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Abstract

Gastric cancer is the fifth most common cancer accounting for close to 7 %
of all human cancers. Despite the decrease in incidence, gastric cancer
remains the most common cause of gastrointestinal cancer-related death,
with more than 800,000 fatalities annually. The disease is more common
in men than in women, and non-cardia gastric cancer is twice as common
as cardia cancer. More than two-thirds of gastric cancer occur in East Asia,
in particular, in China, Japan, and Korea. There are large regional and
racial differences in the incidence of gastric cancer. These differences are
related to prevalence of Helicobacter pylori (H. pylori), diet, and other
risk factors. The mortality of gastric cancer closely matches the regional
differences in incidence. The age-standardized incidence and mortality
rates of gastric cancer are expected to further decrease due to improvement
in socioeconomic conditions and decreasing prevalence of H. pylori.
Population screening and intervention, as well as general health measures
such as antismoking campaigns, can accelerate the changing epidemiol-
ogy of gastric cancer. In the absence of such measures, gastric cancer will
for long remain a very common and lethal disease. This chapter reviews
the epidemiology of gastric cancer, with focus on regional differences in
incidence and mortality, risk factors for gastric cancer. It further summa-
rizes the changing epidemiology of gastric cancer in recent decades and
the expected future trends.
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21.1 Introduction

The first cancer registries started in the late nine-
teenth century among others in Germany. At that
time, 30-40% of all cancers were of gastric
origin [1]. That vast predominance of gastric
cancer was strongly related to the ubiquitous
colonization of Helicobacter pylori (H. pylori)
from early childhood onwards. Similar findings
were observed elsewhere. For instance in the
1930s, gastric cancer was almost twice as com-
mon as cause of cancer-related death than any
other individual malignancy [2]. Since then, we
have seen significant changes that are still ongo-
ing. Between 1990 and 2014, the average life
expectancy of the world population increased by
6.3 years [3]. This marked change was most
marked in Southeast Asia where life expectancy
increased by more than 8 years. These improve-
ments were firstly due to prevention and
improved outcome of infectious diseases, among
others, as a result of further implementation of
vaccination programs and clean water supply.
Other marked improvements were noted in the
outcome of treatment of patients with cancer.
Both these factors have changed the epidemiol-
ogy of gastric cancer.

21.2 Incidence and Mortality

21.2.1 Incidence

The incidence of non-cardia gastric cancer has
in Western countries continuously decreased
over the past 80 years; this decrease was more
than 80 % in the United States [2]. In Asia, these
changes occurred later and were so far less pro-
nounced [4, 5]. Gastric cancer remained the
most common malignancy worldwide until
1975. Nowadays, gastric cancer is the fifth most
common cancer after cancers of the lung, breast,
colorectum, and prostate, making up for 6.7 %
of all human cancers [6]. The annual incidence
worldwide approximates 951,000 cases [7].
This includes 260,000 patients with cardia gas-
tric cancer, and 691,000 with non-cardia gastric
cancer. These match age-standardized incidence
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rates of, respectively, 3.3 and 8.8 per 100,000
worldwide. More than two-thirds of gastric can-
cer occur in East Asia, in particular, in China,
Japan, and Korea [4] (Fig. 21.1). In 167 (91 %)
of 184 countries for which there are data, non-
cardia is more common than cardia gastric can-
cer with an average ratio of 2:1. The few
countries in which the incidence of cardia gas-
tric cancer is higher than or equal to non-cardia
cancer can, in particular, be found in
Northwestern Europe and include Denmark,
Finland, and Sweden. These countries are char-
acterized by high socioeconomic status, low H.
pylori prevalence, and relatively low proportion
of the population consisting of first- and second-
generation immigrants. In other Western coun-
tries such as the United States and Canada, the
incidence of non-cardia gastric cancer is only
marginally higher than that of cardia gastric
cancer. This pattern markedly differs from that
in most Asian and South American countries
where non-cardia gastric cancer tends to be con-
siderably more common than cardia gastric can-
cer. In Eastern and Southeastern Asia, for
instance, the age-standardized incidence rates
for cardia and non-cardia gastric cancer approx-
imate 9 and 22 cases per 100,000 per year [7]. A
similar pattern existed in most Western coun-
tries until recently. Within individual countries,
marked differences in the incidence of gastric
cancer are often observed. One consistent obser-
vation is the considerably higher incidence in
various indigenous populations [8]. These dif-
ferences are observed in many different coun-
tries with indigenous populations often suffering
from an at least fourfold increased standardized
incidence ratio of gastric cancer compared with
the national average. Other groups also differ in
the incidence of gastric cancer. In the United
States, for instance, the incidence of non-cardia
gastric cancer is considerably higher among
African-Americans and Hispanics than among
Caucasians [9]. In other countries, these differ-
ences among population subgroups can even be
larger. In Malaysia, for instance, the incidence
is more than fivefold higher among Chinese and
Indian men and women than among Malay men
and women [10].
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Fig.21.1 Age-standardized incidence rates of gastric cancer (Adapted from http://globocan.iarc.fr/Default.aspx)

The highest incidences of both cardia gastric
cancer are found in China, Central Asia, parts of
Eastern Europe and Baltic countries, Central
America, and parts of South America [7]
(Fig. 21.1). The lowest incidences are observed in
the Sahel region and sub-Saharan Africa. The pat-
tern for non-cardia gastric cancer shows signifi-
cant similarity, with minor differences. The
highest incidences are observed in the countries
mentioned with inclusion of Russia, the lowest in
central and some parts of southern Africa,
Northwestern Europe, and North America [7].
The variation in age-standardized incidence rates
per 100,000 person-years is marked. It ranges in
men from approximately 1 in Botswana and
Mozambique to more than 40 in parts of Central
Asia such as Mongolia. In women, this range
reaches from 0.5 in Botswana and Mozambique
to 20 in Guatemala. The latter together with Peru
is one of the few countries where the incidence of
non-cardia cancer is slightly higher in women
than in men. Globally, approximately 631,000
gastric cancer cases diagnosed in 2012 were male
and 320,000 were female. The global male-female
ratio is most marked for cardia cancer ranging
from 1.5 in Southern Africa to 4 in North America
with an average of 3 [7]. For non-cardia cancer,
the global male-female ratio was approximately 2
with the highest difference in Southeast Asia.

21.2.2 Mortality

The developments in the incidence of gastric
cancer are closely matched by geographic differ-
ences and changes over time in mortality due to
the disease [6] (Fig. 21.2). Between 1990 and
2014, the global age-standardized death rate due
to gastric cancer declined by 36 % from 21.7 to
13.8 per 100,000 population [3]. Although this
decline was more marked than for any other gas-
trointestinal malignancy, the age-standardized
death rate for gastric cancer remained the high-
est of any of gastrointestinal cancer. Over the
same time period, the number of people dying of
gastric cancer actually increased from 763,000
to 841,000 per year [3]. This rise was due to the
increase in numbers and life expectancy of the
world population, in particular, in areas with a
high gastric cancer incidence. The comparison
between annual numbers of newly diagnosed
patients (see below) and those dying of the dis-
ease shows that even today the global disease
fatality rate may amount to 85 %. This fatality
rate is significantly lower in countries with pop-
ulation screening programs aiming for early
detection of gastric cancer [11]. In Japan, the
5-year survival rate is now approximately 69 %
[12], while even better results are achieved in
high-volume centers in Korea [13]. In Western
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Fig.21.2 Age-standardized mortality rates of gastric cancer (Adapted from http://globocan.iarc.fr/Default.aspx)

countries, the majority of cases are detected at a
more advanced stage. Survival rates for non-car-
dia cancer reach 30 %, while survival rates for
cardia cancer remain as low as 20 % [14], with
multimodality treatment contributing to this
effect [15]. Observations in the Surveillance
Epidemiology and End Results (SEER) database
suggest that the difference in gastric cancer sur-
vival may also be related to host and disease fac-
tors, since patients of Asian descent had a 12 %
better survival than Caucasian patients [16]. This
effect persisted after correction for tumor grade
and number of lymph nodes investigated.
Depending on stage, Asian patients had a
13-72 months longer median survival than cor-
responding Caucasian patients.

21.2.3 Incidence and Mortality
in Lynch Syndrome Carriers

The previous observations were also reflected in
the patterns of gastric cancer among carriers of a
hereditary cancer syndrome. For instance, in the
first description of Lynch syndrome in 1913 in
the United States, gastric cancer was the predom-
inant cancer affecting family members [17]. This
usually already occurred around the age of
40 years. This is thought to have resulted from

early exposure to H. pylori, most likely in combi-
nation with a diet rich in salt and nitrosamines.
With changes in diet and a decrease in exposure
to H. pylori, the predominant cancer in Lynch
carriers became colorectal cancer, usually at an
age above 40 years. In a nationwide cohort of
Lynch carriers in the Netherlands, we observed a
50 % decline in gastric cancer incidence between
1970 and 2000 [18].

21.3 RiskFactors
21.3.1 Helicobacter pylori

The most important risk factor for non-cardia
gastric cancer is H. pylori gastritis. The
International Agency for Research on Cancer
(IARC) thus classified H. pylori as a class I car-
cinogen [19]. Based on nested case-control in
longitudinal cohorts [20] as well as retrospective
case-control studies, H. pylori gastritis has been
estimated to be associated with a 17-fold
increased risk for development of non-cardia gas-
tric cancer [21]. Based on this relative risk and
the high global prevalence of H. pylori, 89 % of
all non-cardia gastric cancers are thought to be
attributable to H. pylori colonization and the
resulting gastritis in all H. pylori-positive subjects
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[22]. This risk depends on the severity of gastritis
and is thus higher in those who have more severe
chronic active mucosal inflammation as a result
of colonization with a more pathogenic H. pylori
strain [21, 23, 24]. Likewise, gastric cancer in H.
pylori-positives occurs also more frequently in
hosts with a more pro-inflammatory genotype
[25, 26]. These observations form the basis for
the recommendation to consider H. pylori eradi-
cation either as a population approach in regions
with high gastric cancer incidence [27, 28] or as
targeted approach, for instance, in subjects with a
positive family history for gastric cancer [29, 30].
When applied prior to the stage of development
of intestinal metaplasia, this intervention can
strongly reduce the risk of cancer development
[31], but it appears to have little preventive effect
in those with intestinal metaplasia [31]. In those
subjects, cancer can occur even more than a
decade after H. pylori eradication [32] (see also
Chap. 53).

21.3.2 Other Risk Factors

There are a range of other factors that either
increase or decrease the risk of gastric cancer, in
particular factors related to diet [33]. A high intake
of salt is associated with an estimated up to three-
fold increased risk of gastric cancer [34]. In a
Japanese study that followed 2476 subjects for
14 years, those in the highest quartile of salt intake
had a 2.98-fold increased risk of gastric cancer
compared with those in the lowest quartile [35].
This relative risk remained after correction for
confounders such as age, sex, and presence of
atrophic gastritis. In a retrospective study from
Portugal comparing salt intake in 422 patients with
gastric cancer versus 649 community controls, the
highest tertile of salt intake was associated with a
2.6-fold increased risk for gastric cancer [36]. Very
similar data were observed elsewhere, such as in
China and Latin America [37, 38].

A diet that is short on fresh fruits and vegeta-
bles also increases the risk of gastric cancer. In a
retrospective case-control study from Portugal,
the highest tertile of fruit intake in the population
was associated with an odds ratio (OR) of 0.47
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and 0.53 for, respectively, cardia and non-cardia
gastric cancer [39]. For the highest tertile of veg-
etable intake, OR were 0.59 and 0.60, these
results were in line with a meta-analysis of litera-
ture findings [39]. A meta-analysis of a range of
studies from South America reported that high
intake of fruits and vegetables was associated
with a respective 32 and 42 % decrease in risk of
gastric cancer, without specification of tumor
subsite [38]. The same meta-analysis also
reported a 2.3-fold increased risk for gastric can-
cer in those with high intake of chili peppers, but
also noted that the data were limited. An increase
of risk for gastric cancer has also been reported
with high intake of processed and red meat, with
relative risks ranging from 1.5 to 1.6 in different
studies and a meta-analysis from South America
[38], while another meta-analysis reported a
15-38% increased risk with every 30 g/day
increase in meat consumption [40]. A large
European population study following 521,000
men and women for a median 6.5 years con-
cluded that the increased risk with high meat
intake was most pronounced in H. pylori-
positives, with an OR of 5.3 with every 100 g/day
increase in meat intake [41].

The risk of gastric cancer is increased in
smokers. In a European prospective cohort,
smoking increased the risk of gastric cancer with
approximately 80 % after adjusting for other fac-
tors such as intake of fruit and vegetables [42].
Other studies confirm this correlation [38, 43,
44]. A US population microsimulation model
showed that reduction in smoking significantly
contributed to the decline in the incidence of non-
cardia gastric cancer and can further do so with in
the coming period on top of changes in H. pylori
prevalence [45].

Other factors that have been associated with
gastric cancer risk, but less consistent, include
alcohol and green tea consumption. In a system-
atic review of six cohort studies on green tea
intake, a limited protective effect was noted on
non-cardia gastric cancer but only in women who
drank at least five cups of tea per day [46]. There
is no convincing evidence for a modulation of
gastric cancer risk by coffee consumption [33,
47]. The evidence for a link between both cardia


http://dx.doi.org/10.1007/978-981-287-706-2_53

246

and non-cardia gastric cancer has not been con-
sistently reported, with a recent meta-analysis
concluding that the relative risks were not signifi-
cantly increased [48].

Together, the abovementioned risk factors
have been adequately used for implementation in
a prediction model for gastric cancer in Korea as
a high-incidence country [49]. In Western
Europe, as a low-incidence region, it has been
estimated that 19% of all gastric cancers and
even 62% of all cardia cancers could be pre-
vented by universal adoption of a healthy life-
style including use of a healthy diet and refraining
from smoking and alcohol consumption [50].

21.4 Future Trends

Continuation of the trends of recent decades will
likely imply a significant decrease in the number
of newly diagnosed patients as well as mortality
rates due to gastric cancer despite an expanding
and aging world population. The largest changes
are likely to occur in current high-incidence
countries, in particular, with changing epidemiol-
ogy of H. pylori. This effect may in some areas
such as Japan and Korea be augmented by gastric
cancer screening programs [51, 52], and further
among others in Japan, and parts of China, and
Taiwan by population screening programs aim-
ing to screen and treat for H. pylori and/or atro-
phic gastritis [27, 31, 53].

A similar effect may occur in Western coun-
tries, even in those that already have low inci-
dences of gastric cancer. It has, for instance,
been estimated that the decrease would be 66 %
for mortality and 50% for incidence within
Europe when comparing 2030 with 2005 [54].
This estimate is supported by the observation of
a marked decrease in the prevalence of atrophic
gastritis and intestinal metaplasia in the general
population [55]. Since these lesions are predom-
inant risk factors for later development of gas-
tric cancer, their prevalence is a looking glass
for the incidence of gastric cancer in a popula-
tion in the following two decades [56]. However,
despite the decrease, atrophic gastritis and intes-
tinal metaplasia remain common conditions in
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those above the age of 50 years even in Western
Europe [55, 57].

Some effects may however interfere with this
trend. These include the observation that cardia
cancer is becoming predominant in Western
countries [7]. The incidence of this tumor shows
much less of a change over the past decades. For
instance, in the United States, the incidence of
cardia cancer actually tended to increase between
1976 and 2007 in all racial groups [9]. Over the
same time period, the incidence of non-cardia
gastric cancer stabilized or even slightly
increased in men and women below the age of
50 years [58]. A similar stabilization of non-car-
dia gastric cancer has recently been observed in
the Netherlands [59]. Furthermore, there are
some observations that the decreasing preva-
lence of H. pylori in subsequent birth cohorts
may have slowed or stopped in a Western coun-
try such as the Netherlands for reasons which are
not yet fully understood, but may include a
marked increase in the use daycare at very young
age [60, 61].

Conclusions

Gastric cancer has for long been the most
common human malignancy. Despite a
marked decline in incidence during the past
decades, it still is the fifth most common can-
cer accounting for close to 7% of all human
cancers. The disease is more common in men
than in women, and more often affects the
body and antrum of the stomach than the car-
dia. Despite the decrease in incidence, gastric
cancer remains the most common cause of
gastrointestinal cancer-related death, with
more than 800,000 fatalities annually. There
are large regional and racial differences in the
incidence of gastric cancer. These differences
are related to the prevalence of H. pylori, diet,
and other risk factors. The mortality of gastric
cancer closely matches the regional differ-
ences in incidence. Globally, the majority of
patients affected by gastric cancer still die as a
result of the disease. The high incidences and
fatality rates are remarkable in view of the fact
that gastric cancer is largely a preventable dis-
ease and can also be detected and treated with
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excellent outcome at a precursor or early can-
cer stage. The age-standardized incidence and
mortality rates of gastric cancer are expected
to further decrease due to improvement in
socioeconomic conditions and decreasing
prevalence of H. pylori. Population screening
and intervention, as well as general health
measures such as antismoking campaigns, can
accelerate the changing epidemiology of gas-
tric cancer. In the absence of such measures,
gastric cancer will for long remain a very
common and lethal disease.
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