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Abstract. Gastric cancer (GC) is one of the leading types of 
cancer worldwide, particularly in East Asian populations. 
Helicobacter pylori (HP) infection has been established as a 
major risk factor for GC. Although more than 50% of the world 
population is infected with this bacterium, less than 2% develop 
GC. Therefore, further risk factors (such as host genetic poly-
morphisms and lifestyle, as well as environmental and epigenetic 
factors) may also play a role in its occurrence. The correlation 
between HP infection and GC represents a typical model of a 
multi‑step process, characterized by some pre-neoplastic lesions 
with a high risk of progression (atrophic gastritis, intestinal 
metaplasia and dysplasia). In addition, HP also plays an onco-
genic role in the development of mucosa‑associated lymphoid 
tissue (MALT) lymphoma, that accounts for approximately 3% 
of all gastric tumors. Hyperplastic polyps often arise in patients 
with atrophic gastric mucosa and HP‑associated gastritis (25% 
of cases); however, their malignant trasformation is rare (<3% 
of cases). A number of trials have demonstrated the possibility 
of cancer prevention through HP screening and eradication, 
particularly in high‑risk populations, whereas it may not be 
cost‑effective in areas of low risk. In this review, we discuss i) the 
complex pathogenetic mechanisms of gastric carcinogenesis in 
which HP is involved; ii) the main approaches to the diagnosis, 
prevention, surveillance and treatment of pre-malignant lesions 
associated with HP infection; iii) the most effective way to detect 

GC in its earlier stages; and iv) the most important contribution 
to reducing the burden of GC.
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1. Epidemiology

Gastric cancer (GC) is the second leading cause of cancer-
related mortality worldwide, with an estimated 989,600 new 
cases (male-to-female ratio 2:1) and 738,000 GC‑related deaths 
in 2010, accounting for 8% of the total cancer cases and 10% 
of total deaths from cancer. Moreover, >70% of these new 
cases and the GC‑related deaths occur in developing countries, 
particularly in Eastern Asia (1).

The most common histopathological features of gastric 
malignancies are adenocarcinoma and lymphoma of mucosa‑ 
associated lymphoid tissue (MALT). Approximately 90% of 
gastric tumors are adenocarcinomas, whereas gastric MALT 
lymphomas are considerably less common (approximately 3% 
of all gastric tumors). MALT lymphoma is a distinct subtype 
of marginal zone B‑cell non‑Hodgkin's lymphoma (NHL), 
accounting for approximately 7‑8% of all NHLs, with the gastro-
intestinal tract being the most common site of the disease (2).

Helicobacter pylori (HP) infection plays an important 
cancerogenic role in both gastric carcinoma and MALT 
lymphoma. Indeed, HP is estimated to colonize the stomach in 
approximately one-half of the world population, with a variable 
prevalence in different countries (3). For example, in Eastern 
regions of Asia and in some parts of Latin America, HP infec-
tion occurs at an early age, usually in childhood, resulting in 
approximately 80% of the population being infected by the 
age of 20. By contrast, in developed countries such as France, 
the USA, the UK, or Australia, the prevalence of HP infection 
is low in children under the age of 10 years but increases to 
approximately 40% in adults 30‑40 years of age. In the USA, 
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the prevalence of HP infection varies among the different 
subpopulations and is several-fold higher in the children of 
ethnic groups, such as Afro‑Americans and Asians, with lower 
socioeconomic status. Moreover, migrant populations from 
high‑risk areas, including Japan, show a marked risk reduction 
when they move to low‑incidence regions, such as the USA, 
and subsequent generations acquire risk levels comparable to 
those of the host country. Thus, the difference in prevalence 
among ethnic groups of similar socioeconomic status possibly 
reflects environmental causes and host genetic alterations.

It has been calculated that the risk of gastric adenocarci-
noma and MALT lymphoma in HP‑infected individuals is 3- to 
6‑fold higher than in those who are uninfected (2). The asso-
ciation of HP infection with gastric carcinoma mainly involves 
intestinal-type and distal forms of the malignancy. There are 
2 main sites of gastric adenocarcinoma: proximal (cardia) and 
distal (non‑cardia), with different epidemiological and clinical 
features. In non‑cardia GC, other risk factors have been impli-
cated, including low socioeconomic status, smoking, salty and 
smoked food intake, low consumption of fruits and vegetables 
and a family history of GC (4). In contrast to the decline in distal 
GCs, there has been a progressive increase in proximal tumors 
since the 1970s, particularly among males in Western countries. 
Gastric cardia cancers share certain molecular profiles with 
adenocarcinomas of the distal esophagus and gastro-esophageal 
junction, suggesting that they represent a similar disease entity. 
In fact, the main risk factors for all of these tumors are obesity, 
gastro-esophageal reflux disease and Barrett's esophagus (5).

Histologically, GCs are subdivided into 2 main types 
(Lauren classification): i) intestinal type; and ii) undifferenti-
ated or diffuse type. GC does not arise from a normal mucosa. 
The intestinal type is related to corpus‑dominant gastritis with 
intestinal metaplasia, whereas the diffuse type usually origi-
nates from superficial pangastritis without atrophy. In addition, 
while the former is more common in males, blacks and older 
age groups, the latter has a comparable male‑to‑female ratio 
and is more frequent in younger individuals. Intestinal‑type 
tumors predominate in high‑risk geographical areas (‘epidemic 
type’), such as Eastern Asia, Eastern Europe and Central and 
South America. Diffuse‑type carcinomas of the stomach have 
a more uniform geographical distribution (‘endemic type’). 
However, the incidence of diffuse-type gastric carcinoma, in 
particular signet ring‑type, has been increasing (6).

Thus, GC incidence rates vary by up to 10‑fold worldwide. 
Regional variations in part reflect differences in dietary 
patterns, particularly in European countries and in the preva-
lence of HP infection. Gastric colonization by HP is usually 
asymptomatic and, although in approximately 20% of infected 
populations the bacterium is responsible for pre‑neoplastic 
changes, gastric neoplasms develop in <2%. Gastric lymphoma 
is an even rarer consequence of HP infection, occurring in <1% 
of infected individuals (7) (Fig. 1).

GC rates have substantially decreased in most geographical 
areas, possibly due to the increased use of refrigeration, the 
availability of fresh fruits and vegetables and the decreased 
consumption of salted and preserved foods. Despite the poten-
tially low malignant transformation of gastric pre-cancerous 
lesions induced by HP, the eradication of this bacterial infec-
tion may reduce the risk of gastric adenocarcinoma and gastric 
MALT lymphoma.

In fact, the regression of gastric MALT lymphoma occurs 
in 60-80% of HP‑positive patients, suggesting HP eradication 
as the first‑choice treatment (8). In a meta‑analysis, the relative 
risk of GC following HP eradication was calculated to be 0.65 
overall  (9). Nevertheless, GC still implies a poor prognosis 
and high mortality. In general, patients living in countries 
with a higher incidence of GC have better survival rates than 
patients from countries with a lower incidence. This association 
is mainly due to the location of the tumor within the stomach. 
Patients with tumors located in the gastric cardia (which are 
more frequent in areas with a lower incidence) have a much 
poorer prognosis than those with tumors arising in the pyloric 
antrum (more frequent in areas with a higher incidence), with 
lower 5‑year survival rates and higher operative mortality. In 
addition, accurate screening for the early detection in high‑risk 
areas has led to a reduction in mortality. In Japan, mortality 
rates for males with GC have markedly decreased over the past 
several decades, due to mass screening programs.

When the disease is confined to the inner lining of the gastric 
wall, the 5‑year survival is approximately 95%. Unfortunately, 
the majority of GCs are not discovered at an early stage, thus 
leading to 5‑year relative survival rates of <20%. Therefore, 
early detection is a crucial prognostic factor. Patients with a 
family history of non‑hereditary GC have a higher risk of devel-
oping these tumors. Familial clusters of stomach cancer reflect 
a shared exposure to environmental hazards and to inherited 
factors. GC is associated with inherited syndromes in 1‑3% of 
cases. E‑cadherin mutations are more frequent in hereditary 
syndromes, occurring in approximately 25% of families with 
autosomal dominant hereditary diffuse GC (HDGC), which 
arises as a result of germline mutations in the E‑cadherin̸DCH1 
gene (10).

2. Etiology

Gastric carcinogenesis is a multifactorial process in which HP 
infection is the most important risk factor. Host genetic features, 
such as a pro‑inflammatory cytokine profile and̸or a positive 
family history, as well as bacterial virulence, further increase 
the risk of GC development. Other environmental issues, such 
as nutrition and socioeconomic conditions, are additional 
important influences.

The correlation between HP infection and the occurrence 
of GC represents a model of cancer development as a conse-
quence of a microbial infection and chronic inflammation. 
The World Health Organization (WHO) has classified HP as 
a class I carcinogen since 1994 (11). The mechanisms whereby 
HP significantly increases the risk of gastric adenocarcinoma 
are clearer for intestinal‑type GC, which progresses in a 
well‑defined series of histological steps. The development of 
this type is marked by a slow progression, beginning with 
HP infection and subsequently progressing to chronic active 
gastritis, which occurs in all infected individuals. Under the 
influence of variable environmental and host factors, chronic 
active gastritis may in turn evolve into atrophic gastritis and 
intestinal metaplasia. In certain individuals, the metaplastic 
epithelium undergoes further genomic and phenotypic changes, 
resulting in gastric dysplasia and, finally, in adenocarcinoma. 
Variable progression rates to GC ranging from 0 to 2% per year 
have been reported in patients with atrophic gastritis. However, 
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progression rates from intestinal metaplasia and dysplasia to 
GC are widely variable, ranging per year from 0 to 10% and 
from 0 to 73%, respectively (12).

Prior to the discovery of HP, in 1988, Correa proposed a 
multistep cascade leading to GC (13). This model has been 
clearly reproduced in Mongolian gerbils infected with HP (14). 
This Gram‑negative spiral‑shaped bacterium has unipolar 
flagella that helps it to colonize the stomach. As noted above, 
infection is usually acquired during infancy and it typically 
induces a life-long chronic gastritis. HP is specifically adapted 
to survive in the hostile acidic gastric environment, with gastric 
colonization resulting in the development of gastritis in virtually 
all infected individuals. The adhesion of the bacteria to epithe-
lial cells induces an inflammatory response, resulting in the 
recruitment of neutrophils, followed by B and T lymphocytes, 
macrophages and plasma cells. Consequently, large amounts of 
reactive oxygen or nitrogen species, involved in epithelial cell 
damage and carcinogenesis, are generated (15). The major viru-
lence factors of HP with a well‑established role in the induction 
of mucosal inflammation include the cytotoxin‑associated gene 
(cag) pathogenicity island (PAI)‑encoded virulence factors, 
such as the cytotoxin‑associated antigen (CagA) protein, the 
vacuolating toxin-A (VacA), the blood group antigen-binding 
adhesin (BabA) and the outer inflammatory protein (OipA). 
These proteins are encoded in a 40‑kilobase segment of DNA 

that includes a group of approximately 30 genes, including 
those for type IV secretion system components.

CagA, encoded by cag PAI, is translocated into the epithelial 
cytosol. This cytotoxin is a 121- to 145‑kDa immunodominant 
protein that is commonly considered a putative bacterial oncop-
rotein. In fact, it has been used as a marker for epidemiological 
studies of GC. Within Western populations, CagA-positive 
strains are more commonly associated with peptic ulceration, 
atrophic gastritis and gastric adenocarcinoma than cag-negative 
strains. Conversely, in many populations with a high incidence 
of GC, such as the Eastern regions of Asia, almost all HP strains 
are cag-positive (16).

Epithelial cells recognize the translocated CagA as a 
signaling molecule that is activated following tyrosine phos-
phorylation by Src kinases. This form interacts with the tyrosine 
phosphatase SHP‑2, the C‑terminal Src tyrosine kinase (SCK) 
and the adaptor protein Crk, together resulting in cytoskeletal 
reorganization and cell elongation. In turn, these changes lead 
to cell scattering and so‑called ‘hummingbird’ morphological 
changes. They also induce MAP kinase signaling, resulting in 
abnormal cell proliferation by promoting cell cycle progres-
sion. The latter finding, together with the phenotypic changes, 
demonstrates that CagA‑activated SHP‑2 plays an important 
role in cell transformation and GC promotion. Phosphorylated 
CagA binds the adaptor protein Crk, leading to cytoskeletal 

Figure 1. Natural history of Helicobacter pylori (H. pylori) infection. H. pylori is usually acquired in childhood, whereas acute infection with the bacterium 
is rarely diagnosed. Instead, chronic gastritis develops in almost all persistently colonized individuals, 90% of whom will remain asymptomatic. The clinical 
course of H. pylori infection is highly variable depending on bacterial and host (genetic and immune) factors. Recent studies have supported the possible role 
of bone marrow-derived cells (i.e., gastric stem cells) in tumor progression. Patients with increased acid secretion are more likely to have antral-predominant 
gastritis, which predisposes to duodenal ulcers. Patients with low acid secretion will more likely develop gastritis in the body of the stomach and are thus 
more likely to develop gastric ulcer, leading to gastric atrophy, intestinal metaplasia, dysplasia and, finally, in rare cases, gastric carcinoma. This sequence 
of events is more frequent in people of advanced age. H. pylori infection induces the formation of mucosa-associated lymphoid tissue (MALT) in the gastric 
mucosa and MALT lymphoma is another rare complication of H. pylori infection.
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reorganization, the disruption of epithelial cell tight junc-
tions and tissue damage. Non‑phosphorylated CagA also 
interacts with certain host cell proteins, such as epithelial 
tight junctions, the hepatocyte growth factor receptor C‑Met, 
E-cadherin̸β‑catenin, the adaptor protein GRB‑5 and kinase 
PAR1. These CagA‑host‑protein interactions disrupt tight 
and adherent junctions, leading to a loss of cell polarity and 
inducing pro-inflammatory and mitogenic effects that may be 
important in gastric carcinogenesis.

As a consequence of direct interactions between CagA and 
E‑cadherin, the formation of E‑cadherin̸β‑catenin complexes 
is impaired and cytoplasmic and nuclear accumulations of 
β‑catenin ensue. Downstream events include the transcrip-
tion of genes involved in intestinal differentiation, such as 
cdx1̸cdx2 and the muc2 mucin gene, causing trans-differ-
entiation from gastric to intestinal‑type epithelial cells (17). 
HP stimulates gastric epithelial cells to express and release 
excessive amounts of pro‑inflammatory cytokines, including 
interleukin‑8 (IL‑8) and IL‑1. Pro‑inflammatory IL‑1 gene 
cluster polymorphisms (IL‑1B, encoding IL‑1B and IL‑IRN, 
encoding its naturally occurring receptor antagonist) increase 
the risk of both intestinal- and diffuse-types of non‑cardia GC, 
while causing a reduction in gastric acid secretion, stimulating 
hypergastrinemia and promoting mucosal damage in atrophic 
gastritis. Thus, a high‑risk IL‑1 genotype increases the like-
lihood of non‑cardia GC, a disease that is characterized by 
hypochlorhydria, while it has no effect on cancers associated 
with high‑level acid exposure, such as esophageal adenocarci-
noma and certain gastric cardia cancers (18).

Another major HP virulence factor is VacA. After entering 
the epithelial cell membrane, it induces vacuole formation and 
exerts mitochondrial effects, leading to apoptosis. The poly-
morphism is also found among the VacA alleles and results in 
different levels of cytotoxicity (7). The detection and charac-
terization of HP CagA and VacA genotypes may be useful for 
the identification of patients with gastric pre-neoplastic lesions 
who are at a high risk of disease progression and therefore need 
more intensive surveillance (19).

The HP OipA, if expressed together with CagA, is associ-
ated with an enhanced inflammatory response in the gastric 
mucosa (18,19). OipA is universally present in HP strains in 
Eastern Asian populations but in <50% of all strains in Western 
countries. Functional receptors for HP adhesion to the gastric 
epithelial cell surface include fucosylated ABO blood group 
and Lewis b antigens. BabA is an outer membrane protein 
encoded by the BabA2 gene; it binds to the Lewis b antigen, 
ABO antigens and the sialyl‑Lewis x̸a antigens.

The BabA‑mediated adhesion of HP to the gastric mucosal 
cells facilitates HP colonization, induces mucosal inflammation 
and promotes the expression of sialyl‑Lewis x̸a (17). Moreover, 
CagA‑positive HP infection upregulates cyclo-oxygenase-2 
(COX‑2) expression in gastric mucosa and in cancer. COX‑2 
is usually undetectable in normal tissue but becomes abundant 
at sites of inflammation and may be overexpressed in gastric 
carcinomas. The overexpression of COX‑2 leads to an increase 
in the synthesis and release of prostaglandins, such as PGE2. 
This COX‑2‑induced prostaglandin pathway promotes carci-
nogenesis by increasing cell proliferation, inhibiting apoptosis 
and enhancing the invasiveness of malignant cells. HP infec-
tion is thought to induce COX‑2 expression in pre-cancerous 

gastric lesions, in turn upregulating the expression of vascular 
endothelial growth factor (VEGF) and promoting angiogen-
esis. COX‑2 expression significantly decreases following HP 
eradication in patients with atrophic gastritis (15,20).

Functional polymorphisms of toll-like receptor 4 (TLR4), 
a cell-surface lipopolysaccharide (LPS) receptor involved 
in HP recognition and host response, have been associated 
with an increased grade of inflammation and severe tissue 
damage in HP‑infected individuals. Specifically, carriers of 
the TLR4+896A>G polymorphism have more severe gastric 
atrophy and inflammation as well as an increased risk of 
non‑cardia GC (21). Finally, polymorphisms and the genetic 
diversity of essential pathogenic elements, such as the CagA, 
TRL4 and SHP2 genes appear to influence the oncogenic poten-
tial of HP strains (15).

The ability to stimulate gastrin production is an important 
aspect of HP‑associated cancerogenesis. In transgenic mice, 
hypergastrinemia is associated with the overexpression of 
certain growth factors, the COX‑2‑prostaglandin system and 
anti‑apoptotic proteins, such as survivin and Bcl‑2, leading to 
the proliferation of mutated atrophic cells, enhanced angiogen-
esis and the development of gastric tumors (Fig. 2).

A recent study demonstrated the causal role of HP infection 
as well as specific alterations of DNA methylation patterns in 
the gastric mucosa of HP‑infected patients and in GC cell lines 
in vitro (22). Genes specifically methylated during HP infection 
include E‑cadherin (CDH1), a member of the transmembrane 
glycoprotein family expressed by epithelial tissues. The CDH1 
protein not only acts as a cell adhesion molecule, but also plays an 
important role in cellular growth and carcinogenesis. The impor-
tance of the CDH1 gene in diffuse‑type GC is suppported by the 
finding that germline mutations in CDH1 are responsible for the 
HDGC syndrome and are commonly acquired in sporadic GC 
associated with HP infection. Inactivation of E‑cadherin corre-
lates with the infiltrative and metastatic potential of GC. Patients 
with E‑cadherin‑positive GCs have significantly longer 3- and 
5‑year survival rates than patients with E‑cadherin‑negative 
tumors (4). The methylation of the E‑cadherin promoter can be 
reversed by the eradication of HP (3).

The methylation of the tumor suppressor, Runt‑related tran-
scription factor 3 (RUNX3), by HP infection likewise contributes 
to GC progression. Circulating RUNX3 methylation may there-
fore be a valuable biomarker for the detection of early GC (23).

HP is considered the initiator of a chronic inflammatory 
response that recruits bone marrow‑derived cells to the gastric 
mucosa, thereby contributing directly to GC (24). HP also plays 
an important role in gastric MALT lymphomagenesis, favoring 
infection‑associated indirect lymphoid transformation. In addi-
tion to its chronic persistence in host tissues, HP can trigger a 
sustained lymphoid proliferation, which provides a selective 
advantage to lymphoid clones that still remain dependent upon 
antigen stimulation. The evolution into malignant NHL occurs 
in the presence of additional oncogenic events, such as the 
constitutive activation of signaling pathways following chro-
mosomal translocations, including t(1;14) and t(14;18), or the 
inactivation of tumor‑suppressor genes by hyper-methylation 
or mutations, causing the lymphoproliferation to become inde-
pendent of antigenic stimulation. Usually, mutations in p53 are 
associated with the transformation of low‑grade into high‑grade 
NHL (25) (Fig. 3).
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Figure 2. Pathogenesis of Helicobacter pylori (H. pylori) infection. Several virulence factors, such as CagA and VacA, encoded by H. pylori genes, interact with 
gastric epithelial cells and the immune system, resulting in an inflammatory response, mucosal damage and, eventually, gastric cancerogenesis (see description 
in the text).

Figure 3. Multiple genetic and epigenetic alterations during gastric carcinogenesis and lymphomagenesis and the incidence rates in different types of gastric tumors.
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3. Gastric polyps

Some gastric polyps may have malignant potential and 
are associated with synchronous gastric adenocarcinomas. 
Approximately 1‑4% of patients who undergo gastric biopsy 
have gastric epithelial polyps. Adenomatous polyps have a 
higher rate of malignant transformation, whereas the risk of 
malignant transformation is very low for hyperplastic gastric 
polyps and virtually absent in sporadic fundic gland polyps. 
Therefore, the diagnosis of an adenomatous gastric polyp may 
support the inclusion of the patient in an endoscopic surveillance 
program, while only limited follow‑up is generally proposed for 
patients with diagnoses of hyperplastic polyps, inflammatory 
polyps, or sporadic fundic gland polyps (26).

Adenomatous polyps may occur sporadically or in asso-
ciation with a familial adenomatous polyposis syndrome. 
Endoscopically, these polyps are lobulated in appearance, 
usually solitary (80%), located in the antrum and <2 cm in 
diameter. They may form circumscribed lesions, or they may 
be pedunculated or sessile. Histology will reveal a dysplastic 
epithelium without detectable invasion of the lamina propria. 
The prevalence of adenomatous polyps varies widely and is esti-
mated to be 0.5‑3.7% in Western countries and 9‑27% in areas 
with higher rates of GC, such as China and Japan. The larger 
the adenomatous polyp, the greater the probability of malignant 
evolution, particularly when foci of adenocarcinoma are present.

Hyperplastic polyps often arise in patients with an atrophic 
gastric mucosa and HP‑associated gastritis (25% of cases). 
They account for 18‑70% of gastric polyps and are more 
frequently detected in the antrum than in other parts of the 
stomach. Usually, these polyps are multiple, smooth and small 
in diameter (measuring 0.5‑1.5 cm), while dysplasia is rare 
(<3% of cases) (27).

Fundic gland polyps are the most common type of polyps 
detected in patients undergoing esophagogastroduodenos-
copy in Western countries, with a prevalence of 13‑77%. 
Endoscopically, they appear as smooth, glassy, sessile, circum-
scribed elevations (usually measuring <0.5 cm) in the oxyntic 
mucosa. Fundic gland polyps may occur sporadically, in asso-
ciation with the use of proton‑pump inhibitors, or in patients 
with familial adenomatous polyposis syndrome. They may or 
may not be associated with HP infection. In patients who use 
proton‑pump inhibitors, fundic gland polyps may regress after 
the interruption of therapy.

4. Diagnosis

The symptoms of gastric pre-malignant and malignant diseases 
are usually non‑specific and vague, such that early diagnosis 
is very difficult and GC is often diagnosed at an advanced 
stage. However, dyspeptic symptoms may occur in approxi-
mately 60‑90% of patients with gastric pre-malignant lesions. 
Dyspepsia is defined by the presence of one or more symptoms 
of epigastric pain, burning, postprandial fullness, or early satia-
tion. Bloating and nausea often coexist with dyspepsia but are 
non‑specific and are thus not included in its definition. Heartburn 
is also excluded from the diagnostic criteria of dyspepsia 
since it is thought to primarily arise from the esophagus and 
is suggestive of gastro-esophageal reflux disease, although it 
too may occur concomitantly. These symptoms are generally 

indistinguishable from gastric malignant disease. It is therefore 
crucial to consider the diagnosis of gastric pre-malignant or 
malignant cancer in symptomatic patients.

Upper endoscopy is performed as the initial diagnostic test 
in patients with unexplained and persistent dyspepsia who are 
considered to be at higher risk. They are over 45 years of age 
(this cut‑off was set since GC below the age of 45 is rare and 
its occurrence may vary between countries, depending on the 
prevalence of GC) and̸or complain of other alarming features 
(anemia or evidence of acute̸chronic bleeding, odynophagia, 
dysphagia, recurrent or persistent vomiting, unintentional 
weight loss, previous history of peptic ulcers).

Once the cause of any alarming features, typical gastro-
esophageal reflux disease symptoms and possible offending 
medications [such as non‑steroidal anti‑inflammatory drugs 
(NSAIDs), COX‑2 inhibitors, iron, bisphosphonates, eryth-
romycin, tetracycline, potassium supplements, acarbose, 
digitalis, theophylline] has been excluded in dyspeptic patients 
under the age of 45, evaluation for HP infection is warranted. 
Currently, non‑invasive testing for HP infection, followed by 
eradication (‘test and treat’ strategy), is recommended for 
patients that are persistently dyspeptic and are under the age 
of 45, without alarming features. However, the effectiveness 
of HP ‘test and treat’ is low in populations with a low HP 
prevalence and in this situation empirical acid suppression is 
an equivalent option. Once a patient has failed a 4- to 8‑week 
trial of proton‑pump inhibitor therapy (in a geographical 
area with a low prevalence of HP) or failed to respond to HP 
eradication (in a HP‑endemic region), upper endoscopy is 
indicated. In countries with a higher incidence of HP infec-
tion, ‘test and treat’ leads to a reduced endoscopic workload 
and is cost-effective (28). Thus, screening for HP identifica-
tion seems to be a suitable serological test to non‑invasively 
diagnose pre-malignant gastric lesions, given the central role 
of this bacterium in gastric carcinogenesis.

Non-invasive tests for the diagnosis of HP infection include: 
the 13C urea breath test, stool antigen tests (with polyclonal or 
monoclonal antibodies) and immunological tests (laboratory- 
and office‑based tests and tests on saliva and urine). The urea 
breath procedure is an accurate, practical and readily avail-
able test, with a sensitivity of 94% and a specificity of 95%. 
The stool antigen test has a sensitivity and specificity of 91 
and 93%, respectively; the sensitivity decreases to 69% after 
the sample is left standing for 2‑3 days at room temperature. 
Serology is a widely available and low‑cost non-invasive test; 
however, the diagnostic accuracy is low (80‑84%).

Prior treatment with proton‑pump inhibitors can result 
in false‑negative, invasive and non‑invasive diagnostic tests. 
Therefore, these drugs should be stopped for at least 2 weeks 
prior to testing. However, this advice does not apply to 
serology. Nonetheless, while serologic office‑based tests are 
extremely convenient, they are not accurate and are currently 
not recommended for the detection of HP infection. Serology 
should be considered as a diagnostic test only in the case of 
false‑negative results by other methods, such as in patients with 
bleeding ulcers, gastric atrophy, MALT lymphoma, or in those 
being treated with proton‑pump inhibitors and antibiotics.

The detection of specific HP antibodies in urine and saliva 
has no current role in patient management but may be helpful for 
epidemiological studies. Since HP virulence factors differ and 
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host genetic factors may influence disease outcome, neither the 
routine detection of HP pathogenic factors nor the assessment 
of host genetic polymorphisms is currently recommended. The 
rapid urease test can detect the presence of HP within 1 h, with 
a satisfactory accuracy (90%). False‑negative results can occur 
in patients taking anti-secretory drugs. In patients presenting 
for endoscopy without pre-treatment, a positive rapid urease 
test is sufficient to initiate treatment. Non-invasive tests should 
be employed for the confirmation of eradication, except in cases 
in which repeat endoscopy is indicated, such as in patients with 
gastric ulcers. When the urea breath test is not available, a stool 
test, which is less accurate, may be used, preferably analyzed 
with monoclonal antibodies. Confirmation of HP eradication 
should be assessed at least 4 weeks following treatment (29).

Pepsinogen and gastrin levels, in combination with HP 
serology, are useful to establish with high sensitivity and speci-
ficity the presence of gastric pre-malignant lesions, particularly 
atrophic gastritis. Serological tests for pepsinogens I and II and 
for gastrin provide valuable information on the status of the 
gastric mucosa. As is well known, pepsinogen I is produced by 
mucosal neck cells in the fundic glands, whereas pepsinogen II 
is produced throughout the entire stomach by mucosal neck 
cells and by pyloric and Brunner's glands. Gastric inflam-
mation causes an increased release of both pepsinogens into 
the bloodstream, with a greater increase in pepsinogen  II 
than in pepsinogen I production. Atrophic gastritis causes a 
decrease in the production of both pepsinogens which is more 
pronounced for pepsinogen I than for pepsinogen II. As a result 
of these changes, chronic gastritis is associated with a reduced 
pepsinogen  I̸II  ratio, which decreases even further when 
atrophic gastritis occurs. In addition, gastrin is synthesized 
and secreted from antral G‑cells. HP gastritis tends to raise 
gastrin serum levels, possibly due to hyperplasia of the antral 
G‑cells and to an acid‑suppressive effect of chronic gastritis 
when the corpus mucosa is involved. The increased produc-
tion of gastrin also occurs in patients with atrophic gastritis of 
the corpus, in response to reduced acid secretion. By contrast, 
gastrin levels decrease in patients with antral‑predominant 
atrophic gastritis (30).

Pre-malignant gastric lesions are often diagnosed by histo-
logical examination of random biopsy samples. At present, the 
Sydney system is generally used, both in clinical practice and 
in research, to grade gastritis. In this classification system, 
several features of inflammation, atrophy and intestinal meta-
plasia are separately assessed and then graded. Thus, atrophic 
gastritis is defined as loss of glandular structures of the 
gastric mucosa and intestinal metaplasia as the replacement 
of gastric columnar epithelial cells by cells with an intestinal 
morphology. Intestinal metaplasia possibly results from the 
differentiation of gastric stem cells into cells with a small intes-
tinal phenotype or colonic components. It is characterized by 
the presence of intestinal‑type, mucin‑containing goblet cells, 
Paneth cells and absorptive cells. Gastric dysplasia (formerly 
non‑invasive neoplasia; synonym, intraepithelial neoplasia) is 
characterized by epithelial cells that vary in size, shape and 
orientation, with nuclear enlargement and atypia as well as 
the distortion of the normal glandular arrangement (12).

It should be emphasized that differences exist between 
Japanese and Western gastrointestinal pathologists with respect 
to the classification of gastric dysplasia and cancer. Japanese 

pathologists diagnose cancer based on cellular and structural 
abnormalities, whereas Western pathologists focus on the 
presence of tissue invasion as a prerequisite for a diagnosis of 
cancer (31). In the year 2000, the unified Padua classification 
was proposed, which divides dysplasia and adenocarcinoma 
into 5 categories. The Vienna classification further distinguishes 
the categories of low‑and high-grade dysplasia and was revised 
to improve the correlation with clinical management (32,33).

Recently, an international group of gastroenterologists 
and pathologists [the Operative Link for Gastritis Assessment 
(OLGA)], proposed a system for reporting gastritis in terms of 
stage (the OLGA staging system), which arranges the histo-
logical phenotypes of gastritis along a scale of progressively 
increasing GC risk, from the lowest (OLGA stage 0) to the 
highest (OLGA stage IV). This staging framework is borrowed 
from the oncology vocabulary and it applies to a gastritis 
histology‑based reporting format that was successfully adopted 
for chronic hepatitis. Just as a given number of portal tracts 
is required for the accurate staging of hepatitis, a well‑defined 
biopsy sampling protocol (as recommended by the Sydney 
system) is a ‘minimum requirement’ for the reliable staging 
of gastritis, which is carried out by combining the extent of 
atrophy (scored histologically) with the topographical location 
of the tumor (as seen on the mapping protocol) (34).

Although the image quality of standard endoscopy has 
improved over the last several decades, the findings at conven-
tional endoscopy often do not correlate with the histological 
diagnoses of gastric pre-malignant lesions. This results from 
an unsatisfactory visualization of structure, color and vascu-
larity by conventional techniques, as all these features play a 
role in the adequate distinction of pre-malignant and early GC 
lesions. Consequently, several alternative and supplementary 
strategies have been developed to overcome the limitations of 
standard endoscopic imaging, such as magnification endoscopy 
in patients with pre-malignant gastric lesions or early GC.

Methylene blue staining is based on the absorptive capa-
bility of cells and is used to demonstrate intestinal metaplasia, 
whereas Indigo carmine enhances the architectural changes 
in neoplastic lesions. Chromoendoscopy is an important 
approach to the detection of pre-malignant gastric lesions and 
to the identification of small foci of early gastric carcinoma not 
visible with white light gastroscopy (35). A number of tech-
niques that use the specific spectral and absorptive features 
of light have been developed, including narrow‑band imaging, 
autofluorescence and hemoglobin enhancement. Narrow‑band 
imaging has been evaluated in combination with magnifica-
tion endoscopy. This technique uses narrow filtered bands in 
the excitation light to improve imaging of the superficial capil-
lary network and of the surface contrast within the mucosa. In 
autofluorescence endoscopy, the tissue is exposed to light of 
shorter wavelengths, typically blue light, with the subsequent 
emission of light by endogenous fluorophores. Finally, the 
super‑addition of a pseudocolor image based on the mucosal 
hemoglobin content (hemoglobin enhancement) can be used to 
facilitate the delineation of lesions (30).

5. Screening and surveillance

Since the incidence of GC is geographically highly variable, the 
development of uniform worldwide screening strategies seems 
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inappropriate, given that, in screening, the burden for patients 
as well as the costs and the restricted availability of specific 
therapeutic interventions need to be taken into consideration. 
A high individual risk justifies invasive investigation by endos-
copy, whereas a more conservative approach is appropriate 
and ethically acceptable in individuals in low‑risk regions. 
The initial selection of subjects for screening in low‑incidence 
countries should possibly be based uniquely on epidemiological 
factors, such as age, country of birth and socioeconomic class, 
all of which are risk factors for HP infection. Initial screening 
would consist of non-invasive tests (36).

A serological diagnosis of atrophic gastritis should be 
followed by endoscopy, with histological confirmation of the 
diagnosis. However, in high-incidence countries, serologic and 
endoscopic screening could be offered to the general population, 
as is common practice in Japan. Indeed, in Japan, mortality rates 
have declined, which may be ascribed to the introduction of 
photofluorography. Screening may have also contributed to the 
persistently high incidence rates reported by the Japanese (37). 
Apart from screening, endoscopic surveillance of patients with 
pre-malignant lesions is an important approach to reduce GC 
morbidity and mortality. Surprisingly, clear guidelines are not 
available for the surveillance of patients with atrophic gastritis, 
intestinal metaplasia, or gastric dysplasia, even more so since 
the guidelines for surveillance of other gastrointestinal pre-
malignant conditions have been widely developed, for instance 
for Barrett's esophagus or colonic adenomas. Thus, the ‘screen 
and treat’ strategy for HP infection should be considered an 
effective strategy for GC prevention only in communities with 
a high incidence of GC (38).

The diagnosis of gastric MALT lymphoma is based on 
the histopathological evaluation of gastric biopsies and on 
immunohistochemistry. Gastric MALT lymphoma is a B‑cell, 
low‑grade, typically CD19+, CD20+, usually CD5-, always 
CD10- and CD23- NHL. Based on the close association between 
MALT lymphoma and HP, the identification of this infection is 
highly recommended.

MALT lymphomas behave clinically as indolent NHLs, with 
a long disease‑free and overall survival. Their good prognosis 
is likely related to their tendency to remain localized for long 
periods of time and to the low frequency of transformation into 
aggressive NHL. Often, only vague dyspeptic symptoms charac-
terize gastric MALT lymphoma and B symptoms are extremely 
rare, so that the diagnosis is often incidental. In other cases, it 
may first be detected as a complication of the gastric lesion, such 
as gastrointestinal bleeding or perforation. Persistent vomiting 
and weight loss are other possible presenting symptoms (39).

In approximately 50% of cases, gastric MALT lymphomas 
disseminate within the gastrointestinal tract. The most 
common non‑gastric primary sites are the salivary glands and 
ocular adnexa (25% of cases each), lung (14%) and skin (12%). 
Extra‑gastric MALT lymphomas are significantly more diffuse 
than gastric MALT lymphomas (50 vs. 25%), thus reflecting a 
particular homing pattern of lymphocytes generated within a 
MALT environment, a possible difference between gastroin-
testinal and non‑gastrointestinal MALT.

In terms of genetic aberrations, 2 subgroups with a higher 
risk of dissemination can be identified: i)  t(11;18)(q21;q21) 
gastric MALT lymphomas and ii)  extra-gastric MALT 
lymphomas with trisomy 18 (40). HP‑negative gastric MALT 

lymphoma accounts for 5‑10% of all gastric MALT lymphomas. 
Clinically, HP‑negative tumors are located more frequently in 
the proximal portion of the stomach and are less frequently 
of the superficial type. HP‑negative tumors may include those 
related to autoimmune gastritis, which predominantly involves 
the corpus, whereas antrum‑predominant gastritis associated 
with HP‑negative gastric MALT lymphoma frequently displays 
t(11;18)(q21;q21) and Bcl‑10 nuclear expression. However, 
HP‑negative gastric MALT lymphoma has a favorable long‑term 
outcome, comparable to that of HP‑positive lymphoma (41). The 
presence of genetic alterations in cells of MALT lymphoma, 
such as trisomy 3, API2-MALT1 translocation, p53 mutation 
and p16 deletion, characterizes neoplastic B cells with aggres-
sive behavior, causing the so‑called lympho‑epithelial lesions. 
These are a pathognomonic sign of lymphoma, with the inva-
sion and disruption of gastric glands.

At endoscopic observation, MALT lymphoma may 
present with different macroscopic features, ranging from a 
normal‑appearing gastric mucosa to an ulcerative or vegetant 
mass, clearly suggesting a malignancy. In addition to routine 
histological analysis and immunohistochemistry, FISH analysis 
(or PCR) for the detection of t(11;18) may be useful in identifying 
patients unresponsive to antibiotic therapy. Rarely, patients may 
have elevated lactate dehydrogenase or β2‑microglobulin levels. 
A majority of patients have no abnormal findings on physical 
examination. The endoscopic appearance of gastric low‑grade 
lymphoma often mimics that of benign diseases, such as 
chronic gastritis or a peptic ulcer. The histological evaluation of 
subsequent biopsies remains an essential follow‑up procedure 
in MALT lymphoma. Unfortunately, the interpretation of a 
lymphoid infiltrate in post‑treatment gastric biopsies can be 
very difficult and there are no uniform criteria for the defini-
tion of histological remission. A preliminary breath test or stool 
antigen test should be performed at least 4 weeks following 
antibiotic treatment to establish whether or not HP has been 
eradicated. Moreover, a strict endoscopic follow‑up is recom-
mended, with multiple biopsies taken 2‑3 months after treatment 
and subsequently at least twice per year for 2 years, to monitor 
the histological regression of the lymphoma. Gastric MALT 
lymphomas have a low tendency to distant spreading and to 
histological transformation. Long‑term careful endoscopic 
control and systemic (blood counts and minimal adequate 
radiological or ultrasound examinations) follow‑up once a year 
are recommended for all patients. Indeed, the risk of gastric 
adenocarcinoma among patients diagnosed with gastric MALT 
lymphoma is reportedly 6‑fold higher than in the general popu-
lation (42,43).

Gastric polyps are associated with an elevated frequency 
of pre-cancerous alterations of the gastric mucosa and, 
consequently, with an elevated risk of synchronous or 
metachronous cancer. They are often asymptomatic. Esophago
gastroduodenoscopy is the gold standard for their diagnosis. 
With the expanding indications for this examination, polyps 
are more frequently detected; currently, they are identified 
in approximately 5% of upper gastrointestinal tract endos-
copies, mostly as incidental findings (44). One of the main 
recommendations of the British Society of Gastroenterology 
is that a biopsy sample should be obtained from all gastric 
polyps detected at endoscopy. Histopathological assessment is 
required to establish the diagnosis and to identify the dysplastic 
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foci. All patients who have hyperplastic or adenomatous polyps 
at esophagogastroduodenoscopy should be evaluated for HP 
infection, in that its eradication is associated with the regres-
sion of approximately 80% of hyperplastic polyps whereas 
the advantage of HP eradication in adenomas is less clear. 
In the surveillance of gastric polyps, gastroscopy should be 
repeated after one year for all polyps with dysplasia that have 
not been removed, after 6 months for adenomatous polyps with 
high‑grade dysplasia and after one year following complete 
polypectomy for all other high‑risk polyps (Table I).

The correct management of hereditary cancer syndromes 
requires genetic counseling, information on the family pedi-
gree going back 3 generations, histopathological confirmation 
of gastric carcinoma and informed consent. The criteria for 
screening GC families for HDGC require confirmed diffuse GC 
in a minimum of 2 first- or second‑degree relatives, provided 
one is under 50 years of age, or 3 confirmed cases in family 
members of any age. Approximately 30% of families meeting 
these original criteria carry a predisposing CDH1 mutation 
(E‑cadherin). This autosomal dominant mutation is seen in at 
least one fourth of the cases of HDGC, with a relatively high 
penetrance and a 70‑80% lifetime risk of GC occurrence (45).

Patients with HDGC typically present with diffuse‑type 
GC with signet ring cells and, at later stages, linitis plastica. 
Advanced hereditary and sporadic diffuse forms of GC 
are indistinguishable. Anatomical mapping of complete 
gastrectomy specimens has shown that early‑stage HDGC is 
characterized by the presence of multiple foci of stage T1a, 
signet ring cells confined to the superficial lamina propria and 
the absence of nodal metastases. These foci are submucosal 

and not readily identified by gastroscopy. The majority of foci 
appear relatively indolent, with scanty mitoses, although they 
can rapidly progress into advanced disease. Therefore, in early 
gastric lesions it is important for pathologists to recognize a 
phenotype consisting of patchy intramucosal signet ring cells 
often associated with pagetoid spread. Even advanced‑stage 
diffuse GC can be missed at gastroscopy as it can infiltrate 
below an intact epithelium. Improved endoscopic techniques 
that can detect submucosal foci, coupled with histological or 
immunological markers, are urgently required.

Despite these limitations, surveillance endoscopy should be 
carried out annually using white light, high‑definition endos-
copy: 1i) for carriers of mutation who decline prophylactic 
surgery; ii) for patients younger than the age at which prophy-
lactic surgery is recommended (approximately 20  years); 
and iii)  prior to prophylactic surgery in newly diagnosed 
carriers (46).

6. Prevention and treatment

Since symptoms are often absent or non‑specific, GC is 
frequently diagnosed at an advanced stage, when therapeutic 
options are limited and prognosis is poor. Consequently, the 
overall 5‑year survival of these patients is <20% (1).

As previously stated, HP infection is considered an important 
initial step in gastric carcinogenesis, conferring a 6‑fold higher 
risk. The chronic inflammation of the gastric mucosa associated 
with HP infection slowly progresses through the aforemen-
tioned pre-malignant stages to gastric adenocarcinoma. Since it 
has been estimated that 50% of the world population is infected 

Table I. Clinical features and management of gastric polyps.

	 Prevalence			   Pathological
	 (frequency			   features of
	 relative to	 Usual number,	 Malignant	 background
Polyp type	 other polyps)	 size and site	 potential	 gastric mucosa	 Management

Fundic	 13-77%	 Multiple;	 Low	 Associated with PPI	 Biopsy to confirm
		  1-5 mm;		  use; may regress after	 histological nature.
		  upper and		  interruption of PPI.	 No follow-up
		  lower body		  No dysplasia.
				    Consider FAP

Hyperplastic	 18-70%	 Single or	 Low	 HP associated	 Remove polyp
		  multiple;		  gastritis (25%);	 if dysplastic or
		  0.5-15 mm;		  may regress after	 symptomatic.
		  antrum or		  eradication therapy.	 Eradicate HP
		  lower body		  Dysplasia is 	 Repeat gastroscopy
				    rare (<3%)	 after 1 year

Adenomatous	 0.50-3.75%	 Usually	 High	 Atrophic gastritis	 Polypectomy.
	 (in Western	 single;		  with intestinal	 Repeat gastroscopy
	 countries);	 <20 mm;		  metaplasia.	 after 1 year
	 9-27%	 antrum		  Malignant foci
	 (in Eastern			   may coexist
	 countries)

HP, Helicobacter pylori; PPI, proton-pump inhibitors; FAP, familial adenomatous polyposis.
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with the bacterium, its eradication seems a logical step in the 
therapy of chronic gastritis and in the prevention of GC. The 
aim of HP eradication therapy is either to restore the inflamed 
mucosa to its normal healthy state or to prevent further progres-
sion of advanced chronic lesions (atrophic gastritis and intestinal 
metaplasia). Accordingly, it is better to administer therapy prior 
to the onset of these pre-neoplastic mucosal abnormalities (47). 
It should be emphasized that HP eradication from the residual 
gastric mucosa after the endoscopic treatment of early GC 
may also result in an inhibitory effect on the occurrence of 
metachronous GC (48). Conversely, several meta-analyses have 
shown that the progression of atrophic gastritis and intestinal 
metaplasia to GC can indeed occur following HP eradication, 
suggesting that other factors contribute to the progression of 
pre-neoplastic lesions (48). For example, genetic and epigenetic 
alterations may reach a point of no return, even after elimination 
of the triggering carcinogen. Thus, the actual role of HP eradi-
cation in the prevention of GC is still a matter of wide debate. 
Fig. 4 summarizes the meta-analyses of randomized controlled 
trials and non‑randomized studies aimed at assessing whether 
HP eradication is indeed an effective preventive strategy to 
reduce the risk of developing GC (9,48,50-61).

For low-grade MALT lymphomas confined to the gastric 
wall or perigastric lymph nodes (stages I or II), a meta-analysis 
of more than 30 studies (8) yielded an overall remission rate 
of 78% (95% confidence interval: 75-80%). According to this 
same report, the overall rate of lymphoma recurrence was 
only 2% per year. Therefore, HP eradication should be the 
first‑choice treatment in patients with HP‑positive MALT 
lymphoma (42,62). Candidates for anti‑HP therapy are also 
patients with localized, mucosal, or submucosal, non‑bulky, 
flat disease who do not have metastases, lymphadenopathy, or 
frank diffuse large B‑cell lymphomas. It is estimated that <10% 
of patients with gastric lymphoma are candidates for antibiotic 
treatment as first‑line therapy, although recent data suggested 
that HP‑negative patients will also benefit from this therapeutic 
approach (63,64).

In patients who have not responded to eradication therapy, 
surgical, radiation and systemic therapies (with chemothera-
peutic agents and̸or anti‑CD20 monoclonal antibodies) should 

be administered, taking into account the stage of the disease. 
Since the majority of patients are responsive to eradication 
therapy, the timing of a new biopsy for response assessment is 
crucial to avoid an inappropriate conclusion of failure. Complete 
resolution of the lymphoid infiltrate usually takes from several 
months to as long as 2 years. However, molecular evidence of 
clonality, as determined by IgH gene rearrangement studies, 
may persist for years after morphological remission but without 
affecting patient outcome (42).

The t(11;18) translocation involves fusion of the N‑terminus 
of API2 (apoptosis inhibitor‑2) on chromosome 11 and the 
C‑terminus of MALT1 on chromosome 18. It is the most 
common cytogenetic abnormality found in MALT lymphomas 
of the gastrointestinal tract, occurring in up to 25% of gastric 
MALT lymphomas. This translocation correlates with resis-
tance to antibiotic therapy and with disseminated rather than 
stage I disease. Although molecular studies are not routinely 
performed, a search for t(11;18)(q21;q21) translocation should 
be considered in order to determine prognosis and therapy for 
patients refractory to conservative treatment (65).

Generally, the eradication of HP infection is recom-
mended in the following high‑risk situations: i) patients with 
gastric MALT lymphoma; ii) patients with atrophic gastritis; 
iii) first‑degree relatives of patients with gastric intestinal or 
diffuse type of cancer; iv) patients with unexplained iron‑defi-
ciency anemia; v) patients with gastroesophageal reflux disease 
requiring long‑term acid‑suppression therapy, due to the 
potential of proton‑pump inhibitors to induce, in the presence 
of HP, atrophic gastritis, with a subsequent risk of developing 
GC; vi) patients with early GC treated by endoscopic mucosal 
resection, as it can remove lesions posing a minimal mortality 
risk, but likely to have higher rates of recurrence and incom-
plete resections; and vii) patients with partial gastrectomy for 
GC (28,29).

Triple therapy (proton‑pump inhibitors + amoxicillin + 
clarithromycin) is the first‑line regimen for the eradication of 
HP. Metronidazole treatment is the recommended first‑choice 
treatment in association with proton‑pump inhibitors and 
amoxicillin in individuals with clarithromycin resistance (66), 
which account for <15-20% of the general population (67). 

Figure 4. Effect of Helicobacter pylori eradication on the risk of gastric cancer: meta-analysis of clinical trials.
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Quadruple therapy (proton‑pump inhibitors + bismuth subci-
trate potassium + metronidazole + tetracycline) remains the 
best second‑choice treatment. Recent studies have indicated that 
quadruple therapy induces a higher eradication rate, whereas its 
safety and tolerability are similar to those of triple therapy (68). 
If second‑line eradication therapy fails or if there is resistance 
to metronidazole, an event that occurs in approximately 40% of 
cases (67), a proton‑pump inhibitor + amoxicillin + levofloxacin 
is recommended. This combination is expected to be effective, 
with a relatively low rate of adverse reactions, although the more 
frequent use of the new quinolones seems to result in increased 
resistance. Rifabutin‑based triple therapy has also been reported 
to be an effective salvage therapy (66).

Proton‑pump inhibitors are crucial for HP eradication. 
They increase the stability of acid‑labile antibiotics and, by 
increasing the drug concentration in the gastric juice, improve 
the sensitivity of HP. It is even possible that proton‑pump inhibi-
tors have intrinsic, albeit modest, antimicrobial properties. The 
metabolism of proton‑pump inhibitors depends on hepatic 
cytochrome P450 enzymes, particularly the CYP2C19 geno-
type, which displays 3 polymorphisms that can interfere in drug 
metabolism and thus the pharmacodynamics of proton‑pump 
inhibitors. An increased dose of esomeprazole (40 mg twice 
daily) in triple therapy may therefore result in a better HP eradi-
cation rate than achieved with omeprazole‑based therapy for 
the wild‑type, homozygous genotype of CYP2C19. The choice 
of proton‑pump inhibitors and their respective dosage together 
with the evaluation of CYP2C19 genotyping may be a more 
rational approach to obtain the highest HP eradication rates in 
a clinical setting. Currently, however, this approach is hardly 
applicable due to the elevated costs and the limited availability 
of genotyping (69).

Sequential therapy has been proposed as an alternative to 
standard triple therapy for the eradication of HP. The primary 
goal of this regimen is to overcome clarithromycin resistance. 
Hypothetically, during the first 5 days of therapy amoxicillin 
would weaken the bacterial cell wall, thus preventing the 
formation of the channels which block clarithromycin from 
entering the bacterium and thereby causing resistance to this 
antibiotic. In the second phase, clarithromycin and nitro-
imidazole are added for 5 additional days. The proton-pump 
inhibitor is continued throughout treatment. However, there are 
currently insufficient data to recommend sequential therapy as 
a first‑line choice for HP therapy. A longer treatment duration, 
namely 14 instead of 7 days (66), may increase eradication 
rates; however, this approach remains controversial.

Non-invasive tests should be employed to confirm eradi-
cation, except when a new endoscopy is indicated, such as in 
patients with gastric ulcers. During follow‑up after eradication 
therapy, the urea breath test is the best option, based on its high 
sensitivity and specificity. As noted above, the stool antigen 
test is less accurate than the urea breath test; however, it is an 
acceptable alternative if the latter is not available. Confirmation 
of HP eradication should be performed at least 4 weeks after 
treatment (70). Nonetheless, 1% of patients still develop GC 
despite successful HP eradication; furthermore, a tumor may 
develop several years following HP eradication. Thus, it should 
be kept in mind that GC, similar to other tumors, is a multifac-
torial disease and removing one factor does not prevent all of 
these malignancies (49).

In consideration of the increased incidence of treatment 
failure and antibiotic resistance, the development of a prophy-
lactic or therapeutic vaccine against HP seems a desirable 
alternative, which may improve the rate of eradication success 
obtained with standard regimens or reduce the bacterial density 
in the gastric mucosa. Although vaccination studies in animal 
models have yielded promising results, experiments in human 
volunteers have revealed problems such as ‘post-immunization 
gastritis’. Moreover, responses to vaccine antigens have been 
comparatively poor, possibly since HP colonizes the gastric 
mucosa without crossing the epithelium, thus making the 
bacterium inaccessible to many immune effector mechanisms. 
While HP stimulates both innate and acquired immune 
responses, it nonetheless persists by exploiting a mechanism 
of reduced identification based on the generation of different 
epitopes through point mutations and recombinations. It also 
evades and manipulates the immune system by sequestering 
itself in the gut lumen, where the immune system is less effi-
cient, while also mimicking host antigens and downregulating 
the activation of immune cells (71).

New directions for active immunization include the use of 
DNA, living vectors, microspheres, new vaccination sched-
ules and different routes of administration (oral, intranasal, 
rectal and intramuscular). Many of these new approaches 
are currently being evaluated (72). In a recent study, a multi-
epitope DNA‑prime̸peptide‑boost immunization strategy 
was proposed, using informatics tools in a mouse model of 
GC induced by chronic HP infection. The multi‑epitope 
vaccine was administered intranasally and induced a broad 
immune response, as determined by interferon‑γ production 
in ELISpot assays. These results suggest that the development 
of an epitope‑based mucosal vaccine may be beneficial in 
eradicating HP and in reducing the burden of associated GC 
in humans (73).

As previously stated, hyperplastic polyp formation is 
strongly associated with HP‑positive gastritis. Up to 80% of 
hyperplastic polyps regress after HP eradication and therefore 
do not require endoscopic removal. Obviously, eradication 
therapy is not indicated for the other types of gastric polyps as 
they are not associated with HP infection. Conversely, all gastric 
adenomatous polyps and all gastric polyps with dysplastic foci, 
as well as symptomatic polyps, should be removed. Endoscopic 
mucosal resection has become the standard of care for the 
removal of gastric large, flat and sessile polyps and early cancer. 
Recently, endoscopic submucosal dissection was introduced in 
Japan as an alternative technique allowing the ‘en bloc’ resec-
tion of large lesions. The indications for endoscopic mucosal 
resection are expanding and many Western endoscopists are 
adopting the technique (74).

The most important hereditary GC is HDGC syndrome, 
which is associated with CDH1 germline mutations. 
Prophylactic gastrectomy should be considered only when 
these mutations occur, in that they imply a >80% lifetime risk 
of developing GC. Other inherited cancer predispositions are 
hereditary non‑polyposis colorectal cancer and Li‑Fraumeni 
and Peutz‑Jeghers syndromes; in these cases, only endoscopic 
surveillance is recommended (46,75).

The overexpression of the COX‑2 gene in GC suggests its 
role in gastrointestinal carcinogenesis. The enzyme participates 
in several key cellular activities, including cell proliferation, 
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apoptosis and angiogenesis. NSAIDs and aspirin are therefore 
potential agents for the chemoprevention of GC. The impact of 
HP infection on the relationship between the use of NSAIDs 
and GC remains unclear. HP infection is known to be asso-
ciated with non‑cardia GC. Thus, it is possible that NSAIDs 
inhibit the replication and proliferation of HP, thus neutralizing 
the increased COX‑2 expression and elevated prostaglandin 
synthesis associated with HP infection while reducing the risk 
of GC (76).

A strong correlation can also be envisaged between HP 
infection and dietary factors in gastric carcinogenesis. In fact, 
HP gastritis enhances the growth of nitrose‑producing bacteria, 
which catalyze the production of carcinogenic N‑nitrose 
compounds. In addition, HP infection is known to inhibit 
the gastric secretion of ascorbic acid, which is an important 
scavenger of N‑nitrose compounds and oxygen-free radicals. 
Moreover, salt‑preserved foods and the dietary nitrite found 
in preserved meats are potentially carcinogenic. The intake 
of salted food may increase the risk of HP infection and act 
synergistically to promote the development of GC. Salt‑induced 
mucosal damage may increase the possibility of persistent 
infection with HP (4). Given that GC is often associated with 
a poor prognosis, the main strategy for improving clinical 
outcome remains prevention.

The widespread introduction of refrigeration has further 
decreased the intake of chemically preserved foods and increased 
the consumption of fresh fruits and vegetables. A decline in the 
prevalence of HP infection may be due to improvements in 
sanitary and housing conditions, as well as the use of eradica-
tion therapy. In consideration of the multifactorial pathogenesis 
of GC, all modifiable risk factors, such as high salt and nitrite 
consumption, low fruit and vegetable intake, cigarette smoking 
and HP infection may represent targets for prevention (77).

7. Conclusions

Over the past decades, HP infection has been clearly correlated 
with gastric carcinogenesis. The strongest support for a link 
between HP infection and GC development has come from 
the preventive effect of HP eradication. At present and in the 
near future, the most important challenge is to significantly 
reduce mortality due to GC, as the prognosis of patients with 
GC remains extremely poor. This can be achieved by the iden-
tification of higher‑risk patients, such as those with atrophic 
gastritis, intestinal metaplasia, dysplasia of the stomach and, in 
rare cases, in those with hyperplastic gastric polyps or germ-
line mutations in CDH1, responsible for HDGC. A number of 
recent studies on gastric pre-cancerous lesions have offered the 
promise of novel biomarkers allowing for the early detection of 
GC, while others have reported improvements in invasive and 
non-invasive diagnostic tests for pre-malignant stages of GC. 
In conclusion, recognition of the pre-malignant condition at an 
early stage is a major advantage as it allows endoscopic surveil-
lance and, possibly, therapeutic mucosal resection. In addition, 
preventive cancer strategies, such as HP eradication with triple 
or quadruple treatment, the development of prophylactic or 
therapeutic vaccination against HP and perhaps chemopreven-
tion in the form of NSAIDs and aspirin, against a background 
of lifestyle and dietary modifications, may be effective in ‘at 
risk’ populations.
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