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Prostate cancer (CaP) incidence, morbidity, andmortality rates vary substantially by race and
ethnicity, with African Americanmen experiencing among the highest CaP rates in theworld.
The causes of these disparities are multifactorial and complex, and likely involve differences
in access to screening and treatment, exposure to CaP risk factors, variation in genomic
susceptibility, and other biological factors. To date, the proportion of CaP that can be ex-
plained by environmental exposures is small and differences in the role factors play by race
or ethnicity is poorly understood. In the absence of additional data, it is likely that environ-
mental factors do not contribute greatly to CaP disparities. In contrast, CaP has one of the
highest heritabilities of all major cancers and many CaP susceptibility genes have been
identified. SomeCaP loci, including the risk loci found at chromosome 8q24, have consistent
effects in all racial/ethnic groups studied to date. However, replication of many susceptibility
loci across race or ethnicity remains limited. It is likely that inequities in health care access
strongly influences CaP disparities. CaP is a disease with a complex multifactorial etiology,
and therefore any approach attempting to address racial/ethnic disparities in CaP must con-
sider the many sources that influence risk, outcomes, and disparities.

WHAT DO THE RACIAL/ETHNIC DISPARITIES
IN PROSTATE CANCER LOOK LIKE?

There are substantial differences in rates of
prostate cancer (CaP) across racial/ethnic

groups that represent important disparities in
CaP risk and outcomes. Disparities in CaP rates
appear at all stages of the continuum of prostate
carcinogenesis. Figure 1 shows the ratio of rates
between African American (AA) and European
American (EA) men for high-grade prostatic
epithelial neoplasia (HGPIN) (Sakr et al.
1994), prevalent (autopsy-detected) CaP (Reb-
beck and Haas 2014), incident CaP, and CaP

mortality (see seer.cancer.gov). At almost every
point along the CaP continuum and for most
every age group, CaP is more common in AA
men than EA men. These data suggest that the
disparity may have a biological component, as
the disparity is evident even before cancer is
usually clinically detected. However, the AA:
EA disparity increases inmagnitude in clinically
detected disease and mortality, suggesting that
factors related to exposure, behavior, or access to
care are also important factors in CaP dispari-
ties. Themetrics shown in Table 1 and discussed
below similarly reveal a complex picture of CaP
disparities.
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As suggested in Figure 1, CaP disparities are
evident even in latent prostate tumors identified
in autopsy studies (Rebbeck and Haas 2014).
Latent tumor prevalence is highest in African-
descent men, intermediate in European-descent
men, and lowest in Asian-descent men. The dis-
parity in CaP prevalence is apparent when it is
observed that 50% of Asian men have prevalent
CaP by age 90 but 50% by age 80, and 50% of
African-descent men by age 60 (Rebbeck and
Haas 2014).

There is a similar disparity in the prevalence
of screened-detected cancers. The rate of CaP
detection in AA men is consistently higher
than in EA men in the United States (Richie et
al. 1993; Smith et al. 1996; Weinrich et al. 1998;
Cooney et al. 2001; Powell 2007). In addition,
the prevalence of screened detected cancers in

Ghanaian men is higher than that reported in
any AA population, suggesting the rates of CaP
in Africa may equal or exceed those in AAs
(Hsing et al. 2014) and that elevated CaP rates
are a phenomenon of men of African ancestry
throughout the African diaspora.

It is also well known that population-based
CaP incidence and mortality vary substantially
by race/ethnicity. For example, SEER-18 data
from 2008 to 2012 (see seer.cancer.gov) esti-
mated that age-adjusted CaP incidence in AAs
(214.5 per 100,000 men) is substantially greater
than in non-HispanicWhites (NHWs; 130.4 per
100,000 men) (Table 1). This represents a 64%
greater incidence in AAversus NHWmen. CaP
mortality statistics are evenmore sobering: mor-
tality in AA men is 46.3 per 100,000 compared
with 19.8 per 100,000 in NHW—a 134% mor-
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Figure 1. Depiction of disparities across the continuum of prostate cancer (CaP) progression from high-grade
prostatic intraepithelial neoplasia (HGPIN) to prevalent (autopsy-detected) CaP, to clinically detected CaP, and
CaPmortality. Chart reflects the ratio of rates for African Americans (AAs) compared with European Americans
(EAs). Potential biomarkers acting at each stage in this continuum are depicted below the chart. PIA, Polysac-
charide intercellular adhesin; PIN, prostatic intraepitheilial neoplasia; PTEN, phosphatase and tensin homolog;
AR, androgen receptor.
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Table 1. Prostate cancer disparities metrics

End point Group and metric

Autopsy prevalence (%) by
decade of age Asian Ancestry

European
Ancestry

African
Ancestry References

20–29 0.0 0.5 1.6 Rebbeck and Haas 2014
30–39 4.0 8.4 35.5
40–49 6.3 15.0 24.7
50–59 17.3 26.9 39.6
60–69 17.7 33.3 56.7
70–79 25.4 35.4 NA
80–89 33.2 49.0 NA
90+ 50.0 91.1 NA

Screened-detected cancer
prevalence, men with PSA
>4.0 and abnormal DRE Prevalence Group

Ghana 5.8 Age 50–74 Hsing et al. 2014
AA-St. Louis, MO 5.4 Age 40–79 Smith et al. 1996
AA-Detroit, MI 3.3 Age 40–79 Powell 2007
AA-Flint, MI 3.0 Age 40–79 Cooney et al. 2001
AA-South Carolina 2.2 Age 40–79 Weinrich et al. 1998
U.S. Caucasians 1.6 Age >50 Richie et al. 1993

Incidence (age-adjusted per
100,000 men)

SEER-18 rate
2008–2012

SEER-13 trend
2003–2012

Asian/Pacific Islander 74.0 −4.6 seer.cancer.gov
Black 214.5 −3.9
Hispanic 114.7 −4.7
Non-Hispanic White 133.4 −4.7

Relative biochemical
nonfailure, White vs. Black HR = 1.25 95% CI: 1.11–1.41 Evans et al. 2008

Relative CaP-specific survival,
White vs. Black HR = 1.13 95% CI: 1.00–1.27 Evans et al. 2008

Relative overall survival,White
vs. Black HR = 1.01 95% CI: 0.88–1.16 Evans et al. 2008

Mortality (age-adjusted per
100,000 men

SEER-18 rate
2008–2012

SEER-13 trend
2003–2012

Asian/Pacific Islander 9.4 −3.4 seer.cancer.gov
Black 46.3 −4.0
Hispanic 17.8 −2.7
Non-Hispanic White 19.9 −3.4

NA, Not available; AA, African American; PSA, prostate-specific antigen; DRE, digital rectal examination.
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tality difference. This is the largest disparity in
cancer mortality of any tumor site in U.S. men
or women.

Although these statistics are grim, they rep-
resent an improvement in CaP disparities that
existed only a few years ago. As shown in Figure
2, data from U.S. Mortality Files from the Na-
tional Center for Health Statistics of the Centers
for Disease Control and Prevention (CDC) in-
dicate that the disparity in CaP mortality grew
during the period from themid-1980s to∼2005,
in which prostate-specific antigen (PSA) screen-
ing became widespread. Since 2010, the dispar-
ity in mortality between AAs and NHWs has
dropped, although a significant disparity in
mortality still exists. The data in Figure 2 also
indicate that the disparity in CaP mortality is
age-dependent, with greatest disparities in CaP
mortality occurring in men under age 75.

Finally, although it is clear that there is sub-
stantial disparity at all phases of the CaP contin-
uum, data suggest that there is racial/ethnic dis-
parity in certain CaP-related parameters but not
others. For example, a meta-analysis by Evans
et al. (2008) reported no disparity in overall sur-
vival by race, but did find evidence for a differ-
ence in CaP-specific survival and biochemical
(PSA) failure. Similarly, it has been suggested
that racial differences in CaPmortality diminish

or disappear in certain patient subgroups or if
treatment is equalized among all patients (Powell
et al. 2004). However, not all studies have been
clearly able to show that equal treatment leads to
equal outcome. Godley et al. (2003) used SEER-
Medicare data diagnosed with clinically local-
ized CaP at ages 65–84 between 1986 and 1996
in five SEER sites. Those data suggest that mor-
tality rates varied within screening, treatment,
and racial groups. The data available to date do
not completely resolve the question whether ra-
cial disparities could be eliminated if treatment
were equalized among all cases. Similarly, the
literature is not yet clear whether all CaP-related
metrics show a meaningful disparity.

WHAT FACTORS EXPLAIN PROSTATE
CANCER DISPARITIES?

The observed disparities in CaP discussed above
may be explained by a wide variety of biological,
social, environmental, health care, and other
factors. Each of these may contribute to the dis-
parity in some individuals or groups. Figure 3
represents a framework for the role of multiple
factors on racial/ethnic disparities (Rebbeck and
Sankar 2005; Rebbeck et al. 2006). This frame-
work identifies self-identified race or ethnicity as
being correlated with cultural, environmental,
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Figure 2.Ratio of African American (AA) versus EuropeanAmerican (EA)mortality rates by age group and year.
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or behavioral factors. These factors are corre-
lated both with race/ethnicity and may be asso-
ciated with CaP. Similarly, race/ethnicity is cor-
relatedwith phenotypic characteristics related to
an individual’s continental ancestry. Ancestry
itself is associated with genome-wide variation,
which in turn is correlated to genotype and mu-
tation frequencies across populations. Inherited
genotypes and environments (exposures) are
further associated with the etiology of disease
and tissue/tumor-specific changes that are asso-
ciated with disease risk. In the following sec-
tions, the role of each of these factors on CaP
disparities is discussed.

Ancestry

Self-identified race and ethnicity are commonly
used to identify groups that may experience dis-
parities in disease risk or outcomes. However,
most populations, and particularly AAs and
Hispanics in the United States, represent ge-
nomically admixed populations. This admixture
is reflected in an individual’s genetic back-
ground, which may provide additional informa-
tion about the disparity and its causes than self-
reported race or ethnicity. It is still common in
epidemiological studies to categorize people
into a few self-identified races that partly reflect
the complicated history of each group, yet these
categories cannot capture the specific contribu-
tions from ancestral populations (Yaeger et al.
2008). A number of groups have reported that

there is substantial heterogeneity in the African
source of the genome of AAs (Stefflova et al.
2009, 2011), as well as non-African contribu-
tions to self-identified AAs (Parra et al. 2001).
More recent studies have suggested that ances-
tral genome may itself be associated with CaP
risk or outcome (Giri et al. 2009). These data
suggest that features of the African genome
found in AAs or other populations may be cor-
related with risk alleles that are common in Af-
rican-descent individuals. Further research is
needed to explain the nature and potential
mechanism of this association, but it provides
an opportunity to extend our understanding
and definition of race or ethnicity beyond self-
report to understand CaP disparities.

Genetics and Genomics

CaP shows the highest reported heritability of
any major cancer (Lichtenstein et al. 2000; Ver-
hage et al. 2004; Hjelmborg et al. 2014; Mucci
et al. 2016), yet, unlike other cancers, the ability
to define hereditary CaP syndromes and identify
hereditary cancer genes has been limited. Fam-
ily-based linkage studies of hereditary CaP fo-
cused largely on European-descent populations
to identify a series of genes responsible for he-
reditary CaP. These include HPC1 (1q24–25)
(Carter et al. 1992; Cooney et al. 1997; Berry
et al. 2000a), PCAP (1q42–43) (Neuhausen
et al. 1999; Berry et al. 2000a; Xu et al. 2001),
HPCX (Xq27–28) (Schleutker et al. 2000),CAPB
(1q36) (Berry et al. 2000a; Xu et al. 2001),
HPC20 (20q13) (Berry et al. 2000b), HOXB13
(Breyer et al. 2012; Xu et al. 2013), and others.
Among these, a series of loci were identified
specifically or confirmed in non-European-de-
scent families by family studies, including 12q24
(Ledet et al. 2012), 1q24–25, 2p16, and 2p21
(Brown et al. 2004; Ledet et al. 2012), and
1p36 in Japanese (Matsui et al. 2004) and AA
(Brown et al. 2004) men. Additional linkage sig-
nals have been detected in AA pedigrees at 2p21,
11q22, 17p11, 22q12, and Xq21 (Baffoe-Bonnie
et al. 2007) among others. Many of these loci
were validated across ethnic and geographic
populations, suggesting common origins for
some hereditary CaP susceptibility.

Genomic ancestry

Health care Disease/outcome

Exposure,
risk factors,

behavior

Disease-causative
genetic variation

Somatic changes

Self-identified race or ethnicity

Figure 3. Framework for the definition of factors that
underlie self-identified race or ethnicity that may in-
fluence prostate cancer (CaP) etiology and disparities.
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Despite the success of these discovery ef-
forts, and the suggestion that there may be
unique genetic loci associated with hereditary
CaP in minority populations, genetic testing
for hereditary CaP and recommendations for
reduction of that risk based on genetic informa-
tion have not evolved into clinical practice as has
been the case for many other cancer sites. Re-
cently, potentially clinically meaningful associ-
ations have been identified, including associa-
tions of inherited mutations in BRCA2 and
aggressive CaP, with implications for treatment
(Castro et al. 2013; Cheng et al. 2016). However,
the data addressing the potential that these loci
confer different risks or occur at different fre-
quencies in AAs or other high-risk groups has
not been reported.

Candidate gene association studies in CaP
and other diseases were quite common before
the advent of the genome-wide association stud-
ies (GWAS). These studies identified genes that
played a biologically plausible role in the etiology
of a disease, fromwhich individual single-nucle-
otide polymorphisms (SNPs) orhaplotypeswere
studied in relation to disease phenotypes. Genes
involved inDNAdamage and repair, carcinogen
metabolism, inflammation, steroid hormone
metabolism, and many others have been report-
ed in candidate gene association studies and
have involved populations worldwide (reviewed
in Naylor 2007). Of the many candidates that
have been considered, few have also been report-
ed in linkage orGWAS studies. Examples of can-
didate genes that have been identified using large
gene panels or GWAS include the androgen re-
ceptor (AR [Kote-Jarai et al. 2011]), kallekrein
genes (e.g., KLK3 that encodes PSA [Lose et al.
2013; Knipe et al. 2014; Lange et al. 2014]), telo-
mere-related genes (TERT,TET [Kote-Jarai et al.
2011; Berndt et al. 2015]), and loci containing
carcinogen metabolism (UGT1A8, CYP21A2
[Eeles et al. 2013]), microRNAs (Eeles et al.
2013), or matrix metalloprotein genes (Eeles
et al. 2013). Many smaller studies have been un-
dertaken in diverse populations around the
world. However, the majority of these reports
have not been validated in independent samples,
and associations of most of these candidate loci
have not been reported in GWAS studies.

Numerous CaP susceptibility loci have been
reported to date using GWAS approaches. How-
ever, many loci detected in European or Asian-
descent populations have not been replicated in
African-descent populations, or the magnitude
of effect was less (or directionally opposite) by
race (Waters et al. 2009; Xu et al. 2009; Hooker
et al. 2010). A number of studies have attempted
to validate reported associations in AAs. Xu et
al. (2009) studied 868 cases and 878 controls and
validated the loci at 8q24 ( p = 0.034 to p = 2 ×
10−5) and 3p12 ( p = 0.029). Waters et al. (2009)
studied 860 cases and575 controls, and validated
KLK2/3 (19q13.33) and NUDT10/11 (Xp11.22).
Finally, Hooker et al. (2010) validated 8q24 ( p =
1 × 10−4), 11q13.2 ( p = 0.009), HNF1B/TCF2
(17q12; p = 0.008), KLK2/3 (19q13.33; p =
0.04), and NUDT11 (Xp11.22; p = 0.05) in 454
cases and 301 controls. The validated loci were
not consistent across these studies, perhaps be-
cause of relatively small sample sizes in each
study. Chang et al. (2011) studied a sample of
nearly 8000 men of African descent in the
United States and the United Kingdom. This
report only involved those loci that had been
previously reported in non-African-descent
populations. They reported that the majority of
the loci identified as CaP susceptibility loci in
White or Asian populations were not replicated
in AA men. Only JAZF1, MSMB, NUDT10/11,
and a locus on 11q13 were validated as having
effects similar to those in non-African-descent
populations. The remainder of the associations
in AAs showed smaller effects than those report-
ed in non-AA populations. Some of the AA as-
sociations were even in the opposite direction of
the non-AA reports, and, inmany cases, the 95%
confidence intervals for AAmen did not overlap
the non-AA estimates. Using aGWAS approach,
Haiman and colleagues also did not replicate
most of the previously reported loci identified
in European- or Asian-descent populations
(Haiman et al. 2011a,b). Using more than 9500
AA CaP cases and controls, Han et al. (2015)
reported that of established 82 GWAS hits,
only 68 (83%) were directionally consistent
with the original report, and 37% were signifi-
cant at p < 0.05. Similarly, the effect size of many
loci is also smaller for the same locus in African-
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descent populations compared with the original
report of these loci in European or Asian-de-
scent populations.

In contrast, GWAS have identified alleles in
African-descent populations. Variants at 17q21
reached genome-wide level significance in Afri-
can-descent populations (Haiman et al. 2011a).
This locus has since been validated as a CaP risk
locus in European-descent populations (Eeles et
al. 2013). A novel locus at chromosome 10p14
was reported in a GWAS undertaken in a Gha-
naian population (Cook et al. 2014), although
this association did not reach genome-wide sig-
nificance.

Anumberof hypotheses have been proposed
to explain the difficulty in replication and sys-
tematic differences in magnitudes of genetic ef-
fects by race and ethnicity. First, the underlying
genomic susceptibility, and thus biology, for
CaP may differ fundamentally across racial or
ethnic groups. This explanation is unlikely to
be the case, as it implies that the biological basis
forCaPdiffers by race or ethnicity.However, this
hypothesis cannot be ruled out based on avail-
able data. A more likely explanation is that the
risk alleles in European-/Asian-descent individ-
uals are not the same as in African-descent in-
dividuals. It is likely that the risk alleles and the
underlying population structure of CaP suscept-
ibility loci differ by ethnicity, race, or geography,
and that these differences are likely to influence
the ability to detect genetic associations (Teo
et al. 2010). This hypothesis is supported by
well-described differences in the genomic archi-
tecture of the genome by race and ethnicity.
Linkage disequilibrium and haplotype diversity
differ substantially by race and ethnicity (Reich
et al. 2001; Teo et al. 2010), as do allele frequen-
cies atmany loci across the genome. The capture
of genomic variability is incomplete, and it is
likely that many African-specific alleles have
yet to be detected that may provide a better cap-
ture of the African genome. Indeed, the diversity
of the African genome is so great that capture of
continent-wide genomic variation may be re-
quired to fully understand the genomic basis of
CaP in African ancestry populations. Thus, it is
not hard to imagine that CaP risk alleles and the
frequencies of these alleles vary substantially

across populations to affect the ability to detect
associations in a GWAS setting. To address this
hypothesis, additional studies using non-Cauca-
sian populations will be required that use geno-
typing panels that adequately capture African
genomic variability. Although generally unre-
ported in the GWAS literature, similar argu-
ments can be made regarding genomics of other
populations that are genomically divergent from
Caucasians, including Native Americans, Mid-
dle Eastern groups, and aboriginal populations
in the Arctic, Oceania, and elsewhere.

Furthermore, it is likely that the underlying
etiology of CaP is not only influenced by genes
but also by exposures and gene by environment
interactions. The different magnitudes of effect
observed across race, ethnicity, and geography
could be explained by the influence of contex-
tual factors that influence CaP susceptibility
through gene–environment interactions that
may vary by population. The number of con-
firmed environmental factors or exposures that
influence CaP risk and outcome are limited
(Boffetta et al. 2009), but it is still possible that
underlying genetic susceptibility may influence
the effect of exposures that are not detectable on
their own. To the degree that the frequencies of
both the exposures and the susceptibility geno-
types vary by race or ethnicity (which they are
likely to do), it is possible that differences in
etiology or severity of CaP could be explained
by complex interactions of these factors. There
have been published examples of gene–environ-
ment interactions in CaP, including novel and
biological plausible interactions (e.g., Koutros
et al. 2013; Neslund-Dudas et al. 2014). Howev-
er, most of these have not been validated in in-
dependent sets or across populations, and the
large post-GWAS evaluations of GWAS loci
have not shown convincing interaction results
(Barrdahl et al. 2014). No major or replicated
interaction studies have been undertaken across
racially or ethnically diverse groups to be able
to test the hypothesis that differences in gene–
environment interactions could explain differ-
ences in CaP etiology or severity.

Unlike many CaP susceptibility loci for
which variation and lack of replication has
been observed, genetic variation at chromosome
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8q24 has been widely and consistently associ-
ated with prostate and numerous other cancers
across many populations (Amundadottir et al.
2006). Originally identified by admixture map-
ping methods, this locus has an overrepresenta-
tion of African genomic ancestry in AA men
(Freedman et al. 2006). At least eight indepen-
dent genomic regions conferring CaP suscepti-
bility have been identified at this locus (Gud-
mundsson et al. 2007; Haiman et al. 2007;
Yeager et al. 2007), although no gene has been
designated to be responsible for this cancer risk.
Instead, regulation of the downstream gene
MYC or regulation by long noncoding RNAs
(lncRNAs) has been reported (Ahmadiyeh
et al. 2010; Chung et al. 2011; Kim et al. 2014).
Disease-associated variation at 8q24 has been
confirmed in multiple populations. Indeed, the
8q24 locus was associated with CaP in early ad-
mixture mapping studies (Freedman et al. 2006)
that identify susceptibility loci by exploiting dif-
ferent disease risks and genotype distributions
by race. Ethnic-specific mutations and haplo-
types have been reported in African- and Euro-
pean-descent populations (Chung et al. 2014;
Han et al. 2016). The associations at 8q24 have
been confirmed not only in AAs, but also in two
African populations (Han et al. 2016). Thus, the
genetic contribution to CaP risk at this locus can
be considered a master regulator of cancer at
multiple sites as well as across populations.

Tumor Biomarkers

In addition to the strong evidence for inherited
genomic factors influencing CaP, and potential-
ly having different effects by race, somatic bio-
markers found in prostate tissue and tumors
may also play a role in CaP etiology and dispar-
ities. The biomarkers identified to date may
improve screening for CaP (e.g., as an alternative
or supplement to PSA testing) andmight inform
treatment choices and prognosis. A number of
prostate tumor biomarkers have been identified
that may define heterogeneity of CaP etiology
(Ahearn et al. 2015; Graff et al. 2016a) have clin-
ical implications for surveillance and treatment
(reviewed in Netto 2013), or correlate with ag-
gressive phenotypes (Lee et al. 1994; Li et al.

2004; Bjartell et al. 2007; Perner et al. 2007a,b;
Attard et al. 2008; Berney et al. 2009; Fine et al.
2010). These biomarkers show promise as pre-
dictors of aggressive disease with potential clin-
ical utility and act across the prostate carcino-
genesis continuum (Fig. 1). The most notable
examples include the TMPRSS2:ERG gene fu-
sion/translocation (Demichelis et al. 2007), Ki-
67 expression (Berney et al. 2009), biomarkers
involved in androgenmetabolism (Li et al. 2004;
Wandel et al. 2000), and genomic classifiers
(GCs) that use whole-transcriptome microarray
assays to analyze gene activity in CaP specimens
(Erho et al. 2012). In general, the majority of the
studies of these biomarkers has been in Europe-
an- or Asian-descent populations, and there are
limited data that evaluatewhether thesemarkers
have similar distributions or confer similar ef-
fects on outcomes in African-descent popula-
tions. A few studies have begun to report differ-
ences in biomarkers between AA and EA men,
including AMCAR, ERG, SPINK1, NXK3.1,
GOLM1, AR, Ki67, and SRD5A2 (Khani et al.
2014; Yamoah et al. 2015a). These studies re-
main limited by smaller sample sizes but suggest
that biological differences in tumor features by
race exist and could affect clinical parameters of
CaP aggressiveness.

TMPRSS2:ERG translocations have been
reported as having a different frequency by
race. Magi-Galluzzi et al. (2011) reported that
the frequency of TMPRSS2:ERG translocations
was highest in Japanese (71%) and Caucasians
(62%) and much lower in AAs (20%). Yamoah
et al. (2015a) also reported significant differ-
ences in ERG expression between EA and AA
CaP cases. Although the prognostic value of
TMPRSS2:ERG translocations and ERG ex-
pression is not clear, it does not seem to corre-
late with clinical outcome in most studies (Pet-
tersson et al. 2012). However, the underlying
marker distribution may identify tumor hetero-
geneity that informs CaP etiology and dispari-
ties. For example, it is becoming clear that the
relationship of potential CaP risk factors differs
by TMPRSS2:ERG translocation status (Ahearn
et al. 2015; Graff et al. 2016a,b). Although not
formally evaluating a racially diverse group,
Pettersson et al. (2013) reported that the rela-
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tionship of obesity and lethal CaP varied by
TMPRSS2:ERG translocation status. Because
obesity has been associated with poorer CaP
outcomes in some studies, and AA and Hispan-
ic men tend to have greater rates of obesity than
other racial/ethnic groups, this biomarker may
prove valuable in understanding poor outcomes
in some men.

Epidemiological Risk Factors

The proportion of CaP that can be explained by
known risk factors is one of the lowest of all
common cancers (Boffetta et al. 2009). As a re-
sult, the ability to identify risk factors that may
explain disparities is limited. The only clear and
consistent CaP risk factors are age, race, and
family history. Numerous reports of exposures
such as Agent Orange, diet, lifestyle, and others
have been proposed as CaP risk factors. Howev-
er, the effects of most of these exposures has
been controversial and confer at best small mag-
nitudes of effect in the normal ranges of expo-
sure for most men. Furthermore, most of the
studies that have provided evidence for expo-
sures or lifestyle and CaP risk have been under-
taken in largely Caucasian study samples. Ex-
tensive epidemiological evaluation of CaP risk
factors has not been available in AAmen. There-
fore, it is unclear whether these factors confer
substantial risk of CaP and if the disparity in
CaP can be explained by these factors.

Residential Factors

Residential characteristics have been suggested
as a meaningful surrogate for identifying groups
of individuals who live in settings that may in-
fluence their cancer risk and prognosis (Paskett
2016). As a result, studies have begun to evaluate
the effect of residential or workplace factors us-
ing geospatial methods. Studies of neighbor-
hood and CaP suggest that men who live in
neighborhoods with an unfavorable socioeco-
nomic status are more likely to be diagnosed
with high-grade CaP (Wardle et al. 2003; Borrell
et al. 2004; Messer et al. 2006; Diez Roux and
Mair 2010). These effects appear to act over and
above an individual’s risk factors (Byers et al.

2008; Carpenter et al. 2010; Lyratzopoulos et
al. 2010; Ziegler-Johnson et al. 2011). These as-
sociations include variables from the U.S. Cen-
sus (United States Census Bureau 2007) related
to education, income, poverty, and employment
(Stoll 2000; Diez Roux and Mair 2010; Diez
Roux et al. 2002; Wardle et al. 2003; Borrell et
al. 2004; Robert and Reither 2004; Robert et al.
2004; Messer et al. 2006; Byers et al. 2008; Car-
penter et al. 2010; Ziegler-Johnson et al. 2011),
as well as access to public transportation or liv-
ing in a rural versus urban area, perhaps reflect-
ing access to medical care (Carriere et al. 2013;
Schupp et al. 2014). Although studies of this
type are currently limited, they provide the po-
tential to identify groups of men who reside in
neighborhoods that require special attention in
terms of screening or treatment by population
or public health approaches. Ongoing initiatives
such as the Precision Medicine Initiative that
will include awide range of demographic groups
are critical to achieve these goals.

Health Care and Health Status

It is not yet clear what proportion of the racial
disparity in CaP may be attributed to biological
factors, but it is likely that access to health care
(and its social, economic, and behavioral corre-
lates) are strongly associated with CaP dispari-
ties. A wide variety of studies support this hy-
pothesis. For example, Godley et al. (2003)
reported that racial differences in mortality
among Medicare recipients with localized CaP
persist even after correction for treatment type.
Other studies report that the care received by
AAs or Hispanic men differs in terms of quality,
which in turn affects outcomes and disparities
(Jayadevappa et al. 2011a,b). Disparities in out-
come persist even within settings in which men
of different races have equality of care (e.g., in
the VA system, within a clinical trial, or treat-
ment by standard protocols at a single institu-
tion (Thompson et al. 2006; Hamilton et al.
2007; Kane et al. 2010; Barocas et al. 2013; Ya-
moah et al. 2015b). Other studies report that the
disparity by race disappears after equal clinical
protocols are applied or if sociodemographic
variables such as education and literacy are tak-
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en into account (Gann et al. 2010). There is also
evidence that race itself is not associated with
some clinical parameters when treatment is
equalized by race (Bañez et al. 2009). However,
the literature suggesting differences by race even
after accounting for known prognostic factors
have led to proposals formore aggressive clinical
interventions for some AA men (Sundi et al.
2013).

Similarly, use of PSA screening, although
highly controversial in recent years, is also likely
to impact on CaP disparities. To the degree that
AAmen are less likely to undergo PSA screening
than EA men (French and Jones 2005) and de-
layed diagnosis is correlated with poorer out-
comes, AA men may be at greater risk of poorer
outcomes because of screening practices. Where
equal access to screening is possible (e.g., the VA
system), rates of PSA screening may not differ,
and the potential for screening as a cause of
disparity is limited (Hudson et al. 2014).

Prediction of CaP outcomesmay involve not
only clinical criteria related to the CaP diagnosis
itself, but also to non-CaP characteristics of the
individual. For example, the presence of comor-
bid conditions may influence the clinician to
assess whether a patient will be able to benefit
from a specific medical intervention, including
active surveillance. Metrics of comorbidity in-
clude individual conditions as well as multicon-
dition indices. Individual conditions of interest
include a history of myocardial Infarction, con-
gestive heart failure, peripheral vascular disease,
cerebrovascular disease, dementia, chronic ob-
structive pulmonary disease, connective tissue
disease, peptic ulcer disease, diabetes mellitus,
chronic kidney disease, hemiplegia, other cancer
diagnoses, liver disease, and infectious diseases,
including hepatitis B, AIDS, and others.

Avariety of indices have been developed that
attempt to create a simple metric that capture
multivariate comorbidity data (reviewed in Sar-
fati 2012). These include indices that are counts
of individual conditions, organ- and system-
based approaches, and weighted indices. In
each category, the indices have been developed
using cancer and noncancer patient popula-
tions, most of which are not CaP specific. In
CaP, a series of indices have been developed

for or evaluated. These include indices specific
to older CaP cases, early-stage disease, late-stage
disease, and men considering specific treat-
ments (Stier et al. 1999; Fleming et al. 2006;
Litwin et al. 2007; Liss et al. 2013). Only one
study to date has assessed comorbidity in AA
CaP cases (Fleming et al. 2003), and there is
thus limited information about the value of co-
morbidity and other clinical parameters in as-
sessing clinical outcomes and disparity in men
diagnosed with CaP. However, because AA and
Hispanic men tend to have higher rates of rele-
vant comorbidities than EA or Asian men, the
potential contribution of comorbid factors on
treatment choice and outcomes remains an
area of research need.

CAN RACIAL/ETHNIC DISPARITIES IN
PROSTATE CANCER BE ELIMINATED?

It is possible to divide the disparity-related fac-
tors described above into those that represent
differences, and those that represent inequities
(Graham 2004). Differences include genetics,
race/ethnicity, behavior, biology, lifestyle, and
environmental exposures. Inequities include
factors such as discrimination, segregation, and
access to health care. It is not generally possible
to modify innate factors such as ancestry or in-
herited susceptibility, but these factorsmay serve
as risk stratifiers that can be used to identify
high-risk individuals anddevelop targeted inter-
ventions. Given the potential differences in ge-
nomic risk by race/ethnicity, it is possible that
race- or ancestry-specific high-risk strategies
may be developed once sufficient information
about race/ethnicity/ancestral risk is under-
stood. In contrast, social or political change
may be required to address inequities that lead
to disparities. It is possible to develop interven-
tions to modify behavior, biology, lifestyle, and
environmental exposures by a variety of means.
Intervention on biological traits by chemo-
prevention or other exposure modification of
CaP has been attempted in a variety of settings,
including the use of finasteride (Goodman
et al. 2006). Race/ethnicity/ancestry-specific ap-
proaches to these interventions may be worth
consideration, as some of these have not been
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shown to be effective in the population as a
whole. However, because the role of many be-
havioral, lifestyle, or exposure factors have not
been strongly associated with CaP or CaP dis-
parities, it remains unclear what role modifica-
tion of these factors can have in eliminating CaP
disparities.

Based on these observations, it is likely that a
personalized approach to CaP prevention and
treatment may be required. Rather than focus
solely on race/ethnicity-specific differences and
target large demographically defined groups,
basic discovery of underlying risk factors and
genomics may be required to understand and
address an individual’s risk, prevention, and
treatment options. These risk factors and geno-
mic traits may (strongly) correlate with race or
ethnicity, but the continued use of race/ethnicity
as the stratifier around which CaP prevention
and treatment is based may have limited effica-
cy. Thus, a precision medicine approach to ad-
dressing CaP disparities should be prioritized as
a means of eliminating CaP disparities by race/
ethnicity.

REFERENCES

Ahearn TU, Pettersson A, Ebot EM, Gerke T, Graff RE,
Morais CL, Hicks JL, Wilson KM, Rider JR, Sesso HD,
et al. 2015. A prospective investigation of PTEN loss and
ERG expression in lethal prostate cancer. J Natl Cancer
Inst 108: djv346.

Ahmadiyeh N, Pomerantz MM, Grisanzio C, Herman P, Jia
L, Almendro V, He HH, BrownM, Liu XS, Davis M, et al.
2010. 8q24 prostate, breast, and colon cancer risk loci
show tissue-specific long-range interaction with MYC.
Proc Natl Acad Sci 107: 9742–9746.

Amundadottir LT, Sulem P, Gudmundsson J, Helgason A,
Baker A, Agnarsson BA, Sigurdsson A, Benediktsdottir
KR, Cazier JB, Sainz J, et al. 2006. A common variant
associated with prostate cancer in European and African
populations. Nat Genet 38: 652–658.

AttardG, Clark J, Ambroisine L, FisherG, KovacsG, Flohr P,
Berney D, Foster CS, Fletcher A, Gerald WL, et al. 2008.
Duplication of the fusion of TMPRSS2 to ERG sequences
identifies fatal human prostate cancer.Oncogene 27: 253–
263.

Baffoe-Bonnie AB, Kittles RA, Gillanders E, Ou L, George A,
Robbins C, Ahaghotu C, Bennett J, BoykinW, Hoke G, et
al. 2007. Genome-wide linkage of 77 families from the
African American Hereditary Prostate Cancer study
(AAHPC). Prostate 67: 22–31.

Bañez LL, Terris MK, Aronson WJ, Presti JC Jr, Kane CJ,
Amling CL, Freedland SJ. 2009. Race and time from diag-

nosis to radical prostatectomy: Does equal access mean
equal timely access to the operating room?—Results from
the SEARCH database. Cancer Epidemiol Biomarkers
Prev 18: 1208–1212.

Barocas DA, Grubb R III, Black A, Penson DF, Fowke JH,
Andriole G, Crawford ED. 2013. Association between
race and follow-up diagnostic care after a positive prostate
cancer screening test in the prostate, lung, colorectal, and
ovarian cancer screening trial. Cancer 119: 2223–2229.

Barrdahl M, et al. 2014. Post-GWAS gene-environment in-
terplay in breast cancer: Results from the Breast and Pros-
tate Cancer Cohort Consortium and a meta-analysis on
79,000 women. Hum Mol Genet 23: 5260–5270.

Berndt SI, Wang Z, Yeager M, Alavanja MC, Albanes D,
Amundadottir L, Andriole G, Beane Freeman L, Campa
D, Cancel-Tassin G, et al. 2015. Two susceptibility loci
identified for prostate cancer aggressiveness. Nat Com-
mun 6: 6889.

Berney DM, Gopalan A, Kudahetti S, Fisher G, Ambroisine
L, Foster CS, Reuter V, Eastham J, Moller H, Kattan MW,
et al. 2009. Ki-67 and outcome in clinically localised pros-
tate cancer: Analysis of conservatively treated prostate
cancer patients from the Trans-Atlantic Prostate Group
study. Br J Cancer 100: 888–893.

Berry R, Schaid DJ, Smith JR, French AJ, Schroeder JJ,
McDonnell SK, Peterson BJ, Wang ZY, Carpten JD, Ro-
berts SG, et al. 2000a. Linkage analyses at the chromo-
some 1 loci 1q24–25 (HPC1), 1q42.2–43 (PCAP), and
1p36 (CAPB) in families with hereditary prostate cancer.
Am J Hum Genet 66: 539–546.

Berry R, Schroeder JJ, French AJ, McDonnell SK, Peterson
BJ, Cunningham JM, Thibodeau SN, Schaid DJ. 2000b.
Evidence for a prostate cancer-susceptibility locus on
chromosome 20. Am J Hum Genet 67: 82–91.

Bjartell AS, Al-Ahmadie H, Serio AM, Eastham JA, Eggener
SE, Fine SW,UdbyL, GeraldWL,VickersAJ, LiljaH, et al.
2007. Association of cysteine-rich secretory protein 3 and
β-microseminoprotein with outcome after radical prosta-
tectomy. Clin Cancer Res 13: 4130–4138.

Boffetta P, Tubiana M, Hill C, Boniol M, Aurengo A, Masse
R, Valleron AJ, Monier R, de Thé G, Boyle P, et al. 2009.
The causes of cancer in France. Ann Oncol 20: 550–555.

Borrell LN, Taylor GW, Borgnakke WS, Woolfolk MW, Ny-
quist LV. 2004. Perception of general and oral health in
White and African American adults: Assessing the effect
of neighborhood socioeconomic conditions. Community
Dent Oral Epidemiol 32: 363–373.

Breyer JP, Avritt TG, McReynolds KM, Dupont WD, Smith
JR. 2012. Confirmation of the HOXB13 G84E germline
mutation in familial prostate cancer. Cancer Epidemiol
Biomarkers Prev 21: 1348–1353.

BrownWM, Lange EM, Chen H, Zheng SL, Chang B, Wiley
KE, Isaacs SD, Walsh PC, Isaacs WB, Xu J, et al. 2004.
Hereditary prostate cancer in African American families:
Linkage analysis usingmarkers that map to five candidate
susceptibility loci. Br J Cancer 90: 510–514.

Byers TE, Wolf HJ, Bauer KR, Bolick-Aldrich S, Chen VW,
Finch JL, Fulton JP, SchymuraMJ, Shen T, VanHeest S, et
al. 2008. The impact of socioeconomic status on survival
after cancer in the United States. Cancer 113: 582–591.

CarpenterWR, Howard DL, Taylor YJ, Ross LE,Wobker SE,
Godley PA. 2010. Racial differences in PSA screening

Prostate Cancer Disparities by Race and Ethnicity

Cite this article as Cold Spring Harb Perspect Med 2018;8:a030387 11

w
w

w
.p

er
sp

ec
ti

ve
si

n
m

ed
ic

in
e.

o
rg



interval and stage at diagnosis. Cancer Causes Control 21:
1071–1080.

Carriere GM, Sanmartin C, Bryant H, Lockwood G. 2013.
Rates of cancer incidence across terciles of the foreign-
born population in Canada from 2001–2006.Can J Public
Health 104: e443–449.

Carter BS, Beaty TH, Steinberg GD, Childs B, Walsh PC.
1992. Mendelian inheritance of familial prostate cancer.
Proc Natl Acad Sci 89: 3367–3371.

Castro E, Goh C, Olmos D, Saunders E, Leongamornlert D,
TymrakiewiczM,MahmudN,Dadaev T, GovindasamiK,
Guy M, et al. 2013. Germline BRCA mutations are asso-
ciated with higher risk of nodal involvement, distant me-
tastasis, and poor survival outcomes in prostate cancer. J
Clin Oncol 31: 1748–1757.

Chang BL, Spangler E, Gallagher S, Haiman CA, Henderson
B, Isaacs W, BenfordML, Kidd LR, Cooney K, Strom S, et
al. 2011. Validation of genome-wide prostate cancer as-
sociations in men of African descent. Cancer Epidemiol
Biomarkers Prev 20: 23–32.

Cheng HH, Pritchard CC, Boyd T, Nelson PS, Montgomery
B. 2016. Biallelic inactivation of BRCA2 in platinum-sen-
sitive metastatic castration-resistant prostate cancer. Eur
Urol 69: 995–995.

Chung S, Nakagawa H, Uemura M, Piao L, Ashikawa K,
Hosono N, Takata R, Akamatsu S, Kawaguchi T, Mori-
zono T, et al. 2011. Association of a novel long non-cod-
ing RNA in 8q24 with prostate cancer susceptibility. Can-
cer Sci 102: 245–252.

Chung CC, Hsing AW, Edward Yeboah, Biritwum R, Tettey
Y, Adjei A, Cook MB, De Marzo A, Netto G, Tay E, et al.
2014. A comprehensive resequence-analysis of 250 kb re-
gion of 8q24.21 in men of African ancestry. Prostate 74:
579–589.

Cook MB, Wang Z, Yeboah ED, Tettey Y, Biritwum RB,
Adjei AA, Tay E, Truelove A, Niwa S, Chung CC, et al.
2014. A genome-wide association study of prostate cancer
in West African men. Hum Genet 133: 509–521.

Cooney KA, McCarthy JD, Lange E, Huang L, Miesfeldt S,
Montie JE, Oesterling JE, Sandler HM, Lange K. 1997.
Prostate cancer susceptibility locus on chromosome 1q:
A confirmatory study. J Natl Cancer Inst 89: 955–959.

Cooney KA, StrawdermanMS,Wojno KJ, Doerr KM, Taylor
A,AlcserKH,Heeringa SG, Taylor JM,Wei JT,Montie JE,
et al. 2001. Age-specific distribution of serum prostate-
specific antigen in a community-based study of African-
American men. Urology 57: 91–96.

Demichelis F, Fall K, Perner S, Andrén O, Schmidt F, Setlur
SR, Hoshida Y, Mosquera JM, Pawitan Y, Lee C, et al.
2007. TMPRSS2:ERG gene fusion associated with lethal
prostate cancer in awatchful waiting cohort.Oncogene 26:
4596–4599.

Diez Roux AV, Mair C. 2010. Neighborhoods and health.
Ann NY Acad Sci 1186: 125–145.

Diez Roux AV, Jacobs DR, Kiefe CI. 2002. Neighborhood
characteristics and components of the insulin resistance
syndrome in young adults: The coronary artery risk de-
velopment in young adults (CARDIA) study. Diabetes
Care 25: 1976–1982.

Eeles RA, OlamaAA, Benlloch S, Saunders EJ, Leongamorn-
lert DA, Tymrakiewicz M, Ghoussaini M, Luccarini C,
Dennis J, Jugurnauth-Little S, et al. 2013. Identification

of 23 new prostate cancer susceptibility loci using the
iCOGS custom genotyping array. Nat Genet 45: 385–
391, 391e1–2.

Erho N, Buerki C, Triche TJ, Davicioni E, Vergara IA. 2012.
Transcriptome-wide detection of differentially expressed
coding and non-coding transcripts and their clinical sig-
nificance in prostate cancer. J Oncol 2012: 541353.

Evans S, Metcalfe C, Ibrahim F, Persad R, Ben-Shlomo Y.
2008. Investigating Black–White differences in prostate
cancer prognosis: A systematic review and meta-analysis.
Int J Cancer 123: 430–435.

Fine SW, Gopalan A, Leversha MA, Al-Ahmadie HA,
Tickoo SK, Zhou Q, Satagopan JM, Scardino PT, Gerald
WL, Reuter VE. 2010. TMPRSS2-ERG gene fusion is as-
sociated with lowGleason scores and not with high-grade
morphological features. Mod Pathol 23: 1325–1333.

Fleming ST, Pearce KA, McDavid K, Pavlov D. 2003. The
development and validation of a comorbidity index for
prostate cancer among Black men. J Clin Epidemiol 56:
1064–1075.

Fleming ST, McDavid K, Pearce K, Pavlov D. 2006. Comor-
bidities and the risk of late-stage prostate cancer. Scienti-
ficWorldJournal 6: 2460–2470.

Freedman ML, Haiman CA, Patterson N, McDonald GJ,
Tandon A, Waliszewska A, Penney K, Steen RG, Ardlie
K, John EM, et al. 2006. Admixture mapping identifies
8q24 as a prostate cancer risk locus in African-American
men. Proc Natl Acad Sci 103: 14068–14073.

French DB, Jones LA. 2005. Minority issues in prostate dis-
ease. Med Clin North Am 89: 805–816.

Gann PH, Fought A, Deaton R, Catalona WJ, Vonesh E.
2010. Risk factors for prostate cancer detection after a
negative biopsy: A novel multivariable longitudinal ap-
proach. J Clin Oncol 28: 1714–1720.

Giri VN, Egleston B, Ruth K, Uzzo RG, Chen DY, Buyyou-
nouski M, Raysor S, Hooker S, Torres JB, Ramike T, et al.
2009. Race, genetic West African ancestry, and prostate
cancer prediction by prostate-specific antigen in prospec-
tively screened high-risk men. Cancer Prev Res (Phila) 2:
244–250.

Godley PA, Schenck AP, Amamoo MA, Schoenbach VJ,
Peacock S, Manning M, Symons M, Talcott JA. 2003.
Racial differences inmortality amongMedicare recipients
after treatment for localized prostate cancer. J Natl Cancer
Inst 95: 1702–1710.

Goodman PJ, Thompson IM Jr, Tangen CM, Crowley JJ,
Ford LG, Coltman CA Jr. 2006. The prostate cancer pre-
vention trial: Design, biases and interpretation of study
results. J Urol 175: 2234–2242.

Graff RE, Meisner A, Ahearn TU, Fiorentino M, Loda M,
Giovannucci EL, Mucci LA, Pettersson A. 2016a. Pre-di-
agnostic circulating sex hormone levels and risk of pros-
tate cancer by ERG tumour protein expression. Br J Can-
cer 114: 939–944.

Graff RE, Pettersson A, Lis RT, Ahearn TU, Markt SC, Wil-
son KM, Rider JR, Fiorentino M, Finn S, Kenfield SA, et
al. 2016b. Dietary lycopene intake and risk of prostate
cancer defined by ERG protein expression. Am J Clin
Nutr 103: 851–860.

Graham H. 2004. Social determinants and their unequal
distribution: Clarifying policy understandings. Milbank
Q 82: 101–124.

T.R. Rebbeck

12 Cite this article as Cold Spring Harb Perspect Med 2018;8:a030387

w
w

w
.p

er
sp

ec
ti

ve
si

n
m

ed
ic

in
e.

o
rg



Gudmundsson J, Sulem P, Manolescu A, Amundadottir LT,
Gudbjartsson D, Helgason A, Rafnar T, Bergthorsson JT,
Agnarsson BA, Baker A, et al. 2007. Genome-wide asso-
ciation study identifies a second prostate cancer suscept-
ibility variant at 8q24. Nat Genet 39: 631–637.

Haiman CA, Patterson N, Freedman ML, Myers SR, Pike
MC, Waliszewska A, Neubauer J, Tandon A, Schirmer
C, McDonald GJ, et al. 2007. Multiple regions within
8q24 independently affect risk for prostate cancer. Nat
Genet 39: 638–644.

Haiman CA, Chen GK, BlotWJ, Strom SS, Berndt SI, Kittles
RA, Rybicki BA, Isaacs WB, Ingles SA, Stanford JL, et al.
2011a. Genome-wide association study of prostate cancer
inmen of African ancestry identifies a susceptibility locus
at 17q21. Nat Genet 43: 570–573.

Haiman CA, Chen GK, BlotWJ, Strom SS, Berndt SI, Kittles
RA, Rybicki BA, Isaacs WB, Ingles SA, Stanford JL, et al.
2011b. Characterizing genetic risk at known prostate can-
cer susceptibility loci in African Americans. PLoS Genet
7: e1001387.

Hamilton RJ, AronsonWJ, Presti JC Jr, Terris MK, Kane CJ,
Amling CL, Freedland SJ. 2007. Race, biochemical disease
recurrence, and prostate-specific antigen doubling time
after radical prostatectomy: Results from the SEARCH
database. Cancer 110: 2202–2209.

Han Y, Signorello LB, Strom SS, Kittles RA, Rybicki BA,
Stanford JL, Goodman PJ, Berndt SI, Carpten J, Casey
G, et al. 2015. Generalizability of established prostate can-
cer risk variants in men of African ancestry. Int J Cancer
136: 1210–1217.

Han Y, Rand KA, Hazelett DJ, Ingles SA, Kittles RA, Strom
SS, Rybicki BA,Nemesure B, IsaacsWB, Stanford JL, et al.
2016. Prostate cancer susceptibility in men of African
ancestry at 8q24. J Natl Cancer Inst 108: djv431.

Hjelmborg JB, Scheike T, Holst K, Skytthe A, Penney KL,
Graff RE, Pukkala E, Christensen K, Adami HO, Holm
NV, et al. 2014. The heritability of prostate cancer in the
Nordic Twin Study of Cancer. Cancer Epidemiol Bio-
markers Prev 23: 2303–2310.

Hooker S, Hernandez W, Chen H, Robbins C, Torres JB,
Ahaghotu C, Carpten J, Kittles RA. 2010. Replication of
prostate cancer risk loci on 8q24, 11q13, 17q12, 19q33,
and Xp11 in African Americans. Prostate 70: 270–275.

Hsing AW, Yeboah E, Biritwum R, Tettey Y, De Marzo AM,
Adjei A, Netto GJ, Yu K, Li Y, Chokkalingam AP, et al.
2014. High prevalence of screen detected prostate cancer
inWest Africans: Implications for racial disparity of pros-
tate cancer. J Urol 192: 730–735.

Hudson MA, Luo S, Chrusciel T, Yan Y, Grubb RL III, Car-
son K, Scherrer JF. 2014. Do racial disparities exist in the
use of prostate cancer screening and detection tools in
veterans? Urol Oncol 32: 34.e9–18.

JayadevappaR, Chhatre S, Johnson JC,Malkowicz SB. 2011a.
Variation in quality of care among older men with local-
ized prostate cancer. Cancer 117: 2520–2529.

Jayadevappa R, Chhare S, Johnson JC,Malkowicz SB. 2011b.
Association between ethnicity and prostate cancer out-
comes across hospital and surgeon volume groups.Health
Policy 99: 97–106.

Kane CJ, Im R, Amling CL, Presti JC Jr, AronsonWJ, Terris
MK, Freedland SJ; SEARCH Database Study Group.
2010. Outcomes after radical prostatectomy among men

who are candidates for active surveillance: Results from
the SEARCH database. Urology 76: 695–700.

Khani F, Mosquera JM, Park K, BlattnerM, O’Reilly C, Mac-
Donald TY, Chen Z, Srivastava A, Tewari AK, Barbieri
CE, et al. 2014. Evidence for molecular differences in
prostate cancer between African American and Cauca-
sian men. Clin Cancer Res 20: 4925–4934.

Kim T, Cui R, Jeon YJ, Lee JH, Lee JH, SimH, Park JK, Fadda
P, Tili E, Nakanishi H, et al. 2014. Long-range interaction
and correlation between MYC enhancer and oncogenic
long noncoding RNA CARLo-5. Proc Natl Acad Sci 111:
4173–4178.

Knipe DW, Evans DM, Kemp JP, Eeles R, Easton DF, Kote-
Jarai Z, Al Olama AA, Benlloch S, Donovan JL, Hamdy
FC, et al. 2014. Genetic variation in prostate-specific an-
tigen-detected prostate cancer and the effect of control
selection on genetic association studies.Cancer Epidemiol
Biomarkers Prev 23: 1356–1365.

Kote-Jarai Z, Olama AA, Giles GG, Severi G, Schleutker J,
WeischerM, CampaD, Riboli E, Key T, GronbergH, et al.
2011. Seven prostate cancer susceptibility loci identified
by a multi-stage genome-wide association study. Nat Ge-
net 43: 785–791.

Koutros S, Berndt SI, Hughes Barry K, Andreotti G, Hoppin
JA, Sandler DP, Yeager M, Burdett LA, Yuenger J, Ala-
vanjaMC, et al. 2013. Genetic susceptibility loci, pesticide
exposure and prostate cancer risk. PLoS ONE 8: e58195.

Lange EM, Johnson AM,Wang Y, Zuhlke KA, Lu Y, Ribado
JV, Keele GR, Li J, Duan Q, Li G, et al. 2014. Genome-
wide association scan for variants associated with early-
onset prostate cancer. PLoS ONE 9: e93436.

Ledet EM, Sartor O, Rayford W, Bailey-Wilson JE, Mandal
DM. 2012. Suggestive evidence of linkage identified at
chromosomes 12q24 and 2p16 inAfricanAmerican pros-
tate cancer families from Louisiana. Prostate 72: 938–947.

Lee WH, Morton RA, Epstein JI, Brooks JD, Campbell PA,
Bova GS, Hsieh WS, Isaacs WB, Nelson WG. 1994. Cyti-
dine methylation of regulatory sequences near the π-class
glutathione S-transferase gene accompanies human pros-
tatic carcinogenesis. Proc Natl Acad Sci 91: 11733–11737.

Li R, Wheeler T, Dai H, Frolov A, Thompson T, Ayala G.
2004. High level of androgen receptor is associated with
aggressive clinicopathologic features and decreased bio-
chemical recurrence-free survival in prostate: Cancer pa-
tients treated with radical prostatectomy. Am J Surg
Pathol 28: 928–934.

Lichtenstein P, HolmNV, Verkasalo PK, Iliadou A, Kaprio J,
KoskenvuoM, Pukkala E, Skytthe A, Hemminki K. 2000.
Environmental and heritable factors in the causation of
cancer—Analyses of cohorts of twins from Sweden, Den-
mark, and Finland. N Engl J Med 343: 78–85.

Liss MA, Billimek J, Osann K, Cho J, Moskowitz R, Kaplan
A, Szabo RJ, Kaplan SH, Greenfield S, Dash A. 2013.
Consideration of comorbidity in risk stratification prior
to prostate biopsy. Cancer 119: 2413–2418.

Litwin MS, Greenfield S, Elkin EP, Lubeck DP, Broering JM,
Kaplan SH. 2007. Assessment of prognosis with the total
illness burden index for prostate cancer: Aiding clinicians
in treatment choice. Cancer 109: 1777–1783.

Lose F, Batra J, O’Mara T, Fahey P, Marquart L, Eeles RA,
Easton DF, Al Olama AA, Kote-Jarai Z, Guy M, et al.
2013. Common variation in Kallikrein genes KLK5,

Prostate Cancer Disparities by Race and Ethnicity

Cite this article as Cold Spring Harb Perspect Med 2018;8:a030387 13

w
w

w
.p

er
sp

ec
ti

ve
si

n
m

ed
ic

in
e.

o
rg



KLK6,KLK12, andKLK13 and risk of prostate cancer and
tumor aggressiveness. Urol Oncol 31: 635–643.

Lyratzopoulos G, Barbiere JM, Greenberg DC, Wright KA,
Neal DE. 2010. Population based time trends and socio-
economic variation in use of radiotherapy and radical
surgery for prostate cancer in a UK region: Continuous
survey. BMJ 340: c1928.

Magi-Galluzzi C, Tsusuki T, Elson P, Simmerman K, La-
Fargue C, Esgueva R, Klein E, Rubin MA, Zhou M.
2011. TMPRSS2-ERG gene fusion prevalence and class
are significantly different in prostate cancer of Caucasian,
African-American and Japanese patients. Prostate 71:
489–497.

Matsui H, Suzuki K, Ohtake N, Nakata S, Takeuchi T, Ya-
manakaH, Inoue I. 2004. Genomewide linkage analysis of
familial prostate cancer in the Japanese population. J
Hum Genet 49: 9–15.

Messer L, Laraia BA, Kaufman JS, Eyster J, Holzman C,
Culhane J, Elo I, Burke JG, O’Campo P. 2006. The devel-
opment of a standardized neighborhood deprivation in-
dex. J Urban Health 83: 1041–1062.

Mucci LA, Hjelmborg JB, Harris JR, Czene K, Havelick DJ,
Scheike T, Graff RE, Holst K, Möller S, Unger RH, et al.
2016. Familial risk and heritability of cancer among twins
in Nordic countries. JAMA 315: 68–76.

Naylor SL. 2007. SNPs associated with prostate cancer risk
and prognosis. Front Biosci 12: 4111–4131.

Neslund-Dudas C, Levin AM, Beebe-Dimmer JL, Bock CH,
Nock NL, Rundle A, Jankowski M, Krajenta R, Dou QP,
Mitra B, et al. 2014. Gene–environment interactions be-
tween JAZF1 and occupational and household lead expo-
sure in prostate cancer among African American men.
Cancer Causes Control 25: 869–879.

Netto GJ. 2013. Clinical applications of recent molecular
advances in urologic malignancies: No longer chasing a
“mirage”? Adv Anat Pathol 20: 175–203.

Neuhausen SL, Farnham JM, Kort E, Tavtigian SV, Skolnick
MH,Cannon-Albright LA. 1999. Prostate cancer suscept-
ibility locus HPC1 in Utah high-risk pedigrees.HumMol
Genet 8: 2437–2442.

Parra EJ, Kittles RA, Argyropoulos G, Pfaff CL, Hiester K,
Bonilla C, Sylvester N, Parrish-Gause D, Garvey WT, Jin
L, et al. 2001. Ancestral proportions and admixture dy-
namics in geographically defined African Americans liv-
ing in South Carolina. Am J Phys Anthropol 114: 18–29.

Paskett ED. 2016. The new vital sign: Where do you live?
Cancer Epidemiol Biomarkers Prev 25: 581–582.

Perner S, Hofer MD, Kim R, Shah RB, Li H, Möller P, Haut-
mann RE, Gschwend JE, Kuefer R, Rubin MA. 2007a.
Prostate-specific membrane antigen expression as a pre-
dictor of prostate cancer progression. Hum Pathol 38:
696–701.

Perner S, Mosquera JM, Demichelis F, Hofer MD, Paris PL,
Simko J, Collins C, Bismar TA, Chinnaiyan AM, De
Marzo AM, et al. 2007b. TMPRSS2-ERG fusion prostate
cancer: An early molecular event associated with inva-
sion. Am J Surg Pathol 31: 882–888.

Pettersson A, Graff RE, Bauer SR, Pitt MJ, Lis RT, Stack EC,
Martin NE, Kunz L, Penney KL, Ligon AH, et al. 2012.
The TMPRSS2:ERG rearrangement, ERG expression, and
prostate cancer prostate cancer outcomes: A cohort study

andmeta-analysis.Cancer Epidemiol Biomarkers Prev 21:
1497–1509.

Pettersson A, Lis RT, Meisner A, Flavin R, Stack EC, Fior-
entino M, Finn S, Graff RE, Penney KL, Rider JR, et al.
2013.Modification of the association between obesity and
lethal prostate cancer by TMPRSS2:ERG. J Natl Cancer
Inst 105: 1881–1890.

Powell I. 2007. Race, biochemical disease recurrence, and
prostate-specific antigen doubling time in the SEARCH
database. Cancer 110: 2153–2154.

Powell IJ, Banerjee M, Bianco FJ, Wood DP Jr, Dey J, Lai Z,
Heath M, Pontes EJ. 2004. The effect of race/ethnicity on
prostate cancer treatment outcome is conditional: A re-
view of Wayne State University data. J Urol 171: 1508–
1512.

Rebbeck TR, Haas GP. 2014. Temporal trends and racial
disparities in global prostate cancer prevalence. Can J
Urol 21: 7496–7506.

Rebbeck TR, Sankar P. 2005. Ethnicity, ancestry, and race in
molecular epidemiologic research. Cancer Epidemiol Bio-
markers Prev 14: 2467–2471.

Rebbeck TR, Halbert CH, Sankar P. 2006. Genetics, epide-
miology, and cancer disparities: Is it black and white? J
Clin Oncol 24: 2164–2169.

Reich DE, Cargill M, Bolk S, Ireland J, Sabeti PC, Richter DJ,
Lavery T, Kouyoumjian R, Farhadian SF, Ward R, et al.
2001. Linkage disequilibrium in the human genome. Na-
ture 411: 199–204.

Richie JP, CatalonaWJ, Ahmann FR, HudsonMA, Scardino
PT, Flanigan RC, deKernion JB, Ratliff TL, Kavoussi LR,
Dalkin BL, et al. 1993. Effect of patient age on early de-
tection of prostate cancer with serum prostate-specific
antigen and digital rectal examination. Urology 42: 365–
374.

Robert SA, Reither EN. 2004. A multilevel analysis of race,
community disadvantage, and body mass index among
adults in the US. Soc Sci Med 59: 2421–2434.

Robert SA, Strombom I, Trentham-Dietz A, Hampton JM,
McElroy JA, Newcomb PA, Remington PL. 2004. Socio-
economic risk factors for breast cancer: Distinguishing
individual- and community-level effects. Epidemiology
15: 442–450.

SakrWA,GrignonDJ, Crissman JD,Heilbrun LK, Cassin BJ,
Pontes JJ, Haas GP. 1994. High grade prostatic intraepi-
thelial neoplasia (HGPIN) and prostatic adenocarcinoma
between the ages of 20–69: An autopsy study of 249 cases.
In Vivo 8: 439–443.

Sarfati D. 2012. Review of methods used to measure comor-
bidity in cancer populations: No gold standard exists. J
Clin Epidemiol 65: 924–933.

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

Schupp CW, Press DJ, Gomez SL. 2014. Immigration factors
and prostate cancer survival amongHispanic men in Cal-
ifornia: Does neighborhood matter? Cancer 120: 1401–
1408.

T.R. Rebbeck

14 Cite this article as Cold Spring Harb Perspect Med 2018;8:a030387

w
w

w
.p

er
sp

ec
ti

ve
si

n
m

ed
ic

in
e.

o
rg



Smith DS, Bullock AD, Catalona WJ, Hershcman JD. 1996.
Racial differences in a prostate cancer screening study. J
Urol 156: 1366–1369.

Stefflova K, DulikMC, Pai AA,Walker AH, Zeigler-Johnson
CM, Gueye SM, Schurr TG, Rebbeck TR. 2009. Evalua-
tion of group genetic ancestry of populations from Phil-
adelphia and Dakar in the context of sex-biased admix-
ture in the Americas. PLoS ONE 4: e7842.

Stefflova K, Dulik MC, Barnholtz-Sloan JS, Pai AA, Walker
AH, Rebbeck TR. 2011. Dissecting the within-Africa an-
cestry of populations of African descent in the Americas.
PLoS ONE 6: e14495.

Stier DM, Greenfield S, Lubeck DP, Dukes KA, Flanders SC,
Henning JM, Weir J, Kaplan SH. 1999. Quantifying co-
morbidity in a disease-specific cohort: Adaptation of the
total illness burden index to prostate cancer. Urology 54:
424–429.

Stoll BA. 2000. Affluence, obesity, and breast cancer. Breast J
6: 146–149.

Sundi D, Ross AE, Humphreys EB, Han M, Partin AW,
Carter HB, Schaeffer EM. 2013. African American men
with very low-risk prostate cancer exhibit adverse onco-
logic outcomes after radical prostatectomy: Should active
surveillance still be an option for them? J Clin Oncol 31:
2991–2997.

Teo YY, Small KS, Kwiatkowski DP. 2010. Methodological
challenges of genome-wide association analysis in Africa.
Nat Rev Genet 11: 149–160.

Thompson IM, Ankerst DP, Chi C, Goodman PJ, Tangen
CM, Lucia MS, Feng Z, Parnes HL, Coltman CA Jr. 2006.
Assessing prostate cancer risk: Results from the Prostate
Cancer Prevention Trial. J Natl Cancer Inst 98: 529–534.

United States Census Bureau. 2007. 2000 Census technical
documentation for SF 3. United States Department of
Commerce, Washington, DC.

Verhage BA,AbenKK,Witjes JA, StraatmanH, Schalken JA,
Kiemeney LA. 2004. Site-specific familial aggregation of
prostate cancer. Int J Cancer 109: 611–617.

Wandel C,Witte JS, Hall JM, Stein CM,WoodAJ,Wilkinson
GR. 2000. CYP3A activity in African American and Eu-
ropean American men: Population differences and func-
tional effect of the CYP3A4�1B50-promoter region poly-
morphism. Clin Pharmacol Ther 68: 82–91.

Wardle J, Jarvis MJ, Steggles N, Sutton S, Williamson S,
Farrimond H, Cartwright M, Simon AE. 2003. Socioeco-
nomic disparities in cancer-risk behaviors in adolescence:
Baseline results from the Health and Behaviour in Teen-
agers Study (HABITS). Prev Med 36: 721–730.

Waters KM, LeMarchand L, Kolonel LN,Monroe KR, Stram
DO, Henderson BE, Haiman CA. 2009. Generalizability
of associations from prostate cancer genome-wide asso-
ciation studies in multiple populations. Cancer Epidemiol
Biomarkers Prev 18: 1285–1289.

Weinrich MC, Jacobsen SJ, Weinrich SP, Moul JW, Oester-
ling JE, Jacobson D, Wise R. 1998. Reference ranges for
serum prostate-specific antigen in black and white men
without cancer. Urology 52: 967–973.

Xu J, Zheng SL, Chang B, Smith JR, Carpten JD, Stine OC,
Isaacs SD, Wiley KE, Henning L, Ewing C, et al. 2001.
Linkage of prostate cancer susceptibility loci to chromo-
some 1. Hum Genet 108: 335–345.

Xu J, Kibel AS, Hu JJ, Turner AR, Pruett K, Zheng SL, Sun J,
Isaacs SD, Wiley KE, Kim ST, et al. 2009. Prostate cancer
risk associated loci in African Americans. Cancer Epide-
miol Biomarkers Prev 18: 2145–2149.

Xu J, Lange EM, Lu L, Zheng SL, Wang Z, Thibodeau SN,
Cannon-Albright LA, Teerlink CC, Camp NJ, Johnson
AM, et al. 2013.HOXB13 is a susceptibility gene for pros-
tate cancer: Results from the International Consortium
for Prostate Cancer Genetics (ICPCG). Hum Genet 132:
5–14.

Yaeger R, Avila-Bront A, Abdul K, Nolan PC, Grann VR,
Birchette MG, Choudhry S, Burchard EG, Beckman KB,
Gorroochurn P, et al. 2008. Comparing genetic ancestry
and self-described race in African Americans born in the
United States and inAfrica.Cancer Epidemiol Biomarkers
Prev 17: 1329–1338.

Yamoah K, JohnsonMH, Choeurng V, Faisal FA, Yousefi K,
Haddad Z, Ross AE, Alshalafa M, Den R, Lal P, et al.
2015a. Novel biomarker signature that may predict ag-
gressive disease in African American men with prostate
cancer. J Clin Oncol 33: 2789–2796.

Yamoah K, Deville C, Vapiwala N, Spangler E, Zeigler-John-
son CM, Malkowicz B, Lee DI, Kattan M, Dicker AP,
Rebbeck TR. 2015b. African American men with low-
grade prostate cancer have increased disease recurrence
after prostatectomy compared with Caucasian men. Urol
Oncol 33: 70.e15–e22.

Yeager M, Orr N, Hayes RB, Jacobs KB, Kraft P, Wacholder
S, Minichiello MJ, Fearnhead P, Yu K, Chatterjee N, et al.
2007. Genome-wide association study of prostate cancer
identifies a second risk locus at 8q24. Nat Genet 39: 645–
649.

Ziegler-Johnson CM, Tierney A, Rebbeck TR, Rundle A.
2011. Prostate cancer severity associations with neighbor-
hood deprivation. Prostate Cancer 2011: 846263.

Prostate Cancer Disparities by Race and Ethnicity

Cite this article as Cold Spring Harb Perspect Med 2018;8:a030387 15

w
w

w
.p

er
sp

ec
ti

ve
si

n
m

ed
ic

in
e.

o
rg



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


