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Background Gastrointestinal cancers account for one third of total can-
cer incidence and mortality in developing countries. To date, there is
no systematic synthesis of evidence regarding strategies to prevent gas-
trointestinal cancers in developing countries. We aimed to provide a
systematic overview of studies evaluating strategies for prevention or
early detection of the three most common gastrointestinal cancers (gas-
tric, liver and colorectal cancer) in developing countries.

Methods We searched MEDLINE, Web of Science and WHO Global
Index Medicus databases for relevant articles published until October
2016 using combinations of the search terms “gastrointestinal”,

“digestive system”, “gastric”, “liver”, “colorectal”, “cancer”, “prevention”,
“early detection” and “developing country” (including names).

Results Overall, 73 articles met the inclusion criteria, providing infor-
mation on short— and long—term outcomes (up to 30 years) from var-
ious intervention studies (~45% randomized). Trials on hepatitis B
vaccination consistently showed vaccine efficacy over time and indi-
cated long—term preventive effects on liver cancer incidence that start to
become measurable at the population level. Studies on anti—H. pylori
treatment suggested a reduction in gastric cancer incidence reaching
statistical significance after long—term follow—up, while evidence re-
garding a preventive effect in persons with precancerous lesions is still
inconclusive. The studies regarding colorectal cancer focused on early
detection, ~90% of which were restricted to intermediate endpoints.

Conclusion In conclusion, there were a number of studies on gastric
and liver cancer prevention in developing countries showing promis-
ing results after long—term follow—up. Important next steps include
pooled meta—analyses as far as possible given the heterogeneity be-
tween studies as well as implementation research.

Cancer is a leading health burden and cause of death worldwide, with ap-
proximately 14 million new cases and 8 million deaths per year globally
[1]. Despite the general understanding that cancer is primarily a problem
of the (industrially) developed world, more than 60% of cancer cases and
70% of cancer deaths were estimated to occur in developing countries in
2008 [2]. Gastrointestinal cancers (GICs) are estimated to account for one
third of total cancer incidence and mortality in developing countries [1].
With almost 2 million new cases and 1.5 million deaths in 2012, gastric,
liver and colorectal cancers (CRC) are currently estimated to be the three
most common GICs in the less developed regions of the world, where they
account for 24%, 23% and 22% of all GICs, respectively [1].
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Despite extensive efforts to improve treatment of metastatic disease including the development of new
drugs, the prognosis for advanced stages of gastric, liver and colorectal cancer remains poor even in de-
veloped countries, with 5—year relative survival rates (regional and distant stages combined) of 33%, 8%
and 49% in the US in 2016, respectively [3]. These figures highlight the need for further efforts to realize
the high potential of primary prevention and early detection of these GICs. This is particularly relevant
for developing countries where up—to—date treatment of advanced stage cancers may additionally be lim-
ited due to infrastructure and economic constraints.

To date there has been no systematic review regarding strategies to prevent these GICs in developing
countries. We therefore aimed to conduct a systematic literature search and provide an overview of stud-
ies evaluating strategies for prevention or early detection of the three most common gastrointestinal can-
cers (gastric, liver and colorectal cancer) in developing countries.

METHODS

Search strategy

We searched MEDLINE, Web of Science and WHO Global Index Medicus databases for articles published
until October 2016. We used a comprehensive search strategy with no restriction regarding publication
date, type of participants (eg, age or sex characteristics), type of interventions, study design or type of
outcome measures. A detailed description of our search strategy is provided in Appendix S1 in Online
supplementary document. In brief, we used both free text keywords and for the MEDLINE search also
MeSH (Medical Subject Heading) terms. Regarding the latter, we used the MeSH terms gastrointestinal
cancer, digestive system cancer (entailing gastric, colorectal and liver cancer as MeSH sub—categories),
prevention, early detection of cancer, and developing country, as search terms.

We used the United Nations Development Programme (UNDP) country classification (for the year 2013),
which utilizes Human Development Index (HDD) as basis of country groupings, for determining coun-
tries with “developing” status. The classification groups all countries in very high, high, medium and low
HDI clusters. Countries with high, medium and low HDI are classified as developing countries. Conse-
quently, the names of 140 developing countries were also used as search terms. The names of these coun-
tries are listed in Appendix S2 in Online Supplementary Document. In addition to the database search-
es, we employed cross—referencing to complement the study identification process. Duplicate publications
were deleted. In a first step, each title and abstract was screened, to determine whether the article was
potentially relevant for the review topic. In a next step, the full text of potentially relevant articles was re-
viewed to assess whether inclusion criteria were fulfilled. This was done independently by both authors.

Inclusion and exclusion criteria

We included studies that aimed at evaluating strategies for prevention of gastric, liver and colorectal can-
cer in developing countries. We only included studies on humans published in English. We focused on
studies that reported disease—related outcomes such as long—term health outcomes (eg, reduction of in-
cidence or mortality) or intermediate outcomes that are expected to be associated with long—term effects
(eg, detection rates or vaccine efficacy). Accordingly, we excluded non—original articles (eg, case reports,
commentaries, guidelines etc.) and studies that were restricted to health behavior.

Data extraction

All studies meeting the inclusion criteria were categorized by cancer type (gastric cancer, liver cancer,
colorectal cancer). Within these categories, we ordered the studies by the type of intervention or preven-
tive strategy. We extracted the following information in a standardized manner from all included studies:
author, publication year, preventive measure including details such as the intensity and length of inter-
ventions or the number of screening rounds, country and region within the country, study design, study
population (sample size, sex distribution and age), outcomes under study and results. If the same study
population was examined at different time points after the intervention, we extracted the information on
the outcomes under study and results for each follow—up. Both authors reviewed the articles indepen-
dently and any disagreement was resolved by consensus.

We applied the Preferred Reporting Items for Systematic Reviews and Meta—Analyses (PRISMA) guide-
lines criteria as far as it was possible, given the heterogeneity of the studies. The PRISMA Checklist is pro-
vided in Appendix S3 in Online Supplementary Document.
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RESULTS

Overall, our initial search yielded 7315 entries. After deleting duplicates (n=765) and excluding articles that
were not relevant to the topic according to their title and abstract (n=6467), 83 articles were selected for the
full text review. Of these, 55 articles were relevant. Another 18 relevant articles were identified by cross—ref-
erencing, yielding in total 73 articles (Figure 1). The underlying number of studies is lower (n=54) because
several articles refer to the same study but report on different follow—up periods or outcomes.

Gastric cancer

Studies on gastric cancer prevention could be classified into three main categories: supplementation with
vitamins and minerals (4 randomized trials), anti—H. pylori treatment (12 randomized trials) and early
detection with an occult blood bead detector, with photofluorography, with X—ray or direct gastroscopy
(5 cross—sectional diagnostic studies, 2 case—control studies and 1 non-randomized intervention trial).
Table 1 provides detailed information about these studies [4-34].

PAPERS

Studies on vitamin and mineral supplementation (eg, vitamin A, B vitamins, selenium etc.) considered
reduction in gastric cancer incidence and mortality [4,6,7,9,10] or changes regarding precancerous le-
sions as outcomes [5,8,11]. All these studies were conducted in China except one [11]. The duration of
supplementations ranged between 2—6 years and follow—up periods between 5 and 26 years.

The supplementation of a combination of beta—carotene, vitamin E and selenium showed a (marginally)
statistically significant reduction in gastric cancer mortality of 20% (relative risk (RR)=0.79, 95% confi-
dence interval (CI) 0.64-0.99) [4]. Other studies, partly conducted in high—risk subjects did not show
statistically significant effects [5-11].

Studies on anti—H. pylori treatment considered reduction in gastric cancer incidence and mortality
[15,17,20,21] or other outcomes eg, changes regarding precancerous lesions or H. pylori cure rate [12—
14,16,18,19,22-26]. Eleven studies were conducted in China [13-17,19-22,24 26] and four studies in
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Figure 1. Flow diagram of the literature search process.
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Colombia [12], Mexico [18], Turkey [23] and Iran [25]. The follow—up period ranged between 1-15
years. Nine studies used anti—H. pylori treatment [13,14,16—18,22,25,26] only, and six studies also con-
sidered other substances eg, vitamins, garlic, celecoxib [12,15,19-21,24]. The antibiotics regimens used
for anti—H. pylori treatment varied across studies. Gastric cancer incidence and mortality tended to be re-
duced by 40-50% [15,17,20]. The study by Guo et al. treating high risk subjects with antibiotics and
Chinese herb medicine suggested a statistically significant reduction in gastric cancer mortality (RR=0.50,
95% CI 0.34-0.73) at 3 years follow—up [15]. The study by Ma et al. found a statistically significant re-
duction in gastric cancer incidence (odds ratio (OR)=0.61, 95% CI 0.38 — 0.96) but not in mortality 15
years after anti—H. pylori treatment [20]. A subgroup analysis of the same study restricted to persons 355
years or older found a statistically significant reduction in gastric cancer incidence (OR=0.36, 95% CI
0.17-0.79) and mortality (hazard ratio (HR)=0.26, 95% CI 0.09-0.79) [21]. This study also found a re-
duction in gastric cancer incidence in persons with precancerous lesions (OR=0.56,95% CI1 0.34 - 0.91)',

PAPERS

while the study by Wong et al. only found such an effect in persons without precancerous lesions (P=0.02)
[17]. Of the studies investigating the impact of anti—H.pylori treatment on precancerous lesions [12—
14,16,25,29], four differentiated according to the type of lesions and found a regression mainly for atro-
phy while there was no or only a marginal effect regarding intestinal metaplasia [12,14,16,25]. Apart from
anti—H. pylori treatment, one study using a factorial design suggested an effect regarding regression of pre-
cancerous lesions also for celecoxib (OR=1.50, P=0.067) [24].

Studies on gastric cancer screening considered reduction in gastric cancer mortality or intermediate out-
comes (eg, gastric cancer detection rate) as outcomes. Observational studies suggested a statistically sig-
nificant reduction of gastric cancer mortality for direct gastroscopy (odds ratio (OR)=0.72, 95% CI 0.54
—0.97) and X-ray (48-59%, P<0.05) [30,34]. Screening with photofluorography was not found to re-
duce mortality from gastric cancer [29]. In the two studies on gastric cancer screening evaluating an oc-
cult blood bead detector (a device that is swallowed and then retrieved to detect occult blood in the stom-
ach) the positivity rate ranged between 7-24% and the proportion of early stages of gastric cancers ranged
between 45-85% [27,28]. With gastroscopy, proportion of gastric cancers detected at an early stage ranged
between 60—-100% [31-33].

Liver cancer

Studies on liver cancer prevention could be classified into three main categories: hepatitis B virus (HBV)
immunization (2 randomized trials, 2 cohort studies, 1 intervention trial and 2 cross—sectional studies),
liver cancer screening (2 randomized trials and 1 screening pilot study) and supplementation with min-
erals (1 non-randomized and 2 randomized trials). Table 2 summarizes information from these studies
[35-58].

Almost all HBV immunization studies assessed the effect of HBV vaccine in protecting against hepatitis B
chronic carriage [35-47,49,50]. Two studies evaluated reduction in incidence of liver cancer in children
and young adults [38,48]. All studies used plasma—derived hepatitis B vaccines except for one study [45]
that used both plasma—derived and recombinant vaccines. Vaccination regimens varied widely in terms
of dosage, number of vaccinations and time intervals between vaccinations. Reported follow—up period
ranged between 1-30 years.

Reduction in the incidence of Hepatitis B surface Antigen (HBsAg) carrier state (ie, protection against
chronic carriage) was consistently shown across studies, ranging between 65%—-95% compared to non—
vaccinated controls, and the effect remained stable during follow—up [35—47,49,50]. A cluster—random-
ized trial on HBV vaccination in newborns suggested a statistically significant reduction in liver cancer
incidence in younger adults (HR=0.16 (95% CI 0.03-0.77) and similarly, an incidence reduction was
observed in a retrospective cohort study (P=0.007) [38,48].

One study evaluated the effect of four combinations of various vitamins and minerals (eg, retinol and zinc
or vitamin C and molybdenum etc.) regarding reduction of liver cancer mortality and did not show sta-
tistically significant effect [53]. Twvo studies conducted in China evaluated the effect of supplementation
of selenium regarding liver cancer incidence in the general population and in HBsAg carriers. They sug-
gested a reduction in age—adjusted incidence over time in the intervention group as compared to the con-
trol but it was not reported whether this was statistically significant [51,52].

Two studies investigated biannual testing of serum alpha fetoprotein to screen for liver cancer in high—
risk subjects [54—57]. One study reported a statistically significant reduction in liver cancer mortality by
40% after 5 years of follow—up (RR=0.63, 95% CI 0.41-0.98) [56]. The other study, however, did not
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suggest a statistically significant reduction in liver cancer mortality (P=0.86). One study evaluated com-
bination of biannual testing of serum alpha fetoprotein and liver ultrasonography to screen for liver can-
cer and reported that the proportion of liver cancers detected at an early stage was 90% [58].

Colorectal cancer

With respect to CRC prevention, 18 screening studies conducted mainly in average—risk subjects were
identified. They investigated colonoscopy (6 cross—sectional diagnostic studies and 1 screening pilot
study), rectoscopy (1 cross—sectional diagnostic study and 1 cohort study with external control group),
and fecal occult blood testing (2 cross—sectional diagnostic studies and 7 screening pilot studies). Table 3
summarizes information about these studies [59-76].

In colonoscopy studies, CRC detection rates were between 0.5—6% [61—67]. One study assessed proc-
toscopy with regular endoscopic follow—up of persons in whom precursor were removed. It suggested a
reduction in rectal cancer incidence and mortality of 31% and 18% at 20 years follow—up, respectively,
when compared to an external control group [60]. Three studies reported a participation rate above 40%
for colonoscopy in first—degree relatives of CRC patients [62,63,60].

In studies on fecal occult blood testing, CRC detection rates were directly associated with positivity rates
in five of six studies [68,70-74]. The lowest CRC detection rate (0.06%) was reported from a study on
sequential fecal occult blood testing [68]. The highest positivity rates were reported from studies using
fecal immunochemical testing for hemoglobin (FIT) [70—74]. The proportion of early stages among de-
tected CRCs ranged between 47-94% [68,70-72]. Two studies investigated the potential of risk stratifi-
cation using a clinical risk score combined with FIT [75,76]. One of these studies found a five—fold high-
er rate of advanced neoplasia among those with both a high-risk score and a positive FIT result as
compared to those with a moderate-risk score and a negative FIT result [76]. The other study, a cluster—
randomized study, suggested a reduction in CRC mortality after 8 years follow—up [75]. Five studies re-
ported participation rates for fecal occult blood testing above 60% [68,70,72—74].

DISCUSSION

Our systematic review identified a wide range of studies evaluating strategies for prevention of GICs in
developing countries, including follow—up reports up to 30 years. Studies on gastric and liver cancer pre-
vention showing promising results only after long—term follow—up illustrate the particular challenge of
generating evidence in cancer prevention.

The development and evaluation of strategies for cancer prevention is a long-lasting process. The dura-
tion of this process is amongst others determined by the natural history of the disease, ie, the time that it
takes until risk factors, precursor lesions or preclinical cancer stages would have impacted on the disease
incidence or mortality if they had remained unchanged or untreated. If the interruption of the natural
history takes place at an early phase in life, the time lag until a potential effect is measurable at the popu-
lation level is further prolonged.

The studies included in our review on anti—H. pylori treatment to prevent gastric cancer can be consid-
ered as an example where the process of developing a preventive strategy takes long. With a follow—up
time of 7.5 years after H. pylori treatment the randomized controlled trial by Wong et al. found an inci-
dence reduction of 40% for gastric cancer but this effect did not reach statistical significance [17]. With
a follow—up time of 15 years Ma et al. found a similar effect that was statistically significant. Regarding
the effectiveness of anti—H. pylori treatment in persons who already have precancerous lesions the evi-
dence is still not conclusive. Some but not all studies found a regression of precancerous lesions after H.
pylori treatment. One study reported a preventive effect only in subgroup analysis restricted to persons
without precancerous lesions [17]. A recent study by Li et al. analyzing 15—year follow—up data suggest-
ed a reduction in the incidence of gastric cancer by 40% among subjects with intestinal metaplasia and
dysplasia treated against H. pylori at baseline [21]. As for vaccination programs, H. pylori treatment is a
preventive measure that can be completed within a narrow time window and does not need to be repeat-
ed on a regular basis, which is an important aspect in view of large—scale feasibility and acceptance.

The studies included in our review on HBV vaccination published in 1981 and later can be considered
as an example where the process to develop a preventive strategy that is widely accepted and applied was
relatively short. Robust evidence showed that vaccine efficacy against chronic carriage of HBV was as high
as 65-95% across studies and remained stable with time. Since 1992 the World Health Organization
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(WHO) has recommended that all infants receive the HBV vaccine as soon as possible after birth. As of
2013, 183 WHO member states have included HBV vaccination in their preventive programs [77]. While
the various beneficial effects of these programs regarding HBV—related diseases are out of question, it will
take more time to see their full effect on incidence and mortality of liver cancer, particularly in adults. The
study by Wichajarn et al. [48] already observed an incidence reduction for hepatocellular carcinoma
among children in Thailand, which confirms earlier reports from Taiwan [78]. A study from China re-
ported an incidence reduction of 84% in a study population that reached early adulthood [38]. This also
confirms earlier reports from Taiwan showing that the preventive effect of HBV vaccination extends from
childhood to early adulthood [79].

Studies included in our review on the prevention of gastric and liver cancer by supplementation of vita-
mins or minerals in developing countries give the impression that there is a lack of effectiveness or not
enough evidence yet to justify their translation into a preventive program. Most studies did not show an
effect or were difficult to interpret. This is in line with results of supplementation trials conducted in West-
ern countries that did not show beneficial effects either, such as the Selenium and Vitamin E Cancer Pre-
vention Trial [80]. Apart from the lack of effectiveness, it is questionable whether preventive measures
that require long—term and regular use of supplements would prove suitable for developing countries.
Food or soil fortification may have more potential in terms of practicality, but of course this would be-
come relevant only for measures with proven effectiveness and safety [81].

Practicality is also an important aspect to be discussed in the context of cancer screening in developing
countries. The screening strategies included in this review, mainly focused on colorectal cancer, which is
less amenable to primary prevention through risk factor modification as compared to gastric and liver
cancer. Implementing population—based screening programs may be challenging in developing countries
in view of resource constraints (eg, infrastructure, availability of equipment and trained personnel, costs).
This notion is supported by the fact that substantial proportion of screening studies has been conducted
in China that has more resources than many other developing countries. While most screening studies
were limited to intermediate endpoints (eg, detection rates), Zahng et al. reported a reduction in liver
cancer mortality by 40% for biannual serum alpha—fetoprotein testing in high risk groups (HBV infected
or history of chronic hepatitis) after 5-10 screening rounds [56]. Targeting screening at high—risk groups
rather than at average—risk persons may generally be a more doable approach for developing countries
that seems worthwhile to be further explored, eg, also for colorectal cancer. To ensure practicality of such
strategies, identification of risk groups needs to be based on easily obtainable information (eg, family his-
tory, lifestyle or basic clinical factors). This was exemplified by two studies that used a clinical risk score
combined with FIT to identify risk groups that benefit most from colonoscopy [75,76]. However, when
estimating the effectiveness of potential screening strategies in developing countries, the treatability of
early cancer stages also requires consideration. In industrialized countries, an important argument in fa-
vor of screening is the better prognosis for early vs late stages, but this may not hold true in developing
countries if, for example, surgical treatment options are limited [82].

To the best of our knowledge, there is no similar review that systematically summarizes studies on the
prevention of gastric, liver and colorectal cancer in developing countries including long—term follow—up
reports on these studies. Considerable variation in prevalence of various cancers between low— and high—
resource countries, extensive differences in operational settings and possibly also in compliance rates war-
rant to put a focus on strategies for cancer prevention specifically in developing countries. There are also
limitations that should be noted. First, our search was restricted to papers published in English and we
did not optimize our search for specific sub—questions such as HBsAg carrier state nor did we include the
aspect of cost—effectiveness. Second, incomplete reporting of relevant information in original articles part-
ly limited interpretability of the studies. Third, our review provides a descriptive summary of studies,
while meta—analyses would have been beyond its scope. However, we consider our review an important
pre—work that will facilitate the planning and conduct of such meta—analyses, particularly by providing
information regarding heterogeneity between studies (in terms of the study designs, the target popula-
tions, the interventions, the follow—up periods, the outcomes etc.). Fourth, as for any review, we cannot
rule out that publication bias has led to overestimating the beneficial effect of preventive measures. In the
interpretation of this review it should also be noted that almost half of the studies were conducted in Chi-
na, but developing countries considerably vary in their Human Development Index and aspects of effec-
tiveness and feasibility may not be similar across countries.

In conclusion, there were a number of studies on gastric and liver cancer prevention in developing coun-
tries showing promising results after long—term follow—up. Important next steps include pooled meta—
analyses as far as possible given the heterogeneity between studies as well as implementation research.
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