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Abstract

BACKGROUND

Esophageal cancer (EC) is associated with a poor prognosis, particularly so in
Africa where an alarmingly high mortality to incidence ratio prevails for this
disease.

AIM
To provide further understanding of EC in the context of the unique cultural and
genetic diversity, and socio-economic challenges faced on the African continent.
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METHODS

We performed a systematic review of studies from Africa to obtain data on
epidemiology, risk factors, management and outcomes of EC. A non-systematic
review was used to obtain incidence data from the International Agency for
Research on Cancer, and the Cancer in Sub-Saharan reports. We searched
EMBASE, PubMed, Web of Science, and Cochrane Central from inception to
March 2019 and reviewed the list of articles retrieved. Random effects meta-
analyses were used to assess heterogeneity between studies and to obtain odds
ratio (OR) of the associations between EC and risk factors; and incidence rate
ratios for EC between sexes with their respective 95% confidence intervals (CI).

RESULTS

The incidence of EC is higher in males than females, except in North Africa where
it is similar for both sexes. The highest age-standardized rate is from Malawi (30.3
and 19.4 cases/year/100000 population for males and females, respectively)
followed by Kenya (28.7 cases/year/100000 population for both sexes). The
incidence of EC rises sharply after the age of 40 years and reaches a peak at 75
years old. Meta-analysis shows a strong association with tobacco (OR 3.15,
95%ClI: 2.83-3.50). There was significant heterogeneity between studies on alcohol
consumption (OR 2.28, 95%Cl: 1.94-2.65) and on low socioeconomic status (OR
139, 95%Cl: 1.25-1.54) as risk factors, but these could also contribute to increasing
the incidence of EC. The best treatment outcomes were with esophagectomy with
survival rates of 76.6% at 3 years, and chemo-radiotherapy with an overall
combined survival time of 267.50 d.

CONCLUSION

Africa has high incidence and mortality rates of EC, with preventable and non-
modifiable risk factors. Men in this setting are at increased risk due to their
higher prevalence of tobacco and alcohol consumption. Management requires a
multidisciplinary approach, and survival is significantly improved in the setting
of esophagectomy and chemoradiation therapy.

Key words: Esophageal cancer in Africa; Esophageal squamous cell carcinoma; Cancer in
Africa; Systematic review

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Esophageal cancer is an important cause of cancer related deaths world-wide,
but particularly in Africa where mortality rates due to this condition have been found to
be higher. We systematically reviewed the literature on esophageal cancer in Africa and
present our findings on the incidence, risk factors, management strategies, resultant
outcomes and overall survival.

Citation: Asombang AW, Chishinga N, Nkhoma A, Chipaila J, Nsokolo B, Manda-Mapalo M,
Montiero JFG, Banda L, Dua KS. Systematic review and meta-analysis of esophageal cancer
in Africa: Epidemiology, risk factors, management and outcomes. World J Gastroenterol
2019; 25(31): 4512-4533

URL: https://www.wjgnet.com/1007-9327/full/v25/i31/4512.htm

DOI: https://dx.doi.org/10.3748/wjg.v25.i31.4512

INTRODUCTION

Esophageal cancer (EC) is the sixth most common cause of mortality among all
cancers worldwide, and the seventh most common cancer worldwide, with an
estimated 572034 new cases (3.2% of all cancers) and 508585 cancer deaths (5.3% of all
cancer deaths) in 2018, The high mortality to incidence ratio of 88.9% (=
508585/572034) worldwide shows that EC has a poor prognosis. Of these 572034 new
cases worldwide, about 28494 (5.0%) occurred in African countries. The mortality to
incidence ratio is even higher in Africa at 97.2% (= 27703/28494). Clinically, patients
can be asymptomatic, however as the disease progresses, patients present with
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dysphagia which may be associated with weight loss. Histologically, EC can be
squamous cell carcinoma (ESCC) or adenocarcinoma (EAC). Both types are common
in males more than females!'l. Squamous cell carcinomas are more commonly
encountered in individuals from low-resource regions, whereas adenocarcinomas
tend to arise in high-resource populations. Globally, squamous cell carcinoma is more
common. In Africa, squamous cell carcinoma is predominant, while adenocarcinoma
is more common in the United States!.

Risk factors for developing ESCC include tobacco consumption (smoking)t-}, heavy
alcohol consumption!®’], drinking hot teal®”], consuming red meat!""}, poor oral
health!'!], low intake of fresh fruit and vegetables!'*"’], and low socioeconomic
statusl®"). Esophageal mucosa dysplasia from acid reflux and Barrett’s esophagus is a
risk factor for developing EACI'. Management of EC includes surgery, radiation,
chemotherapy and laser therapy. Various systematic reviews of studies on EC in
Africa have been conducted!'>'?! and there are significant new data to update these
reviews. The aim of this article is to systematically review published studies of EC in
Africa. The specific objectives of the review are to: (1) Estimate the incidence and
geographic variation of EC in Africa; (2) Determine the risk factors associated with EC
in this region; (3) Describe the management and outcomes of EC in Africa; and (4)
Assess the quality of research papers included in the quantitative analyses of this
review.

MATERIALS AND METHODS

Systematic review and non-systematic review methods were used. The systematic
review was used to obtain data on epidemiology, risk factors, management and
outcomes of EC, while the non-systematic review was used to obtain incidence data.

Incidence rates of esophageal cancer in Africa

Age standardized incidence data for EC in Africa were obtained from the current
International Agency for Research on Cancer (IARC) report!"”), and from the Cancer in
Sub-Saharan Africa report!'”l. The Cancer in Sub-Saharan Africa report collates
population-based cancer incidence data from 25 cancer registries in 20 sub-Saharan
African countries that are part of the African Cancer Registry Network. The IARC
report includes countries in North Africa. The target group for both reports is to use
registries that report the incidence of cancers in the general population in contrast to
other types of registries, such as those based on patients who are treated at specific
hospitals or who belong to a specific insurance plan. The reports use ICD-10 codes to
show the age-standardised incidence per 100000 population stratified by sex and type
of cancer for each country. We extracted data from code C.15 where EC is reported.

Systematic review

Search strategy: Research studies were eligible if they were published in English and
conducted on humans and in Africa. We searched EMBASE, PubMed, Web of Science,
and Cochrane Central from inception to March 2019 for primary publications. The
following search terms were used in the four databases: (Esophageal can* OR
oesophageal can* OR esophageal tumor OR oesophageal tumor OR esophagus can*
OR oesophagus can*) AND (epidemiology OR incidence OR prevalence OR risk
factor* OR treatment OR management OR outcome*) AND (Africa OR East* Africa
OR West Africa OR Southern Africa OR North* Africa OR Algeria* OR Angola* OR
Benin OR Botswana OR “Burkina Faso” OR Burundi OR Cameroon* OR "Cabo Verde"
OR “Cape Verde” OR “Central African Republic” OR Chad OR Comoros OR Congo
OR “Cote d'Ivoire” OR Djibouti OR Egypt* OR “Democratic Republic of Congo” OR
“Equatorial Guinea” OR Eritrea* OR “Eswatini” OR Swaziland OR Ethiopia* OR
Gabon* OR Gambia* OR Ghana* OR Guinea OR “Guinea Bissau” OR Kenya* OR
Lesotho OR Liberia* OR Libya* OR Madagascar OR Malawi* OR Mali OR Mauritania*
OR Mauritius OR Morocc* OR Mozambique OR Namibia* OR Niger OR Nigeria* OR
Rwanda* OR “Sao Tome and Principe” OR Senegal* OR Seychelle* OR “Sierra Leone”
OR Somali* OR “South African” OR “South Africa” OR “South African” OR Sudan*
OR “North Sudan” OR “South Sudan” OR Tanzania* OR Togo* OR Tunisia* OR
Uganda* OR Zambia* OR Zimbabwe®).

Study selection: Epidemiological studies that provided a quantitative measure of
disease occurrence (prevalence, incidence) or mortality (survival, mortality rate), and
studies that had a quantitative association between risk factors (explanatory variables)
and EC were eligible. In vitro studies were excluded because they do not provide an
estimate of disease occurrence. Titles and abstracts of all articles identified were
screened independently by several authors (AA, NC, AN, JC, BN, MM). Full texts of
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the remaining articles were reviewed by the authors, and consensus reached on
potential eligibility.

Data extraction: We used a data extraction form to collect the following information
from each eligible article identified from the database search: (1) First author and year
of publication; (2) Year the study was conducted; (3) Country; (4) Study population;
(5) Sample size; (6) Incidence or prevalence of EC; (7) Study design; (8) Factors
associated with EC; (9) Management of EC; (10) Outcomes; and (11) Measure of
association if available.

Quality assessment: A modified quality assessment of the final papers included in
this systematic review was adapted from the quality assessment tool for systematic
reviews of observational studies (QATSO)!". Items included in QATSO tool are: (1)
External validity (representativeness of sampling procedures used in each study); (2)
Response rate, which we modified to include three categories (> 80%, 60%-80%, < 60%
or not reported); (3) Validity of measurement methods; (4) Bias in the measurement of
the outcomes; and (5) Control for important confounders. The final score is the mean
across the items. Studies achieving a final score of 60% or above in at least 4 of these
items were considered adequate in this review!"l.

Statistical analysis

We considered the following outcomes from the incidence data in the non-systematic
review: (1) Age-standardized incidence rate (= cases/year/100000 population); and
(2) Mortality-incidence ratio for countries with available information. For studies
included in the systematic review, the following were the outcomes: (1) Prevalence of
EC (= cases/study sample size) for studies on epidemiology; (2) Odds ratio (OR) of
developing EC for studies on risk factors associated with EC; and (3) Median survival
in days after management of EC for studies on management and outcomes of EC.

We analyzed the incidence data from the non-systematic review and the findings
from the systematic review separately. Given the low incidence of EC, we used the
rare disease assumption to assume that the OR approaches relative risk or risk ratio
(RR) in studies that presented their measures of effects as RRs. For results with
available or calculable ORs or incidence rate ratio estimates (IRRs), we conducted a
meta-analysis from a fixed effects model. The ORs or IRRs and their 95% confidence
intervals (CIs) were graphically represented on Forest plots. We assessed the
heterogeneity between studies using the I* statistic, which estimates the extent
(percentage) the ORs or IRRs vary between studies™. Meta-analyses were conducted
using the Stata version 14.2 (Stata Corporation, College Station, TX, United States).

RESULTS

Incidence rates of esophageal cancer and geographical variations
Age-standardized incidence rates of EC in Africa are generally higher in men than in
women (Table 1). An analysis of the subgroups (regions) suggests that the incidence
of EC is similar in males and females in Northern Africa, but higher in men in
Western, Middle and Eastern, and Southern Africa. For Northern and Western
African urban populations, there was no or little evidence of heterogeneity in the IRRs
for males versus females (I* statistics 0.0% and 54.2%, respectively). Therefore, males
in Western African countries were 65% more likely to develop EC than females.
However, there was significant heterogeneity based on I* statistics in the Middle and
Eastern African, and in Southern African urban populations, and therefore, we do not
report the pooled IRRs for these regions (Figure 1). The incidence of EC is not constant
across age groups. It is rare in persons under 15 years of age. After age 40, the
incidence of EC rises sharply, reaching a peak among persons aged 75 years and
above (Figure 2).

The age-standardized incidence rates of EC for males and females for the calendar
years 1993 through 2013 show a variation in the trends for new EC cases (Figure 3). In
Northern African populations (Algeria, Egypt, and Libya), the incidence rates of EC
have been low in both males and females. In Malawi, the percentage decrease was
greater for males (10.8%) than for females (8.7%) over the 2003-2007 to 2009-2013
period, while in South Africa over this same period, the percentage decrease was
greater for females (72.7%) than for males (67.5%). In Uganda, the increase in
incidence rates in males was continuous and progressive from the 1993-1997 to the
2003-2007 period. For females, however, there was a decrease between 1998 and 2002,
then a slight increase between 2003 and 2007. In Zimbabwe, there was a decrease in
incidence rates between 1998 and 2002 for males, then an increase between 2003 and
2007, followed by a substantial percentage decrease in incidence rates (86.4%) in the
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Table 1 Age-standardized incidence rates of esophageal cancer (ICD-0-3 C.15) in selected

African countries! !

Age-standardized incidence rate
(casesl/year/100000 pop)

Country (period covered) Males Females
Algeria, Setif (2008-2011) 0.6 0.7
Algeria, Batna (2008-2012) 0.5 0.5
Benin, Cotonou (2013-2015) 6.9 3.6
Botswana (2005-2008) 114 3.9
Congo, Brazzaville (2009-2013) 0.5 0.1
Cote d’Ivoire, Abidjan (2012-2013) 0.2 0.3
Ethiopia, Addis Ababa (2012-2013) 22 3.8
The Gambia (2007-2011) 1.0 0.5
Guinea, Conakry (2001-2010) 0.8 0.1
Kenya, Eldoret (2008-2011) 28.7 17.1
Kenya, Nairobi (2007-2011) 141 14.0
Malawi, Blantyre (2009-2010) 30.3 19.4
Mali, Bamako (2010-2014) 2.6 2.7
Mauritius (2010-2012) 3.2 1.0
Mozambique, Beira (2009-2013) 55 3.3
Niger, Niamey (2006-2009) 1.2 0.2
Nigeria, Abuja (2013) 0.7 0.0
Nigeria, Calabar (2009-2013) 0.0 0.0
Nigeria, Ibadan (2006-2009) 1.0 0.4
Namibia (2009) 24 0.1
Seychelles (2009-2012) 7.5 1.9
South Africa, Eastern Cape (2008-2012) 23.8 14.6
South Africa: National Cancer Registry of South Africa (2007) 6.2 3.1
Uganda, Kampala (2008-2012) 229 12.1
Zimbabwe, Bulawayo: Black population (2011-2013) 238 10.3
Zimbabwe, Harare: Black population (2010-2012) 16.4 13.1

2009-2013 period from the 2003-2007 period. For females, however, there was a
decrease in incidence rates between 1998 and 2002, followed by a generally increase
thereafter.

In addition to variation by gender and age, the incidence of EC also varies by
geographic location (Figure 4). The highest incidence rate between 2009 and 2013 was
30.3 cases/year/100000 among males and 19.4 cases/year/100000 among females in
Malawi, followed by 28.7 cases/year/100000 for males and 28.7 cases/year/100000
for females in Kenya, Eldoret in this same period**!. The mortality to incidence ratio
of EC is high in African countries. Kenya exhibits the highest mortality rate for both
men and women, while Malawi has the highest incidence rate for both men and
women (Figure 5).

Systematic review

Results of search strategy: We identified 2822 published study citations from four
databases, of which 869 were duplicates. There were 1953 titles that were therefore
screened for initial eligibility, of which 146 were excluded (51 were not in English, and
95 were not human studies). We conducted further screening for studies reporting on
epidemiology or risk factors or management and outcomes of EC and identified 1807
studies for full article review. Of these 1807 studies, 201 were not conducted in Africa,
196 were review articles, we could not access 153 full articles, and 1138 were not
relevant. We thus identified 119 eligible for inclusion in the review (Figure 6).

Description of studies: Of the 119 eligible studies, 48 reported on the epidemiology,
36 studies on risk factors and 34 studies on management and outcomes of EC. All
studies were conducted in both males and females, except for studies on
epidemiology by Harington ef al*”! and Robertson et al*! that involved males only

Baishidenge WG | https://www.wjgnet.com 4516 August 21,2019 | Volume25 | Issue3l |



Asombang AW et al. Esophageal cancer in Africa

Region IRR (95%CT) % Weight
Northern Africa :
Algeria, Setif (2008-2011) —0-—{— 0.86 (0.29, 2.55) 0.46
Algeria, Batna (2008-2012) p—— 1.00 (0.29, 3.45) 0.36
Subtotal heterogeneity test (I-squared = 0.0%, P = 0.855) <> 0.92 (0.40, 2.08) 0.82

1

1
Western Africa !
Benin, Cotonou (2013-2015) -5 1.92(1.28,2.87) 3.40
Cote d“Ivoire, Abidjan (2012-2013) : 0.67 (0.11, 3.99) 0.17
Guinea, Conakry (2001-2010) T *> > 8.00 (1.00, 63.96) 0.13
Mali, Bamako (2010-2014) —e— 0.96 (0.56, 1.65) 1.91
Niger, Niamey (2006-2009) T * 6.00 (1.34, 26.81) 0.25
Nigeria, Ibadan (2006-2009) T 2.50 (0.78, 7.97) 0.41
Subtotal heterogeneity test (I-squared = 54.2%, P = 0.053) .0 1.65(1.23, 2.23) ¢.27

1
Middle and Eastern Africa .
Congo, Brazzaville (2009-2013) T * 5.00 (0.58, 42.80) 0.12
Ethiopia, Addis Ababa (2012-2013) —— 0.58 (0.34, 0.98) 2,01
Kenya, Eldoret (2008-2011) 1.68 (1.39,2.03) 15.42
Kenya, Nairobi (2007-2011) 1.01 (0.80, 1.27) 10.11
Uganda, Kampala (2008-2012) 1.89 (1.52, 2.36) 11.40
Subtotal heterogeneity test (I-squared = 86.8%, 2 = 0.000) 1.45(1.28,1.63) 39.06
Southern Africa
Malawi, Blantyre (2009-2010) 1.56 (1.30, 1.87) 17.03
Mozambique, Beira (2009-2013) 1.67 (1.08, 2.57) 2.97
South Africa, Eastern Cape (2008-2012) 1.63 (1.33,2.00) 13.03
Zimbabwe, Bulawayo: Black (2011-2013) 2.31(1.83,2.91) 10.35
Zimbabwe, Harare: Black (2010-2012) 1.25(1.00, 1.58) 10.48
Subtotal heterogeneity test (I-squared = 71.5%, P = 0.007) 1.64 (1.48, 1.81) 53.85
Overall heterogeneity test (I-squared = 71.4%, P = 0.000) 100.00

1 1

0.1

—-

10

Figure 1 Forest plot displaying the inverse-variance weighted fixed-effect meta-analysis of the age-standardized incidence rate ratio for oesophageal
cancer in males vs females by region in 18 urban populations in Africa, 2009-2013. IRR: Incidence rate ratio; Cl: Confidence interval.

(Table 2).

Of the 48 studies on epidemiology of EC, 13 (27.1%) were conducted in South
Africal”, 8 (16.7%) in Kenyal’*l, 4 (8.3%) in Uganda!*~*"l, 3 each in Zimbabwe
(6.3%)"**"1, Malawi (6.3%)P'], Sudan (6.3%)""*! and Nigeria (6.3%)""~", 2 each in
Tanzania (4.2%)11 and Zambia (4.2%)!**"), 1 each in Egypt (2.1%)!", Mozambique
(2.1%)"), Senegal (2.1%)"*"! and Botswana (2.1%)""), and 3 (6.3%) studies were multi-
Country[ZZ,(m\',b‘)].

Of the 37 studies on risk factors for EC, 18 (48.6%) were conducted in South
Africal”%, 5 (13.5%) in Kenyal'"*¥-’ 3 (8.1%) in Ugandal*>*"l, 2 each in Ghana
(5.4%)"°1, Zambia (5.4%)1*? and Zimbabwe (5.4%)"*, and 1 each in Malawi (2.7%)",
Ethiopia (2.7%)!"”, Tanzania (2.7%)!), Egypt (2.7%)" and Nigeria (2.7%)"".,

Of the 34 studies on management and outcomes of EC, 18 (52.9%) were conducted
in South Africa®'', 7 (20.6%) were conducted in Egypt!'"'?!l, and 3 in Kenya
(8.8%)*1241 | 2 in Sudan (5.9%)!'*'*], 1 each in Ethiopia (2.9%)!"*", Malawi (2.9%)!'*"
and Nigeria (2.9%)"*), and 1 (2.9%) multi-country™ (Table 2).

Prevalence of esophageal cancer from epidemiology studies

All 48 studies on the epidemiology of EC involved hospital-based patients (unlike the
non-systematic review methods results above that report on population-based
incidence data). Most of these studies were conducted in South Africa with most
studies concentrated in cities or provinces (Table 2). The earliest studies on EC were
conducted in Botswana between 1963 and 1968!°! and in South Africa between 1963
and 1964F‘. Over time there has been significant geographic variations in the
prevalence of EC within and between countries. In Uganda, 7.5% of gastroscopy
patients seen between 2009 and 2011 had EC.. In Zimbabwe, 6% of all cancers seen
between 1991 and 2010 had EC*l. In South Africa, 17% of all tumors seen in 1998 were
ECPI. In Zambia, 2.3% of total number of endoscopy patients seen between 1999 and
2005 had EC.. In Kenya, 19% total neoplasms seen between 1989 and 1998 were
ECr,

Risk factors
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Figure 2 Age-specific incidence rates for esophageal cancer among males and females in Africa, 2009-
201319,

There were 12 studies included in the quantitative analysis that assessed the
association between risk factors and EC. A qualitative assessment of these 12 studies
achieved a final score of 91.7% and thus had adequate quality (Table 3). Some studies
assessed more than one risk factor and thus there was an overlap in the number of
studies. Of these 12 studies, 11 case control studies assessed tobacco consumption as a
risk factor for EC, 6 case control studies assessed alcohol consumption as a risk factor,
and 3 case control studies that assessed socio-economic status as a risk factor for EC
(Figure 7).

Tobacco: Tobacco smoking and chewing have been found to be major risk factors for
ESCC across many African countries, with OR of approximately 2.5-11.24; 95%CI:
1.36-92.4, P = 0.0001 to 0.040>5,

Several case control studies also found a high relative risk of developing ESCC in
smokers of approximately 1.29 to 5.727#%: Among cases of ESCC, higher
proportions (74% to 82.2%) of smokers have also been found among ESCC cases in
cross sectional studies across Africal®’l. In a Zimbabwean study, Parkin et al found that
male smokers had a relatively higher risk of developing ESCC compared to female
smokers OR 2.7, 95%CI: 1.8-4.2 vs OR 1.3, 95%ClI: 0.8-2.1".. In a similar study in
Zimbabwe, tobacco smoking in males was significantly associated with risk of EC
with RR rising to 5.7 among smokers of 15 or more g/day; this effect was independent
of alcohol drinking™l. Among women who had ever smoked tobacco the RR was 4.0
compared to those who had never smoked. However, another study in South Africa
found a relatively higher risk of developing ESCC in black African female who
smoked cigarettes, OR 1.3, 95%ClI: 0.8-2.1""l. As elsewhere in the world, the prevalence
of tobacco consumption is higher in males than females in Africa. In a study among
159 hospital patients with ESCC in South Africa by Loots et al”], men were found
more likely to use tobacco than females (OR 7.8, P < 0.001).

Alcoholic beverages: Alcohol consumption was found to be significantly associated
with EC, OR 2.64, 95%CI: 1.55-4.52F°l. Segal et al®! found a high relative risk of
developing EC in different groups of men and women who drunk large amounts of
traditional beer. In men the relative risk was 1.25-3.9; 95%CI: 1.1-6.9, P = 0.0001, while
in females it was 1.72-25.70, 95%CI: 1.2-238.4, P = 0.0043. The risk was even higher in
the groups of men who drunk large amounts of commercial spirits, OR 1.93-7.20,
95%CI: 1.2-33.2. EC was also found to be associated with alcohol consumption in
another case control study in South Africa in both males and females who had taken
alcohol before (men: OR 3.48; 95%CI: 2.00-6.09, females: OR 2.23; 95%CI: 1.60-3.11)!1.
They went further to categorise the participants into groups with varying numbers of
days they drunk maize beer per week and also by the amount they drunk per week.
Those who drunk for 5-7 d a week had the highest odds of developing oesophageal as
did the ones who drunk higher quantities of the beer; (males: OR 4.68, 95%CI: 2.32-
9.44; females: OR 2.65, 95%CI: 1.49-4.71) and (males: OR 4.26, 95%CI: 2.39-7.62;
females: OR 5.05, 95%CI: 3.26-7.82) respectively. The same was done for sorghum
beer, commercial spirits, home-made spirits and wine. The results for all the types of
alcohol were similar in both sexes except for home-made spirits which had a relatively
higher OR in females of 15; 95%CI: 3.31-71.18. There is increased exposure to alcohol
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Figure 3 Age-standardized incidence trends for esophageal cancer by calendar year and gender in Africa, 1993-2013!"",

in a male in Africa like in other parts of the world. In a study conducted among
hospital patients with EC in South Africa, Loots et al®! found that men were more
likely to consume alcohol than females, OR 7.7, P < 0.001. In a study done in Nigeria,
the ASR attributable to alcohol in males was 0.3/100000 while in females it was
0.1/100000"". The risk of oesophageal in black South African males and females who
consumed alcohol was similar, OR 1.8, 95%CI: 1.2-2.8 and OR 1.7, 95%CI: 1.0-2.9
respectively”l. No association was found between alcohol consumption and
oesophageal cancer in a study done in Transkei region of South Africa”.

Diet: Solanum nigrum vegetable consumption had a relative risk of developing
oesophageal cancer of 3.62, 95%CI: 0.92-4.66!"".. The same study found no association
of various other types of food with oesophageal cancer. There was an association
between purchased maize meal and EC in Zulu men of South Africa, with a relative
risk of 5.71"”l, In a study done in Eastern Cape Province of South Africa, Sewram et al"!
found associations between different types of diet and EC. Individually, maize or
sorghum consumption versus never or rare consumption were not associated with EC
(P> 0.1). Males and females consuming green leafy vegetables 5-7 day/week had 38%
(P =0.04) and 50% (P = 0.007) reduced odds of developing EC, respectively, compared
with consumption <1 d/wk. A similar reduction in odds was observed with fruit
consumption. Principal component factor analysis revealed 3 distinct dietary patterns.
In females, high vs low consumption of Pattern 1 (sorghum, green leafy vegetables,
green legumes, fruits, meat) was inversely associated with EC development (OR =
0.54, 95%ClI: 0.34-0.89), whereas for Pattern 2 (maize, wild greens-imifino, dry beans)
the odds were elevated (OR = 1.67, 95%CI: 1.04-2.67). Compared with low adherence,
high adherence to Pattern 3 (wheat-based products) reduced the odds by 35% for both
sexes!'l,

Social economic status: Not having a monthly salary was associated with EC in men;
the relative risk of developing EC was high in those that had no monthly salary
compared to those that received a high salary (RR 5.7, 95%CI: 2.2-14.5). The relative
risk of developing EC was still significantly high in those that had no monthly income
compared to those that received a low salary (RR 1.23, 95%CI: 1.1-1.4), P = 0.0003. A
similar association was observed in females who had no monthly income compared to
those who received a high monthly income (RR 74.4, 95%CI: 2.7-83.3); also compared
to those that received a low monthly income (RR 1.72, 95%CI: 1.2-2.4), P = 0.00431*"],
Low occupational status (OR 1.5, 95%ClI: 1.0-2.1) and working as a miner (OR 2.5,
95%CI: 1.5-4.2) were associated with increased risks of EC compared to men of
medium or high occupational status™!. Poor housing was found to be an independent
predictor of EC in a study done in Kenya, (OR 2.0, 95%ClI: 1.1-3.5)I""l. No association
was found between socio-economic status and EC in a study done in Transkei region
of South Africal™..

Infections: HIV infection on its own conferred increased risk of developing ESCC (OR
2.3,95%CI: 1.0-5.1, P = 0.03). The OR was stronger when only people under 60 years
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Figure 4 Age-standardized incidence rates for males and females by country in Africa, 2009-2013(,

were included (OR 4.3, 95%CI: 1.5-13.2, P = 0.003)?l. An association between
Helicobactor pylori and EC was found in South-Western Uganda, OR 7.2, 95%CI: 1.68-
31.04, P = 0.003""l. However, in another study, Helicobactor Pylori prevalence was

found to be similar between cases of oesophageal cancer and general population
(51 %)L,

Micronutrients: Within a high EC rate area occupant of households with previously
recorded EC cases had significantly lower levels of Selenium (Se, P < 0.0025), but not
of other mineral elements, than subjects from households without known cases of
ECl¥. Mean Se levels of subjects with premalignant or malignant esophageal
cytological changes were significantly lower than those of subjects without such
lesions, P < 0.0025. An inverse relationship was found between Se status and the
degree of cytologic abnormality. These findings suggest that Se deficiency may play a
role in the development of EC™. In a cross-sectional study in Western Kenya, Pritchet
et al™! found a high serum Se associated with prevalence of esophageal squamous
dysplasia. (Q4 vs Q1: OR 3.03, 95%CI: 1.05-8.74), after adjusting for potential
confounders (Q4 vs Q1: OR: 3.87, 95%CI: 1.06-14.19).

A direct comparison between subjects with carcinoma of the oesophagus and the
1976 group showed that the geometric mean hepatic iron concentrations in the
carcinoma patients were significantly higher in the 40-49, 50-59 and over-60 age
groups!”l. While geometric mean hepatic iron concentrations in the various age
groups were also higher than those obtained in the 1959/1960 study, the differences
only reached statistical significance in subjects over the age of 60 years. These results
suggest that the excessive consumption of home-brewed alcoholic drinks
contaminated with iron may be directly or indirectly associated with the development
of carcinoma of the oesophagus in urban black adults™l.

Genetic factors: Females were twice more likely to report a family history of cancer, P
= 0.017, OR 2.6l Genome wide association studies have shown an association of
genetic regions and EC in an African population when compared to a non-African
population with increase EC incidence. However, these variations are noted within
the same African population and require further analysis!”!. In a retrospective analysis
of patients with esophageal biopsies, Simpong et al”!! evaluated HER-2 protein
expression in tissue. Of 91 esophageal biopsies, they found 8 cases (8.79%) of
esophageal adenocarcinoma, of which 3 (37%) had HER-2 overexpression. The
implications of this are developing targeted treatment protocols”). Mutation in ras
gene is thought to promote carcinogenesist®’l. Victor et al*! evaluated 27 EC samples
from a high incidence are in South Africa, and found no evidence of ras mutation,
however the authours conclude that point mutation may not be directly involved but
possibly involvement of ras via other mechanisms.

Another studied gene is the MSH3, involved with DNA mismatch repair. A
mutation in MSH3 has been shown to promote carcinogenesis of the colon. When
investigating the methylation status of MSH3 gene in tumors and matching adjacent
normal-looking tissues from EC patients in a high-risk South African population in
order to further elucidate possible role of MSH3 in esophageal tumorigenesis, overall,
promoter methylation was detected in 91.9% of tumors, which was significantly

Baishidengs WJG | https://www.wjgnet.com 4520 August 21,2019 | Volume25 | Issue3l |



Benin
Botswana
Burundi
Cabo Verde
Comoros
Djibouti
Eritrea
Ethiopia
Kenya
Lesotho
Madagascar
Malawi
Mozambique
Tanzania
South Africa

25

18.3

20

Asombang AW et al. Esophageal cancer in Africa

m Mortality per 100000 Incidence per 100000

5.4 [ 1 5.8
6.9 e 6.9
10.1 [ 10.2
10.5 e 10.4
7.7 e 7.9
3.7 = 3.7
3.9 [ 3.9
3.1 [ 3.0

e 18.4
7.7 - 179

6.8 6.8
8.8 [ 18.9
7.5 —— X}
15 10 5 0 5 10 15 20

Figure 5 Estimated age-standardized mortality and incidence rates for both males and females from selected African countries, 2018. Data Source:
International Agency for Research on Cancer!*!l,
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higher compared to 76.0% in adjacent normal-looking esophageal tissues (P =
0.008)[*’1. When samples were grouped according to different demographics
(including age, gender and ethnicity) and smoking status of patients, methylation
frequencies were found to be significantly higher in tumor tissues of Black subjects (P
= 0.024), patients of 55-65 years of age (P = 0.032), males (P = 0.037) and tobacco
smokers (P = 0.015). Furthermore, methylation of the MSH3 promoter was
significantly more frequent in tumor samples from smokers compared to tumor
samples from non-smokers (OR = 31.9, P = 0.031)"*..

The mismatch repair system (MMR) is involved repairing errors that occur in DNA
replication. Some of the proteins in the MMR system include MSH3, PMS1 and
MLH3. A mutation in these can result in carcinogenesis. Vogelsang et al'*’, assessed
the cumulative effects of polymorphisms in the DNA mismatch repair genes and
tobacco smoking in EC risk in a South African population**l. In a mixed ancestry
group, they found the MSH3 rs26279 G/G vs A/ A or A/G genotype was positively
associated with cancer (OR = 2.71, 95%CI: 1.34-5.50). Similar associations were
observed for PMS1 rs5742938 (GG vs AA or AG: OR = 1.73, 95%CI: 1.07-2.79) and
MLH3 rs28756991 (AA or GA vs GG: OR = 2.07; 95%CI: 1.04-4.12)"*"l. In Black
individuals, however, no association between MMR polymorphisms and cancer risk
was observed in individual single nucleotide polymorphisms analysis)*l. In a similar
study of South Africans with Black ancestry (368 cases and 583 controls) and mixed
ancestry (197 cases and 420 controls), Wang et al'®! sought to investigate the
associations of 3 individual microRNA single nucleotide polymorphisms with the risk
of developing esophageal SCC. In Blacks, rs6505162 A>C was associated with ESCC
under dominant, additive and recessive models with ORs 1.353, 1.404, and 2.858,
respectively!®l. This locus showed very strong interactions with smoke inhalation
from burning wood or charcoal used for heating and cooking in very poorly
ventilated areas The AArs213210-CTrs7372209 genotype had a protective effect on
OSCC risk (in the Black, OR = 0.229, P = 0.012; and the Mixed Ancestry groups, OR =
0.230, P = 0.00014). In a Kenyan study, first degree family history of ESCC was
found to be an independent predictor of ESCC, (OR 3.5, 95%CI: 1.3-9.5)""L.. In another
study in Egypt, family history of EC was found to be a risk for EC, (OR 6.21, 95%CI:
3.12-11.81).

Qat chewing: In a study done in Ethiopia, qat use was more frequent in EC cases
(36%) than in controls (26%). A 2-fold elevation in EC risk was observed in ever qat
chewers compared with never users in unadjusted conditional logistic regression (OR
= 212, 95%CI = 0.94-4.74), an association that disappeared after adjusting for
differences in tobacco use, consumption of alcohol and green vegetables, education
level, and religion (OR = 0.95, 95%CI: 0.22-4.22)"2l. Among never tobacco users,
however, a non-significant increase in EC risk was suggested in ever qat users also
after adjustment!"?.

Age and gender: With a median age of 60 years for cases vs 45 years for controls, an
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association with oesophageal cancer was observed in the older age with an OR of 1.63,
95%CI: 1.34-1.98, P < 0.001, while male gender also showed an association, OR 2.17,
95%ClI: 1.07-4.41, P = 0.032F1. Males and the elderly were found to be more susceptible
to EC than females and younger ones respectively in a study done in Egypt (OR 3.12,
95%ClI: 2.41-4.29) and (OR 1.32, 95%CI: 1.21-1.4) respectively™.

Ethnicity and residence: Kalenjin ethnicity was found to be associated with EC in
western Kenya, OR 5.7, 95%CI: 2.1-15.1]. Long-term residence in the Transkei region
of South Africa was found to be associated with EC in females, OR 14.7, 95%ClI: 4.7-
46.001,

Urine isoprostane: High level of Urine isoprostane was found to be associated with
ESCC in Zambia, OR = 2.35, 95%CI: 1.19-4.65, P = 0.014".

Non-acid gastro-oesophageal reflux: Non-acid gastro-oesophageal reflux was
associated with development of ESCC, OR 8.8, 95%ClI: 3.2-24.5, P < 0.0001""l. Alcohol
and smoking had no effect on these results.

Caustic ingestion: Caustic ingestion was found to be an independent predictor of EC
in a study done in Kenya (OR 11.3,95%CI: 3.0-42.5)[""\.

Tooth loss, cooking, hot beverage consumption, dental fluorosis and using mursik:
Tooth loss, cooking, hot beverage consumption and using mursik were found to be
associated with EC in the Rift Valley of Kenya, OR 5.28, 95%CI: 2.98-9.41; OR 2.32,
95%CI: 1.41-3.84; OR 12.78, 95%CI: 6.98-23.6; and OR 3.72, 95%CI: 1.96-7.14
respectively™l. Menya et all"'! conducted a case control study in Kenya evaluating the
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Table 2 Summary of studies from systematic review

SA Ken Uga Zim Mal Sud Nig Tan Zam Egy Moz Sen Bot Gha Eth Multi

Studies on epidemiology (n = 48)

Total number of studies per country 13 8 4 3 3 3 3 2 2 1 1 1 1 - - 1
Number of studies in cities/ provinces 8 B 3 3 3 3 3 2 2 1 1 1 1 1
Studies on risk factors (n = 37)

Total number of studies per country 18 5 3 2 1 - 1 1 2 1 - - - 2 1 -
Number of studies on tobacco consumption 10 3 2 2 2 - - 1 2 - - - - 1 1 -
Number of studies on alcohol consumption 5 1 1 1 - - - - - - - - - - 1 -

Studies on management and outcomes (1 = 34)

Total number of studies per country 18 3 - - 1 2 1 - - 7 - - - - 1 1
Number of studies that report on 5 - - - - = = = = = = = = = = -
chemotherapy

Number of studies that report on radiotherapy 3 - - - - - - = = = = = = = - 1
Number of studies that report on 4 - - - - - - = = 1 = = = = = -
chemoradiotherapy

SA: South Africa; Ken: Kenya; Uga: Uganda; Zim: Zimbabwe; Mal: Malawi; Sud: Sudan; Nig: Nigeria; Tan: Tanzania; Zam: Zambia; Egy: Egypt; Moz:
Mozambique; Sen: Senegal; Bot: Botswana; Gha: Ghana; Eth: Ethiopia; Multi: Multi-country.

association of dental fluorosis and EC. They assessed association of EC with tobacco
use, alcohol consumption, education, oral hygiene and missing/decayed teeth. After
adjusting for the other factors, they found 40% of EC cases had moderate/sever
fluorosis, OR 9.4, 95%CI: 4.6-19.1 and 43 % cases with mild fluorosis, OR 2.3, 95%CI:
1.3-40M,

Traditional Xhosa medications: There was an association between taking traditional
Xhosa medications and EC with a relative risk of 2.08, 95%CI: 0.92-4.661"°),

Baker’s yeast: There was an association between consumption of bakers yeast and EC
in men, RR 2.17; 95%CI: 1.1-4.2, P = 0.0234"*"],

Management and outcomes

Endoscopic pulsion intubation: This was only reported in three studies, and of the
three studies, only two reported on the number of patients with a combined total of
200 patients!®>*!l. This is a palliative endoscopic procedure to relieve patients from
malignant dysphagia, in which the oesophagus is endoscopically intubated, then an
endoprosthesis place at site of obstruction!"”>"?""*?l. Jani et all’*’l reported it to be
affordable and effective method of palliative treatment.

Stenting: Esophageal self-expandable metallic stent (SEMS), are used for palliative
treatment of malignant dysphagia or esophago-respiratory fistula. We had 10
different studies with a combined total study population of 1699 patients that
reported a marked improvement in symptoms of malignant dysphagia and/or
esophago-respiratory fistulal'®!?705119,120125,124 125155134 The type of stents used includes
Ultraflex (Boston Scientific Corporation, MA, United States), AT&M SEMS (Advanced
Technology and Materials, Beijing, China), Wallstent (Boston Scientific Corporation,
MA, United States) among others"%"2:241,

Chemotherapy: Chemotherapy is a systemic therapy with the potential to eradicate
micrometastatic disease by decreasing the number of cancer-cell dissemination. Five
studies with a combined study population of 214 patients were reported in which
chemotherapy (as single agent or combination) was used in the treatment of
oesophageal with varying outcomes!”!?106:131,135],

Radiotherapy: Different modalities of radiotherapy were employed as a sole modality
to treat malignant dysphagia with improved outcomes. The different types of
radiotherapy used included; brachytherapy such as high dose rate brachytherapy
(HDRBT) in a study with a study population of 139 patients!"""], high dose rate
intraluminal brachytherapy (HDRILBT) with a study population of 172 patients!''"],
microselectron high dose rate brachytherapy(MHDRBT) with a study population of
232 patients!'’?, intraluminal brachytherapy, telebrachytherapy!''’, and external beam
radiotherapy(EBRT)!"*".. A combined radiotherapy technique was used in some studies
such as HDRBT/EBRT and EBRT/Intraluminal brachytherapy!*.

Beishidonge WJG | https://www.wjgnet.com 4523 August 21,2019 | Volume25 | Issue3l |



Asombang AW et al. Esophageal cancer in Africa

Table 3 Quality of the 12 case control studies included in the meta-analyses of risk factors for esophageal cancer

Quality variable Quality variable categories Number of studies  Proportion (column %)
Representativeness of sampling procedures used in each study =~ Non-probability 12 100.0
Probability 0
Response rate Above 80% 10 83.3
Between 60% and 80% 2
Not reported 0
Validity of measurement methods for risk factors Face to face interview 12 100.0

Self-administered questionnaire

Bias in the measurement of the esophageal cancer Histology 10 83.3
Endoscopy 1
Not reported 1

Control for important confounders Yes 11 91.7
Not reported 1

Final score (mean across the items) 91.7

Chemo radiotherapy: Radiotherapy and chemotherapy were simultaneously used in
some studies to enhance survival and improve the patients’ quality of life. Both
therapies are known to improve the control of both the systemic disease and local
disease by down staging the cancer thus increasing the surgical resectability. Four
studiest”!"!“1""] reported on chemo radiotherapy (CRT) in which different regimes
were used such as Cisplatin/fluorouracil/radiotherapy!''”!, Bleomycin or
Vimblastine/radiotherapy, Cisplatin and 5-Fluorouracil / radiotherapy!*'*l.

Esophagectomy: Esophagectomy remains the primary treatment modality of early
oesophageal cancer, however in our study most studies attempted to find out its role
in palliation for patients with advanced oesophageal cancer. Different approaches
were employed that include; transhiatal esophagectomies!'*'*’], transthoracic
approach esophagectomies such as left transthoracic and Ivor Lewis appro-
aches!'”7%1 and McKeon approach!'*l.

Assessment of morbidity and mortality

Only 2 studies on esophageal stenting studies reported on mortality. The two studies
reported stent application associated mortality of 3.5% in a study population of 58
patients!””? and of 0.5% in a study of 951 patients!"*’l. Three studies reported on the
morbidity associated with this same intervention!''*'*'*l. The early morbidities
reported include oesophageal perforation, bleeding, chest pains and death while the
late morbidities include migration, Tracheo-Oesophageal Fistula (TOF) and tumour
overgrowth!'"*'?12 No study reported on any mortality associated with use of
chemotherapy only. However, three studies reported on complications of the
chemotherapy only. The common complications include haematological toxicity of
different spectrums, stomatitis, cheilitis, xeroderma, nausea, anorexia and
vomiting!”>!?"l. Only one study reported on mortality associated with use of
radiotherapy (HDRILBT) alonel'"l. A mortality of 12.8% was reported in this study
with a study population of 172 patients!'''l. The same study also reports on
oesophageal strictures as the common complication occurring in 25% of patients on
HDRILBT. Patients treated with telebrachytherapy at 20GY and 15GY dosages
reported a complication free survival rate of 55% and 83 % respectively!'.

No study reported on any mortality associated with use of chemo-radiotherapy.
Only one study with a study population of 25 patients reported on complications such
as haematological toxicity, mucositis, oesophagitis, nausea, vomiting and
diarrhoeal""l. Esophagectomy associated mortality was reported in seven studies. The
highest 30 d perioperative mortality was 50% in a study with a population of 10
patients, however, in the follow-up study with 21 patients the morbidity decreased to
14.3%U"*). The lowest mortality reported was 10% in a study with a study population
of 100 patients!'*. The 30 d perioperative mortality was even lower (6.5%) in a study
with combined treatment of Esophagectomy and CRT!*.. Other studies reported a
mortality 11.8% in a study population of 127 patients!"], mortality 27.8% in a resected
population of 61 patients!'*”), mortality 28% in a resected population of 34 patients and
mortality 30% in a resected population of 25 patients!'””l. Four studies reported on
morbidity and the common complications includes; hemorrhage, anaesthetic
complication, pneumonia, respiratory failure, pleural enteritis, chest wall infection,
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Author, year, risk factor OR (95%CI) % Weight

Tobacco consumption !

Asombang AW, 2016 - + > 11.24 (1.37,92.40)  0.10
Patel K, 2013 —— 2.50 (1.36, 4.66) 1.17
Kayamba V, 2015 | 9.10 (3.00, 30.40) 0.33
Segal I, 1988 :+ 3.42 (2.40, 5.00) 3.29
Sewram V 2016 (Males) — 4.36 (2.24, 8.48) 1.00
Sewram V, 2016 (Females) S — 4.56 (1.46, 14.30) 0.34
Van Rensburg SJ, 1985 (current cigarette smokers) o 2.64 (2.04, 3.42) 6.65
Van Rensburg SJ, 1985 (Current pipe smokers) - 2.08 (1.52,2.84)  4.54
Sammon AM, 1992 R 2.73 (1.33, 6.03) 0.78
Vizcaino AP, 1995 (Less than 15 cigarettes/day) = 3.10 (2.40, 4.00) 6.80
Vizcaino AP, 1995 (15 or more cigarettes/day) : — . 4.30 (2.80, 6.70) 2.33
Ocama P, 2008 — 3.63(1.82,7.23)  0.93
Parkin DM, 1994 (Less than 15 cigarettes/day) e 3.30 (2.50, 4.20) 6.59
Parkin DM, 1994 (15 or more cigarettes/day) [ 4.60 (2.90, 7.20) 2.15
Pacella-Norman R, 2002 —— 3.80 (2.30, 6.10) 1.87
Subtotal (I-squared = 32.9%, P = 0.105) O 3.15 (2.83, 3.50) 38.87
I

Alcohol consumption |

Patel K, 2013 — 2.64 (1.55, 4.52) L.55
Segal I, 1988 (Western spirits) | —E— 3.86 (2.70, 5.50) 3.51
Segal I, 1988 (Traditional beer) N —— 5.18 (3.30, 8.10) 2.20
Sewram V, 2016 (Males) : —_— 4.72 (2.64, 8.41) 1.32
Sewram V, 2016 (Females) | — 5.24 (3.34, 8.23) 2.18
Pacella-Norman R, 2002 B S 1.80 (1.20, 2.80) 2.47
Sammon AM, 1992 ——— 1.38 (0.64, 3.07) 0.72
Vizcaino AP, 1995 | 0.90 (0.70, 1.20) 6.11
Subtotal (I-squared = 92.1%, £ = 0.000) < 2.28(1.97,2.65)  20.06

I

Low Socio-economic status :
Segal I, 1988 (Males: no monthly salary vs high monthly salary) [:l | —————

.._ |

I

5.70 (2.20, 14.50) .50
Segal I, 1988 (Males: no monthly salary vs low monthly salary) 1.23(1.10,1.40) 30,51
Segal I, 1988 (Females: no monthly salary vs high monthly salary) | + 74.40 (2.70, 83.30) .15
Segal I, 1988 (Females: no monthly salary vs low monthly salary) —a— 1.72 (1.20, 2.40) 3.69
Vizcaino AP, 1995 (Males: low occupational status vs medium/high ocupational status) f—g— 1.50 (1.00, 2.10) 3.22
Vizcaino AP, 1995 (Males: miners vs medium/high occupational status) e 2.50 (1.50, 4.20) 3.22
Machoki MS, 2018 (Poor housing) + 2.00 (1.10, 3.50) 1.32
Subtotal (I-squared = 85.5%, P = 0.000) & 1.39 (1.25, 1.54) 41.07
I
Heterogeneity between groups: £ = 0.000 !
Overall (I-squared = 89.2%, £ = 0.000) b 2.11 (1.98, 2.26)  100.00
I
]

Figure 7 Forest plot displaying the inverse-variance weighted fixed-effect meta-analysis of risk factors for esophageal cancer in Africa.

anastomotic leakage and heart failurel'»'#1%7,

Assessment of outcomes and overall survival

The mean dysphagia score was measured using the Mellow and Pinka’s dysphagia
score and was reported to improve after stent application in 10 studies
[O7I08 15,110, 120125, 128126135134 © A study with a population of 40 patients had the best mean
dysphagia score improvement which was from a score of 3 to a score of 0'*’l. The
other mean dysphagia score improvements reported include; score 3.3 to 1.0 in a
study population of 951 patients!'*], score 3.5 to score 0.5 in a study population of 70
patients!"™], score 3.5 to score 1.2 in a study population of 124 patients!""”], score 2.98 to
score 1.08 in a study population of 58 patients!'” and score 3.0 to score 1.0 in a study
population of 350 patients!"'l.

There were 14 studies included in the quantitative analysis that assessed post-
treatment person survival. Some studies assessed survival from more than one
treatment modality and thus there was an overlap in the number of studies. Of these
14 studies, 6 studies that assessed survival after stent placement, 3 studies assessed
survival after chemotherapy, 4 on the effects of radiotherapy and 4 studies on the
effects of chemotherapy on survival. The overall means for each treatment modality
were calculated and chemo-radiotherapy had the longest post-treatment patient
survival of 267.50 d. Radiotherapy had an overall mean survival time of 188.75 d,
Stents 155.33 days, and chemotherapy 95.67 d (Figure 8).

Five studies reported on esophagectomy for the treatment of EC. Resection margins
are classified as: RO - no microscopic evidence of remnant tissue, R1 - microscopically
positive margins, and R2 - macroscopically positive margins. The goal of resection is
to achieve RO margins. Only one study reported on R1 esophagectomy, of which it
was only achieved in 2.2% of the resected patients!**l. The overall survival rates
reported in the esophagectomy patients includes; 76.6% in 3 years!**], 30% in 3
years!'", 64% in 1 year and 40% in 2 years!'*, 13.2% in 5 years!'"), 52% in 2 years and
70.6% in 1 year!*l.

Five studies reported on the use of stent placement in the treatment of EC. Of these,
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Figure 8 Shows the median post-treatment survival times in days for Stent, chemotherapy, radiotherapy, chemo-radiation and respective treatment of

esophageal cancer in Africa.

two studies found the median patient survival time to be less in patients who had
TOFs as a complication EC, (62 d and 142 d), compared to those without TOF (91 d
and 250 d)!""'*1. The best median patient survival time reported in stent application
was 300 d (5.9 mo) in a study with a population of 100 patients!"*’l. The median patient
survival times reported in other studies include 139 d in a study population of 350
patients!"””], 216 d for males and 304 females in a study population of 151 patients!'*!l.

Four studies reported on median patient survival and six studies on improvement
of the patient’s mean dysphagia score after radiotherapy as single treatment for
ECUo-121501561 The best median patient survival time among these studies was 237 d
(7.9 mo)!""?l. The other studies reported a median patient survival time of 188 d with
an overall survival rate of 18% in 1 year!"”, 186 d with an overall survival rate of
19.4% in 1 year (20). The lowest median patient survival time reported was 144 d/""”\.

Four studies reported on the use of CRT for the treatment of EC. CRT reported the
highest median patient survival time of 600 d (20 mo) compared to any other
treatment modality!'*'l. The lowest reported median patient survival time of patients
on CRT was 90 d (3 mo) in a study with a population of 271 patients”l. The other
studies on CRT reported a median overall survival time of 210 d (7 mo)!"" and 170 d
(5.6 mo)!l'””l. Two studies reported on the improvement of the patient’s mean
dysphagia score by 75%!"""1 and 67%!""l. Only one study reported on the use of
endoscopic Nd-YAG laser for palliation in patients with oesophageal cancer. It
reported an improvement of the mean dysphagia score from 3.3 to 1.20""l,

DISCUSSION

To our knowledge, this is the first comprehensive systematic review reporting the
epidemiology, risk factors, management and outcomes of EC in Africa. The current
incidence of 9.7 to 17.9/100000 is likely to be an underestimation. The predominant
histopathological abnormality is squamous cell carcinoma in sub-Saharan Africa. We
found that EC occurs at a younger age compared to other cancers, with a rise in
incidence from age 40, peaking at persons aged 75. The incidence cannot be accurately
recorded as some countries in Africa have not reported any studies on EC, and in
those countries where studies have been carried out, there tends to be regional
variation.

Within Sub-Saharan Africa there is a lot of geographic variability with the highest
incidence of squamous cell carcinoma in Malawi of 30.3 cases /year/100000 among
males and 19.4 cases /year/100000 among females between 2009 and 2013. The
incidence is higher in males in sub-Saharan Africa but is equal between the sexes in
North Africa. The reason for the high burden EC in several parts of Eastern and
Southern Africa, especially among males could be explained in part by the strong
association between tobacco consumption and EC as demonstrated in our meta-
analysis (I-squared = 32.9%, OR 3.15, 95%CI: 2.83-3.50). There was significant
heterogeneity between studies that examined the association between alcohol
consumption and EC (I-squared = 92.1%, OR 2.28, 95%CI: 1.94-2.65); also between
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studies that examined the association between low socioeconomic status and EC (I-
squared = 85.5%, OR 139, 95%CI: 1.25-1.54) as risk factors, but these could also
contribute to increasing the incidence of EC. The geographic variation of EC within
Africa can be explained by several environmental risk factors, and some host factors
related to metabolic pathways of handling of oxidative stress and toxins. There may
be a synergy to these risk factors. Fungal and mycotoxin contamination of staple
cereals including white maize, wheat and Kocho (Qocho) in Ethiopia. Consumption of
Mursik a fermented goat/sheep milk product has been identified as a risk in Kenya.
The toxin associated with this risk is not very clear. Consumption of hot beverages
including tea and porridge, is a risk as is poor oral health and fluorosis in some parts
of Kenya. A low consumption of fruits and vegetables and deficiency in Se are
considered as risks.

Host factors including mutation in genes coding for enzymes responsible for
Alcohol and Acetaldehyde metabolism, and handling of oxidative stress in alcohol
and contaminated food were found to be associated with EC and are important.
Human papilloma virus infection has been observed to be a risk in some studies, but
this risk is not consistent in other studies. Exogenous or endogenous acetaldehyde as
a product of alcohol and oral fermentation (poor dental hygiene) is carcinogenic.
Acetaldehyde dehydrogenase detoxifies both alcohol and Acetaldehyde. Formation of
Acetaldehyde DNA adducts causes mutagenesis. ALDH2 polymorphism has been
implicated in the development of oesophageal cancer. Genetic polymorphisms
associated with modulation of oxidative stress, including N-acetyl transferases NAT1
and NAT2 mutations, Glutathione S transferase GSTT2B have been implicated in
development of ESCC. Somatic mutations including p53 and p16/CDKN?2 genes and
those associated with genetic polymorphisms associated with DNA repair like
RUNX1 rs2014300 have been observed as an independent risk in some small studies.

EC in Africa is associated with high mortality. The mortality relates to advanced
disease at presentation, lack of availability of treatment modalities. There is morbidity
and mortality associated with the treatment modalities. The high mortality is related
to late presentation of disease. Radiotherapy delivered as brachytherapy or external
beam improved, symptoms and a combination of these radiotherapy modalities was
more effective. Chemotherapy has been used with palliative intent and was more
effective in symptom control with additional radiotherapy (Chemoradiotherapy).
Palliative care with self expanding mental stents improves symptoms of dysphagia.

Preventive strategies include public health interventions can modulate these risks,
including discouraging smoking and alcohol consumption, changing practices of
alcohol brewing and access to dental care. Agricultural and food storage practices to
encourage dry storage of staple cereals could minimise fungal infection and thus limit
mycotoxin contamination. Consumption of fruits and vegetables can be encouraged.
Food with high antioxidant properties can also be identified and incorporated into
local diets.

There is no obvious “at risk” population for squamous cell dysplasia or other risk
factors to guide in formulation of screening programs for ESCC surveillance.
Dysphagia is a late symptom in oesophageal cancer, as such it is difficult to formulate
screening program in these high-risk populations, other than those with underlying
Barrett’s oesophagus, a risk for oesophageal adenocarcinoma in North Africa.

The high mortality is related to late presentation with advanced stage disease as
symptomatic EC is often advanced. As some studies show high perioperative
mortality, this may be related to surgery on advanced and unstaged disease,
perioperative malnutrition due to lack of nutritional assessments and optimisation
and general postsurgical care and critical care facility availability. Optimisation of
nutrition, local staging including endoscopic ultrasound and staging with computed
tomography (CT) and positron emission tomography-CT scans for disseminated
would inform treatment choices, and thus prognosis. The aim for surgical resection
should be RO resection. This required surgical expertise, but such characterisation also
requires a skilled pathologist. Adjuvant chemotherapy would improve the prognosis
in those with excision specimens more than R0O. Evidence based outcomes in
management of these patients would therefore require multi-disciplinary team
assessment of these patients to choose the most appropriate treatment. Early detection
of cancers, endoscopic resection of such cancers and palliative stenting require skilled
endoscopists. Investment in such skills and these facilities would improve mortality
and morbidity in Africa. There is also a need for investment in oncological services
including chemotherapy and radiotherapy. Patients with advanced oesophageal
cancer would require high quality palliative care, to manage stricture, aspiration due
to tracheoesophageal fistulae with stenting, and chemo-radiotherapy to manage
strictures. As with the other services, skills in endoscopy, nutrition and oncology are
required.

There are some limitations to this systematic review. There is a variation in sample
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size and study design, with most having a small sample size, retrospective, less
prospective and low number of randomized controlled trials. Measures of association
such as relative risk or OR were not included, rather percentage of subjects with an
identified risk factor. Some of the published data are from the 1970s, 80s and 90s with
limitations to the full manuscript access and applicability to the current era given the
socioeconomic and environmental changes. There is a lack of data from African
countries, particularly mortality data. The mortality outcome studies are not clearly
linked to preoperative or resection staging, treatment options are not clearly based on
staging and the genetic polymorphism/associated mutation studies have not been
replicated in larger studies hence the need for multicenter studies to address these
issues. Further research is required to understand, the other risk factors can direct
future targeted drug treatments that account for geographic variation, epidemiology,
better treatments.

ARTICLE HIGHLIGHTS

Research background

Esophageal cancer (EC) is associated with a poor prognosis, particularly so in Africa where an
alarmingly high mortality to incidence ratio prevails for this disease. This paper aims to provide
further understanding of EC in the context of the unique cultural and genetic diversity, and
socio-economic challenges faced on the African continent.

Research motivation

The incidence rates of EC in Africa have been uptrending in contrast to those seen in other parts
of the world, with some of the highest incidence rates being found in East Africa. In addition, the
histological pattern of disease shows a geographic variation. There is a need for further study in
order to understand the various predisposing factors leading to these trends; as well as the
treatment strategies and survival outcomes.

Research objectives

By conducting a comprehensive review of published studies of EC in Africa, this article aims to
estimate the incidence and geographic variation of EC in Africa; to determine the risk factors
associated with EC in this region, as well as describing the management and treatment
outcomes.

Research methods

Both systematic and non-systematic systematic review methods were used. The systematic
review was used to obtain data on epidemiology, risk factors, management and outcomes of EC,
while the non-systematic review was to obtain incidence data from the International Agency for
Research on Cancer, and the Cancer in Sub-Saharan reports. Databases including EMBASE,
PubMed, Web of Science, and Cochrane Central were searched from inception to March 2019
and the list of articles retrieved was reviewed. Random effects meta-analyses models were used
to assess heterogeneity between studies and to obtain odds ratio and 95% confidence intervals of
the associations between EC and risk factors, incidence rate ratios for EC between sexes, and
survival following treatment.

Research results

Apart from confirming well-established risk factors such as tobacco use and alcohol
consumption, other associations were established - including dietary and genetic factors, socio-
economic status and infections such as HIV. The age-standardized incidence rates of EC were
noted to be higher in men than women, except in parts of North Africa were the rates were
similar. The highest incidence rates were found to be in Malawi (30.3 and 19.4 cases
/year /100000 population for males and females, respectively) followed by Kenya (28.7
cases/year/100000 population for both sexes). The best treatment outcomes were seen in
patients who underwent esophagectomies and achieved overall survival rates of 76.6% at 3
years, as well as in those who underwent chemoradiotherapy and had a median patient survival
time of 20 mo.

Research conclusions

Africa has high incidence and mortality rates of EC, with preventable as well as non-modifiable
risk factors, and the highest rates occurring in Malawi and East Africa. The management of this
disease requires a multidisciplinary approach, and survival is significantly improved in the
setting of esophagectomy and chemoradiation therapy.

Research perspectives

Although advanced EC has a poor prognosis, a better understanding of the associated risk
factors and challenges faced in managing this condition in the African setting can better inform
the development of strategies and policies to improve earlier detection, optimize management
and prolong survival.
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