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Abstract

Kenya belongs to a high incidence region known as Africa’s esophageal cancer (EC) corridor. It
has one of the highest incidence rates of EC worldwide, but research on EC in Kenya has gone
highly unnoticed. EC in Kenya is unique in its high percentage of young cases (< 30 years of age).
In this review, we show the current status of EC in the country. We mainly focus on significant risk
factors such as alcohol drinking, genetic factors, malnutrition and hot food/drink. Future directions
in the study and prevention of EC in Kenya are also discussed.
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Introduction

Kenya has one of the highest incidence rates of esophageal cancer (EC) in the continent with
a rate of 17.6 per 100,000 [1, 2]. It is one of a few countries that lie on Africa’s EC corridor,
which is a region situated in the geographic area of the Eastern and Western rift-valley and is
reported to have the highest EC incidences in Africa [1]. Squamous cell carcinoma (SCC)
accounts for 90% of EC cases in Kenya [3-7]. Western and Central Kenya represent regions
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with the highest number of EC cases in Kenya (Figure 1) [3, 5-7]. As seen in Table 1,
weighted EC incidence in Kenya is much higher than that in other well-known high-
incidence countries, such as China, Iran, and South Africa. The ratio between men and
women in Kenya is ~1.5:1 as opposed to 3:1 in other high-incidence countries indicating that
men and women in Kenya may be exposed to the same risk factors. EC in Kenya was first
reported to make up 30% of all tumors in Western Kenya with higher incidence rates near
Lake Victoria [8]. Currently, EC is a major concern in Kenya as 11% of new cancer cases
are EC, which is the second most prevalent cancer in the country [2].

Unlike EC in Europe and Asia, 11% of EC in Western Kenya affects individuals below the
age of 30 [6, 7]. Tenwek and Eldoret (areas in Western Kenya) have a significantly high
number of patients below 40 years of age (Figure 2). The mean age of EC patients in Kenya
is approximately 50 years, as opposed to 65 years in Western countries and high-incidence
East Asian countries [2, 3].

Endoscopy and histopathology are the most common diagnostic tools for EC in Kenya [3, 9-
14]. Only a few hospitals in Kenya treat EC patients, some of which include Kenyatta
National Teaching and Referral Hospital, Moi Teaching Referral Hospital, Tenwek Mission
Hospital, Kijabe Mission Hospital, M.P. Shah Hospital/ Cancer Care Kenya (Figure 1B).
Esophagectomy remains the most commonly used procedure, despite the limitations of the
procedure [12, 15]. Self-expandable metallic stents applied under endoscopy are the most
frequently used form of palliation [13, 14, 16—20]. Chemoradiotherapy and endoscopic
intubation are offered for inoperable tumors. Patients who underwent DXT radiotherapy
alone had a maximum survival of 1 year. When used together with chemotherapy, there was
a median survival of 12-20 months with a maximum survival of 2 years. Endoscopic
intubation, on the other hand, has reported a median survival of 6 months [12]. Ultimately,
EC accounts for the highest rate of cancer death in Kenya [2].

In Kenya, 70-80% of cancer cases are diagnosed in late stages due to lack of awareness
amongst patients and healthcare workers, poor access to health facilities and insufficient
diagnostic facilities. The high use of stents in Western Kenya as a palliative treatment for EC
is largely due to diagnosis at very late stages where curative treatment is not possible. In
high-incidence areas of the country, most people have insufficient knowledge of risk factors
leading to EC [21]. In a study conducted to evaluate awareness of EC in Bomet district,
approximately 35% of participants thought EC was contagious or was virally transmitted.
Close to half of the participants believed that herbal therapy was the best treatment option
for EC, and none of the participants had any knowledge of cancer statistics in the country. In
essence, knowledge of cancer is limited to individuals or families affected by cancer within
the village or surrounding areas; this is disturbing as cancer is the third leading cause of
mortality in the country [21, 22]. Moreover, Kenya still lacks the necessary expertise to keep
up with the current medical needs of cancer cases which are about 40,000 new cases each
year in a population of approximately 48 million. Based on information published in 2014,
there are only 25 oncology specialists in the country: 14 physicians, 4 radiation oncologists,
6 medical oncologists, and 4 pediatric oncologists. In addition, there are very few thoracic
surgeons [21]. To tackle the current needs, the Kenyan government has developed strategic
plans to control cancer. Nevertheless, much still remains to be done in understanding

Am J Dig Dis (Madison). Author manuscript; available in PMC 2017 October 27.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Odera et al. Page 3

mechanisms involved in esophageal cancer development and devise strategies for prevention
and treatment [21].

Risk factors & mechanisms of action

Tobacco smoking

A positive relationship between tobacco smoking and development of EC in Kenya has been
shown to be statistically significant in one epidemiology study in which smokers had 2.51
odds of developing EC than non-smokers [23]. Other Kenyan studies did not show any
significance between tobacco smoking and EC [6, 24, 25]. Moreover, esophageal dysplasia
was also not associated with tobacco smoking in Kenya [25]. Passing of the Tobacco Control
Act to the law in 2007 has substantially reduced the number of smokers in Kenya from
10.9% in 2007 to 8.6% in 2012 [26]. The population of smokers has further decreased to
7.8% in 2014 [27].

Hot food or drink

Consumption of very hot tea and porridge is common in Kenya and has been suspected as a
risk factor for EC. A study conducted at the Moi Teaching Referral Hospital found a high
association between hot food/drink consumption and an increased risk of developing EC
(odds ratio, OR=12.3) [23]. Another study conducted in nearby Tanzania showed a strong
correlation between drinking of hot milky tea (= 70°C) and EC [28]. Similar results were
found in Northern Iran and Southern China, where individuals who drank tea at = 70°C had
8-fold increased risk of EC [29, 30]. Moreover, mouse studies have shown that thermal
injury to the esophagus due to hot food or drink may lead to the development of
hyperproliferative premalignant lesions in the esophagus [31].

Viral infection

Oncogenic human papillomavirus (HPV) infection is especially high among women in
Kenya, causing an annual mortality of 2,451 women from HPV-related cervical cancer [32].
The association between HPV and EC has shown mixed results, with some studies
supporting HPV as a risk factor for EC, while other data do not support this hypothesis [33-
39]. Patel et al at Moi Teaching Referral Hospital failed to detect 17 types of HPV in 28
samples of EC. None of the 27 known HPV types was detected in samples from the Tenwek
Mission Hospital [18, 40]. Although small sample sizes may be a major limitation in these
studies, similar results have been reported from other countries within Africa’s EC corridor
such as Malawi and Zambia [41, 42]. Next-generation sequencing of samples from Malawi
showed the absence of viral genome in the genome of EC patients again supporting the
opinion that HPV infection is not a major risk factor in Kenya [42].

Malnutrition and food preparation

Malnutrition is a major risk factor for EC in Kenya and other areas of the EC corridor.
Adoption of Western diets and food preparation contribute to malnutrition. Food preparation
on its own is a risk factor as certain methods may increase exposure to carcinogens such as
heterocyclic amines and polycyclic aromatic hydrocarbons. Nutritional deficiencies
associated with EC were zinc (Zn) and selenium (Se) intake [1]. The daily required intake of
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Zn is 11 mg for men and 8 mg for women. The average Zn intake in Eastern Africa is
estimated as 8.6 mg, thus the plausibility for Zn deficiency in Eastern Africa is quite high [1,
43]. Based on findings from Kenya, Uganda, and Malawi, Zn deficiency in children is a
ubiquitous challenge in rural settings within the EC corridor [44-47]. Zn deficiency is
known to promote EC progression through inflammation whereas replenishment of Zn
induces apoptosis in esophageal epithelial cells in rodents in vivo [48-50].

As an important micronutrient involved in anti-oxidative functions, Se is important for
glutathione peroxidase and thioredoxin reductase [51, 52]. Se compounds may also impact
cell cycle by inhibition of cyclin-dependent kinases involved in mid-to-late G1 phase.
Selenite rapidly blocks DNA synthesis and arrests cells in S phase. Some Se-based
compounds such as methaneselenol/methylselenol induce caspase-mediated apoptosis in p53
mutant cancer cells [52]. Recommended daily intake for Se is 50-70 ug, with a minimum of
40 pg and a maximum of 400 g daily for adults. Daily intake of 100-200 pg has shown
inhibition of genetic damage and cancer development in humans [53]. Individuals in the
African EC corridor take an average of 36.5 ug of Se, 1.5 to 2 times lower than the daily
intake in West and Central Africa, and much lower than the recommended daily intake [1].

Major reasons for deficiencies in nutrition may be related to types of foods taken, dietary
changes and food preparation [54]. High-incidence countries such as Kenya, Malawi, and
South Africa have a high maize diet lacking Zn and Se, as compared to brown sorghum
which is high in Zn and Se and a staple grain in West Africa-a low-incidence region [1, 4].
In Kenya, the change to a Westernized diet has led to monotonous food types, a lack of food
variety, and low nutritional quality of food [54]. In Western Kenya, replacement of
traditional cereals and vegetables such as brown sorghum, Achak Achak (Laurnea cornuta),
Akeyo (Cleome gynandra) and Osuga (Solanum spp.) by foreign cereals and vegetables such
as maize, cabbage and kales has led to a decrease in Zn and Se intake [54, 55]. Maize
currently makes up 50% of energy intake within Africa’s EC corridor [1, 55]. Boiling of
bitter tasting Achak Achak and Akeyo to improve taste leads to a decrease in Se and Zn [54,
55]. Moreover, traditional modes of food preparation such as soaking, fermentation, and
drying are looked down upon and are seen as primitive, yet they preserve vitamin and
micronutrients in foods [54, 56].

The increase of legumes in the Kenyan diet has led to increased phytate intake in food,
which inhibits micronutrient uptake [1, 54]. Maize and rice are rich sources of phytates
within the EC corridor [57]. Traditional methods of food preparation such as fermentation
and malting of cereals reduce phytate content unlike Western food processing methods that
do not reduce the amount of phytates in foods [54, 56].

Certain cooking fuels such as charcoal contain polycyclic aromatic hydrocarbons [58].
Charcoal use in food preparation, a prime fuel source in Kenya, Malawi and Zambia
especially in rural areas and poor urban families, is highly correlated with EC development
in those countries [23, 41, 59]. Grilling or roasting of red meat leads to the formation of
mutagenic heterocyclic amines, especially when red meat is well done. These mutagens have
previously been associated with an increased risk of EC in studies conducted in Sweden,
USA, and Uruguay [60]. Well-done Nyama Choma (roasted meat) is fairly popular
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throughout Kenya and has been suspected to be a risk factor for EC in Western Kenya,
although it has not been well studied [23].

Alcohol and acetaldehyde

McGlashan et al first suspected alcoholic spirits as a risk factor for EC in East and Central
Africa [61, 62]. A review on EC in Africa pointed out a definite correlation between maize
alcohol and high EC incidence [4]. In Western Kenya, alcohol drinkers had a 45% higher
risk of developing EC than non-drinkers [23]. Additionally, there is a 13% higher prevalence
of esophageal dysplasia among alcohol drinkers compared to non-drinkers in an older
patient population (> 50 years) [25].

Studies have shown that the risk of EC from alcohol consumption depends on the average
daily intake and not the duration of the habit, thus binge drinking increases EC risk [63]. In
an Australian study, it was shown that intake of alcohol containing a mass volume of = 170
g/ wk of ethanol showed a significantly higher risk of developing EC. The risk increased 4
fold for individuals who drank > 420 g/wk [64]. A case-control study on the risk of
developing EC conducted by Morita et al showed higher OR for heavy drinkers (OR=10)
compared to tobacco smokers (OR=5.8) [65]. They further showed that heavy drinking led
to an increased number of cancer lesions [65]. Likewise, individuals who consume = 50 or
more grams of alcohol per day or roughly = 3.5 drinks per day, have at least a two to three
times greater risk of developing head and neck cancers than nondrinkers [66]. Moreover,
among EC patients, non-drinkers have been shown to have significantly greater survival than
alcohol drinkers [67].

Binge drinking is common in Western Kenya. In a study conducted by Lo et al, 60.3% of
participants (3,019/5,010) were more likely to be drunk half the time they drank alcohol
[68]. Of these 3,019 individuals, 66.9% of them were drunk for more than 18 days in a
month [68]. Chang’aa, a distilled grain-based alcoholic drink usually of a concentration =
50% ethanol, is the most commonly consumed drink in rural Western Kenya [69]. Daily
intake of ethanol in the form of Chang’aa may be as high as 106.5 g [70]. This dose is highly
correlated with EC as reported by Morita et al [65].

Four main chemicals have been suspected to be involved in alcohol drinking-related EC in
Kenya, namely, ethanol, acetaldehyde, nitrosamines, and aflatoxin. Ethanol may contribute
to carcinogenesis of squamous epithelial cells primarily via its metabolism to acetaldehyde
[71]. Inside the squamous epithelial cells, ethanol metabolism causes oxidative damage to
DNA, proteins, and lipids due to the production of reactive oxygen species, and affects fatty
acid metabolism. Ethanol and intracellular acetaldehyde stimulate cell proliferation,
inflammation, and angiogenesis, and suppress squamous cell differentiation, therefore
promoting EC development [71, 72]. Acetaldehyde production increases with increased
alcohol intake, and high concentrations of acetaldehyde can react with DNA bases to form
ethylidene adducts. These adducts interfere with DNA repair mechanism, leading to errors in
replication and/or mutations in oncogenes and tumor suppressor genes, ultimately leading to
cancer [73, 74]. The current theory may explain how ethanol contributes to gene mutations
as shown in a Chinese population where mutation analysis showed unique clustering for
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drinking EC patients. Drinkers had a much higher frequency of G—T transversions than
non-drinkers [75].

In addition to intracellular acetaldehyde, acetaldehyde from extracellular sources is also
carcinogenic and may contribute to EC development. The esophageal epithelium is exposed
to acetaldehyde from extracellular sources when ethanol is broken down by oral microflora,
or when acetaldehyde is contained in foods or drink. Acetaldehyde may perturb the lipid
bilayer of the cell membrane, affects the functions of intrinsic membrane proteins, such as
SHH, WNT, TLR4, and NOTCH pathways and thus activates or inhibits downstream
signaling [72]. In Kenya, fermented milk known as mursik has been shown to be a rich
source of acetaldehyde. Out of 8 mursik samples that were tested, 7 starter cultures produced
mutagenic levels of acetaldehyde (> 100 uM), and 4 starter cultures produced more than
1,000 uM of acetaldehyde [76].

Nitrosamine was suspected to be a major carcinogen in alcoholic beverages in Kenya,
contributing to EC development [62]. However, further testing did not find a significant
amount of nitrosamines in grain-based alcohol from Kenya and Zambia [77].

Aflatoxins in grain-based alcoholic drinks such as Busaa (a cereal based alcoholic beverage)
may also be a risk factor. Aflatoxins were first suspected to be a risk factor for EC in Kenya
in 1972 [78]. A study conducted in Bomet county, Western Kenya, showed that 57 out of 61
samples of Busaa had a mean of 5.2 pg of aflatoxin [79]. The same region suffered from a
crisis of aflatoxicosis in 2004, resulting in several cases of liver cancer [80].

Apart from the four chemicals shown to be risk factors for EC development, alcoholic drink
is often adulterated with other chemicals that are or may be carcinogenic such as methanol
and formaldehyde in Chang’aa. Many times the adulterant is not known to the public.
Effects of these in the development of EC have not been explored [81, 82].

Genetics factors

In a case series of young EC (< 30 yrs of age) at the Tenwek Mission Hospital, Western
Kenya, it was found that 45 out of 60 patients had a family history of cancer and 21 out of
60 had a family history of EC. Additionally, 25 patients had a first-degree relative suffering
from cancer, and 16 patients had multiple relatives suffering from cancer. Moreover, five
patients had multiple cases of EC in their families. Most of these patients came from the
nearby Kipsigis community, and therefore share a conserved gene pool. EC cases as young
as 12 years and their family history suggest possible heritable germline mutations in EC
[24]. Similar to this study in Kenya, a case-control study conducted in China also
demonstrated family history as a risk factor of EC. In this Chinese cohort, 34.7% of EC
cases had first-degree relatives with the disease compared to 21.9% of controls. Individuals
with both parents affected by EC were 8 times more likely to develop EC compared to those
whose parents were not affected. A positive family history of any cancer was found to be
associated with an excess risk of EC [83]. Strong contribution of familial factors in EC
development suggests genetic factors associated with genome maintenance as seen in
genetic disorders, such as Fanconi Anemia (FA) and Howel-Evans syndrome/tylosis with
esophageal cancer (TOC), which may contribute to EC [84].
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FA is a recessively inherited disease characterized by congenital abnormalities, bone marrow
failure, and development of certain cancers such as EC. In a study measuring cancer
incidence in FA patients, it was found that EC has the second highest observed-to-expected
ratio among solid tumors [85]. This ratio for EC was even higher in a German FA cohort
[86]. FA patients have a 700-1,000 fold increased the likeliness of developing EC and head
and neck SCC [84]. It is now known that chromosomal changes in FA SCC are similar to
those in sporadic SCC; the same genes appear to be targeted in both forms. In fact, FA SCC
and sporadic SCC have the same pattern of allelic loss [87].

As an autosomal dominant trait with complete penetrance, TOC is characterized by
yellowish thickened plaque in soles of feet and palms of hands or weight-bearing areas of
the body. In a study conducted in Liverpool, UK, 21 out of 89 TOC patients from two related
families consisting of 345 individuals died from EC [88]. TOC results from mutations in
RHBDF2 which impacts N-terminal loop domain of iRHOM proteins, iRHOM1 and
iRHOM2. The iRHOM proteins have been shown to affect ADAM17 maturation, which
would then impact EGF signaling. It has been proposed that the dysregulated production of
EGF may lead to uncontrolled growth of squamous epithelial cells [89].

Studies have shown that cell cycle genes are frequently mutated in EC. Of these genes, only
P53 has been studied in Kenyan EC patients. In most high-incidence EC regions, P53 is
mutated in ~90% of EC patients. However, in Kenya, P53 was only mutated in 40% EC
according to a study conducted at the Moi Teaching Referral Hospital [40]. The difference
may account for a unique etiology, however, a larger cohort would be required to validate
such a finding. Liu et al have recently sequenced EC tissue samples from the Kamuzu
Central Hospital, Malawi, which is on the African EC corridor. Whole exome sequencing
suggested an unidentified etiology when compared to Chinese EC. The unidentified
signature was characterized by C—A trans-versions as well as C—T transitions [42]. Other
than such differences, frequently mutated genes in Malawi samples were similar to those
identified in Chinese and Japanese populations, P53, NOTCH1, CDKN2A, PIK3CA,
NFE2L2 [42, 75, 90].

Conclusions

Alcohol drinking, genetic factors, dietary change/food preparation, and consumption of hot
food or drink are the main risk factors for EC in Kenya. There is a need to investigate the
causal relationship between these four major risk factors and the development of EC in
Kenya. The effect of alcohol drinking on the development of EC in Kenyans warrants
experimental studies on the possible molecular mechanisms. Many genetic studies on EC
conducted in Iran and China have focused on the effect of gene polymorphisms associated
with ethanol metabolism, cell cycle, or DNA repair. Genotyping requires a large patient
population. Unfortunately, Kenya currently does not have strong cancer reporting abilities,
and thus current work should be focused on understanding major genetic changes leading to
EC development in order to identify the genetic etiology of EC in Kenya [21]. Kenya
currently has the highest reported percentage of young patients (< 30 years of age) globally,
and thus it is important to establish the reasons underlying so many young cases [24]. In this
review, we suggest the possibility of heritable diseases as a predisposing condition.
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Likewise, the impact of dietary change, malnutrition and the use of “modern” food
preparation methods requires further inquiry. Furthermore, there is a need to develop studies
that investigate the relationship between hot food or drink and EC in a Kenyan cohort.

Several steps may be taken to prevent EC in Kenya including reducing alcohol intake, eating
traditional foods high in micronutrients and vitamins, low-temperature cooking of red meat,
consuming food and drinks at lower temperatures, use of traditional food preparation
methods, as well as screening in high-incidence areas or in predisposed individuals.
Clinically, it is urgent to train more medical specialists who can diagnose and treat EC.
Community health educators in high-incidence regions should disseminate knowledge of EC
within their communities, leading to greater awareness of the disease. Furthermore, there is a
need for a population-based national cancer registry in order to attain a more accurate rate of
EC in the country. To improve the current knowledge of cancer incidence and prevalence,
the Kenyan government has recently announced an allocation of KSh 17 million (~
$170,000) towards the development of four more cancer registries in Kisumu, Mombasa,
Nakuru and Nyeri (Elizabeth Merab: “Government allocates Sh17m for national cancer
registry launch”, Daily Nation Kenya 2016 http://www.nation.co.ke/news/Government-
national-cancerregistry-launch/1056-3072334-qcvrme/index. html). Even so, there is still a
great need for funding cancer research in Kenya.

Acknowledgments

The authors are supported by NIH/NCI U54 CA156735 and NIH/NIAAA U54 AA019765.

Abbreviations

EC esophageal cancer

HPV human papillomavirus

OR odds ratio

Zn zinc

SCC squamous cell carcinoma
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FA Fanconi anemia
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Figure 1.
Geographic maps showing regions of interest. A: Africa’s EC corridor; B: Map of Kenya

highlighting high-incidence regions and hospitals that treat EC. Maps outlines were adapted
from: https://clipartfest.com/categories/view/
f2a48eh6e7df5allel327a2914da4055293c6687/outline-of-africa-map-clipart-without-
background.html and http://www.enchantedlearning.com/africa/kenya/outlinemap/.
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Figure 2.
Percentage of EC cases at each age interval in three regions of Kenya compared to Western

countries (yellow for Nairobi, pink for Tenwek, purple for Eldoret, black for the UK, and
blue for the United States) [3, 6, 7]. UK data are adapted from http://
www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-cancer-type/
oesophageal-cancer/incidence#ref-1.
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Comparison of age-standardized rates and prevalence based on GLOBOCAN data [2]

Table 1

Page 16

Men Women
Country Incidence Incidence Mortality Mortality 5-yr Incidence Incidence Mortality Mortality 5-yr
ASR (W) (%) ASR (W) (%) prevalence ASR (W) (%) ASR (W) (%) prevalence

(%) (%)
Kenya 20.5 10.7 19.4 12.6 5.7 15.1 6.6 14.1 9.5 2.9
South Africa 13.9 6.1 13.0 9.0 3.2 6.9 4.0 6.3 6.0 1.6
Iran 9.0 6.5 8.8 8.3 3.2 8.0 6.1 7.4 9.7 25
China 18.6 8.8 16.2 9.8 6.5 6.7 5.1 5.8 7.4 24
France 55 1.7 5.2 3.3 0.8 17 0.4 1.0 13 0.2
UK 10.0 3.6 8.7 6.3 14 35 1.7 29 34 0.6
USA 6.1 1.6 5.1 3.9 0.7 11 0.7 1.0 11 0.3

ASR (W) is the weighted age standard incidence rate or mortality rate for EC in each country, i.e., the number of new cases per 100,000 people.
Incidence is a percentage of the number of new EC cases divided by the total number of new cancer cases. Mortality is the percentage of the

number of deaths from EC compared to the total number of cancer deaths. The 5-yr prevalence is a percentage of the number of survivors of EC
divided by the total number of cancer survivors within a 5-year period.
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