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Abstract

Gastrointestinal (GI) cancers, including colorectal cancer, gastric cancer, and esophageal cancer, are a major medical and
economic burden worldwide and have the largest number of new cancer cases and cancer deaths each year. Esophageal
and gastric cancers are most common in developing countries, while colorectal cancer forms the major GI malignancy in
Western countries. However, a great shift in the predominant GI-cancer type is happening in countries under economically
transitioning and, at the same time, esophageal and gastric cancers are reigniting in Western countries due to the higher
exposure to certain risk factors. The development of all GI cancers is highly associated with lifestyle habits and all can be
detected by identified precancerous diseases. Thus, they are all suitable for cancer screening. Here, we review the epidemio-
logical status of GI cancers in China, the USA, and Europe; the major risk factors and their distribution in these regions; and
the current screening strategies.
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Introduction

Cancer is the first or second leading cause of premature death
(at ages 30–69 years) in most countries, and premature death
caused by cancer accounted for 29.8% of deaths from non-com-
municable diseases with a total of 4.5 million in 2016 [1]. In
2020, it was estimated that there were 19.3 million new cancer
cases and 9.9 million cancer deaths, rising from 14.1 and 8.2 in
2018 to 18.1 and 9.6 in 2019 [2–4]. Due to the growth and aging of
the population and the inequality in cancer control, cancer has
become more prominent as a cause of death and challenges the
previously predominant ischemic cardiovascular diseases [5].
The burden of cancer is expected to grow worldwide, particu-
larly in less developed countries [6].

Gastrointestinal (GI) cancers, mainly including the malig-
nancies derived from esophageal, stomach, and colorectum, are
among the most common cancers in humans. These cancers,
which are derived from distinct but associated origins, have di-
verse clinical features but share some similar characteristics.
According to the data available from GLOBOCAN 2020, GI can-
cers [colorectal cancer (CRC), gastric cancer, and esophageal
cancer] accounted for 18.7% of new cancer cases and 22.6% of
cancer deaths in 2020, which are both highest among all cancer
types, and are a significant public health burden for most coun-
tries [4]. However, in terms of the geographic and temporal dis-
tribution, major risk factors, and prevention strategies of GI
cancers, great differences exist between the West and the East.
In this article, we review the epidemiological data from China,
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Europe, and the USA; risk factors; and current progress in the
prevention and screening of GI cancers in these and other
countries.

CRC

CRC is the third most commonly diagnosed malignancy in
males and the second in females, and the second leading cause
of cancer death in both sexes [3]. CRC comprises 10% (1.9 mil-
lion) of global new cancer cases and 9.4% (0.9 million) of cancer
deaths in 2020 [4]. The global disease burden in 2016 was esti-
mated as 17.2 million disability-adjusted life years, of which
97% came from years of life lost due to premature mortality and
3% came from years of healthy life lost due to disability [1].

Epidemiology characteristics

The incidence of CRC is unbalanced throughout the world and
varies greatly between high and low human development index
(HDI) regions. The incidence is about 3-fold higher in high-HDI
regions vs low-HDI regions, but the average case fatality is
higher in low-HDI regions. Furthermore, there are also rapid
rises in incidence in countries undergoing economic develop-
ment and changes in diet and lifestyle [7]. The incidence of CRC
exhibits a preference in populations with ‘Western’ lifestyles
brought by industrialization and economic growth, since diet,
physical activities, and obesity are major factors associated
with CRC [8]. This pattern can be observed in the USA and
Europe, which have both high HDI and high age-standardized
incidence rates (ASRs) [9, 10]. Besides, in those countries that
are economically transitioning, like China, the incidence rates
of CRC are under rapid growth (Figure 1). In China, CRC was the
fourth most common cancer type at the beginning of the
twenty-first century [11]. However, as reported by the National
Cancer Center, the incidence rate of CRC ranked third (ASR 17.8
per 100,000) among all cancer types in 2015 [12]. Furthermore,
among the three areas (Eastern, Middle, Western), CRC was the
second common cancer type in the Eastern area of China (19.9
per 100,000), which stands for the most developed region of
China [11, 12]. Moreover, it has been estimated by GLOBOCAN to
have been the second most prevalent cancer in 2020. In 2020, as
estimated by GLOBOCAN, China had the largest number of CRC
cases, while the USA ranked second. The incidence rate in
China is close to that in the USA (23.9 vs 25.6 per 100,000), espe-
cially in males (28.6 vs 28.7 per 100,000), whereas the incidence
rate in Europe was still way ahead (30.4 per 100,000) (Table 1).

In some countries with very high HDI, the incidence rates of
CRC are now experiencing a decreasing trend, such as in the
USA (Figure 1), Australia, and Japan. Arnold et al. [13] identified
three categories based on temporal characteristics of incidence
and mortality: group 1: increasing incidence and mortality
(China, Brazil, Russia, Spain, etc.); group 2: increasing incidence
and decreasing mortality (Canada, Denmark, UK, Singapore,
etc.); group 3: decreasing incidence and mortality (USA,
Australia, New Zealand, Iceland, etc.). China, for example, had
rapidly increasing new CRC cases and the mortality rate has
also been rising during recent decades, from an ASR per 100,000
of 6.18 in 2008 to 8.12 in 2015 [12, 14]. Moreover, the mortality
rate of CRC in China was estimated to have overtaken that in
the USA in 2020 (ASR per 100,000: 12.0 vs 8.0) [4]. In the USA,
according to the Centers for Disease Control and Prevention
(CDC), the mortality rate of CRC has been decreasing since 1999,
from 20.9 in 1999 to 13.5 in 2017 (ASR per 100,000) [9]. The de-
crease in mortality can be attributed to the improvements in
survival through the adoption of best practices in cancer treat-
ment and management and increased screening leading to
early detection. The decreasing incidence rates in group 3 coun-
tries may be due to the delayed effect of the screening pro-
grams. The introduction of screening programs may have
initially increased the incidence rates, as there was more detec-
tion of early-stage CRC, but this has been proven to have
resulted in lower incidence rates because of the removal of pre-
cancerous lesions by endoscopy [15].

The incidence and modality of CRC both increase rapidly af-
ter the age of 50 years [16, 17]. According to GLOBOCAN, in 2020,
>90% of CRC cases and deaths occurring after this age.
Although most CRC patients were diagnosed at an older age, an
increasing trend for incidence in younger populations is emerg-
ing. While early-onset CRC has a familial component more of-
ten than late-onset disease, most cases are sporadic [18]. In the
USA, increasing risk and incidence of CRC in those between 20
and 49 years old were found in sequential birth cohorts [19]. The
incidence increased from 6.4 per 100,000 in 2002 to 8.3 per
100,000 in 2017 and was estimated to have reached 12.8 in 2020
[4, 9]. The incidence rate of early-onset CRC for the USA is
higher than that for Europe, where the highest all-age incidence
rate of CRC can be found (Table 1). These strong birth cohort
effects may signal relatively recent changes in exposures that
influence risk.

Higher incidence and mortality can be observed in men
(Table 1). This may relate to a series of complicated factors.
Several studies have indicated that men are more vulnerable to
environmental factors in developing CRC [20, 21], and men also
have higher exposure rates to the risk factors for CRC, such as
alcohol intake, smoking, and obesity [22–24]. Moreover, men are
inherently not protected by estrogen, which was known to be
inversely associated with colorectal-cancer risk [25].

Risk factors

Genetic and environmental factors both play an important role
in the etiology of CRC. Genetics contribute to individual risk, but
environmental factors, including diet and lifestyle, affect the in-
cidence in populations. About 75% of patients have a negative
family history, suggesting that most CRCs are sporadic [20].
Several studies also indicated that, in the USA and Europe,
�16%–71% of new CRC cases can be attributed to environmental
factors [26, 27]. Thus, key behavior modifications and adherence
to a healthy lifestyle could have avoided most CRC cases.
Smoking is the most important lifestyle risk factor [28].

Figure 1. Time trends of incidence rates of colorectal cancer in men and women

across China, the USA, and Europe. Data from National Cancer Center (China),

Centers for Disease Control and Prevention (the USA), and European Cancer

Information System (EU).
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According to the continuous update project report by the World
Cancer Research Fund/American Institute for Cancer Research
(WCRF/AICR), obesity, low physical activity, Western diet habits,
and alcohol increase CRC risk [8].

Regarding genetic factors, the two most common hereditary
colorectal-cancer syndromes are Lynch syndrome (hereditary
nonpolyposis CRC) and familial adenomatous polyposis (FAP),
and they together account for 5%–10% of CRC patients [29].
Lynch syndrome comprises 2%–4% of CRC cases and is caused
by a mutation in one of the DNA mismatch-repair genes: MLH1,
MSH2, MSH6, PMS2 or EPCAM [29]. Lynch syndrome increases
the lifetime risk by �60%. In this setting, cancers evolve rela-
tively quickly from adenomas or possibly even normal-appear-
ing tissue and frequently elicit strong immunological responses
[30]. FAP accounts for <1% of CRC cases and is caused by the ad-
enomatous polyposis coli gene. Patients usually develop many
adenomas at a young age, mainly in the distal colon. If the ade-
nomas are not removed adequately, the risk of CRC would add
up to 100% by 40 years of age [31].

Adenomas and serrated polyps are two major subtypes that
are precursors to the majority of sporadic CRCs [32].
Approximately 85%–90% of sporadic CRCs evolve from adeno-
mas. Advanced adenomas (�1 cm in diameter, villous histology,
or high-grade dysplasia) with or without multiplicity (more
than three adenomas) have a significantly higher rate (30%–
50%) of progress to CRC. Serrated polyps represent a group of

heterogeneous lesions, including hyperplastic polyps, tradi-
tional serrated adenomas, and sessile serrated adenomas [33].
Patients with sessile serrated adenoma or traditional serrated
adenoma are at increased risk of CRC and some would propose
that the risk is similar to or higher than that for patients with
conventional adenomas. The odd ratios (ORs) of CRC were 3.40
(2.35–4.91) for sessile serrated adenomas, 4.84 (2.36–9.93) for tra-
ditional serrated adenomas, and 2.51 (2.25–2.80) for conven-
tional adenomas, compared with individuals without a history
of polyps [34].

Now it has been recognized that the consumption of
Western-type calorically-rich diets combined with chronic over-
nutrition and a sedentary lifestyle in Western societies evokes a
state of chronic metabolic inflammation, which contributes to
the development of CRC and other diseases, and this situation
is also becoming more and prevalent in China [35].

Obesity is recognized as an established risk factor for CRC,
and its effects are stronger in colon cancer than in rectal cancer
[36]. With each unit increase in body mass index (BMI), the risk
of CRC increases by 2%–3%. Moreover, this linear association
was stronger in North American than European populations,
but not significant in the Asian population. However, Asian
individuals had a sharply increased risk from BMI< 23 kg/m2 to
a relatively normal range (23–25 kg/m2), as each 5-kg/m2 incre-
ment was associated with an 18% increased risk [37]. This phe-
nomenon may due to the difference in body-fat distribution

Table 1. The estimated incidence and mortality (per 100,000) of gastrointestinal cancers by age groups in GLOBOCAN 2020

China Europe USA

Total Male Female Total Male Female Total Male Female

All ages (ASRWa)
Colorectal cancer

Incidence 23.9 28.6 19.5 30.4 37.9 24.6 25.6 28.7 22.9
Mortality 12.0 14.8 9.4 12.3 16.1 9.5 8.0 9.4 6.7

Gastric cancer
Incidence 20.6 29.5 12.3 8.1 11.5 5.3 4.2 5.3 3.1
Mortality 15.9 22.8 9.5 5.5 7.9 3.5 1.7 2.2 1.3

Esophageal cancer
Incidence 13.8 19.7 8.2 3.3 5.8 1.3 2.8 4.8 1.1
Mortality 12.7 18.3 7.4 2.7 4.9 1.0 2.4 4.2 0.8

�50 years
Colorectal cancer

Incidence 106.4 125.0 88.4 166.5 203.5 136.8 117.2 131.3 104.6
Mortality 56.8 66.6 47.3 80.3 97.2 66.8 42.7 47.8 38.2

Gastric cancer
Incidence 92.1 131.3 54.2 43.1 59.8 29.7 20.2 26.3 14.7
Mortality 73.9 104.0 44.7 31.0 42.8 21.5 8.8 11.3 6.6

Esophageal cancer
Incidence 64.9 90.0 40.8 16.9 28.9 7.3 14.9 24.7 6.0
Mortality 61.0 84.6 38.1 14.7 25.2 6.3 13.3 22.5 5.0

<50 yearsb

Colorectal cancer
Incidence 7.8 8.4 7.2 8.8 8.5 9.1 12.8 12.7 12.9
Mortality 2.5 2.8 2.2 2.3 2.3 2.2 3.1 3.4 2.8

Gastric cancer
Incidence 6.4 7.6 5.1 2.7 3.1 2.4 1.9 1.9 1.8
Mortality 3.6 4.1 3.0 1.7 1.9 1.6 0.8 0.8 0.7

Esophageal cancer
Incidence 2.5 3.9 1.0 1.0 1.5 0.4 0.6 1.0 0.3
Mortality 1.8 2.8 0.7 0.6 1.1 0.2 0.4 0.7 0.2

aAge-standardized rate by world standard population (Segi’s population).
bIncluding people aged 20–49 years.
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between the West and the East. Recent studies suggest that
waist circumference as a stronger risk factor [38], due to rising
evidence on the effects of abdominal/visceral fatness on CRC
[39, 40]. Abdominal fatness is more common in Asians than in
Caucasians [41], which might contribute to the elevated risk of
CRC in the Asian population with normal BMI.

Physical activity is well known for its potential for reducing
cancer risk, but it is only established in colon cancers as an evi-
dential risk factor [42], and the evidence in rectal cancer is not
significant. Exercise may render its benefits mainly through its
effect on weight loss [43], while other studies have also illus-
trated its benefits through enhancing gut motility, IL-6 redistri-
bution, epinephrine release, and activating the immune system
against tumors [44].

Dietary habits, both the healthy pattern and the unhealthy
pattern, are well recognized as an important factor in the etiol-
ogy of CRC [8, 45]. Intake of red meat and processed meat
increases the risk of CRC by an estimated 1.16-fold per 100-g in-
crease in daily intake [46]. By contrast, the consumption of milk,
whole grains, fresh fruits, and vegetables, as well as an intake of
fiber, multivitamins, and vitamin D, decreases the risk of CRC
[47]. Of note, fiber supplements failed to protect against recur-
rent colorectal adenomas [48], which might imply overestima-
tion in fiber supplements and the potential benefits of natural
grains. As a result, dietary fiber was demoted to ‘probable evi-
dence’ in the 2018 version of the continuous update project for
CRC [8].

For calcium intake, each 300-mg/day increase was associ-
ated with an �9% reduced risk of CRC in a large observational
study [49]. But randomized control trials failed to prove this
finding with calcium supplements, even together with vitamin
D [50, 51]. This may due to the calcium calculated in observa-
tional studies being mostly from dairy products and varying
over a wider range. Nevertheless, calcium is considered to have
potential against the development of CRC but, for now, the evi-
dence is not sufficient to recommend calcium supplements for
an anti-CRC purpose.

Moderate alcohol consumption (50 g per day) has been esti-
mated to increase CRC risk by 38%, whereas even higher alcohol
consumption (100 g per day) is associated with an �82% in-
creased risk, and the association was stronger in Asians [52].
Cigarette smoking is significantly associated with CRC inci-
dence and mortality. Smoking leads to a risk increase of 18%
and an increase of 10.8 new cases per 100,000 person-years [53].
Interestingly, recent studies have shown that smoking is differ-
entially associated with the risk of different molecular subtypes.
Ever smoking was associated with microsatellite instability
(MSI)-high and microsatellite stability (MSS)/MSI-low CRC, but
the association was significantly stronger for �50% for MSI-high
CRC [54], and cigarette smoking was also associated with the
CIMP-positive and BRAF mutation-positive colorectal-cancer
subtypes [55].

Inflammatory bowel disease (IBD) is also associated with an
increased risk of CRC and the risk is higher when the history of
IBD is longer [56]. However, it only explains �1% of all CRC in
Western populations. Moreover, its risk of CRC seems to
decreases over time due to the improved therapies for patients
with IBD [57].

Prevention and screening

In addition to changing bad lifestyles, the application of aspirin
has been extensively examined for its potential against CRC [7].
Aspirin was reported to protect patients from adenoma

recurrence and the development of CRC [58, 59]. A long-term
daily aspirin could reduce �25% incidence and 39% mortality. It
was estimated that a minimum intake of 325 mg aspirin per
week for �6 years might be required to obtain any benefit
against CRC [60].

CRC is one of the cancers that can benefit most from screen-
ing, since the grossly visible lesions usually take 10 years to
progress to CRC, leaving a wide time window for early diagnosis
[61]. Screening can help to remove the precancerous lesions by
colonoscopy or diagnose cancer at an earlier stage, which will
reduce the incidence and mortality, and thus lower the burden
of CRC. CRC is more suitable for population screening than any
other malignancy owing to a combination of factors [62]. Major
approaches for screening include a fecal occult blood test
(FOBT), colonoscopy, and other tests based on stool samples.

The FOBT, or the fecal immunochemical test (FIT), is the
most economical and easy-to-implement approach, so it has
been recommended in several countries as a first-line popula-
tion-screening approach [16, 63]. However, its accuracy is rela-
tively lower and it must be followed by a colonoscopy to
confirm the results [64]. A new method derived from FIT called
multitarget stool DNA testing (DNA-FIT), which includes a series
of hemoglobin and DNA mutations such as quantitative molec-
ular assays for KRAS mutations, aberrant NDRG4, and BMP3
methylation. The FIT-DNA is more sensitive for detecting ad-
vanced precancerous lesions and CRC than FIT but has more
false-positive results [65].

The colonoscopy, known as the golden standard for CRC
screening and diagnosis, has high sensitivity and can perform
excision for precancerous lesions, despite its higher costs. Thus,
it can lower the incidence and mortality of CRC. After a 20-year
follow-up of the US National Polyp Study cohort, CRC-specific
mortality was �50% lower among subjects who at baseline had
undergone endoscopic removal of adenomas than in an
unscreened control cohort [66]. The results from a meta-analy-
sis suggested a 40%–60% lower risk of incident CRC and death
from CRC after screening colonoscopy [67].

Most European countries, the USA, and China have estab-
lished CRC-screening guidelines and programs. Given the con-
siderable rise in treatment costs, CRC screening is a cost-saving
exercise in many countries. Most countries recommend FIT to
those aged >50 years and with an average-risk population
(China, Denmark, France, and Norway, etc.), while colonoscopy
was only recommended in the USA, China, Germany, and
Austria as a screening test [16]. As for frequency, most guide-
lines recommend that patients aged >50 years should take the
FIT test once a year and once every 10 years for colonoscopy [16,
64, 68].

Gastric cancer

Gastric cancer is estimated to be the fourth most common can-
cer in both sexes, and was the fourth leading cause of death
among all cancer types worldwide in 2020 and the third most
common cause of cancer death in 2018 [1, 4]. In 2020, it was esti-
mated that there were 1.0 million (5.6%) new gastric-cancer
cases and 0.7 million (7.7%) cancer deaths [4]. Gastric cancer
used to be one of the major causes of cancer-related death, but
the breakthrough in understanding the causation of stomach
cancer, namely a bacterium—Helicobacter pylori—has success-
fully helped to reduce the incidence and mortality over the last
century. However, patients with gastric cancer are often diag-
nosed with advanced disease and survival is poor.
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Epidemiology characteristics

Gastric cancer has very strong regional distribution differences,
as Eastern Asia—China, Japan, and South Korea—contributes
�65% of new global gastric-cancer cases each year [4]. In 2015,
gastric cancer was the second most common cancer type in
China (ASR 18.57 per 100,000) [12], whereas, in 2020, it was esti-
mated to have been overtaken by CRC and became the third
most common cancer [4]. Although its ASR is not the highest,
China has the most gastric-cancer patients (�478,000, 45% of
new cases in 2020) all over the world [4]. Heterogeneities exist
within European countries. Central and Eastern Europe have
the second-highest incidence rate of gastric cancer in the world
(ASR 11.3 per 100,000). On the contrary, the incidence is signifi-
cantly lower in Northern and Western Europe (ASR 4.6–5.9 per
100,000), similar to that in the USA (ASR 4.2 per 100,000) [4]. The
reasons for such differences are multiple and complex, and in-
clude genetic susceptibility, strains of H. pylori, hygiene, food
preparation, and food preservation. Several migrant studies
have shown that, after migration to low-incidence regions, the
incidence for migrants was lowered for the first generation and
was nearly similar to that for natives for the second generation,
which suggests that environmental factors might be the main
contributor to the development of gastric cancer [69].
Differently from CRC, improved living conditions associated
with economic development have contributed to the reduction
in incidence due to the clearance of H. pylori [11, 70]. In the USA
and European countries, gastric cancer is expected to be a rare
disease (defined as <6 per 100,000 person-years) by 2035, while
the number of new cases will remain high and continue grow-
ing [71]. The incidence in China has also undergone a gradual
decline in recent decades (Figure 2).

Gastric cancer is more common in men than in women
(about 2:1) and the most common age at diagnosis is �60 years
[72]. Of note, incidence increases were seen in younger age
groups (<50 years) in both low- and high-incidence populations,
especially in low-incidence countries such as the UK and the
USA—populations with a typically low prevalence of H. pylori in-
fection [73], which may imply that changes in the prevalence of
some lifestyle factors have contributed to the increases shown
in more recent generations [74]. Mortality, due to the implemen-
tation of the screening program, has had a substantial reduction
in recent years [75–77]. In China, gastric cancer has been the
third most common cause of cancer deaths for decades but it
has shown a remarkable decline in mortality. In 1990–1992, the
ASR for the mortality of gastric cancer was 40.8 per 100,000 for

males and 18.6 per 100,000 for females [78], while, in 2015, it
was down to 18.6 for males and 7.53 for females [12], and is
expected to continue to decline in the future. However, due to
population growth and aging populations, the number of deaths
is expected to continuously grow.

Risk factors

Helicobacter pylori infection is the most well-described risk factor
for gastric cancer. Chronic infection of the gastric mucosa leads
to stepwise progression from atrophic gastritis and intestinal
metaplasia. Most H. pylori strains possess a cytotoxin-associated
gene A (CagA) pathogenicity island—an oncoprotein that affects
the expression of cellular signaling proteins [79]. Approximately
89% of non-cardia gastric cancers, representing �78% of all gas-
tric cancers, can be attributable to H. pylori infection [80]. As esti-
mated by a meta-analysis, there were �4.4 billion individuals
with H. pylori infection worldwide in 2015 [70]. China had a prev-
alence estimate of 55.8% (95% CI: 51.8%–59.9%) and it was 35.6%
(95% CI: 30.0%–41.1%) for the USA [70]. Consistently with the
differences in the incidence rates in Europe, the prevalence
estimates were highest in Eastern Europe (62.8%; 95% CI:
48.3%–77.2%) and lowest in Western Europe (34.3%; 95%
CI: 31.3%–37.2%), and the prevalence estimates were 47.0% (95%
CI: 41.8%–52.1%) for Europe as a whole [70]. In a study conducted
in Japan, gastric cancer developed (over a mean follow-up of
7.8 years) in 2.9% of patients with peptic ulcer, dyspepsia, or gas-
tric hyperplasia who had H. pylori infection, whereas no cases
were detected in uninfected patients with these conditions [81].
In a Chinese cohort, the infection of H. pylori increased both car-
dia and non-cardia gastric-cancer risk compared to the non-
infected population [82]. However, later studies have suggested
that H. pylori infection is a risk factor only for non-cardia cancer
and does not increase the risk of cardia cancer [83, 84]. As con-
cluded by a meta-analysis, 5.9 is the best estimate of the relative
risk of non-cardia cancer associated with H. pylori infection [84].

The Stomach Cancer Pooling Project, a consortium that in-
cluded 23 epidemiological studies from Europe, North America,
and Asia, found tobacco smoking was an important risk factor,
no matter whether there was H. pylori infection or not [85].
Besides, the risk increased with the intensity and duration of
smoking and decreased after smoking cessation. Other meta-
analyses also concluded that smoking is the most important be-
havioral risk factor for gastric cancer, and increases the risk by
�50% in males and 20% in females [86, 87]. Alcohol drinking is
also recognized as a risk factor [88]. Drinking alcohol containing
ethanol >10 g/day will increase the risk of gastric cancer and a
dose–response meta-analysis showed a significant increase in
risk in Asian males. Moreover, combined exposure to smoking
and alcohol further increases the risk [87].

Foods preserved by salting, especially traditional Asian pick-
led foods, are considered to be associated with the development
of gastric cancer. The consumption of foods preserved by salting
increases the risk of gastric cancer. The WCRF/AICR found that
people with a high intake of salt-preserved food had a 1.7-fold
higher relative risk of gastric cancer compared to those with a
low intake [88]. Another meta-analysis including 10 studies
found that the population with the highest intake of salted veg-
etables had a 1.32 (95% CI: 1.10–1.58)-fold higher risk than those
with the lowest intake [89]. Salted-food intake might increase
the risk of H. pylori infection and could also act synergistically to
promote the development of gastric cancer. Still, more research
is needed to provide high-level evidence.

Figure 2. Time trends of incidence rates of gastric cancer in men and women

across China, the USA, and Europe. Data from National Cancer Center (China),

Centers for Disease Control and Prevention (the USA), and European Cancer

Information System (EU).
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Obesity, which was not recognized as a risk factor for non-
cardia gastric cancer, has a strong association with gastric car-
dia cancer [90]. As BMI increases by 5 kg/m2, the risk of gastric
cardia cancer increases by 20%–30% [88, 91]. This finding corrob-
orates the increasing obesity and numbers of gastric cardia can-
cers in the USA and Europe [2, 92, 93].

For other factors, such as low consumption of fruits and veg-
etables, results are mixed for both cardia and non-cardia gastric
cancer [94–96]. For the consumption of processed meat, previ-
ous studies have shown that it was associated with an in-
creased risk of gastric non-cardia cancer [97], but the results
from newer cohort studies have shown that its effect was not
significant [98, 99]. To reflect this contradiction, the WCRF/AICR
have noted these factors as limited-suggestive [88].

Primary prevention and screening

As gastric cancer is an infection-associated malignancy, the
main part of the primary prevention of gastric cancer is eradi-
cating H. pylori. Since oral–oral and fecal–oral routes have been
postulated to be involved in the transmission of H. pylori [80],
the first possibility for preventing the associated stomach can-
cer consists of avoiding infection through personal hygiene,
control of water supplies, food-quality control, and other meas-
ures [100]. For now, the best approach for the diagnosis of H. py-
lori infection is 13 C-UBT (urea breath test), with high sensitivity
and specificity, and excellent performance [101]. Using regi-
mens that contain two or three generic antibiotics plus a pro-
ton-pump inhibitor for 7–14 days can achieve �80% success in
eliminating H. pylori infection. However, until now, there have
been limited data from randomized trials on the effects of eradi-
cating H. pylori. Earlier results from Japan have shown that, after
the endoscopic resection of early gastric cancer, the eradication
of H. pylori statistically significantly reduced the risk of meta-
chronous gastric cancer [102]. Another randomized trial in
China found a statistically significant 39% reduction in gastric-
cancer risk after H. pylori eradication [95]. A study in South
Korea found that eradicating H. pylori after the endoscopic re-
section of gastric tumors lowered the incidence of metachro-
nous gastric carcinoma, although this result was not
statistically significant [103]. It can be concluded that H. pylori
treatment could have lowered the gastric-cancer incidence by
30%–40% [104], but the available data do not permit precise esti-
mation of the overall benefits and possible adverse consequen-
ces, such as increased esophagitis [105].

Screening for gastric cancer in the population includes two
aspects: screening for precancerous lesions—upper-gastrointes-
tinal series (UGI), serum pepsinogen testing (PG), and endos-
copy; and screening for H. pylori–H. pylori serology [106].

The UGI was a standard method for diagnosing gastric dis-
eases, but has a relatively low sensitivity of �38% [107]. Studies
conducted in Japan showed that screening by UGI series
resulted in an �40% reduction in gastric-cancer mortality [106],
so UGI is still recommended in the national gastric-cancer
screening programs in Japan and Korea. PG testing is receiving
wide recognition in Japan and China owing to its convenience,
freedom from discomfort or risk, efficiency, and economy. PG
I� 70 ng/L and PG I/II ratio� 3.0 are associated with an increased
risk of gastric cancer [108]. In a meta-analysis assessing
�300,000 people, the sensitivity and specificity of PG testing for
gastric-cancer screening were 77% and 73%, respectively [109].
Endoscopy, which is the criterion for the diagnosis of gastric
cancer, is the only method for direct visual examination of the
gastric mucosa and it allows biopsy sampling so that histologic

evaluation can be performed. Endoscopy is the primary method
for gastric-cancer screening in Japan and South Korea, and is
also highly recommended in China [110]. Endoscopy was
reported with a sensitivity of 88%–95% and specificity of 85%–
88% [106, 111]. A nested case–control study from Korea reported
a 47% reduction in mortality from gastric cancer by using endo-
scopic screening [75].

Helicobacter pylori serology is used to detect the antibody of H.
pylori, and the presence of H. pylori antibody is associated with
the presence of gastric cancer or precancerous lesions [112].
Serology is cheap compared to other non-invasive test
approaches; hence, serology was felt to be the best current op-
tion in the Asia–Pacific region for a population-based screening
approach [113]. However, due to its low sensitivity and specific-
ity, it is recommended to be combined with other screening
approaches.

Right now, only Japan and South Korea have a comprehen-
sive screening system for gastric cancer. To reflect recent stud-
ies and epidemiology reports, in 2015, the Japanese gastric
screening guideline as adjusted the starting age of screening to
50 years and the screening interval to 2–3 years [106]. In Korea,
people >40 years old receive either a UGI or endoscopy test for
gastric-cancer screening every 2 years [114]. Chinese experts’
consensus on gastric-cancer screening recommends that people
>40 years old and with at least one risk factor (with H. pylori in-
fection, in a high-incidence-rate region, with a family history,
with precancerous diseases, with other lifestyle risk factors) to
start the serological biopsy for five biomarkers (PGI, PGII, PGI/
PGII ratio, H. pylori antibody, and gastrin-17) as the first step for
screening and stratifying [112]. By using risk stratification,
patients with different risks underwent different screening proj-
ects based on endoscopy.

Esophageal cancer

Esophageal cancer ranks eighth in terms of incidence (604,100
new cases, 3.1%) and sixth in mortality (544,076 new deaths,
5.5%) overall [4]. The two histological types of esophageal can-
cer—esophageal squamous cell carcinoma (ESCC) and esopha-
geal adenocarcinoma (EAC)—differ in populations and have
completely distinct biological characteristics, geographical dis-
tributions, risk factors, and temporal trends [115]. Patients with
either cancer are both diagnosed at an advanced stage due to
the late occurrence of symptoms. Thus, the prognosis is usually
poor, at �5%–34% [116]. Therefore, identifying its distributional
characteristic and risk factors and promoting practical and ac-
curate prevention and screening methods are crucial to reduc-
ing the global burden of esophageal cancer.

Epidemiology characteristics

The highest incidence rate of esophageal cancer can be found in
Eastern Asia, with an ASR of 12.3 per 100,000 in 2020 [4].
However, esophageal cancers, both ESCC and EAC, are not a
common cancer type in Europe and America (Table 1).
Furthermore, the predominant histological type also varies
from East to West [115].

ESCC comprises �90% of all cases [117]. ESCC has significant
geographical-distribution differences. China has about half of
all esophageal-cancer cases around the world, among which
most cases are ESCC. In 2015, esophageal cancer was the sixth
most common cancer in China, with �246,000 new cases (ASR
11.3 per 100,000), and it was estimated to have reached 13.8 per
100,000 in 2020 [4, 12]. The incidence rates for esophageal cancer
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in different regions can vary by �10-fold within China. Most of
the ESCC cases are in the North Central region, especially the
area around the Taihang Mountain, where the ASR reaches 80–
110 per 100,000 in males and 40 per 100,000 in females [118], and
Cixian, which is the most studied area for esophageal cancer in
China, with the highest ASR in both males and females in the
world (192.7 per 100,000 in males; 108.5 per 100,000 in females)
[119]. ESCC has a relatively obvious sex difference. The inci-
dence rate in men is three times that of women, which could be
partly attributed to the unbalanced distribution of risk factors—
the use of tobacco and alcohol between men and women.
Because of the bad prognosis, mortality is relatively high. In
2015, esophageal cancer was the fourth most common cause of
cancer death in China (188,000 deaths, ASR 8.36 per 100,000)
[12]. Due to the implementation of screening, the control of risk
factors in a large population, and advances in the clinical man-
agement of ESCC, the incidence and mortality of ESCC have
been reduced in recent decades in China [3, 11, 120, 121]
(Figure 3) and are predicted to continue decreasing in the com-
ing years [122].

In 2012, an estimated 52,000 individuals (41,000 men and
11,000 women) developed EAC worldwide, resulting in a global
incidence rate of 0.7 per 100,000 person-years (1.1 in men and
0.3 in women) [115]. Differently from ESCC, 53% of patients were
from Europe, Northern America, or Oceania. The incidence of
EAC has increased in many Western countries in recent decades
[123]. Moreover, in some countries, including the UK and the
USA, EAC has surpassed ESCC and become the predominant
histological type of esophageal cancer [124]. It is expected to
rise dramatically across high-income countries and will dis-
place ESCC in more countries, such as Italy, Spain, and France,
in the coming years [122]. Similar to ESCC, EAC also shows a
striking male predominance in incidence. The highest sex dif-
ference can be found in the USA, as the males/females inci-
dence ratio is 9:1 [115, 125].

Risk factors

ESCC and EAC have different etiological risk factors [116], which
also reflect their difference in pathogenesis [126]. The patho-
physiological pathway of ESCC is typically initiated by carcino-
genic compounds in direct contact with the esophageal mucosa
and thereby leads to esophageal squamous dysplasia. It is now
widely recognized that smoking and alcohol overconsumption
are both risk factors for ESCC [127], and the risk is higher when
they are in combination [128]. Ever smokers had significantly

higher risks of ESCC, with an OR of 2.8 as reported by a popula-
tion-based case–control study [129]. An intensity-duration cu-
mulative exposure effect was demonstrated by a study that, for
equal pack-years, the mild intensity of smoking for a long time
has a higher risk than stronger intensity for a shorter time [130].
Dose–response meta-analyses including six studies found a rel-
ative risk of 1.25 (95% CI: 1.12–1.41) per 10 g/day ethanol intake
[127]. Another pooled analysis found that, when compared with
no drinks, at least seven drinks per day had a relative risk of
9.62 (95% CI: 4.26–21.71) [131].

There are some other factors reported to be associated with
ESCC, but at a relatively lower level of evidence, including the
consumption of vegetables and fruits and processed meat. Most
studies concluded that a higher intake of fruits and vegetables
probably decreases the risk of ESCC [132]. One reported that
100 g/day of vegetable intake could reduce the risk of ESCC by
16%, but no significance was found between the highest vs low-
est intakes [133]. This meta-analysis also reported that a 100-g/
day consumption of fruits could reduce the risk by 39%, but
with high heterogeneity (I2¼ 90%). Regarding processed meat,
which is often listed as a risk factor for GI cancers, studies found
a 41% increase in risk in the highest-consumption population
[134], but another meta-analysis found no significance [135].
Thus, the WCRF/AICR marked these factors as having limited
evidence. Other factors, such as high-temperature drinks [136],
HPV infection [137], and BMI [138], were reported to be related to
ESCC, but the literature did not draw a consistent conclusion.

Differently from ESCC, alcohol was found not to be associ-
ated with EAC [131, 139], and the effect of smoking is also
weaker than that in ESCC [127, 129], although it is still a strong
risk factor for EAC [140, 141]. Furthermore, obesity and gastro-
esophageal reflux disease (GERD) are the distinct risk factors for
EAC. Increasing BMI has been consistently associated with in-
creased risk of EAC in a seemingly linear exposure–response
pattern, with a relative risk of 2.7 (95% CI: 2.2–3.5) for patients
with a BMI� 30 kg/m2 [142, 143]. Similarly to CRC, predomi-
nantly central and intra-abdominal adiposity has a bigger influ-
ence than BMI alone [90, 144]. Obesity may explain partially the
increase in EAC incidence in Western countries, especially in
white people. Moreover, adiposity causes increased intra-ab-
dominal pressure and facilitates reflux [145], which has been
proven to be another important risk factor. GERD is a strong and
dose-dependent risk factor for EAC, as confirmed in population-
based studies [142, 146]. Results from a meta-analysis have
shown that daily symptoms of reflux increased the odds of EAC
by >7-fold [147]. Continuous GERD leads to the development of
Barrett’s esophagus, which presents as metaplasia of the distal
esophageal mucosa and is characterized as the precursor to
EAC [148]. According to a population-based cohort study in
Norway, weekly symptoms of GERD increased by �47% during
1995–2006 [149], which corresponded to the rapid increase in
EAC incidence during this decade [115]. Interestingly, in con-
trast to its effects on gastric cancer, H. pylori infection may re-
duce the risk of EAC [150]. This phenomenon may be due to the
gastric atrophy induced by H. pylori infection, which contributes
to lesser gastric acid reflux and thereby lowers the risk [151].
Since the infection rate is continuously decreasing in Western
countries, the effects of H. pylori on EAC and the individual erad-
ication strategies need more thorough studies to confirm [152].

Prevention and screening

When the symptoms of both types of esophageal cancer start to
surface, the cancer is often at an advanced stage and has a very

Figure 3. Time trends of incidence rates of esophageal cancer in men and

women across China, the USA, and Europe. Data from National Cancer Center

(China), Centers for Disease Control and Prevention (the USA), and European

Cancer Information System (EU).
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poor prognosis, emphasizing the significance of prevention and
early detection to lower the burden of esophageal cancer.

The proton-pump inhibitors (PPIs) [153, 154] and NSAID/aspi-
rin [155] have shown protective effects for esophageal cancer.
The PPIs were reported to decrease the risk of dysplasia and ad-
enocarcinoma in patients with Barrett’s esophagus [156].
However, as the results were concluded from the observation of
patients with GERD and Barrett’s esophagus after anti-reflux
surgery, no reduction in the risk of EAC was found [157]. Thus,
the PPIs are still not recommended conventionally for cancer
prevention. The NSAID/aspirin was shown to reduce the risk of
ESCC and EAC by 30%–40% [158]. However, results from a ran-
domized trial showed that celecoxib did not affect the progres-
sion of both esophageal squamous dysplasia and Barrett’s
dysplasia [159, 160]. Given the additional preventive benefits of
the use of aspirin for other cancer types and cardiovascular dis-
ease, these drugs may be good candidates for chemoprevention
in groups at high risk [161].

Detection of esophageal cancer at an earlier, potentially cur-
able stage is crucial to improving patient survival. Now, endos-
copy is widely accepted as the best method for esophageal
screening and diagnosis. Endoscopic screening for precursor
lesions and endoscopic resection or ablation of the dysplastic
lesions have been shown to reduce the risk of developing ESCC
and dying from the disease [121]. For EAC, the current British
Society of Gastroenterology and American College of
Gastroenterology guidelines suggest screening in patients who
have a history of GERD lasting >5 years and have multiple other
risk factors, including male sex, Caucasian race, central obesity,
and current or past history of smoking [162, 163]. For ESCC,
there is currently no guideline for screening, but Chinese
experts drafted a consensus on esophageal-cancer screening in
2014 [164]. The consensus recommends that people >40 years
old and with at least one risk factor (from an esophageal-can-
cer-prevalent region, with upper-GI symptoms, with an esopha-
geal familial history, with precursor diseases of esophageal
cancer, with other high-risk factors) should undergo endoscopic
screening. The following screening or treatment plans are de-
cided based on the results of endoscopy and biopsy.

However, endoscopy is invasive and expensive, and, despite
the rapid increase in incidence in recent decades, the low abso-
lute numbers of esophageal-cancer cases in the West remain a
barrier to the implementation of screening programs. Some
other non-endoscopic screening methods have emerged in re-
cent years and reported their preliminary results. For ESCC, the
capsule-sponge methodology had a sensitivity and specificity of
100% and 97%, without extra safety problems and unsatisfied
experience [165]. By using a minimally invasive cell-sampling
device and immunohistochemical staining for Trefoil Factor 3,
the sensitivity and specificity reached 87.2% and 92.4% in diag-
nosing patients with �3 cm of circumferential Barrett’s esopha-
gus [166].

Discussion and conclusion

As concluded in Table 2, an unhealthy lifestyle, including over-
use of alcohol and smoking, is the main risk factor for all GI can-
cers and, because of their direct contact with food, the dietary
pattern is also highly associated with all GI cancers. Thus, pri-
mary prevention of GI cancer is the most efficient and cost-ben-
eficial means of reducing the cancer burden. A healthy lifestyle
can lower the risk of all GI cancers.

These GI cancers are also similar in that they all have identi-
fied precursor diseases: adenomas and serrated polyps for CRC,

atrophic gastritis and intestinal metaplasia caused by H. pylori
infection for gastric cancer, and esophageal squamous dyspla-
sia/Barrett’s esophagus for esophageal cancer. Thus, GI cancers
can be diagnosed in a precancerous state and early treatment
can reduce both incidence and mortality. However, there are
only guidelines and screening programs for CRC and gastric
cancer because of the geographical-distribution differences of
cancers and the lack of cheap and relatively reliable approaches
like FIT in CRC. Thus, future orientation will be the development
of screening methods with both reliability and practicality, and
the ability to recognize specific patients at high risk of GI cancer
to perform personalized screening.

GI cancers are a major medical and economic burden world-
wide. The last century has witnessed that, regardless of the
level of economics, medical conditions, or public health, there is
always a prevalent GI cancer that changes accordingly.
Esophageal and gastric cancers are most common in developing
countries, while CRC is the predominant GI malignancy in de-
veloped countries. In this article, we have reviewed the epide-
miology, risk factors, prevention, and screening of these three
cancers in China, the USA, and Europe. They share some com-
mon features, but also have distinct characteristics that imply
the differences in population susceptibility and pathways to de-
velopment malignancies. With the establishment of screening
guidelines and the implantation of screening programs in more
and more countries, the incidence and mortality rate of GI can-
cers are expected to decline in the future. However, due to the
continuously increasing exposure to some risk factors such as
obesity and the aging of the population, GI cancers will still be a
great global health burden for a long time.
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