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Colon cancer is the second leading cause of cancer related
death in American adults. The incidence and mortality are
highest in African Americans (AAs) (incidence: 52 per

100 000) and lowest in American Hispanics (37 per 100 000).
Comparative studies with Native Africans (<5 per 100 000)
suggest that genetic susceptibility is an unlikely explanation and
that environmental influences are to blame. Studies have
suggested that risk is high because of excessive intakes of
animal meat and fat products and differences in colonic
bacterial metabolism, and that preventative and therapeutic
management of colon cancer is compromised by the
deve|opmen’r of greater tumour virulence possib|y resu|ting from
disparities in educational and insurance status, screening
behaviour, treatment patterns, social support, and access to
and use of health care facilities. It should be possible to reduce
the unacceptably higher rates of morbidity and mortality from
colon cancer in AAs by dietary and lifestyle changes aimed at
suppressing excessive intakes of animal meat and fat products,
increasing the consumption of fresh fruit and vegetables,
controlling energy balance, and by developing strategies to
improve the availability, use and accessibility to health care
resources.

malignancies in developed countries. In the

USA, it is the third most common cancer
among men and women and, perhaps more
importantly, is the second leading cause of cancer
death for both sexes.'? The disease accounts for
approximately 15% of all cancers diagnosed
annually.” There are important differences in its
prevalence within racial and ethnic groups within
the USA. African Americans (AAs) have the
highest incidence and mortality: the age-adjusted
incidence rate for cancer of the colon and rectum
(based on cases diagnosed in 2000-2003 from 17
Surveillance, Epidemiology and End Results
(SEER) geographic areas) was 52.4 per 100 000
for men and women per year (fig 1) with 61.4 vs
72.9 per 100 000 men for white and black males
and 44.7 vs 56.1 per 100 000 women for white and
black females, respectively.” The age-adjusted
death rate for colorectal cancer (based on patients
who died in 2000-03 in the USA) was 19.8 per
100 000 men and women per year with 23.4 vs
33.4 per 100 000 men for white and black males

Colon cancer is one of the most common
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and 16.2 vs 23.4 per 100 000 women for white and
black females, respectively (fig 2).?

Based on rates from 2001-2003 both men and
women face a lifetime risk of nearly 6% for the
development of invasive colorectal cancer, with
50% of them being fatal.* Colorectal cancer can be
prevented and reduced by early detection and
treatment. Its incidence and mortality rates have
declined between 1985 and 2003 at an average
annual rate of 1.6% and 1.8%, respectively, among
US adults.' > When colorectal cancer is diagnosed
at an early, localised stage (stage I and II), 5 year
survival is 90%, but unfortunately only 37% of
incident cases are diagnosed while still localised.

Colorectal carcinoma usually arises from an
adenomatous polyp and observational studies
suggest that the adenoma-to-carcinoma sequence
takes approximately 10 years.® The hypothesis that
invasive colorectal carcinoma develops from inter-
mediate precancerous precursors is supported by
pathologic, epidemiologic and observational clin-
ical data, both in humans and in animal models.
Although nearly 40% of Americans aged 50 years
or older harbour adenomatous polyps, it is
estimated that only 2% of adenomas will progress
to cancer. Research suggests that the decline in
rates may be due to an increased use of colono-
scopic screening and polyp removal, which pre-
vents the progression to cancer. However, these
encouraging national trends are more evident in
whites than in blacks. The only known race
predilection is in AAs who bear a disproportionate
burden of the morbidity and mortality.

GEOGRAPHICAL VARIATIONS

The incidence of colon cancer varies 20-fold
throughout the world’s populations, with the
highest rates seen in western countries and the
lowest in developing countries.” Migration studies
have suggested that the variation can be accounted
for by environmental rather than genetic differ-
ences. A study by Lichtenstein to estimate the
magnitude of the genetic and environmental
effects on susceptibility to sporadic colorectal
cancer (comparisons of the concordance of cancer
between monozygotic and dizygotic pairs of twins)
pointed out that environment has a principal role
in causing sporadic colorectal cancer as compared
to hereditable causes (which accounted for
approximately 35% of the risk).® Although there
are many differences in the environment that may
influence colon cancer risk, the landmark epide-
miological analyses performed by Doll and Peto

Abbreviations: AAs, African Americans; CAs, caucasian
Americans; Cl, confidence interval; HCA, heterocyclic
amines; NIH, National Institutes of Health; NSAID, non-
steroidal anti-inflammatory drug; OR, odds ratio
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Figure 1 Surveillance, Epidemiology and End Results (SEER) age adjusted

incidence rates by ““expanded”’ race for colon and rectum cancer.” A
ages, both sexes. SEER 13 Registries for 1994-2003. Age-adjusted fo the
2000 US standard population.

lead them to suggest that 90% could be attributed to dietary
factors.”

Evidence from animal and cross-sectional studies has shown
that several dietary factors are plausible explanations for
population differences, and that rates of colon cancer increase
for people migrating from low to high incidence areas. This
point is well illustrated by a classic migrant study in which
Hawaiian Japanese showed a progressive increase while, during
the same time period, the incidence remained very low in
Japan.' Today, this change is occurring within Japan, where
the incidence is increasing with progressive westernisation of
the diet and lifestyle."" Analysis of the dietary epidemiological
data has led to the recognition that some dietary factors are
associated with increased colon cancer risk, while others appear
to be protective. Studies that have tried to explain the ethnic
differences in AAs and Caucasians have found that, regardless
of the ethnicity or energy consumption, high and frequent
vegetable consumption was protective and consistent with a
20-50% reduction in risk. Further, in Caucasians, a high refined
carbohydrate and red meat consumption (amount and fre-
quency) was associated with a statistically significant twofold
increased risk in non-energy adjusted models."”

Perhaps the most consistent findings are that high levels of
fat and meat intake promote risk, while the high consumption
of cruciferous vegetables, fruits, fibre, folate and calcium
suppress risk.”'® The situation is, however, more complicated
than this and the risk is determined by the balance between
dietary intake, lifestyle and colonic bacterial metabolism, all of
which modulate the internal environment of the colon and
affect the regenerative epithelium.

AFRICAN AMERICAN VERSUS NATIVE AFRICAN
STUDIES

As an example of the complexity of the diet-colon cancer
relationship, studies of ours have shown that the remarkably
low risk of colon cancer in South African blacks (that is,
<5/100 000) as opposed to African whites (>40/100 000) who
consumed a typical “westernised” diet, was associated not with
high consumption rates of fresh fruits and vegetables,
antioxidant vitamins, folic acid, nor calcium, but with a low
intake of animal proteins and fats (fig 3)."” ¥ This suggests that
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Figure 2 Age-adjusted total US mortality rates for colon and rectum
cancer.? For 1994-2003 by ‘expanded’ race and sex. Age-adjusted to the
2000 US standard population.

the aggravating effects of meat and saturated fat override the
suppressive effects of vitamins and minerals, unlike the
evidence that dietary folate may suppress the risk alcohol
consumption has on colon cancer.” More recent studies
compared the diets of AAs to Caucasian Americans (CAs) and
native Africans; they confirmed that cancer risk—as measured
by epidemiological data and colonic epithelial proliferation
rates—was higher in both American groups and associated
with excessive intakes of animal proteins and fats (fig 4), as
well as with differences in colonic bacterial flora (high
clostridiae and low lactobacillus and methanogen species
populations) (fig 5) and their rates of metabolism of undigested
carbohydrate, as indicated by breath hydrogen or methane
excretion after feeding.'® While the diet was more similar
between AAs and CAs, with both groups consuming 2—4 times
more animal proteins and fats, large scale national surveys have
confirmed that the consumption of red meat and pork is higher
in AAs than in other US racial subgroups (fig 4).

Our investigations also revealed potentially important differ-
ences in colonic bacterial flora, with a greater predominance of
7o dehydroxylating clostridiae species and a higher hydrogen
generation from undigested carbohydrate. Clostridiae contain a
7o dehydroxylating enzyme, which enables the bacteria to
convert primary bile salts to secondary salts, which have been
shown to be carcinogenic in experimental models.** Excessive
hydrogen gas production is also toxic and may contribute to
chronic inflammation, which is likely to promote neoplastic
change after a lifetime of exposure.”’ In contrast, we were
unable to culture any lactobacillus organisms from AAs, which
are anti-inflammatory and thought to promote mucosal
health.”

Although environmental factors play the major role in
colorectal cancer risk, genetic susceptibility is clearly also
important.”” Molecular epidemiological studies have shown
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Figure 3 Comparison of dietary consumption patterns in black and white
South Africans.'” RDA, recommended dietary allowance.

that sporadic colorectal cancer only develops after an accumu-
lation of several genetic changes, some of which are influenced
by the diet. Genetic polymorphisms may interact with dietary
components to modify cancer risk. A good example is dietary
folic acid, which is essential for DNA synthesis and repair, and
dietary deficiency may expose the mismatch repair polymorph-
isms that are associated with certain inherited forms of colon
cancer, such as HNPCC.”* On the other hand, dietary factors
may play a secondary role in the familial cancers associated
with adenomatous polyposis, which result from germline
mutations of the adenomatous polyposis coli gene.”

The observation that sections of a given population consum-
ing a “westernised diet”” have considerably higher colon cancer
incidence rates than sections consuming a “‘traditional diet”
has supported the view that the operative environmental factor
is the diet. Given that both genetic and environmental factors
play a role in colorectal cancer risk, failure to take into account
both factors can lead to bias in the estimation of disease risk.

While the increased incidence of colon cancer in AAs is
undoubtedly partly due to dietary factors, the increased
mortality may also be attributed to disparities in access to
health care and socioeconomic status. In the rest of the review,
we will discuss these factors in more detail.

REASONS TO EXPLAIN RACIAL DIFFERENCES IN THE
MORBIDITY AND MORTALITY OF COLON CANCER
Cultural and socioeconomic

In 1973, Henschke ef al published a landmark paper document-
ing the increasing disparities in cancer mortality between black
and white Americans.*® The Civil Rights Movement and the
paper by Henschke et al created a public interest in minority
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health and especially in minority cancer health. Twenty years
after the publication of the paper by Henschke et al, an
appreciation that there were continuing and widening dispa-
rities among black and white Americans in a number of
diseases led to the enactment into law of the NIH (National
Institutes of Health) Revitalization Act of 1993. This legislation
required that all NIH-sponsored phase III clinical trials include
minorities and women in sufficient numbers such that a valid
subset analysis could be done to ascertain differences in a
treatment’s effect among women and minorities and their
subpopulations.”” The small number of black patients in the
SEER-Medicare database poses a limitation in proper inter-
pretation and examination of some of the potential regional
variations in black-white disparity in chemotherapy receipt and
overall colon cancer mortality. Screening behaviour has been
cited as one of the reasons of higher incidence and mortality
rate for blacks than for whites in the USA. These differences are
seen among rural blacks and whites as compared to their urban
counterparts regardless of stage of disease at diagnosis.*

An important factor in the increased morbidity in AAs with
colon cancer is racial disparities in health care. A discussion of
the myriad and complex causes and manifestations of racial
and ethnic inequalities in the USA is beyond the scope of this
review. The Institute of Medicine published an extensive report
on the topic of disparities in health care in the USA and found
that all racial and ethnic minorities receive a lower quality of
health care, regardless of socioeconomic status, insurance
coverage, age, or comorbid conditions. Some studies have
found that there are residual confounding effects induced by
comorbid conditions. For example, disparities in the rates of
cardiovascular and other diseases may explain why the overall
cancer survival remains disparate even when cancer specific
survival is equal.”” European studies have linked these
comorbid diseases to socioeconomic status and social depriva-
tion within race.”’ In the USA, race is a surrogate for
socioeconomic status.”” A study that was done to address the
socioeconomic gradients in cancer incidence among four
mutually exclusive US racial/ethnic groups—Asian and Pacific
Islander, black, Hispanic, and white—suggested that US cancer
data should be stratified by socioeconomic position, along with
race/ethnicity and gender, so as to improve cancer surveillance,
research, and control.”

Some studies have sought to determine if colorectal cancer
screening rates are different between blacks and whites (while
controlling for potential confounders) and found that race was
not significantly associated with current colorectal cancer
screening status after adjusting for age, having a regular
doctor, and participation in general medical exams. Race was
also not a significant determinant of screening behaviour, and
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Alfrican Americans and native Africans.'

therefore did not explain the racial disparity in incidence or
survival in these studies, while older age, having a regular
doctor and participating in general medical exams were
significant predictors of willingness to participate in colorectal
cancer screening.” Other studies have found that black patients
did not see medical oncologists at different rates than whites,
suggesting that physicians were referring black and white
patients to medical oncologists in a comparable manner and
that both black and white patients adhered to these recom-
mendations and/or considered chemotherapy. However, black
patients were less likely than white patients to initiate
chemotherapy after this consultation.**

There is also evidence that treatment patterns vary through-
out the USA and some studies have shown that there is
differential cancer treatment by race. Black patients are less
likely than white patients to receive screening tests, diagnostic
tests, and a variety of treatments.””” The disparities have been
demonstrated in the care of several cancer types. For example,
Schrag et al found that after adjusting for sociodemographic,
clinical, and environmental characteristics, black patients were
statistically significantly less likely than white patients to
receive recommended chemotherapy for stage III colon cancer.*®
Black patients with colon cancer were less likely than white
patients to undergo surgical resection (68% vs 78%), even after
controlling for age, comorbidity, location of tumour, and extent
of tumour.” Studies that have examined the degree to which
health systems factors explain black-white disparities in colon
cancer care (for example, lower rate of receiving chemotherapy
by black patients) have found varying results. Patient’s age has
been shown to be one of the factors associated with the black—
white disparity in chemotherapy use. The youngest black
Medicare beneficiaries experienced the greatest disparity in
chemotherapy receipt. Older black patients had more similar
care to older whites, in large part because of decreasing
chemotherapy receipt with increasing age between both groups.
Little disparity was explained by health systems; more was
explained by illness severity, social support and environment.*
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A study analysing the surgical resection of primary tumours in
patients who present with stage IV colorectal cancer (surveil-
lance, epidemiology, and end results data 1988-2000) found
that the proportion of patients undergoing resection depended
on the patient’s age and race and the anatomical location of the
primary tumour.*

The North Carolina Study Group examined the roles of
religious involvement and social support in the risk of colon
cancer, aetiology of colon cancer, and stage of disease at
diagnosis.*' It reported that infrequent attendance at religious
services (less than once per month) was associated with a
regional/advanced stage of colon cancer at diagnosis in whites
(odds ratio (OR) 1.67, 95% confidence interval (CI) 1.09 to 2.57;
p for trend = 0.02), but not in blacks (OR 1.21, 95% CI 0.66 to
2.21; p for trend = 0.80). Among blacks, minimal emotional
support was strongly associated with risk of colon cancer (OR
4.62, 95% CI 2.06 to 10.35; p for trend <0.001) and with both
local (OR 3.69, 95% CI 1.08 to 12.69; p for trend <0.001) and
advanced (OR 5.10, 95% CI 2.03 to 12.82; p for trend <0.01)
disease. No associations between emotional support and risk of
colon cancer or stage of disease were observed among whites.*!
These results suggest that certain characteristics of social ties
are associated with both risk of and prognostic indicators for
colon cancer. Studies have also pointed to severity of illness,
social support and environment as being more powerful factors
than treating physicians or hospitals in explaining the
disparities.

Surgical resection and length of stay in hospital also
accounted for a substantial proportion of the black-white
disparity. Black patients had longer lengths of stay than white
patients. Length of stay could indicate underlying health status
and/or the level of postoperative complication and thus provide
a functional measure of health status at the time chemotherapy
was being considered. Length of stay may also represent the
level of home care support, because individuals with less
support in their homes may require more care in the hospital
before discharge. Poorer health status and less home care
support could affect an oncologist’s likelihood of recommend-
ing chemotherapy or a patient’s perception of the ability to
tolerate chemotherapy, although neither of these factors
represents an absolute contraindication to receipt of che-
motherapy. Educational status in a patient’s residence
explained a substantial proportion of the black—white disparity
in chemotherapy use. A higher proportion of black patients
lived in census tracts with lower high school graduate rates;
these areas had lower chemotherapy rates.

Studies have also found an association between education
level and use of recommended medical care, such as cancer
screening and disease treatments.*** Lower educational attain-
ment is associated with lower income. For persons under age 65
years, lower income is associated with less insurance coverage,
which is highly correlated with receipt of less medical care,
including cancer screening and treatment. Black patients have
less supplemental coverage compared to whites that could
affect co-payment for outpatient chemotherapy, and this can
affect acceptance rates among blacks without supplemental
insurance.*” The literature suggests that black individuals are
more likely than white individuals to have a fatalistic attitude
toward medical illness; to experience stigma, fear, and denial
related to a cancer diagnosis; to have an aversion to health care
treatments such as surgery; to mistrust the health care system;
and to have misperceptions about cancer that interfere with
treatment.* * Black patients may place values on the projected
benefits of chemotherapy that differ from those of white
patients. It is also possible that black patients are more likely
than white patients to misperceive chemotherapy for stage III
colon cancer as palliative rather than adjunctive treatment.
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Oncologists may have difficulty communicating the benefits of
chemotherapy alongside its risks in the context of these beliefs,
perceptions, and experiences. Alternately, it is possible that
medical oncologists caring for black patients may provide a
lower quality of care than those caring for white patients.
Oncologists may also view their black patients as less
favourable chemotherapy candidates or may present che-
motherapy less enthusiastically to black patients than to white
patients.

Primary care physicians treating black patients have reported
greater difficulty obtaining access for their patients to high
quality subspecialists than physicians treating white patients.
Several studies have shown that physicians are less likely to
suggest or to provide recommended treatments to black
patients than to white patients.* Black patients perceive greater
levels of racism or unfair treatment because of race in the
health care system than white patients. They have also rated
their medical visits as less participatory than have white
patients. Colon cancer incidence also varies geographically
and is related to aggregate socioeconomic factors, including
physician density.”” Further studies with additional data are
needed to examine potential regional variation in black-white
disparity in chemotherapy receipt.

Tumour characteristics

For many years, health authorities have recognised the fact that
black Americans with cancer experience higher mortality
compared with white Americans at the same stage of disease.
A number of researchers have postulated that biologically more
aggressive tumours in blacks offer the most reasonable
explanation for this disparity. Some studies that have looked
at Kaplan—-Meier survival probabilities according to race and
tumour differentiation found no differences in the distribution
of pathologic tumour stage between racial groups after
stratifying by histologic tumour grade. They postulated that
the increased mortality among AAs may not be attributable to
an advanced pathologic stage of disease at diagnosis, but
instead may be due to aggressive biologic features like high
tumour grades.”” Among patients with high grade tumours,
54% of AAs and 21% of Caucasians died within the first year
after surgery (p = 0.007). AAs with high grade tumours were
three times (hazard ratio (HR) 3.05, 95% CI 1.32 to 7.05) more
likely to die of colon carcinoma within 5 years post-surgery,
compared with caucasians with high grade tumours. There
were no survival differences by race among patients with low-
grade tumours.”

However, data from other studies have shown that blacks
were less likely to have poorly differentiated (grade 3) tumours
and lymphoid reaction when compared with whites and that
the stage at diagnosis accounted for more than half of the
excess colon cancer mortality observed among blacks. Poverty
and other socioeconomic conditions, general health status,
tumour characteristics, and general patterns of treatment did
not further explain the remaining survival disadvantage among
blacks. These black/white differences remained statistically
significant after adjusting for age, sex, metropolitan area,
summary stage, socioeconomic status, body mass index, and
health care access and utilisation. In addition, blacks were less
likely to have high grade (grade 3) nuclear atypia, mitotic
activity, and tubule formation, although these odds ratios did
not reach a significance level of 0.05. Comparison by
anatomical subsite showed that blacks had statistically
significantly better differentiated tumours for cancers of the
proximal and transverse colon but not for the distal. No racial
differences were found for blood vessel and lymphatic invasion,
necrosis, fibrosis, and mucinous type of histology. After
adjusting for stage, more aggressive tumour characteristics do
not explain the adverse survival differential in blacks. These

587

variations in studies suggest that there may be racial
differences in environmental exposure, and that the intensity
and mode of delivery of carcinogen insult as well as host
susceptibility may be influences by race and anatomical subsite.

Diet

Studies have reported that increasing age and tobacco use were
linked independently to the presence of colonic aberrant crypt
foci in predominantly AA populations. Folate, alcohol, and
acetylsalicylic acid (aspirin) use did not influence the pre-
valence of these lesions in this population.” Total energy intake
is positively associated with colon cancer risk in both racial
groups and, although there are some differences by race, high
intakes of individual energy sources is also generally associated
with a two- to threefold increase in risk in models not
controlled for total energy. However, these associations largely
disappeared when total energy is taken into account.”® Alcohol
intake was not statistically significantly associated with colon
cancer in either racial group. The North Carolina Colon Cancer
Study that looked at the associations of micronutrients with
colon cancer risk in AAs and whites reported lower mean
micronutrient intakes in AAs, primarily due to larger contribu-
tions from dietary supplements in whites. In whites, high B-
carotene, vitamin C, and calcium intakes were associated with
40-60% reductions in colon cancer risk when contrasting
highest to lowest quartiles in both energy adjusted and non-
energy adjusted models, while in AAs, vitamins C and E were
strongly inversely associated with a reduced risk for colon
cancer. Folate and lutein were not statistically significantly
associated with colon cancer risk in either racial group.

These results suggested that at high intakes, micronutrients
commonly found in plant and other foods (in particular, B-
carotene, vitamin C, and calcium in whites and vitamins C and
E in AAs) exhibit independent associations consistent with 30—
70% reductions in colon cancer risk.** A positive association
across all levels of exposure between red meat intake and colon
cancer has been shown for 2-amino-3, 4, 8-trimethylimidazo [4,
5-f] quinoxaline (DiMelQx), consistent with the hypothesis
that heterocyclic amines (HCAs) may be among the actiologi-
cally relevant compounds in red meat that are associated with
colon cancer.” HCAs, which are potent carcinogens in experi-
mental animal models, are produced when red meat is burned
(as when barbequed) and the high haem content of meat may
also increase risk.>** In another study inverse associations
between regular non-steroidal anti-inflammatory drug
(NSAID) use and colon cancer were similar for AAs (OR 0.41,
95% CI 0.22 to 0.77) and whites (OR 0.48, 95% CI 0.28 to 0.83),
but stronger for women than men. Inverse associations were
slightly weaker for occasional versus regular NSAID use, but
they were similar for aspirin and non-aspirin NSAID use. These
results add new knowledge, suggesting that the protective
effect of NSAID use against colon cancer is similar among AAs
and whites.*®

CONCLUSIONS

The study of why AAs have higher incidence and mortality rates
from colon cancer than other Americans helps us understand
the complex interactions that exist between environmental
factors such as diet, lifestyle and living conditions, and genetic
susceptibility to cancer risk. Thus, given a relevant dietary
exposure, the level of susceptibility to diet-induced carcinogen-
esis may be the major determinant of variation in individual
risk. This explains why not everybody who consumes a diet rich
in experimentally proven carcinogens develops colon cancer, in
the same way that not every smoker develops lung cancer.
However, the association between the over-consumption of
specific dietary items and colon cancer within populations or
ethnic groups indicates that dietary modification is likely to
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reduce risk, and that efforts should be made to educate the
community to achieve this.

Despite the preoccupation with nutrition by the public and
media in the USA, trends in food consumption have not been
favourable, and the prevalence of obesity continues to rise. The
average US diet is still too high in calories and fat and too low
in fibre, cereals, fruits and vegetables. The fact that few short-
term dietary intervention studies have successfully decreased
cancer risk and polyp formation should not be used to disregard
the importance of a healthy diet and lifestyle, as cancer arises
from a lifetime exposure to environmental carcinogens and the
accumulation of a series of genetic aberrations. Rather,
intensive effort needs to be given to educate parents on how
best to feed their children.

With regard to the increased mortality from the disease, it is
clear that tumour virulence can be promoted by environmental
factors and ineffective or delayed treatment. State and
community health care providers should be galvanised in their
efforts to develop strategies aimed not only at prevention, but
also early detection and comprehensive management of this
acquired disease.
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