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Abstract

Introduction: Gastric cancer is one of the top causes of cancer-related death worldwide. How to
eliminate gastric cancer is an urgent public-health issue.

Areas covered: In this review, we present the up-to-date results of studies on gastric cancer
prevention through the eradication of Helicobacter pyloriand discuss the strategies and obstacles
for the implementation of population-wide screening and treatment of this pathogen to prevent
gastric cancer.

Expert commentary: Gastric cancer is an inflammation-associated cancer with a multistep
carcinogenesis. The process consists of H. py/loriinfection, ongoing inflammation, development of
metaplastic epithelia and genetic instability eventuating in gastric cancer. H. pyloriinfection is
critical to the development of the disease and studies have consistently shown that H. py/lori
eradication results in a reduction in (a) gastric mucosal inflammation, (b) progression of histologic
damage, (c) risk of peptic ulcers and ulcer recurrence, and (d) risk of gastric cancer. Compared
with the large number of clinical trials evaluating chemopreventive approaches, studies of
population-wide screening and eradication of H. pylorihave only recently begun and only in high-
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risk populations. To eliminate gastric cancer requires information on how to implement an
effective program for screening and treatment of H. py/oritaking into consideration the other
health priorities in any specific population.
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1. Introduction

Gastric cancer remains one of the most common causes of cancer deaths worldwide.
According to the GLOBOCAN 2018 database, 1,033,701 new cases of stomach cancer and
782,685 gastric cancer-related deaths occurred worldwide in 2015 with the highest burden in
Asia [1]. The discovery that gastric cancer was related to chronic inflammation caused by
infection with the bacterium, H. pylori[2], suggested that it might be possible to eradicate
gastric cancer by eradicating H. py/ori[3]. There is a long history of programs targeting
different infectious diseases designed to reduce or eliminate major causes of mortality or
morbidity. Until the mid-20th century infectious diseases were the major cause of death in
humans and eradication and/or containment programs proved highly successful in markedly
reducing deaths and disability from infectious diseases with examples such as polio, small
pox, diphtheria, malaria, and typhoid [4]. Often success was achieved through vaccination
such as with routine immunizations for polio [5] and smallpox [6] and through
environmental changes such as provisions for improved sanitation, clean water and good
diets. Studies with an oral recombinant H. pylorivaccine in H. pylori-naive children have
been conducted and reported an efficacy of 60% in children aged younger than 10 years vs.
44.2% in children aged 10 years or older [7]. This success suggests that vaccination for H.
pylori may eventually become feasible. However, challenge studies of other vaccine
candidates in adults have proven ineffective suggesting development may continue to be
slow [8].

2. Benefits of H. pylori eradication

H. pyloriinfection was almost universal among humans until the mid-20th century. In
retrospect, it became apparent that programs to provide improved sanitation and fresh foods
and vegetables also resulted in a marked reduction in acquisition of the infection among
children [9]. The fall in the incidence of acquisition of H. py/oriin many populations,
especially in highly developed countries, also explains the marked reduction in the incidence
of the H. pylorirelated diseases, peptic ulcer and gastric cancer occurring in the mid-20th
century [9].

In 1994, the IARC designated H. pylorias a Class | carcinogen for gastric cancer based on
the fact that H. py/ori can result in the longstanding mucosal inflammation, which may
trigger the carcinogenetic cascade by producing genotoxic molecules and result in both
oxidative damage and nitrosation of DNA bases [10]. In 2014, the World Health
Organization (i.e., the IARC) published a monograph regarding studies using elimination of
H. pylori as a strategy to prevent gastric cancer [11]. In 2015, the Maastricht Consensus
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Report updated the evidence related to the complexity of gastric functions in both health and
disease associated with H. pyloriinfection and its clinical management [12]. In 2015, and
for the first time, the Kyoto Global Consensus Report on H. pylori gastritis declared that H.
pylori gastritis should be described as an infectious disease irrespective of whether an
individual had symptoms or complications such as peptic ulcer or gastric cancer [13]. They
also stated that all individuals with H. py/fori-infected should be offered eradication therapy,
unless there are competing considerations. In 2018, the Houston Consensus Report provided
statements with supporting literature to implement testing for H. py/oriinfection, advice for
the clinical practice, and guidelines to be adopted by the health care systems in the United
States [14].

The risk of gastric cancer has long been known to be proportional to the extent and severity
of gastric mucosal damage (i.e., atrophic gastritis) [15]. The discovery of H. pylorias the
most common cause of progressive gastric damage suggested that elimination of the H.
pylori, major cause of gastric cancer, would ultimately eliminate gastric cancer and that
early intervention in those with the infection, before development of a high risk state, would
likely also reduce gastric cancer incidence [16]. Recent studies have confirmed that
eradication of H. py/ori can reduce the risk of gastric cancer and, importantly, risk reduction
extends even to those at highest risk (i.e., those with early gastric cancer after endoscopic
submucosal dissection or endoscopic mucosal resection) [17,18]. This hypothesis has been
confirmed by a meta-analysis that included 20,484 treated and 27,580 untreated individuals
with a total follow-up of 340,255 person-years and demonstrated the significant reduction of
gastric cancer risk by about 50% [15]. That magnitude of risk reduction was also supported
by a recent placebo controlled trial in Korea [19]. However, in that synthetic analysis, most
of included studies focused on patients who received endoscopic removal of an initial gastric
cancer rather than on the general at-risk population; the latter may require a larger sample
size and a longer follow-up period to yield a statistically significant result. Nonetheless,
eradication of H. pyloriinfection has additional population benefits beyond the elimination
of gastric cancer (Table 1) [12].

3. Population strategies for gastric cancer prevention

A program for prevention of gastric cancer is more complicated that simply deciding to
implement a strategy to achieve success based on the concept “no H. pylori, no gastric
cancer”. Requirements for a successful program include the availability of accurate and
affordable diagnostic tests to confirm the presence of H. py/ori. Currently methods such as
the 13carbon urea breath tests and stool antigen detection achieve high sensitivity and
specificity results but are expensive, relatively time consuming (although not as time
consuming as the culture identification), and require the subject’s cooperation [20]. In
contrast, H. pylori serology is simple, inexpensive and widely available but with a lower
specificity and sensitivity than the tests for active infection mentioned previously [21].
Prevention of the infection will also prevent development of H. py/lori-associated diseases
such as gastric cancer. However, the ability of eradication of an established infection to
prevent gastric cancer depends in part on the risk of cancer at the time of H. pylori
eradication. Thus, any eradication program must decide whether it offers only H. pylori
eradication and no follow-up for those with a significant risk of gastric cancer or, alternately,
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the program could offer a variety of options depending risk stratification including
surveillance for development of early gastric cancer (secondary prevention). This second
option would require assessing the status and severity of atrophic gastritis at time of H.
pylorieradication. This can be done non-invasively using testing for pepsinogen I and
pepsinogen I/11 ratios [22,23]. That approach can be further detailed such as by using the
“ABC Method” [24,25], in which the combination of the serum anti-H. py/ori antibody and
the level of serum pepsinogens is used to stratify the gastric cancer risk according to the
individual’s severity of atrophic gastritis. A systematic review that enrolled 20 studies
indicated the pooled sensitivity and specificity of using this approach were 74.7% and
95.6%, respectively, to detect atrophic gastritis [26]. Another cohort study with 16 years of
follow-up also demonstrated that those who had the positive pepsinogen tests at baseline
were associated with an approximately 3.5 folds increasing risk of dying from gastric cancer
[27].

An alternative approach would be to offer those potentially at risk (eg, over age 40 or 50)
endoscopy to assess for atrophic gastritis and pre-malignant lesions [28]. Clearly, the choices
entail markedly different commitments of resources and costs which can be very high
especially when associated with the need for an extended period of surveillance.

Primary prevention means no H. pylori (i.e., preventing transmission-acquisition of the
infection). Since the primary reservoir for infection is humans, H. py/orieradication also
helps prevent transmission which occurs most often in children. For those with H. pylori
infection, the goal is to eliminate the infection which stops the progression of damage and
also prevents that individual from transmitting the infection to another host. As noted above,
potentially the next step after eradication would be to consider risk stratification to identify
those who need, or might benefit, from follow-up. That approach can likely only be
considered and implemented in countries with considerable resources available to support
such a program and where gastric cancer is currently a major problem such as Japan or
Korea. For example, a rapidly developing country might design a program that started at age
18 and extended to age 25 with the goal of elimination of the infection in young individuals
early in the disease while the risk of cancer was low and before they had children to ensure
that their infections would not be transmitted to their children. Such a program could also
include pre-marriage screening. Thus, over time the population of H. pylorifree individuals
would replace those with infection and eventually the country would by free of both H.
pyloriand gastric cancer. This is essentially what happened naturally in many western
countries such as the United States that went from gastric cancer being the most common
cancer to it becoming rare during the 20th century [9].

3.1 Cost-effectiveness of an eradication program

On the global scale, populations vary in gastric cancer risk such that the costs and manpower
needs must be taken into consideration to determine the relative benefits of any eradication
program to that country in the face of other needs (Figure 1). One approach is to categorize
populations according to the prevalence of H. pyloriinfection and gastric cancer risk. There
is a tendency that the relative cost-effectiveness would be better when the population has a
higher incidence of gastric cancer [29, 30]; for example, the incremental cost-effectiveness
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ratio (or the cost for a quality-adjusted life-year gain) may decline from about 25,000 USD
in Western countries to only about 1,300 USD in China [31]. Populations with a high
prevalence of H. pyloriinfection and high gastric cancer risk are most likely to find that a
mass screening program would be close to cost-saving (i.e., more benefit at lower cost
compared with no screening; see right lower quadrate of Figure 1). The cost-benefit ratio can
be augmented when we take into consideration the benefit of H. py/orieradication on the
prevention of peptic ulcer and its complications and when popualtion aging is a global
phenomenon such that the use of aspirin and non-steroidal anti-inflammatory drug has
increased the risk of peptic ulcer disease [32]. In such a country, the program could be
actively initiated in an organized manner including definition of the target population, the
choice of a reliable screening test, identification of an effective treatment based on the
antibiotic susceptibility, and mechanisms to audit the process and results; examples can be
found in Japan and in Taiwan (e.g., the Matsu Island) [33,34]. Similar to campaigns against
liver and cervical cancers, mass vaccination should prove very worthwhile and further
investigation should be a priority.

In a population with an intermediate risk for gastric cancer and a high prevalence of H.
pylori, there will likely be a number of health-care priorities that compete for resources
(such as cardiovascular diseases, diabetes, other top-ranked cancers, HIV, etc.). In general,
the benefits obtained are associated with additional costs for the screening service (at the
right upper quadrate in Figure 1) so applicability depends on whether the cost can be
reduced to acceptable levels to justify the benefits (e.g., additional quality-adjusted life
years). In such circumstance, a successful population screening/treatment program might
target the high-risk subpopulations and integrate H. py/ori screening within the established
framework for health promotion (for example with colorectal cancer screening) [35]; by
doing so, the additional costs for the manpower of healthcare delivery are minimized while
the benefit from screening is augmented for both cancers. In this instance, the relative cost-
effectiveness will be close to the right lower quadrate.

Populations with low gastric cancer burdens may have a high (example: India) or low
prevalence rate of H. pylon infection (example: North American countries). In India,
because atrophic gastritis and gastric cancer are infrequent outcomes of H. py/oriinfection,
the additional costs and competing priorities may outweigh the benefits making a mass
screening program impractical. Although the relative cost-effectiveness is still located at the
right upper quadrate of Figure 1, it would be very close to the left-side quadrate. However, if
one considers peptic ulcer and iron deficiency eradication instead of gastric cancer the
calculations may change.

Importantly, even in low gastric cancer risk areas, there are often high-risk groups and
ethnicities making targeted screening both practical and cost effective (examples: American
Indians and Alaska Natives) [36,37]. Another group is immigrants from high-risk areas
where active screening reduces their cancer incidence and also reduces the risks of
reintroduction and transmission of H. pyloriinfections.
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3.2 Implementation of a mass eradication program

As noted above, to largely eliminate the risk of death from gastric cancer, the targets of a
gastric cancer prevention program should focus on early eradication of H. pylori (primary
prevention), prevention of its transmission (primary prevention), and early detection of
gastric cancer (secondary prevention) [38]. Treatment and monitoring programs must also
take into account issues such as whether the prevalence of H. py/oriand hence atrophic
gastritis is falling locally. The problem of a residual risk of gastric cancer after H. pylori
eradication is an important consideration. The program can be designed to eliminate or
prevent gastric cancer or to accomplish both. If the primary purpose is eradication of gastric
cancer, it is necessary to remove the all causes whereas cancer prevention may or may not
include the complete elimination of all possible causes. The ideal program should give
everyone the same opportunity and ability to participate. This requires correctly standardized
diagnostic tests and treatments that are both cost-effective and widely accepted by the public
[39].

Mass population-based H. pylori treatments generally require a new program that either
integrates or replaces any current programs. Programs for the mass population should be
easy to join and the benefits should not be limited to the relationship between physicians and
patients. Therefore, whether the program is designed to be “good enough” and “cost-
effective” will be an important consideration. At the same time, any mass population-based
treatment program should address the following public health issues. Is this practice
worthwhile? Who are possible candidates? Can such a program be implemented? Can it be
done cost-effectively? Which prioritization should be the program in the nation’s resources?

Some issues of any mass population-based program should regularly be rethought. In
principle, personal treatment is relevant to mass treatment. For example, after treatment of
an individual patient, it is considered important to confirm the success of treatment. When
one considers mass treatment, test of cure may be neither necessary nor cost effective and
the focus may be on what is an acceptable cure rate. It is clear that clinicians should expect
to relinquish control of the guidelines used in mass treatment programs. The development of
the planning process should include determination about how to and whether it is even
possible to define and invite the target populations. How can the quality of screening be
ensured? Infected patients should receive standardized treatments. How can one assess
adherence to treatment, the possible side effects of the treatment, and whether the desired
cure rates are being achieved? Examples for such an information system and quality control
can be found in some well-established programs for other cancers. For example, in the mass
screening program for colorectal cancer in Taiwan, the screening results, including the
coverage rate, positivity rate of screening tests, number of lower endoscopies performed, and
endoscopic results, can be transmitted via a virtual private network to a central database and
periodically generate standardized indicators for monitoring the screening quality [40].
Regional consensus for the management of H. py/oriinfection should be established in order
to standardize the practice of primary care physicians [41].

Another important point is that mass population-based program will almost invariably treat
patients who are actually non-infected (i.e., those with false positive tests). At the same time,
some infected subjects will be screened as negative (false negative tests) and will not receive
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treatment. It is important to consider what are the acceptable proportions of patients who
receive unnecessary therapy or who fail to receive treatment because of false negative
screening results. For example, suppose there is a 50% infection rate among a population of
100,000. That is, 50,000 people are infected and another 50,000 are not infected. If a test
with 90% sensitivity and specificity is applied, the result of screening will be 45,000 are
positive and 5,000 are negative (i.e., false negative) among the 50,000 infected people. In the
50,000 who are uninfected, 45,000 people will be scored negative, and 5,000 as positive
(false positive). So the target group for treatment will include 45,000 true positives plus
5,000 false positives and 5,000 false-negative people will miss the opportunity to be treated
(Figure 2A). If the treatment regimen had a 100% cure rate the prevalence of infection after
treatment would be 5% (5,000/100,000) among this population since 5,000 false-negative
patients are not treated. Accordingly, if the cure rate of the regimen were only 70%, the
prevalence of infection after treatment would be 18.5%. The proportion of people who really
need to be treated (45,000) and wrongly treated (5,000 people who do not need treatment) is
as high as nine to one (Figure 2B). Using the same screening method among population with
a 10% infection rate would use nearly half of the treatment resources for false positive
patients. In that program, use of a second test to confirm the active infection would probably
be worthwhile.

In terms of mass treatment programs, treating a population with 50% infection rate by a
regimen of 90% success rate (that is, the treatment failure rate is 10%) results in 5%
remaining infected after mass treatment. And so on. If the success rate of treatment is only
70%, then 15% are still infected. Regardless of the costs in terms of money, labor, or side
effects, to achieve the best result every step from the recruitment of patients to diagnosis to
treatment and treatment success must be carefully analyzed.

Evaluation of outcomes of any mass treatment program is necessary and the goals must be
clearly defined. Data gathering and analysis must be performed in a timely manner and
categorized into short-term end-points (e.g., surrogate outcome with premalignant gastric
lesions), long-term end-points (e.g., gastric cancer incidence and mortality rate), cost-
effectiveness analysis, and potential adverse effects [42]. There were many association
studies that have suggested that the eradication of H. py/orimay lead to the increase or
decrease in some extra-gastric diseases (e.g., esophageal adenocarcinoma, childhood asthma
and atopy, obesity, etc.); however, causal relationships have never been confirmed and most
of these hypotheses have been falsified such that there is no solid evidence showing that .
pylorieradication could increase a personal or population risk [20]. Increase of the antibiotic
resistance for H. pylori and other human bacteria, nonetheless, can be a potential concern,
which may require the selection of an effective treatment to minimize the population
exposure to unnecessary antibiotics. Routine re-testing after eradication treatment is also
needed to identify those who failed because of antibiotic resistant strains and provide them
with a tailored treatment according to antibiotic susceptibility.

4. Individually tailored approach

The natural history of H. pyloriinfection can be divided into periods. Figure 3 shows it
divided into 4 periods starting with the acquisition and transmission phase. During this phase
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the infection is acquired and atrophic changes are rare. Between ages 20 and 40 the
individuals often live with their children and may transmit the disease to them. During this
period the infection increasing becomes chronic with acid secretion being reduced as the
infection increasingly involves the corpus. The proportion with atrophic gastritis increases
with age along with the risk of cancer becoming exponential. This third period of increasing
atrophy (e.g., after 40 years old, the proportion with atrophy increase to the point that most
patients have atrophy and the highest risk of gastric cancer. Based on the extent and severity
of atrophic damage, the prevention strategists for each period should likely be different. For
example in the population below 20 the strategist might focus on prevention of acquisition
with vaccines and/or eradication of H. py/oriin young adults possibly including pre-marital
testing and treatment. The proportion with atrophy and the severity of atrophy increases with
age. Treatment before development of a significant population cancer risk would likely
preclude the need for surveillance. Older subjects likely contain a higher proportion with
atrophy and an increased risk for gastric cancer. For this group risk-stratification using
pepsinogen testing followed by endoscopy or simply endoscopy may be cost-effective.
Where resources are available endoscopy has an advantage as pre-cancerous lesions can be
identified and reliable risk-stratification done using a validated histologic method such as the
OLGA/OLGIM staging systems [43].

The goal of treatment should be to halt the process in the low or moderate risk groups. There
will still be a high risk group after therapy that is identified on the basis of the extent and
severity of atrophic damage. This group is the one where surveillance may be indicated.
Consensus meetings must be held to develop the treatment guidelines. Clinicians will play a
relatively minor role. Increasingly important considerations relate to the natural history of
the infection in that population. What is cost-effective? What are all the costs? What is
“effective”? Trade-off’s will always be necessary.

5. Conclusions and perspectives

Even if these strategies are accompanied by incontrovertible evidence to support the
effectiveness, not every proposed strategy can be realized at the population level whereas
cost-benefit becomes critical determinants. The greatest impediment is costs, which reduce
competitiveness with other health priorities. The key to success is careful and detailed
planning. We know what we want to do is to eradicate H. py/oriand prevent gastric cancer.
Though there are many options but even with the most ideal, gastric cancer will be with us
for decades. As Sir Authur Hurst speaking about gastric cancer said “. The ideal form of
prophylaxis for gastric cancer would be not merely to recognize and treat the common
precancerous gastric conditions, chronic gastritis and chronic gastric ulcer, but to prevent
their development” [44]. That goal can be accomplished.

6. Expert Commentary:

Although the importance of H. pylorias a cause of human disease was recognized decades
ago, gastric cancer, remains the sixth most prevalent cancer worldwide and accounts for the
second most common cancer-related deaths. A number of consensus meetings have strongly
recommended screening and treatment for H. pyloriinfection be adopted as a public health
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priority to eliminate the burden of gastric cancer; however, mass eradication programs are
rare to absent in most high-risk populations, indicating a barrier between treatment of
individuals and implementation of population-based programs. Given the strong evidence of
benefits derived from H. pylorieradication relating to peptic ulcer, gastric cancer, iron
deficiency anemia, etc., it is clear that research effects should be allocated to identifying the
most cost-effective ways to integrate H. pylorieradication into the healthcare priorities
especially in high-risk populations, to raising population awareness of this common but
potentially deadly disease, establishing efficient delivery systems of screening and timely
referral after a positive test, and implementation of standardized and validated treatment
regimens. In the meanwhile, it should be recognized that the uppermost goal of a gastric
cancer prevention program is to reduce the cancer related deaths while taking into
consideration how to reduce the number of new incident cases and how to prolong cancer
survival upon diagnosis. A dual approach has gradually come of age that integrates H. pylori
eradication (reducing cancer risk in the future) with the targeted endoscopic surveillance
(improving cancer survival through early detection) based on the information based on
results at the individual level; these tailored approaches may include serological biomarkers,
the gastric histology, and the genomic markers.

7. Five year view

The understanding that gastric cancer results from H. pylori-induced chronic inflammation
suggested that eradication of H. py/loriwould also eliminate gastric cancer as well as the
other H. pylori-related diseases. This realization is also forcing current gastric cancer
prevention programs emphasizing early detection to also consider gastric cancer prevention
via eradication of the causative agent. For low or moderate risk groups H. pylori eradication
alone is likely the most cost effective strategy whereas high risk groups identified on the
basis of the extent and severity of atrophic damage are likely to benefit from continuing
surveillance. We believe that in the next 5 years many regions and countries will consider or
implement H. pylorieradication programs that will vary from mass population-based H.
pylorieradication in high risk countries to limited programs in low risk countries that are
tailored to specific high risk groups. In high risk countries, the new programs will either
integrate or more likely replace current programs. Planning will need to address (a) who are
the candidates? (b) can the program be implemented cost-effectively? and (c) how to
prioritize it in relation to other health care programs and in relation to use of the nation’s
resources? A number of pilot programs are already underway. In high H. pyloriprevalence
countries with low gastric cancer burdens, preventive or curative vaccination would likely be
the only cost effective alternative such that developed countries should support vaccine
development.
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Key issues

H. pyloriinfection is the underlying cause of the majority of cases of gastric
cancer.

The Kyoto Global Consensus Report defined H. pylori-associated gastritis as
an infectious disease. Currently H. pylori eradication is the only practical
method of eliminating gastric cancer and other H. pylori-related diseases.

H. pylorieradication after development of atrophic changes will reduce but
not completely prevent development of gastric cancer

In regions with a high gastric cancer burden the addition of cancer risk
stratification and continued surveillance to identify and treat early gastric
cancer may be cost effective.

The actual design and implementation of mass H. py/ori eradication programs
must consider the population cancer risk and the program’s value in relation
to other health care priorities.
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Figure 1.
Relative cost-effectiveness of a preventive strategy, compared with no intervention at the

grid origin
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Population screening and treatment for H. py/oriinfection. (A) The results following the
initial screening test in a high H. py/loriprevalence population, and (B) the results in a low
H. pylori prevalence population such as following one round of mass eradication therapy.
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Figure 3.
The age specific risk of cancer in a population with a high risk of gastric cancer such as

Japan shown as risk/year/100,000 population. This is superimposed on the population
divided into different age categories based on the progression of their H. py/oriinfection in
which the risk of cancer increases as the proportion with atrophic gastritis increases with
age.
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Table 1.

Benefits of H. pylorieradication on human health in addition to gastric cancer prevention

Benefit of H. pylori eradication Evidence level
Peptic ulcer disease la
MALT lymphoma la
Functional dyspepsia la
Atrophic gastritis la
Vitamin B12 deficiency 3b
Iron deficiency anemia la
Idiopathic thrombocytopenic purpura 1b

Adopted from the Maastricht I\V/Florence Consensus Reports (Malfertheiner et al. Gut 2012;61:646-664 [12]), with permission.
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