa
received between 2004 and 2011 differed by race significantly. Radical prostatectomy was performed
in 39.8% of MEA relative to 27.5% of MAA. Although the patients in this study had similar clinical
characteristics, the treatment plan varied in different groups. A higher percentage of MAA (37.2%)
received external beam radiation therapy compared to 33.1% MEA (p < 0.001) Furthermore, androgen
deprivation therapy was received by 9.5% MAA compared to 5.7% of MEA. In addition, a greater
percentage of 12.5% MEA were in watchful waiting compared to 7.2% of MEA (p < 0.001) [212]

Disparities in health care insurance have been correlated with poorer access to health care, which
can result in worse outcomes for racial/ethnic minority populations [213,214]. African Americans are
70 percent more likely to be uninsured than Caucasians and are more likely to avoid care because of
its cost [215]. Previous studies have shown that the disparity gap diminishes in cancer mortality of
MAA versus MEA patients after they become eligible for universal health care from Medicare [1,216].
Similarly, studies have demonstrated that among patients with PCa, there was no observable difference
between MAA and MEA with Medicaid insurance [211,216]. One notable study showed favorable
outcomes for MAA compared to MEA in an equal-access medical system despite residing in areas
with lower social determinants of health [217]. A more recent study sought to measure the relative
importance of race compared to health care and social factors on PCa-specific mortality by using the
machine learning method and random forest regression. This study used SEER data of MAA and MEA
diagnosed with PCa matched by age, disease stage, and birth year, which was stratified by age and
disease stage (18 groups). Results showed that while race was somewhat of an important predictor of
PCa mortality, the factors associated with racial disparities (health care and social factors) were more
important in all but two of the 18 groups [218].

Reports have suggested that social determinants of health are contributing factors for PCa racial
disparities, however, some results remain controversial [183,219]. Evidence of nonfinancial barriers
such as poor health seeking behavior have been shown to delay diagnosis of PCa among MAA.
In addition, physician bias coupled with fear of PCa diagnosis and distrust of the health care system
appear to be the most evident factors [220,221].

5. Lack of Diversity in Clinical Trials and Genetic Studies

Over the past 15 years, the number of therapeutic clinical trials have significantly grown for men
with PCa. Considering the variety of PCa treatment options that continue to develop from clinical trials,
it is essential to ensure that all men receive optimal therapy. However, if a subset of this population is
underrepresented or excluded, important findings that could extend their life spans and/or improve
their quality of life will be lacking. Historically, African Americans, along with other minorities,
have been underrepresented in clinical trials (Table 2) and genetic research, which is critical for the
advancement of therapeutic and research technologies [222–225]. In an effort to address disparities
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in clinical trial research, the United States Congress enacted the National Institutes of Health (NIH)
Revitalization Act in 1993 mandating investigators to prioritize the inclusion of women and minorities
in clinical trials [226]. However, since then, few clinical and biomedical research studies have focused
their recruitment efforts on the inclusion of adequate minority representation [227].

Table 2. Summary of enrollment of black and white men in representative clinical trials for three Food
and Drug Administration (FDA)-approved PCa drugs.

ERLEADA®

(Apalutamide)
NUBEQA®

(Darolutamide)
AXUMIN®

(Fluciclovine)

FDA approval date 17 September 2019 30 July 2019 27 May 2016

Purpose of drug

Treatment of prostate cancer that has not
spread to other parts of the body
(non-metastatic) and no longer responds
to a medical or surgical treatment that
lowers testosterone (castration-resistant)

Drug for detection of prostate
cancer recurrence in men who
have been treated for prostate
cancer but have persistently
high prostate specific antigen
(PSA) in their blood.

Total participants 1207 1509 596

Total black participants 68 52 26

Total black participants, % 6% 3% 4%

Total white participants 800 1194 186

Total white participants, % 66% 79% 31%

Percentage not reported 16% 4% 64%

Unfortunately, there continues to be a stark underrepresentation of African Americans in clinical
trials despite the striking racial/ethnic disparities in PCa incidence and mortality rates [228]. A recent
study collected data on PCa clinical trials in the U.S. and found that 54.7% (23/42) had no ethnic
stratification. Additionally, in all trials that provided demographic information, there were 5116 (9.8%)
African Americans and 41,103 (79.4%) Caucasian participants [229]. According to a study conducted
by Spratt et al. [230] from 2009 to 2015 in seven trials conducted for five new PCa therapies, only 3% of
participants were MAA [230]. Additionally, a recent PCa prevention/treatment retrospective study of
17 clinical trials in six countries over the past 20 years indicated a consistent under-representation of
racial minorities in clinical trials. The results from the study revealed that approximately 5% of the
participants consisted of MAA [223].

Furthermore, within a 25 year span, there were less than 50% of PCa clinical trials in the U.S.
that reported the participation of MAA [231]. One noteworthy study that had adequate representation
of MAA enrolled (30%) is the Prostate Cancer Intervention Versus Observation Trial (PIVOT) [232].
The PIVOT study compared patients with radical prostatectomy and observation for patients with
localized PCa detected in the prostate-specific antigen (PSA) screening era. Although this study
provided sufficient representation of MAA, there were no differences in all-cause or PCa mortality
after 12 years of follow up. Another study with ideal representation was a prospective study of the
anti-hormone therapy abiraterone acetate and the steroid prednisone in 100 men (50 African Americans,
50 Caucasians) with metastatic castration-resistant PCa (CRPC) [233]. A decline in PSA was used
to measure responses to the therapy. PSA levels decreased at higher rates for MAA participants
and stabilized for a median of 16.6 months compared to 11.5 months for MEA participants. These
findings highlight the importance of adequate inclusion of MAA participants and suggests that racial
determinants may play a role in the degree of response to some treatments in patients.

Proper representation of minority populations in clinical trials and genetic studies is critical
in the advancement of medicine and research. Without these adequate inclusions, scientists and
pharmaceutical companies are left to speculate how new therapies that were developed based on
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homogenous populations can improve the standards of treatment across populations from different
ethnic backgrounds. The reasoning behind the lack of representation entails dissecting apart a
complexity of multi-layered factors that contribute to challenges in the recruitment of African Americans
in government initiatives. It is well documented in the literature that historic unethical mistreatment
of African American has led to higher levels of distrust within the African American community,
therefore deterring participation in research [234–238].

One major historical event that has led to this inherent lack of distrust stems from the Tuskegee
Syphilis Study. In this 40-year study, researchers deliberately withheld treatment from MAA with
syphilis in the interest of studying disease progression [238–240]. The suggested attitudes of distrust
that stem from this study could potentially increase PCa outcome disparities by causing reluctance
to enroll in trials of novel testing, treatments, and targeted therapies that can potentially reduce PCa
risk and/or improve survival among these men [241,242]. The Tuskegee Syphilis Study is unlikely the
primary reasoning for the lack of participation in clinical trial studies as well as the widespread mistrust
of clinical research and health care systems. Rather, this reasoning stems from broader historical and
personal experiences.

Another major historical event that has resulted in generations of African Americans into not
trusting medical institutions was the Henrietta Lacks story. In the 1950s, physicians at Johns Hopkins
Hospital used HeLa cells derived from the cervical cancer cells of Henrietta Lacks, a 31-year-old
African American mother of five, without her consent, which led to important medical advances
and domestic and global scientific discoveries that continue today [243]. Numerous laboratories and
companies have gained financially from the use of HeLa cells without compensation to Mrs. Lacks’
family [243]. Although the Lacks family has not received profits gained from the research involving
her cells, the NIH has formally apologized for this mishap in medical treatment and has put forth
moral and ethical efforts to somewhat rectify what happened to Mrs. Henrietta Lacks [244].

Previously published reasons for the lack of participation due to mistrust in the medical
community include experiences with racism/discrimination and devaluation, differential treatment
within the health care system and previous negative interactions and abuse from research
institutions [235,238,243,245,246]. To explore MAA’s attitudes toward PCa research and genomic
testing, Rodgers and colleagues conducted a qualitative study that examined these topics in a
geographically diverse sample of MAA and community stakeholders [245]. The results from this
study regarding barriers to participate in PCa research included a lack of PCa knowledge, confusing
PSA testing, health care system distrust, and misuse of personal health information. As for genomic
testing barriers, research has identified a lack of terminology understanding, reluctance about
receiving medical care, unfavorable attitudes toward research, and mistrust in the health care system.
Facilitators of genomic testing included the value of prevention, family history, and the desire for
health education [245].

There is very little literature on recruitment strategies for African Americans in research and clinical
trials, particularly among MAA. However, one common thread that remained consistent throughout the
literature for improving participation is building trust between the community and researchers as well
as identifying gatekeepers of the community as advocates [247–252]. Without the essential element of
trust from the community, it will be difficult to gain access and engage with potential participants. Other
strategies include, but are not limited to, including minority investigators and staff on the research teams
who identify with the population being served [253,254], acknowledgement of participant’s time and
effort by offering monetary incentives [249,253,255], and employing unconventional recruiting methods
such as word-of-mouth in local places (barbershops, faith-based organizations, and community health
centers) [249,254,256]. One noteworthy recommendation from Oren et al. is to have journals factor in
population representation aspects when assessing a study’s merit in addition to the overall results [252].

Recent efforts have been made by research groups to successfully recruit and retain large numbers
of MAA in PCa studies. In 2018, joint efforts were made by the National Institutes of Health (National
Cancer Institute and National Institute on Minority Health and Health Disparities) along with the
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Prostate Cancer Foundation to launch a $26.5 million study to investigate environmental and genetic
factors associated with aggressive PCa in MAA [257]. This study is called the “Research on Prostate
Cancer in Men of African Ancestry: Defining the Roles of Genetics, Tumor Markers, and Social Stress,”
or RESPOND. The RESPOND study aims to enroll 10,000 MAA with PCa. This large-scale study has
the potential to unravel the complex interactions of biological and non-biological factors that contribute
to PCa outcome disparities as well as producing more effective interventions and development of
novel treatment strategies for MAA. Given that African Americans are considerably under-represented
in genetic studies [258,259], having a substantial number of African ancestral populations participate
in the RESPOND study will also give the opportunity to uncover rare genetic variants associated
with PCa. Another initiative that aims to address the high burden of PCa among African ancestral
populations is the Men of African Descent and Carcinoma of the Prostate (MADCaP) Consortium [260].
MADCaP is a large multicenter consortium of investigators from Africa, the Caribbean, the United
Kingdom, and United States who are combining their case-control studies of PCa genetic epidemiology
data in the effort to better understand the African genome and its role in establishing PCa risk in
African men.
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The lack of diversity that exists in genetic studies is not a surprising revelation (Figure 3), but it
can potentially deny researchers more opportunities to discover disease-causing variants. Although
inclusion efforts are improving over time, there is still a great need for genetic studies in more ancestrally
diverse populations [258,259]. To ensure inclusions of diverse populations in clinical trials and genetic
studies, self-reported race from subjects are frequently reported and collected, often serving as a
reasonable proxy for genetic ancestry. Self-reported race errors may occur from this approach due to
race often being described as a social construct and like race, how one perceives their racial identity
can be fluid [261,262]. Therefore, many studies seek to focus on identifying subjects according to
their geography from ancestry informative markers and appropriate statistical methods [263–268].
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However, there has been controversy as to whether and how to use race and geographic ancestry in
genetic and biomedical research [269–272]. Previous studies have examined the relationship between
measures of self-identified race and geographic ancestry, which yielded variations of correspondence
between the two [273–277]. Despite scientific and cultural disputes regarding race and geographic
ancestry, data collection of diverse populations are warranted to better understand how measures
of self-identification interact with social factors, genetic classifications, and health outcomes for all
individuals regardless of how one self-identifies.

6. Perspectives and Conclusions

MAA have long suffered disproportionately from higher PCa incidence and mortality rates
compared to other ethnic/racial groups despite advances in medicine and preventive measures.
We examined the underlying factors that contribute to the racial disparity of PCa among MAA while
highlighting complex multi-layered factors such as the lack of MAA in clinical trials and genomic
research, and social determinants of health that can potentially play a part in exacerbating PCa
disparities. The lingering effects from historic structural inequalities and events have severely affected
African Americans so that an inherent wariness exists. This manifestation of distrust can in part
affect participation in clinical trials and genomic studies, which in turn, can inhibit the discovery of
disease-causing variants that can lead to novel PCa therapies and treatments, thus potentially extending
or improving the quality of life for MAA. Although fear of exploitation based on past unethical practices
serves as a partial component to the reluctance of participation in genetic/biomedical research including
PCa-centered studies, research has shown that African Americans are willing to participate given the
opportunity when certain criteria are met including but not limited to transparency in the agenda [245]
and when objectives are translated into a culturally relevant context [278].

Perhaps the myopic viewpoints of minority/ethnic groups, specifically that of African Americans,
are too difficult to reach in terms of recruitment should be reevaluated. Instead, the fact that they are
hardly being reached should be considered. The understanding that the 1993 NIH Revitalization Act
mandated minority inclusion, but very few mechanisms exist to enforce inclusion policies is perplexing.
While scientists are often viewed as objective individuals, we are still susceptible to unrecognized
implicit bias that can permeate decision-making in peer review processes [279] as well as decisions
that govern funding for health disparities research [280]. Furthermore, there is an urgent need for the
scientific community to reexamine its values and priorities before making decisions. Research has
shown that health disparity research is less likely to be funded and can be judged as less significant
and innovative compared to basic science research because of implicit bias [280–282]. While there is no
quick solution to fix the PCa disparity that exists between MAA and MEA, the largest impact could be
made by addressing the systemic structures that produce inequalities in opportunities to alleviate the
disparity and achieve precision medicine equity.

Author Contributions: D.D.L. wrote the manuscript; C.D.C. conceived, outlined, and edited this review.
All authors have read and agreed to the published version of the manuscript.

Funding: This research was supported by the Intramural Research Program of the National Human Genome
Research Institute, National Institutes of Health. Its contents are solely the responsibility of the authors and do not
necessarily represent the official views of the National Institutes of Health.

Acknowledgments: We thank Joan Bailey-Wilson for her critical reading of this manuscript and insightful
comments. We acknowledge Figure 2 from “A Standardized Framework for Representation of Ancestry Data
in Genomics Studies, with Application to the NHGRI-EBI GWAS Catalog” by Jonnella Morales as the original
author, used under the license CC by 4.0 (https://creativecommons.org/licenses/by/4.0/) modified from the original
(Figure 2/(2a)) as Figure 3 in our manuscript.

Conflicts of Interest: The authors declare no conflict of interest.

https://creativecommons.org/licenses/by/4.0/


Genes 2020, 11, 1471 14 of 28

References

1. Siegel, R.L.; Miller, K.D.; Jemal, A. Cancer statistics, 2018. CA Cancer J. Clin. 2018, 68, 7–30. [CrossRef] [PubMed]
2. Bray, F.; Ferlay, J.; Soerjomataram, I.; Siegel, R.L.; Torre, L.A.; Jemal, A. Global cancer statistics 2018:

GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J. Clin.
2018, 68, 394–424. [CrossRef] [PubMed]

3. Resnick, M.J.; Canter, D.J.; Guzzo, T.J.; Brucker, B.M.; Bergey, M.; Sonnad, S.S.; Wein, A.J.; Malkowicz, S.B.
Does race affect postoperative outcomes in patients with low-risk prostate cancer who undergo radical
prostatectomy? Urology 2009, 73, 620–623. [CrossRef] [PubMed]

4. Ferlay, J.; Shin, H.R.; Bray, F.; Forman, D.; Mathers, C.; Parkin, D.M. Estimates of worldwide burden of cancer
in 2008: GLOBOCAN 2008. Int. J. Cancer 2010, 127, 2893–2917. [CrossRef]

5. Odedina, F.T.; Akinremi, T.O.; Chinegwundoh, F.; Roberts, R.; Yu, D.; Reams, R.R.; Freedman, M.L.; Rivers, B.;
Green, B.L.; Kumar, N. Prostate cancer disparities in Black men of African descent: A comparative literature
review of prostate cancer burden among Black men in the United States, Caribbean, United Kingdom,
and West Africa. Infect. Agent Cancer 2009, 4 (Suppl. 1), S2. [CrossRef]

6. Rebbeck, T.R.; Devesa, S.S.; Chang, B.L.; Bunker, C.H.; Cheng, I.; Cooney, K.; Eeles, R.; Fernandez, P.;
Giri, V.N.; Gueye, S.M.; et al. Global patterns of prostate cancer incidence, aggressiveness, and mortality in
men of african descent. Prostate Cancer 2013, 2013, 560857. [CrossRef]

7. American Cancer Society. Cancer Facts & Figures for African Americans 2019–2021. Available online: https://
www.cancer.org/research/cancer-facts-statistics/cancer-facts-figures-for-african-americans.html (accessed on
23 September 2019).

8. Schwartz, K.; Powell, I.J.; Underwood, W., 3rd; George, J.; Yee, C.; Banerjee, M. Interplay of race, socioeconomic
status, and treatment on survival of patients with prostate cancer. Urology 2009, 74, 1296–1302. [CrossRef]

9. DeSantis, C.E.; Siegel, R.L.; Sauer, A.G.; Miller, K.D.; Fedewa, S.A.; Alcaraz, K.I.; Jemal, A. Cancer statistics
for African Americans, 2016: Progress and opportunities in reducing racial disparities. CA Cancer J. Clin.
2016, 66, 290–308. [CrossRef]

10. Fernandez, P.; Salie, M.; du Toit, D.; van der Merwe, A. Analysis of Prostate Cancer Susceptibility Variants
in South African Men: Replicating Associations on Chromosomes 8q24 and 10q11. Prostate Cancer 2015,
2015, 465184. [CrossRef]

11. Mahal, B.A.; Berman, R.A.; Taplin, M.E.; Huang, F.W. Prostate Cancer-Specific Mortality Across Gleason
Scores in Black vs Nonblack Men. JAMA 2018, 320, 2479–2481. [CrossRef]

12. Pietro, G.D.; Chornokur, G.; Kumar, N.B.; Davis, C.; Park, J.Y. Racial Differences in the Diagnosis and
Treatment of Prostate Cancer. Int. Neurourol. J. 2016, 20, S112–S119. [CrossRef] [PubMed]

13. Chornokur, G.; Dalton, K.; Borysova, M.E.; Kumar, N.B. Disparities at presentation, diagnosis, treatment,
and survival in African American men, affected by prostate cancer. Prostate 2011, 71, 985–997.
[CrossRef] [PubMed]

14. Platz, E.A.; Rimm, E.B.; Willett, W.C.; Kantoff, P.W.; Giovannucci, E. Racial variation in prostate cancer
incidence and in hormonal system markers among male health professionals. J. Natl. Cancer Inst. 2000, 92,
2009–2017. [CrossRef] [PubMed]

15. Surveillance Research Program, National Cancer Institute. Epidemiology and End Results Program.
An Interactive Website for SEER Cancer Statistics. Available online: https://seer.cancer.gov/explorer/
(accessed on 23 September 2020).

16. GLOBOCAN. Prostate Cancer Fact Sheet 2018; International Agency for Research on Cancer: Lyon, France, 2018.
17. Zeegers, M.P.; Jellema, A.; Ostrer, H. Empiric risk of prostate carcinoma for relatives of patients with prostate

carcinoma: A meta-analysis. Cancer 2003, 97, 1894–1903. [CrossRef]
18. Kicinski, M.; Vangronsveld, J.; Nawrot, T.S. An epidemiological reappraisal of the familial aggregation of

prostate cancer: A meta-analysis. PLoS ONE 2011, 6, e27130. [CrossRef]
19. Albright, F.; Stephenson, R.A.; Agarwal, N.; Teerlink, C.C.; Lowrance, W.T.; Farnham, J.M.; Albright, L.A.

Prostate cancer risk prediction based on complete prostate cancer family history. Prostate 2015,
75, 390–398. [CrossRef]

http://dx.doi.org/10.3322/caac.21442
http://www.ncbi.nlm.nih.gov/pubmed/29313949
http://dx.doi.org/10.3322/caac.21492
http://www.ncbi.nlm.nih.gov/pubmed/30207593
http://dx.doi.org/10.1016/j.urology.2008.09.035
http://www.ncbi.nlm.nih.gov/pubmed/19100607
http://dx.doi.org/10.1002/ijc.25516
http://dx.doi.org/10.1186/1750-9378-4-S1-S2
http://dx.doi.org/10.1155/2013/560857
https://www.cancer.org/research/cancer-facts-statistics/cancer-facts-figures-for-african-americans.html
https://www.cancer.org/research/cancer-facts-statistics/cancer-facts-figures-for-african-americans.html
http://dx.doi.org/10.1016/j.urology.2009.02.058
http://dx.doi.org/10.3322/caac.21340
http://dx.doi.org/10.1155/2015/465184
http://dx.doi.org/10.1001/jama.2018.11716
http://dx.doi.org/10.5213/inj.1632722.361
http://www.ncbi.nlm.nih.gov/pubmed/27915474
http://dx.doi.org/10.1002/pros.21314
http://www.ncbi.nlm.nih.gov/pubmed/21541975
http://dx.doi.org/10.1093/jnci/92.24.2009
http://www.ncbi.nlm.nih.gov/pubmed/11121463
https://seer.cancer.gov/explorer/
http://dx.doi.org/10.1002/cncr.11262
http://dx.doi.org/10.1371/journal.pone.0027130
http://dx.doi.org/10.1002/pros.22925


Genes 2020, 11, 1471 15 of 28

20. Kittles, R.A.; Baffoe-Bonnie, A.B.; Moses, T.Y.; Robbins, C.M.; Ahaghotu, C.; Huusko, P.; Pettaway, C.;
Vijayakumar, S.; Bennett, J.; Hoke, G.; et al. A common nonsense mutation in EphB2 is associated
with prostate cancer risk in African American men with a positive family history. J. Med. Genet. 2006,
43, 507–511. [CrossRef]

21. Hjelmborg, J.B.; Scheike, T.; Holst, K.; Skytthe, A.; Penney, K.L.; Graff, R.E.; Pukkala, E.; Christensen, K.;
Adami, H.O.; Holm, N.V.; et al. The heritability of prostate cancer in the Nordic Twin Study of Cancer.
Cancer Epidemiol. Biomark. Prev. Publ. Am. Assoc. Cancer Res. Cosponsored Am. Soc. Prev. Oncol. 2014,
23, 2303–2310. [CrossRef]

22. Pilie, P.G.; Giri, V.N.; Cooney, K.A. HOXB13 and other high penetrant genes for prostate cancer. Asian J. Androl.
2016, 18, 530–532. [CrossRef]

23. Ewing, C.M.; Ray, A.M.; Lange, E.M.; Zuhlke, K.A.; Robbins, C.M.; Tembe, W.D.; Wiley, K.E.; Isaacs, S.D.;
Johng, D.; Wang, Y.; et al. Germline mutations in HOXB13 and prostate-cancer risk. N. Engl. J. Med. 2012,
366, 141–149. [CrossRef]

24. Xu, J.; Lange, E.M.; Lu, L.; Zheng, S.L.; Wang, Z.; Thibodeau, S.N.; Cannon-Albright, L.A.; Teerlink, C.C.;
Camp, N.J.; Johnson, A.M.; et al. HOXB13 is a susceptibility gene for prostate cancer: Results from
the International Consortium for Prostate Cancer Genetics (ICPCG). Hum. Genet. 2013, 132, 5–14.
[CrossRef] [PubMed]

25. Beebe-Dimmer, J.L.; Hathcock, M.; Yee, C.; Okoth, L.A.; Ewing, C.M.; Isaacs, W.B.; Cooney, K.A.;
Thibodeau, S.N. The HOXB13 G84E Mutation Is Associated with an Increased Risk for Prostate Cancer and
Other Malignancies. Cancer Epidemiol. Biomark. Prev. Publ. Am. Assoc. Cancer Res. Cosponsored Am. Soc.
Prev. Oncol. 2015, 24, 1366–1372. [CrossRef] [PubMed]

26. Cooney, K.A.; McCarthy, J.D.; Lange, E.; Huang, L.; Miesfeldt, S.; Montie, J.E.; Oesterling, J.E.; Sandler, H.M.;
Lange, K. Prostate cancer susceptibility locus on chromosome 1q: A confirmatory study. J. Natl. Cancer Inst.
1997, 89, 955–959. [CrossRef] [PubMed]

27. Carter, B.S.; Beaty, T.H.; Steinberg, G.D.; Childs, B.; Walsh, P.C. Mendelian inheritance of familial prostate
cancer. Proc. Natl. Acad. Sci. USA 1992, 89, 3367–3371. [CrossRef] [PubMed]

28. Berry, R.; Schaid, D.J.; Smith, J.R.; French, A.J.; Schroeder, J.J.; McDonnell, S.K.; Peterson, B.J.; Wang, Z.Y.;
Carpten, J.D.; Roberts, S.G.; et al. Linkage analyses at the chromosome 1 loci 1q24-25 (HPC1), 1q42.2-43 (PCAP),
and 1p36 (CAPB) in families with hereditary prostate cancer. Am. J. Hum. Genet. 2000, 66, 539–546. [CrossRef]

29. Smith, J.R.; Freije, D.; Carpten, J.D.; Gronberg, H.; Xu, J.; Isaacs, S.D.; Brownstein, M.J.; Bova, G.S.; Guo, H.;
Bujnovszky, P.; et al. Major susceptibility locus for prostate cancer on chromosome 1 suggested by a
genome-wide search. Science 1996, 274, 1371–1374. [CrossRef]

30. Schleutker, J.; Matikainen, M.; Smith, J.; Koivisto, P.; Baffoe-Bonnie, A.; Kainu, T.; Gillanders, E.; Sankila, R.;
Pukkala, E.; Carpten, J.; et al. A genetic epidemiological study of hereditary prostate cancer (HPC) in Finland:
Frequent HPCX linkage in families with late-onset disease. Clin. Cancer Res. 2000, 6, 4810–4815.

31. Berry, R.; Schroeder, J.J.; French, A.J.; McDonnell, S.K.; Peterson, B.J.; Cunningham, J.M.; Thibodeau, S.N.;
Schaid, D.J. Evidence for a prostate cancer-susceptibility locus on chromosome 20. Am. J. Hum. Genet. 2000,
67, 82–91. [CrossRef]

32. Neuhausen, S.L.; Farnham, J.M.; Kort, E.; Tavtigian, S.V.; Skolnick, M.H.; Cannon-Albright, L.A. Prostate
cancer susceptibility locus HPC1 in Utah high-risk pedigrees. Hum. Mol. Genet. 1999, 8, 2437–2442. [CrossRef]

33. Xu, J.; Zheng, S.L.; Chang, B.; Smith, J.R.; Carpten, J.D.; Stine, O.C.; Isaacs, S.D.; Wiley, K.E.; Henning, L.;
Ewing, C.; et al. Linkage of prostate cancer susceptibility loci to chromosome 1. Hum. Genet. 2001,
108, 335–345. [CrossRef]

34. Berthon, P.; Valeri, A.; Cohen-Akenine, A.; Drelon, E.; Paiss, T.; Wöhr, G.; Latil, A.; Millasseau, P.; Mellah, I.;
Cohen, N.; et al. Predisposing gene for early-onset prostate cancer, localized on chromosome 1q42.2-43.
Am. J. Hum. Genet. 1998, 62, 1416–1424. [CrossRef] [PubMed]

35. Simard, J.; Dumont, M.; Labuda, D.; Sinnett, D.; Meloche, C.; El-Alfy, M.; Berger, L.; Lees, E.; Labrie, F.;
Tavtigian, S.V. Prostate cancer susceptibility genes: Lessons learned and challenges posed. Endocr. Relat.
Cancer 2003, 10, 225–259. [CrossRef] [PubMed]

36. Brown, W.M.; Lange, E.M.; Chen, H.; Zheng, S.L.; Chang, B.; Wiley, K.E.; Isaacs, S.D.; Walsh, P.C.; Isaacs, W.B.;
Xu, J.; et al. Hereditary prostate cancer in African American families: Linkage analysis using markers that
map to five candidate susceptibility loci. Br. J. Cancer 2004, 90, 510–514. [CrossRef] [PubMed]

http://dx.doi.org/10.1136/jmg.2005.035790
http://dx.doi.org/10.1158/1055-9965.EPI-13-0568
http://dx.doi.org/10.4103/1008-682x.175785
http://dx.doi.org/10.1056/NEJMoa1110000
http://dx.doi.org/10.1007/s00439-012-1229-4
http://www.ncbi.nlm.nih.gov/pubmed/23064873
http://dx.doi.org/10.1158/1055-9965.EPI-15-0247
http://www.ncbi.nlm.nih.gov/pubmed/26108461
http://dx.doi.org/10.1093/jnci/89.13.955
http://www.ncbi.nlm.nih.gov/pubmed/9214675
http://dx.doi.org/10.1073/pnas.89.8.3367
http://www.ncbi.nlm.nih.gov/pubmed/1565627
http://dx.doi.org/10.1086/302771
http://dx.doi.org/10.1126/science.274.5291.1371
http://dx.doi.org/10.1086/302994
http://dx.doi.org/10.1093/hmg/8.13.2437
http://dx.doi.org/10.1007/s004390100488
http://dx.doi.org/10.1086/301879
http://www.ncbi.nlm.nih.gov/pubmed/9585607
http://dx.doi.org/10.1677/erc.0.0100225
http://www.ncbi.nlm.nih.gov/pubmed/12790786
http://dx.doi.org/10.1038/sj.bjc.6601417
http://www.ncbi.nlm.nih.gov/pubmed/14735201


Genes 2020, 11, 1471 16 of 28

37. Ledet, E.M.; Sartor, O.; Rayford, W.; Bailey-Wilson, J.E.; Mandal, D.M. Suggestive evidence of linkage
identified at chromosomes 12q24 and 2p16 in African American prostate cancer families from Louisiana.
Prostate 2012, 72, 938–947. [CrossRef] [PubMed]

38. Baffoe-Bonnie, A.B.; Kittles, R.A.; Gillanders, E.; Ou, L.; George, A.; Robbins, C.; Ahaghotu, C.; Bennett, J.;
Boykin, W.; Hoke, G.; et al. Genome-wide linkage of 77 families from the African American Hereditary
Prostate Cancer study (AAHPC). Prostate 2007, 67, 22–31. [CrossRef]

39. Alvarez-Cubero, M.J.; Entrala, C.; Fernandez-Rosado, F.; Martinez-Gonzalez, L.J.; Alvarez, J.C.; Suarez, A.;
Lorente, J.A.; Cozar, J.M. Predictive value in the analysis of RNASEL genotypes in relation to prostate cancer.
Prostate Cancer Prostatic Dis. 2012, 15, 144–149. [CrossRef]

40. Walsh, P.C. RNASEL Arg462Gln variant is implicated in up to 13% of prostate cancer cases. J. Urol. 2003, 169, 1591.
41. Li, H.; Tai, B.C. RNASEL gene polymorphisms and the risk of prostate cancer: A meta-analysis.

Clin. Cancer Res. 2006, 12, 5713–5719. [CrossRef]
42. Rebbeck, T.R.; Walker, A.H.; Zeigler-Johnson, C.; Weisburg, S.; Martin, A.M.; Nathanson, K.L.; Wein, A.J.;

Malkowicz, S.B. Association of HPC2/ELAC2 genotypes and prostate cancer. Am. J. Hum. Genet. 2000,
67, 1014–1019. [CrossRef]

43. Walsh, P.C. Germline mutations and sequence variants of macrophage scavenger receptor 1 gene are
associated with prostate cancer risk. J. Urol. 2003, 169, 1589–1590.

44. Zhou, A.; Paranjape, J.; Brown, T.L.; Nie, H.; Naik, S.; Dong, B.; Chang, A.; Trapp, B.; Fairchild, R.; Colmenares, C.;
et al. Interferon action and apoptosis are defective in mice devoid of 2’,5’-oligoadenylate-dependent RNase
L. EMBO J. 1997, 16, 6355–6363. [CrossRef]

45. Alvarez-Cubero, M.J.; Pascual-Geler, M.; Martinez-Gonzalez, L.J.; Exposito Ruiz, M.; Saiz, M.; Cozar, J.M.;
Lorente, J.A. Association between RNASEL, MSR1, and ELAC2 single nucleotide polymorphisms and gene
expression in prostate cancer risk. Urol. Oncol. 2016, 34, 431.e1–431.e8. [CrossRef] [PubMed]

46. Powell, I.J.; Vigneau, F.D.; Bock, C.H.; Ruterbusch, J.; Heilbrun, L.K. Reducing prostate cancer racial disparity:
Evidence for aggressive early prostate cancer PSA testing of African American men. Cancer Epidemiol.
Biomark. Prev. Publ. Am. Assoc. Cancer Res. Cosponsored Am. Soc. Prev. Oncol. 2014, 23, 1505–1511.
[CrossRef] [PubMed]

47. Grindedal, E.M.; Møller, P.; Eeles, R.; Stormorken, A.T.; Bowitz-Lothe, I.M.; Landrø, S.M.; Clark, N.; Kvåle, R.;
Shanley, S.; Maehle, L. Germ-line mutations in mismatch repair genes associated with prostate cancer.
Cancer Epidemiol. Biomark. Prev. Publ. Am. Assoc. Cancer Res. Cosponsored Am. Soc. Prev. Oncol. 2009,
18, 2460–2467. [CrossRef] [PubMed]

48. Bancroft, E.K.; Page, E.C.; Castro, E.; Lilja, H.; Vickers, A.; Sjoberg, D.; Assel, M.; Foster, C.S.; Mitchell, G.;
Drew, K.; et al. Targeted prostate cancer screening in BRCA1 and BRCA2 mutation carriers: Results from the
initial screening round of the IMPACT study. Eur. Urol. 2014, 66, 489–499. [CrossRef]

49. Castro, E.; Goh, C.; Olmos, D.; Saunders, E.; Leongamornlert, D.; Tymrakiewicz, M.; Mahmud, N.; Dadaev, T.;
Govindasami, K.; Guy, M.; et al. Germline BRCA mutations are associated with higher risk of nodal
involvement, distant metastasis, and poor survival outcomes in prostate cancer. J. Clin. Oncol. 2013,
31, 1748–1757. [CrossRef]

50. Carter, H.B.; Helfand, B.; Mamawala, M.; Wu, Y.; Landis, P.; Yu, H.; Wiley, K.; Na, R.; Shi, Z.; Petkewicz, J.;
et al. Germline Mutations in ATM and BRCA1/2 Are Associated with Grade Reclassification in Men on
Active Surveillance for Prostate Cancer. Eur. Urol. 2019, 75, 743–749. [CrossRef]

51. Na, R.; Zheng, S.L.; Han, M.; Yu, H.; Jiang, D.; Shah, S.; Ewing, C.M.; Zhang, L.; Novakovic, K.; Petkewicz, J.;
et al. Germline Mutations in ATM and BRCA1/2 Distinguish Risk for Lethal and Indolent Prostate Cancer
and are Associated with Early Age at Death. Eur. Urol. 2017, 71, 740–747. [CrossRef]

52. Petrovics, G.; Price, D.K.; Lou, H.; Chen, Y.; Garland, L.; Bass, S.; Jones, K.; Kohaar, I.; Ali, A.; Ravindranath, L.;
et al. Increased frequency of germline BRCA2 mutations associates with prostate cancer metastasis in a
racially diverse patient population. Prostate Cancer Prostatic Dis. 2019, 22, 406–410. [CrossRef]

53. Beebe-Dimmer, J.L.; Zuhlke, K.A.; Johnson, A.M.; Liesman, D.; Cooney, K.A. Rare germline mutations in
African American men diagnosed with early-onset prostate cancer. Prostate 2018, 78, 321–326. [CrossRef]

54. Mitra, A.; Fisher, C.; Foster, C.S.; Jameson, C.; Barbachanno, Y.; Bartlett, J.; Bancroft, E.; Doherty, R.;
Kote-Jarai, Z.; Peock, S.; et al. Prostate cancer in male BRCA1 and BRCA2 mutation carriers has a more
aggressive phenotype. Br. J. Cancer 2008, 98, 502–507. [CrossRef]

http://dx.doi.org/10.1002/pros.21496
http://www.ncbi.nlm.nih.gov/pubmed/22615067
http://dx.doi.org/10.1002/pros.20456
http://dx.doi.org/10.1038/pcan.2011.56
http://dx.doi.org/10.1158/1078-0432.CCR-05-2799
http://dx.doi.org/10.1086/303096
http://dx.doi.org/10.1093/emboj/16.21.6355
http://dx.doi.org/10.1016/j.urolonc.2016.05.018
http://www.ncbi.nlm.nih.gov/pubmed/27318894
http://dx.doi.org/10.1158/1055-9965.EPI-13-1328
http://www.ncbi.nlm.nih.gov/pubmed/24802741
http://dx.doi.org/10.1158/1055-9965.EPI-09-0058
http://www.ncbi.nlm.nih.gov/pubmed/19723918
http://dx.doi.org/10.1016/j.eururo.2014.01.003
http://dx.doi.org/10.1200/JCO.2012.43.1882
http://dx.doi.org/10.1016/j.eururo.2018.09.021
http://dx.doi.org/10.1016/j.eururo.2016.11.033
http://dx.doi.org/10.1038/s41391-018-0114-1
http://dx.doi.org/10.1002/pros.23464
http://dx.doi.org/10.1038/sj.bjc.6604132


Genes 2020, 11, 1471 17 of 28

55. Taioli, E.; Sears, V.; Watson, A.; Flores-Obando, R.E.; Jackson, M.D.; Ukoli, F.A.; de Syllos Cólus, I.M.;
Fernandez, P.; McFarlane-Anderson, N.; Ostrander, E.A.; et al. Polymorphisms in CYP17 and CYP3A4 and
prostate cancer in men of African descent. Prostate 2013, 73, 668–676. [CrossRef]

56. Aiken, W.D. Historical determinants of contemporary attributes of African descendants in the Americas:
The androgen receptor holds the key. Med. Hypotheses 2011, 77, 1121–1124. [CrossRef] [PubMed]

57. Farrell, J.; Petrovics, G.; McLeod, D.G.; Srivastava, S. Genetic and molecular differences in prostate
carcinogenesis between African American and Caucasian American men. Int. J. Mol. Sci. 2013, 14, 15510–15531.
[CrossRef] [PubMed]

58. Wang, F.; Zou, Y.F.; Feng, X.L.; Su, H.; Huang, F. CYP17 gene polymorphisms and prostate cancer risk:
A meta-analysis based on 38 independent studies. Prostate 2011, 71, 1167–1177. [CrossRef] [PubMed]

59. Ntais, C.; Polycarpou, A.; Ioannidis, J.P. Association of the CYP17 gene polymorphism with the risk of
prostate cancer: A meta-analysis. Cancer Epidemiol. Biomark. Prev. Publ. Am. Assoc. Cancer Res. Cosponsored
Am. Soc. Prev. Oncol. 2003, 12, 120–126.

60. Sarma, A.V.; Dunn, R.L.; Lange, L.A.; Ray, A.; Wang, Y.; Lange, E.M.; Cooney, K.A. Genetic polymorphisms in
CYP17, CYP3A4, CYP19A1, SRD5A2, IGF-1, and IGFBP-3 and prostate cancer risk in African-American men:
The Flint Men’s Health Study. Prostate 2008, 68, 296–305. [CrossRef] [PubMed]

61. Kittles, R.A.; Panguluri, R.K.; Chen, W.; Massac, A.; Ahaghotu, C.; Jackson, A.; Ukoli, F.; Adams-Campbell, L.;
Isaacs, W.; Dunston, G.M. Cyp17 promoter variant associated with prostate cancer aggressiveness in African
Americans. Cancer Epidemiol. Biomark. Prev. Publ. Am. Assoc. Cancer Res. Cosponsored Am. Soc. Prev. Oncol.
2001, 10, 943–947.

62. Stanford, J.L.; Noonan, E.A.; Iwasaki, L.; Kolb, S.; Chadwick, R.B.; Feng, Z.; Ostrander, E.A. A polymorphism
in the CYP17 gene and risk of prostate cancer. Cancer Epidemiol. Biomark. Prev. Publ. Am. Assoc. Cancer Res.
Cosponsored Am. Soc. Prev. Oncol. 2002, 11, 243–247.

63. Haiman, C.A.; Stampfer, M.J.; Giovannucci, E.; Ma, J.; Decalo, N.E.; Kantoff, P.W.; Hunter, D.J. The relationship
between a polymorphism in CYP17 with plasma hormone levels and prostate cancer. Cancer Epidemiol.
Biomark. Prev. Publ. Am. Assoc. Cancer Res. Cosponsored Am. Soc. Prev. Oncol. 2001, 10, 743–748.

64. Yamada, Y.; Watanabe, M.; Murata, M.; Yamanaka, M.; Kubota, Y.; Ito, H.; Katoh, T.; Kawamura, J.;
Yatani, R.; Shiraishi, T. Impact of genetic polymorphisms of 17-hydroxylase cytochrome P-450 (CYP17) and
steroid 5alpha-reductase type II (SRD5A2) genes on prostate-cancer risk among the Japanese population.
Int. J. Cancer 2001, 92, 683–686. [CrossRef]

65. Sobti, R.C.; Gupta, L.; Thakur, H.; Seth, A.; Singh, S.K.; Kaur, P. CYP17 gene polymorphism and its association
in north Indian prostate cancer patients. Anticancer Res. 2009, 29, 1659–1663. [PubMed]

66. Souiden, Y.; Mahdouani, M.; Chaieb, K.; Elkamel, R.; Mahdouani, K. CYP17 gene polymorphism and prostate
cancer susceptibility in a Tunisian population. Cancer Epidemiol. 2011, 35, 480–484. [CrossRef] [PubMed]

67. Powell, I.J.; Bock, C.H.; Ruterbusch, J.J.; Sakr, W. Evidence supports a faster growth rate and/or earlier
transformation to clinically significant prostate cancer in black than in white American men, and influences
racial progression and mortality disparity. J. Urol. 2010, 183, 1792–1796. [CrossRef] [PubMed]

68. Powell, I.J. Epidemiology and pathophysiology of prostate cancer in African-American men. J. Urol. 2007,
177, 444–449. [CrossRef]

69. Wallace, T.A.; Martin, D.N.; Ambs, S. Interactions among genes, tumor biology and the environment in cancer
health disparities: Examining the evidence on a national and global scale. Carcinogenesis 2011, 32, 1107–1121.
[CrossRef] [PubMed]

70. Freeman, V.L.; Leszczak, J.; Cooper, R.S. Race and the histologic grade of prostate cancer. Prostate 1997,
30, 79–84. [CrossRef]

71. Sartor, O.; Zheng, Q.; Eastham, J.A. Androgen receptor gene CAG repeat length varies in a race-specific
fashion in men without prostate cancer. Urology 1999, 53, 378–380. [CrossRef]

72. Coetzee, G.A.; Ross, R.K. Re: Prostate cancer and the androgen receptor. J. Natl. Cancer Inst. 1994, 86, 872–873.
[CrossRef] [PubMed]

73. Bennett, C.L.; Price, D.K.; Kim, S.; Liu, D.; Jovanovic, B.D.; Nathan, D.; Johnson, M.E.; Montgomery, J.S.;
Cude, K.; Brockbank, J.C.; et al. Racial variation in CAG repeat lengths within the androgen receptor gene
among prostate cancer patients of lower socioeconomic status. J. Clin. Oncol. 2002, 20, 3599–3604. [CrossRef]

http://dx.doi.org/10.1002/pros.22612
http://dx.doi.org/10.1016/j.mehy.2011.09.017
http://www.ncbi.nlm.nih.gov/pubmed/21968274
http://dx.doi.org/10.3390/ijms140815510
http://www.ncbi.nlm.nih.gov/pubmed/23892597
http://dx.doi.org/10.1002/pros.21332
http://www.ncbi.nlm.nih.gov/pubmed/21656827
http://dx.doi.org/10.1002/pros.20696
http://www.ncbi.nlm.nih.gov/pubmed/18163429
http://dx.doi.org/10.1002/1097-0215(20010601)92:5&lt;683::AID-IJC1255&gt;3.0.CO;2-4
http://www.ncbi.nlm.nih.gov/pubmed/19443382
http://dx.doi.org/10.1016/j.canep.2010.11.008
http://www.ncbi.nlm.nih.gov/pubmed/21193363
http://dx.doi.org/10.1016/j.juro.2010.01.015
http://www.ncbi.nlm.nih.gov/pubmed/20299055
http://dx.doi.org/10.1016/j.juro.2006.09.024
http://dx.doi.org/10.1093/carcin/bgr066
http://www.ncbi.nlm.nih.gov/pubmed/21464040
http://dx.doi.org/10.1002/(SICI)1097-0045(19970201)30:2&lt;79::AID-PROS2&gt;3.0.CO;2-F
http://dx.doi.org/10.1016/S0090-4295(98)00481-6
http://dx.doi.org/10.1093/jnci/86.11.872
http://www.ncbi.nlm.nih.gov/pubmed/8182772
http://dx.doi.org/10.1200/JCO.2002.11.085


Genes 2020, 11, 1471 18 of 28

74. Kittles, R.A.; Young, D.; Weinrich, S.; Hudson, J.; Argyropoulos, G.; Ukoli, F.; Adams-Campbell, L.;
Dunston, G.M. Extent of linkage disequilibrium between the androgen receptor gene CAG and GGC
repeats in human populations: Implications for prostate cancer risk. Hum. Genet. 2001, 109, 253–261.
[CrossRef] [PubMed]

75. Chamberlain, N.L.; Driver, E.D.; Miesfeld, R.L. The length and location of CAG trinucleotide repeats in the
androgen receptor N-terminal domain affect transactivation function. Nucleic Acids Res. 1994, 22, 3181–3186.
[CrossRef] [PubMed]

76. Ingles, S.A.; Ross, R.K.; Yu, M.C.; Irvine, R.A.; La Pera, G.; Haile, R.W.; Coetzee, G.A. Association of prostate
cancer risk with genetic polymorphisms in vitamin D receptor and androgen receptor. J. Natl. Cancer Inst.
1997, 89, 166–170. [CrossRef] [PubMed]

77. Giovannucci, E.; Stampfer, M.J.; Krithivas, K.; Brown, M.; Dahl, D.; Brufsky, A.; Talcott, J.; Hennekens, C.H.;
Kantoff, P.W. The CAG repeat within the androgen receptor gene and its relationship to prostate cancer.
Proc. Natl. Acad. Sci. USA 1997, 94, 3320–3323. [CrossRef] [PubMed]

78. Price, D.K.; Chau, C.H.; Till, C.; Goodman, P.J.; Baum, C.E.; Ockers, S.B.; English, B.C.; Minasian, L.;
Parnes, H.L.; Hsing, A.W.; et al. Androgen receptor CAG repeat length and association with prostate cancer
risk: Results from the prostate cancer prevention trial. J. Urol. 2010, 184, 2297–2302. [CrossRef] [PubMed]

79. Gilligan, T.; Manola, J.; Sartor, O.; Weinrich, S.P.; Moul, J.W.; Kantoff, P.W. Absence of a correlation of
androgen receptor gene CAG repeat length and prostate cancer risk in an African-American population.
Clin. Prostate Cancer 2004, 3, 98–103. [CrossRef]

80. Freedman, M.L.; Pearce, C.L.; Penney, K.L.; Hirschhorn, J.N.; Kolonel, L.N.; Henderson, B.E.; Altshuler, D.
Systematic evaluation of genetic variation at the androgen receptor locus and risk of prostate cancer in a
multiethnic cohort study. Am. J. Hum. Genet. 2005, 76, 82–90. [CrossRef]

81. Lange, E.M.; Sarma, A.V.; Ray, A.; Wang, Y.; Ho, L.A.; Anderson, S.A.; Cunningham, J.M.; Cooney, K.A.
The androgen receptor CAG and GGN repeat polymorphisms and prostate cancer susceptibility in
African-American men: Results from the Flint Men’s Health Study. J. Hum. Genet. 2008, 53, 220–226. [CrossRef]

82. Benafif, S.; Kote-Jarai, Z.; Eeles, R.A. A Review of Prostate Cancer Genome-Wide Association Studies (GWAS).
Cancer Epidemiol. Biomark. Prev. Publ. Am. Assoc. Cancer Res. Cosponsored Am. Soc. Prev. Oncol. 2018,
27, 845–857. [CrossRef]

83. Eeles, R.A.; Kote-Jarai, Z.; Giles, G.G.; Olama, A.A.; Guy, M.; Jugurnauth, S.K.; Mulholland, S.;
Leongamornlert, D.A.; Edwards, S.M.; Morrison, J.; et al. Multiple newly identified loci associated
with prostate cancer susceptibility. Nat. Genet. 2008, 40, 316–321. [CrossRef]

84. Gudmundsson, J.; Sulem, P.; Rafnar, T.; Bergthorsson, J.T.; Manolescu, A.; Gudbjartsson, D.; Agnarsson, B.A.;
Sigurdsson, A.; Benediktsdottir, K.R.; Blondal, T.; et al. Common sequence variants on 2p15 and Xp11.22
confer susceptibility to prostate cancer. Nat. Genet. 2008, 40, 281–283. [CrossRef]

85. Duggan, D.; Zheng, S.L.; Knowlton, M.; Benitez, D.; Dimitrov, L.; Wiklund, F.; Robbins, C.; Isaacs, S.D.;
Cheng, Y.; Li, G.; et al. Two genome-wide association studies of aggressive prostate cancer implicate putative
prostate tumor suppressor gene DAB2IP. J. Natl. Cancer Inst. 2007, 99, 1836–1844. [CrossRef] [PubMed]

86. Gudmundsson, J.; Sulem, P.; Steinthorsdottir, V.; Bergthorsson, J.T.; Thorleifsson, G.; Manolescu, A.; Rafnar, T.;
Gudbjartsson, D.; Agnarsson, B.A.; Baker, A.; et al. Two variants on chromosome 17 confer prostate cancer
risk, and the one in TCF2 protects against type 2 diabetes. Nat. Genet. 2007, 39, 977–983. [CrossRef] [PubMed]

87. Yeager, M.; Orr, N.; Hayes, R.B.; Jacobs, K.B.; Kraft, P.; Wacholder, S.; Minichiello, M.J.; Fearnhead, P.; Yu, K.;
Chatterjee, N.; et al. Genome-wide association study of prostate cancer identifies a second risk locus at 8q24.
Nat. Genet. 2007, 39, 645–649. [CrossRef] [PubMed]

88. Haiman, C.A.; Patterson, N.; Freedman, M.L.; Myers, S.R.; Pike, M.C.; Waliszewska, A.; Neubauer, J.;
Tandon, A.; Schirmer, C.; McDonald, G.J.; et al. Multiple regions within 8q24 independently affect risk for
prostate cancer. Nat. Genet. 2007, 39, 638–644. [CrossRef]

89. Haiman, C.A.; Chen, G.K.; Blot, W.J.; Strom, S.S.; Berndt, S.I.; Kittles, R.A.; Rybicki, B.A.; Isaacs, W.B.;
Ingles, S.A.; Stanford, J.L.; et al. Characterizing genetic risk at known prostate cancer susceptibility loci in
African Americans. PLoS Genet. 2011, 7, e1001387. [CrossRef]

90. Haiman, C.A.; Chen, G.K.; Blot, W.J.; Strom, S.S.; Berndt, S.I.; Kittles, R.A.; Rybicki, B.A.; Isaacs, W.B.;
Ingles, S.A.; Stanford, J.L.; et al. Genome-wide association study of prostate cancer in men of African ancestry
identifies a susceptibility locus at 17q21. Nat. Genet. 2011, 43, 570–573. [CrossRef]

http://dx.doi.org/10.1007/s004390100576
http://www.ncbi.nlm.nih.gov/pubmed/11702204
http://dx.doi.org/10.1093/nar/22.15.3181
http://www.ncbi.nlm.nih.gov/pubmed/8065934
http://dx.doi.org/10.1093/jnci/89.2.166
http://www.ncbi.nlm.nih.gov/pubmed/8998186
http://dx.doi.org/10.1073/pnas.94.7.3320
http://www.ncbi.nlm.nih.gov/pubmed/9096391
http://dx.doi.org/10.1016/j.juro.2010.08.005
http://www.ncbi.nlm.nih.gov/pubmed/20952028
http://dx.doi.org/10.3816/CGC.2004.n.019
http://dx.doi.org/10.1086/427224
http://dx.doi.org/10.1007/s10038-007-0240-4
http://dx.doi.org/10.1158/1055-9965.EPI-16-1046
http://dx.doi.org/10.1038/ng.90
http://dx.doi.org/10.1038/ng.89
http://dx.doi.org/10.1093/jnci/djm250
http://www.ncbi.nlm.nih.gov/pubmed/18073375
http://dx.doi.org/10.1038/ng2062
http://www.ncbi.nlm.nih.gov/pubmed/17603485
http://dx.doi.org/10.1038/ng2022
http://www.ncbi.nlm.nih.gov/pubmed/17401363
http://dx.doi.org/10.1038/ng2015
http://dx.doi.org/10.1371/journal.pgen.1001387
http://dx.doi.org/10.1038/ng.839


Genes 2020, 11, 1471 19 of 28

91. Amundadottir, L.T.; Sulem, P.; Gudmundsson, J.; Helgason, A.; Baker, A.; Agnarsson, B.A.; Sigurdsson, A.;
Benediktsdottir, K.R.; Cazier, J.B.; Sainz, J.; et al. A common variant associated with prostate cancer in
European and African populations. Nat. Genet. 2006, 38, 652–658. [CrossRef]

92. Freedman, M.L.; Haiman, C.A.; Patterson, N.; McDonald, G.J.; Tandon, A.; Waliszewska, A.; Penney, K.;
Steen, R.G.; Ardlie, K.; John, E.M.; et al. Admixture mapping identifies 8q24 as a prostate cancer risk locus in
African-American men. Proc. Natl. Acad. Sci. USA 2006, 103, 14068–14073. [CrossRef] [PubMed]

93. Robbins, C.; Torres, J.B.; Hooker, S.; Bonilla, C.; Hernandez, W.; Candreva, A.; Ahaghotu, C.; Kittles, R.;
Carpten, J. Confirmation study of prostate cancer risk variants at 8q24 in African Americans identifies a
novel risk locus. Genome Res. 2007, 17, 1717–1722. [CrossRef]

94. Han, Y.; Signorello, L.B.; Strom, S.S.; Kittles, R.A.; Rybicki, B.A.; Stanford, J.L.; Goodman, P.J.; Berndt, S.I.;
Carpten, J.; Casey, G.; et al. Generalizability of established prostate cancer risk variants in men of African
ancestry. Int. J. Cancer 2015, 136, 1210–1217. [CrossRef] [PubMed]

95. Han, Y.; Rand, K.A.; Hazelett, D.J.; Ingles, S.A.; Kittles, R.A.; Strom, S.S.; Rybicki, B.A.; Nemesure, B.;
Isaacs, W.B.; Stanford, J.L.; et al. Prostate Cancer Susceptibility in Men of African Ancestry at 8q24.
J. Natl. Cancer Inst. 2016, 108, djv431. [CrossRef] [PubMed]

96. Murphy, A.B.; Ukoli, F.; Freeman, V.; Bennett, F.; Aiken, W.; Tulloch, T.; Coard, K.; Angwafo, F.; Kittles, R.A.
8q24 risk alleles in West African and Caribbean men. Prostate 2012, 72, 1366–1373. [CrossRef]

97. Cropp, C.D.; Robbins, C.M.; Sheng, X.; Hennis, A.J.; Carpten, J.D.; Waterman, L.; Worrell, R.; Schwantes-An, T.H.;
Trent, J.M.; Haiman, C.A.; et al. 8q24 risk alleles and prostate cancer in African-Barbadian men. Prostate 2014,
74, 1579–1588. [CrossRef] [PubMed]

98. Eeles, R.A.; Olama, A.A.; Benlloch, S.; Saunders, E.J.; Leongamornlert, D.A.; Tymrakiewicz, M.; Ghoussaini, M.;
Luccarini, C.; Dennis, J.; Jugurnauth-Little, S.; et al. Identification of 23 new prostate cancer susceptibility
loci using the iCOGS custom genotyping array. Nat Genet. 2013, 45, 385–391. [CrossRef]

99. Cropp, C.D.; Simpson, C.L.; Wahlfors, T.; Ha, N.; George, A.; Jones, M.S.; Harper, U.; Ponciano-Jackson, D.;
Green, T.A.; Tammela, T.L.; et al. Genome-wide linkage scan for prostate cancer susceptibility in Finland:
Evidence for a novel locus on 2q37.3 and confirmation of signal on 17q21-q22. Int. J. Cancer 2011,
129, 2400–2407. [CrossRef]

100. Conti, D.V.; Wang, K.; Sheng, X.; Bensen, J.T.; Hazelett, D.J.; Cook, M.B.; Ingles, S.A.; Kittles, R.A.; Strom, S.S.;
Rybicki, B.A.; et al. Two Novel Susceptibility Loci for Prostate Cancer in Men of African Ancestry.
J. Natl. Cancer Inst. 2017, 109, djx084. [CrossRef]

101. Du, Z.; Lubmawa, A.; Gundell, S.; Wan, P.; Nalukenge, C.; Muwanga, P.; Lutalo, M.; Nansereko, D.; Ndaruhutse, O.;
Katuku, M.; et al. Genetic risk of prostate cancer in Ugandan men. Prostate 2018, 78, 370–376. [CrossRef]

102. Cook, M.B.; Wang, Z.; Yeboah, E.D.; Tettey, Y.; Biritwum, R.B.; Adjei, A.A.; Tay, E.; Truelove, A.; Niwa, S.;
Chung, C.C.; et al. A genome-wide association study of prostate cancer in West African men. Hum. Genet.
2014, 133, 509–521. [CrossRef]

103. Xu, J.; Kibel, A.S.; Hu, J.J.; Turner, A.R.; Pruett, K.; Zheng, S.L.; Sun, J.; Isaacs, S.D.; Wiley, K.E.; Kim, S.T.; et al.
Prostate cancer risk associated loci in African Americans. Cancer Epidemiol. Biomark. Prev. Publ. Am. Assoc.
Cancer Res. Cosponsored Am. Soc. Prev. Oncol. 2009, 18, 2145–2149. [CrossRef]

104. Waters, K.M.; Le Marchand, L.; Kolonel, L.N.; Monroe, K.R.; Stram, D.O.; Henderson, B.E.; Haiman, C.A.
Generalizability of associations from prostate cancer genome-wide association studies in multiple populations.
Cancer Epidemiol. Biomark. Prev. Publ. Am. Assoc. Cancer Res. Cosponsored Am. Soc. Prev. Oncol. 2009,
18, 1285–1289. [CrossRef] [PubMed]

105. Hooker, S.; Hernandez, W.; Chen, H.; Robbins, C.; Torres, J.B.; Ahaghotu, C.; Carpten, J.; Kittles, R.A.
Replication of prostate cancer risk loci on 8q24, 11q13, 17q12, 19q33, and Xp11 in African Americans. Prostate
2010, 70, 270–275. [CrossRef] [PubMed]

106. Chang, B.L.; Spangler, E.; Gallagher, S.; Haiman, C.A.; Henderson, B.; Isaacs, W.; Benford, M.L.; Kidd, L.R.;
Cooney, K.; Strom, S.; et al. Validation of genome-wide prostate cancer associations in men of African
descent. Cancer Epidemiol. Biomark. Prev. Publ. Am. Assoc. Cancer Res. Cosponsored Am. Soc. Prev. Oncol.
2011, 20, 23–32. [CrossRef]

107. Rebbeck, T.R. Prostate Cancer Genetics: Variation by Race, Ethnicity, and Geography. Semin. Radiat. Oncol.
2017, 27, 3–10. [CrossRef] [PubMed]

108. Spratt, D.E.; Chan, T.; Waldron, L.; Speers, C.; Feng, F.Y.; Ogunwobi, O.O.; Osborne, J.R. Racial/Ethnic
Disparities in Genomic Sequencing. JAMA Oncol. 2016, 2, 1070–1074. [CrossRef]

http://dx.doi.org/10.1038/ng1808
http://dx.doi.org/10.1073/pnas.0605832103
http://www.ncbi.nlm.nih.gov/pubmed/16945910
http://dx.doi.org/10.1101/gr.6782707
http://dx.doi.org/10.1002/ijc.29066
http://www.ncbi.nlm.nih.gov/pubmed/25044450
http://dx.doi.org/10.1093/jnci/djv431
http://www.ncbi.nlm.nih.gov/pubmed/26823525
http://dx.doi.org/10.1002/pros.22486
http://dx.doi.org/10.1002/pros.22871
http://www.ncbi.nlm.nih.gov/pubmed/25252079
http://dx.doi.org/10.1038/ng.2560
http://dx.doi.org/10.1002/ijc.25906
http://dx.doi.org/10.1093/jnci/djx084
http://dx.doi.org/10.1002/pros.23481
http://dx.doi.org/10.1007/s00439-013-1387-z
http://dx.doi.org/10.1158/1055-9965.EPI-09-0091
http://dx.doi.org/10.1158/1055-9965.EPI-08-1142
http://www.ncbi.nlm.nih.gov/pubmed/19318432
http://dx.doi.org/10.1002/pros.21061
http://www.ncbi.nlm.nih.gov/pubmed/19902474
http://dx.doi.org/10.1158/1055-9965.EPI-10-0698
http://dx.doi.org/10.1016/j.semradonc.2016.08.002
http://www.ncbi.nlm.nih.gov/pubmed/27986209
http://dx.doi.org/10.1001/jamaoncol.2016.1854


Genes 2020, 11, 1471 20 of 28

109. Clark, J.P.; Cooper, C.S. ETS gene fusions in prostate cancer. Nat. Rev. Urol. 2009, 6, 429–439. [CrossRef]
110. Perner, S.; Demichelis, F.; Beroukhim, R.; Schmidt, F.H.; Mosquera, J.M.; Setlur, S.; Tchinda, J.; Tomlins, S.A.;

Hofer, M.D.; Pienta, K.G.; et al. TMPRSS2:ERG fusion-associated deletions provide insight into the
heterogeneity of prostate cancer. Cancer Res. 2006, 66, 8337–8341. [CrossRef]

111. Tomlins, S.A.; Rhodes, D.R.; Perner, S.; Dhanasekaran, S.M.; Mehra, R.; Sun, X.W.; Varambally, S.; Cao, X.;
Tchinda, J.; Kuefer, R.; et al. Recurrent fusion of TMPRSS2 and ETS transcription factor genes in prostate
cancer. Science 2005, 310, 644–648. [CrossRef]

112. Blackburn, J.; Vecchiarelli, S.; Heyer, E.E.; Patrick, S.M.; Lyons, R.J.; Jaratlerdsiri, W.; van Zyl, S.;
Bornman, M.S.R.; Mercer, T.R.; Hayes, V.M. TMPRSS2-ERG fusions linked to prostate cancer racial health
disparities: A focus on Africa. Prostate 2019, 79, 1191–1196. [CrossRef]

113. McGinley, K.F.; Tay, K.J.; Moul, J.W. Prostate cancer in men of African origin. Nat. Rev. Urol. 2016,
13, 99–107. [CrossRef]

114. Goh, L.K.; Liem, N.; Vijayaraghavan, A.; Chen, G.; Lim, P.L.; Tay, K.J.; Chang, M.; Low, J.S.; Joshi, A.;
Huang, H.H.; et al. Diagnostic and prognostic utility of a DNA hypermethylated gene signature in prostate
cancer. PLoS ONE 2014, 9, e91666. [CrossRef] [PubMed]

115. Kwabi-Addo, B.; Wang, S.; Chung, W.; Jelinek, J.; Patierno, S.R.; Wang, B.D.; Andrawis, R.; Lee, N.H.;
Apprey, V.; Issa, J.P.; et al. Identification of differentially methylated genes in normal prostate tissues from
African American and Caucasian men. Clin. Cancer Res. 2010, 16, 3539–3547. [CrossRef] [PubMed]

116. Khani, F.; Mosquera, J.M.; Park, K.; Blattner, M.; O’Reilly, C.; MacDonald, T.Y.; Chen, Z.; Srivastava, A.;
Tewari, A.K.; Barbieri, C.E.; et al. Evidence for molecular differences in prostate cancer between African
American and Caucasian men. Clin. Cancer Res. 2014, 20, 4925–4934. [CrossRef] [PubMed]

117. Petrovics, G.; Li, H.; Stumpel, T.; Tan, S.H.; Young, D.; Katta, S.; Li, Q.; Ying, K.; Klocke, B.; Ravindranath, L.;
et al. A novel genomic alteration of LSAMP associates with aggressive prostate cancer in African American
men. EBioMedicine 2015, 2, 1957–1964. [CrossRef]

118. Tosoian, J.J.; Almutairi, F.; Morais, C.L.; Glavaris, S.; Hicks, J.; Sundi, D.; Humphreys, E.; Han, M.;
De Marzo, A.M.; Ross, A.E.; et al. Prevalence and Prognostic Significance of PTEN Loss in African-American
and European-American Men Undergoing Radical Prostatectomy. Eur. Urol. 2017, 71, 697–700. [CrossRef]

119. Lindquist, K.J.; Paris, P.L.; Hoffmann, T.J.; Cardin, N.J.; Kazma, R.; Mefford, J.A.; Simko, J.P.; Ngo, V.;
Chen, Y.; Levin, A.M.; et al. Mutational Landscape of Aggressive Prostate Tumors in African American Men.
Cancer Res. 2016, 76, 1860–1868. [CrossRef]

120. Huang, F.W.; Mosquera, J.M.; Garofalo, A.; Oh, C.; Baco, M.; Amin-Mansour, A.; Rabasha, B.; Bahl, S.;
Mullane, S.A.; Robinson, B.D.; et al. Exome Sequencing of African-American Prostate Cancer Reveals
Loss-of-Function ERF Mutations. Cancer Discov. 2017, 7, 973–983. [CrossRef]

121. Blattner, M.; Lee, D.J.; O’Reilly, C.; Park, K.; MacDonald, T.Y.; Khani, F.; Turner, K.R.; Chiu, Y.L.; Wild, P.J.;
Dolgalev, I.; et al. SPOP mutations in prostate cancer across demographically diverse patient cohorts.
Neoplasia 2014, 16, 14–20. [CrossRef]

122. Faisal, F.A.; Sundi, D.; Tosoian, J.J.; Choeurng, V.; Alshalalfa, M.; Ross, A.E.; Klein, E.; Den, R.; Dicker, A.;
Erho, N.; et al. Racial Variations in Prostate Cancer Molecular Subtypes and Androgen Receptor Signaling
Reflect Anatomic Tumor Location. Eur. Urol. 2016, 70, 14–17. [CrossRef]

123. Yamoah, K.; Johnson, M.H.; Choeurng, V.; Faisal, F.A.; Yousefi, K.; Haddad, Z.; Ross, A.E.; Alshalafa, M.;
Den, R.; Lal, P.; et al. Novel Biomarker Signature That May Predict Aggressive Disease in African American
Men with Prostate Cancer. J. Clin. Oncol. 2015, 33, 2789–2796. [CrossRef]

124. Yuan, J.; Kensler, K.H.; Hu, Z.; Zhang, Y.; Zhang, T.; Jiang, J.; Xu, M.; Pan, Y.; Long, M.; Montone, K.T.; et al.
Integrative comparison of the genomic and transcriptomic landscape between prostate cancer patients of
predominantly African or European genetic ancestry. PLoS Genet. 2020, 16, e1008641. [CrossRef] [PubMed]

125. Barnabas, N.; Xu, L.; Savera, A.; Hou, Z.; Barrack, E.R. Chromosome 8 markers of metastatic prostate
cancer in African American men: Gain of the MIR151 gene and loss of the NKX3-1 gene. Prostate 2011,
71, 857–871. [CrossRef]

126. Haenszel, W.; Kurihara, M. Studies of Japanese migrants. I. Mortality from cancer and other diseases among
Japanese in the United States. J. Natl. Cancer Inst. 1968, 40, 43–68. [PubMed]

127. Staszewski, J.; Haenszel, W. Cancer mortality among the Polish-born in the United States. J. Natl. Cancer Inst.
1965, 35, 291–297. [PubMed]

http://dx.doi.org/10.1038/nrurol.2009.127
http://dx.doi.org/10.1158/0008-5472.CAN-06-1482
http://dx.doi.org/10.1126/science.1117679
http://dx.doi.org/10.1002/pros.23823
http://dx.doi.org/10.1038/nrurol.2015.298
http://dx.doi.org/10.1371/journal.pone.0091666
http://www.ncbi.nlm.nih.gov/pubmed/24626295
http://dx.doi.org/10.1158/1078-0432.CCR-09-3342
http://www.ncbi.nlm.nih.gov/pubmed/20606036
http://dx.doi.org/10.1158/1078-0432.CCR-13-2265
http://www.ncbi.nlm.nih.gov/pubmed/25056375
http://dx.doi.org/10.1016/j.ebiom.2015.10.028
http://dx.doi.org/10.1016/j.eururo.2016.07.026
http://dx.doi.org/10.1158/0008-5472.CAN-15-1787
http://dx.doi.org/10.1158/2159-8290.CD-16-0960
http://dx.doi.org/10.1593/neo.131704
http://dx.doi.org/10.1016/j.eururo.2015.09.031
http://dx.doi.org/10.1200/JCO.2014.59.8912
http://dx.doi.org/10.1371/journal.pgen.1008641
http://www.ncbi.nlm.nih.gov/pubmed/32059012
http://dx.doi.org/10.1002/pros.21302
http://www.ncbi.nlm.nih.gov/pubmed/5635018
http://www.ncbi.nlm.nih.gov/pubmed/5827237


Genes 2020, 11, 1471 21 of 28

128. Maskarinec, G.; Noh, J.J. The effect of migration on cancer incidence among Japanese in Hawaii. Ethn. Dis.
2004, 14, 431–439.

129. Tillin, T.; Forouhi, N.; Johnston, D.G.; McKeigue, P.M.; Chaturvedi, N.; Godsland, I.F. Metabolic syndrome and
coronary heart disease in South Asians, African-Caribbeans and white Europeans: A UK population-based
cross-sectional study. Diabetologia 2005, 48, 649–656. [CrossRef]

130. Fischbacher, C.M.; Bhopal, R.; Povey, C.; Steiner, M.; Chalmers, J.; Mueller, G.; Jamieson, J.; Knowles, D.
Record linked retrospective cohort study of 4.6 million people exploring ethnic variations in disease:
Myocardial infarction in South Asians. BMC Public Health 2007, 7, 142. [CrossRef]

131. Hosper, K.; Nierkens, V.; Nicolaou, M.; Stronks, K. Behavioural risk factors in two generations of non-Western
migrants: Do trends converge towards the host population? Eur. J. Epidemiol. 2007, 22, 163–172. [CrossRef]

132. Bylsma, L.C.; Alexander, D.D. A review and meta-analysis of prospective studies of red and processed meat,
meat cooking methods, heme iron, heterocyclic amines and prostate cancer. Nutr. J. 2015, 14, 125. [CrossRef]

133. Hans-Olov, A.; Hunter, D.; Trichopoulos, D. Textbook of Cancer Epidemiology, 2nd ed.; Oxford University Press:
New York, NY, USA, 2008.

134. Park, S.Y.; Murphy, S.P.; Wilkens, L.R.; Henderson, B.E.; Kolonel, L.N. Fat and meat intake and prostate
cancer risk: The multiethnic cohort study. Int. J. Cancer 2007, 121, 1339–1345. [CrossRef]

135. Rohrmann, S.; Platz, E.A.; Kavanaugh, C.J.; Thuita, L.; Hoffman, S.C.; Helzlsouer, K.J. Meat and dairy
consumption and subsequent risk of prostate cancer in a US cohort study. Cancer Causes Control 2007,
18, 41–50. [CrossRef] [PubMed]

136. Schuurman, A.G.; van den Brandt, P.A.; Dorant, E.; Goldbohm, R.A. Animal products, calcium and protein and
prostate cancer risk in The Netherlands Cohort Study. Br. J. Cancer 1999, 80, 1107–1113. [CrossRef] [PubMed]

137. Rodriguez, C.; McCullough, M.L.; Mondul, A.M.; Jacobs, E.J.; Chao, A.; Patel, A.V.; Thun, M.J.; Calle, E.E.
Meat consumption among Black and White men and risk of prostate cancer in the Cancer Prevention Study
II Nutrition Cohort. Cancer Epidemiol. Biomark. Prev. Publ. Am. Assoc. Cancer Res. Cosponsored Am. Soc.
Prev. Oncol. 2006, 15, 211–216. [CrossRef] [PubMed]

138. Michaud, D.S.; Augustsson, K.; Rimm, E.B.; Stampfer, M.J.; Willet, W.C.; Giovannucci, E. A prospective
study on intake of animal products and risk of prostate cancer. Cancer Causes Control 2001, 12, 557–567.
[CrossRef] [PubMed]

139. Augustsson, K.; Michaud, D.S.; Rimm, E.B.; Leitzmann, M.F.; Stampfer, M.J.; Willett, W.C.; Giovannucci, E.
A prospective study of intake of fish and marine fatty acids and prostate cancer. Cancer Epidemiol. Biomark.
Prev. Publ. Am. Assoc. Cancer Res. Cosponsored Am. Soc. Prev. Oncol. 2003, 12, 64–67.

140. Chavarro, J.E.; Stampfer, M.J.; Hall, M.N.; Sesso, H.D.; Ma, J. A 22-y prospective study of fish intake in
relation to prostate cancer incidence and mortality. Am. J. Clin. Nutr. 2008, 88, 1297–1303. [CrossRef]

141. Hayes, R.B.; Ziegler, R.G.; Gridley, G.; Swanson, C.; Greenberg, R.S.; Swanson, G.M.; Schoenberg, J.B.;
Silverman, D.T.; Brown, L.M.; Pottern, L.M.; et al. Dietary factors and risks for prostate cancer among blacks
and whites in the United States. Cancer Epidemiol. Biomark. Prev. Publ. Am. Assoc. Cancer Res. Cosponsored
Am. Soc. Prev. Oncol. 1999, 8, 25–34.

142. Kumar, N.B.; Yu, D.; Akinremi, T.O.; Odedina, F.T. Comparing dietary and other lifestyle factors among
immigrant Nigerian men living in the US and indigenous men from Nigeria: Potential implications for
prostate cancer risk reduction. J. Immigr. Minor. Health 2009, 11, 391–399. [CrossRef]

143. National Cancer Institute. Prostate Cancer Prevention (PDQ®)–Patient Version. Available online: https:
//www.cancer.gov/types/prostate/patient/prostate-prevention-pdq#section/all (accessed on 30 October 2020).

144. Wilson, K.M.; Mucci, L.A.; Drake, B.F.; Preston, M.A.; Stampfer, M.J.; Giovannucci, E.; Kibel, A.S. Meat, Fish,
Poultry, and Egg Intake at Diagnosis and Risk of Prostate Cancer Progression. Cancer Prev. Res. (Phila.) 2016,
9, 933–941. [CrossRef]

145. Ross, R.K.; Shimizu, H.; Paganini-Hill, A.; Honda, G.; Henderson, B.E. Case-control studies of prostate cancer
in blacks and whites in southern California. J. Natl. Cancer Inst. 1987, 78, 869–874.

146. Epstein, M.M.; Kasperzyk, J.L.; Mucci, L.A.; Giovannucci, E.; Price, A.; Wolk, A.; Håkansson, N.; Fall, K.;
Andersson, S.O.; Andrén, O. Dietary fatty acid intake and prostate cancer survival in Örebro County, Sweden.
Am. J. Epidemiol. 2012, 176, 240–252. [CrossRef]

147. Bidoli, E.; Talamini, R.; Bosetti, C.; Negri, E.; Maruzzi, D.; Montella, M.; Franceschi, S.; La Vecchia, C.
Macronutrients, fatty acids, cholesterol and prostate cancer risk. Ann. Oncol. 2005, 16, 152–157. [CrossRef]

http://dx.doi.org/10.1007/s00125-005-1689-3
http://dx.doi.org/10.1186/1471-2458-7-142
http://dx.doi.org/10.1007/s10654-007-9104-7
http://dx.doi.org/10.1186/s12937-015-0111-3
http://dx.doi.org/10.1002/ijc.22805
http://dx.doi.org/10.1007/s10552-006-0082-y
http://www.ncbi.nlm.nih.gov/pubmed/17315319
http://dx.doi.org/10.1038/sj.bjc.6690472
http://www.ncbi.nlm.nih.gov/pubmed/10362125
http://dx.doi.org/10.1158/1055-9965.EPI-05-0614
http://www.ncbi.nlm.nih.gov/pubmed/16492907
http://dx.doi.org/10.1023/A:1011256201044
http://www.ncbi.nlm.nih.gov/pubmed/11519764
http://dx.doi.org/10.3945/ajcn.2008.26419
http://dx.doi.org/10.1007/s10903-009-9231-1
https://www.cancer.gov/types/prostate/patient/prostate-prevention-pdq#section/all
https://www.cancer.gov/types/prostate/patient/prostate-prevention-pdq#section/all
http://dx.doi.org/10.1158/1940-6207.CAPR-16-0070
http://dx.doi.org/10.1093/aje/kwr520
http://dx.doi.org/10.1093/annonc/mdi010


Genes 2020, 11, 1471 22 of 28

148. Crowe, F.L.; Key, T.J.; Appleby, P.N.; Travis, R.C.; Overvad, K.; Jakobsen, M.U.; Johnsen, N.F.; Tjønneland, A.;
Linseisen, J.; Rohrmann, S.; et al. Dietary fat intake and risk of prostate cancer in the European Prospective
Investigation into Cancer and Nutrition. Am. J. Clin. Nutr. 2008, 87, 1405–1413. [CrossRef]

149. Fleshner, N.; Bagnell, P.S.; Klotz, L.; Venkateswaran, V. Dietary fat and prostate cancer. J. Urol. 2004,
171, S19–S24. [CrossRef]

150. Wiseman, M. The second World Cancer Research Fund/American Institute for Cancer Research expert report.
Food, nutrition, physical activity, and the prevention of cancer: A global perspective. Proc. Nutr. Soc. 2008,
67, 253–256. [CrossRef]

151. Dennis, L.K.; Snetselaar, L.G.; Smith, B.J.; Stewart, R.E.; Robbins, M.E. Problems with the assessment of
dietary fat in prostate cancer studies. Am. J. Epidemiol. 2004, 160, 436–444. [CrossRef]

152. Liu, Y. Fatty acid oxidation is a dominant bioenergetic pathway in prostate cancer. Prostate Cancer Prostatic Dis.
2006, 9, 230–234. [CrossRef]

153. Chang, S.N.; Han, J.; Abdelkader, T.S.; Kim, T.H.; Lee, J.M.; Song, J.; Kim, K.S.; Park, J.H.; Park, J.H.
High animal fat intake enhances prostate cancer progression and reduces glutathione peroxidase 3 expression
in early stages of TRAMP mice. Prostate 2014, 74, 1266–1277. [CrossRef]

154. McCarty, M.F. Mortality from Western cancers rose dramatically among African-Americans during the 20th
century: Are dietary animal products to blame? Med. Hypotheses 2001, 57, 169–174. [CrossRef]

155. Ohwaki, K.; Endo, F.; Kachi, Y.; Hattori, K.; Muraishi, O.; Nishikitani, M.; Yano, E. Relationship between
dietary factors and prostate-specific antigen in healthy men. Urol. Int. 2012, 89, 270–274. [CrossRef]

156. Zhou, X.; Mei, H.; Agee, J.; Brown, T.; Mao, J. Racial differences in distribution of fatty acids in prostate
cancer and benign prostatic tissues. Lipids Health Dis. 2019, 18, 189. [CrossRef]

157. Figiel, S.; Pinault, M.; Domingo, I.; Guimaraes, C.; Guibon, R.; Besson, P.; Tavernier, E.; Blanchet, P.;
Multigner, L.; Bruyère, F.; et al. Fatty acid profile in peri-prostatic adipose tissue and prostate cancer
aggressiveness in African-Caribbean and Caucasian patients. Eur. J. Cancer 2018, 91, 107–115. [CrossRef]

158. Park, S.Y.; Wilkens, L.R.; Henning, S.M.; Le Marchand, L.; Gao, K.; Goodman, M.T.; Murphy, S.P.;
Henderson, B.E.; Kolonel, L.N. Circulating fatty acids and prostate cancer risk in a nested case-control study:
The Multiethnic Cohort. Cancer Causes Control 2009, 20, 211–223. [CrossRef]

159. Chen, Y.C.; Chiang, C.I.; Lin, R.S.; Pu, Y.S.; Lai, M.K.; Sung, F.C. Diet, vegetarian food and prostate carcinoma
among men in Taiwan. Br. J. Cancer 2005, 93, 1057–1061. [CrossRef]

160. Kristal, A.R.; Lampe, J.W. Brassica vegetables and prostate cancer risk: A review of the epidemiological
evidence. Nutr. Cancer 2002, 42, 1–9. [CrossRef]

161. Howie, B.J.; Shultz, T.D. Dietary and hormonal interrelationships among vegetarian Seventh-Day Adventists
and nonvegetarian men. Am. J. Clin. Nutr. 1985, 42, 127–134. [CrossRef]

162. McCann, S.E.; Ambrosone, C.B.; Moysich, K.B.; Brasure, J.; Marshall, J.R.; Freudenheim, J.L.; Wilkinson, G.S.;
Graham, S. Intakes of selected nutrients, foods, and phytochemicals and prostate cancer risk in western New
York. Nutr. Cancer 2005, 53, 33–41. [CrossRef]

163. Etminan, M.; Takkouche, B.; Caamaño-Isorna, F. The role of tomato products and lycopene in the prevention
of prostate cancer: A meta-analysis of observational studies. Cancer Epidemiol. Biomark. Prev. Publ. Am.
Assoc. Cancer Res. Cosponsored Am. Soc. Prev. Oncol. 2004, 13, 340–345.

164. Tantamango-Bartley, Y.; Knutsen, S.F.; Knutsen, R.; Jacobsen, B.K.; Fan, J.; Beeson, W.L.; Sabate, J.;
Hadley, D.; Jaceldo-Siegl, K.; Penniecook, J.; et al. Are strict vegetarians protected against prostate
cancer? Am. J. Clin. Nutr. 2016, 103, 153–160. [CrossRef]

165. Warner, D.F.; Hayward, M.D. Early-life origins of the race gap in men’s mortality. J. Health Soc. Behav. 2006,
47, 209–226. [CrossRef]

166. Barrington, W.E.; Schenk, J.M.; Etzioni, R.; Arnold, K.B.; Neuhouser, M.L.; Thompson, I.M., Jr.; Lucia, M.S.;
Kristal, A.R. Difference in Association of Obesity with Prostate Cancer Risk Between US African American
and Non-Hispanic White Men in the Selenium and Vitamin E Cancer Prevention Trial (SELECT). JAMA Oncol.
2015, 1, 342–349. [CrossRef]

167. Amling, C.L.; Riffenburgh, R.H.; Sun, L.; Moul, J.W.; Lance, R.S.; Kusuda, L.; Sexton, W.J.; Soderdahl, D.W.;
Donahue, T.F.; Foley, J.P.; et al. Pathologic variables and recurrence rates as related to obesity and race in
men with prostate cancer undergoing radical prostatectomy. J. Clin. Oncol. 2004, 22, 439–445. [CrossRef]

http://dx.doi.org/10.1093/ajcn/87.5.1405
http://dx.doi.org/10.1097/01.ju.0000107838.33623.19
http://dx.doi.org/10.1017/S002966510800712X
http://dx.doi.org/10.1093/aje/kwh243
http://dx.doi.org/10.1038/sj.pcan.4500879
http://dx.doi.org/10.1002/pros.22843
http://dx.doi.org/10.1054/mehy.2000.1315
http://dx.doi.org/10.1159/000339601
http://dx.doi.org/10.1186/s12944-019-1130-4
http://dx.doi.org/10.1016/j.ejca.2017.12.017
http://dx.doi.org/10.1007/s10552-008-9236-4
http://dx.doi.org/10.1038/sj.bjc.6602809
http://dx.doi.org/10.1207/S15327914NC421_1
http://dx.doi.org/10.1093/ajcn/42.1.127
http://dx.doi.org/10.1207/s15327914nc5301_4
http://dx.doi.org/10.3945/ajcn.114.106450
http://dx.doi.org/10.1177/002214650604700302
http://dx.doi.org/10.1001/jamaoncol.2015.0513
http://dx.doi.org/10.1200/JCO.2004.03.132


Genes 2020, 11, 1471 23 of 28

168. Hales, C.; Carroll, M.; Fryar, C.; Ogden, C. Prevalence of Obesity and Severe Obesity among Adults:
United States, 2017–2018. Available online: https://www.cdc.gov/nchs/products/databriefs/db360.htm
(accessed on 23 August 2020).

169. Satia-Abouta, J.; Patterson, R.E.; Schiller, R.N.; Kristal, A.R. Energy from fat is associated with obesity in U.S.
men: Results from the Prostate Cancer Prevention Trial. Prev. Med. 2002, 34, 493–501. [CrossRef]

170. Pasquali, R.; Casimirri, F.; Cantobelli, S.; Melchionda, N.; Morselli Labate, A.M.; Fabbri, R.; Capelli, M.;
Bortoluzzi, L. Effect of obesity and body fat distribution on sex hormones and insulin in men. Metabolism
1991, 40, 101–104. [CrossRef]

171. Basen-Engquist, K.; Chang, M. Obesity and cancer risk: Recent review and evidence. Curr. Oncol. Rep. 2011,
13, 71–76. [CrossRef] [PubMed]

172. Calle, E.E.; Rodriguez, C.; Walker-Thurmond, K.; Thun, M.J. Overweight, obesity, and mortality from cancer
in a prospectively studied cohort of U.S. adults. N. Engl. J. Med. 2003, 348, 1625–1638. [CrossRef]

173. Vainio, H.; Kaaks, R.; Bianchini, F. Weight control and physical activity in cancer prevention: International
evaluation of the evidence. Eur. J. Cancer Prev. 2002, 11 (Suppl. 2), S94–S100.

174. West, D.W.; Slattery, M.L.; Robison, L.M.; French, T.K.; Mahoney, A.W. Adult dietary intake and prostate
cancer risk in Utah: A case-control study with special emphasis on aggressive tumors. Cancer Causes Control
1991, 2, 85–94. [CrossRef]

175. Su, L.J.; Arab, L.; Steck, S.E.; Fontham, E.T.; Schroeder, J.C.; Bensen, J.T.; Mohler, J.L. Obesity and prostate
cancer aggressiveness among African and Caucasian Americans in a population-based study. Cancer Epidemiol.
Biomark. Prev. Publ. Am. Assoc. Cancer Res. Cosponsored Am. Soc. Prev. Oncol. 2011, 20, 844–853. [CrossRef]

176. Severson, R.K.; Grove, J.S.; Nomura, A.M.; Stemmermann, G.N. Body mass and prostatic cancer: A prospective
study. BMJ 1988, 297, 713–715. [CrossRef]

177. Gallina, A.; Karakiewicz, P.I.; Hutterer, G.C.; Chun, F.K.; Briganti, A.; Walz, J.; Antebi, E.; Shariat, S.F.;
Suardi, N.; Graefen, M.; et al. Obesity does not predispose to more aggressive prostate cancer either at biopsy
or radical prostatectomy in European men. Int. J. Cancer 2007, 121, 791–795. [CrossRef]

178. Beebe-Dimmer, J.L.; Nock, N.L.; Neslund-Dudas, C.; Rundle, A.; Bock, C.H.; Tang, D.; Jankowski, M.;
Rybicki, B.A. Racial differences in risk of prostate cancer associated with metabolic syndrome. Urology 2009,
74, 185–190. [CrossRef] [PubMed]

179. Jayachandran, J.; Bañez, L.L.; Aronson, W.J.; Terris, M.K.; Presti, J.C., Jr.; Amling, C.L.; Kane, C.J.; Freedland, S.J.
Obesity as a predictor of adverse outcome across black and white race: Results from the Shared Equal Access
Regional Cancer Hospital (SEARCH) Database. Cancer 2009, 115, 5263–5271. [CrossRef]

180. Cockerham, W.C.; Bauldry, S.; Hamby, B.W.; Shikany, J.M.; Bae, S. A Comparison of Black and White Racial
Differences in Health Lifestyles and Cardiovascular Disease. Am. J. Prev. Med. 2017, 52, S56–S62. [CrossRef]

181. Ellis, L.; Canchola, A.J.; Spiegel, D.; Ladabaum, U.; Haile, R.; Gomez, S.L. Racial and Ethnic Disparities
in Cancer Survival: The Contribution of Tumor, Sociodemographic, Institutional, and Neighborhood
Characteristics. J. Clin. Oncol. 2018, 36, 25–33. [CrossRef]

182. Ellison, G.L.; Coker, A.L.; Hebert, J.R.; Sanderson, S.M.; Royal, C.D.; Weinrich, S.P. Psychosocial stress and
prostate cancer: A theoretical model. Ethn. Dis. 2001, 11, 484–495.

183. Du, X.L.; Fang, S.; Coker, A.L.; Sanderson, M.; Aragaki, C.; Cormier, J.N.; Xing, Y.; Gor, B.J.; Chan, W. Racial
disparity and socioeconomic status in association with survival in older men with local/regional stage
prostate carcinoma: Findings from a large community-based cohort. Cancer 2006, 106, 1276–1285. [CrossRef]

184. Moses, K.A.; Orom, H.; Brasel, A.; Gaddy, J.; Underwood, W., 3rd. Racial/Ethnic Disparity in Treatment for
Prostate Cancer: Does Cancer Severity Matter? Urology 2017, 99, 76–83. [CrossRef]

185. Fletcher, S.A.; Marchese, M.; Cole, A.P.; Mahal, B.A.; Friedlander, D.F.; Krimphove, M.; Kilbridge, K.L.;
Lipsitz, S.R.; Nguyen, P.L.; Choueiri, T.K.; et al. Geographic Distribution of Racial Differences in Prostate
Cancer Mortality. JAMA Netw. Open 2020, 3, e201839. [CrossRef]

186. Williams, D.R.; Priest, N.; Anderson, N.B. Understanding associations among race, socioeconomic status,
and health: Patterns and prospects. Health Psychol. 2016, 35, 407–411. [CrossRef]

187. Cheng, I.; Witte, J.S.; McClure, L.A.; Shema, S.J.; Cockburn, M.G.; John, E.M.; Clarke, C.A. Socioeconomic
status and prostate cancer incidence and mortality rates among the diverse population of California.
Cancer Causes Control 2009, 20, 1431–1440. [CrossRef]

https://www.cdc.gov/nchs/products/databriefs/db360.htm
http://dx.doi.org/10.1006/pmed.2002.1018
http://dx.doi.org/10.1016/0026-0495(91)90199-7
http://dx.doi.org/10.1007/s11912-010-0139-7
http://www.ncbi.nlm.nih.gov/pubmed/21080117
http://dx.doi.org/10.1056/NEJMoa021423
http://dx.doi.org/10.1007/BF00053126
http://dx.doi.org/10.1158/1055-9965.EPI-10-0684
http://dx.doi.org/10.1136/bmj.297.6650.713
http://dx.doi.org/10.1002/ijc.22730
http://dx.doi.org/10.1016/j.urology.2009.03.013
http://www.ncbi.nlm.nih.gov/pubmed/19428088
http://dx.doi.org/10.1002/cncr.24571
http://dx.doi.org/10.1016/j.amepre.2016.09.019
http://dx.doi.org/10.1200/JCO.2017.74.2049
http://dx.doi.org/10.1002/cncr.21732
http://dx.doi.org/10.1016/j.urology.2016.07.045
http://dx.doi.org/10.1001/jamanetworkopen.2020.1839
http://dx.doi.org/10.1037/hea0000242
http://dx.doi.org/10.1007/s10552-009-9369-0


Genes 2020, 11, 1471 24 of 28

188. Kilpeläinen, T.P.; Talala, K.; Raitanen, J.; Taari, K.; Kujala, P.; Tammela, T.L.J.; Auvinen, A. Prostate Cancer and
Socioeconomic Status in the Finnish Randomized Study of Screening for Prostate Cancer. Am. J. Epidemiol.
2016, 184, 720–731. [CrossRef]

189. Clegg, L.X.; Reichman, M.E.; Miller, B.A.; Hankey, B.F.; Singh, G.K.; Lin, Y.D.; Goodman, M.T.; Lynch, C.F.;
Schwartz, S.M.; Chen, V.W.; et al. Impact of socioeconomic status on cancer incidence and stage at diagnosis:
Selected findings from the surveillance, epidemiology, and end results: National Longitudinal Mortality
Study. Cancer Causes Control 2009, 20, 417–435. [CrossRef]

190. Liu, L.; Cozen, W.; Bernstein, L.; Ross, R.K.; Deapen, D. Changing relationship between socioeconomic status
and prostate cancer incidence. J. Natl. Cancer Inst. 2001, 93, 705–709. [CrossRef]

191. Richardus, J.H.; Kunst, A.E. Black-white differences in infectious disease mortality in the United States.
Am. J. Public Health 2001, 91, 1251–1253. [CrossRef]

192. Sorlie, P.; Rogot, E.; Anderson, R.; Johnson, N.J.; Backlund, E. Black-white mortality differences by family
income. Lancet 1992, 340, 346–350. [CrossRef]

193. Davey Smith, G.; Neaton, J.D.; Wentworth, D.; Stamler, R.; Stamler, J. Mortality differences between black and
white men in the USA: Contribution of income and other risk factors among men screened for the MRFIT.
MRFIT Research Group. Multiple Risk Factor Intervention Trial. Lancet 1998, 351, 934–939. [CrossRef]

194. United States Census Bureau 2016: American Community Survey. Available online: https://data.census.gov/

cedsci/table?tid=ACSDT1Y2016.B02001&q=B02001 (accessed on 24 July 2020).
195. Center for American Progress. Center for American Progress Project. 2020. Available online: https:

//talkpoverty.org/basics/ (accessed on 24 July 2020).
196. Percheski, C.; Gibson-Davis, C. A Penny on the Dollar: Racial Inequalities in Wealth among Households

with Children. SAGE J. 2020, 6, 1–17. [CrossRef]
197. Dickman, S.L.; Himmelstein, D.U.; Woolhandler, S. Inequality and the health-care system in the USA. Lancet

2017, 389, 1431–1441. [CrossRef]
198. Braveman, P.; Egerter, S.; Williams, D.R. The social determinants of health: Coming of age. Annu. Rev. Public

Health 2011, 32, 381–398. [CrossRef]
199. Walker, R.E.; Keane, C.R.; Burke, J.G. Disparities and access to healthy food in the United States: A review of

food deserts literature. Health Place 2010, 16, 876–884. [CrossRef] [PubMed]
200. Hill, T.D.; Angel, R.J. Neighborhood disorder, psychological distress, and heavy drinking. Soc. Sci. Med.

2005, 61, 965–975. [CrossRef] [PubMed]
201. Geronimus, A.T.; Hicken, M.; Keene, D.; Bound, J. “Weathering” and age patterns of allostatic load scores

among blacks and whites in the United States. Am. J. Public Health 2006, 96, 826–833. [CrossRef] [PubMed]
202. McEwen, B.S. Protective and damaging effects of stress mediators. N. Engl. J. Med. 1998, 338, 171–179. [CrossRef]
203. Zeigler-Johnson, C.; Weber, A.; Glanz, K.; Spangler, E.; Rebbeck, T.R. Gender- and ethnic-specific associations

with obesity: Individual and neighborhood-level factors. J. Natl. Med. Assoc. 2013, 105, 173–182. [CrossRef]
204. Carpenter, W.R.; Howard, D.L.; Taylor, Y.J.; Ross, L.E.; Wobker, S.E.; Godley, P.A. Racial differences in PSA

screening interval and stage at diagnosis. Cancer Causes Control 2010, 21, 1071–1080. [CrossRef]
205. Lynch, S.M.; Sorice, K.; Tagai, E.K.; Handorf, E.A. Use of empiric methods to inform prostate cancer health

disparities: Comparison of neighborhood-wide association study “hits” in black and white men. Cancer
2020, 126, 1949–1957. [CrossRef]

206. Friedlander, D.F.; Trinh, Q.D.; Krasnova, A.; Lipsitz, S.R.; Sun, M.; Nguyen, P.L.; Kibel, A.S.; Choueiri, T.K.;
Weissman, J.S.; Menon, M.; et al. Racial Disparity in Delivering Definitive Therapy for Intermediate/High-risk
Localized Prostate Cancer: The Impact of Facility Features and Socioeconomic Characteristics. Eur. Urol.
2018, 73, 445–451. [CrossRef]

207. Krimphove, M.J.; Fletcher, S.A.; Cole, A.P.; Berg, S.; Sun, M.; Lipsitz, S.R.; Mahal, B.A.; Nguyen, P.L.;
Choueiri, T.K.; Kibel, A.S.; et al. Quality of Care in the Treatment of Localized Intermediate and High Risk
Prostate Cancer at Minority Serving Hospitals. J. Urol. 2019, 201, 735–741. [CrossRef]

208. Underwood, W.; De Monner, S.; Ubel, P.; Fagerlin, A.; Sanda, M.G.; Wei, J.T. Racial/ethnic disparities in the
treatment of localized/regional prostate cancer. J. Urol. 2004, 171, 1504–1507. [CrossRef]

209. Hoffman, R.M.; Harlan, L.C.; Klabunde, C.N.; Gilliland, F.D.; Stephenson, R.A.; Hunt, W.C.; Potosky, A.L.
Racial differences in initial treatment for clinically localized prostate cancer. Results from the prostate cancer
outcomes study. J. Gen. Intern. Med. 2003, 18, 845–853. [CrossRef] [PubMed]

http://dx.doi.org/10.1093/aje/kww084
http://dx.doi.org/10.1007/s10552-008-9256-0
http://dx.doi.org/10.1093/jnci/93.9.705
http://dx.doi.org/10.2105/AJPH.91.8.1251
http://dx.doi.org/10.1016/0140-6736(92)91413-3
http://dx.doi.org/10.1016/S0140-6736(05)60603-4
https://data.census.gov/cedsci/table?tid=ACSDT1Y2016.B02001&q=B02001
https://data.census.gov/cedsci/table?tid=ACSDT1Y2016.B02001&q=B02001
https://talkpoverty.org/basics/
https://talkpoverty.org/basics/
http://dx.doi.org/10.1177/2378023120916616
http://dx.doi.org/10.1016/S0140-6736(17)30398-7
http://dx.doi.org/10.1146/annurev-publhealth-031210-101218
http://dx.doi.org/10.1016/j.healthplace.2010.04.013
http://www.ncbi.nlm.nih.gov/pubmed/20462784
http://dx.doi.org/10.1016/j.socscimed.2004.12.027
http://www.ncbi.nlm.nih.gov/pubmed/15955398
http://dx.doi.org/10.2105/AJPH.2004.060749
http://www.ncbi.nlm.nih.gov/pubmed/16380565
http://dx.doi.org/10.1056/NEJM199801153380307
http://dx.doi.org/10.1016/S0027-9684(15)30107-3
http://dx.doi.org/10.1007/s10552-010-9535-4
http://dx.doi.org/10.1002/cncr.32734
http://dx.doi.org/10.1016/j.eururo.2017.07.023
http://dx.doi.org/10.1016/j.juro.2018.10.024
http://dx.doi.org/10.1097/01.ju.0000118907.64125.e0
http://dx.doi.org/10.1046/j.1525-1497.2003.21105.x
http://www.ncbi.nlm.nih.gov/pubmed/14521648


Genes 2020, 11, 1471 25 of 28

210. Nguyen, C.; Lairson, D.R.; Swartz, M.D.; Du, X.L. Racial, Socioeconomic, and Geographic Disparities in
the Receipt, Timing to Initiation, and Duration of Adjuvant Androgen Deprivation Therapy in Men with
Prostate Cancer. J. Racial. Ethn. Health Disparities 2019, 6, 133–142. [CrossRef] [PubMed]

211. Mahal, B.A.; Chen, Y.W.; Muralidhar, V.; Mahal, A.R.; Choueiri, T.K.; Hoffman, K.E.; Hu, J.C.; Sweeney, C.J.;
Yu, J.B.; Feng, F.Y.; et al. Racial disparities in prostate cancer outcome among prostate-specific antigen
screening eligible populations in the United States. Ann. Oncol. 2017, 28, 1098–1104. [CrossRef]

212. Wang, E.H.; Yu, J.B.; Abouassally, R.; Meropol, N.J.; Cooper, G.; Shah, N.D.; Williams, S.B.; Gonzalez, C.;
Smaldone, M.C.; Kutikov, A.; et al. Disparities in Treatment of Patients With High-risk Prostate Cancer:
Results From a Population-based Cohort. Urology 2016, 95, 88–94. [CrossRef]

213. Lillie-Blanton, M.; Hoffman, C. The role of health insurance coverage in reducing racial/ethnic disparities in
health care. Health Aff. (Millwood) 2005, 24, 398–408. [CrossRef]

214. Kirby, J.B.; Taliaferro, G.; Zuvekas, S.H. Explaining racial and ethnic disparities in health care. Med. Care
2006, 44, I64–I72. [CrossRef]

215. Buchmueller, T.C.; Levinson, Z.M.; Levy, H.G.; Wolfe, B.L. Effect of the Affordable Care Act on Racial and
Ethnic Disparities in Health Insurance Coverage. Am. J. Public Health 2016, 106, 1416–1421. [CrossRef]

216. Mahal, A.R.; Mahal, B.A.; Nguyen, P.L.; Yu, J.B. Prostate cancer outcomes for men aged younger than 65 years
with Medicaid versus private insurance. Cancer 2018, 124, 752–759. [CrossRef]

217. Riviere, P.; Luterstein, E.; Kumar, A.; Vitzthum, L.K.; Deka, R.; Sarkar, R.R.; Bryant, A.K.; Bruggeman, A.;
Einck, J.P.; Murphy, J.D.; et al. Survival of African American and non-Hispanic white men with prostate
cancer in an equal-access health care system. Cancer 2020, 126, 1683–1690. [CrossRef]

218. Hanson, H.A.; Martin, C.; O’Neil, B.; Leiser, C.L.; Mayer, E.N.; Smith, K.R.; Lowrance, W.T. The Relative
Importance of Race Compared to Health Care and Social Factors in Predicting Prostate Cancer Mortality:
A Random Forest Approach. J. Urol. 2019, 202, 1209–1216. [CrossRef]

219. Dash, A.; Lee, P.; Zhou, Q.; Jean-Gilles, J.; Taneja, S.; Satagopan, J.; Reuter, V.; Gerald, W.; Eastham, J.;
Osman, I. Impact of socioeconomic factors on prostate cancer outcomes in black patients treated with surgery.
Urology 2008, 72, 641–646. [CrossRef] [PubMed]

220. Powell, I.J.; Heilbrun, L.K.; Sakr, W.; Grignon, D.; Montie, J.; Novallo, M.; Smith, D.; Pontes, J.E. The predictive
value of race as a clinical prognostic factor among patients with clinically localized prostate cancer:
A multivariate analysis of positive surgical margins. Urology 1997, 49, 726–731. [CrossRef]

221. Powell, I.J.; Heilbrun, L.; Littrup, P.L.; Franklin, A.; Parzuchowski, J.; Gelfand, D.; Sakr, W. Outcome of
African American men screened for prostate cancer: The Detroit Education and Early Detection Study. J. Urol.
1997, 158, 146–149. [CrossRef]

222. Harris, Y.; Gorelick, P.B.; Samuels, P.; Bempong, I. Why African Americans may not be participating in
clinical trials. J. Natl. Med. Assoc. 1996, 88, 630–634. [PubMed]

223. Wissing, M.D.; Kluetz, P.G.; Ning, Y.M.; Bull, J.; Merenda, C.; Murgo, A.J.; Pazdur, R. Under-representation
of racial minorities in prostate cancer studies submitted to the US Food and Drug Administration to support
potential marketing approval, 1993–2013. Cancer 2014, 120, 3025–3032. [CrossRef]

224. Branson, R.D.; Davis, K., Jr.; Butler, K.L. African Americans’ participation in clinical research: Importance,
barriers, and solutions. Am. J. Surg. 2007, 193, 32–39. [CrossRef]

225. Gorelick, P.B.; Harris, Y.; Burnett, B.; Bonecutter, F.J. The recruitment triangle: Reasons why African
Americans enroll, refuse to enroll, or voluntarily withdraw from a clinical trial. An interim report from the
African-American Antiplatelet Stroke Prevention Study (AAASPS). J. Natl. Med. Assoc. 1998, 90, 141–145.

226. National Institue of Health. National Institute of Health Revitalization Act of 1993. Available online:
https://grants.nih.gov/grants/guide/notice-files/not94-100.html (accessed on 21 August 2020).

227. Institute of Medicine; Board on Health Sciences Policy; Committee on the Review and Assessment of the NIH’s
Strategic Research Plan and Budget to Reduce and Ultimately Eliminate Health Disparities. The National
Academies Collection: Reports funded by National Institutes of Health. In Examining the Health Disparities
Research Plan of the National Institutes of Health: Unfinished Business; Thomson, G.E., Mitchell, F., Williams, M.B.,
Eds.; National Academies Press; National Academy of Sciences: Washington, DC, USA, 2006. [CrossRef]

228. Murthy, V.H.; Krumholz, H.M.; Gross, C.P. Participation in cancer clinical trials: Race-, sex-, and age-based
disparities. JAMA 2004, 291, 2720–2726. [CrossRef]

229. Oren, O.; Beach, D.F. Representation of African-American patients in clinical studies of prostate cancer.
J. Clin. Oncol. 2016, 34. [CrossRef]

http://dx.doi.org/10.1007/s40615-018-0508-8
http://www.ncbi.nlm.nih.gov/pubmed/29959759
http://dx.doi.org/10.1093/annonc/mdx041
http://dx.doi.org/10.1016/j.urology.2016.06.010
http://dx.doi.org/10.1377/hlthaff.24.2.398
http://dx.doi.org/10.1097/01.mlr.0000208195.83749.c3
http://dx.doi.org/10.2105/AJPH.2016.303155
http://dx.doi.org/10.1002/cncr.31106
http://dx.doi.org/10.1002/cncr.32666
http://dx.doi.org/10.1097/JU.0000000000000416
http://dx.doi.org/10.1016/j.urology.2007.11.024
http://www.ncbi.nlm.nih.gov/pubmed/18295314
http://dx.doi.org/10.1016/S0090-4295(96)00618-8
http://dx.doi.org/10.1097/00005392-199707000-00045
http://www.ncbi.nlm.nih.gov/pubmed/8918067
http://dx.doi.org/10.1002/cncr.28809
http://dx.doi.org/10.1016/j.amjsurg.2005.11.007
https://grants.nih.gov/grants/guide/notice-files/not94-100.html
http://dx.doi.org/10.17226/11602
http://dx.doi.org/10.1001/jama.291.22.2720
http://dx.doi.org/10.1200/JCO.2016.34.15_suppl.e18057


Genes 2020, 11, 1471 26 of 28

230. Spratt, D.E.; Osborne, J.R. Disparities in castration-resistant prostate cancer trials. J. Clin. Oncol. 2015,
33, 1101–1103. [CrossRef]

231. Nightingale, L.; Dumas, M.; Ogagarue, R.; Odedina, F.T.; Warlick, C.; Dahm, P. Participation of black men
with prostate cancer: A longitudinal assessment of 25 years (1991–2015) of randomized controlled trials.
J. Urol. 2017, 197, e195–e196. [CrossRef]

232. Wilt, T.J.; Brawer, M.K.; Jones, K.M.; Barry, M.J.; Aronson, W.J.; Fox, S.; Gingrich, J.R.; Wei, J.T.; Gilhooly, P.;
Grob, B.M.; et al. Radical prostatectomy versus observation for localized prostate cancer. N. Engl. J. Med.
2012, 367, 203–213. [CrossRef] [PubMed]

233. George, D.J.; Heath, E.I.; Sartor, A.O.; Sonpavde, G.; Berry, W.R.; Healy, P.; Winters, C.; Riggan, C.; Anand, M.;
Kephart, J.; et al. Abi Race: A prospective, multicenter study of black (B) and white (W) patients (pts) with
metastatic castrate resistant prostate cancer (mCRPC) treated with abiraterone acetate and prednisone (AAP).
J. Clin. Oncol. 2018, 36, LBA5009. [CrossRef]

234. Schmotzer, G.L. Barriers and facilitators to participation of minorities in clinical trials. Ethn. Dis. 2012,
22, 226–230. [PubMed]

235. George, S.; Duran, N.; Norris, K. A systematic review of barriers and facilitators to minority research
participation among African Americans, Latinos, Asian Americans, and Pacific Islanders. Am. J. Public Health
2014, 104, e16–e31. [CrossRef]

236. Swanson, G.M.; Ward, A.J. Recruiting minorities into clinical trials: Toward a participant-friendly system.
J. Natl. Cancer Inst. 1995, 87, 1747–1759. [CrossRef]

237. Symonds, R.P.; Lord, K.; Mitchell, A.J.; Raghavan, D. Recruitment of ethnic minorities into cancer clinical
trials: Experience from the front lines. Br. J. Cancer 2012, 107, 1017–1021. [CrossRef]

238. Brandon, D.T.; Isaac, L.A.; LaVeist, T.A. The legacy of Tuskegee and trust in medical care: Is Tuskegee
responsible for race differences in mistrust of medical care? J. Natl. Med. Assoc. 2005, 97, 951–956.

239. Gamble, V.N. Under the shadow of Tuskegee: African Americans and health care. Am. J. Public Health 1997,
87, 1773–1778. [CrossRef]

240. Seto, B. History of medical ethics and perspectives on disparities in minority recruitment and involvement
in health research. Am. J. Med. Sci. 2001, 322, 248–252. [CrossRef]

241. Borad, M.J.; LoRusso, P.M. Twenty-First Century Precision Medicine in Oncology: Genomic Profiling in
Patients With Cancer. Mayo Clin. Proc. 2017, 92, 1583–1591. [CrossRef] [PubMed]

242. Corbie-Smith, G.; Thomas, S.B.; Williams, M.V.; Moody-Ayers, S. Attitudes and beliefs of African Americans
toward participation in medical research. J. Gen. Intern. Med. 1999, 14, 537–546. [CrossRef] [PubMed]

243. Skloot, R. The Immortal Life of Henrietta Lacks; Crown Publishing Group: New York, NY, USA, 2010.
244. Caplan, A. NIH Finally Makes Good with Henrietta Lacks’ Family—And It’s about Time, Ethicist Says.

Available online: https://www.nbcnews.com/healthmain/nih-finally-makes-good-henrietta-lacks-family-its-
about-time-6C10867941 (accessed on 22 September 2020).

245. Rogers, C.R.; Rovito, M.J.; Hussein, M.; Obidike, O.J.; Pratt, R.; Alexander, M.; Berge, J.M.; Dall’Era, M.;
Nix, J.W.; Warlick, C. Attitudes toward Genomic Testing and Prostate Cancer Research among Black Men.
Am. J. Prev. Med. 2018, 55, S103–S111. [CrossRef] [PubMed]

246. Hansen, B.R.; Hodgson, N.A.; Gitlin, L.N. It’s a Matter of Trust: Older African Americans Speak about Their
Health Care Encounters. J. Appl. Gerontol. 2016, 35, 1058–1076. [CrossRef] [PubMed]

247. Quinn, S.C.; Kass, N.E.; Thomas, S.B. Building trust for engagement of minorities in human subjects research:
Is the glass half full, half empty, or the wrong size? Am. J. Public Health 2013, 103, 2119–2121. [CrossRef]

248. Bilodeau, R.; Gilmore, J.; Jones, L.; Palmisano, G.; Banks, T.; Tinney, B.; Lucas, G.I. Putting the
“community” into community-based participatory research. A commentary. Am. J. Prev. Med. 2009,
37, S192–S194. [CrossRef]

249. Jones, R.A.; Sleeves, R.; Williams, I. Strategies for recruiting African American men into prostate cancer
screening studies. Nurs. Res. 2009, 58, 452–456. [CrossRef]

250. Ford, A.F.; Reddick, K.; Browne, M.C.; Robins, A.; Thomas, S.B.; Crouse Quinn, S. Beyond the cathedral:
Building trust to engage the African American community in health promotion and disease prevention.
Health Promot. Pract. 2009, 10, 485–489. [CrossRef]

251. Horowitz, C.R.; Brenner, B.L.; Lachapelle, S.; Amara, D.A.; Arniella, G. Effective recruitment of minority
populations through community-led strategies. Am. J. Prev. Med. 2009, 37, S195–S200. [CrossRef]

http://dx.doi.org/10.1200/JCO.2014.58.1751
http://dx.doi.org/10.1016/j.juro.2017.02.555
http://dx.doi.org/10.1056/NEJMoa1113162
http://www.ncbi.nlm.nih.gov/pubmed/22808955
http://dx.doi.org/10.1200/JCO.2018.36.18_suppl.LBA5009
http://www.ncbi.nlm.nih.gov/pubmed/22764647
http://dx.doi.org/10.2105/AJPH.2013.301706
http://dx.doi.org/10.1093/jnci/87.23.1747
http://dx.doi.org/10.1038/bjc.2012.240
http://dx.doi.org/10.2105/AJPH.87.11.1773
http://dx.doi.org/10.1097/00000441-200111000-00002
http://dx.doi.org/10.1016/j.mayocp.2017.08.002
http://www.ncbi.nlm.nih.gov/pubmed/28982488
http://dx.doi.org/10.1046/j.1525-1497.1999.07048.x
http://www.ncbi.nlm.nih.gov/pubmed/10491242
https://www.nbcnews.com/healthmain/nih-finally-makes-good-henrietta-lacks-family-its-about-time-6C10867941
https://www.nbcnews.com/healthmain/nih-finally-makes-good-henrietta-lacks-family-its-about-time-6C10867941
http://dx.doi.org/10.1016/j.amepre.2018.05.028
http://www.ncbi.nlm.nih.gov/pubmed/30670195
http://dx.doi.org/10.1177/0733464815570662
http://www.ncbi.nlm.nih.gov/pubmed/25669876
http://dx.doi.org/10.2105/AJPH.2013.301685
http://dx.doi.org/10.1016/j.amepre.2009.08.019
http://dx.doi.org/10.1097/NNR.0b013e3181b4bade
http://dx.doi.org/10.1177/1524839909342848
http://dx.doi.org/10.1016/j.amepre.2009.08.006


Genes 2020, 11, 1471 27 of 28

252. Oren, O.; Oren, M.; Beach, D. On the generalizability of prostate cancer studies: Why race matters. Ann. Oncol.
2016, 27, 2146–2148. [CrossRef] [PubMed]

253. Woods, V.D.; Montgomery, S.B.; Herring, R.P. Recruiting Black/African American men for research on prostate
cancer prevention. Cancer 2004, 100, 1017–1025. [CrossRef] [PubMed]

254. Ahaghotu, C.; Tyler, R.; Sartor, O. African American Participation in Oncology Clinical Trials—Focus on
Prostate Cancer: Implications, Barriers, and Potential Solutions. Clin. Genitourin Cancer 2016, 14, 105–116.
[CrossRef] [PubMed]

255. Toms, C.; Cahill, F.; George, G.; Van Hemelrijck, M. Research engagement among black men with prostate
cancer. Ecancermedicalscience 2016, 10, 695. [CrossRef] [PubMed]

256. Fracasso, P.M.; Goodner, S.A.; Creekmore, A.N.; Morgan, H.P.; Foster, D.M.; Hardmon, A.A.; Engel, S.J.;
Springer, B.C.; Mathews, K.J.; Fisher, E.B.; et al. Coaching intervention as a strategy for minority recruitment
to cancer clinical trials. J. Oncol. Pract. 2013, 9, 294–299. [CrossRef] [PubMed]

257. Haiman, C.A.; Carpten, J.; Conti, D.; Lotan, T.; Sfanos, K.; Huang, F.; DeRouen, M.; Shariff-Marco, S.; Chanock, S.;
Modjesk, D.; et al. Research on Prostate Cancer in Men of African Ancestry: Defining the Roles of Genetics, Immunity
and Stress (RESPOND). National Cancer Institute, National Institute of Minority Health and Health Disparities of the
National Institutes of Health; University Of Southern California: Los Angeles, CA, USA, 2018.

258. Popejoy, A.B.; Fullerton, S.M. Genomics is failing on diversity. Nature 2016, 538, 161–164. [CrossRef] [PubMed]
259. Morales, J.; Welter, D.; Bowler, E.H.; Cerezo, M.; Harris, L.W.; McMahon, A.C.; Hall, P.; Junkins, H.A.;

Milano, A.; Hastings, E.; et al. A standardized framework for representation of ancestry data in genomics
studies, with application to the NHGRI-EBI GWAS Catalog. Genome Biol. 2018, 19, 21. [CrossRef]

260. MADCaP Network Men of African Descent and Carcinoma of the Prostate. Available online: https:
//www.madcapnetwork.org/ (accessed on 23 July 2020).

261. Cooper, R.S. Race in biological and biomedical research. Cold Spring Harb. Perspect. Med. 2013, 3, a008573. [CrossRef]
262. Sankar, P.; Cho, M.K. Genetics. Toward a new vocabulary of human genetic variation. Science 2002,

298, 1337–1338. [CrossRef]
263. Hoggart, C.J.; Parra, E.J.; Shriver, M.D.; Bonilla, C.; Kittles, R.A.; Clayton, D.G.; McKeigue, P.M. Control

of confounding of genetic associations in stratified populations. Am. J. Hum. Genet. 2003, 72, 1492–1504.
[CrossRef] [PubMed]

264. Pritchard, J.K.; Stephens, M.; Rosenberg, N.A.; Donnelly, P. Association mapping in structured populations.
Am. J. Hum. Genet. 2000, 67, 170–181. [CrossRef] [PubMed]

265. Pritchard, J.K.; Stephens, M.; Donnelly, P. Inference of population structure using multilocus genotype data.
Genetics 2000, 155, 945–959. [PubMed]

266. Nassir, R.; Kosoy, R.; Tian, C.; White, P.A.; Butler, L.M.; Silva, G.; Kittles, R.; Alarcon-Riquelme, M.E.;
Gregersen, P.K.; Belmont, J.W.; et al. An ancestry informative marker set for determining continental origin:
Validation and extension using human genome diversity panels. BMC Genet. 2009, 10, 39. [CrossRef]

267. Price, A.L.; Patterson, N.J.; Plenge, R.M.; Weinblatt, M.E.; Shadick, N.A.; Reich, D. Principal
components analysis corrects for stratification in genome-wide association studies. Nat. Genet. 2006,
38, 904–909. [CrossRef]

268. Alexander, D.H.; Lange, K. Enhancements to the ADMIXTURE algorithm for individual ancestry estimation.
BMC Bioinform. 2011, 12, 246. [CrossRef]

269. Yudell, M.; Roberts, D.; DeSalle, R.; Tishkoff, S. SCIENCE AND SOCIETY. Taking race out of human genetics.
Science 2016, 351, 564–565. [CrossRef]

270. Caulfield, T.; Fullerton, S.M.; Ali-Khan, S.E.; Arbour, L.; Burchard, E.G.; Cooper, R.S.; Hardy, B.J.; Harry, S.;
Hyde-Lay, R.; Kahn, J.; et al. Race and ancestry in biomedical research: Exploring the challenges. Genome Med.
2009, 1, 8. [CrossRef]

271. Marshall, E. DNA studies challenge the meaning of race. Science 1998, 282, 654–655. [CrossRef]
272. Burchard, E.G.; Ziv, E.; Coyle, N.; Gomez, S.L.; Tang, H.; Karter, A.J.; Mountain, J.L.; Pérez-Stable, E.J.;

Sheppard, D.; Risch, N. The importance of race and ethnic background in biomedical research and clinical
practice. N. Engl. J. Med. 2003, 348, 1170–1175. [CrossRef]

273. Tang, H.; Quertermous, T.; Rodriguez, B.; Kardia, S.L.; Zhu, X.; Brown, A.; Pankow, J.S.; Province, M.A.;
Hunt, S.C.; Boerwinkle, E.; et al. Genetic structure, self-identified race/ethnicity, and confounding in
case-control association studies. Am. J. Hum. Genet. 2005, 76, 268–275. [CrossRef] [PubMed]

http://dx.doi.org/10.1093/annonc/mdw409
http://www.ncbi.nlm.nih.gov/pubmed/27573566
http://dx.doi.org/10.1002/cncr.20029
http://www.ncbi.nlm.nih.gov/pubmed/14983498
http://dx.doi.org/10.1016/j.clgc.2015.12.003
http://www.ncbi.nlm.nih.gov/pubmed/26786562
http://dx.doi.org/10.3332/ecancer.2016.695
http://www.ncbi.nlm.nih.gov/pubmed/28101138
http://dx.doi.org/10.1200/JOP.2013.000982
http://www.ncbi.nlm.nih.gov/pubmed/24130255
http://dx.doi.org/10.1038/538161a
http://www.ncbi.nlm.nih.gov/pubmed/27734877
http://dx.doi.org/10.1186/s13059-018-1396-2
https://www.madcapnetwork.org/
https://www.madcapnetwork.org/
http://dx.doi.org/10.1101/cshperspect.a008573
http://dx.doi.org/10.1126/science.1074447
http://dx.doi.org/10.1086/375613
http://www.ncbi.nlm.nih.gov/pubmed/12817591
http://dx.doi.org/10.1086/302959
http://www.ncbi.nlm.nih.gov/pubmed/10827107
http://www.ncbi.nlm.nih.gov/pubmed/10835412
http://dx.doi.org/10.1186/1471-2156-10-39
http://dx.doi.org/10.1038/ng1847
http://dx.doi.org/10.1186/1471-2105-12-246
http://dx.doi.org/10.1126/science.aac4951
http://dx.doi.org/10.1186/gm8
http://dx.doi.org/10.1126/science.282.5389.654
http://dx.doi.org/10.1056/NEJMsb025007
http://dx.doi.org/10.1086/427888
http://www.ncbi.nlm.nih.gov/pubmed/15625622


Genes 2020, 11, 1471 28 of 28

274. Banda, Y.; Kvale, M.N.; Hoffmann, T.J.; Hesselson, S.E.; Ranatunga, D.; Tang, H.; Sabatti, C.; Croen, L.A.;
Dispensa, B.P.; Henderson, M.; et al. Characterizing Race/Ethnicity and Genetic Ancestry for 100,000 Subjects
in the Genetic Epidemiology Research on Adult Health and Aging (GERA) Cohort. Genetics 2015, 200,
1285–1295. [CrossRef] [PubMed]

275. Sucheston, L.E.; Bensen, J.T.; Xu, Z.; Singh, P.K.; Preus, L.; Mohler, J.L.; Su, L.J.; Fontham, E.T.; Ruiz, B.;
Smith, G.J.; et al. Genetic ancestry, self-reported race and ethnicity in African Americans and European
Americans in the PCaP cohort. PLoS ONE 2012, 7, e30950. [CrossRef] [PubMed]

276. Lee, Y.L.; Teitelbaum, S.; Wolff, M.S.; Wetmur, J.G.; Chen, J. Comparing genetic ancestry and self-reported
race/ethnicity in a multiethnic population in New York City. J. Genet. 2010, 89, 417–423. [CrossRef]

277. Hollenbach, J.A.; Saperstein, A.; Albrecht, M.; Vierra-Green, C.; Parham, P.; Norman, P.J.; Maiers, M.
Race, Ethnicity and Ancestry in Unrelated Transplant Matching for the National Marrow Donor Program:
A Comparison of Multiple Forms of Self-Identification with Genetics. PLoS ONE 2015, 10, e0135960. [CrossRef]

278. Wendler, D.; Kington, R.; Madans, J.; Van Wye, G.; Christ-Schmidt, H.; Pratt, L.A.; Brawley, O.W.; Gross, C.P.;
Emanuel, E. Are racial and ethnic minorities less willing to participate in health research? PLoS Med. 2006,
3, e19. [CrossRef]

279. Dovidio, J.F.; Fiske, S.T. Under the radar: How unexamined biases in decision-making processes in clinical
interactions can contribute to health care disparities. Am. J. Public Health 2012, 102, 945–952. [CrossRef]

280. Carnethon, M.R.; Kershaw, K.N.; Kandula, N.R. Disparities Research, Disparities Researchers, and Health
Equity. JAMA 2019, 323, 211–212. [CrossRef]

281. Hoppe, T.A.; Litovitz, A.; Willis, K.A.; Meseroll, R.A.; Perkins, M.J.; Hutchins, B.I.; Davis, A.F.; Lauer, M.S.;
Valantine, H.A.; Anderson, J.M.; et al. Topic choice contributes to the lower rate of NIH awards to
African-American/black scientists. Sci. Adv. 2019, 5, eaaw7238. [CrossRef]

282. Ginther, D.K.; Schaffer, W.T.; Schnell, J.; Masimore, B.; Liu, F.; Haak, L.L.; Kington, R. Race, ethnicity, and NIH
research awards. Science 2011, 333, 1015–1019. [CrossRef]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1534/genetics.115.178616
http://www.ncbi.nlm.nih.gov/pubmed/26092716
http://dx.doi.org/10.1371/journal.pone.0030950
http://www.ncbi.nlm.nih.gov/pubmed/22479307
http://dx.doi.org/10.1007/s12041-010-0060-8
http://dx.doi.org/10.1371/journal.pone.0135960
http://dx.doi.org/10.1371/journal.pmed.0030019
http://dx.doi.org/10.2105/AJPH.2011.300601
http://dx.doi.org/10.1001/jama.2019.19329
http://dx.doi.org/10.1126/sciadv.aaw7238
http://dx.doi.org/10.1126/science.1196783
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Genetic Influential Factors for Prostate Cancer Risk 
	Rare Variants of Moderate to Large Effects 
	Association Studies of Common Smaller Effect Variants 
	Somatic Mutations and Tumor Biomarkers 

	Diet and Anthropometric Risk Factors for Prostate Cancer 
	Diet 
	Obesity 

	Social Determinants of Health 
	Lack of Diversity in Clinical Trials and Genetic Studies 
	Perspectives and Conclusions 
	References

