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INTRODUCTION
Gastric cancer is the second leading cause of cancer-related 
mortality and the fourth most common cancer globally. 
However, its incidence rates in different geographical regions 
are distinctly varied. Aetiologically, gastric cancer is associated 
with Helicobacter pylori (H. pylori ) infection, dietary and lifestyle 
factors, and genetics. This review provides an update of the 
clinical epidemiology of gastric cancer.

EPIDEMIOLOGICAL TRENDS IN GASTRIC 
CANCER
The latest estimate of the global incidence and mortality rates 
of gastric cancer was updated by the International Agency for 
Research on Cancer (IARC) in 2008, through its GLOBOCAN 
series (Fig. 1).(1,2) This updated report estimated that there were 
989,000 new cases of gastric cancer (or 7.8% of all reported 
cancer cases) in 2008. This estimate made gastric cancer the 
fourth most common malignancy globally, behind lung, breast 
and colorectal cancers. Significantly more gastric cancer 
cases were noted in less developed regions compared to more 
developed regions. In the male gender, 466,900 cases were 
reported in less developed regions compared to 173,700 cases 
in more developed regions. The corresponding case burden 
for the female gender was 247,000 and 102,000  cases, 
respectively.

About half of the total gastric cancer load was located in 
East Asia, especially China. The age-standardised incidence rate 
(ASIR) for males was generally twice that for females. The cancer 
risk in different geographical regions has been defined based 
on the magnitude of the ASIR.(3) A high-risk region is defined as 
ASIR > 20 per 100,000, an intermediate-risk region as 10–20 per 
100,000, and a low-risk region as < 10 per 100,000. The ASIR 
of the different geographical regions, subdivided by gender, can 
be accessed at the GLOBOCAN website.(2) A key point to note is 
that, in general, most of the high-risk regions are located in East 

Asia. In particular, the ASIR among males in Korea, Mongolia, 
Japan and China is especially high, with the ASR at 62.2, 48.2, 
46.8 and 41.3 per 100,000, respectively.(2)

Geographic variations in gastric cancer incidence also exist 
within a country. For instance, in China, the risk of gastric cancer 
in Changle, Fujian, was fivefold that of Hong Kong.(4) Muping 
County in Shandong, China also had a significantly higher risk 
of gastric cancer when compared to Yanqing County in Beijing.(5) 
Geographic variations in gastric cancer incidence and mortality 
in terms of a north-south gradient have been reported in both 
the West and the East.(6-8) These variations may be related to 
differences in risk factors, such as the prevalence rate of H. pylori 
infection. Migration studies have shown that first-generation 
migrants from countries with a high incidence of H. pylori 
infection relocating to countries of low incidence rates had 
similar risks as that of the country of origin, but the incidence rate 
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Fig. 1 Graph shows the estimated gastric cancer age-standardised incidence 
and mortality rates per 100,000 (reproduced from http://globocan.iarc.
fr/(2))
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tended toward that of the host country in subsequent generations, 
suggesting the important role of environmental risk factors.(9-12)

Up till the mid-1990s, gastric cancer was the most common 
cause of cancer-related mortality globally. Gastric cancer is 
currently the second leading cause of cancer-related mortality 
for both genders globally, constituting 9.7% of all cancer-related 
deaths. The highest age-standardised mortality rate (ASMR) is 
estimated in Eastern Asia (28.1 per 100,000 in men, 13.0 per 
100,000 in women), the lowest ASMR in North America (2.8 and 
1.5 per 100,000, respectively). High mortality rates are also 
noted in both genders in Central and Eastern Europe, and in 
Central and South America.(2) The higher mortality rates in these 
geographical regions are a reflection of a greater disease burden 
due to higher incidence rates. It is noteworthy that, although 
Korean and Japanese males were ranked as having the highest and 
third highest incidence rates for gastric cancer globally, they were 
ranked 12th and 16th, respectively, in terms of mortality rates. 
A similar trend can be seen for females in these two countries.(2)

The incidence (Fig. 2) and mortality rates (Fig. 3) of gastric 
cancer have continued to fall over the course of time. This 
decreasing trend has been observed in both developed and 
developing regions, regardless of their risk for gastric cancer.(13-17) 
The United States of America (USA) is a developed country with 
an overall low incidence rate of gastric cancer, although actual 
risk may vary due to ethnicity. The gastric cancer data for the 
USA from 1977 to 2006 was recently analysed – the overall ASIR 
per 100,000 population was found to have declined during the 
study period, from 5.9 (95% confidence interval [CI] 5.7–6.1) to 
4.0 (95% CI 3.9–4.1) in whites, and from 13.7 (95% CI 12.5–14.9) 
to 9.5 (95% CI 9.1–10.0) in blacks.(16) The trends in gastric cancer 
mortality data from Japan (a country with high gastric cancer risk), 
and Hong Kong and Singapore (countries with intermediate gastric 
cancer risks) revealed a continued decrease in ASMR from 1950 
to 2004.(15) Bertuccio et al,(13) who analysed global gastric cancer 
mortality from 1980 to 2005 using joinpoint regression analysis, 
provided updated site-specific incidence rates from 51 selected 
registries. It was found that the annual percent change (APC) in 
mortality rate was around −3% to 4% for the major European 
countries, which was similar to countries such as Korea (−4.3%), 
Australia (−3.7%), the USA (−3.6%), Japan (−3.5%), Ukraine 
(−3%) and the Russian Federation (−2.8%). In Latin America, 
the APC was slightly lower: Brazil and Chile (−1.6%); Argentina 
and Mexico (−2.3%); Colombia (−2.6%).(13) Bray et al(17) used 
the Human Development Index (HDI), a composite indicator 
of life expectancy, education and gross domestic product per 
head, to highlight cancer-specific patterns in 2008 (on the basis 
of GLOBOCAN estimates) and trends in 1988–2002, and to 
produce future burden scenario for 2030. It was estimated that 
there will be a 2.3% annual decrease in gastric cancer incidence 
rates till 2030.(17)

The temporal decrease in incidence rates of gastric cancer 
has been ascribed to reduction in H. pylori infection in 
successive birth cohorts, which is related to changing childhood 
environment, improved food preservation practices such as the 
use of refrigeration as opposed to salt, and better nutrition. Gastric 

cancer arises as a consequence of a complex interaction between 
host factors, environmental factors and H. pylori infection. These 
specific risk factors will be examined in detail in later paragraphs. 
The reduction in gastric cancer mortality mainly reflects the 
decrease in incidence rates. Early cancer detection is important 
because countries that perform gastric cancer surveillance, such 
as Japan and Korea, have lower mortality rates, reflecting higher 
detection rates of early gastric cancer as well as earlier-stage 
cancers.(2) Surgical and oncologic advances are also important 
contributory factors of lower gastric cancer mortality rates.

There have been reports indicating that the incidence of 
gastric cardia cancers is on the rise.(18,19) This is in contrast to the 

Fig. 2 Graph shows the trends in incidence of stomach cancer in selected 
countries: age-standardised rate per 100,000 men (reproduced from http://
globocan.iarc.fr/(2))

Fig. 3 Graph shows the trends in mortality from stomach cancer in selected 
countries: age-standardised rate per 100,000 men (reproduced from http://
globocan.iarc.fr/(2))
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trend observed for overall gastric cancer incidence. The rising 
trend of gastric cardia cancers has been reported in populations 
from countries with high overall rates of gastric cancer (such as 
Japan and China), as well as in populations where whites have 
low overall rates of gastric cancer (such as Denmark and the 
USA). As a proportion of the total gastric cancer incidence, the 
contribution from gastric cardia cancers is much higher in low-risk 
populations.(20) A major risk factor for cardia cancer is obesity, and 
the increased prevalence rate of obesity, especially in developed 
countries, could potentially be a contributing factor for this rise 
in incidence rate. The relationship between obesity and cancer 
will be further elaborated in this article.

In terms of histology, Lauren’s classification subdivided gastric 
cancer into diffuse (undifferentiated) or intestinal.(21) Distinct 
clinical and pathological differences have been noted between 
the two types of gastric cancer. The diffuse type occurs in all 
age groups with equal gender distribution, unlike the intestinal 
type, which predominates in males and older persons. The 
diffuse type involves the corpus or entire stomach, whereas the 
intestinal type occurs predominantly in the antrum and incisura. 
In addition, the diffuse type has a greater tendency to invade the 
gastric wall (resulting in linitis plastic) and to metastatise, and it 
also has a more rapid disease progression and poorer prognosis. 
Although both subtypes are related to H. pylori infection, the 
intestinal type undergoes a cascade from atrophic gastritis/
intestinal metaplasia to dysplasia then adenocarcinoma, while 
the diffuse type dies without following such a cascade.(22) There 
is also a rare genetically related type called hereditary diffuse 
gastric cancer (HDGC), which is unrelated to H. pylori infection. 
Intestinal type adenocarcinoma is the main histological subtype 
of HDGC. It has been noted that, consistent with the overall 
decline in gastric cancer incidence in recent decades, there has 
been a global decline in the incidence of intestinal type gastric 
cancer. However, the decline in the diffuse type has been more 
gradual. In some series, although intestinal type gastric cancer 
remained the predominant subtype, the relative proportion of 
diffuse type cancer became higher over the course of time,(23-27) 
but this is not noted in all studies.(28,29) The reasons for this relative 
increase in the proportion of diffuse type cancer are speculative. 
Given the differences in the carcinogenesis process, it had been 
postulated that the change may be the result of a decreased rate 
of severe chronic gastritis,(28) or due to changes in environmental 
carcinogenic factors(29) in some populations.

H. PYLORI AND GASTRIC CANCER
Global ly ,  H. pylor i  in fec t ion a f fec t s  50% of  the 
population.(3) It is the most important causal factor for non-
cardia gastric adenocarcinoma. An analysis of 12 prospective 
case-control studies by the Helicobacter and Cancer Collaborative 
Group(30) showed that for non-cardia cancer, the pooled odds 
ratio (OR) was 2.97 (95% CI 2.34–3.77) for H. pylori infection. 
Conversely, for cardia cancers, no statistically significant 
association was demonstrated. When the pooled analysis was 
restricted to cases occurring at least ten years after the diagnosis of 
H. pylori, the OR for non-cardia cancer increased to 5.93 (95% CI 

3.41–10.3), and this OR has been regarded as the best estimate of 
the relative risk (RR) of non-cardia cancer associated with H. pylori 
infection. Based on the average H. pylori prevalence of 35% and 
85% in developed and developing countries, respectively, it was 
estimated that about 65%–80% of non-cardia gastric cancers were 
attributable to H. pylori infection and potentially preventable.(30)

Regions with high gastric cancer incidence rate tend to have 
high seroprevalence rates for H. pylori infection. However, 
there are geographical regions, such as Africa and South Asia 
(e.g. India), where the seroprevalence rates for H. pylori infection 
are high but the gastric cancer incidence rates are low. This 
phenomenon has been dubbed the Asian or African enigma,(3,31) 
and is probably a reflection of the complex host, bacterial and 
environmental factors at play in gastric carcinogenesis. It has 
also been suggested that disease manifestation reflects the 
predominant pattern of gastritis within a geographical region, and 
that the main factor is the interaction of host and environmental 
factors such as diet, and not the bacterial strain.(3)

The Asian-Pacific Consensus Group recommended the 
screening and treatment of H. pylori as an evidenced-based 
and reasonable strategy for primary prevention of non-cardia 
gastric cancer in selected communities where the burden of 
gastric cancer is high.(32) H. pylori eradication has been shown to 
impact the precursors of gastric cancer. Mera et al(33) assessed the 
effect of H. pylori eradication therapy on intestinal metaplasia, 
multifocal atrophy and dysplasia in Colombia, a region with 
high gastric cancer risk. A histopathology score was utilised to 
document changes in gastric lesions. Multivariate analysis showed 
a significant regression in histopathology score as a function of the 
square of H. pylori negative time. Subjects who were H. pylori 
negative had 14.8% more regression and 13.7% less progression 
than patients who were positive at 12 years.(33) A prospective, 
placebo-controlled, randomised study by Leung et al found that 
subjects with persistent H. pylori infection had a significantly 
higher risk of progression to intestinal metaplasia than those with 
successful H. pylori eradication (OR 2.13, 95% CI 1.41–3.24).(34) 
A recent Taiwanese study evaluated the effectiveness of mass 
eradication of H. pylori infection in reducing premalignant gastric 
lesions. The study reported that mass eradication of H.pylori was 
effective in significantly reducing the incidence of gastric atrophy 
resulting from chemoprevention (77.2%; 95% CI 72.3%–81.2%), 
although the reduction in incidence of intestinal metaplasia 
was not significant.(35) Similarly, two other meta-analyses,(36,37) 

which addressed the controversial issue regarding the impact 
of H.  pylori eradication on gastric atrophy and intestinal 
metaplasia, showed significant improvement in gastric atrophy 
but not gastric intestinal metaplasia. Thus, gastric intestinal 
metaplasia is generally regarded as the point of irreversible 
histological change.(36,37) Uemura et al,(38) who were the first to 
provide evidence that H. pylori eradication has a direct impact 
on gastric cancer occurrence, conducted a non-randomised H. 
pylori eradication trial in patients with early gastric cancer treated 
by endoscopic resection. After a three-year follow-up period, 
9% of the untreated patients developed metachronous gastric 
cancer, while none of the patients who underwent H. pylori 
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eradication developed the disease.(38) In another prospective 
observational study, Uemura et  al showed that gastric cancer 
developed in persons infected with H. pylori, but not in uninfected 
persons.(39) The pooled data from five randomised placebo-
controlled H. pylori eradication trials in Asia(40-44) showed that with 
H. pylori eradication, the pooled RR of developing gastric cancer 
was 0.56 (95% CI 0.40–0.8).(32) However, it must be recognised 
that, prior to eradication, irreversible precancerous lesions may 
have already arisen, and in such cases, apart from H. pylori 
eradication, a strategy of continued surveillance is required.

DIET AND GASTRIC CANCER
Salt and food preserved with salt are a risk factor for gastric 
cancer. Since 1959, salt intake has been reported as a possible 
risk factor for gastric cancer.(45) The possible mechanisms by 
which salt is involved in gastric cancer include: (a) it potentiates 
the colonisation and virulence of H. pylori; (b) it changes the 
protective mucous viscosity protecting the stomach, leading 
to exposure to carcinogens such as N-nitroso compounds; and 
(c) it causes inflammatory responses of the gastric epithelium, 
which may increase epithelial cell proliferation as part of the 
repair process and the probability of endogenous mutations.(46) 
The INTERSALT Cooperative Research Group(47) conducted an 
epidemiological study to assess the respective importance of high 
salt and nitrate intake for gastric cancer mortality at the population 
level in 24 countries. Although the study found a significant 
correlation of gastric cancer mortality with sodium and nitrate 
intake, the correlation with sodium was stronger than nitrate.(47)

In a recent meta-analysis, D’Elia et al(48) examined the role 
of salt in gastric carcinogenesis by analysing prospective studies. 
In the pooled analysis, both ‘high’ and ‘moderately high’ salt 
intake versus ‘low’ salt intake were significantly associated 
with increased risk of gastric cancer, with RR of 1.68 (95% CI 
1.17‑2.41) and 1.41 (1.03-1.93) respectively; the association was 
found to be stronger in the Japanese population.(48) Additionally, 
epidemiological and experimental studies(49) have suggested an 
increased risk of gastric cancer in relation to the consumption 
of pickled vegetables in East Asia. This issue was addressed in a 
meta-analysis(49) comparing the gastric cancer risk between people 
who consumed pickled vegetables/food and non-consumers 
or those in the lowest reported category of consumption. The 
study reported the following association: (a) overall: OR 1.52, 
95% CI 1.37–1.68; (b) case-control studies: OR 1.56, 95% CI 
1.39–1.75; and (c) cohort studies: OR 1.32, 95% CI 1.10–1.59. 
The following association was found with studies from different 
geographical regions: (a) Korean: OR 1.89, 95% CI 1.29–2.77; 
(b) Chinese: OR 1.86, 95% CI 1.61–2.15; (c) Japanese: OR 1.16, 
95% CI 1.04–1.29; and (d) other countries: OR 1.14, 95% CI 
0.96–1.35).(49)

Conversely, several prospective studies have reported 
significant reductions in gastric cancer risk (both cardia and 
non-cardia) arising from the consumption of fresh fruits and 
vegetables, the results of which were summarised in a recent 
meta-analysis.(50) An inverse association was found between 
fruit intake and gastric cancer incidence (RR 0.82, 95% CI 

0.73–0.93), and this was stronger for follow-up periods of more 
than ten years (RR 0.66, 95% CI 0.52–0.83). For vegetables, the 
RR were 0.88 (95% CI 0.69–1.13) and 0.71 (95% CI 0.53-0.94) 
when considering all incidence studies and studies with a longer 
follow-up, respectively. Bertuccio et al(51) analysed the impact of 
dietary pattern, in terms of a prudent/healthy diet rich in fruits 
and vegetables versus a Western/unhealthy diet rich in starchy 
foods, meat and fats. The former diet had an OR of 0.75 (95% 
CI 0.63–0.90) for gastric cancer for the highest versus the lowest 
category. The Western/unhealthy dietary pattern had an OR of 
1.51 (95% CI 1.21–1.89) for gastric cancer. It was concluded that 
there was a twofold difference in gastric cancer risk between a 
prudent/healthy diet rich in fruits and vegetables, and a Western/
unhealthy diet rich in starchy foods, meat and fats.(51)

Green tea, made from the plant Camellia sinensis, contains 
the active ingredient polyphenol, which has a subgroup known 
as catechins. Catechins are powerful antioxidants that may inhibit 
cell proliferation and prevent cancer. Data regarding the effect of 
green tea on prevention of gastric cancer is conflicting, with no 
clear benefit.(52) A recent Japanese study that analysed pooled data 
from six cohort studies suggested that, in women, a significantly 
decreased risk of distal gastric cancer was observed in those who 
consumed more than five cups of green tea per day (hazard ratio 
0.70, 95% CI 0.50–0.96), but such an association was not seen 
in men.(53) Therefore, although there are clear epidemiological 
associations between diet and gastric cancer, the role of dietary 
interventions remains unproven.

LIFESTYLE AND GASTRIC CANCER
Two lifestyle factors implicated in gastric carcinogens are 
smoking and alcohol. The evidence for smoking as a risk factor 
is unequivocal. Comparing current smokers with non-smokers, 
the RR was 1.62 in males (95% CI 1.50–1.75) and 1.20 in 
females (95% CI 1.01–1.43); the RR increased from 1.3 for the 
lowest consumption to 1.7 for consumption of approximately 
30 cigarettes per day. Smoking was significantly associated 
with both cardia (RR 1.87, 95% CI 1.31–2.67) and non-cardia 
(RR 1.60, 95% CI 1.41–1.80) cancers.(54) In contrast, no definite 
epidemiological association exists between alcohol and gastric 
cancer.(55)

METABOLIC RISK FACTORS FOR 
GASTRIC CANCER
The relationship between serum cholesterol levels and gastric 
cancer is controversial, with conflicting data from case control 
and cohort studies. Explanations for causality are speculative, 
especially since both low and high cholesterol levels have 
been associated with gastric cancer. Asano et al(56) conducted a 
prospective population-based study to examine the association 
between serum cholesterol levels and the incidence of gastric 
cancer. It was found that the risk of gastric cancer increased 
with decreasing cholesterol levels, even after adjustment 
for other confounding factors such as age, gender, H. pylori 
infection, atrophic gastritis, family history of malignant neoplasm, 
smoking habits, body mass index (BMI) and dietary factors. This 
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association was significant for intestinal type gastric cancers, but 
not for the diffuse type. Asano et al suggested that since there 
was experimental evidence that long-term depletion of serum 
cholesterol-induced nuclear factor kappa B activation, which 
could promote tumourigenesis, low cholesterol levels could 
have a causal effect on one of the processes of carcinogenesis.(56) 

However, no association with low serum cholesterol was noted 
in other prospective population studies.(57,58)

Another large prospective Japanese study, which evaluated 
the inverse relationship between serum cholesterol and gastric 
cancer, showed that although serum total cholesterol levels had 
strong inverse associations with stomach cancer in men, after 
exclusion for the first three-year incident cases and advanced 
cases with metastasis, the inverse association diminished for 
stomach cancers.(59) In the Japanese study, a possible confounding 
factor could be the impact of existing undiagnosed cancer 
on cholesterol level at the time of testing. On the other hand, 
a possible relationship between high cholesterol levels and 
gastric cancer has also been reported. For instance, a recent 
questionnaire survey assessing the dietary habits of cancer patients 
reported that high dietary cholesterol was positively associated 
with the risk of stomach and other cancers.(60) Also, Jung et al 
showed in a small case-control study that the risk for dysplasia 
was increased among persons with hyperglycaemia and a higher 
level of low-density lipoprotein (LDL) cholesterol, although BMI, 
triglyceride level and total cholesterol level were not associated 
with the risk for dysplasia.(61) Postulated mechanisms to explain 
the relationship between hyperlipidaemia and gastric cancer 
include the impact of hyperlipidaemia on cellular inflammation, 
impact on levels of proinflammatory cytokines, and the role of 
iron-induced oxidation of serum lipids.(60,61)

Another study by Ikeda et al(62) evaluated the impact of 
haemoglobin A1c (HbA1c) levels on the occurrence of gastric 
cancer, and their interaction with H. pylori infection. It was found 
that the age-  and gender-adjusted incidence of gastric cancer 
was significantly increased when HbA1c was higher than 6, 
even after adjusting for confounding factors, including H. pylori 
seropositivity. In addition, this risk was further increased in the 
presence of H. pylori infection.(62) The precise pathogenetic 
role of hyperglycaemia in gastric carcinogenesis is obscure, but 
postulated mechanisms include increased production of reactive 
oxygen species and greater oxidative damage to DNA, as well 
as the impact of hyperinsulinaemia on cellular proliferation.(62) 
A recent Korean case-control study(63) examined the relationship 
between metabolic syndrome and gastric cancer. Multivariate 
analysis revealed that fasting glucose, total cholesterol, LDL-
cholesterol and metabolic syndrome had a statistically significant 
relationship with gastric dysplasia. The risk of gastric dysplasia 
was associated with the following: (a) modest glucose levels 
(glucose 100–125 mg/dL; age- and gender-adjusted RR 2.261, 
95% CI 1.147–4.457); (b) higher total cholesterol levels (total 
cholesterol ≥ 240  mg/dL; RR 6.299, 95% CI 1.277–31.076); 
(c) modest LDL-cholesterol levels (LDL 130–159  mg/dL; RR 
0.250, 95% CI 0.069–0.903); and (d) the presence of metabolic 
syndrome (RR 2.177, 95% CI 1.082–4.379).(63) Given the 

association between cholesterol/metabolic syndrome with gastric 
cancer, a pertinent issue would be the impact of statins on gastric 
cancer risk. A meta-analysis examined 26 randomised control 
trials involving 290 gastric cancers and eight observational 
studies totalling 7,321 gastric cancers. Statins use was shown to 
be significantly associated with a 27% reduction in gastric cancer 
risk (RR 0.73, 95% CI 0.58–0.93).(64)

To summarise, the relationship between gastric cancer and 
serum cholesterol or serum glucose levels remains controversial, 
with no proof of causality. As in the case of dietary intervention, 
it is therefore premature to recommend the use of statins or 
strategies targeting these metabolic factors for gastric cancer 
prevention.

OBESITY AND GASTRIC CANCER
Obesity is a major risk factor for gastric cardia adenocarcinoma. 
A meta-analysis showed that obesity resulted in an elevated risk for 
cardia gastric cancer, with the following summary: (a) overweight 
subjects (BMI 25–30 kg/m2): estimated RR 1.4, 95% CI 1.16–1.68; 
and (b) obese subjects (BMI > 30  kg/m2): estimated RR 2.06, 
95% CI 1.63–2.61.(65) However, no increased risk has been 
found for non-cardia gastric cancer.(66,67) The exact pathological 
mechanism is yet unclear, and postulated mechanisms include 
increased risk of oesophageal reflux, insulin resistance, levels of 
adiponectin and leptin, insulin-like growth factors, sex steroids 
and glucocorticoids, obesity-related inflammatory markers, and 
oxidative stresses.(65)

GASTRIC CANCER AND FAMILIAL 
ASSOCIATIONS
Gastric cancer and familial associations may be secondary 
to either shared environmental exposure or true genetic 
susceptibility. El-Omar et al(68) examined the prevalence of 
atrophy and hypochlorhydria, and their associations with 
H. pylori infection in first-degree relatives of patients with gastric 
cancer. Among these relatives, the prevalence of atrophy and 
hypochlorhydria was increased only in those with evidence of 
H. pylori infection. Eradication of H. pylori infection produced 
resolution of the gastric inflammation in each subject, and 
resolution of hypochlorhydria and atrophy in 50% of the 
subjects.(68) Brenner et al(69) carried out a population-based, state-
wide, case-control study in Germany to assess the individual and 
joint contributions of family history and H. pylori infection to the 
risk of gastric carcinoma. It was found that, although H. pylori 
infection and family history were positively related, both were 
independently and strongly associated with a risk for gastric 
cancer. Compared with uninfected subjects without a family 
history, subjects with both a positive family history and infection 
with cagA-positive H. pylori strains had an OR of 8.2 (95% CI 
2.2–30.4) for gastric cancer overall and an OR of 16 (95% CI 
3.9–66.4) for non-cardia gastric cancer.(69)

HDGC is a rare cancer, representing approximately 2% of all 
gastric cancers. It is caused by specifically associated germline 
mutations to the E-cadherin (CDH1) gene. HDGC is characterised 
by autosomal dominance and high penetrance, as well as a high 
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cumulative risk for advanced gastric cancer. In this rare disorder, 
CDH1 mutation testing in families with a history of gastric cancer 
and prophylactic gastrectomy in mutation-positive patients are 
recommended for management.(70)

HOST GENETIC POLYMORPHISMS AND 
GASTRIC CANCER RISK
Host genetic polymorphisms may have an impact on host responses 
to gastric inflammation and acid secretion, thereby interacting 
with H. pylori infection in gastric carcinogenesis. A  series of 
single nucleotide polymorphisms (SNPs) of susceptibility genes 
have been implicated. El-Omar et al(71) were the first to report that 
interleukin-1 (i.e. IL1B) gene cluster polymorphisms, suspected of 
enhancing production of IL1B, are associated with an increased 
risk of both hypochlorhydria-induced H. pylori and gastric cancer. 
IL1B is an important pro-inflammatory cytokine and a powerful 
inhibitor of gastric acid secretion. Host genetic factors that affect 
IL1B may determine why some individuals infected with H. pylori 
develop gastric cancer, while others do not.(71) The inflammatory 
response-related genes that have been most frequently studied 
are interleukin genes IL1B, IL1RN, IL8 and IL10, and tumour 
necrosis factor-alpha (TNFA), coding for the proteins IL-1b, 
IL‑1ra, IL-8, IL-10, and TNF-a, respectively. However, the results 
of these studies are not consistent across Asian and non-Asian 
populations. A recent meta-analysis(72) examined the relationship 
between these genetic polymorphisms and gastric cancer risk. 
Overall, the study showed statistically significant associations in 
IL1RN2 and IL10-592A carriers. In studies from Asian populations, 
an increased risk of gastric cancer among IL10-1082G carriers 
and a decreased risk among IL1B-31C carriers were observed. 
Studies from non-Asian populations showed an increased risk 
among IL1RN2 carriers and a decreased risk among IL10-1082G 
carriers. Furthermore, studies from non-Asian populations also 
observed increased risks among carriers of IL1B-511T, IL1B-31C 
and IL1RN2 for cardia gastric cancer, but this was not statistically 
significant in Asian populations. In Asian populations, IL1B-31C 
carriers were found to have a decreased risk and IL1RN2 carriers 
an increased risk for non-cardia gastric cancer. An increased risk 
was shown in carriers of the IL1B-511T, IL1RN2 and TNFA-308A 
alleles among non-Asian populations. In studies reporting results 
for intestinal type gastric cancer, Asian populations showed a 
statistically significant decreased risk among IL1B-511T and IL1B-
31C carriers, and an increased risk among non-Asian IL1RN2 
carriers. For studies from non-Asian populations, increased risks 
for IL1RN2 and TNFA-308A carriers and a decreased risk of 
diffuse type cancer among IL10-1082G carriers were found.(72)

MOLECULAR SUBTYPES OF GASTRIC 
CANCER
The Lauren classification of gastric cancer is widely used, as it 
distinguishes two main subtypes that are biologically different, 
with distinct clinical and epidemiological profiles.(21) However, 
in clinical practice, this classification is not useful for predicting 
treatment response or survival. A robust molecular classification 
system, based on genomic/molecular analysis, could potentially 

provide insights into oncogenic mechanisms and identify unique 
molecular drivers that could be correlated with survival and 
treatment response. Building upon prior efforts in microarray-
gene expression profiling to discover molecular subtypes of 
gastric cancer that were limited by small sample sizes, Lei et al(73) 
compared gene expression patterns in 248 Singapore cases of 
gastric cancer using hierarchical clustering with iterative feature 
selection. The study identified three molecular signatures, 
which were further validated in 70 cases of gastric cancer from 
Australia. The first subtype had high activity of the epithelial-
mesenchymal transition pathway, and was hence termed 
mesenchymal. The second subtype was termed proliferative 
because it was characterised by gene sets associated with the 
cell cycle; it was also associated with high activities for several 
oncogenic pathways such as E2F, MYC and RAS. The third 
subtype was termed metabolic, as it was characterised by gene 
sets from several KEGG metabolism pathways. Interestingly, 
the mesenchymal and proliferative subtypes largely coincided 
with Lauren’s diffuse and intestinal subtypes (70% and 75%, 
respectively), whereas the metabolic subtype was nearly evenly 
split between diffuse and intestinal subtypes. However, the 
metabolic subtype had features of spasmolytic polypeptide-
expressing metaplasia. In terms of therapeutic implications, the 
key finding of Lei et al’s study was that the metabolic subtype 
had in vitro sensitivity to 5-fluorouracil, which also appeared to 
be true in vivo, based on correlation with actual clinical data 
in Singapore. The mesenchymal subtype was found to be more 
sensitive to drugs that target the phosphatidylinositol-3 kinase-
AKT-mTOR pathway in vitro, although in vivo patient data were 
not available.(73) This study represents hope for molecularly 
tailored personalised therapies for gastric adenocarcinoma.

CONCLUSION
Although the overall incidence rate of gastric cancer continues 
to fall, it still remains clinically relevant because gastric cancer 
is still the second leading cause of cancer-related mortality and 
the fourth most common cancer globally. Gastric carcinogenesis 
arises as a consequence of a complex interaction between host 
and environmental factors. H. pylori infection is the major risk 
factor associated with non-cardia gastric cancer, and data has 
emerged with regard to the role of H. pylori eradication for 
primary prevention of gastric cancer. Smoking has also been 
implicated as a risk factor for non-cardia cancer. Furthermore, 
host genetic polymorphisms have an impact on host responses 
to gastric inflammation and acid secretion, thereby interacting 
with H. pylori infection and other environmental factors in 
gastric carcinogenesis. In contrast to non-cardia cancer, H. pylori 
infection does not play an important role in cardia cancer, 
with obesity and smoking identified as the main risk factors. 
Although dietary, lifestyle and metabolic risk factors have been 
identified, and addressing these lifestyle and metabolic risk factors 
may contribute to health, the actual impact in terms of cancer 
prevention is unclear. In the overall scheme of management, 
H. pylori infection represents a target for primary prevention, but 
once irreversible histological changes have occurred, endoscopic 



Review Art ic le

627

surveillance would be required, all in the hope of detection of 
early gastric cancer that is amenable to curative endoscopic 
resection, or earlier stage disease that is surgically curable. 
For more advanced cancer requiring chemotherapy, a robust 
molecular classification system represents hope for molecularly 
tailored personalised therapies, which may improve prognosis.
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