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A B S T R A C T

Background

Gastric cancer is the third most common cause of cancer death worldwide. Individuals infected with Helicobacter pylori have a higher
likelihood of developing gastric cancer than individuals who are not infected. Eradication of H. pylori in healthy asymptomatic individuals
in the general population may reduce the incidence of gastric cancer, but the magnitude of this eFect is unclear.

Objectives

To assess the eFectiveness of eradication of H. pylori in healthy asymptomatic individuals in the general population in reducing the
incidence of gastric cancer.

Search methods

We identified trials by searching the Cochrane Central Register of Controlled Trials (CENTRAL; 2013, Issue 11), MEDLINE (1946 to December
2013), and EMBASE (1974 to December 2013). We handsearched reference lists from trials selected by electronic searching to identify further
relevant trials. We handsearched published abstracts from conference proceedings from the United European Gastroenterology Week
(published in Gut) and Digestive Disease Week (published in Gastroenterology) between 2001 and 2013. We contacted members of the
Cochrane Upper Gastrointestinal and Pancreatic Diseases Review Group and experts in the field and asked them to provide details of
outstanding clinical trials and any relevant unpublished materials.

Selection criteria

We analysed randomised controlled trials comparing at least one week of H. pylori therapy with placebo or no treatment in preventing
subsequent development of gastric cancer in otherwise healthy and asymptomatic H. pylori-positive adults. Trials had to follow up
participants for at least two years and needed to have at least two participants with gastric cancer as an outcome. We defined gastric cancer
as any gastric adenocarcinoma, including intestinal (diFerentiated) or diFuse (undiFerentiated) type, with or without specified histology.

Data collection and analysis

We collected data on incidence of gastric cancer, incidence of oesophageal cancer, deaths from gastric cancer, deaths from any cause, and
adverse eFects arising due to therapy.

Main results

Six trials met all our eligibility criteria and provided extractable data. Three trials were at low risk of bias, one trial was at unclear risk, and
two trials were at high risk of bias. Five trials were conducted in Asian populations. In preventing development of subsequent gastric cancer,
H. pylori eradication therapy was superior to placebo or no treatment (6 trials, 6497 participants, risk ratio (RR) of developing subsequent
gastric cancer 0.66; 95% confidence interval (CI) 0.46 to 0.95; moderate-quality evidence). Only one trial reported eFect of eradication of
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H. pylori on development of subsequent oesophageal cancer (2 (0.2%) among 817 participants assigned to eradication therapy, compared
with 1 (0.1%) of 813 participants allocated to placebo; RR 1.99; 95% CI 0.18 to 21.91). The eFect of H. pylori eradication on preventing death
from gastric cancer compared with placebo or no treatment was uncertain due to wide confidence intervals (3 trials, 4475 participants, RR
0.67; 95% CI 0.40 to 1.11; moderate-quality evidence). There was no evidence of an eFect on all-cause mortality (4 trials, 5253 participants,
RR 1.09; 95% CI 0.86 to 1.38; moderate-quality evidence). Adverse events data were poorly reported.

Authors' conclusions

We found limited, moderate-quality evidence that searching for and eradicating H. pylori reduces the incidence of gastric cancer in healthy
asymptomatic infected Asian individuals, but we cannot necessarily extrapolate this data to other populations.

P L A I N   L A N G U A G E   S U M M A R Y

Helicobacter pylori treatment for the prevention of stomach cancer

Review question

Whether testing healthy people for Helicobacter pyloriand treating those infected routinely with a course of antibiotics decreases the
number of new cases of gastric cancer.

Background

People with H. pylori infection are more likely to develop gastric cancer than people who are not infected with the bacterium. For this
reason, H. pylori is classed as carcinogenic (causing cancer) to humans. Many people worldwide die of gastric cancer every year, because
by the time those aFected seek the opinion of a doctor, the condition is oLen advanced. However, H. pylori infection is easily treatable with
a one-week course of antibiotics.

Study characteristics

A literature search up to December 2013 found 6 trials (containing 6497 participants, 3 trials at low risk of bias). Five of the studies were
based in Asia.

Key results

We found that antibiotics for H. pylori have a small benefit in preventing gastric cancer (51 (1.6%) of 3294 participants given treatment
developed gastric cancer subsequently, compared with 76 (2.4%) of 3203 given no treatment or a placebo), but it is unclear whether or not
they decrease the number of deaths from the disease, increase or decrease the number of deaths due to any cause, or increase or decrease
the number of cases of oesophageal cancer. Data about side eFects of treatment were poorly reported.

Quality of the evidence

Three trials were at low risk of bias, one trial was at unclear risk, and two trials were at high risk of bias. One study was at high risk of bias
because no placebo was used for the active eradication therapy regimen, and so this part of the trial was unblinded, and the other study
was at high risk of bias due to inconsistencies in data reporting at the two points of follow-up. We were unable to resolve this discrepancy
despite contacting the original authors. As a result, we downgraded the quality of evidence from high to moderate due to serious risk of
bias.
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Summary of findings for the main comparison.   H. pylori eradication therapy compared to control for the prevention of gastric neoplasia in healthy
asymptomatic infected individuals

H. pylori eradication therapy compared to control for the prevention of gastric neoplasia in healthy asymptomatic infected individuals

Patient or population: healthy asymptomatic H. pylori-infected individuals

Settings: general population1 

Intervention: H. pylori eradication therapy to prevent subsequent gastric cancer 2 
Comparison: control

Illustrative comparative risks* (95% CI)

Assumed
risk

Corresponding risk

Outcomes

Control H. pylori eradication thera-
py to prevent subsequent
gastric cancer

Relative effect
(95% CI)

No of Par-
ticipants
(studies)

Quality of the
evidence
(GRADE)

Comments

Incidence of gastric cancer - modified ITT
analysis 
Histological examination
Follow-up: 4 to 14.7 years

24 per
1000

16 per 1000 
(11 to 23)

RR 0.66 
(0.46 to 0.95)

6497
(6 studies)

⊕⊕⊕⊝
moderate
3,4,5,6

Number needed to
treat to benefit was
124 (95% CI 78 to
843)

Death from gastric cancer - modified ITT
analysis

16 per
1000

11 per 1000 
(6 to 18)

RR 0.67 
(0.4 to 1.11)

4475
(3 studies)

⊕⊕⊕⊝

moderate 4,6,7

 

Death from all causes - modified ITT
analysis

67 per
1000

73 per 1000 
(58 to 92)

RR 1.09 
(0.86 to 1.38)

5253
(4 studies)

⊕⊕⊕⊝

moderate 4,6,7

 

Incidence of oesophageal squamous cell
carcinoma - modified ITT analysis

1 per 1000 2 per 1000 
(0 to 27)

RR 1.99 
(0.18 to 21.91)

1630
(1 study)

⊕⊕⊕⊝

moderate 8
 

Adverse events See com-
ment

See comment Not estimable 0
(0)

See comment Adverse events were
poorly reported
across the studies
and could not be
summarised.

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
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CI: confidence interval; ITT: intention-to-treat; RR: risk ratio

GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

1 As all but one study was conducted in East Asia, it is not possible to assess the eFect of searching for and eradicating H. pylori in Western populations.
2 Modified ITT analysis.
3 The quality of evidence was downgraded from high to moderate due to serious risk of bias: Three trials were at low risk of bias, one trial was at unclear risk, and two trials were
at high risk of bias. In addition, because of the factorial design of some of the trials, it is diFicult to determine whether the reduction in relative risk of subsequent gastric cancer
was due to H. pylori eradication therapy alone. The eradication regimens used varied considerably between the individual trials, although this reflects the fact that several of these
studies were designed before the widespread adoption of proton pump inhibitor triple therapy, which was first described in 1994, as the gold standard for H. pylori eradication.
4 No significant heterogeneity was seen between studies.
5 The beneficial eFect seemed to be more pronounced in the two studies that co-administered antioxidants and vitamins to participants, but it should be noted that one of these
contained the majority of gastric cancers and had the longest duration of follow-up. There was no significant benefit of H. pylori eradication therapy in preventing subsequent
occurrence of gastric cancer when only those participants either with or without preneoplastic lesions at baseline were considered in the analysis. There were no significant
subgroup diFerences.
6 Funnel plots were not produced, as there were less than 10 studies included in the analyses.
7 The quality of evidence was downgraded from high to moderate due to serious risk of bias: one trial was at high risk of bias, one trial was at unclear risk.
8 Only one study was available for this outcome, with wide 95% CI.
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B A C K G R O U N D

Description of the condition

Gastric cancer is the third most common cause of death from
malignant disease worldwide, resulting in 750,000 deaths each
year (Ferlay 2010). In most high-income countries, the incidence
of gastric cancer is falling, (Lau 2006), but the increase in age of
the world population means that the total number of deaths from
gastric cancer is set to rise for the foreseeable future (Forman
1998). The treatment of gastric cancer is unsatisfactory. Almost half
of gastric cancers are inoperable at the time of diagnosis (Lello
2007), and the five-year survival of these individuals is close to
zero. Those undergoing operative treatment oLen require extensive
surgery, with a 5-year survival rate of only 20% to 30% (Cunningham
2005). Survival may be improved if the disease is diagnosed at an
earlier stage (Degiuli 2006), but the cost of population screening for
gastric cancer with upper gastrointestinal (GI) endoscopy would be
prohibitive. Even if only those with upper GI symptoms that may
be indicative of an occult gastric cancer, such as dyspepsia, were
screened by endoscopy, the cost of detecting one malignant lesion
has been estimated to be as high as USD 83,000. (Vakil 2009) One
possible way to make a significant impact on mortality from gastric
cancer could therefore be via primary prevention of the disease.

The discovery of Helicobacter pylori and the observation that it
was responsible for the development of chronic gastritis, with
subsequent gastric atrophy and intestinal metaplasia, raised the
possibility that this organism was a necessary contributor to the
carcinogenic process in most cases of gastric cancer (Correa 1975;
Correa 1983; Marshall 1985; Warren 1983). Early nested case-
control studies confirmed that individuals infected with H. pylori
were between three and six times more likely to develop gastric
cancer, compared with uninfected controls (Forman 1991; Nomura
1991; Parsonnet 1991). This observation led the World Health
Organization and the International Agency Research on Cancer to
conclude that H. pylori was a class I carcinogen (IARC 1994).

A systematic review and meta-analysis that identified 12 nested
prospective case-control studies suggested that H. pylori was
associated with an almost three-fold increase in odds of developing
non-cardia gastric cancer (HCCG 2001). A policy of screening
populations at high risk of gastric cancer for H. pylori with a non-
invasive test, such as the carbon-urea breath test, and treating
those who are infected could lead, theoretically, to a reduction
in the incidence of gastric cancer (Parsonnet 1996). However,
healthcare providers have not seriously considered this policy,
and are unlikely to do so until randomised controlled trials (RCTs)
have shown such a screening programme to be eFective. There
are also concerns from nested case-control studies that the risk
of oesophageal adenocarcinoma is increased in people who are
not infected with H. pylori, although these data are less consistent
(Wu 2003; Ye 2004). These concerns stem from the theory that H.
pylori eradication may induce gastro-oesophageal reflux symptoms
in some individuals, and therefore an increased risk of Barrett's
oesophagus and oesophageal adenocarcinoma.

The only fully published systematic review of RCTs reported a
significant reduction in the relative risk of developing gastric cancer
with H. pylori eradication therapy, compared with placebo (Fuccio
2009). However, the authors included data from the same trial
twice, at two diFerent follow-up points (Ford 2009). When only data
from one or other of these follow-up points were included, the

eFect was no longer statistically significant. Given that it has been
five years since the publication of this meta-analysis, it is possible
that there may now be more published trials, as well as longer
duration of follow-up in the existing trials, and this led us to re-
examine this issue.

Description of the intervention

H. pylori eradication therapy consists of antibiotics, either alone
or in combination with acid suppressant therapy, bismuth, or
both. Proton pump inhibitor-based triple therapy remains the 'gold
standard' for the treatment of infection with H. pylori. With the
development of accurate methods of diagnosing H. pylori infection,
it has become relatively straightforward to confirm successful
treatment, or eradication, of the infection.

How the intervention might work

There are biologically plausible mechanisms that may explain the
association between H. pylori and gastric cancer. The infection
leads to a hyperproliferative state, intragastric concentration of
ascorbic acid is reduced, and the levels of mucosal reactive oxygen
metabolites capable of inducing DNA damage are increased. The
eradication of H. pylori normalises gastric cell turnover, luminal
ascorbic acid concentrations, and the level of reactive oxygen
species in the mucosa (Moayyedi 1997).

Why it is important to do this review

Population screening for and treatment of H. pylori infection may
reduce the incidence of gastric cancer, particularly in populations
with a high prevalence of infection with the bacterium who also
have a high risk of gastric cancer. The aim of this systematic
review and meta-analysis of RCTs was to evaluate the eFect of H.
pylori eradication therapy in preventing gastric cancer in otherwise
healthy and asymptomatic H. pylori-positive individuals.

O B J E C T I V E S

To assess the eFectiveness of eradication of H. pylori in healthy
asymptomatic individuals in the general population in reducing the
incidence of gastric cancer.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We considered only parallel-group RCTs comparing H. pylori
eradication with placebo or no treatment for this review.

Types of participants

Otherwise healthy and asymptomatic adults over 16 years of
age who were H. pylori-positive, as assessed invasively by any of
histology, rapid urease testing, culture (all from antrum or body
biopsies obtained at endoscopy), or non-invasively via H. pylori
serology or carbon-urea breath testing.

Types of interventions

The H. pylori eradication therapy regimen had to have an
eradication rate as reported in the literature of at least 50% and was
defined as any of the following, with duration of therapy of at least
one week:
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1. Proton pump inhibitor (PPI) dual therapy (PPI plus either
amoxicillin or clarithromycin);

2. PPI triple therapy (PPI plus any two of the following: amoxicillin,
macrolide, 5-nitroimidazole);

3. Histamine2-receptor antagonist (H2RA) triple therapy (H2RA

plus any two of the following: amoxicillin, macrolide, 5-
nitroimidazole);

4. Bismuth triple therapy (bismuth salt and 5-nitroimidazole with
either amoxicillin or tetracycline);

5. Bismuth quadruple therapy (as bismuth triple therapy, but with
the addition of a PPI);

6. Ranitidine bismuth citrate (RBC) dual therapy (RBC plus either
amoxicillin or clarithromycin);

7. RBC triple therapy (RBC plus any two of the following:
amoxicillin, macrolide, 5-nitroimidazole);

8. Clarithromycin monotherapy.

These were compared with either placebo or no treatment.

In trials that were of factorial design that included the evaluation
of dietary supplements (for example vitamin C or selenium) as
well as H. pylori eradication, the main analysis included arms that
randomised all participants to eradication therapy or placebo or no
treatment, regardless of their allocation to these supplements.

Types of outcome measures

Participants had to have been followed up for at least two years,
and trials needed to report data on subsequent incidence of gastric
cancer as an outcome. We defined gastric cancer as any gastric
adenocarcinoma, including intestinal (diFerentiated) or diFuse
(undiFerentiated) type, or without specified histology.

Primary outcomes

To assess the proportion of H. pylori-positive individuals
randomised to receive eradication therapy that developed gastric
cancer, compared with those who received placebo or no
treatment.

Secondary outcomes

We assessed the following secondary outcomes in H. pylori-positive
participants randomised to H. pylori eradication compared with
placebo or no treatment:

1. The proportion of individuals who developed oesophageal
adenocarcinoma;

2. The proportion of individuals who developed oesophageal
squamous cell carcinoma;

3. The proportion of individuals who died from gastric cancer;

4. The proportion of individuals who died from any cause;

5. The proportion of adverse events (such as diarrhoea, skin rash,
nausea or vomiting, headache, altered taste) dichotomised into
present or absent.

Search methods for identification of studies

We conducted searches to identify all published and unpublished
RCTs. We included articles published in any language.

Electronic searches

We undertook the principal electronic search according to the
Cochrane Upper Gastrointestinal and Pancreatic Diseases Review
Group module (UGPD Module 2015).

We searched the following databases:

1. Cochrane Central Register of Controlled Trials (CENTRAL)
(Cochrane Library 2013, Issue 11) (Appendix 2);

2. MEDLINE (1946 to December 2013) by Ovid (Appendix 3);

3. EMBASE (1974 to December 2013) by Ovid (Appendix 4).

Searching other resources

We handsearched reference lists from trials selected by electronic
searching to identify further relevant trials.

Abstracts

We handsearched Digestive Disease Week (published in
Gastroenterology) and United European Gastroenterology Week
(published in Gut) abstract books between 2001 and 2013. We
contacted authors of trial reports published only as abstracts and
asked them to contribute full data sets or completed papers.

Correspondence

We contacted experts in the field registered with the Cochrane
Upper Gastrointestinal and Pancreatic Diseases Review Group for
leads on unpublished studies.

Data collection and analysis

Selection of studies

The lead review author screened titles and abstracts of studies
that had been identified by the search strategy for articles possibly
eligible for the review. The lead review author then screened the
selected trials to confirm eligibility, using predesigned eligibility
forms. A second review author, masked to the initial assessment,
also evaluated all identified trials for eligibility. A third review
author adjudicated any discrepancies, and a consensus view was
taken.

Data extraction and management

The lead review author extracted data and recorded it on to
specially developed forms. The second review author did a blinded
check on this, and any discrepancies were resolved by consensus.
Data entry into RevMan 2014 was also double-checked. Due
to the outcome of interest under study, several groups of trial
investigators followed-up trial participants at more than one time
point. Where we found multiple articles for a single study, we
extracted only data from the latest publication from each eligible
study.

We recorded the following characteristics for each trial:

• geographical location

• country of origin

• number of centres

• method used to confirm H. pylori infection

• type of eradication regimen used (including dose and schedule
of individual drugs within it)

• duration of treatment

Helicobacter pylori eradication for the prevention of gastric neoplasia (Review)
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• eradication rate

• length of follow-up

• dropouts reported and their reasons

• subsequent occurrence of gastric cancer

• subsequent occurrence of oesophageal cancer
(adenocarcinoma or squamous carcinoma)

• mortality from gastric cancer

• mortality from other causes

• total number of adverse events reported

In addition, as some of the trials we identified performed upper
gastrointestinal endoscopy and obtained gastric biopsy specimens
in all recruited individuals, we were able to obtain the number of
participants in these RCTs with preneoplastic lesions at baseline
(defined as presence of gastric atrophy, intestinal metaplasia, or
dysplasia).

We extracted data using a modified intention-to-treat (ITT) analysis.
In this, we excluded from the analysis individuals found to be
ineligible aLer randomisation, and those who did not receive the
intervention to which they were assigned. Due to the relatively
rare nature of the primary outcome of interest, we assumed
that all participants lost to follow-up had not developed gastric
cancer, but kept them in the denominator for the study. We did
this because the shortest duration of follow-up in the studies we
identified was greater than or equal to four years, and therefore
drop-out rates were relatively high. We also performed a complete
case analysis, as a sensitivity analysis, where we excluded all
participants for whom data were missing or unavailable from the
analysis altogether (Akl 2013).

Assessment of risk of bias in included studies

One review author assessed and a second review author checked
study quality. We assessed the components of quality using the
criteria described below. We assessed eight risk domains. We
considered a study to have a low risk of bias if all risk domains
were assessed as a low risk of bias; a high risk of bias if at least one
domain was assessed as high risk; or an unclear risk of bias if at
least one domain was assessed as unclear risk without any high risk
domains.

Random sequence generation (selection bias)

We classified a study as an RCT if it was described as randomised
(this includes the use of words such as randomly, random, and
randomisation, etc.). We judged the study as low risk, high risk, and
unclear risk according to the following:

• Low risk, if the allocation sequence was generated by computer-
generated random numbers, published random number table,
coin tossing, shuFling cards or envelopes, or throwing dice.

• Unclear risk, if the trial was described as randomised but the
method used for generation of the allocation sequence was not
described.

• High risk, if selection was based on patient numbers, birth dates,
visit dates, or alternative allocation.

• We excluded studies that described selection based on patient
or clinical preference, or any selection mechanism that cannot
be described as random. We also excluded studies that did not
state whether the treatment was randomly allocated.

Allocation concealment (selection bias)

• Low risk, if investigators were unaware of the allocation of each
participant before they were entered in the trial. Acceptable
methods included: central telephone randomisation schemes,
pharmacy-based schemes, sequentially numbered, opaque,
sealed envelopes, or sequentially numbered drug containers of
identical appearance.

• Unclear risk, if the authors did not report or provide a
description of an allocation concealment approach that allowed
for classification as concealed or not concealed.

• High risk, when investigators may have been aware of the
allocation of each participant before they entered the trial, e.g.
when allocation was based on patient data such as date of
birth, hospital case note number, or visit dates, sealed envelopes
that were not opaque, or a random number table that was not
concealed from an investigator.

Blinding of participants and personnel (performance bias)

• Low risk, if both participants and physicians were blinded to the
treatment allocation, and it was unlikely that the blinding could
have been broken.

• Unclear risk, if no blinding information was available or there
was insuFicient information to permit a judgement of low risk
or high risk.

• High risk, if the authors defined the study as an open study,
or no party was blinded. Either participants or some key study
personnel were not blinded, and the non-blinding of others was
likely to introduce bias.

Blinding of outcome assessment (detection bias)

• Low risk, if outcome assessors were blinded to the assigned
treatment arm.

• Unclear risk, if no information was provided for blinding of
outcome assessment.

• High risk, if outcome assessors were not blinded to the assigned
treatment arm. Lack of blinding is likely to influence adverse
events as an outcome. However, knowledge of the assigned
intervention is unlikely to impact on H. pylori eradication
assessment.

Incomplete outcome data (attrition bias)

We assessed attrition bias for H. pylori eradication and adverse
events.

• Low risk, if there were no missing outcome data; reasons
for missing outcome data were unlikely to be related to true
outcome; missing outcome data were balanced in numbers
across intervention groups, with similar reasons for missing data
across groups; the proportion of missing outcomes compared
with the observed event risk was not enough to have a clinically
relevant impact on the intervention eFect estimate; missing
data were imputed using appropriate methods.

• Unclear risk, if insuFicient reporting of attrition or exclusions to
permit judgement of low risk or high risk (e.g. no reasons for
missing data provided).

• High risk, if reasons for missing outcome data were likely
to be related to true outcome, with either imbalance in
numbers or reasons for missing data across intervention
groups; the proportion of missing outcomes compared with
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observed event risk were enough to induce clinically relevant
bias in intervention eFect estimate; per protocol analysis
done with substantial departure of the intervention received
from that assigned at randomisation; potentially inappropriate
application of simple imputation.

Selective reporting (reporting bias)

• Low risk, if the published reports included all expected
outcomes, including those that were prespecified.

• Unclear risk, if insuFicient information to permit judgement of
low risk or high risk.

• High risk, if not all of the study’s prespecified primary outcomes
were reported; the primary outcome (gastric cancer) was
reported using measurements, analysis methods, or subsets of
the data that were not prespecified; the primary outcome was
not prespecified or was reported incompletely; or the study
report failed to include results for a key outcome that would be
expected to have been reported for such a study.

Other bias

• Low risk, if the study appears to be free of other sources of bias.

• Unclear risk, if there may be a risk of bias but there is
either: insuFicient information to assess whether an important
risk of bias exists (e.g. limited information from a conference
proceeding); or insuFicient rationale or evidence that an
identified problem introduces bias.

• High risk, if there is at least one important risk of bias; a potential
source of bias related to the specific study design used; stopped
early due to a data-dependent process (including a formal
stopping rule); extreme baseline imbalance; has been claimed to
have been fraudulent; or any other problem.

Measures of treatment e>ect

We assessed the proportion of otherwise healthy and
asymptomatic H. pylori-positive individuals randomised to receive
eradication therapy who developed subsequent gastric cancer,
compared with those who received placebo or no treatment.

Unit of analysis issues

We included only standard design parallel-group RCTs with binary
outcomes (incidence of gastric cancer). Cluster randomised trials,
cross-over trials, and repeated measurement were not present for
the type of RCT.

Dealing with missing data

Where possible, we recorded completeness of follow-up, with drop-
out rates by group. We attempted to contact authors for missing
data. If no outcome data were available, we used the modified ITT
approach, which included all eligible and randomised participants
in the analysis, but we did not consider participants who were
found to be ineligible aLer randomisation in the ITT analysis in
the primary analyses. Correa 2000 and You 2006 both excluded
participants from the analyses aLer randomisation (as they were
subsequently found to be ineligible or did not take the treatment).
We included these ineligible participants in the sensitivity analyses.
Since the incidence of gastric cancer is low, we did not presume
that missing participants had developed subsequent gastric cancer
(worst-case scenario).

We also performed a complete case analysis, as a sensitivity
analysis, where we excluded all participants for whom data were
missing or unavailable from the analysis altogether (Akl 2013). We
also performed sensitivity analyses with missing data imputation
based on the assumptions that: 1) incidence of gastric cancer for
missing participants in both arms was the same as observed in
the trial control arm; 2) incidence of gastric cancer for missing
participants in the treatment arm was the same as that observed in
the trial control arm, but there were no new gastric cancer cases in
the control arm among those with missing data (Akl 2013).

Assessment of heterogeneity

We pooled data using a random-eFects model to give a more
conservative estimate of the eFect of H. pylori eradication therapy
on the subsequent occurrence of gastric cancer, allowing for any
heterogeneity between studies (DerSimonian 1986). We assessed

heterogeneity using both the I2 statistic with a cutoF of greater than

or equal to 50%, and the Chi2 test with a P value less than 0.10 used
to define a significant degree of heterogeneity (Higgins 2003).

Assessment of reporting biases

We did not produce funnel plots in any of our analyses, as less than
10 studies were included in these in all cases. (Sterne 2011)

Data synthesis

For all primary and secondary outcomes, which were dichotomous,
we expressed the impact of the intervention as a risk ratio (RR)
together with 95% confidence intervals. We calculated the number
needed to treat to benefit (NNTB) using the formula 100/(risk ratio
reduction x control event rate); that is NNTB = 1/(assumed control
risk (ACR) x (1 - RR)), with the ACR based on the pooled control
event rate from the eligible studies. There were suFicient data for
the generation of a meta-analysis for this review.

Subgroup analysis and investigation of heterogeneity

We performed subgroup analyses examining the incidence
of subsequent gastric cancer according to the presence or
absence of preneoplastic lesions (defined as presence of gastric
atrophy, intestinal metaplasia, or dysplasia) at baseline among
trial participants, as judged by histopathological interpretation
of gastric biopsy specimens, and according to whether trial
participants were co-administered antioxidants or vitamins during
the trial.

Where we detected significant heterogeneity, we investigated
possible explanations informally. We planned to explore reasons
for heterogeneity according to the following predefined criteria:

1. eradication regimen used in the study;

2. geographical location of the study;

3. risk of bias of the study.

Sensitivity analysis

1. We performed a complete case analysis, where we excluded all
participants for whom data were missing or unavailable from the
analysis altogether (Akl 2013).

2. We performed missing data imputation based on the
assumptions that a) incidence of gastric cancer for missing
participants in both arms was the same as that observed in
the trial control arm; b) incidence of gastric cancer for missing
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participants in the treatment arm was the same as that observed
in the trial control arm, but there were no new gastric cancer
cases in the control arm among those with missing data (Akl
2013).

3. We conducted a modified ITT analysis as well as a complete case
analysis, using data from Leung 2004 (full publication), instead
of the conference abstract data presented in Zhou 2008.

4. We conducted a modified ITT analysis including the two
celecoxib arms (anti-H. pylori treatment and celecoxib, placebo
and celecoxib) from Wong 2012a.

5. We included all randomised subjects, including those who
were found to be ineligible or did not receive treatment aLer
randomisation in Correa 2000 and You 2006.

R E S U L T S

Description of studies

See: Characteristics of included studies and Characteristics of
excluded studies.

Results of the search

In total, we identified 1560 citations using the search strategy
outlined above (Figure 1). We reviewed the titles and abstracts

and thought 56 articles to be potentially eligible for inclusion.
Of these, 15 were not RCTs (Hamajima 2002; Hsu 2007; Juibari
2003; Kamangar 2006; Kato 2006; Kim 2008; Mabe 2009; Ogura
2008; Ohkusa 2001; Take 2005; Take 2007; Takenaka 2007; Uemura
2001; Uemura 2002; Yanaoka 2009); 3 were RCTs comparing the
interventions of interest, but their primary objective was to study
the eFect of H. pylori eradication therapy on dyspepsia in the
community, and they did not report any gastric cancer data
(Harvey 2004; Moayyedi 2000; Wildner-Christensen 2003); and 2
were RCTs, but with no incident gastric cancers occurring during
follow-up, and therefore did not meet our eligibility criteria for
inclusion (Fischbach 2001; Miehlke 2001). In the latter five studies,
we contacted the lead or senior authors to ask for the most up-
to-date information from the most recent follow-up point of the
study, in order to ensure that we were not excluding these articles
injudiciously. In all cases, the authors responded and stated that
there had been no incident gastric cancers reported at the last point
of follow-up. Another four articles were duplicate publications of
studies already classified as ineligible. (Ford 2005; Imanzadeh 2004;
Lane 2006; Mason 2002) Two studies were RCTs conducted among
patients undergoing endoscopic mucosal resection of early gastric
cancer (Choi 2014; Fukase 2008), rather than healthy asymptomatic
infected participants, and the final article did not compare the
interventions of interest (Fischbach 2009).

 

Figure 1.   Study flow diagram for RCTs

 
This leL 29 separate papers, reporting on 6 separate RCTs
that compared H. pylori eradication therapy with placebo or no
treatment and providing data on subsequent incidence of gastric
cancer, which therefore appeared to be eligible for inclusion.
However, 19 of these articles were preliminary or duplicate
publications, or protocols of eligible RCTs, and provided no new
information or did not report outcomes of interest, and were
therefore excluded from the meta-analysis (Feng 2008; Li 2013;
Mera 2005; Ruiz 2001; Saito 2003; Sung 2000; Sung 2002; Wang 2009;
Wong 2002; Wong 2012b; You 2001; Zhang 1998; Zhang 2006; Zhou
2003a; Zhou 2003b; Zhou 2003c; Zhou 2005a; Zhou 2005b; Zhou
2005c), leaving 10 papers that reported unique and extractable data
(Correa 2000; Correa 2001; Gail 1998; Leung 2004; Ma 2012; Saito
2005; Wong 2004; Wong 2012a; You 2006; Zhou 2008). One of these
studies only reported adverse events data (Gail 1998). Therefore,
six studies with nine references contributed data to the analyses
concerning incidence of gastric cancer in this systematic review.

Included studies

Please see Characteristics of included studies table. Three of the
trials, reported in five separate publications, were of factorial
design with some participants randomised to receive vitamins,
antioxidants, or celecoxib in addition to H. pylori eradication
therapy (Correa 2000; Wong 2012a; You 2006). Only one study was

conducted in non-Asians, among a population at high risk of gastric
cancer in Colombia (Correa 2000). The shortest duration of follow-
up was greater than or equal to 4 years (Saito 2005), and the
longest was 14.7 years (You 2006). The largest study contained 2258
participants (You 2006), and the smallest 513 participants (Wong
2012a).

Excluded studies

Please see Characteristics of excluded studies table.

Risk of bias in included studies

Three trials were at low risk of bias (Wong 2004; Wong 2012a; You
2006), one trial was at unclear risk (Saito 2005), and two trials were
at high risk of bias (Correa 2000; Leung 2004) (Figure 2; Figure 3).
One study was at high risk of bias because no placebo comparator
was used for the active eradication therapy regimen, and therefore
this part of the trial was unblinded (Correa 2000); the other study
was at high risk of bias due to inconsistencies in data reporting
at the two points of follow-up, with 10 gastric cancers reported at
5 years (Leung 2004), compared with 9 at 10 years (Zhou 2008).
Despite contacting the original authors, we were unable to resolve
this discrepancy satisfactorily. In the case of this trial, we used data
from the 10-year follow-up in our primary analysis, but substituted
the 5-year data in a sensitivity analysis.

 

Figure 2.   'Risk of bias' graph: review authors' judgements about each 'Risk of bias' item presented as percentages
across all included studies.
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Figure 3.   'Risk of bias' summary: review authors' judgements about each 'Risk of bias' item for each included
study.

 
Allocation

Random sequence generation

We considered five studies to be at low risk of bias for random
sequence generation: three studies generated the allocation
sequence by a computer (Correa 2000; Leung 2004; Wong 2004),
and two studies generated the assignments by a company (Wong
2012a; You 2006). We considered one study, in abstract form, to
be at unclear risk of bias for random sequence generation, as no
information was provided regarding the randomisation process
(Saito 2005).

Allocation concealment

We considered five studies to be at low risk of bias for allocation
concealment: three studies allocated participants by sealed
envelopes (Leung 2004; Wong 2004 ), and two studies involved
central allocation (Correa 2000; Wong 2012a; You 2006). One study,
in abstract form, had uncertain concealment (Saito 2005).

Blinding

Blinding of participants, health providers, data collectors, and
outcome assessors should be possible for this type of eradication
study. We considered four double-blind, placebo-controlled
studies to be at low risk of bias for blinding of participants and
personnel, as well as blinding of outcome assessors (Leung 2004;
Wong 2004; Wong 2012a; You 2006). Pathologists were blinded in
two studies (Correa 2000; Leung 2004), one of which was considered
a double-blind study because a placebo was used (Leung 2004).
We considered Correa 2000 to be at high risk of bias for blinding
of participants and personnel because an appropriate placebo was
not available for bismuth subsalicylate, and double blinding only
applied to the dietary supplements versus placebo part of the trial.
We considered this study to be at low risk of bias for blinding
of outcome assessment because pathologists were blinded. One
study, in abstract form, had uncertain risk of bias for blinding (Saito
2005).

Incomplete outcome data

We considered one study to be at high risk of bias for incomplete
outcome data (Leung 2004). We used data from the conference
proceeding, Zhou 2008, for the main analysis, because follow-up
was for 10 years, while data in the full publication, Leung 2004a,
had only 5 years of follow-up. However, Zhou 2008 had a smaller
sample size (552 versus 587) and reported a smaller number of
gastric cancers than Leung 2004. According to Leung 2004, 152
participants (26% of 587) were lost to follow-up, therefore there
would be more than 26% participants lost to follow-up aLer 2004.
We considered three studies to be at unclear risk of bias (Correa
2000; Saito 2005; You 2006). In one study, the average rate of loss
was 4.3% per year over the 6-year trial; withdrawals in the 72
months of follow-up were 117 (26.8%) versus 104 (25%) in all H.
pylori eradication arms versus control arms (Correa 2000). However,
it is likely that participants who had cancer would have come
back for treatment, although these individuals did not complete
follow-up. One conference proceeding did not provide detailed
information (Saito 2005). We considered three studies to be at low

risk of bias, because the numbers of participants who were lost to
follow-up were balanced between treatment arms and were fewer
than 20% (Wong 2004; Wong 2012a; You 2006).

Selective reporting

Three studies reported all important outcomes, and we therefore
considered them to be at low risk of bias for selective reporting
(Wong 2004; Wong 2012a; You 2006). We considered three studies
to be at unclear risk of bias. In one of these studies, death from
gastric cancer was not reported (Correa 2000). In another study,
mortality data were reported in the 2004 full publication (Leung
2004a), but not in the 2008 conference proceeding (Zhou 2008),
which led to an inconsistent sample size between the incidence
of gastric cancer and mortality analyses (Leung 2004). One study,
reported in abstract form, did not provide any mortality data (Saito
2005).

Other potential sources of bias

We considered one study to be at high risk of bias for other potential
sources of bias, due to inconsistent data noted between serial
publications (Leung 2004). We identified a total of 10 publications
from this study (Leung 2004; Sung 2000; Sung 2002; Zhou 2003a;
Zhou 2003b; Zhou 2003c; Zhou 2005a; Zhou 2005b; Zhou 2005c;
Zhou 2008), with the latest conference abstract, Zhou 2008, having
a smaller sample size and fewer gastric cancer cases than the full
publication. Specifically, 10 gastric cancer cases were reported at
5 years, compared with only 9 at 10 years. We considered two
studies to be at unclear risk for other potential sources of bias. One
was in abstract format (Saito 2005), and the other demonstrated
an inconsistent sample size between the full publication, which
reported data at 7.5 years (817 versus 813) (Wong 2004), and the
conference abstract, which reported data at 7 years (819 versus 809)
(Wong 2002).

E>ects of interventions

See: Summary of findings for the main comparison H. pylori
eradication therapy compared to control for the prevention of
gastric neoplasia in healthy asymptomatic infected individuals

E>ect of H. pylori eradication therapy, compared with placebo
or no therapy, on development of subsequent gastric cancer

All six trials reported a dichotomous outcome for subsequent
incidence of gastric cancer. In our primary, modified intention-
to-treat (ITT) analysis, we included all arms in the two trials
of factorial design that also randomised participants to receive
antioxidants or vitamins, as well as the 10-year follow-up data
from Zhou 2008. Overall, 51 (1.6%) of 3294 participants assigned
to eradication therapy subsequently developed gastric cancer,
compared with 76 (2.4%) of 3203 participants allocated to placebo
or no treatment. There was no statistically significant heterogeneity

between individual trial results (heterogeneity test, I2 = 0%, P
= 0.60). Therefore there was a small, but statistically significant,
benefit of H. pylori eradication therapy in preventing gastric cancer
in healthy asymptomatic infected individuals (risk ratio (RR) 0.66;
95% confidence interval (CI) 0.46 to 0.95) (NNTB = 124; 95% CI 78 to
843) (Analysis 1.1).
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We performed several sensitivity analyses when pooling data from
these six trials. In our complete case analysis, where all participants
for whom data were missing or unavailable were excluded from the
analysis altogether, the RR of developing subsequent gastric cancer
was 0.66 (95% CI 0.46 to 0.94) (Analysis 1.2). When we performed
a modified ITT analysis, substituting the 10-year follow-up data
from Zhou et al. with the 5-year follow-up data from Leung et al.,
the RR of developing gastric cancer was 0.69 (95% CI 0.49 to 0.98)
(Analysis 4.1). When we performed a complete case analysis, but
substituted the 10-year follow-up data from Zhou 2008 with the 5-
year follow-up data from Leung 2004a, the RR was 0.69 (95% CI 0.48
to 0.98) (Analysis 4.2). When we performed a modified ITT analysis,
but also included the celecoxib arms from the trial by Wong et
al., the RR was 0.69 (95% CI 0.48 to 0.97) (Analysis 4.3). When we
included all randomised participants from Correa 2000 and You
2006 in the analysis, that is we also included participants who were
found to be ineligible aLer randomisation or those who did not
take any medication (the most strict ITT definition), the RR was 0.67
(95% CI 0.47 to 0.95) (Analysis 4.4). Finally, we performed two data
imputation analyses. If we assumed the incidence of gastric cancer
for missing participants in both arms was the same as that observed
in the trial control arm, the RR was 0.66 (95% CI 0.47 to 0.94). If we
assumed the incidence of gastric cancer for missing participants in
the treatment arm was the same as that observed in the trial control
arm, but there were no new gastric cancer cases in the control arm
among those with missing data, the RR was 0.69 (95% CI 0.48 to
0.98) (Analysis 4.5). We can therefore be reasonably confident that
our conclusions are robust, regardless of the assumptions made
about missing data.

E>ect of H. pylori eradication therapy, compared with placebo
or no therapy, on development of subsequent gastric cancer
according to presence or absence of preneoplastic lesions at
baseline

We found no evidence of any benefit of H. pylori eradication
therapy in preventing the subsequent occurrence of gastric cancer
when we considered only those with preneoplastic lesions at
baseline in the analysis. Overall, 42 (2.4%) of 1734 participants
assigned to eradication therapy subsequently developed gastric
cancer, compared with 57 (3.4%) of 1691 participants allocated
to placebo or no treatment (RR 0.86; 95% CI 0.47 to 1.59)
(Analysis 2.1). There was no statistically significant heterogeneity

between individual trial results (heterogeneity test, I2 = 23%,
P = 0.27). Nor was there evidence of any benefit of H. pylori
eradication therapy in preventing subsequent occurrence of
gastric cancer when only those participants without preneoplastic
lesions at baseline were considered in the analysis. Four (0.4%)
of 894 participants randomised to receive eradication therapy
subsequently developed gastric cancer, compared with 9 (1.0%)
of 918 participants who were assigned to placebo (RR 0.42; 95%
CI 0.02 to 7.69) (Analysis 2.1). There was statistically significant
heterogeneity between individual trial results (heterogeneity test,

I2 = 70%, P = 0.07). It should be noted that there would be reduced
power to detect significant diFerences in these subgroup analyses.

E>ect of H. pylori eradication therapy, compared with placebo
or no therapy, on development of subsequent gastric cancer
according to whether participants were co-administered
vitamins or antioxidants

We found no evidence of any benefit of H. pylori eradication therapy
in preventing subsequent occurrence of gastric cancer when

we considered only those participants who received eradication
therapy alone in the analysis. Overall, 30 (1.4%) of 2116 participants
assigned to eradication therapy alone subsequently developed
gastric cancer, compared with 35 (1.7%) of 2044 participants
allocated to placebo or no treatment alone (RR 0.82; 95% CI 0.46 to
1.45). There was no statistically significant heterogeneity between

individual trial results (heterogeneity test, I2 = 13%, P = 0.33)
(Analysis 3.1). However, when we considered those participants
receiving eradication therapy in combination with antioxidants or
vitamins in the analysis, 21 (1.8%) of 1178 participants randomised
to receive eradication therapy and antioxidants or vitamins
subsequently developed gastric cancer, compared with 41 (3.5%)
of 1159 participants who were assigned to placebo or no treatment
plus antioxidants or vitamins (RR 0.52; 95% CI 0.31 to 0.87). There
was no statistically significant heterogeneity between individual

trial results (heterogeneity test, I2 = 0%, P = 0.51) (Analysis 3.1).
Again, it should be noted that there would be reduced power to
detect significant diFerences in these subgroup analyses, .

E>ect of H. pylori eradication therapy, compared with placebo
or no therapy, on development of subsequent oesophageal
cancer

Only one of the trials reported these data (Wong 2004). Two (0.2%)
of 817 participants assigned to eradication therapy developed
oesophageal cancer, compared with 1 (0.1%) of 813 participants
allocated to placebo (RR 1.99; 95% CI 0.18 to 21.91, P = 0.57). All
three cases were squamous cell cancers (Analysis 1.5).

E>ect of H. pylori eradication therapy, compared with placebo
or no therapy, on death from gastric cancer

Three studies, containing 4475 participants, provided data on
mortality from gastric cancer (Leung 2004; Wong 2004; You
2006). Follow-up ranged from 5 years to 14.7 years. Overall,
there were 24 deaths (1.1%) from gastric cancer among 2242
participants randomised to eradication therapy, compared with 36
(1.6%) deaths in 2233 participants receiving placebo. There was
no statistically significant heterogeneity between individual trial

results (heterogeneity test, I2 = 0%, P = 0.90). There was no evidence
of any benefit of H. pylori eradication therapy in preventing death
from gastric cancer in healthy asymptomatic infected individuals
(RR 0.67; 95% CI 0.40 to 1.11) (Analysis 1.3).

E>ect of H. pylori eradication therapy, compared with placebo
or no therapy, on all-cause mortality

Four studies, containing 5253 participants, provided data on all-
cause mortality (Correa 2000; Wong 2004; Wong 2012a; You 2006).
Follow-up ranged from 6 to 14.7 years. Overall, 192 (7.3%) of 2639
participants receiving eradication therapy were dead at last point of
follow-up, compared with 175 (6.7%) of 2614 participants receiving
placebo or no treatment. There was no statistically significant
heterogeneity between individual trial results (heterogeneity test,

I2 = 6%, P = 0.36). There was no evidence of any benefit of H. pylori
eradication therapy in preventing death from any cause in healthy
asymptomatic infected individuals (RR 1.09; 95% CI 0.86 to 1.38)
(Analysis 1.4).

Adverse events with H. pylori eradication therapy, compared
with placebo or no therapy

Only one of the studies we identified reported individual adverse
events data with eradication therapy compared with placebo or
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no treatment (Gail 1998). The authors reported that there was no
statistically significant diFerence in the incidence of adverse events
with eradication therapy, with the exception of skin rash, which
occurred in 3.1% of those receiving eradication therapy compared
with 0.1% of those allocated placebo. Another study reported
that side eFects were monitored closely, and none of any clinical
importance were detected, although no dichotomous data were
reported to support this statement (Correa 2000).

D I S C U S S I O N

Summary of main results

This systematic review and meta-analysis suggests that searching
for and eradicating H. pylori infection in otherwise healthy
and asymptomatic infected individuals reduces the subsequent
incidence of gastric cancer. The risk of a subsequent gastric cancer
with eradication therapy was reduced by 34%, and the number
needed to treat to prevent one case of gastric cancer was 124.
The eFect size we observed remained robust through the majority
of sensitivity analyses we performed. We were unable to confirm
or refute whether any benefit of H. pylori eradication therapy
depended on the presence or absence of preneoplastic lesions at
baseline. However, it is important to highlight that there would
be reduced power to detect significant diFerences in most of the
subgroup analyses we conducted, and the original trials were not
powered with secondary endpoints, such as mortality from gastric
cancer or eFect on oesophageal cancer, in mind. Finally, there were
few cases of subsequent oesophageal cancer, and adverse events
data were poorly reported in the studies we identified. We also did
not show any impact of H. pylori eradication on all cause mortality.
This would be the most robust end-point to evaluate but as gastric
cancer accounts for only a small proportion of the overall death rate
the sample size for trials would need to be extremely large.

Overall completeness and applicability of evidence

As all but one of the eligible trials we identified were conducted
in Asian populations, and the other trial in a South American
population, it is not possible to assess the eFect of screening and
treatment of H. pylori in healthy and asymptomatic individuals in
Western populations. In addition, none of the RCTs we identified
reported individual adverse events data, which means that we were
unable to assess the balance of benefits and harms if population
screening and treatment for H. pylori infection were to be adopted
as a public health measure.

Quality of the evidence

Only 3 of the RCTs we identified were at low risk of bias (Wong
2012a; You 2006), 1 trial was at unclear risk because it was reported
in abstract form (Saito 2005), and 1 trial was at unclear risk because
it was assessed as unclear for other risk of bias due to inconsistent
sample size between the full publication reporting data at 7.5 years,
Wong 2004, and the conference abstract reporting data at 7 years,
Wong 2002. Two trials were at high risk of bias (Correa 2000; Leung
2004). In Correa 2000, this was because no placebo comparator
was used for the active eradication therapy regimen, and therefore
this part of the trial was unblinded, and in Leung 2004 it was
due to inconsistencies in data reporting at the 2 follow-up points,
with 10 gastric cancers reported at 5 years, compared with 9 at 10
years (Zhou 2008). Despite contacting the original authors, we were
unable to resolve this discrepancy satisfactorily.

Potential biases in the review process

There were limitations of this review due to the quality and
characteristics of the published literature identified, which we have
highlighted above. Because of the factorial design of some of
the trials, it was also diFicult to ascertain whether the significant
reduction in the risk of subsequent gastric cancer was due to
H. pylori eradication therapy alone, or to the antioxidants or
vitamins that were co-administered in some of the trials. Certainly,
the beneficial eFect of eradication therapy appeared to be more
pronounced in the two studies that co-administered antioxidants
and vitamins to participants, suggesting that there may have been
some additive benefit derived from these supplements, although
power to demonstrate eFect modification due to these diFerent
treatments is again limited. However, it should be noted that one of
these trials contained the majority of gastric cancers, and had the
longest duration of follow-up of almost 15 years.

Agreements and disagreements with other studies or
reviews

A previous systematic review and meta-analysis that examined this
issue five years ago reported that there was a benefit of eradicating
H. pylori to prevent future development of gastric cancer (Fuccio
2009). The magnitude of this eFect was very similar to that we
observed, with a RR of subsequent gastric cancer of 0.65 (95% CI
0.43 to 0.98). However, the authors of the meta-analysis included
data from the same trial twice, at both 5 and 10 years of follow-
up (Leung 2004). When only the data from either 5 or 10 years
of follow-up were included (Leung 2004a; Zhou 2008), the eFect
of eradication therapy on the incidence of gastric cancer was no
longer statistically significant, with RRs of gastric cancer in those
participants assigned to eradication therapy, compared with those
allocated to placebo, of 0.65 (95% CI 0.42 to 1.01) and 0.70 (95% CI
0.46 to 1.08), respectively (Ford 2009; Ford 2011). The diFerence in
eFect size that we observed from these latter two analyses was due
to a further eligible study being published in the intervening years
(Wong 2012a), as well as a longer duration of follow-up in another
previously eligible study (You 2006).

Although these data suggest that population H. pylori screening
and treatment may reduce the incidence of gastric cancer, the
95% CIs are wide, and the result is heavily dependent on one
study (You 2006). However, there are data from other sources
that support our findings. Two open-label RCTs have suggested
that H. pylori eradication can reduce the future incidence of a
metachronous cancer among people who have had an endoscopic
mucosal resection of gastric cancer (Choi 2014; Fukase 2008).
On Matsu Island in Taiwan, where population screening and
treatment was adopted in 2004, H. pylori prevalence fell from 63%
at baseline to less than 14% during the subsequent 4 years, and
prevalence of gastric atrophy fell from almost 60% to less than
14% (Lee 2013). At the same time, the 5-year average incidence
of gastric cancer declined from 40.3 per 100,000 person-years to
30.4, yielding a rate ratio of 0.75 (95% CI 0.37 to 1.52), at a time
when the incidence of gastric cancer elsewhere in Taiwan remained
unchanged. However, the intervention did not aFect the incidence
of intestinal metaplasia, adding support to the theory that there
is a 'point of no return' in the histological changes induced by
H. pylori beyond which cancer prevention by eradication of the
infection is no longer possible. There was no significant eFect
on mortality from gastric cancer observed during the period of
this study, although follow-up was limited to four years, which
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is shorter than all but one of the studies included in our meta-
analysis. Finally, the prevalence of erosive oesophagitis at upper
gastrointestinal endoscopy increased from 14% at baseline to 27%
by 2008, suggesting possible deleterious eFects of population
screening and treatment for H. pylori infection, due to a potential for
an increased risk of oesophageal adenocarcinoma in the long term.
This was something we aimed to assess in our meta-analysis, but
incomplete reporting of oesophageal cancers among our included
studies prevented us from achieving this.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

These data provide limited, moderate-quality evidence that
searching for and eradicating H. pylori can reduce the future
incidence of gastric cancer in healthy asymptomatic people who
are infected with the bacterium. However, as the only trial
conducted in a non-Asian population failed to demonstrate any
benefit of such an approach, these findings may not necessarily
apply to the rest of the world.

The findings of this systematic review and meta-analysis add
to the increasing evidence that eradicating H. pylori in the
general population has the potential to prevent gastric cancer.
International guidelines for the management of H. pylori infection
may change as a result.

Implications for research

Given that any population-based approach to mass screening for H.
pylori, with eradication of the infection in positive individuals, will
involve healthy subjects, there needs to be greater confidence in
the estimate of eFect and more information on any potential harms
of H. pylori eradication before such a strategy can be advocated as
a means of preventing gastric cancer. Further trials are therefore
needed in diFerent populations to extend the evidence base, and
these should report on both the benefits and harms of such an
approach.
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Characteristics of included studies [ordered by study ID]

 

Methods RCT

Participants Country: Colombia, two communities in Narino Province.

976 participants with confirmed histologic diagnoses of multifocal non-metaplastic atrophy and/or in-
testinal metaplasia, 2 precancerous lesions. Mean age 51.1 years (range 29-69 years), 46.1% male.

Method to confirm presence of H. pylori: histological examination of gastric biopsies obtained at upper
GI endoscopy.

Only 852 out of 976 participants were eligible and treated.

Study period: started in 1991

Interventions 1. Bismuth subsalicylate 262 mg, amoxicillin 500 mg, and metronidazole 375 mg 3 times daily for 2
weeks, including regimens with or without dietary supplements (n = 437).

2. Placebo, including regimens with or without dietary supplements (n = 415).

Correa 2000 
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Participants assigned to anti-H. pylori treatment who tested positive for H. pylori at 36 months were
treated again for 14 days with amoxicillin (1 g twice a day), clarithromycin (500 mg twice a day), and ei-
ther omeprazole (20 mg twice a day) or lansoprazole (30 mg twice a day).

Factorial design: 8 different regimens: H. pylori eradication with or without one of the 4 dietary supple-
ments of beta-carotene (30 mg once per day) and/or ascorbic acid (1 g twice a day) or placebo: A) place-
bo only; B) anti-H. pylori; C) beta-carotene (BC); D) ascorbic acid (AA); E) H. pylori eradication + BC; F) H.
pylori eradication + AA; G) BC + AA; and H) H. pylori eradication + BC + AA.

Last point of follow-up 6 years.

Outcomes Histological examination of gastric biopsies obtained at upper GI endoscopy at 6 years. Primary out-
come was "progression of preneoplastic lesions". Other outcomes: relative risks of progression, no
change, and regression from multifocal non-metaplastic atrophy and intestinal metaplasia.

Notes 1. High-risk participants (all with confirmed histologic diagnoses of multifocal non-metaplastic atrophy
and/or intestinal metaplasia, 2 precancerous lesions), primary outcome was "progression of preneo-
plastic lesions".

2. Randomised to anti-H. pylori triple therapy and/or dietary supplementation with AA, BC, or their cor-
responding placebos.

3. 976 were randomised, but only 852 were eligible and treated after randomisation (7 refused and 117
ineligible). 852 were included in the ITT analyses, and all randomised participants were included in
the sensitivity analyses. 631 participants completed the trials and were included in the complete case
analyses.

4. Details of gastric cancer data were reported in Correa 2001(a letter).

5. H. pylori eradication rate 58.0%

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer-generated lists produced in New Orleans and applied in the field
in Pasto, three strata: atrophy (without metaplasia), intestinal metaplasia, or
dysplasia.

Allocation concealment
(selection bias)

Low risk Central randomisation, therefore allocation was concealed.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk No double-blinding for eradication vs non-eradication (because an appropri-
ate placebo was not available for bismuth subsalicylate), double-blinding on-
ly applied to supplements vs placebo: "After a factorial design, a double-blind
approach—i.e., study investigators and subjects were unaware of treatment
assignments, supplements and placebos were provided in identical coded
tablets by Hoffmann-La Roche Inc"

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk At the end of the study, a single experienced pathologist, blinded to treatment
assignment and all other study variables, examined all biopsy specimens col-
lected at baseline and after 72 months of follow-up.

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk 976 were randomised but only 852 were eligible and treated after randomisa-
tion (7 refused and 117 ineligible). 852 were included in the ITT analyses, and
all randomised participants were included in the sensitivity analyses. 631 par-
ticipants completed the trial and were included in the complete case analysis.

221 participants withdrew before their 72-month evaluation: 102 quit treat-
ment, 59 were lost to follow-up, 34 dropped out of the study because of preg-
nancy and other medical conditions, 18 died of causes unrelated to gastric

Correa 2000  (Continued)
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cancer, and 8 developed cancer other than gastric cancer. The average rate
of loss was 4.3% per year over the 6-year trial. Withdrew in 72 months = 117
(26.8%) vs 104 (25%) in all H. pylori eradication arms vs control arms. However,
it is likely those who had cancer would have come back for treatment although
these individuals did not complete the follow-up.

Selective reporting (re-
porting bias)

Unclear risk No data were reported for deaths from gastric cancer or adverse events.

Other bias Low risk No other risk of bias is noted.

Correa 2000  (Continued)

 
 

Methods RCT

Participants Country: China. 11 villages in Yantai County, Shandong Province.

587 volunteers underwent upper endoscopy with biopsy specimens obtained from the antrum and
corpus. H. pylori–infected volunteers with or without symptoms of dyspepsia were randomised. Mean
(range) age 52.0 (35-75) years, 47.8% men.

Method to confirm H. pylori infection: histological examination and rapid urease testing.

33.7% participants with preneoplastic lesions at baseline.

Study period: screened participants in 1996

Interventions 1. Omeprazole 20 mg, amoxicillin 1 g, clarithromycin 500 mg twice daily for 1 week (n = 295 in Leung
2004 and 276 in Zhou 2008).

2. Placebo twice daily for 1 week (n = 292 in Leung 2004 and 276 in Zhou 2008).

Sample size 587 in Leung 2004; 552 in Zhou 2008.

Follow-up: 5 years in Leung 2004; 10 years in Zhou 2008.

Outcomes Histological examination at 2, 5, 8, and 10 years.

Notes 1. Data from Zhou 2008 (276 vs 276) rather than Leung 2004a (295 vs 292) were entered in the main
analysis, because Zhou 2008 abstract had 10 years of follow-up. Inconsistent data were noted between
Zhou 2008 and Leung 2004a. Zhou et al. had a series of publications but with smaller sample size and
fewer gastric cancers than those reported by Leung 2004a. It is likely Zhou 2008 excluded some partici-
pants and then regrouped them based on H. pylori status.

2. In Zhou 2005a and Zhou 2005b, participants were regrouped as eradicated group and H.pylori-nega-
tive group (included those failing eradication or controls) as 246 vs 306 (276 + 30 vs 276 - 30).

3. According to Leung 2004, 152 (75 vs 77) were lost to follow-up; these participants were considered as
no gastric cancer in the ITT analysis.

4. Mortality data were available in Leung 2004a but not in Zhou 2008, therefore a larger sample size and
larger number of participants with gastric cancer in Leung 2004a.

5. H. pylori eradication rate 55.6%

Risk of bias

Bias Authors' judgement Support for judgement

Leung 2004 
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Random sequence genera-
tion (selection bias)

Low risk Randomised by instructions in sealed envelopes. The instructions were con-
structed according to a random-number list generated by computer.

Allocation concealment
(selection bias)

Low risk Sealed envelopes were used, central randomisation.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Placebo was used. Medications had identical appearances. Both participants
and physicians were blinded.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Slides were coded in a random manner such that the pathologist was blinded
to the identity of participants, treatment assignment, and year at which biop-
sies were obtained.

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Data from Zhou 2008 were used for the main analyses due to the longer fol-
low-up period. However, Zhou 2008 is a conference proceeding with a small-
er sample size and fewer gastric cancer cases than those in the full publication
(Leung 2004a). According to Leung 2004, 152 (75 vs 77) were lost to follow-up;
these participants were considered as no gastric cancer in the ITT analysis.

Selective reporting (re-
porting bias)

Unclear risk Reported prespecified outcomes. Mortality data were available in Leung 2004
but not in Zhou 2008, leading therefore to different sample sizes in these
analyses.

Other bias High risk Inconsistent data were noted between Zhou 2008 and Leung 2004a. Zhou et
al. had a series of publications but with smaller sample size and fewer gastric
cancers than reported by Leung 2004a (inconsistencies in data reporting at the
2 follow-up points, with 10 gastric cancers reported at 5 years, compared with
9 at 10 years).

Leung 2004  (Continued)

 
 

Methods RCT

Participants Country: Japan, 145 centres

692 healthy volunteers between 20 to 59 years with H. pylori infection. Mean age not reported (range
20-59 years), proportion men not reported.

Number of participants with preneoplastic lesions at baseline was not reported, although the aim was
"the regression/progression of atrophy by one grade or more".

Study period: not clear.

Interventions 1. Lansoprazole 30 mg, amoxicillin 1.5 g, clarithromycin 400 mg once daily for 1 week (n = 379)

2. Non-eradication group

Method to confirm H. pylori infection was not reported.

Follow-up: ≥ 4 years

Outcomes Histological examination ≥ 4 years; regression/progression of atrophy by 1 grade or more in the eradi-
cated and non-eradicated groups in participants followed ≥ 4 years.

Notes 1. Updated searched on Dec 2013: still no follow-up full publication.

Saito 2005 
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2. Original study planned 2 outcomes, but finally decided to only evaluate "the prevention of the onset
and progression of atrophy of gastric mucosa by H. pylori elimination" and did not evaluate "compara-
tive study on the frequency of stomach cancer".

3. H. pylori eradication rate 74.4%

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Conference proceeding, participants were "randomised", but the sample size
is imbalanced (379 vs 313).

Allocation concealment
(selection bias)

Unclear risk Conference proceeding, no detailed information was provided.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk Conference proceeding, no detailed information was provided.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk Conference proceeding, no detailed information was provided.

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Conference proceeding, no detailed information for losses to follow-up.

Selective reporting (re-
porting bias)

Unclear risk Conference proceeding, no detailed information was provided.

Other bias Unclear risk Conference proceeding, no detailed information was provided.

Saito 2005  (Continued)

 
 

Methods RCT

Participants Country: China. 7 villages in Changle County, Fujian Province.

2423 healthy participants recruited for a screening endoscopic study. Participants without endoscopic
lesions and positive for H. pylori infection (n = 1628) were randomised. Those with peptic ulcer were ex-
cluded. Mean age 42.2 (range 35-65) years, 54.0% men.

Method to confirm H. pylori infection: histological examination and rapid urease testing.

37.7% participants with preneoplastic lesions at baseline (gastric atrophy, intestinal metaplasia, dys-
plasia).

Study period: 1994 to Jan 2002

Interventions 1. Omeprazole 20 mg, amoxicillin/clavulanic acid 750 mg, metronidazole 400 mg twice daily for 2 weeks
(n = 817)

2. Placebo (n = 813)

Follow-up: 7.5 years

Wong 2004 
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Outcomes Incidence of gastric cancer: gastric cancer in participants with or without precancerous lesions at base-
line was the secondary outcome. Histological examination at 7.5 years or, if diagnosed before 7.5 years,
review of clinical records and pathology specimens by 3 blinded clinicians.

Notes This was the first study targeted at a general population (less than 40% with precancerous lesions); a
few discrepancies were seen between Wong 2002 abstract and Wong 2004 full publication. Inconsistent
sample size between the full publication followed up at 7.5 years (817 vs 813) (Wong 2004) and the con-
ference abstract followed up at 7 years (819 vs 809) (Wong 2002). We used data from the full publica-
tion.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomisation generated by computer.

Allocation concealment
(selection bias)

Low risk Randomisation was performed by drawing a sealed envelope that contained a
pre-assigned random treatment generated by computer.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Double-blind, placebo-controlled study, endoscopists were blinded and par-
ticipants were followed by blinded clinical team, likely participants were blind-
ed as well.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Endoscopists and histologists were blinded, clinical team in Hong Kong who
reviewed the gastric cancer cases were blinded.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk 735/817 vs 703/813 followed at 7.5 years, losses to follow-up with reasons were
balanced between 2 groups (7.7% vs 11.4%); 62% had follow-up endoscopy,
but those who refused endoscopy were followed up in clinics.

Selective reporting (re-
porting bias)

Low risk Reported prespecified outcomes.

Other bias Unclear risk Inconsistent sample size between the full publication followed up at 7.5 years
(817 vs 813) (Wong 2004) and the conference abstract followed up at 7 years
(819 vs 809) (Wong 2002).

Wong 2004  (Continued)

 
 

Methods RCT

Participants Country: China. 12 villages in Linqu County, Shandong Province.

1024 participants with H. pylori infection and advanced gastric lesions (severe chronic atrophic gas-
tritis, intestinal metaplasia, indefinite dysplasia, or dysplasia); mean age 53.0 (range 35 to 64) years,
46.4% men.

Method to confirm H. pylori infection:13Carbon-urea breath testing. Histology was also performed.

100% participants with preneoplastic lesions at baseline

Study period: 2002-2009

Interventions Anti-H. pylori treatment and/or COX-2 inhibitor or placebo in a 2x2 factorial design:

Wong 2012a 
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1. Omeprazole 20 mg, amoxicillin 1 g, clarithromycin 500 mg + placebo twice daily for 1 week (n = 255)

2. Placebo (n = 258)

3. Omeprazole 20 mg, amoxicillin 1 g, clarithromycin 500 mg twice daily for 1 week + celecoxib (n = 255)

4. Celecoxib + placebo (n = 256)

Follow-up: 5 years

Outcomes Gastric cancer: histological examination at 5 years. Regression or progression of advanced gastric le-
sions.

Notes 2x2 factorial design, in the main analysis we did not include data from the 2 arms that used celecoxib,
only data for H. pylori eradication only vs placebo only (n = 513). The celecoxib arms were included in a
sensitivity analysis.

Eradication rate: 63.5%

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomised treatment assignments were generated blindly by Westat Inc,
(Rockville, MD, USA) after eligibility was determined.

Allocation concealment
(selection bias)

Low risk Central randomisation was used.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Double-blind, placebo-controlled trial. All placebos were identical in number,
size, and colour to the original medications. Both participants and investiga-
tors were blinded to treatment assignments.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Endoscopists and pathologists were blinded.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk 234/258 (90.7%) vs 233/255 (91.4%) participants had follow-up gastric biop-
sy data and the authors reported outcomes for these, losses to follow-up with
reasons were balanced and provided, 89.7% completed the repeat upper en-
doscopy and histology.

Selective reporting (re-
porting bias)

Low risk Reported prespecified outcomes.

Other bias Low risk No other risk of bias was noted.

Wong 2012a  (Continued)

 
 

Methods RCT

Participants Country: China. 13 villages in Linqu County, Shandong Province.

2258 participants were randomly selected in villages and given baseline endoscopy. Mean age 46.8
(range 35 to 64) years, 50.0% men. Excluded participants who were too ill or who refused.

Method to confirm H. pylori infection: serological testing

You 2006 
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64% participants with preneoplastic lesions at baseline

Study period: 1994-2010

Interventions 1. Omeprazole 20 mg and amoxicillin 1 g twice daily for 2 weeks, with or without vitamin or garlic sup-
plements (n = 1130). Participants who had continued evidence of infection after 3 months received a
repeat course of treatment for 2 weeks unless they had previously developed rashes or other evidence
of allergy to the initial treatment.

2. Placebo, with or without vitamin or garlic supplements (n = 1128)

• vitamin supplement capsules containing vitamin C, vitamin E, and selenium: alpha-tocopherol 100 IU
twice daily + vitamin C 250 mg twice daily + selenium 37.5 mg twice daily

• garlic supplement: aged garlic extract 400 mg twice daily + steam-distilled garlic oil 2 mg twice daily
for 7.3 years.

2x2x2 factorial design: H. pylori eradication; dietary supplementation with capsules containing vitamin
C, vitamin E, and selenium; dietary supplementation with capsules containing steam-distilled garlic oil
and Kyolic aged garlic extract. Garlic and vitamin supplements were not given in June and July 1999,
and garlic supplements were not given in September 2002 because of interruptions in the availability of
the supplement.

Follow up: 14.7 years.

Outcomes Gastric cancer: Histological examination, clinical, laboratory, or pathological data and cause-specific
mortality.

Prevalence of dysplasia and other precancerous gastric lesions: prevalence of dysplasia or gastric can-
cer (score > 6); prevalence of severe chronic atrophic gastritis, intestinal metaplasia, dysplasia, or gas-
tric cancer; and average severity score, effects of one-time H. pylori treatment and long-term vitamin or
garlic supplements in reducing the prevalence of advanced precancerous gastric lesions.

Secondary endpoints: rates of transition from baseline to final histopathologic states and the effects of
treatments on these rates of transition; evidence of the effectiveness of amoxicillin and omeprazole in
eradicating H. pylori; and blood pressure at the time of the final examination.

Notes 1. You 2006a: no gastric cancer data for those who did not receive dietary supplement; some partici-
pants were ineligible after randomisation and were excluded in the main analyses, these were included
in the sensitivity analyses.

2. Some data were obtained from the authors.

3. Inconsistent sample size between Gail 1998 protocol (3411 randomised = 2285 H. pylori-positive and
1126 H. pylori-negative); and 3365 randomised (2258 H. pylori-positive vs 1107 H. pylori-negative) in You
2006,.

4. Eradication rate: 73.2%.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk "We masked both the subjects and the researchers to treatment assignment.
After confirming the eligibility of subjects, we assigned treatments randomly
at Westat, Inc. in the United States and used this assignment to distribute cod-
ed bottles of capsules from the pharmacy in the city of Weifang in Shandong
Province"

Allocation concealment
(selection bias)

Low risk Central randomisation, with distribution of coded bottles of capsules from
the pharmacy. Pill bottles bearing codes corresponding to those assignments
were then distributed to the study participants.

You 2006  (Continued)
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Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Look-alike placebo capsules containing lactose and starch for amoxicillin and
sucrose and starch for omeprazole were given to serologically positive con-
trols and to all seronegative participants. To protect blinding, the investigators
randomly selected an equal number of participants of the placebo arm from
the same village and 10-year age range for retreatment with placebo. Look-
alike placebo capsules were also used for supplements.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Outcome assessors were blinded, only 1 person had the authority to break the
code when necessary (e.g. toxicity).

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk 2285 H. pylori-positive participants randomised in Gail 1998, 2258 H. py-
lori-positive participants were analysed in You 2006. Overall, only 13% of par-
ticipants did not have final gastric biopsy data.

Selective reporting (re-
porting bias)

Low risk Reported prespecified outcomes, some data were obtained from the authors.

Other bias Low risk No other risk of bias was noted.

You 2006  (Continued)

GI: gastrointestinal
ITT: intention-to-treat
RCT: randomised controlled trial
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Choi 2014 Trial of people undergoing endoscopic mucosal resection of gastric cancer

Fischbach 2001 No incident gastric cancers detected during follow-up

Fischbach 2009 Did not compare the interventions of interest

Ford 2005 No gastric cancer data, follow-up study of Moayyedi 2000 whose primary objective was to study the
effect of H. pylori eradication therapy on dyspepsia in the community

Fukase 2008 Trial of people undergoing endoscopic mucosal resection of gastric cancer

Hamajima 2002 Not a RCT

Harvey 2004 No gastric cancer data. Primary objective was to study the effect of H. pylori eradication therapy on
dyspepsia in the community

Hsu 2007 Prospective follow-up study, not RCT

Imanzadeh 2004 No gastric cancer data

Juibari 2003 Not a RCT

Kamangar 2006 Case control study, not RCT

Kato 2006 Cohort study, not RCT

Kim 2008 Cohort study, not RCT
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Study Reason for exclusion

Lane 2006 No gastric cancer data, duplicate publication of Harvey 2004, whose primary objective was to study
the effect of H. pylori eradication therapy on dyspepsia in the community

Mabe 2009 Cohort study, not RCT

Mason 2002 No gastric cancer data, cost-effectiveness analysis of Moayyedi 2000, whose primary objective was
to study the effect of H. pylori eradication therapy on dyspepsia in the community

Miehlke 2001 No incident gastric cancers detected during follow-up

Moayyedi 2000 No gastric cancer data. Primary objective was to study the effect of H. pylori eradication therapy on
dyspepsia in the community

Ogura 2008 Cohort study, not RCT

Ohkusa 2001 Not RCT, reported data for glandular atrophy and intestinal metaplasia

Take 2005 Cohort study, not RCT

Take 2007 Cohort study, not RCT

Takenaka 2007 Cohort study, not RCT

Uemura 2001 Cohort study, not RCT

Uemura 2002 Cohort study, not RCT

Wildner-Christensen 2003 No gastric cancer data. Primary objective was to study the effect of H. pylori eradication therapy on
dyspepsia in the community

Yanaoka 2009 Cohort study, not RCT

RCT: randomised controlled trial
 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   H. pylori eradication vs control - main analyses

Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

1 Incidence of gastric cancer - modified ITT analy-
sis

6 6497 Risk Ratio (M-H, Random, 95% CI) 0.66 [0.46, 0.95]

2 Incidence of gastric cancer - complete case
analysis

6 6038 Risk Ratio (M-H, Random, 95% CI) 0.66 [0.46, 0.94]

3 Death from gastric cancer - modified ITT analy-
sis

3 4475 Risk Ratio (M-H, Random, 95% CI) 0.67 [0.40, 1.11]

4 Death from all causes - modified ITT analysis 4 5253 Risk Ratio (M-H, Random, 95% CI) 1.09 [0.86, 1.38]
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Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

5 Incidence of oesophageal squamous cell carci-
noma - modified ITT analysis

1 1630 Risk Ratio (M-H, Random, 95% CI) 1.99 [0.18,
21.91]

 
 

Analysis 1.1.   Comparison 1 H. pylori eradication vs control - main
analyses, Outcome 1 Incidence of gastric cancer - modified ITT analysis.

Study or subgroup Hp eradication Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Correa 2000 3/437 2/415 3.97% 1.42[0.24,8.48]

Wong 2004 7/817 11/813 14.22% 0.63[0.25,1.63]

Leung 2004 2/276 7/276 5.18% 0.29[0.06,1.36]

Saito 2005 2/379 3/313 3.98% 0.55[0.09,3.27]

You 2006 34/1130 52/1128 70.18% 0.65[0.43,1]

Wong 2012a 3/255 1/258 2.48% 3.04[0.32,28.99]

   

Total (95% CI) 3294 3203 100% 0.66[0.46,0.95]

Total events: 51 (Hp eradication), 76 (Control)  

Heterogeneity: Tau2=0; Chi2=3.62, df=5(P=0.6); I2=0%  

Test for overall effect: Z=2.27(P=0.02)  

Favours Hp eradication 1000.01 100.1 1 Favours Control

 
 

Analysis 1.2.   Comparison 1 H. pylori eradication vs control - main
analyses, Outcome 2 Incidence of gastric cancer - complete case analysis.

Study or subgroup Hp eradication Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Correa 2000 3/320 2/311 3.98% 1.46[0.25,8.67]

Wong 2004 7/735 11/703 14.24% 0.61[0.24,1.56]

Leung 2004 2/276 7/276 5.17% 0.29[0.06,1.36]

Saito 2005 2/379 3/313 3.97% 0.55[0.09,3.27]

You 2006 34/1130 52/1128 70.16% 0.65[0.43,1]

Wong 2012a 3/233 1/234 2.48% 3.01[0.32,28.75]

   

Total (95% CI) 3073 2965 100% 0.66[0.46,0.94]

Total events: 51 (Hp eradication), 76 (Control)  

Heterogeneity: Tau2=0; Chi2=3.67, df=5(P=0.6); I2=0%  

Test for overall effect: Z=2.3(P=0.02)  

Favours Hp eradication 1000.01 100.1 1 Favours Control
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Analysis 1.3.   Comparison 1 H. pylori eradication vs control - main
analyses, Outcome 3 Death from gastric cancer - modified ITT analysis.

Study or subgroup Hp eradication Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Leung 2004 4/295 6/292 16.74% 0.66[0.19,2.31]

Wong 2004 3/817 6/813 13.79% 0.5[0.12,1.98]

You 2006 17/1130 24/1128 69.48% 0.71[0.38,1.31]

   

Total (95% CI) 2242 2233 100% 0.67[0.4,1.11]

Total events: 24 (Hp eradication), 36 (Control)  

Heterogeneity: Tau2=0; Chi2=0.21, df=2(P=0.9); I2=0%  

Test for overall effect: Z=1.55(P=0.12)  

Favours Eradication 1000.01 100.1 1 Favours treatment

 
 

Analysis 1.4.   Comparison 1 H. pylori eradication vs control - main
analyses, Outcome 4 Death from all causes - modified ITT analysis.

Study or subgroup Hp eradication Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Correa 2000 12/437 6/415 5.71% 1.9[0.72,5.01]

Wong 2004 22/817 23/813 15.43% 0.95[0.53,1.69]

Wong 2012a 1/255 4/258 1.15% 0.25[0.03,2.25]

You 2006 157/1130 142/1128 77.7% 1.1[0.89,1.36]

   

Total (95% CI) 2639 2614 100% 1.09[0.86,1.38]

Total events: 192 (Hp eradication), 175 (Control)  

Heterogeneity: Tau2=0.01; Chi2=3.2, df=3(P=0.36); I2=6.21%  

Test for overall effect: Z=0.75(P=0.45)  

Favours eradication 1000.01 100.1 1 Favours control

 
 

Analysis 1.5.   Comparison 1 H. pylori eradication vs control - main analyses, Outcome
5 Incidence of oesophageal squamous cell carcinoma - modified ITT analysis.

Study or subgroup Hp eradication Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Wong 2004 2/817 1/813 100% 1.99[0.18,21.91]

   

Total (95% CI) 817 813 100% 1.99[0.18,21.91]

Total events: 2 (Hp eradication), 1 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.56(P=0.57)  

Favours eradication 1000.01 100.1 1 Favours control
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Comparison 2.   H. pylori eradication vs control - subgroup analysis according to presence or absence of pre-
neoplastic lesions at baseline

Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

1 Incidence of gastric cancer according to presence or
absence of pre-neoplastic lesions at baseline

6 6481 Risk Ratio (M-H, Random, 95%
CI)

0.72 [0.45,
1.17]

1.1 Patients with precancerous lesions 4 3425 Risk Ratio (M-H, Random, 95%
CI)

0.86 [0.47,
1.59]

1.2 Patients with out precancerous lesions 2 1812 Risk Ratio (M-H, Random, 95%
CI)

0.42 [0.02,
7.69]

1.3 Mixed patients with and without precancerous le-
sions or ulcer (can't separate)

2 1244 Risk Ratio (M-H, Random, 95%
CI)

0.38 [0.12,
1.23]

 
 

Analysis 2.1.   Comparison 2 H. pylori eradication vs control - subgroup analysis according
to presence or absence of pre-neoplastic lesions at baseline, Outcome 1 Incidence of
gastric cancer according to presence or absence of pre-neoplastic lesions at baseline.

Study or subgroup Hp eradication Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

2.1.1 Patients with precancerous lesions  

Correa 2000 3/437 2/415 6.68% 1.42[0.24,8.48]

Wong 2004 7/319 5/296 14.66% 1.3[0.42,4.05]

You 2006 29/723 49/722 47.23% 0.59[0.38,0.92]

Wong 2012a 3/255 1/258 4.31% 3.04[0.32,28.99]

Subtotal (95% CI) 1734 1691 72.88% 0.86[0.47,1.59]

Total events: 42 (Hp eradication), 57 (Control)  

Heterogeneity: Tau2=0.11; Chi2=3.91, df=3(P=0.27); I2=23.31%  

Test for overall effect: Z=0.48(P=0.63)  

   

2.1.2 Patients with out precancerous lesions  

Wong 2004 0/498 6/517 2.71% 0.08[0,1.41]

You 2006 4/396 3/401 9.23% 1.35[0.3,5.99]

Subtotal (95% CI) 894 918 11.95% 0.42[0.02,7.69]

Total events: 4 (Hp eradication), 9 (Control)  

Heterogeneity: Tau2=3.18; Chi2=3.33, df=1(P=0.07); I2=69.96%  

Test for overall effect: Z=0.59(P=0.56)  

   

2.1.3 Mixed patients with and without precancerous lesions or ulcer
(can't separate)

 

Leung 2004 2/276 7/276 8.49% 0.29[0.06,1.36]

Saito 2005 2/379 3/313 6.69% 0.55[0.09,3.27]

Subtotal (95% CI) 655 589 15.18% 0.38[0.12,1.23]

Total events: 4 (Hp eradication), 10 (Control)  

Heterogeneity: Tau2=0; Chi2=0.3, df=1(P=0.59); I2=0%  

Test for overall effect: Z=1.61(P=0.11)  

   

Total (95% CI) 3283 3198 100% 0.72[0.45,1.17]

Favours Hp eradication 1000.01 100.1 1 Favours Control
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Study or subgroup Hp eradication Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Total events: 50 (Hp eradication), 76 (Control)  

Heterogeneity: Tau2=0.08; Chi2=8.2, df=7(P=0.32); I2=14.62%  

Test for overall effect: Z=1.33(P=0.19)  

Test for subgroup differences: Chi2=1.59, df=1 (P=0.45), I2=0%  

Favours Hp eradication 1000.01 100.1 1 Favours Control

 
 

Comparison 3.   H. pylori eradication vs control - subgroup analysis according to use of vitamins or antioxidants

Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

1 Incidence of gastric cancer according to
use of vitamins or anti-oxidants

6 6497 Risk Ratio (M-H, Random, 95% CI) 0.67 [0.45, 1.01]

1.1 Without antioxidants 6 4160 Risk Ratio (M-H, Random, 95% CI) 0.82 [0.46, 1.45]

1.2 With antioxidants 2 2337 Risk Ratio (M-H, Random, 95% CI) 0.52 [0.31, 0.87]

 
 

Analysis 3.1.   Comparison 3 H. pylori eradication vs control - subgroup analysis according to use of vitamins
or antioxidants, Outcome 1 Incidence of gastric cancer according to use of vitamins or anti-oxidants.

Study or subgroup Hp eradication Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

3.1.1 Without antioxidants  

Correa 2000 3/106 0/100 1.89% 6.61[0.35,126.33]

Leung 2004 2/276 7/276 6.48% 0.29[0.06,1.36]

Wong 2004 7/817 11/813 16.34% 0.63[0.25,1.63]

Saito 2005 2/379 3/313 5.03% 0.55[0.09,3.27]

You 2006 13/283 13/284 23.98% 1[0.47,2.13]

Wong 2012a 3/255 1/258 3.19% 3.04[0.32,28.99]

Subtotal (95% CI) 2116 2044 56.91% 0.82[0.46,1.45]

Total events: 30 (Hp eradication), 35 (Control)  

Heterogeneity: Tau2=0.07; Chi2=5.73, df=5(P=0.33); I2=12.77%  

Test for overall effect: Z=0.69(P=0.49)  

   

3.1.2 With antioxidants  

Correa 2000 0/331 2/315 1.79% 0.19[0.01,3.95]

You 2006 21/847 39/844 41.31% 0.54[0.32,0.9]

Subtotal (95% CI) 1178 1159 43.09% 0.52[0.31,0.87]

Total events: 21 (Hp eradication), 41 (Control)  

Heterogeneity: Tau2=0; Chi2=0.44, df=1(P=0.51); I2=0%  

Test for overall effect: Z=2.49(P=0.01)  

   

Total (95% CI) 3294 3203 100% 0.67[0.45,1.01]

Total events: 51 (Hp eradication), 76 (Control)  

Heterogeneity: Tau2=0.03; Chi2=7.7, df=7(P=0.36); I2=9.11%  

Favours Hp eradication 10000.001 100.1 1 Favours Control
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Study or subgroup Hp eradication Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Test for overall effect: Z=1.92(P=0.05)  

Test for subgroup differences: Chi2=1.31, df=1 (P=0.25), I2=23.85%  

Favours Hp eradication 10000.001 100.1 1 Favours Control

 
 

Comparison 4.   H. pylori eradication vs control - sensitivity analyses

Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical
method

Effect
size

1 Incidence of gastric cancer - modified ITT analysis substituting the 10-
year follow-up data from Zhou 2008 with the 5-year follow-up data from
Leung 2004

6 6532 Risk Ratio (M-H,
Random, 95% CI)

0.69 [0.49,
0.98]

2 Incidence of gastric cancer - complete case analysis substituting the
10-year follow-up data from Zhou 2008 with the 5-year follow-up data
from Leung 2004

6 5921 Risk Ratio (M-H,
Random, 95% CI)

0.69 [0.48,
0.98]

3 Incidence of gastric cancer- modified ITT analysis including the two
arms of celecoxib from Wong 2012

6 7008 Risk Ratio (M-H,
Random, 95% CI)

0.69 [0.48,
0.97]

4 Incidence of gastric cancer - modified ITT analysis including all ran-
domised patients from Correa 2000 and You 2006 who were found sub-
sequently to be ineligible or did not receive treatment

6 6648 Risk Ratio (M-H,
Random, 95% CI)

0.67 [0.47,
0.95]

5 Incidence of gastric cancer - missing data imputation based on vari-
ous assumptions

6   Risk Ratio (M-H,
Random, 95% CI)

Subtotals
only

5.1 Assuming incidence of gastric cancer for missing participants in
both arms same as observed in the trial control arm

6 6497 Risk Ratio (M-H,
Random, 95% CI)

0.66 [0.47,
0.94]

5.2 Assuming incidence of gastric cancer for missing participants in
treatment arm same as observed in the trial control arm, but no new
gastric cancer cases in the control arm among those with missing data

6 6497 Risk Ratio (M-H,
Random, 95% CI)

0.69 [0.48,
0.98]

 
 

Analysis 4.1.   Comparison 4 H. pylori eradication vs control - sensitivity analyses,
Outcome 1 Incidence of gastric cancer - modified ITT analysis substituting the 10-

year follow-up data from Zhou 2008 with the 5-year follow-up data from Leung 2004.

Study or subgroup Hp eradication Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Correa 2000 3/437 2/415 3.86% 1.42[0.24,8.48]

Leung 2004 4/295 6/292 7.8% 0.66[0.19,2.31]

Wong 2004 7/817 11/813 13.83% 0.63[0.25,1.63]

Saito 2005 2/379 3/313 3.86% 0.55[0.09,3.27]

You 2006 34/1130 52/1128 68.23% 0.65[0.43,1]

Wong 2012a 3/255 1/258 2.41% 3.04[0.32,28.99]

   

Total (95% CI) 3313 3219 100% 0.69[0.49,0.98]

Favours Hp eradication 1000.01 100.1 1 Favours Control
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Study or subgroup Hp eradication Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Total events: 53 (Hp eradication), 75 (Control)  

Heterogeneity: Tau2=0; Chi2=2.46, df=5(P=0.78); I2=0%  

Test for overall effect: Z=2.07(P=0.04)  

Favours Hp eradication 1000.01 100.1 1 Favours Control

 
 

Analysis 4.2.   Comparison 4 H. pylori eradication vs control - sensitivity analyses,
Outcome 2 Incidence of gastric cancer - complete case analysis substituting the 10-
year follow-up data from Zhou 2008 with the 5-year follow-up data from Leung 2004.

Study or subgroup Hp eradication Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Correa 2000 3/320 2/311 3.86% 1.46[0.25,8.67]

Wong 2004 7/735 11/703 13.84% 0.61[0.24,1.56]

Leung 2004 4/220 6/215 7.84% 0.65[0.19,2.28]

Saito 2005 2/379 3/313 3.86% 0.55[0.09,3.27]

You 2006 34/1130 52/1128 68.18% 0.65[0.43,1]

Wong 2012a 3/233 1/234 2.41% 3.01[0.32,28.75]

   

Total (95% CI) 3017 2904 100% 0.69[0.48,0.98]

Total events: 53 (Hp eradication), 75 (Control)  

Heterogeneity: Tau2=0; Chi2=2.52, df=5(P=0.77); I2=0%  

Test for overall effect: Z=2.1(P=0.04)  

Favours Hp eradication 1000.01 100.1 1 Favours Control

 
 

Analysis 4.3.   Comparison 4 H. pylori eradication vs control - sensitivity analyses, Outcome 3 Incidence
of gastric cancer- modified ITT analysis including the two arms of celecoxib from Wong 2012.

Study or subgroup Hp eradication Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Correa 2000 3/437 2/415 3.81% 1.42[0.24,8.48]

Leung 2004 2/276 7/276 4.97% 0.29[0.06,1.36]

Wong 2004 7/817 11/813 13.65% 0.63[0.25,1.63]

Saito 2005 2/379 3/313 3.82% 0.55[0.09,3.27]

You 2006 34/1130 52/1128 67.38% 0.65[0.43,1]

Wong 2012a 6/510 3/514 6.37% 2.02[0.51,8.02]

   

Total (95% CI) 3549 3459 100% 0.69[0.48,0.97]

Total events: 54 (Hp eradication), 78 (Control)  

Heterogeneity: Tau2=0; Chi2=4.33, df=5(P=0.5); I2=0%  

Test for overall effect: Z=2.12(P=0.03)  

Favours Eradication 1000.01 100.1 1 Favours Control
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Analysis 4.4.   Comparison 4 H. pylori eradication vs control - sensitivity analyses, Outcome 4
Incidence of gastric cancer - modified ITT analysis including all randomised patients from Correa
2000 and You 2006 who were found subsequently to be ineligible or did not receive treatment.

Study or subgroup Hp eradication Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Correa 2000 3/491 2/485 3.97% 1.48[0.25,8.83]

Leung 2004 2/276 7/276 5.18% 0.29[0.06,1.36]

Wong 2004 7/817 11/813 14.23% 0.63[0.25,1.63]

Saito 2005 2/379 3/313 3.98% 0.55[0.09,3.27]

You 2006 34/1142 52/1143 70.17% 0.65[0.43,1]

Wong 2012a 3/255 1/258 2.48% 3.04[0.32,28.99]

   

Total (95% CI) 3360 3288 100% 0.67[0.47,0.95]

Total events: 51 (Hp eradication), 76 (Control)  

Heterogeneity: Tau2=0; Chi2=3.69, df=5(P=0.59); I2=0%  

Test for overall effect: Z=2.25(P=0.02)  

Favours Hp eradication 1000.01 100.1 1 Favours Control

 
 

Analysis 4.5.   Comparison 4 H. pylori eradication vs control - sensitivity analyses, Outcome
5 Incidence of gastric cancer - missing data imputation based on various assumptions.

Study or subgroup Hp eradication Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

4.5.1 Assuming incidence of gastric cancer for missing participants in
both arms same as observed in the trial control arm

 

Correa 2000 4/437 3/415 5.47% 1.27[0.29,5.62]

Wong 2004 8/817 13/813 15.86% 0.61[0.26,1.47]

Leung 2004 2/276 7/276 4.98% 0.29[0.06,1.36]

Saito 2005 2/379 3/313 3.82% 0.55[0.09,3.27]

You 2006 34/1130 52/1128 67.49% 0.65[0.43,1]

Wong 2012a 3/255 1/258 2.39% 3.04[0.32,28.99]

Subtotal (95% CI) 3294 3203 100% 0.66[0.47,0.94]

Total events: 53 (Hp eradication), 79 (Control)  

Heterogeneity: Tau2=0; Chi2=3.66, df=5(P=0.6); I2=0%  

Test for overall effect: Z=2.31(P=0.02)  

   

4.5.2 Assuming incidence of gastric cancer for missing participants in
treatment arm same as observed in the trial control arm, but no new
gastric cancer cases in the control arm among those with missing data

 

Correa 2000 4/437 2/415 4.34% 1.9[0.35,10.31]

Leung 2004 2/276 7/276 5.09% 0.29[0.06,1.36]

Wong 2004 8/817 11/813 15.16% 0.72[0.29,1.79]

Saito 2005 2/379 3/313 3.91% 0.55[0.09,3.27]

You 2006 34/1130 52/1128 69.05% 0.65[0.43,1]

Wong 2012a 3/255 1/258 2.44% 3.04[0.32,28.99]

Subtotal (95% CI) 3294 3203 100% 0.69[0.48,0.98]

Total events: 53 (Hp eradication), 76 (Control)  

Heterogeneity: Tau2=0; Chi2=4.39, df=5(P=0.49); I2=0%  

Test for overall effect: Z=2.09(P=0.04)  

Test for subgroup differences: Chi2=0.02, df=1 (P=0.89), I2=0%  

Favours Hp eradication 1000.01 100.1 1 Favours Control
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A P P E N D I C E S

Appendix 1. Glossary of terms

Antibiotics: amoxicillin, clarithromycin, macrolide, 5-nitroimidazole

Antrum: the bottom section of the stomach

Ascorbic acid: vitamin C

Asymptomatic: without symptoms

Bismuth: a medication that reduces stomach acid

Carbon-urea breath test: a diagnostic test that uses an isotope of carbon to detect H. pylori

Carcinogenic: causing cancer

Chronic: long term

Dyspepsia: indigestion

Endoscopy: a diagnostic test using a telescope to look into the stomach and intestines

Gastric atrophy: loss of the normal glands in the stomach

Gastric metaplasia: a change in the cells in the stomach from one type to another

Gastric: stomach

Gastritis: inflammation of the stomach

Gastrointestinal: involving the stomach and intestines

Histamine2-receptor antagonist: a medication that reduces stomach acid

Histology: the appearance of biopsies from an organ under the microscope

Luminal: in the cavity of a hollow organ, such as the stomach or intestine

Malignant: cancerous

Mortality: death

Mucosa: in the lining of a hollow organ, such as the stomach or intestine

Neoplasia: abnormal growth of tissue, oLen cancerous

Nested case-control study: variation of a case-control study in which only a subset of controls from the cohort are compared to the cases

Non-cardia: involving the antrum or body of the stomach

Occult: unobvious or hidden

Proton pump inhibitor: a medication that reduces stomach acid

Ranitidine bismuth citrate: a medication that reduces stomach acid

Rapid urease testing: a biopsy test from the mucosa of the stomach, which is placed in a special liquid, to detect H. pylori

Serology: a blood test to detect antibodies against an infection such as H. pylori

Appendix 2. CENTRAL search strategy

1. MeSH descriptor: [Helicobacter] explode all trees

2. MeSH descriptor: [Helicobacter Infections] explode all trees

3. MeSH descriptor: [Helicobacter pylori] explode all trees
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4. helicobacter or pylori or pyloridis or Campylobacter (Word variations have been searched)

5. #1 OR #2 OR #3 OR #4

6. MeSH descriptor: [Stomach Neoplasms] explode all trees

7. MeSH descriptor: [Lymphoma, B-Cell, Marginal Zone] explode all trees

8. mucosa associated lymphoid tissue lymphoma or MALT (Word variations have been searched)

9. ((stomach or gastric) near/3 (cancer* or carcinoma* or neoplas* or tumor* or tumour* or lymphoma or adenocarcinoma or malignant))
(Word variations have been searched)

10.#6 or #7 or #8 or #9

11.#5 and #10

12.MeSH descriptor: [Proton Pump Inhibitors] explode all trees

13.MeSH descriptor: [Omeprazole] explode all trees

14.MeSH descriptor: [Esomeprazole Sodium] explode all trees

15.proton pump inhibitor* or PPI* (Word variations have been searched)

16.omeprazole or losec or nexium or prilosec or rapinex or zegerid or ocid or Lomac or Omepral or Omez (Word variations have been
searched)

17.pantoprazole or protium or protonix or Pantotab or Pantopan or Pantozol or Pantor or Pantoloc or Astropan or Controloc or Pantecta
or Inipomp or Somac or Pantodac or Zurcal or Zentro (Word variations have been searched)

18.lansoprazole or lanzoprazole or ag 1749 or agopton or bamalite or lanzor or monolitum or ogast or ogastro or opiren or prevacid or
prezal or pro ulco or promeco or takepron or ulpax or zoton (Word variations have been searched)

19.esomeprazole or nexium (Word variations have been searched)

20.dexlansoprazole or Kapidex or Dexilant or tenatoprazole or CAS 113712-98-4 or STU-Na (Word variations have been searched)

21.#12 or #13 or #14 or #15 or #16 or #17 or #18 or #19 or #20

22.MeSH descriptor: [Histamine H2 Antagonists] explode all trees

23.MeSH descriptor: [Cimetidine] explode all trees

24.MeSH descriptor: [Ranitidine] explode all trees

25.MeSH descriptor: [Famotidine] explode all trees

26.MeSH descriptor: [Nizatidine] explode all trees

27.H2 receptor antagonist* or H2RA* or H2-RA* (Word variations have been searched)

28.ranitidine or zantac or famotidine or pepcid or cimetidine or tagamet or nizatidine or Axid (Word variations have been searched)

29.histamine2 receptor antagonist* (Word variations have been searched)

30.#22 or #23 or #24 or #25 or #26 or #27 or #28 or #29

31.MeSH descriptor: [Bismuth] explode all trees

32.MeSH descriptor: [Amoxicillin] explode all trees

33.MeSH descriptor: [Clarithromycin] explode all trees

34.MeSH descriptor: [Nitroimidazoles] explode all trees

35.MeSH descriptor: [Macrolides] explode all trees

36.metronidazole or tinidazole or amoxicillin or amoxycillin (Word variations have been searched)

37.clarithromycin or azithromycin or roxithromycin (Word variations have been searched)

38.bismuth or nitroimidazole* or macrolide* (Word variations have been searched)

39.#31 or #32 or #33 or #34 or #35 or #36 or #37 or #38

40.#21 or #30 or #39

41.#11 and #40

Appendix 3. MEDLINE search strategy

1. exp Helicobacter/ or exp Helicobacter pylori/ or exp Helicobacter Infections/

2. (helicobacter or campylobacter).mp.

3. (pylori or pyloridis or HP).ti,ab,kw.

4. or/1-3

5. exp Stomach Neoplasms/

6. exp Lymphoma, B-Cell, Marginal Zone/

7. (mucosa associated lymphoid tissue lymphoma or MALT).ti,ab,kw.

8. ((stomach or gastric) adj3 (cancer* or carcinoma* or neoplas* or tumor* or tumour* or lymphoma or adenocarcinoma or
malignant)).ti,ab,kw.
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9. or/5-8

10.4 and 9

11.randomized controlled trial.pt.

12.controlled clinical trial.pt.

13.placebo.ab.

14.drug therapy.fs.

15.random$.mp.

16.trial.ab.

17.groups.ab.

18.or/11-17

19.case report/

20.Case study/

21.exp animals/ not humans/

22.or/19-21

23.18 not 22

24.10 and 23

25.exp Omeprazole/ or exp Proton Pump Inhibitors/

26.exp esomeprazole/ or exp Esomeprazole Sodium/

27.((proton adj2 pump adj2 inhibitor$) or PPI or PPIs).ti,ab,kw.

28.(omeprazole or losec or nexium or prilosec or rapinex or zegerid or ocid or Lomac or Omepral or Omez).tw.

29.(pantoprazole or protium or protonix or Pantotab or Pantopan or Pantozol or Pantor or Pantoloc or Astropan or Controloc or Pantecta
or Inipomp or Somac or Pantodac or Zurcal or Zentro).tw.

30.(lansoprazole or lanzoprazole or ag 1749 or agopton or bamalite or lanzor or monolitum or ogast or ogastro or opiren or prevacid or
prezal or pro ulco or promeco or takepron or ulpax or zoton).tw.

31.(rabeprazole or aciphex or dexrabeprazole or e 3810 or ly-307640 or pariet).tw.

32.(esomeprazole or nexium).tw.

33.(dexlansoprazole or Kapidex or Dexilant).tw.

34.(tenatoprazole or CAS 113712-98-4 or STU-Na).tw.

35.exp lansoprazole or exp rabeprazole/

36.or/25-35

37.exp Histamine H2 Antagonists/

38.exp Cimetidine/

39.exp Ranitidine/

40.exp Famotidine/

41.exp Nizatidine/

42.(H2 receptor antagonist* or H2RA* or H2-RA).tw.

43.(ranitidine or zantac or famotidine or pepcid or cimetidine or tagamet or nizatidine or Axid).tw.

44.histamine2 receptor antagonist.tw.

45.or/37-44

46.exp Bismuth/

47.exp Amoxicillin/

48.exp Clarithromycin/

49.exp Nitroimidazoles/

50.exp Macrolides/

51.(metronidazole or tinidazole or amoxicillin or amoxycillin).ti,ab,kw.

52.(clarithromycin or azithromycin or roxithromycin).ti,ab,kw.

53.(bismuth or nitroimidazole* or macrolide*).ti,ab,kw.

54.or/37-53

55.36 or 45 or 54

56.24 and 55

Appendix 4. EMBASE search strategy

1. exp Helicobacter infection/ or exp Helicobacter/ or exp Helicobacter pylori/
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2. (helicobacter or campylobacter).mp.

3. (pylori or pyloridis or HP).ti,ab.

4. or/1-3

5. exp stomach cancer/ or exp stomach tumor/

6. exp stomach adenocarcinoma/

7. exp stomach lymphoma/

8. exp mucosa associated lymphoid tissue lymphoma/

9. (mucosa associated lymphoid tissue lymphoma or MALT).ti,ab,kw.

10.((stomach or gastric) adj3 (cancer* or carcinoma* or neoplasia or neoplasm* or neoplastic or tumor* or tumour* or lymphoma or
adenocarcinoma or malignant)).ti,ab,kw.

11.or/5-10

12.4 and 11

13.(random$ or clinical trial$ or blind$ or placebo$).mp.

14.exp health care quality/

15.exp randomized controlled trial/

16.13 or 14 or 15

17.Case study/

18.exp animal/ not exp human/

19.case report/

20.17 or 18 or 19

21.16 not 20

22.12 and 21

23.exp omeprazole/ or exp esomeprazole/ or exp proton pump inhibitor/ or exp rabeprazole/ or exp lansoprazole/ or exp pantoprazole/

24.((proton adj2 pump adj2 inhibitor$) or PPI or PPIs).ti,ab,kw.

25.(omeprazole or losec or nexium or prilosec or rapinex or zegerid or ocid or Lomac or Omepral or Omez).tw.

26.(pantoprazole or protium or protonix or Pantotab or Pantopan or Pantozol or Pantor or Pantoloc or Astropan or Controloc or Pantecta
or Inipomp or Somac or Pantodac or Zurcal or Zentro).tw.

27.(lansoprazole or lanzoprazole or ag 1749 or agopton or bamalite or lanzor or monolitum or ogast or ogastro or opiren or prevacid or
prezal or pro ulco or promeco or takepron or ulpax or zoton).tw.

28.(rabeprazole or aciphex or dexrabeprazole or e 3810 or ly-307640 or pariet).tw.

29.(esomeprazole or nexium).tw.

30.(dexlansoprazole or Kapidex or Dexilant).tw.

31.(tenatoprazole or CAS 113712-98-4 or STU-Na).tw. or exp tenatoprazole/

32.or/23-31

33.exp cimetidine/ or exp histamine H2 receptor antagonist/ or exp famotidine/ or exp ranitidine/ or exp nizatidine/

34.(H2 receptor antagonist* or H2RA* or H2-RA).tw.

35.(ranitidine or zantac or famotidine or pepcid or cimetidine or tagamet or nizatidine or Axid).tw.

36.histamine2 receptor antagonist.tw.

37.or/33-36

38.exp bismuth citrate/ or exp bismuth salt/ or exp bismuth/ or exp bismuth salicylate/ or exp ranitidine bismuth citrate/ or exp colloidal
bismuth compound/ or exp bismuth citrate plus metronidazole plus tetracycline/

39.exp amoxicillin plus clarithromycin plus lansoprazole/ or exp clarithromycin/ or exp clarithromycin derivative/

40.exp amoxicillin/

41.exp nitroimidazole/

42.exp macrolide/

43.(metronidazole or tinidazole or amoxicillin or amoxycillin).ti,ab,kw.

44.(clarithromycin or azithromycin or roxithromycin).ti,ab,kw.

45.(bismuth or nitroimidazole* or macrolide*).ti,ab,kw.

46.or/38-45

47.32 or 37 or 46

48.22 and 47
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Date Event Description

30 October 2008 Amended Converted to new review format.

 

C O N T R I B U T I O N S   O F   A U T H O R S

Conceived and designed the study: all review authors
Analysed and interpreted the data: all review authors
DraLed the review: ACF and YY
Approved the final draL of the review: all review authors

D E C L A R A T I O N S   O F   I N T E R E S T

ACF: none known.

DF: none known.

RH: none known.

YY: none known.

PM is the joint co-ordinating editor of the Cochrane Upper Gastrointestinal and Pancreatic Diseases Group, however editorial decisions
about this review were made by the other joint co-ordinating editor and independent peer reviewers.

S O U R C E S   O F   S U P P O R T

Internal sources

• McMaster University, Canada.

External sources

• No sources of support supplied

D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

The only substantive change from the protocol lies in a slight change in our primary endpoint. The protocol had intended that the
systematic review and meta-analysis focus on the eFect of H. pylori eradication therapy in preventing gastric neoplasia in the general
population. While the population we have reported on is the same, we did not report the eFect of H. pylori eradication therapy on all
types of gastric neoplasia, but rather on gastric adenocarcinoma only. This was because only one of the six trials that were eligible for the
review reported any cases of gastric neoplasia that were not a gastric adenocarcinoma (Saito 2005). This was a gastric mucosa-associated
lymphoid tissue lymphoma, occurring in a single participant, and was not included in any of our analyses.

Methods > Types of interventions

Although it had been omitted in the protocol, we included the intervention 'RBC triple therapy (RBC plus any two of the following:
amoxicillin, macrolide, 5-nitroimidazole)' because it is a recognised eradication therapy regimen.

Methods > Data synthesis

The protocol did not prespecify the methods used to handle missing data and sensitivity analysis (for example modified intention-to-treat
approach, complete case analysis, imputation). We amended methods for investigating heterogeneity (for example the cutoF for statistical

significance of I2 statistic changed from P less than 0.2 to less than 0.1).

Methods > Subgroup analysis and investigation of heterogeneity

The protocol did not prespecify subgroup analysis 'according to whether trial participants were co-administered antioxidants or vitamins
within the trial'. We added this due to the nature of the design of some of the included RCTs, which were factorial trials.
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I N D E X   T E R M S

Medical Subject Headings (MeSH)

*Helicobacter pylori;  Anti-Bacterial Agents  [*therapeutic use];  Anti-Ulcer Agents  [therapeutic use];  Asymptomatic Infections
 [*therapy];  Drug Therapy, Combination  [adverse eFects]  [methods];  Helicobacter Infections  [*drug therapy];  Precancerous Conditions
 [drug therapy];  Randomized Controlled Trials as Topic;  Stomach Neoplasms  [microbiology]  [mortality]  [*prevention & control]

MeSH check words

Humans
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