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Introduction
Prostate cancer is the most common cancer affecting men in the Western world (1–4). In the
United States, it is the second leading cause of cancer related deaths after lung and bronchus
carcinoma (1,2) No definitive causes of prostate cancer (PCa) have been identified to date
but, increasing age, a positive family history and sub-Saharan African ancestry are strongly
linked to its development (3,5). African-American men (AAM) have the highest reported
incidence rates in the United States (1,2,6) and their mortality from the disease is markedly
higher than that of European-American men (EAM) (7). Conversely, Asian-American men
and Pacific Islanders (API), American Indian and Alaskan Native (AI/AN) men, and
Hispanic men all have lower incidence and mortality rate as compared to EAM (1). The
reasons for these differences are unclear. It is known that the socioeconomic factors, non
financial barriers, cultural behaviors and genetic susceptibility vary among the groups
(2,4,8,9–12). Its management (via measures ranging from primary prevention through
screening to therapeutic intervention) imposes a substantial economic burden on individuals
and society as a whole (13). The purpose of this review is to examine how ethnicity and
family history impact on aggressiveness of local disease and disease recurrence.

Prostate Cancer Incidence and Mortality Rates
Incidence Rates

Data from the National Cancer Institute SEER Program following prostate cancer in both
AAM and EAM from 1975–2002; and Hispanic, API, AI/AN men from 1992–2002 showed
that in the United States, the PCa incidence rates were highest for AAM (243/100,000) and
lowest for AI/AN men (70.7/100,000) (1). A closer review of the data demonstrated a steady
and parallel rise in PCa incidence for both AAM and EAM from the 1970s to late 1980s.
After the introduction of serum prostate specific antigen (PSA) screening in the early 1990s,
PCa incidence rates soared to their highest level in 1992 for EAM (237.6/100,000) and a
year later for AAM (342.8/100,000). The incidence then declined sharply for both AAM and
EAM until 1995. But, over the next 7 years until 2002, AAM had a marginal decline in their
rates, whilst EAM experienced an increase. Compared to EAM (156/100,000), Hispanics
(141/100,000), and API men (104.2/100,000) had lower incidence rates in the United States
(1).

The reasons for the steeply rising incidence during the late 1980s and early 1990s for both
AAM and EAM are unclear but probably reflect the improved detection of PCa by
measuring serum PSA (7,14). Since the introduction of PSA, the age at diagnosis and
distribution of disease stage and grade has changed significantly (7,14). In the 1980s, the
median age at diagnosis for AAM and EAM was 70 and 72 years respectively. However,
during 1998–2002, men were diagnosed at a younger age, 65 years for AAM and 68 years
for EAM (1). In addition to the younger age at diagnosis seen during the PSA era, so too
was there a shift in the type of disease being diagnosed. During the periods 1975 – 1978 and
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1985–1989, 73% of PCa diagnoses were localized in comparison to the period 1995 –2001
where 91% of the diagnoses were localized (1). During these same periods, the proportion of
diagnoses with distant disease declined from 20% to 16% to 5% (1).

After the harvesting effect or clearing of the prevalence of PCa, there was a return to a new
incidence level, which is higher than the prePSA levels but more consistent with the natural
history of the disease and the slow increase of an aging population per 100,000. Both PSA
testing and improvements in transrectal ultrasonography, has resulted in more cases being
detected from a pool of men with previously unsuspected disease than was the case about 20
years ago, thus having a dramatic influence on local and national trends in prostate cancer
incidence in the United States (4).

Worldwide, the incidence of PCa in AAM is possibly exceeded only by rates in men of sub
Saharan African descent in other countries, notably Jamaica and Trinidad and Tobago
(3,15). For instance, in a 1998 analysis, Jamaican men of sub-Saharan descent were found to
have a PCa incidence of 304/100,000 men. Conversely, rates in African countries like
Nigeria appear to be substantially lower, but recent evidence suggests that this may be
secondary to underreporting and poor data collection (16). Nevertheless, these differing
incidence rates within populations of African descent may represent environmental as well
as genetic differences (2,17). A similar variation in PCa incidence rates was observed in
men of Japanese descent based on their country of origin and migratory patterns (18).

Based on the growing literature on the disproportionate burden of prostate cancer among
other Black men of West African ancestry, it is clear that this clearly follows the path of the
African Slave Trade. The primary West African source populations for the African Slave
Trade were the African countries – Benin, Nigeria, Ghana, Gambia and Senegal. Our critical
review of the literature on these West African countries found that the true prostate cancer
rates reported for West Africans by the WHO (World Health Organization) may be
underestimated. The consistent higher incidence of prostate cancer relative to other groups,
observed in populations of West African descent may be attributed to the fact that these
populations share ancestral genetic factors that increase susceptibility to prostate cancer.
However, the likely variability in risk across these populations of African men around the
world may also suggest a potential and important influence of environmental/lifestyle
factors acting on prostate cancer risk in these susceptible populations. To date the disparate
incidence of prostate cancer in African American men in the US compared to their
Caucasian counterparts is poorly understood. Although modifiable exposures related to
lifestyle or environment is believed to play a major role in the etiology of prostate cancer,
the specific causal factors remain elusive. To identify these causal factors and to better
understand and address the global prostate cancer disparities seen in Black men, it is
important to distinguish genetic and environmental determinants of prostate cancer in men
of West African ancestry, especially the original African Slave Trade source population for
African American men. (19)

Mortality Rates
Deaths from PCa in the United States are more than 2-fold higher in AAM than in EAM
(7,20). The SEER data demonstrated that age adjusted mortality rates from 1998 to 2002
were 68.9/100,000 in AAM and 27.8/100,000 in EAM (20). Although this increase did not
mirror the sharp increase seen with the incidence rates for both groups, mortality rates still
increased from 1975 to 2001 in both groups, and peaked in 1993 for AAM (81.9/100,000)
and in 1991 for EAM (36.5/100,000) before decreasing to 66.4/100,000 and 26.6/100,000,
respectively, in 2001 (20). Reporting of mortality rate data for Hispanic, API and AI/AN
men began in 1992 and their age adjusted mortality rates for 1998–2002 were 23, 18.3, and
12.1 per 100,000 men respectively. Collectively, among the Hispanic men, API, and AI/AN
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men, decreasing trends in mortality rates have also been noted. The most significant factors
likely contributing to this decline include earlier diagnosis of PCa at a stage that is amenable
to curative therapy, the relative decline in deaths from distant disease and the earlier and
more widespread use of androgen deprivation therapy (21,22).

A review of PCa mortality around the world, showed that Western Europe, Australia and
North America had the highest rates, whilst Far East and India experienced the lowest rates.
Worldwide, the highest mortality rates were observed in men of sub-Saharan African
descent, particularly in Trinidad and Tobago, Jamaica and Brazil (2). In England, subgroup
analysis showed the highest PCa mortality amongst men of Caribbean descent (23).
Conversely, lower mortality rates of less than 5.5/100,000 were reported in China and Japan
(2,4). Within Europe, there is a dichotomy of PCa mortality rates between Northern Europe
(Sweden, Norway and Denmark) of 23–27/100,000 men and Southern Europe (Greece) with
a mortality rate of 10.7/100,000 men. These international differences may be attributed to
the prevalence of both environmental and genetic risk factors. Data from migration studies
in men of Asian ancestry living in the United States showed that they had lower risks of
prostate cancer as compared to EAM, but had a higher risk of PCa when compared to men
of similar ancestry living in Asia (18,24).

Clinically Localized Prostate Cancer
A Multivariable analysis was conducted to examine disease-free survival difference between
AAM and EAM after radical prostatectomy for local disease. The study cohort was
composed of 791 men whose only prostate cancer treatment was radical prostatectomy
performed between July 1990 and December 1999. The variables analyzed were age,
preoperative prostate-specific antigen level, pathologic grade and stage, and race/ethnicity.
Pathologic examination of all specimens was performed in a uniform manner according to
an established protocol. Multivariable analysis based on Cox’s proportional hazards
regression model was performed to assess whether a significant difference in progression-
free survival time between AAM and WM persisted after controlling for the main effects of
other prognostic factors. The study cohort consisted of 229 AAM and 562 WM. Our results
indicated that all variables, except age, had highly significant effects on progression-free
survival, even in the presence of other predictors (25).

Another study examined the effect of race/ethnicity on PCa local treatment outcome and
found that outcome is conditional. We examined the conditions of age, stage and year of
diagnosis, and the role of race/ethnicity on disease-free survival in men who underwent
consecutive radical prostatectomy as monotherapy from 1990 to 1999. Data were collected
from 229 AAMs and 562 white American men prospectively in the Karmanos Cancer
Institute Prostate cancer data bases. When the majority of the cohort had pathologically
organ confined disease, race/ethnicity was not an independent predictor of disease-free
survival. When the majority of the cohort had a mean age of 70 years or greater, race/
ethnicity was not an independent predictor. In studies done in the late 1990s, when the stage
of radical prostatectomy cases had shifted toward pathologically organ confined disease as
the dominant stage, race/ethnicity was not an independent predictor. However, if the cohort
was diagnosed at younger age and/or with more advanced prostate cancer, race/ethnicity
became an independent predictor. In the early 1990s there was pathologically advanced
disease in the majority of our cohort.(26).

Explanation of the racial differences
Lack of access to care has been suggested as being responsible for disproportionate
advanced disease and mortality among AAM in comparison to EAM. Data from the
Behavioral Risk Factor Surveillance Study (BRFSS) indicate that in recent years AAM are
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as likely to be tested for prostate cancer by PSA as are EAM, 59.6% versus 55.5%
respectively. Yet AAM continue to present with more advanced disease and higher mortality
rates. Financial barriers or the lack of insurance have also been suggested as potential causes
for the disparity. According to BRFSS, the insurance rates for AAM and EAM over the age
of 50 years is 81% and 89 % respectively. That difference is statistically significant but in
our opinion does not account for the entire disparity and perhaps it may only contribute to a
small difference in access to care as demonstrated by the similar rate of PSA testing. (27)

Socio-economic status (SES) has also been reported as a contributing factor for prostate
cancer racial disparity, but this issue is controversial. Studies that examined SES in a multi-
variable analysis have demonstrated that SES does contribute to racial outcome disparity.
However, no difference in PCa recurrence after radical prostatectomy was identified among
AAM when lower income versus middle income was compared. Non-financial barriers such
as poor health seeking behavior have been reported to delay diagnosis of PCa among AAM.
Fear of the diagnosis of prostate cancer and distrust of the health care system appear to be
the most dominant factors. Evidence has been reported that PCa treatment differences do
contribute to survival disparity. African American men are less likely to be treated for PCa
than EAM for similar stages of disease.(27)

We propose that a faster prostate cancer growth rate and/or an earlier transformation from
latent to aggressive PCa among AAM compared to EAM contributes significantly to the
racial disparity of advanced disease at diagnosis and a 2 to 3 times greater mortality rate
among AAM versus EAM. We examined our autopsy series, RP results from the Wayne
State University/Karmanos Cancer Institute and Detroit SEER data to study this issue.(27)

The autopsy study finds that the volume of PCa is similar among young (ages 20 to 60)
AAM and EAM. The grade is also similar. However, among men who underwent RP, AAM
demonstrated a greater PCa volume and higher grade tumors than EAM under age 70 years.
The evidence suggests that prostate cancer is growing faster and an earlier transformation
from latent to aggressive PCa among AAM than EAM is occurring. Sanchez-Ortiz et al.
report that AAM with non-palpable PCa had higher prostatectomy Gleason scores, greater
cancer volume, and greater tumor volume per ng/ml of serum PSA. If PCa starts at the same
time as demonstrated in our autopsy study but reaches distant metastasis at a
disproportionate rate of approximately 4 to1, AAM compared to EAM respectively, then
one may also conclude that the cancer is growing faster in AAM than EAM. Alternate
explanations for the conclusion is that the growth rate of PCa is identical in AAM and EAM,
but PCa begins to grow earlier in AAM. One may assume therefore that clinically significant
PCa begins at a later age in EAM and hence the growth rates are the same. One also may
assume that the number of aggressive or rapidly growing tumors in AAM are greater than in
EAM. A recent report concluded that extensive high grade PIN has been associated with
increased risk of clinically significant PCa. The data suggest that at ages 40 to 49 years, a
conversion to clinically significant PCa at disproportionate rates among AAM compared to
EAM may be the beginning of PCa racial disparity. Support for these observations and
conclusion are based on volume and Gleason grade analysis from the RP database that
illustrates a higher Gleason grade PCa among AAM compared to EAM at early ages (40 to
49). This disparity continues in later decades. However, it is important to note that this
significant development in disparity in volume, stage and grade occurred in just 2 decades or
less in reference to the autopsy study. Also, the fact that this disparity is prevalent among
men ages 40 to 49 minimizes if not eliminates any screening impact since screening
recommendations for EAM began at 50 years [prior to recent National Comprehensive
Cancer Network (NCCN) recommended changes in 2009] and 40 and 45 years
(recommended by AUA and American Cancer Society respectively) for AAM. Because
volume and grade are reflections of the biology of PCa, the analysis implies that PCa among
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AAM is biologically and genetically more aggressive compared to EAM. Cancer is a genetic
disease and the explanation and answer for differences in incidence and disease progression
should begin there.(27)

Multiple genetic and biological pathways contribute to a more aggressive PCa and increased
cell proliferation and metastasis among AAM than EAM. Factors such as diet, obesity and
hypertension have been reported to impact PCa by association, and some mechanistic
processes have been demonstrated. African American men have been reported to have a
higher fat content diet,28 are more obese (higher BMI),29 and have a higher rate of
hypertension than EAM.30 The latter two are components of the metabolic syndrome. The
mechanism associated with obesity and hypertension includes release of inflammatory
cytokines, release of reactive oxides and thus oxidative stress, DNA damage and activation
of NFkB. NFkB has been reported to cause PCa cell proliferation.31 High fat content diet is
associated with up-regulation of glucose-like growth factor 1 (IGF-1). This also impacts
NFkB by way of the AKt-1 pathway.32 The protein NFkB activates or up-regulates the
androgen receptor (AR) protein expression and Gaston KE et al report that AR expression is
81% higher in PCa of AAM compared to EAM. Therefore, PCa may occur at a younger age
and progress more rapidly in AAM than EAM due to racial differences in androgen receptor
stimulation of the prostate. (33) Wallace et al. examined known metastasis-promoting genes,
including autocrine motility factor receptor, CXCR4 and matrix metalloproteinase 9
(MMP9) using microarray technology and found that these genes were more highly
expressed in tumors from AAM than EAM.34 These genes may be impacted by
environmental factors, including diet, obesity and inflammation.

Cytochrome P450 3A4 (CYP3A4) is a protein belonging to the cytochrome P-450 supergene
family which is involved in the oxidative deactivation of testosterone to biologically less
active metabolites. Inhibition of this transformation results in increased bioavailability of
testosterone and increased conversion to dehydrotestosterone and androgen receptor
stimulation. A germ-line genetic variant in the 5’ regulatory region of the CYP3A4 gene (A
to G transition) on chromosome 7 has been reported and named CYP3A4*1B and CYP3A4-
V. Rebbeck et al in a study of EAM only, found the genetic variant of CYP3A4 to be
associated with a higher clinical grade and stage prostate cancer.35 However, the allele
frequency of the variant G allele is differentially distributed across racial and ethnic groups.
Powell et al. reported a strong association between race and genotype (p=0.00002) in that
8% of EAM and 83% of AAM had 1 or more copies of the G allele. When both races were
included genotype was associated with progression free survival (p=0.005).36 Downstream
on Chromosome 7 domain CYP3A43 cytosine-to-guanine polymorphism, Bonilla et. al.
found a highly significant association between CYP3A43 and high grade PCa detected in
subjects younger than 60 years old. This study remained significant after controlling for
ancestry.37

Recent studies have identified multiple single nucleotide polymorphisms (SNPs) at 8q24
associated with prostate cancer. Most studies were case-control studies that reported racial/
ethnic specific SNPs associated with prostate cancer.38 Also 4 regions have been identified
that report different racial/ethnic distributions and odds ratios of SNPs associated with
prostate cancer.39 Combination of multiple SNPs carried considerably larger association
with PCa. Haiman et al.measured population attributable risk (PAR) calculations of seven
SNPs or variants and found that AAM had significantly higher association with PCa than
EAM 68% versus 32% respectively.38 Helfand et al. reported that the presence of multiple
risk alleles was significantly associated with high grade disease in the biopsy and
prostatectomy specimens of their cohort study population.40
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Importance of Family History in Prostate Cancer
Recent genetic studies suggest that hereditary factors may be responsible for 5%–10% of
prostate cancers. The risk increases in relatives of affected men. Men with a first degree
relative with prostate cancer have a two to three fold increase in risk relative to the general
population. This means that a brother, father, or son of a prostate cancer case has a risk of
prostate cancer that is approximately double the population risk. Male relatives with two
first-degree relatives have a five-fold increased risk, whereas, a family history of three first-
degree relatives with prostate cancer gives rise to an increased risk of 11-fold in male
relatives. Therefore, relatives with a stronger family history would be more likely to have
prostate cancer over relatives of a single case, which means the more cases in a family the
higher the risk to other male relatives. Therefore, the familial aggregation of prostate cancer
is useful in studying the inherited risk to the disease. In addition, relatives of early onset
cases would have a higher risk of having prostate cancer over that of later onset cases. It was
also found that brothers of cases diagnosed under the age of 65 had a six-fold increased risk
of developing prostate cancer under the age of 65 themselves. So, the three important
modifiers of risk related to familial history of prostate cancer are: (1) the age of the man at
risk, (2) the age of the affected relative, and (3) the number of relatives with prostate cancer
(41).

It is clear that men with a family history of prostate cancer are greater risk of being
diagnosed with prostate cancer and may be diagnosed at an earlier age than men with
sporadic disease. However, is the cancer more aggressive and is their a greater risk of
disease recurrence among men with a family history of prostate cancer compared men with
sporadic disease? The following study reported in 1998 was conducted to address this issue.
The study was performed in 2 parts. In both parts prostate specific antigen (PSA)
progression was defined as a postoperative elevation in serum PSA greater than 0.2 ng./ml.
Part 1 included 656 patients who underwent radical prostatectomy by the same surgeon.
Men with a family history of prostate cancer in a father or brother (94) were compared to
those with no history of prostate cancer in a father or brother (562). Part 2 comprised 52
men with a family history of prostate cancer consistent with hereditary prostate cancer
(HPC). HPC is defined as a family with 3 generations affected, 3 first-degree relatives
affected or 2 relatives affected before age 55 years. Each member of this HPC group was
matched by postoperative Gleason score and postoperative pathological stage with a patient
who also underwent radical prostatectomy in the same time frame by the same surgeon but
who reported no family history of prostate cancer by telephone interview and questionnaire.
RESULTS: In part 1, 94 probands (14%) reported a history of prostate cancer in the father
or in at least 1 brother. The remaining 562 probands (85%) reported no known history of
prostate cancer in the father or brother(s). There was no statistically significant difference in
the probability of maintaining an undetectable PSA between these 2 groups. In part 2, 45 of
52 pairs (87%) were matched identically for all matching criteria. Mean follow time for the
sporadic and hereditary groups was 5.4 and 5.1 years, respectively. There was no
statistically significant difference in the probability of maintaining an undetectable PSA
between the 2 groups. CONCLUSIONS: Men with an affected father or brother, or those
with a family history consistent with HPC have the same outcome following radical
prostatectomy as men with no family history of the disease. Combined with our previous
studies, these findings suggest that there is no biologically important difference between
hereditary and sporadic prostate cancers (42).

However, more recent studies have reported specific prostate cancer susceptibility genes or
loci in families with prostate cancer that are associated with more aggressive disease and
greater risk of recurrence than among men with sporadic disease. Medical record data on
505 affected men in 149 multiply-affected prostate cancer families were reviewed, and
correlations of clinical traits within each family were calculated. Logarithm of odds (LOD)
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score and nonparametric (NPL) linkage analyses were performed; white families were
stratified by age of diagnosis, grade and stage of disease, and evidence of linkage to the
other loci to increase genetic homogeneity. The current results suggest that HPC1 linkage
may be most common among families with more severe prostate cancer. Stratification by
clinical characteristics may be a useful tool in prostate cancer linkage analyses and may
increase our understanding of hereditary prostate cancer (43).

Evidence for the existence of major prostate cancer PCa susceptibility genes has been
provided by multiple segregation analyses. Although genome-wide screens have been
performed in over a dozen independent studies, few chromosomal regions have been
consistently identified as regions of interest. In this study, a large number of PCa families in
an International Consortium for Prostate Cancer Genetics (ICPCG). One approach was to
combined linkage data from a total of 1,233 families to increase the statistical power of
detecting linkage. Using parametric (dominant and recessive) and non-parametric analyses,
they identified five regions with ‘suggestive’ linkage (LOD >1.86), including 5q12, 8p21,
15q11, 17q21, and 22q12.

While it is difficult to determine the true statistical significance of these findings, a
conservative interpretation of these results would be that if major PCa susceptibility genes
do exist, they are most likely located in the regions generating positive linkage signals in
this large study. More than 90% of the study population was European American or
European (44). An African American HPC (AAHPC) linkage analysis revealed four
different chromosomal regions for 77 families at 11q22, 17p11, 2p21 and Xq21. The
AAHPC also reported two regions for 16 families with '>6 affected' occurred at 2p21 and
22q12. Thus both the AAHPC and the ICPCG reported a susceptibility locus in the 22q12
region. In both studies the 22q12 region was associated with large families and aggressive
prostate cancer and greater risk of recurrence (45).

There are several reports of genetic susceptibility to aggressive PCa which include loci
5q31, 4q, 7q31, 6q, 19q13, Xq27, 20q as well as the loci mentioned above (46). In
aggregate, the above studies make three important points. First, no single approach will
work for finding genes associated with prostate cancer. The disease is both genetically and
phenotypically complex. Linkage, candidate gene association, and perhaps more
importantly, functional studies are needed once a specific mutation or variant is suspected.

Second, a data set is only as strong as the phenotypes which define it. Those making
progress in solving the problem of susceptibility to aggressive prostate cancer have done so
because they have diligently obtained medical records, pathology reports, and tumor
specimens. Partnerships with clinical colleagues are a vital part of solving problems in
complex trait analyses.

Finally, data sets for both linkage and candidate gene evaluations are almost always limited
by sample size. Meta-analyses or combined studies achieve greater power for evaluating
more hypotheses, without the loss of statistical power that results when looking at
subgroups. Investigators worldwide who are involved in research on genetic susceptibility to
prostate cancer have formed a true community that has worked hard to build the
infrastructure and obtain resources for carrying out large combined studies. Such an
approach would certainly benefit those studying a host of complex diseases (46).

As demonstrated multiple genes and loci have been reported to be associated with
aggressive hereditary PCa and disease recurrence. These genes and loci appear to be
geographically and population based but clearly further research is necessary before we can
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determine the genetic role of hereditary prostate cancer in aggressive disease and PCa
progression in an individual patient.
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