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Cancer is a major public health problem globally, and gastrointestinal 
cancers are common.[1] Furthermore, cancer mortality is relatively 
high in black people owing to factors such as population-specific 
high incidences of cancer, late stage at diagnosis and poor survival 
profiles. [2] There is evidence of disparity in terms of age, sex and 
race in the survival profile of gastrointestinal cancer cases from nine 
population-based cancer registries in the Surveillance, Epidemiology, 
and End Results programme of the National Cancer Institute.[1] 
In this study it was found, for example, that Caucasians with anal 
and small-intestinal cancer had better survival rates than African 
Americans.[1] Cordice and Johnson[3] demonstrated that African 
Americans had relatively more proximal colonic tumours than the 
general population.[3] Although some progress has been made in 
reducing cancer deaths in African American populations, their 5-year 
relative survival is lower than that of Caucasians for many cancers at 
every stage of diagnosis.[4]

It is hypothesised that primitive ocean dwellers underwent homeo
static evolution into terrestrial creatures, carrying with them interstitial 
fluid resembling the salt solution of the very seas from which they 
came.[5] However, in physicochemical terms, terrestrial environments 
are far more variable than the aquatic environment. Terrestrial 
animals have established a complex biochemical dependence on 
their external surroundings.[6] In essence, the health of terrestrial 
animals in a habitat, including humans, is directly influenced by 
the environment. There is ample evidence that environmental 

factors play a central role in the development of cancer in migrant 
populations, and that their cancer risk in their native homeland 
and that in the countries to which they have emigrated can differ. [7] 
Although there is a dearth of research-based data for meaningful 
evaluation of regional gastrointestinal cancer disparities in Africa, the 
GLOBOCAN database provides the most comprehensive information 
for international comparison of cancer incidence, mortality and 
prevalence.[8] Further research is needed to establish evidence-based 
regional disparities in cancer in Africa. For example, Atoba et al.[9] 
found an overall poor prognosis in a cohort of 695 patients with 
gastroenterological malignancies in tropical Africa.[9]

The large muscular tube that goes from the mouth to the anus, 
including the oesophagus, stomach and intestines, and is involved in 
the digestion of food and elimination of waste products, is known as 
the orodigestive tract (ODT) or alimentary canal. The embryological 
primordium for the ODT is the primitive gut tube, which is believed 
to arise from the definitive endoderm during the late gastrula 
stage. [10] Most of its lining is variably covered with epithelial cells that 
are sometimes functionally modified.[11] Dietary carcinogens gain 
access to the ODT via the mouth,[12] which in humans serves as one 
of the gateways for sampling the external environment.

It is possible that latitude may affect the development of cancer, 
since latitudinal variation correlates with changes in solar exposure 
and geography. A latitudinal relationship has been found between the 
typical diet in the Mediterranean region (high olive oil consumption) 
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and a low risk of development of myocardial 
infarction.[13] Effects of geographical latitude 
have also been reported for schizophrenia, 
neural tube defects, and prostate, breast and 
other cancers.[14-18] This effect of latitude on 
various disease incidences has been found to 
increase with increasing distance from the 
Equator in both the Northern and Southern 
hemispheres.[13]

Variations in temperature from the 
Equator to the poles would, by extension, 
determine the soil content/texture and 
atmospheric content of the environment. 
Differences in food and other environmental 
carcinogen exposure along the north-to-
south geographical gradient in Africa may 
contribute to a greater or lesser extent to ODT 
cancer development. It has been reported 
that genetic or hereditary predisposition only 
plays a minor role in cancer development,[19] 
while environmental exposure plays a more 
pivotal role.[19] An important point is that 
the risk of developing cancer is highly 
associated with the environment into which 
an individual migrates, rather than their 
country of origin. [7,19] Epigenetic and genetic 
factors have been shown to influence the risk 
of development of ODT cancers, and these 
emerging molecular findings are poised to 
serve as a basis for targeted ODT cancer 
therapies.

Molecular embryology of the gut tube 
development has shown a spatially regulated 
regionalisation of homeobox-containing 
transcription factors. For instance, Hoxa3 
and Hoxb4 were found to be specifically 
expressed in the foregut, while Hoxc5 and 
Hoxa13 were found to be more expressed 
in the midgut and hindgut, respectively. [20] 
Sonic hedgehog (SHH) has been found 
expressed throughout the gut tube, with the 
exception of pancreatic tissue.[21] Further, the 
molecular pathways controlling the anterior-
posterior, dorsal-ventral, left-right and radial 
gut axis have become a hot topic in ODT 
development.[22] Such regional variation in 
molecular signature can serve as a basis 
for diagnostic and therapeutic approaches. 
The development and homeostasis of 
the ODT has been shown to depend on 
hormonal mechanisms,[23] genetic mutations 
in neural crest cell migration,[24] alcohol 
consumption,[25] chronic inflammation,[26] 
mucosa-associated microbiota,[27] stem 
cell niches,[28] gut epithelial barriers[29] and 
intestinal permeability.[30] Changes in the 
degree of keratinisation or the keratinisation 
status of ODT epithelial tissue due to 
chemical irritants and chronic trauma are 
widely reported.[11,31,32] Dysregulation of 
keratin genes in dysplastic oral epithelial 
cells and cancer has also been described.[33]

Type of diet, oral hygiene status and envi
ronmental factors have been suggested 
as possible factors implicated in the 
development of several histological variants 
of ODT cancers.[34] Potentially malignant 
inflammatory bowel diseases have been 
suspected to be caused by particulate 
matters ingested from the environment. [35] 
Helicobacter pylori and Escherichia coli have 
been implicated in the pathogenesis of 
gastric and colon cancer, respectively. [36,37] 
The gut microbiota is now emerging as 
a key determinant of health status,[38] 
which is sometimes largely determined 
by pathogens ingested (with food) from 
the environment. Consumption of home-
brewed African beer (uMqombhothi) made 
from fermenting (often fungus-infected) 
maize or sorghum in various parts of South 
Africa (SA) has been implicated in the 
high incidence of oesophageal cancer in 
these regions.[39,40] It has been suggested 
that the change from sorghum to maize 
as a dietary staple was responsible for the 
spike in oesophageal cancer among blacks 
in SA.[41] Clearly, carcinogenesis in the gut 
is affected by dietary, infection exposure 
and environmental differences that would 
be expected in different latitudes in Africa. 
In this preliminary study, we examined the 
potential variations in ODT cancer based on 
geographical latitude on the continent.

Methods
Country selection
Countries were specifically selected from the 
longest block in the mid-portion of the map 
of Africa (Fig. 1). These regions correspond 
to African countries between longitude 
20⁰ and 30⁰ east. Thirteen countries with 
good alignment with these co-ordinates 
were considered. From north to south, the 
selected countries were Libya, Egypt, Chad, 
Sudan, Central African Republic, South 
Sudan, Rwanda, Democratic Republic of the 
Congo (DRC), Angola, Zambia, Zimbabwe, 
Botswana and SA. All 13 selected countries 
fall between latitude 35⁰ north and 35⁰ 
south. Countries that do not fall in good 
alignment with these co-ordinates were 
excluded. These 13 countries were used to 
analyse variations in gastrointestinal cancer 
at different latitudes in Africa.

GLOBOCAN database information
We reviewed secondary data archived by 
the World Health Organization and the 
International Agency for Research on 
Cancer in GLOBOCAN 2012 global cancer 
statistics.[42] The GLOBOCAN database 
provides updates on major cancer types, 
incidences, prevalences and mortality rates 
for 184 nations of the world. The estimates are 
presented for men, women and both sexes. 
There is a continual effort to improve the 

Fig. 1. Geographical region sampled. As shown, countries between longitude 20⁰ and 30⁰ east were sampled 
(red broken vertical lines) from about 35⁰ north to 35⁰ south (adapted from www.mapsofworld.com).
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quality of data and coverage, although figures 
may not remain the same over a prolonged 
period, resulting in differences in data every 
time the database is updated. Potential 
methodological differences between updates 
mean that the database may therefore not 
be ideal for making statistical inferences 
over a period of time. Data are derived 
from national and regional sources using 
percentage coverage, rates and frequencies. 
The mode of estimation is country-specific, 
and the quality of data depends on the 
quality of information available locally; 
estimates are made where local sources are 
inadequate. Country-specific summaries 
of burden of disease of any major type 
of cancer can be accessed using the ‘fact 
sheet’ option. Typically, this option generates 
basic statistical summaries on the eight most 
common cancers as well as regional and 
country-specific data. In addition, simple 
online analysis can be performed to generate 
additional visualisation such as maps and 
bar graphs using the ‘online analysis’ option.

Cancer selection criteria
All ODT cancers documented in the 
GLOBOCAN 2012 data repository, inclu
ding cancers of main and accessory digestive 
organs, were studied. Seven of the included 
regions were selected, viz. lip and oral 
cavity (LOC), oesophagus, stomach, liver, 
gallbladder, pancreas and colorectum. 
Malignancies involving the pharyngeal 
regions were not included, because only 
the oropharynx is directly involved with the 

digestive tract anatomically. Oropharyngeal 
lesions were not described separately in the 
GLOBOCAN databases. Other pharyngeal 
regions including the nasopharynx and 
laryngopharynx would be more appropriately 
discussed under respiratory cancers.

Comparative analysis
Data on age-standardised rates (ASRs) for 
incidence, mortality and prevalence were 
collected for the 13 countries selected. 
Histograms for ASRs for incidence, mortality 
and prevalence were plotted and compared 
for males and females in the selected 
countries, and north-to-south trends in ASR 
variations were visualised.

Results and discussion
Analyses of the GLOBOCAN data for the 
selected geographical regions showed that 
the incidence, prevalence and mortality rates 
of LOC cancer in men were lower in the 
northern countries and towards the southern 
countries, with high peaks in the central 
African countries (Fig. 2, A). The incidence 
and prevalence trends of LOC cancers were 
highest among men in Botswana and SA, 
although the peaks for mortality in these 
countries were lower, probably reflecting 
quality of healthcare services. The incidence 
trend of LOC cancers from north to south 
for females appears generally heterogeneous 
and flat. This trend was similar for LOC 
cancer prevalence in females, with a dip 
in the Republic of Congo. Mortality rates 
were found to be lower in the northern and 

southern countries, with higher peaks in 
central African countries.

For both sexes the ASR for oesophageal 
cancer incidence, prevalence and mortality 
showed an increasing trend from north to 
south (Fig. 2, B). However, age-standardised 
incidence, prevalence and mortality were 
higher for men than for women in the 
selected countries. ASRs in Sudan, Rwanda 
and South Sudan were found to have spikes 
along the trend line, particularly for males. 
The common habit of placing a paste of 
tobacco snuff known as toombak mixed 
with slaked lime and water in the vestibules 
of the mouth and beneath the tongue and 
leaving it there for many hours every day 
has been identified as a risk factor for 
the high incidence of upper aerodigestive 
tract cancers in Sudan. [43,44] A geographical 
survey of sugar-based alcoholic spirits 
brewed in Central Africa (kachasu) revealed 
contamination with zinc and carcinogenic 
nitrosamines, leading to a high incidence of 
oesophageal cancer in parts of this region.[45]

Similarly, a trend for ASRs for gastric 
cancers to increase from north to south was 
noted. This was more defined in males than 
in females (Fig. 2, C). Spikes in ASR trends 
were found in Egypt and Libya as well as in 
the centrally located South Sudan, Rwanda 
and DRC. A dip in all ASR trends for gastric 
cancers was observed in Botswana for both 
sexes. In an epidemiological study of the 
geographical distribution of H. pylori in a 
cohort of Middle Eastern countries, Egypt 
and Libya were found have a high prevalence 
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Fig. 2. Bar graphs showing the age-standardised incidence, mortality and prevalence for cancers of the LOC (A), oesophagus (B), stomach (C) and colorectum 
(D). The graph for LOC cancers shows that the prevalence and mortality in men were lower in the northern and southern countries, with high peaks in the 
central African countries. For oesophageal cancer, there was an increasing trend for both sexes from north to south, with a spike for men in Sudan, Rwanda, 
and South Sudan. For stomach cancer there was an increasing trend from north to south, with spikes observed in Egypt and Libya, as well as the centrally 
located South Sudan, Rwanda and DRC; there was also a dip in the trend in Botswana for both sexes. For colorectal cancer, incidence, prevalence and 
mortality rates were heterogeneous for males and females, and high figures were found in Libya, Egypt, Zimbabwe and SA. (LOC = lip and oral cavity; CAR = 
Central African Republic: DRC = Democratic Republic of the Congo; SA = South Africa.)
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of H. pylori, although gastric cancer rates were found to be lower 
in Egypt than in Iran.[46] In a review by Asombang and Kelly,[47] a 
GLOBOCAN-based low incidence in Botswana (0.3/100 000) was 
used to demonstrate the wide variation in gastric cancer rates in 
Africa.

The ASRs for colorectal cancer incidence, prevalence and 
mortality for the selected countries were heterogeneous for both 
males and females. However, high figures were observed in Libya 
and Egypt, and moving southwards in Zimbabwe and SA (Fig. 2, 
D). Egypt has been reported to have a high incidence of early-onset 
colorectal cancer, possibly owing to dietary patters in the lower age 
groups,[48] while Libya has been reported to have the highest rate of 
colorectal cancer in northern Africa.[49] Demographics may play a 
role in the high incidence of colorectal cancer in Zimbabwe and SA, 
as these two southern African countries have a sizeable Caucasian 
population.

All ASR trends for liver cancer were also heterogeneous for males 
and females, with rates in Egypt, Rwanda and DRC notably high. 
Incidence and mortality trends were generally higher in males than 
in females (Fig. 3, A). Egypt has one of the highest incidences of 
hepatitis C virus in the world, accounting for the high incidence of 
primary liver cancer.[50-52] Consumption of grains contaminated with 
aflatoxin B1 and chronic alcohol consumption are other known risk 
factors for primary liver disease.[52] Liver cancer rates were reported 
to be high in Rwanda and DRC, possibly owing to chronic hepatitis 
B and C infection.[53]

No clear-cut ASR trends were found for gallbladder cancer, but it 
does seem to affect more females than males in the selected countries 
(Fig. 3, B). All ASRs for gallbladder cancer were high in Egypt and 
Libya, particularly for females, and spikes were found in Sudan, 
South Sudan, Zambia, Zimbabwe and SA. The high prevalence of 
gallbladder cancer in Egypt and Libya may be shadowing the liver 
cancer trends, since the gallbladder is an accessory organ of the 
hepatobiliary system.

Pancreatic cancer demonstrated a flat trend both for males and 
females in the selected countries from north to south (Fig. 3, C). 
High ASRs for incidence, prevalence and mortality were reported 
for Egypt, Libya and SA in both sexes, and for Zimbabwe in females. 
Primary malignant lesions affecting the pancreas, another organ that 
is part of the hepatobiliary tract, seem to be concentrated in urban 
settings along the north-south trajectory.

Conclusions
This is a preliminary study demonstrating that diseases indeed 
vary according to latitude, particularly in Africa, where there 
is wide geographical, economic, genetic and political variation 
between countries. A major shortcoming of this study is that 
estimates were used for countries without cancer registry data, 
which may skew inferences. The trends observed may reflect 
availability of national cancer registries and not necessarily high 
burdens. However, the trends warrant further investigation, as 
they could potentially guide the distribution of cancer spending 
across Africa.
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