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Cancer incidence and mortality rates show great variations across
nations and between population groups. These variations are
largely explained by differences in age distribution, diet and life-
style, access to health care, cultural barriers and exposure to
carcinogens and pathogens. Cancers caused by infections are sig-
nificantly more common in developing than developed countries,
and they overproportionally affect immigrant populations in the
USA and other countries. The global pattern of cancer is not
stagnant. Instead, it is dynamic because of fluctuations in the
age distribution of populations, improvements in cancer preven-
tion and early detection in affluent countries and rapid changes in
diet and lifestyle in parts of the world. For example, increased
smoking rates have caused tobacco-induced cancers to rise in
various Asian countries, whereas reduced smoking rates have
caused these cancers to plateau or even begin to decline in West-
ern Europe and North America. Some population groups experi-
ence a disproportionally high cancer burden. In the USA and the
Caribbean, cancer incidence and mortality rates are excessively
high in populations of African ancestry when compared with
other population groups. The causes of this disparity are multi-
faceted and may include tumor biological and genetic factors and
their interaction with the environment. In this review, we will
discuss the magnitude and causes of global cancer health dispar-
ities and will, with a focus on African-Americans and selected
cancer sites, evaluate the evidence that genetic and tumor biolog-
ical factors contribute to existing cancer incidence and outcome
differences among population groups in the USA.

Introduction

Large global disparities in cancer incidence, prevalence and mortality
are evident for almost all cancer sites (1-4). It is predicted that most of
the future cancer incidence, morbidity and mortality will occur in the
developing world. Currently, developing nations are burdened with
cancers due to infectious diseases like cervical and liver cancer, but in
the future, these nations will be increasingly burdened with non-
communicable cancers because of a rising cancer risk associated with
a Western style diet, use of tobacco and alcohol and a decrease in
physical activity. Lung cancer has been and continues to be a common
disease in the affluent countries of Europe and North America because
of tobacco use. This deadly disease, with a global 5 years survival
rate of only 1 in 10 cases, became the most common cancer world-
wide ~25 years ago. In 1980, ~70% of lung cancers occurred in the
developed world. With the decline of tobacco use in Western coun-
tries, the burden of lung cancer began shifting from the developed into
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the developing world. In fact, at least 50% of the disease now occurs
in developing countries, with China having the highest number of
active smokers among all nations (4). Lung cancer is the single most
preventable cancer and increased public awareness of the harmful
effects of tobacco in population-rich Asian countries could have a dra-
matic effect in decreasing global lung cancer rates and overall cancer
mortality (4).

Stomach cancer and liver cancer are two other cancers with a high
disease mortality whose pattern of occurrence shows large geograph-
ical differences (1,5). About two-thirds of stomach cancers occur in
the developing world and also in specific high-risk areas including
Japan, China, Eastern Europe and South America. Diversity in both
Heliobacter pylori infections and dietary factors are thought to ac-
count for the international variations in stomach cancer. Liver cancer
is the sixth most common and the third most deadly cancer in the in
the world with ~700 000 deaths/year. Like stomach cancer, an in-
fection is causal in disease development. High hepatitis B and C virus
infection rates in China and sub-Saharan Africa, together with expo-
sure to dietary aflatoxin, explain the high liver cancer incidence and
mortality rates in these countries. Comparatively high hepatitis in-
fection rates amongst immigrants to the USA are the likely cause of
the elevated liver cancer rates among the Asian and Hispanic/Latino
minority populations (5).

Cervical cancer, caused by infections with oncogenic subtypes of
the human papilloma virus, is most prevalent in sub-Saharan Africa,
southern Asia, Latin America and the Caribbean. Cervical cancer was
as common in developed countries as it is now in many parts of the
developing world before the introduction of screening programs, thus
highlighting how effective early detection can be in cancer prevention
and control.

Breast and prostate cancer are more common in Europe, North
America and Australia/New Zealand, than in less affluent countries.
Low incidence rates for the disease are reported from parts of Africa
and Asia with the lowest rates occurring in China (1,5). It remains
unresolved whether the low reported occurrence rates for breast and
prostate cancer in Africa are factually correct or an artifact of under-
reporting due to lack of screening and inadequate cancer surveillance.
Notably, cancer mortality from breast and prostate cancer is quite high
in some parts of Africa, with rates similar to those observed in Europe
and North America (1,2). Nevertheless, incidence rates for these two
cancers are increasing in Africa and Asia and other parts of the world,
which is most probably caused by changes in diet and lifestyle and
reproductive factors.

What causes the large global variations in cancer incidence and
mortality between different population groups? What is the relative
contribution of environmental and behavioral factors in causing can-
cer health disparities versus the effects of population differences in
inherited cancer susceptibility? Comparatively rapid changes in can-
cer rates in some countries and the observation from migration studies
that immigrants tend to acquire the cancer rates of their new home
country within a few generations indicate the importance of modifi-
able exposures as the major risk factors for common cancers (4,6-9).
From these studies, it does not appear that ancestral genetic differ-
ences between human populations are a major cancer cause, consis-
tent with other reports (10). If those differences would be largely
responsible for global variations in cancer rates, one would expect
that these variations in cancer rates persist in immigrant populations
because genetics-based differences in cancer susceptibility do not
change quickly. On the other hand, new research findings argue that
heritable factors could be responsible for some of the population
differences in cancer rates. A Scandinavian study reported that
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a considerable proportion of the risk to develop common cancers like
prostate and breast cancer can be attributed to heritable factors (11).
Subsequently, genome-wide association studies (GWAS) of cancer
identified numerous susceptibility loci for prostate, breast and other
cancers that significantly influence cancer risk in the general popula-
tion and are thought to substantially contribute to the global cancer
burden (12-17). Several of these studies reported that the identified
cancer risk loci may affect some population groups differently than
others (12,17-19). For example, deleterious 8q24 variants seem to
confer a higher risk for prostate cancer in men of African ancestry
than men of European ancestry (12,18), as also suggested by admix-
ture mapping (20). These genetic variations do not alone cause cancer,
but instead may interact with harmful environmental exposures and
thereby increase both the effects of these exposures and the odds of
developing cancer. For example, a recent study observed that pesti-
cide exposure modifies the association of 8q24 cancer susceptibility
variants with prostate cancer (21). These examples of new research
findings, linking genetic factors to the risk of developing common
cancers, may help us to understand some cancer health disparities.
Still, in our efforts to find explanations for the existing differences in
cancer incidence and mortality among US population groups, some of
the disparities cannot be readily explained by differences in dietary or
behavioral factors, access to health care or genetics to the extent we
know it. Instead, yet unknown factors seem to be involved. These
observations from epidemiological and clinical studies led to the hy-
pothesis that tumor biological and immunological factors may con-
tribute to some of the existing cancer health disparities in the USA
(22,23). They could also help to explain some observations of cancer
health disparities seen on an international scale.

Defining cancer health disparities and population groups

A cancer health disparity is defined by the US National Cancer In-
stitute (NCI) as ‘a difference in the incidence, prevalence, mortality
and burden of cancer and related adverse health conditions that exist
among specific population groups in the USA. Thus, the definition is
not limited to cancer as the disease but also encompasses both comor-
bidities that develop in cancer patients and the influence of these
comorbidities on quality of life and survival of the cancer patient.
Comorbidities contribute to cancer health disparities and dispropor-
tionally affect underserved populations. Research into the mecha-
nisms of how comorbidities influence a patient’s survival has shown
that underserved patients in the USA are more likely to die from
comorbidities after a cancer diagnosis (24,25). The application of
comorbidity research in cancer health disparity studies clearly has
the potential of significantly impacting clinical practice because the
results can guide the clinician in improving health outcomes of cancer
patients.

Population groups suffering from cancer health disparities can be
described in many ways, including differences by age, socioeconomic
status (SES), geographic location, gender and race/ethnicity. Varia-
tions in global cancer rates are usually derived from incidence and
mortality estimates for major cancer types at the national level, e.g.
GLOBOCAN (http://globocan.iarc.fr), mostly ignoring race/ethnic-
ity-related differences in cancer incidence and mortality. However,
research into cancer health disparities between race/ethnicity-defined
population groups has received much attention lately, due to an
increased understanding of the complexity of the issues involved.
For example, it has been recognized that African-Americans as
a population group have the highest overall cancer burden in the
USA and experience an excessive mortality from certain cancer types.
Interestingly, the epidemiology and molecular characteristics for
some of these cancers resembles those of other populations of African
descent living in the Caribbean and the United Kingdom (26-29).
Furthermore, the cancer incidence and mortality trends observed
among the Hispanic/Latino populations in the USA tend to resemble
those observed in Latin American nations.

Classification into race/ethnic groups within the USA is typically
defined by categorization into self-reported African-American/Black,
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Asian/Pacific Islander, Hispanic/Latino, American Indian/Alaska
Natives and European-American/White. These classification terms
are used by the Surveillance, Epidemiology and End Results (SEER)
program (http://seer.cancer.gov/publications/disparities), the NCI
authoritative source for information about cancer incidence and sur-
vival. Misclassification of self-identified African-American/Black
and European-American/White race in the SEER database was found
to be low (30). It is, however, well recognized that classification into
the five race/ethnic categories is more of a compromise than an ideal
solution. Researchers have repeatedly criticized this classification
concept because self-identified race and ethnicity are primarily socio-
cultural/sociopolitical rather than biological determinants (31-33). To
address these concerns, health disparity researchers should incorpo-
rate social descriptors in characterizing minority populations (34).
Self-identified race/ethnicity can be an acceptable ancestry estimate
in some regions but is a poor estimate of ancestry in other regions (35—
39). Moreover, hidden population admixture can also lead to false-
positive discoveries in genetic association studies (40—42). Therefore,
it has been recommended that specifically genetic research into the
causes of cancer health disparity should use, whenever possible,
a characterization of study participants by their genetic ancestry
instead of using self-identified or reported categorization into race/
ethnic groups (43,44). Cancer health disparity research can be partic-
ularly prone to this artifact. Ancestry informative markers have been
developed to correct for this potential confounder and can readily be
used to characterize the ancestry of, for example, African-American,
European-American and Native American study subjects
(12,38,43,45-47).

Contribution of population genetics to cancer health disparities

In 2006, a whole-genome admixture scan of 1597 African-American
prostate cancer cases and 873 disease-free controls identified 8q24 as
a prostate cancer risk locus in African-American men (20). This
method can detect common risk variants for a disease that are mark-
edly different in frequency across populations (48). The design and
results of the study by Freedman et al. provided evidence that the
8924 locus confers an increased disease risk among men of West
African ancestry when compared with men of European ancestry.
From this landmark study, one may conclude that genetic differences
by ancestry can explain some of the observed differences in disease
frequency (here prostate cancer) between population groups defined
by race/ethnicity. Other admixture studies have supported this hypoth-
esis. For example, in two studies investigating US Hispanic/Latino
women, it was found that a higher European ancestry is associated
with an increased risk for breast cancer in this population group
(49,50). Thus, findings from these and other investigations suggest
that population differences in genetic ancestry can lead to population
differences in cancer susceptibility.

There are also several reports that observed differences in gene
expression among population groups due to common genetic varia-
tions (51-53). Two studies investigated gene expression variations
between individuals with European ancestry and individuals with
African ancestry (Nigeria) using lymphoblastoid cell lines (52,53).
These authors assessed the enrichment of biological processes and
pathways by genes that are systematically differentially expressed
by race/ethnicity because of differences in genetic background.
Notably, processes related to antimicrobial humoral response, inflam-
mation mediated by chemokines and cytokines, histamine H1 recep-
tor-mediated signaling pathway, toll-receptor signaling pathway and
the vascular endothelial growth factor-signaling pathway were en-
riched. The results provide preliminary evidence that differences in
population genetics between healthy volunteers of European and West
African ancestry may cause gene expression differences affecting host
immune response, inflammation and chemotaxis and angiogenesis.
These findings are consistent with results from another gene expres-
sion profiling study (54), and while preliminary, raise the possibility
that differences in common genetic variations among population
groups could lead to population group-selective alterations in
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cancer-related pathways that control host response, inflammation and
tumor angiogenesis.

Functional genetic variants in key inflammatory and immune-
related genes can show large frequency differences between popula-
tion groups (55). Many of these genes have important functions in
tumor biology (56,57). One may speculate that population-specific
functional genetic polymorphisms are perhaps most commonly found
in genes that regulate the immune system and host defense and
developed because of the necessary adaptation of the host to become
resistant to infections unique to a given environment. Other popula-
tion-specific genetic variations may arise in the course of human
adaptation to diet and ecoregions (58). There are several examples
of functional genetic polymorphisms that are frequent in populations
of African descent because they confer resistance to parasitic infec-
tions but may increase the susceptibility to other diseases including
cancer. Trypanolytic apolipoprotein L1 variations are significantly
more common in African populations and in African-Americans
because they are thought to confer resistance to trypanosome infec-
tions (59). However, while seemingly protective, these variations have
also been linked to the development of severe kidney disease in
African-Americans (59). Another example of functional genetic poly-
morphisms is a single-nucleotide polymorphism (SNP) in caspase-12
that appears to be confined to populations of African descent. This
genetic variation influences the inflammatory and innate immune
response to endotoxin (60). Other functional polymorphisms in the
NOS2 and Duffy antigen (DARC) genes that evolved in Africa to resist
malaria infections (61-63). Interestingly, both genes may have key
functions in tumor biology (64-66). The DARC polymorphism abol-
ishes Duffy antigen expression, the erythrocyte receptor for the Plas-
modium vivax malaria parasite (63). However, this antigen also serves
as a chemokine receptor and reservoir (e.g. for interleukin-8 and
monocyte chemotactic protein-1) and specifically interacts with the
tumor suppressor KAIl (66,67) (Figure 1). Lastly, a genetic variation
in IL28B was recently identified as a predictor for hepatitis C treat-
ment-induced clearance (71,72). Hepatitis C is a major risk factor for
liver cancer (73,74). It was known for many years that African-Amer-
icans do not respond as well to interferon-based therapy for hepatitis
C as other population groups (75). In new studies, it was found that the
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Fig. 1. Inhibition of the KAIl cancer metastasis suppressor pathway in
African-American patients. KAIl on tumor cells was shown to interact with
DARC on the vascular endothelium, leading to metastasis suppression (66).
Loss of DARC expression on erythrocytes, which is common in populations
of African ancestry, and reduced DARC expression in tumors may
compromise this metastasis suppressor pathway. Other mechanisms of KAI1
suppression include the loss of KAIl expression, which is commonly found
in many human cancers, and overexpression of the autocrine motility factor
receptor (AMFR or gp78) which targets KAIl for degradation (68).

AMEFR was found to be overexpressed in prostate and breast tumors of
African-American patients when compared with tumors from
European-American patients (54,69,70).

Tumor biology and cancer health disparities

deleterious allele of an /L28B polymorphism had a substantially
greater frequency among African-American than European-American
patients, explaining at least some of the differences in the interferon-
response rates between the two patient groups (71).

In summary, there is evidence that population genetics can lead to
population differences in disease susceptibility. Common genetic var-
iations may influence cancer-related pathways and cancer incidence
and mortality in a population-specific manner where the population
differences are explained by differences in ancestry. However, the
relative contribution of these genetic factors to common cancers is
still poorly understood.

The magnitude of cancer health disparities in the USA

Perhaps, the most complete understanding of the magnitude and
causes of cancer health disparities across population groups exists
in the USA This is largely because the NCI SEER program collects
race/ethnicity information for all cancer patients, thereby allowing
researchers to use the SEER database to analyze US incidence and
mortality data across five population groups defined by race/ethnicity
namely African-American/Black, Asian/Pacific Islander, Hispanic/
Latino, American Indian/Alaska Natives and European-American/
White. There have been numerous publications by the American
Cancer Society and others that reported trends in age-adjusted US
cancer rates by race/ethnicity and SES using SEER (5,26,28,76).
These studies show that men develop cancer more frequently than
women among all population groups and that African-Americans
carry the highest cancer burden among all United States racial and
ethnic groups. African-Americans have the highest death rates from
all cancer sites combined (~30% higher than European-Americans
and about twice the rate of other minority groups) and from malig-
nancies of the lung, colon and rectum, breast, prostate and cervix (5).
In general, US minorities tend to present with a more advanced dis-
ease at diagnosis than European-American patients (28,77). Lack of
access to high-quality regular screening and delayed diagnosis/
treatment are thought to be the most important factors that account
for the excess cancer mortality in economically disadvantaged minor-
ity populations. Nevertheless, cancer incidence rates are significantly
lower among Asian/Pacific Islander, Hispanic/Latino and American
Indian/Alaska Natives, when compared with African-Americans and
European-Americans, which also explains the overall lower cancer
mortality rates among them. Cancers from infectious disease, e.g.
cervical, liver, stomach cancer, are the exception and are generally
more frequent in these three minority populations as well as African-
Americans when compared with European-Americans. It is currently
unclear whether the low cancer incidence rates among American
Indian/Alaska Natives are the result of a lower susceptibility for the
disease in this population, underreporting or a reflection of a reduced
cancer incidence because of competing causes of death.

Differences in cancer rates between US population groups are not
stagnant. For example, the survival difference in breast cancer
between African-American and European-American women did not
exist before 1980 and the low rate of cervical cancer among
European-American women is a more recent phenomenon (the result
of high-quality screening in this population group). Numerous
opportunities to reduce these disparities in the USA exist, including
advancement in promoting primary prevention, improving screening/
early detection methods, implementing more timely and better treat-
ments and improving palliative care of cancer patients (5). Primary
prevention should target infectious disease (such as H.pylori, hepatitis
B and C and human papilloma virus infections), tobacco use and the
obesity epidemic in minority populations. Secondary prevention
should increase mammography and Pap test usage among women,
prostate-specific antigen (PSA) testing for men and the fecal occult
blood test and endoscopy for both sexes in minority populations
where these cancer detection tests have not been used at appreciable
rates. Using these early detection methods combined with standard
care of the disease in the USA and other countries is poised to not only
reduce the US cancer health disparities but also increase cancer
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survival rates elsewhere. Although early detection is without doubt one
of our best approaches to reduce cancer mortality (78), screening
for breast and prostate cancer has also substantially increased the
number of detected cancers, raising questions about the biology and
clinical relevance of many of the screening detected tumors (79). Re-
cent epidemiological studies have shown that increased PSA testing
may only modestly decrease the US mortality from prostate cancer in
years to come (79). Therefore, future research should be aimed to
identify additional biomarkers for screening that may help to discrim-
inate minimal-risk from high-risk disease at time of detection (79).

Population differences in response to cancer therapy: do they
exist?

Minority populations remain underrepresented in clinical trials,
despite the critical importance of race/ethnic diversity in clinical trial
participation. The lack of diversity in clinical trials makes it difficult
to assess whether the efficacy of cancer therapies is the same or
similar for African-American, Asian-American, Hispanic/Latino,
Native American or European-American patients (80). US survival
rates of cancer patients have significantly improved in recent years
for all race/ethnic groups, but survival differences between the in-
dividual groups persist (81). American Indian/Alaska Natives and
African-Americans have the least favorable prognosis of survival after
cancer diagnosis, when compared with other US population groups.
This finding is consistent with the evidence that delayed diagnosis and
disparities in cancer therapy disproportionally affect these two patient
groups. Hispanic/Latinos have a more favorable prognosis of survival
than American Indian/Alaska Natives and African-Americans but are
still more likely to be diagnosed with late-stage disease than
European-Americans. Therefore, Hispanic/Latinos experience an
excess mortality despite having the benefit of a relative low cancer
incidence (82). Some of the recent trends in cancer mortality are
influenced by changes in lifestyle choices, as opposed to changes in
diagnosis and therapy. For example, the survival health disparity
between African-Americans and European-Americans narrowed in
recent years because of a more rapid decline in tobacco-related cancer
mortality in African-Americans than European-Americans (83).

Analyses of the scientific literature and a focused assessment of
clinical trial data strongly suggest that only modest survival differ-
ences are evident for African-American and European-American
patients when treated comparably for similar-stage cancers (84-86).
The findings from these studies indicate that therapy outcomes are
similar for these two patient groups and conclude that differences in
treatment and disease stage at presentation should be the primary
target of interventions designed to reduce survival heath disparities
(84). Other studies are in support of these conclusions and also
emphasize the findings that some persistent differences in survival
between African-Americans and European-Americans could be
caused by the deleterious effects of comorbidities that overpropor-
tionally affect African-Americans (8§7-93). However, these studies do
not go unchallenged. Multiple other studies in more recent years,
including findings from randomized clinical trials, reported yet
unexplained differences in survival between African-American and
European-American cancer patients (94-106). Not surprising, some
authors hypothesized that differences in tumor biology contributed to
their observations. Independent of the discussion about the role of
tumor biology in cancer health disparities, it is an appropriate con-
clusion from all these studies that those race/ethnic differences in
survival that cannot be explained entirely by differences in access
to health care/comorbidities should have a smaller effect size than
the suggested effect size for race/ethnic differences in survival based
on SEER data.

Undoubtedly, unexplained residual differences in cancer survival
among US population groups may relate to race/ethnic disparities in
cancer care, including inadequate treatment of comorbidities (107—
112). Even in a clinical trial setting, it is plausible that differences in
ancillary care, comorbidities and environmental factors could cause
poorer outcomes in one population group compared with another
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(113). However, if one was to support the argument that genetic and
tumor biological factors are contributing to these survival differences,
what are the mechanisms? Currently, there is little evidence that the
response to cancer therapy is grossly divergent among population
groups. For breast cancer, it has been observed that disease molecular
subtypes respond differently to chemotherapy (114). The prevalence
of these subtypes varies among US population groups with the great-
est difference observed between women of African and European
ancestry (115-118). Thus, breast cancer subtype differences by
race/ethnicity may contribute to population differences in therapy
response and disease survival. Furthermore, there is the observation
that African-Americans encounter more toxic side effects from
anthracycline-based therapies than European-Americans or His-
panic/Latinos (119,120), perhaps explaining why these patients are
more likely to terminate their chemotherapy prematurely (110). The
decreased efficacy and increase in toxic side effects may relate to
population differences in genetic variants that affect the response to
cancer therapy. Genotypes that affect a patient’s response to anthra-
cycline-based therapies have been described (121,122). Because of
these observations, researchers have started to examine genetic effects
in the response to therapy and how genetic factors may lead to race/
ethnic differences to either the effects or unwanted side effects of
chemotherapy (123). Therefore, while preliminary, these results sug-
gest that race/ethnic differences in response to therapy may exist
(124).

Population differences in therapy response and survival may also
relate to stress, chronic depression and lack of social support (125).
Stress has been linked to an increased risk of developing cancer
because it influences the immune response and can lead to immune
dysfunction (125-128). Chronic stress can enhance the release of
interleukin-6, an inflammatory cytokine with a key function in cancer
progression (129,130). Thus, it is reasonable to assume that stress and
other biobehavioral factors may affect disease outcomes and could
contribute to cancer health disparities. Still, there is a deficiency of
data examining the relationship between biological and biobehavioral
factors and health disparities in survival.

In summary, there is not much indication that population differ-
ences in the response to cancer therapy significantly contribute to the
existing US cancer health disparities in disease survival. Then again,
minority populations remain underrepresented in clinical trials, which
makes it difficult to assess whether the efficacy of tested therapies
provide equal benefit to all population groups. It will be a major
challenge of the future to increase minority recruitment into clinical
trials, which is needed to assure that novel prevention strategies and
cancer therapies provide the same benefit to all.

The excessive burden of prostate cancer among men of African
descent

The largest US cancer health disparity exists in prostate cancer with
African-American men having the highest incidence and mortality
rates (5). This disparity has been widely studied and has been attrib-
uted to differences in insurance status and medical care, tumor growth
rates and disease aggressiveness, location and histopathological var-
iables of the tumor and genetic predisposition (22,86,131-138). There
is evidence from clinical studies that prostate cancer outcomes are
similar for African-American and European-American men when the
disease is organ-confined (90,139), but African-Americans appear to
have worse outcomes when the disease is advanced (22,96-98,105).

Prostate tumors tend to develop earlier as a clinical disease in
African-American men than in other men (22,137). It is recommended
that African-American men are screened for prostate cancer starting
at age 45, instead of age 50 as recommended for other men, in an
attempt to increase early detection of the disease in this population
(22). As aresult of these efforts, 40- to 49-year-old African-American
men are now more likely to have a PSA test than European-American
men in this age group (140,141). Although substantial progress
has been made in increasing the use of PSA testing among African-
American men across all age groups (140,142), we still continue to



see an almost unchanged disparity in the prostate cancer mortality
between these men and European-American men.

The US is not the only geographical location with a higher disease
incidence, an earlier disease onset, and an increased aggressiveness of
prostate cancer in men of African ancestry. Rather, research in the
Caribbean, South America and United Kingdom found an excessive
disease burden in men of African ancestry when compared with men
from other population groups (27,143-146). Additional studies in
West and Central Africa revealed a high prevalence of prostate tumors
in men visiting hospitals in Nigeria, Senegal, Cameroon and Kenya
(147-150). Importantly, the authors of these studies noted that the
prostate cancer incidence in these areas may have been grossly under-
estimated. Since many of the African men with prostate tumors have
an advanced disease at diagnosis, screening for early detection of
prostate tumors in parts of Africa would probably save many lives
as well as shed light on the factual incidence rate for this disease in
African populations.

It is generally accepted that modifiable risk factors account for the
majority of prostate cancers globally (151), although recent findings
from genetic research suggest a significant influence of common
genetic variations in disease development (12,14,18). A literature
review of exposure differences in modifiable risk factors between
African-Americans and European-Americans found only modest dif-
ferences between these population groups with respect to prostate
cancer development (152). One such risk factor that has been widely
studied is dietary patterns among African-Americans and European-
Americans (153—155). African-Americans were found to have a lower
overall fruit and vegetable consumption, with the caveat that they may
consume a higher frequency of specific types of fruits and vegetables
(e.g. cruciferous vegetables) that are considered to be protective
against cancer (154,155). In addition to the assessment of fruit and
vegetable consumption, meat and animal fat intake have been
identified as a candidate prostate cancer risk factor for African-
Americans in two studies (156,157). It is well established that
African-Americans have higher rates of vitamin D deficiency than
European-Americans. Both cell culture and animal studies indicate
that vitamin D has anticancer properties. Thus, it has been hypothe-
sized that this deficiency puts African-Americans at an increased risk
of cancer (158). Although the relationship between vitamin D and
cancer has been studied extensively, the results do not support a caus-
ative relationship between low vitamin D and an increased prostate
cancer risk to date (158,159).

Nutrition is associated with cancer not just through the type of diet
but additionally through the effects of obesity. A high calorie intake
together with a sedentary lifestyle leads to overweight and obesity.
African-Americans have the highest proportion of individuals with
a body mass index of >30, which is considered a threshold for being
obese (160). About 37% percent of African-American men fall into
this category versus 32% of the entire US male population. Obesity is
a risk factor for cancer and has been associated with an increased
prostate cancer-specific mortality and treatment failure (161-163).
Thus, it is possible that the high obesity rate among African-American
men has some contribution to the higher disease incidence and mor-
tality among them. Recent studies have investigated the mechanisms
of the effects of obesity on cancer and found that dietary factors and
obesity may influence prostate tumor biology by modifying gene
expression patterns (164,165). Gene signatures in prostate tumors
may develop in response to nutrition and lifestyle intervention (164).

Prostate gland biology is androgen dependent. A racial disparity in
tumor androgen receptor expression in men with a localized disease
has been observed (166). Furthermore, several epidemiological stud-
ies reported African-American men to have modestly higher blood
testosterone levels than European-American men (167-169). The
biological significance of this observation has since become uncertain
because blood male sex hormone levels were not found to be associ-
ated with the risk of prostate cancer in prospective studies and in
a recent meta-analysis (170). It was also hypothesized that prostate
glands from African-American men may have an increased availabil-
ity of male sex hormones, increased androgen receptor signaling and
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an increased potential of cell growth and tumor development. How-
ever, when two studies examined prostatic tissue, testosterone and
dihydrotestosterone levels were not different between African-
Americans and European-Americans (171,172). Prostate size is also
similar in both groups of men, suggesting that an enhanced andro-
genic effect is not present in the gland of African-American men
(173). Very recently, two large studies re-examined the question
whether male sex hormones are increased in blood samples from
African-American males (174,175). Both studies did not find elevated
testosterone levels in African-American men compared with other
population groups (e.g. European-American, Hispanic/Latino,
Asian-American men). Instead, it was discovered that serum estrogen
differed significantly by race/ethnicity with the highest levels being
detected in African-American men and in a group of men from
Tobago (174,175). This is of interest because estrogen may induce
inflammation-induced oxidative/nitrosative stress in the prostate
gland (176). In addition, a higher proportion of African-American
than European-American men may have chronic inflammation in their
non-cancerous prostate, as observed in one study (177). Given that
prostatic tissue inflammation and prostatitis are risk factors for pros-
tate cancer (178,179), prevalent inflammation in the prostate gland of
African-American males may put these men at an increased prostate
cancer risk.

Numerous studies have examined the possibility of low penetrance
genes contributing to the excessive burden of prostate cancer in
African-American men. So far, attempts have failed to identify com-
mon genetic variations that are associated with prostate cancer mor-
tality (180). To date, the best described risk locus for prostate cancer is
located at 8q24. This locus confers an increased disease risk in many
populations (12,18,181,182). There is also indication that this locus
confers a higher risk for prostate cancer in men of African ancestry
than in men of European ancestry (12,18,20). Several additional
GWAS-identified prostate cancer susceptibility loci (i.e. 11ql13,
17q12, 19q33 and Xp11) have been validated in studies of men with
African ancestry (19,183). Because of the importance of inflammation
in disease development, researchers also evaluated the relationship
between prostate cancer and common genetic variations in genes
comprising inflammation and host defense pathways. These studies
yielded preliminary evidence, suggesting that the low penetrance
genetic variability in these pathways may influence cancer risk in
African-Americans and other population groups (184-191).

Prostate tumors in African-Americans tend to be more aggressive at
diagnosis than they are in European-Americans (22). This observation
generated an interest in understanding the biology of these tumors.
One recent study by Powell et al. addressed this question by analyzing
autopsy material from prostates of 1056 African-American and
European-American men who did not have a prior diagnosis of pros-
tate cancer. Interestingly, Powell ef al. observed that the cancer prev-
alence was similar between the two race/ethnicity groups at this
subclinical stage. However, amongst the men with detectable prostate
tumors, African-American men seemed to have faster growing and
more aggressive tumors, when compared with European-American
men (137). Additional research will have to investigate further
whether mechanisms related to an increased proliferation, as
described in this study, or inhibition of apoptosis, as described by
others (192), may promote the enhanced growth of tumors in
African-American men. Epidermal growth factor receptor signaling
is antiapoptotic and promotes cell proliferation by mechanisms in-
cluding MAPK, PI3K/Akt and nuclear factor kappa-B activation.
Furthermore, this oncogene and candidate drug target is critical in
the progression to an androgen-independent disease and therefore
has been widely studied in respect to advanced prostate cancer
(193). Notably, the receptor was found to be more commonly
expressed in tumors from African-American patients when compared
with European-American patients (194). These studies suggest that
epidermal growth factor receptor perhaps contributes to apoptosis
inhibition and enhanced proliferation in prostate tumors from
African-American patients as well as possibly increasing the odds
of disease recurrence.
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Epigenetic DNA alterations, which include DNA methylation
changes are present in a greater fraction of prostate tumors than any
other of the known genetic defects (195). Changes in DNA methylation
are amongst the earliest somatic changes that can be detected in can-
cerous lesions of the prostate and occur at the stage of proliferative
inflammatory atrophy, a precursor lesion in human prostate carcinogen-
esis. Increased DNA methylation can lead to numerous downstream
effects including inactivation of tumor suppressor genes like PTEN or
a loss of protection against reactive chemical species. The latter typi-
cally occurs in response to hypermethylation of GSTPI, which is
observed in 90% of prostate cancers (195). Given the importance of
epigenetic DNA alterations in contributing to prostate cancer, the
occurrence of DNA hypermethylation in tumors from African-
American men has been evaluated. In three studies, a pattern emerged
consistent with increased DNA hypermethylation in African-American
tumors when compared with similar-stage tumors from European-
American men (196-198). Currently, it is unknown what mechanisms
may lead to race/ethnic differences in promoter DNA hypermethylation
and whether this pattern is induced by environmental exposures, in-
trinsic differences in tumor biology or a combination of the two.

Several research groups have investigated the occurrence of harm-
ful chromosomal alterations in prostate tumors, comparing tumors
from African-Americans with tumors from European-Americans.
Two studies analyzed tumors from the two patient groups using the
same platform (199,200), whereas one study compared their analysis
of African-American tumors with previously published data from
European-Americans (201). The first study analyzing 16 tumors from
each patient group did not observe significant differences in chromo-
somal aberrations between the patients (199). The second study
reported several differences consistent with distinct genomic aberra-
tions in African-American tumors at chromosomal sites that encode
oncogenes (e.g. ETVI, MYC) and tumor suppressor genes (e.g. PTEN,
RBI). The third and most recent study evaluated genomic alterations
in both a discovery and validation cohort to describe chromosomal
aberrations whose occurrence is most distinct between African-
American and European-American tumors. The data from this study
revealed common genomic alterations specific to African-American
tumors that may specifically target immune response genes (200).
Recurrent genomic rearrangements like TMPRSS2:ERG are signature
mutations of many human prostate tumors and have important bio-
logical and clinical implications (202). Two studies examined the
frequency of these recurrent gene fusions in European, European-
American, Chinese, Japanese and African-American prostate cancer
patients. Although common in European and European-American
patients (in ~50% of patients), these mutations were less frequent
in African-American patients, as assessed in one study, and rather
uncommon in patients from Asia (2-15%), as found in both studies
(203,204). This pattern is not restricted to TMPRSS2:ERG rearrange-
ments, but rather evidence supports that inactivation of the PTEN
tumor suppressor may follow the same trend (203). The observations
raise the possibility that prostate tumors in Asian populations arise
from pathogenic mechanisms that are different from Western popu-
lations, which could affect disease aggressiveness. Thus, prostate
tumor biology may display an unexpected global heterogeneity
between men of European, African and Asian descent.

Gene expression profiling is a hypothesis-generating instrument
that allows researchers to examine the phenotypic diversity of tumors.
This technique can be very advantageous in exploring tumor biolog-
ical differences in health disparity research. Using differential display
analysis, a novel prostate-specific gene, PCGEMI, was discovered
that had a cell growth-promoting function (205,206). PCGEM1 was
mapped to chromosome 2q32 and was shown to be overexpressed in
prostate tumors. Further analyses revealed that this gene acts as a non-
coding RNA and is most highly expressed in prostate tumors of
African-American patients (206). Although further research is
needed, this candidate gene may have important oncogenic functions
in prostate cancer biology, particular in respect to the African-
American population. Our group and others have used genome-wide
gene expression profiling to investigate candidate differences in tumor
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biology between African-American and European-American prostate
cancer patients (69,70,207). Analyzing macrodissected tumors and
cultured prostate cancer epithelial cells from African-American and
European-American patients, Wallace er al. and Timofeeva et al.
found consistent gene expression differences between the two patient
groups. Notably, several known metastasis-promoting genes, includ-
ing AMFR, CXCR4 and MMP9, were more highly expressed in tumors
from African-Americans than European-Americans. The two tumor
studies by Wallace et al. and Reams et al. made another important
observation. In agreement with the findings by Rose et al. (200), their
data pointed to significant differences in tumor immunobiology and
inflammation pathways between African-American and European-
American patients. Moreover, an interferon y signature was found
to be prominent in tumors from African-American patients (69). This
particular signature appears to be identical to previously identified
interferon-related gene signatures that are induced by both tumor—
stroma interactions and resistance to DNA damage (208-211). Inter-
estingly, the interferon-related signatures in these studies were all
found to be associated with metastasis and poor disease outcome.
Furthermore, while additional research is required, it is possible that
the presence of the interferon-related signature in prostate tumors may
also suppress T-cell cytotoxicity directed against cancer cells by
mechanisms that may include upregulation of the interferon-response
gene, indolamine-2,3-dioxygenase (Figure 2). We think that tumor-
induced mechanisms, environmental stimuli and ancestry-driven
intrinsic factors are candidate exposures that induce the interferon-
related gene signature in prostate tumors.

In summary, various studies examined the relative contribution of
genetic and tumor biological factors to the excess burden of prostate
cancer among African-American men. There is good evidence that
variations in cancer susceptibility loci by genetic ancestry may con-
tribute to population differences in disease occurrence. Other studies
reported consistent differences in tumor markers and tumor biology
between African-American and European-American patients.
Whether any of these differences are causatively linked to the
increased disease aggressiveness of African-American tumors is
uncertain and will need further research. Other observations suggest
that a low-grade chronic inflammation in the non-cancerous and can-
cerous prostate gland is more prevalent in African-American men
(177). This condition could be related to environmental factors, tumor
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microenvironmental factors, immunobiological factors related to
ancestry or a combination of these factors.

Survival health disparity in breast cancer: is tumor biology
a contributing factor?

Breast cancer incidence rates are ~3-fold higher in more developed
than less developed countries (2). Results from cancer epidemiology
have taught us that age, reproductive history and lifestyle are the
major risk factors for breast cancer (212,213). Thus, disparities in
these modifiable factors and differences in age distribution are obvi-
ous causes of the large global differences in breast cancer (1,2).
A predominance of early onset and aggressive estrogen receptor
(ER)-negative breast cancers that exists in many low-risk countries
may account for the relatively high mortality to incidence ratio in
parts of Asia and Africa (2). In the USA, European-American and
African-American women have a significantly higher risk to develop
breast cancer than Asian/Pacific Islander, Hispanic/Latino or Ameri-
can Indian/Alaska Natives (214).

Causes for the premenopausal and postmenopausal diseases are
different (212,213). There are also differences in the risk factor profile
for ER-positive tumors when compared with ER-negative tumors and
for African-American women compared with European-American
women (215-218). In general, factors that raise a woman’s lifetime
exposure to estrogen, like the use of hormone replacement therapy,
increase the risk for the disease (212). The decline in hormone
replacement therapy use, triggered by studies showing that hormone
replacement therapy increases breast cancer risk, has been credited for
contributing to the marked disease decline in the USA in recent years
(219).

The relative contribution of predisposing genetic markers to breast
cancer health disparities across populations is currently unknown.
High-penetrance mutations in the BRCAI and BRCA2 genes occur
in many populations but they are rare (220-222). Several of the
GWAS discovered breast cancer risk loci for European women,
including FGFR2 and other loci, have been validated in studies of
African-American women (223,224). However, a more recent analy-
sis within the Multiethnic Cohort Study observed significant popula-
tion heterogeneity for the association of 12 SNPs from previous
GWAS studies with breast cancer (225). An overall modest disease
association for these SNPs was observed in all examined population
groups, with the exception of a null result for the African-Americans.
It will need large-scale future studies of multiple race/ethnic popula-
tions to determine whether the frequency and pattern of low-
penetrance risk loci for breast cancer varies among population groups.

Breast cancer is a heterogeneous disease and its biology is closely
related to the hormone receptor status of the tumor. Landmark gene
expression profiling studies discovered that breast tumors can be clas-
sified into subtypes with distinct gene expression profiles (226,227).
Molecular signatures characterize three luminal subtypes among the
ER-positive tumors and three subtypes (basal-like, HER2-positive and
normal-like) among the ER-negative tumors. Of all subtypes, both
basal-like and HER2-positive, ER-negative tumors tend to produce
the most aggressive disease (115,228). Basal-like tumors overlap
largely with a group of tumors referred to as triple-negative, meaning
they are negative for ER, HER2 and progesterone receptor expression
(229). Triple-negative tumors are of particular interest because they
are not treatable by endocrine-targeted therapy, such as tamoxifen and
aromatase inhibitors, or by HER2-targeted therapy such as trastuzu-
mab. Patients with triple-negative breast cancer have a worse prog-
nosis than patients with ER-positive breast cancer independent of
therapy, particularly in the first 5 years following diagnosis (230,231).

It was recognized in 2006 and confirmed by other reports that the
prevalence of these subtypes varies among US population groups with
the greatest difference observed between women of African and
European ancestry (115,117,118,232-234). Multiple investigations
in West and Central Africa have provided further corroboration that
women of African ancestry tend to develop early-onset, high-grade
and ER-negative tumors more frequently than women of European
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ancestry (116,235-239). In the most representative study of 507
patients from West Africa, it was found that a large proportion of
these breast cancer patients (55%) had a triple-negative disease which
is a significantly higher proportion than one would expect to find in
similar age cohorts of African-American, European-American or
European patients (116). The findings raise the possibility of a caus-
ative relationship between West African ancestry and an increased
susceptibility for developing early onset and ER-negative breast
tumors, as seen in West African populations and in women who were
brought through the slave trade into the USA and the Caribbean and
through migration into the United Kingdom (29,240). Early onset ER-
negative tumors also develop more frequently in Asian Indian and
Pakistani women and in women from other parts of Asia, although
not as prevalent as it is in West Africa (2,241). Cancer epidemiology
showed that rates of ER-negative breast tumors in a population can
change over time, pointing to an influence of environmental and
reproductive factors on disease phenotypes (242). For example, rela-
tionships between age at menarche or breastfeeding and basal-like
breast cancer have been observed (233,243). It was found in one study
that the development of basal-like breast cancer in African-American
women is associated with breastfeeding and adiposity (233). Accord-
ing to an estimate by the authors, about two-thirds of basal-like
breast cancer in premenopausal African-American women could be
prevented by promoting breastfeeding and reducing abdominal
adiposity (233). Notably, however, other studies did not observe
a relationship between body mass index and basal-like/triple-negative
breast cancers (117,218,243).

SES is associated with breast cancer mortality. Thus, several stud-
ies assessed if SES influences tumor characteristics such as tumor ER
status. It was found that income and education are associated with
tumor ER status and populations with a low SES are more likely to
develop an ER-negative disease than populations with a high SES
(217,244-246). This association may explain some of the excess risk
among US Hispanic and African-American women to develop an ER-
negative disease yet the magnitude of the association between SES
and tumor ER status seems to fall short of explaining most of the
observed differences in tumor ER status between women of African
and European ancestry. Furthermore, it remains uncertain whether the
association of SES with tumor ER status is related to an increased risk
of developing an ER-negative disease in populations with a low SES
or an increased risk of developing an ER-positive disease in popula-
tions with a high SES or both. Generally, more affluent populations
have a higher risk of breast cancer and an increased prevalence of ER-
positive tumors (2,217), with some variation across race/ethnic strata
(247).

African-American women face a lower risk of being diagnosed
with breast cancer, yet they are at increased risk of dying from the
disease when compared with women from other US population groups
(102,248-251). An analysis of survival disparities by disease stage
using SEER data showed that the survival difference is larger for stage
II/11I disease than stage 0/1 disease, with African-American having the
worst outcomes, followed by Hispanic/Latino, European-American,
and lastly, Asian-American/Pacific Islander patients (251). This sur-
vival disparity continued to exist independent of age, screening status,
tumor characteristics, grade, ER status, therapy, comorbidities and
demographics. The African-American to European-American dispar-
ity in age-standardized breast cancer mortality emerged in the begin-
ning of the 1980s and since then has widened (252). The greatest
absolute difference in the mortality hazard between the two patient
groups occurs in the first years after diagnosis (252,253), which may
reflect differences in treatment, differences in response or both. Dif-
ferences in treatment exist and persist, with many African-American
women receiving inadequate or delayed therapy (110,111,254,255).
However, when compared with European-American women, a poorer
survival of African-American women has also been observed in equal
access health care systems and clinical trials (104,105,256,257). It has
been hypothesized that the increased prevalence of early onset, ER-
negative tumors and basal-like/triple-negative tumors in women of
African ancestry is largely responsible for the excessive mortality
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among African-American women. Although this argument is very
plausible, one has to be cautious because the breast cancer survival
disparity in US is irrespective of the tumor ER status (252). Basal-
like/triple-negative tumors confer an increased risk for early disease
spread and deadly brain metastases (258), but the disease is not more
aggressive in African-American patients than in European-American
patients, as found by one study (259).

Few studies have examined the biology of breast tumors in African-
American women beyond the concept of subtypes that are described
by their gene expression pattern. Early studies concentrated almost
exclusively on hormone receptor expression and disease grading in
African-American patients, describing an increased proportion of
tumors that are ER-negative and poorly differentiated among this
patient group (260,261). More recent studies describe that the ER
isoform profile is different between tumors from African-American
and European-American patients (262) and additionally observed dif-
ferences in prostaglandin El receptor expression, expression of cell
cycle-regulatory proteins and aberrant expression of the p5S3 tumor
suppressor gene (263-265). The latter two observations were con-
firmed by a recent study in finding that African-American tumors
are more likely to have a p53 mutation and gene expression aberra-
tions in cell cycle-related pathway (54). Interestingly, the tumor p53
status has been found by others to be associated with socioeconomic
deprivation, suggesting an environmental influence related to SES in
the development of p53 mutations (266,267). It was further noticed by
one group that ER-negative breast tumors in young African-American
women tend to exhibit promoter DNA hypermethylation (268), con-
sistent with the more recent findings of DNA hypermethylation in
prostate tumors of African-American men (198).

Our group embarked on a pilot project analyzing 32 laser capture
microdissected tumors from African-American and European-
American breast cancer patients for differences in gene expression
(in both the microdissected tumor epithelium and stroma) (54). Key
observations were validated in a larger set of paraffin-embedded
tumors from 143 African-American patients and 105 European-
American patients. The gene expression analysis of these breast tu-
mors revealed that differences in tumor biology may exist between
African-American and European-American beyond current knowl-
edge. Among our findings were that African-American tumors
contained a prominent interferon signature in both ER-negative and
ER-positive tumors, which mirrored our findings from an earlier pros-
tate cancer study of African-American men (69) (Figure 2). It appears
that the interferon signature is functionally related to a STATI1
signature in basal-like breast cancer and a tumor—stroma interaction
signature described by two other groups (209,211,269). This signature
may also influence therapeutic outcome because of its great homology
with a recently discovered interferon-related DNA damage resistance
signature, which predicts resistance to chemotherapy and radiation in
breast cancer and perhaps other epithelial cancers (210,270). Future
research should examine the precise origin of the interferon signature,
whether this signature is prevalent in tumors of African-American and
West African patients and other global populations of West African
descent, and how it influences the response to therapy beyond the
boundaries of health disparity research. Other findings from our study
pointed to tumor microenvironmental differences that relate to tumor
vascularization and macrophage infiltration (Figure 3). These differ-
ences between African-American and European-American breast pa-
tients may arise from a low-grade inflammation, or from population
differences in tumor—stroma interactions, but could also be related to
tumor subtype differences between the two patient groups. Some
of our observations have been further corroborated by others by show-
ing that endothelial cells from African-Americans and European-
Americans have different gene expression profiles, consistent with
differences in function (271). Those differences may influence tumor
biology and the process of wound healing in general. In fact, it has
been known for many years that some population groups, including
African-Americans, are more prone to develop keloids, which are
benign collagenous dermal tumors that form during the wound heal-
ing process (272-275). It is aberrant wound healing involving altered
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Fig. 3. Possible disease-modifying implications of an immune signature in
breast and prostate tumors of African-American patients. Differences in
tumor immunobiology and in the development of a low-grade inflammation
between African-American and European-American may arise from
differences in either environmental or tumor environmental exposures or
could be related to tumor subtype differences between the two patient groups.
A low-grade chronic inflammation in tumors has been linked to activation of
oncogenic pathways, increased tissue remodeling and tumor vascularization
and the development of tumor immune escape mechanisms. VEGF, vascular
endothelial growth factor.

fibroblast and endothelial functions that are thought to cause the con-
dition. Future research may explore the causes of altered wound heal-
ing in populations that are prone to this disease and examine how
these functions may possibly relate to the development of malignant
tumors, especially the development of early-onset epithelial cancers
of the breast and prostate.

Population differences in lung cancer incidence and mortality

Lung cancer causes more cancer deaths globally and in the USA than
any other cancer type, accounting for ~28% or 159 000 of the esti-
mated 562 000 annual cancer deaths in the USA in recent years (5).
Age-adjusted incidence and mortality is highest among African-
American men, followed by European-American men who have
30-40% lower incidence and mortality rates. Asian/Pacific Islanders,
American Indians/Alaska Natives and Hispanic/Latinos, and women
in general, all experience a substantially lower lung cancer burden. As
expected, the lung cancer burden generally mirrors the tobacco con-
sumption among these population groups. Even though roughly 85%
of lung cancers are caused by tobacco, it should be noted that the
death rate from lung cancer among never-smokers is higher in men
than women (276).

The high lung cancer incidence and mortality experienced by
African-American men has been examined in numerous studies
(277). This cancer health disparity is mainly driven by an excess disease
incidence among these men, although differences in lung cancer treat-
ment have been reported. Specially, African-American patients were
found to obtain a potentially lifesaving surgery less frequently after
disease diagnosis than European-American patients (277,278). A lung
cancer risk prediction model for African-Americans has been proposed
which identifies tobacco use, chronic obstructive pulmonary disease, no
hay fever history and exposure to asbestos and wood dust as the most
significant risk factors (279). Several studies examined lung cancer
occurrence in various population groups and observed consistent
race/ethnic differences in smokers and non-smokers. In a large study
of 183 813 participants in the Multiethnic Cohort Group, significant
race/ethnic differences in the risk to develop cancer persisted after
stratifying participants into moderate (10 cigarettes/day) and heavy
smokers (30 cigarettes/day), thus after at least partially accounting
for differences in smoking (280). The results from this study suggested



that African-American and Native Hawaiian smokers are more suscep-
tible to develop lung cancer than European-Americans, Japanese-
Americans or Hispanic/Latinos if they smoke equal or similar amounts
of tobacco. The conclusions of the study have become subject to crit-
icism. Mainly, differences in smoking could have persisted among the
various population groups after grouping them into moderate and heavy
smokers because the poor and minority populations tend to smoke
cigarettes more efficiently (i.e. inhaling more cigarette smoke than
more affluent smokers) (277). However, other studies found that an
increased susceptibility for lung cancer may also exist among Afri-
can-American never-smokers, raising the possibility that this popula-
tion group may indeed experience an increased susceptibility to lung
cancer (276,281). Noteworthy, there have also been reports pointing to
differences in pulmonary functions between various race/ethnic groups
and to an increased familial risk of lung cancer among African-Amer-
icans when compared with European-Americans, as found in one study
that examined relatives of individuals with early-onset lung cancer
(282,283).

Another factor that may explain the increased burden of lung can-
cer among African-Americans is their preferential use of mentholated
cigarettes (277). The majority of African-American smokers prefers
this type of cigarettes. It has been shown that smoking mentholated
cigarettes inhibits nicotine metabolism, leading to a higher systemic
nicotine exposure (284). This may impact disease etiology because
nicotine has oncogenic properties and may promote lung cancer pro-
gression (285). Furthermore, smokers of mentholated cigarettes also
experience increased blood cotinine and carbon monoxide levels
(286,287). Nonetheless, several large epidemiological studies could
not provide any evidence that cigarette mentholation increases lung
cancer risk of smokers (288-290).

Other studies have explored differences in the DNA repair capacity,
inflammation, tumor marker expression and low-penetrance genetic
susceptibility between population groups. It is believed that examin-
ing these factors may help explain the observed race/ethnic differ-
ences in the lung cancer burden in the USA. One study found
differences in DNA radiation damage-induced growth arrest in lym-
phocytes from African-Americans and European-Americans (291).
Furthermore, they found that a less efficient G,-M checkpoint was
associated with an increased risk of lung cancer in African-
Americans. Other studies examined blood cytokine concentrations
and functional polymorphisms in the mannose-binding lectin and
found that variations in these key regulators of inflammation and
innate immunity may influence lung cancer survival (292,293). In-
terestingly, the markers identified in these studies appeared to have
different effects in African-Americans than European-Americans.
Lastly, work by Chang et al. proposed a link between nucleotide
excision repair variants and lung cancer risk in African-Americans.
Specifically, two variants in genes involved in the nucleotide excision
repair pathway were found to be associated with lung cancer risk in
African-Americans from the San Francisco Bay Area (294).

Population differences in colorectal cancer incidence and
mortality

Globally, colorectal cancer is the third most common cancer, affecting
men more commonly than woman overall (3). There are very large
regional differences in disease occurrence with cancer rates in some
areas (e.g. parts of Europe, Japan, USA) being 10-fold the rates of
other areas (e.g. India, Egypt, Pakistan, parts of Africa). These dis-
parities are probably explained by differences in lifestyle factors,
including an increased prevalence of high fiber, low fat, low-meat
diets in the areas with the lowest rates. Throughout the years, colo-
rectal cancer rates have stabilized or declined in many high-risk areas
(3). In the USA, both cancer incidence and mortality rates among
European-Americans steadily declined starting between 1980 and
1990, and the decline continues today (103,295). Unfortunately, we
have not seen the same declines in other US population groups, lead-
ing to the existing health disparities for the disease. Today, African-
Americans have the highest colorectal cancer rates (103,295,296).

Tumor biology and cancer health disparities

Their age-adjusted disease cancer mortality is ~40% higher than it
is for European-Americans and about twice the rate of Asian/Pacific
Islanders and Hispanic/Latinos. Because colorectal cancer tends to
affect young African-Americans more frequently than young individ-
uals in other population groups, their recommended age to begin with
screening has been set at age 45, in contrast to age 50 for men from
other population groups. The early onset of the disease in African-
Americans is a factor in causing the larger health disparity in the
20-64 age group than in the age group above this age (296).

As is observed for several other cancers, the poorer clinical outcome
for African-Americans can be partially attributed to a more advanced
disease stage at diagnosis, when compared with European-Americans,
accounting for much of the excess cancer mortality among them
(297,298). An advanced stage at diagnosis is perhaps the single most
important contributing factor to the racial disparity in colon cancer
survival (103). This disparity is not restricted to African-Americans,
and other US minority groups are also more frequently diagnosed with
an advanced disease (77). Colonoscopy screening rates are not obvi-
ously lower among African-Americans than other population groups
(28,295,296), but appear to lag behind in high-risk individuals with
known family history and affected first-degree relatives (299).
African-Americans are less likely to receive standard adjuvant therapy
than non-Hispanic white and Hispanic patients, as found by several
studies (109,296). Possible differences in survival among African-
American patients treated with standard adjuvant therapy, when com-
pared with European-American patients, were assessed in clinical trials
and equal access medical institutions. These studies produced mixed
results. Some studies did not find any differences (300), whereas others
observed them (87,301,302). When survival differences persisted
between the two patient groups, those were better explained by the
influence of comorbidities than by differences in response to therapy,
as measured by recurrence-free survival (87,296).

Although most of the differences in colorectal cancer incidence rates
occur because of differences in diet and physical activity, researchers
have begun studying the tumor biology of colorectal cancer to examine
if there are genetic and biological factors that may explain the relative
aggressiveness of tumors in African-American patients. It has been
known that African-Americans tend to develop colon tumors more
frequently in the descending colon, which is more difficult to reach
by a sigmoidscope (303). They also have a greater occurrence of tumor
formation on the right side of the colon (304,305). It is well established
that proximal (right side) colon cancers are genetically distinct from
distal lesions and are more likely to show microsatellite instability.
Because of observations like these, recent efforts have been investigat-
ing tumor biology and genetics in a hope to better elucidate underlying
differences in colon cancer biology amongst race/ethnic groups. Several
studies have focused on genetic instability as a cause of colon cancer.
Genetic instability frequently results from microsatellite instability,
which commonly occurs due to silencing or mutations of DNA mis-
match repair genes. Recent studies have found African-Americans to
have higher occurrence of microsatellite instability-positive tumors and
decreased expression of the mismatch repair gene, MLHI, when com-
pared with European-Americans (306,307). In addition, African-
American patients may show differences in p53 pathway alterations in
their tumors when compared with European-Americans. It was reported
that nuclear accumulation of the pS3 tumor suppressor protein in cancer
cells, a surrogate for a pathologically aberrant p53 pathway, is a predictor
of disease outcome in European-American colon cancer patients but not
in African-American patients (308). Other research is focusing on the
involvement of low-penetrance genes in the colon cancer health dispar-
ity. Preliminary results suggest that SNPs in genes of the arachidonic
acid-signaling pathway may influence colon cancer risk of African-
Americans differently than the risk of European-Americans (309,310).

Conclusions

Populations in the developing world and many minorities in more
developed countries have not equally benefited from the advances
in our understanding and treatment of cancer. There are substantial
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disparities in disease incidence and mortality between population
groups nationally and globally that are largely explained by differ-
ences in lifestyle and diet, age distribution, carcinogen exposure and
inadequate or delayed access to health care. To date, there is sparse
evidence that patients from any two population groups respond dif-
ferently to cancer therapy when treated comparably for similar-stage
cancers, arguing that inadequate or delayed access to health care is the
most important factor in causing survival health disparities. However,
minority populations remain underrepresented in clinical trials, and
we therefore may not be able to appropriately assess whether the
existing cancer therapies provide equal benefit to all population
groups. Numerous studies have identified differences in tumor biol-
ogy and epigenetic factors among diverse patient populations. These
factors, singularly or in combination, may contribute to some of the
existing cancer health disparities.

Although preliminary, there is evidence that population differences
in genetic ancestry can lead to population differences in cancer sus-
ceptibility. GWAS have dramatically impacted research on genetic
determinants of cancer risk, but certainly, more of this research needs
to be done for populations in the developing world. As cancer health
disparities research creates more understanding of the interrelation-
ships between environmental exposures and genetic susceptibility, an
extensive epidemiological assessment of various population groups
worldwide is required to find out how our current understanding of
environmental and genetic risk factors and their interactions in cancer
development applies to all of these groups or whether significant
differences exist. In order to address these complex issues surround-
ing domestic and global cancer health disparities, international
collaborations must be established.
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