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Significance of this study

What is already known on this subject?
 ► Gastric cancer is the third most common cause 
of cancer death worldwide and is causally 
related to Helicobacter pylori (H. pylori).

 ► A previous systematic review and meta- analysis 
demonstrated that eradicating H. pylori in 
healthy infected individuals reduced the 
incidence of gastric cancer, but the efficacy was 
relatively modest, and there did not appear to 
be any effect on mortality.

What are the new findings?
 ► In terms of trials conducted among healthy 
individuals, we identified one new trial, 
containing 1826 individuals, and one existing 
trial completed follow- up out to 22 years.

 ► The number needed to treat (NNT) to prevent 
one gastric cancer decreased, from 124 overall 
in our previous meta- analysis, to 72.

 ► The effect was even stronger in individuals with 
gastric neoplasia; the NNT with eradication 
therapy to prevent one future gastric cancer 
was only 21.

 ► In addition, eradication therapy was associated 
with a significant reduction in gastric cancer- 
related mortality in healthy individuals; the NNT 
to prevent one gastric cancer- related death was 
135.

 ► Over 8.7 million disability- adjusted life- years 
would be gained by instituting H. pylori 
screening and treatment globally.

How might it impact on clinical practice in the 
foreseeable future?

 ► This meta- analysis provides contemporaneous 
estimates of the impact of eradication of H. 
pylori on both incidence of, and mortality from, 
gastric cancer, which can be used to inform 
future public health decisions.

AbSTrACT
Objectives gastric cancer is strongly associated with 
Helicobacter pylori (H. pylori). We conducted a previous 
systematic review and meta- analysis that suggested 
eradication therapy reduced future incidence of gastric 
cancer, but effect size was uncertain, and there was no 
reduction in gastric cancer- related mortality. We updated 
this meta- analysis, as more data has accumulated. We 
also evaluated impact of eradication therapy on future 
risk of gastric cancer in patients having endoscopic 
mucosal resection for gastric neoplasia.
Design We searched the medical literature through 
February 2020 to identify randomised controlled trials 
(rcTs) examining effect of eradication therapy on 
subsequent occurrence of gastric cancer in healthy H. 
pylori- positive adults, and in H. pylori- positive patients 
with gastric neoplasia undergoing endoscopic mucosal 
resection. The control arm received placebo or no 
treatment. Follow- up was for ≥2 years. We estimated 
the relative risk (rr) number needed to treat (nnT), 
and evaluated the disability- adjusted life- years (DalYs) 
gained from screening from the meta- analysis.
results We identified 10 rcTs, seven recruited 8323 
healthy individuals, and three randomised 1841 patients 
with gastric neoplasia. in healthy individuals, eradication 
therapy reduced incidence of gastric cancer (rr=0.54; 
95% ci 0.40 to 0.72, nnT=72), and reduced mortality 
from gastric cancer (rr=0.61; 95% ci 0.40 to 0.92, 
nnT=135), but did not affect all- cause mortality. These 
data suggest that 8 743 815 DalYs (95% ci 5 646 173 
to 11 847 456) would be gained if population screening 
and treatment was implemented globally. in patients 
with gastric neoplasia, eradication therapy also reduced 
incidence of future gastric cancer (rr=0.49; 95% ci 0.34 
to 0.70, nnT=21). adverse events were incompletely 
reported.
Conclusion There is moderate evidence to suggest 
that H. pylori eradication therapy reduces the incidence 
of gastric cancer in healthy individuals and patients 
with gastric neoplasia in east asian countries. There 
also appears to be a reduction in gastric cancer- related 
mortality.

InTrODuCTIOn
Despite a declining incidence in the developing 
world,1 gastric cancer is the third most common 
cause of cancer death worldwide.2 In 2017 there 
were over 850 000 deaths attributable to gastric 
cancer, and it is estimated that 1 in 33 men, and 1 in 
78 women will develop the disease during their life-
time.2 Global mortality from gastric cancer is likely 

to further increase due to improving life expectancy 
in developing countries, and recent observations of 
an increased risk in younger generations.1

Helicobacter pylori (H. pylori) colonises the 
stomach of approximately 50% of the world’s 
population.3 Infection with the bacterium causes 
chronic gastritis.4 In a minority of susceptible indi-
viduals,5 this can lead to a stepwise progression 
through gastric atrophy, intestinal metaplasia and 
dysplasia, to the development of carcinoma.6 As a 
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result, H. pylori is classified as a human carcinogen by the Inter-
national Agency for Research on Cancer (IARC).7 Eradication of 
the infection in populations at high risk of gastric cancer could 
therefore lead to a reduction in incidence of, and mortality 
from, gastric cancer,8 and in 2014 an IARC working group 
report recommended that countries explore the possibility of 
introducing population- based H. pylori screening and treat-
ment programmes.9 Gastric cancer is a major cause of morbidity 
and mortality worldwide; it is estimated that over 19 million 
disability- adjusted life- years (DALYs) are currently lost due to 
the disease.10

Despite this, most countries at high risk of gastric cancer 
have not considered this policy seriously, although in 2013 
Japan approved reimbursement of the use of eradication 
therapy as a treatment for H. pylori- induced gastritis,11 and in 
China a trial of population screening and treatment, recruiting 
over 180 000 individuals, is ongoing.12 However, there is 
already some evidence from both observational and controlled 
studies that eradication of H. pylori reduces future incidence 
of gastric cancer. In 2004 Matsu Islands, a region of Taiwan, 
with an annual death rate for gastric cancer three- fold that of 
the rest of the country, introduced a population- based erad-
ication programme for H. pylori. During the 4 years prior to 
the screening programme commencing, the incidence of gastric 
cancer was 40.3 per 100 000 person- years, compared with 30.4 
for the years 2004 to 2008; a 25% reduction in incidence.13 A 
previous Cochrane Collaboration systematic review and meta- 
analysis of six randomised controlled trials (RCTs) of eradication 
therapy, compared with placebo or no treatment, demonstrated 
a 34% reduction in the relative risk (RR) of an incident gastric 
cancer, and a number needed to treat (NNT) of 124.14 15

This effect is relatively modest, based on the NNT, and there 
was no significant impact of eradication therapy on mortality 
from gastric cancer.14 15 The impact may be more dramatic in 
higher risk groups, such as those with gastric neoplasia, including 
dysplasia or early gastric cancer. Given that it is 6 years since 
the publication of this meta- analysis, the possibility that there 
may now be more published trials, as well as longer duration of 
follow- up in the existing trials, led us to re- examine this issue. 
In addition, we evaluated how population screening and treat-
ment may impact on DALYs in the population. Our hypothesis 
was that as a result of longer follow- up in existing trials, as 
well as studies published subsequent to our previous systematic 
review, the effect of eradication therapy, in terms of reducing 
future gastric cancer incidence, would become stronger, and that 
there may now be a significant effect on gastric cancer- related 
mortality, which may translate into a significant gain in DALYs. 
We also aimed to study the effect of eradication of H. pylori 
on the incidence of future gastric cancer in patients with gastric 
neoplasia.

MeTHODS
Search strategy and study selection
We updated our previous systematic review and meta- analysis 
examining this issue.14 15 We searched MEDLINE (1947 to 
February 2020), Embase and Embase Classic (1947 to February 
2020) and the Cochrane central register of controlled trials to 
identify potential studies. In addition, we searched  Clinical-
Trials. gov for unpublished trials, or supplementary data for 
potentially eligible studies. In order to identify studies published 
only in abstract form, we handsearched conference proceedings 
(Digestive Diseases Week, American College of Gastroenter-
ology, United European Gastroenterology Week and the Asian 

Pacific Digestive Week) between 2001 and 2019. We contacted 
authors of trial reports published only as abstracts and asked 
them to contribute full data sets or completed papers. Finally, 
we performed a recursive search, using the bibliographies of all 
obtained articles.

Eligible RCTs examined the effect of at least 7 days of eradi-
cation therapy on subsequent occurrence of gastric cancer in H. 
pylori-positive adult subjects (≥18years)whowereotherwise
healthy (online supplementary table 1), or in H. pylori- positive 
adult subjects with gastric neoplasia, including dysplasia or 
early gastric cancer, undergoing endoscopic mucosal resection. 
A minimum follow- up duration of 2 years was required, and 
at least two gastric cancers had to occur during follow- up. We 
extracted all endpoints at the last point of follow- up that they 
were reported, using the most contemporaneous publication 
from each trial.

Two investigators (YY and ACF) conducted the literature 
search, independently from each other. The search terms used 
are detailed in the online supplementary materials. Two inves-
tigators (YY and ACF) evaluated all abstracts identified by the 
search for eligibility, again independently from each other. We 
obtained all potentially relevant papers and evaluated them in 
more detail, using pre- designed forms, in order to assess eligi-
bility independently, according to the pre- defined criteria. We 
resolved disagreements between investigators by discussion. 
There were no language restrictions. We translated foreign 
language papers, where required.

For fully published studies that did not report data concerning 
subsequent occurrence of gastric cancer, we contacted the first 
or senior author in order to maximise our chances of identi-
fying eligible studies. We also contacted authors of all eligible 
studies that did report subsequent occurrence of gastric cancer, 
in order to obtain data at the most recent point of follow- up. 
Finally, where multiple articles for a single study were found, we 
contacted the first or senior author in order to ensure that only 
data from the latest publication from each eligible study were 
extracted.

Outcome assessment
Our primary outcome was the effect of H. pylori eradica-
tion therapy, compared with placebo or no treatment, on the 
subsequent occurrence of gastric cancer. Secondary outcomes 
included the effect of eradication therapy on gastric cancer- 
related mortality, effect on all- cause mortality and adverse events 
arising from eradication therapy.

Data extraction
We extracted all data independently. This was done by two 
investigators (YY and ACF) as dichotomous outcomes (pres-
ence or absence of gastric cancer). In addition, we extracted the 
following data for each trial: geographical location, country of 
origin, number of centres, method used to confirm H. pylori 
infection, type of H. pylori eradication regimen used (including 
dose and schedule of individual drugs within it), duration of 
treatment, eradication rate, duration of follow- up, mortality 
from gastric cancer, mortality from other causes and total 
number of adverse events reported.

We extracted data using a modified intention- to- treat anal-
ysis. In this, we excluded from the analysis individuals found 
to be ineligible after randomisation (eg, healthy individuals in 
whom a gastric cancer was detected at baseline, patients with 
gastric neoplasia who underwent surgery rather than endoscopic 
mucosal resection or any trial participants who were found to be 
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H. pylori-negative), and those who did not receive the interven-
tion to which they were assigned and, due to the relatively rare 
nature of the outcome of interest, we assumed that all subjects 
lost to follow- up had not developed gastric cancer, but kept 
them in the denominator for the study. This was particularly 
important, given that the shortest duration of follow- up in the 
studiesweidentifiedwas≥3years,andthereforedrop-outrates
were relatively high. We also performed a complete case analysis, 
as a sensitivity analysis, where all participants for whom data 
were missing or unavailable were excluded from the analysis 
altogether.16

Quality assessment and risk of bias
We performed this at the study level. Risk of bias was assessed 
by two investigators independently (YY and ACF), using the 
Cochrane risk of bias tool.17 We resolved disagreements by 
discussion. We recorded the method used to generate the rando-
misation schedule and conceal treatment allocation, as well as 
whether blinding was implemented for participants, personnel 
and outcomes assessment, whether there was evidence of incom-
plete outcomes data and whether there was evidence of selective 
reporting of outcomes.

Data synthesis and statistical analysis
We pooled data using a random effects model,18 to give a 
more conservative estimate of the effect of H. pylori eradica-
tion therapy on the subsequent occurrence of gastric cancer, 
allowing for any heterogeneity between studies. We expressed 
the impact of eradication therapy, compared with placebo or no 
treatment, as a RR of occurrence of gastric cancer with 95% 
CIs. We planned to summarise adverse events data with RRs. We 
calculated the NNT, with a 95% CI, using the formula NNT=1/
(assumed control risk (ACR) x (1 – RR)).

We also modelled the impact that H. pylori screening and 
treatment would have on DALYs, using estimates of DALYs lost 
due to gastric cancer in various populations,10 using previously 
described data sources and methodology.2 DALYs gained were 
estimated by applying the RR with 95% CIs derived from the 
meta- analysis to DALYs lost due to gastric cancer (with 95% 
CIs),2 using Monte Carlo simulation with 10 000 runs. Both 
DALYs and RR were assumed to follow a normal distribution 
and, in these analyses, we assumed that any benefit of eradi-
cation therapy persisted beyond the duration of follow- up of 
RCTs.

We assessed heterogeneity between studies using both the I2 
statisticwithacut-offof≥50%,andtheχ2 test with a p value 
<0.10, to define a significant degree of heterogeneity.19 We 
used Review Manager V.5.3.5 (RevMan for Windows 2014, the 
Nordic Cochrane Centre, Copenhagen, Denmark) to generate 
Forest plots of pooled RRs for primary and secondary outcomes 
with 95% CIs, as well as funnel plots. We assessed the latter for 
evidence of asymmetry, and therefore possible publication bias 
or other small study effects, using the Egger test,20 if there were 
≥10eligiblestudiesincludedinthemeta-analysis, inlinewith
previous recommendations.21 We used Excel (Microsoft Excel 
for Mac, V.16.33) to conduct the Monte Carlo simulations.

reSulTS
The search strategy identified 2115 citations. We reviewed the 
titles and abstracts, and retrieved and evaluated 37 articles that 
appeared potentially eligible for inclusion (online supplementary 
figure 1). Of these, 10 articles,22–31 reporting relevant data from 
seven separate RCTs, compared H. pylori eradication therapy 

with placebo or no treatment in 8323 healthy individuals, and 
provided data on subsequent occurrence of gastric cancer. All 
these trials recruited healthy people from the community, with 
the exception of one Korean RCT, which recruited healthy 
first- degree relatives of gastric cancer patients.29 Another three 
trials compared H. pylori eradication therapy with placebo or 
no treatment in 1841 patients with gastric neoplasia undergoing 
endoscopic mucosal resection, and provided data on the occur-
rence of future gastric cancer.32–34

Characteristics of eligible and included studies are provided 
in tables 1 and 2. Three of the trials, reported in five separate 
publications, were of factorial design with some participants 
also randomised to receive vitamins, antioxidants or cele-
coxib.22 23 26–28 All trials were conducted in East Asia, except one 
study that was conducted among a population at high risk of 
gastric cancer in Colombia.22 23 The longest duration of follow- up 
in the studies we identified was 22 years,27 and the shortest dura-
tionwas≥3years.32 Risk of bias assessment of all included RCTs 
is provided in online supplementary table 2. We classed four 
trials as being at low risk of bias,25–29 two trials were at unclear 
risk24 34 and four trials were at high risk of bias.22 23 30–33 Three 
were high risk of bias due to the fact that no placebo comparator 
was used for the active eradication therapy regimen and there-
fore this part of the trial was unblinded.22 23 32 33 The other was 
considered high risk due to inconsistencies in data reporting at 
various points of follow- up.30 31

effect of H. pylori eradication therapy in healthy individuals
When we pooled data from the seven RCTs at the last point 
of follow- up in our primary analysis,22–31 there were 68 (1.6%) 
gastric cancers occurring among 4206 healthy infected subjects 
who received H. pylori eradication therapy, compared with 125 
(3.0%) in 4117 individuals allocated to placebo or no treatment. 
There was only one case of gastric MALT (mucosa- associated 
lymphoid tissue) lymphoma reported in the six studies,24 but this 
was not included in the analyses. The RR of subsequent occur-
rence of gastric cancer with eradication therapy versus placebo 
or no treatment was 0.54 (95% CI 0.40 to 0.72) (figure 1), with 
no heterogeneity between studies (I2=0%, p=0.61). We could 
not assess for funnel plot asymmetry, as there were insufficient 
RCTs. The NNT, using data from the meta- analysis with an ACR 
of 3.0%, was 72 (95% CI 56 to 119).

We modelled these data to estimate the impact of popula-
tion screening and treatment of H. pylori on DALYs gained. 
We estimated that this programme would result in a gain of 
over 8.8 million DALYs (95% CI 5.7 to 11.9) globally (table 3); 
5.65 million (95% CI 3.7 to 7.6 million) DALYs were gained 
in men and 3.2 million (95% CI 2.0 to 4.3 million) DALYs 
were gained in women. The impact was highest in East Asia 
(3.75 million DALYs gained) and lowest in Australasia (18 000 
DALYs gained) (table 3).

We conducted a sensitivity analysis pooling data from these 
seven trials using a complete case analysis. There were 67 (1.7%) 
gastric cancers among 3894 people assigned to eradication 
therapy, compared with 125 (3.3%) among 3804 people allo-
cated to placebo or no treatment (RR=0.53; 95% CI 0.40 to 
0.71), with no heterogeneity between studies (I2=0%, p=0.61). 
The NNT was 64 (95% CI 51 to 104). We also assessed the impact 
of excluding the trial with the longest duration of follow- up and 
the most events of interest, which contributed 63.6% weight to 
the analysis.27 28 There was still a significant effect of eradication 
therapy, compared with placebo or no treatment, in preventing 
subsequent occurrence of gastric cancer (RR=0.56; 95% CI 
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Table 2 Characteristics of randomised controlled trials of H. pylori eradication therapy versus placebo or no treatment in the prevention of future 
gastric cancer in individuals with gastric neoplasia undergoing endoscopic mucosal resection

Study location
Method used to confirm 
presence of H. pylori

Sample size 
(no. receiving 
H. pylori 
eradication 
therapy)

Characteristics of 
participants

H. pylori eradication 
therapy regimen 
used

eradication 
rate*

last point of 
follow- up

Method of 
ascertainment of 
gastric cancer cases

Fukase 
2008 32

Fifty- one 
hospitals in 
Japan

Histological examination 
of, and rapid urease 
testing using, gastric 
biopsies obtained at upper 
gastrointestinal endoscopy.

544 (272) Median age 68.5 
years (range 20–79 
years), 76.4% male.

Lansoprazole 30 mg, 
amoxicillin 750 mg 
and clarithromycin 
200 mg b.i.d. for 
1 week.

74.9% 3 years. Histological examination 
of gastric biopsies 
obtained at upper 
gastrointestinal 
endoscopy at ≥3 years.

Choi 
2018a 33

One hospital 
in Seoul, 
South Korea.

Histological examination 
of, and rapid urease 
testing using, gastric 
biopsies obtained at upper 
gastrointestinal endoscopy.

901 (444) Mean age 60.4 years 
(range 20–75 years), 
67.7% male.

Omeprazole 20 mg, 
amoxicillin 1 g 
and clarithromycin 
500 mg b.i.d. for 
1 week.

81.3% 6 years. Histological examination 
of gastric biopsies 
obtained at upper 
gastrointestinal 
endoscopy.

Choi 
2018b 34

One hospital 
in Goyang, 
South Korea.

Histological examination 
of, and rapid urease 
testing using, gastric 
biopsies obtained at upper 
gastrointestinal endoscopy.

396 (194) Mean age 59.8 years 
(range 18–75 years), 
75.3% male.

Rabeprazole 10 mg, 
amoxicillin 1 g, 
and clarithromycin 
500 mg b.i.d. for 
1 week.

80.4% 5.9 years. Histological examination 
of gastric biopsies 
obtained at upper 
gastrointestinal 
endoscopy at 3 months 
and 3 years.

*True intention- to- treat analysis, with all drop- outs assumed to have failed eradication therapy.
b.i.d., two times per day; H. pylori, Helicobacter pylori.

Figure 1 Forest plot of randomised controlled trials of Helicobacter pylori eradication therapy: Effect on subsequent occurrence of gastric cancer 
(modified intention- to- treat analysis). Hp,Helicobacter pylori.

0.35 to 0.92), with no heterogeneity between studies (I2=0%, 
p=0.49), and a NNT of 144 (95% CI 98 to 795).

There were four studies, containing 6301 subjects, which 
provided data on mortality from gastric cancer.25 27 29 31 
Follow- up in these three trials ranged from 5 years to 22.3 years. 
Overall, there were 36 deaths (1.1%) from gastric cancer among 
3154 healthy infected individuals randomised to eradication 
therapy, compared with 59 (1.9%) deaths in 3147 participants 
allocated to placebo. The RR of death from gastric cancer with 
eradication therapy compared with placebo was 0.61 (95% CI 
0.40 to 0.92) (figure 2), with no heterogeneity between studies 

(I2=0%, p=0.95). The NNT, using an ACR of 1.9%, was 135 
(95% CI 88 to 658).

There were five studies that reported all- cause mortality 
among 7079 recruited individuals according to treatment allo-
cation.22 25 26 28 29 Follow- up in these five RCTs ranged from 
6 years to 14.7 years. In total, 315 (8.9%) of 3551 healthy 
infected subjects receiving eradication therapy were dead at last 
point of follow- up, compared with 323 (9.2%) of 3528 individ-
uals receiving placebo or no treatment. The RR of death from 
any cause at last point of follow- up with eradication therapy 
compared with placebo or no treatment was 0.97 (95% CI 
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Table 3 Estimate of disability- adjusted life- years gained by 
Helicobacter pylori screening and treatment in different populations*

Population Mean DAlYs gained 95% CI

Global 8 814 649 5 742 067 to 11 887 230

Men 5 650 560 3 672 479 to 7 628 640

Women 3 165 033 2 049 244 to 4 280 822

East Asia 3 754 826 2 459 850 to 5 049 802

South Asia 1 211 289 786 289 to 1 636 290

North Africa and the Middle East 395 681 254 071 to 537 291

Eastern Europe 468 015 304 225 to 631 804

Western Europe 470 721 303 803 to 637 640

High income North America 192 702 124 729 to 260 675

Central Latin America 224 425 144 883 to 303 966

Southern Latin America 93 391 59 901 to 126 881

Australasia 18 286 11 638 to 24 933

*These analyses relate to all of the impact of H. pylori testing and eradication 
in the population described, and the DALYs gained is what would be achieved 
hypothetically over the lifetime of the population being screened at a given time 
point.
DALYs, disability- adjusted life- years; H. pylori, Helicobacter pylori.

Figure 2 Forest plot of randomised controlled trials of Helicobacter pylori eradication therapy: Effect on subsequent mortality from gastric cancer. 
Hp,Helicobacter pylori.

0.85 to 1.12) (figure 3), with no heterogeneity between studies 
(I2=0%, p=0.50).

effect of H. pylori eradication therapy in individuals with 
gastric neoplasia undergoing endoscopic mucosal resection
When we pooled data from the three RCTs at the last point of 
follow- up in our primary analysis,32–34 there were 41 (4.5%) 
future gastric cancers occurring in 910 patients randomised to 
eradication therapy, compared with 87 (9.3%) in 931 patients 
receiving placebo or no treatment. The RR of a future gastric 
cancer with eradication therapy versus placebo or no treatment 
was 0.49 (95% CI 0.34 to 0.70) (figure 1), with no heterogeneity 
between studies (I2=0%, p=0.73). Again, with only three trials 
we could not assess for funnel plot asymmetry. The NNT, using 
data from the meta- analysis with an ACR of 9.3%, was 21 (95% 
CI 16 to 36). When we used a complete case analysis in these 
three trials in a sensitivity analysis, there were 41 (4.6%) gastric 
cancers among 886 patients assigned to eradication therapy, 
compared with 87 (9.8%) among 892 patients allocated to 
placebo or no treatment (RR=0.48; 95% CI 0.33 to 0.69), with 
no heterogeneity between studies (I2=0%, p=0.72). The NNT 
was 20 (95% CI 15 to 33). Mortality data were only reported 
by two of these RCTs.32 34 In the first trial, there was one death 
from extragastric disease in each treatment arm,32 and in the 
second RCT there were 11 deaths (one from gastric cancer) in 
the eradication therapy arm, and six (one from gastric cancer) in 
the placebo arm (p=0.19).34

Adverse events
Adverse events data were incompletely reported by the majority 
of trials. One RCT conducted in healthy individuals reported 
these in a separate paper;35 there was no statistically significant 
difference in adverse event rates, 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 trial 
in healthy individuals reported that drug- related adverse events 
were significantly more common with eradication therapy 
(53.0% vs 19.1%, p<0.001), but that the majority were mild.29 
The Colombian study reported that side effects were monitored 
closely, and none of any clinical importance were detected.22 
Among trials conducted in patients with gastric neoplasia, soft 
stools and diarrhoea were reported as occurring in 12% and 
7%, respectively, of those receiving eradication therapy in one 
RCT,32 and in the placebo- controlled trial from Korea, mild 
drug- related adverse events were significantly more common 
with eradication therapy (42.0% vs 10.2%, p<0.001).34

DISCuSSIOn
This updated systematic review and meta- analysis demonstrates 
that eradication of H. pylori, in both healthy individuals and 
patients with gastric neoplasia undergoing endoscopic mucosal 
resection, significantly reduces the future incidence of gastric 
cancer. The effect was strongest in those with gastric neoplasia, 
with a NNT of 21. However, among healthy individuals, due 
to increased follow- up in one of the existing trials, and a new 
trial conducted in 1826 people, the NNT to prevent one gastric 
cancer dropped considerably, from our estimate of 124 in the 
previous version of this meta- analysis,14 15 to 72. In addition, in 
populations at higher risk of gastric cancer we estimate that H. 
pylori screening and treatment could result in 3.7 million DALYs 
gained in East Asia, where the majority of these trials were 
conducted. Finally, we observed a significant impact of eradica-
tion of H. pylori on gastric cancer- related mortality, with a NNT 
to prevent one death from gastric cancer of 135.

We updated our previous systematic review and meta- analysis 
using a contemporaneous and exhaustive search strategy. This 
allowed us to identify one existing trial with longer follow- up 
and one new trial recruiting over 1800 individuals, meaning 
that we were able to pool data from over 8000 subjects in our 
primary analysis conducted in healthy individuals. We also 
contacted authors of some included studies, in order to obtain 
data from the last point of follow- up, as well as to ensure we 
had not missed potentially eligible RCTs, or included data from 
the same study at two different points of follow- up. Finally, we 
used a random effects model and a modified intention- to- treat 
analysis, in order to minimise the possibility that the effect of 
eradication therapy on the future incidence of gastric cancer, and 
gastric cancer- related mortality, has been overestimated.
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Figure 3 Forest plot of randomised controlled trials of Helicobacter pylori eradication therapy: Effect on subsequent all- cause mortality. Hp, 
Helicobacterpylori.

Limitations of this study include the fact that only one of the 
trials was conducted outside East Asia,22 23 meaning that it is not 
possible to assess the effect of eradicating H. pylori on gastric 
cancer incidence in other populations. In terms of the quality 
assessment of the RCTs we identified, only four were at low risk 
of bias.25–29 All of these recruited healthy individuals, and when 
the analysis was restricted to only these trials eradication therapy 
still led to a significant reduction in the incidence of gastric 
cancer (RR=0.54; 95% CI 0.39 to 0.73). One of the trials, with 
22.3 years of follow- up,27 28 contributed the most weight to the 
analyses. Excluding this study from the analysis of the effect of 
eradication therapy on subsequent occurrence of gastric cancer 
did not change the statistical significance of our results, but 
the magnitude of the effect was reduced. If this trial were to 
be excluded from the analysis of the effect on mortality from 
gastric cancer, there would be no significant impact of eradi-
cation therapy on this endpoint. Due to the factorial design of 
some of the trials, it is difficult to determine whether the reduc-
tion in RR of subsequent gastric cancer was only due to eradica-
tion therapy, although when the analysis was limited to the four 
trials that used eradication therapy alone,24 25 29–31 there was still 
a benefit (RR=0.48; 95% CI 0.28 to 0.80). The eradication regi-
mens used varied considerably between the individual trials, and 
some, such as proton pump inhibitor dual therapy, would now 
be considered ‘historical’. However, if anything, lower eradica-
tion rates with these older regimens is likely to have led to an 
underestimate of the effect of eradication therapy in preventing 
future gastric cancer. Finally, individual adverse events data were 
not reported by many of the RCTs we identified, meaning that 
balancing the benefits and harms of eradicating H. pylori, partic-
ularly in healthy individuals, might be difficult.

Nevertheless, our findings support screening for, and treat-
ment of, H. pylori in both healthy individuals and patients 
with gastric neoplasia, as a means of reducing future incidence 
of gastric cancer. Once H. pylori has been eradicated success-
fully it is unlikely to be acquired again,36 so unlike other cancer 
prevention programmes, it is likely that screening would only 
need to occur once during an individual’s life. However, ideally, 
any cancer screening programme should also be cost- effective. 
The earliest economic model to examine this issue, which was 
based on screening and treating people at the age of 50 years, 
reported a cost- effectiveness of US$25 000 per year of life 
saved.8 Numerous subsequent, and similar studies, modelling 
various populations and methods of screening, have all demon-
strated cost- effectiveness using a cut- off of US$50 000 per 
life- year saved.37–43 Although this is unlikely to be relevant in 
Western countries, where gastric cancer incidence is declining,1 
there may be other benefits from eradicating H. pylori in these 
populations, such as a reduction in the prevalence of peptic ulcer 

disease or the incidence of dyspepsia in the community,13 44 45 
and the costs associated with managing these conditions.46–48 
Furthermore, our data suggest there could be approximately 
0.5 million DALYs gained in relatively affluent populations, such 
as Western Europe, so population screening and treatment may 
even be appropriate in some continents that are considered ‘low 
risk’.

As the vast majority of H. pylori infection is acquired in child-
hood,49 probably between the ages of 6 and 15,50 51 the most 
logical point to perform screening would be either in adoles-
cence or young adulthood. This may also give the greatest 
chance of interrupting progression of the precancerous cascade 
towards gastric cancer. Preliminary screening programmes in 
these types of populations are now under way in some regions 
of Japan,52 53 although it will be many years until their effects 
are known. One concern of adopting such strategies may be that 
prescribing eradication therapy in younger people will promote 
antibiotic resistance or lead to substantial alterations of the 
microbiome,54 although recent evidence suggests that the gastric 
microbial dysbiosis seen with H. pylori infection is reversed by 
eradication, and there also appear to be beneficial effects on the 
intestinal microbiota.55 However, our data demonstrate that 
even among patients having endoscopic mucosal resection for 
gastric neoplasia, eradication therapy at this late stage can have 
an impact on gastric cancer incidence, suggesting that eradica-
tion of H. pylori at any age may still have a beneficial effect.

A previous systematic review and meta- analysis, which pooled 
data from both RCTs and observational studies, demonstrated a 
reduction in the future incidence of gastric cancer with eradica-
tion therapy, and also reported that the benefit varied according 
to baseline risk of gastric cancer.56 Due to the identification of 
two new RCTs since the publication of this meta- analysis,29 34 
as well as longer follow- up in one of the previously identified 
trials,27 our study has been able to provide a more contempo-
raneous estimate of the magnitude of the effect of H. pylori 
eradication therapy on future occurrence of gastric cancer, and 
has also been able to demonstrate a reduction in disease- specific 
mortality.

According to the latest estimates from the Global Burden of 
Disease Study for 2017, there were 1.2 million incident cases of 
gastric cancer, and 865 000 deaths worldwide.2 Incidence rates 
increased by 25% between 2007 and 2017, due to changes in 
the population age structure and population expansion.2 This 
suggests that the total number of deaths from gastric cancer may 
well continue to rise for the foreseeable future, partly due to an 
increase in the average age of the world’s population.57 Migration 
of people from high to low prevalence regions, due to a combi-
nation of economic and environmental reasons, is also likely to 
ensure it remains a major public health concern worldwide.58 
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Despite this, and recommendations from the IARC,9 no country 
has adopted a national screening and treatment programme for 
H. pylori. However, even if population screening and treatment 
were to be adopted by high risk countries, there may be barriers 
to implementation of mass screening, such as prioritisation 
versus other public health challenges, lack of infrastructure to 
provide an efficient and organised service and low adherence 
to eradication therapy among infected individuals, due to the 
perceived risks versus the proposed benefits.

Our updated systematic review and meta- analysis provides 
moderate quality evidence that searching for and eradicating 
H. pylori can reduce the incidence of gastric cancer in healthy 
infected individuals, and in patients with gastric neoplasia. The 
NNT in these two groups were 72 and 21, respectively, but these 
should not be extrapolated to populations outside East Asia. 
Our confidence in the estimate has improved, the magnitude of 
the effect has increased and there is now a reduction in gastric 
cancer- related mortality, although not in all- cause mortality. 
Over 8 million DALYS would be gained globally if population 
screening and treatment for H. pylori were to be introduced. 
However, reporting of the potential harms of H. pylori erad-
ication therapy in these situations is still limited. Despite this, 
due to the reduction in the NNT, it is likely that any benefit of 
H. pylori eradication therapy will outweigh the potential harms, 
especially in countries with a high risk of gastric cancer. Other 
RCTs are ongoing, and we will continue to update this work as 
more evidence becomes available in the future.
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