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Abstract
Gastric cancer is second leading cause of cancer-related death worldwide. A meta-analysis of
seven randomized controlled trials concluded that H. Pylori eradication reduces gastric cancer
incidence by 35%. Current consensus is that H. Pylori screening and treatment is cost-effective
only in high-risk populations. This paper provides an up-to-date overview of the evidence for cost-
effectiveness of H. Pylori screening and treatment in different population settings and risk levels
for H. Pylori infection. Ten unique cost-effectiveness or cost-utility analyses were identified. All
found that screening for H. Pylori to prevent gastric cancer in the general population costs less
than $50,000 per LYG. This finding was robust for differences in H. Pylori prevalence, gender and
ethnicity. Based on limited evidence, re-treatment (for treatment failure), repeated screening,
limiting screening and treatment to those with the CagA phenotype, or universal treatment, does
not appear to be cost-effective. However, most included studies failed to consider both the broader
benefits as well as the adverse effects of widespread use of antibiotics for H. Pylori.
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Introduction
Gastric cancer is the fourth most common cancer and second leading cause of cancer-related
death worldwide [1]. Almost 1 million people are newly diagnosed with stomach cancer
each year and more than 700,000 people die of the disease. Stomach cancer accounts for 8%
of the total cancer cases and 10% of total cancer deaths. Over 70% of new cases and deaths
occur in developing countries (Figure 1) [2]. Eastern Asia, Eastern Europe, and South
America have the highest incidence of stomach cancer, whereas in North America and most
parts of Africa the lowest rates can be found. Generally, stomach cancer rates are about
twice as high in males as in females.
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The majority of gastric malignancies are intestinal type adenocarcinomas [3]. Intestinal
gastric carcinomas are assumed to develop according to a multistep process of
carcinogenesis, which is strongly associated with Helicobacter Pylori (H. Pylori) infection.
In this process, H. pylori causes chronic inflammation of the gastric mucosa, which slowly
progresses through the premalignant stages of atrophic gastritis, intestinal metaplasia and
dysplasia to gastric adenocarcinoma [4]. In 1994, H. Pylori was designated a necessary (but
not sufficient) cause of cancers of the distal stomach by the International Agency for
Research on Cancer [5]. The average duration of premalignant gastric lesions to gastric
cancer is unobserved but is believed to takes decades [3]. This long latent phase provides an
excellent window of opportunity for early detection and treatment of gastric carcinomas, and
furthermore potentially for cancer prevention by early intervention, such as H. pylori
eradication. In addition, re-infection with H. Pylori in adulthood is relatively uncommon
(although the rate is higher in high-risk populations [6]). Therefore, unlike other cancer
screening programmes, which require attendance for a series of screening tests –
theoretically – H. pylori screening need only be performed once during adult life [7].

While there is evidence from observational studies in humans that H. pylori eradication
might plausibly reduce the risk of gastric cancer [8], individual randomized controlled trials
comparing eradication treatment with no treatment in H. Pylori-positive patients have not
found a significant effect of H. Pylori eradication treatment on gastric lesions [9–13]. One
randomized controlled trial did find a significant protective effect from H. Pylori
eradication, but only for H. Pylori patients without premalignant gastric lesions [14]. This
finding led authors to suggest that H. Pylori eradication may only be effective in the early
phases of carcinogenesis, before preneoplastic lesions have developed. However, a meta-
analysis of seven randomized controlled trials concluded that H. Pylori eradication also is
effective after gastric atrophy or intestinal metaplasia have developed, reducing gastric
cancer incidence by 35% [15].

Based on the available evidence, the Gastric Cancer Consensus Conference recommended
H. Pylori screening and treatment in asymptomatic persons from high-risk populations to
prevent gastric cancer [16]. High-risk populations were defined as populations with
incidence of gastric cancer of more than 20/100,000 population. The group suggested that
screening for H. Pylori should commence 10–20 years before the initial incidence of gastric
cancers begins to rapidly rise in these populations. Population-based screening was not
recommended for lower-risk populations [17], because data on H. pylori eradication and
gastric cancer prevention were from high-risk populations. In terms of potential screening
tests, a variety of H. pylori tests are available with heterogeneous performance
characteristics [18–20]. The recent Maastricht IV/ Florence Consensus Report recommended
non-invasive tests for application within a “test and treat” strategy noting that both the 13C-
Urea Breath Test (UBT) and stool antigen testing (SAT), based on monoclonal antibodies
and with laboratory-based analysis (rather than in-office immunochromatic techniques)
could be considered acceptable in this setting [8]. However, serological testing, which is not
affected by local changes in the stomach which could lead to low bacterial load and false-
negative results using other tests, was recommended by the Gastric Cancer Consensus
Conference as the best option for population-based screening [16].

Rather than screening for H. pylori in the asymptomatic general population, an alternative
approach to prevention could be to focus on sub-groups of the population at higher-risk of
gastric cancer. The Maastricht IV/ Florence Consensus Report recommended that H. pylori
eradication to prevent gastric cancer should be considered in: first-degree relatives of family
members with gastric cancer; patients with a risk of gastritis; patients with chronic gastric
acid inhibition for more than one year; and individuals with strong environmental risk
factors for gastric cancer, such as heavy smoking, or particular occupational exposures [16].
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On the basis of evidence from observational studies [21–24] and a randomised controlled
trial [25], this Consensus Report also recommended H. pylori eradication in patients with
gastric neoplasia already treated by endoscopic or subtotal gastric resection [16].

In this paper, we provide an up-to-date overview of the evidence for cost-effectiveness of H.
Pylori screening and treatment, with a specific focus on the population settings and risk
levels for which H. Pylori screening and treatment may be cost-effective.

Review Methods
Medline, Embase and PubMed were searched for cost-effectiveness or cost-utility analyses
of H. pylori screening for the prevention of gastic cancer in either (1) asymptomatic
individuals in the general population or (2) high-risk subgroups of the population. Databases
were searched using combinations of disease, infection and economic search strings based
on both MeSH headings and text words. MeSH terms used included, but were not limited to,
“stomach neoplasms”, “helicobacter pylori”, “mass screening”, “costs and cost analysis” and
“economic evaluation”. Text terms searched included “gastric tumour”, “cost-effectiveness”
and “cost-benefit”. Studies published in English as peer-reviewed journal articles between
January 1993 and July 2013 were considered eligible for inclusion in this overview.

Ten unique cost-effectiveness or cost-utility analyses in the asymptomatic general
population were identified [6, 26–39]. One economic evaluation of eradication in high-risk
subgroups was identified and this is discussed separately below [40].

Cost-effectiveness of screening for H. Pylori in the general population
Of the ten evaluations in the asymptomatic general population, three studies were conducted
in North America and two in the UK, two reported results for Finland and one each reported
results for Colombia, Thailand, Taiwan, Singapore, China and Japan (Table 1). In the main,
these studies evaluated once-only screening followed by eradication treatment of all those
who tested positive for H. pylori, although some variants on this were also considered (e.g.
repeat screening, repeat treatment in the event of treatment failure) in a few studies. The
comparator was no screening or treatment. Seven studies evaluated the cost-effectiveness of
screening based on serology testing [26–33, 36, 37, 39], one study considered screening
using C-UBT [6], and two studies compared both methodologies (one of which also
considered SAT)[34, 35, 38]. Seven studies considered screening in both sexes (with some
reporting results for males and females separately), two evaluated screening in men only,
and one assessed screening of both sexes in one ethnic group and in males only in other
ethnic groups. The screening age varied between 20 and 60; the base-case age was generally
younger in studies in countries with higher H. pylori prevalence.

Two studies did not express results explicitly in terms of costs per life-years gained (LYG),
or per quality-adjusted life years (QALY) gained. All eight studies which reported costs per
LYG (or per QALY gained) of screening for H. Pylori compared to no screening found them
to be well below the commonly-used threshold for cost-effectiveness in developed countries
of US$50,000 per life-year gained (Table 2). However, the range in costs per life-year
gained between studies was considerable, varying from cost-saving to around $30,000 per
life-year gained.

The variety in costs per life-year gained between studies is mostly likely explained by
differences in the population under investigation. The studies were performed in different
countries with different gastric cancer risks, H. pylori prevalence, and costs of screening and
eradication therapy (Table 2). Screening was assumed to take place at a range of different
ages in different studies. The assumptions on the screening test sensitivity and specificity, as
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well as the effectiveness of H. pylori eradication therapy were quite consistent between
studies. Sensitivity of serology testing varied between studies from 85% to 98%, with a
majority of studies using an estimate of 90%. Specificity varied between 79% and 97%,
again with a majority of studies using a 90% estimate. H. pylori eradication efficacy varied
between 80–92%. The resulting gastric cancer reduction from eradication therapy was
clustered around 30% (in those studies reporting it), which is surprisingly consistent given
the lack of evidence on the long-term benefits or H. pylori eradication therapy.

Low-prevalence countries
Six studies reported findings for low H. pylori prevalence countries – the USA, UK, Canada
and Finland [26–33, 38]. Prevalence of H. pylori infection was generally assumed to be 27–
40% with Leivo et al [33], in their study in Finland, assuming considerably lower prevalence
(13%). Interestingly, two studies with the lowest assumed prevalence [29, 33], were also the
studies that found H. pylori screening might be cost-saving. However, both of these studies
considered additional health care cost savings besides cost savings from gastric cancer
prevention, such as costs savings of preventing peptic ulcers. The one additional study
which considered other health outcomes [32], also reported a relatively low cost per life year
gained of screening compared to no screening (GBP 5,860). For the remaining studies costs
per life-years gained ranged from $10,000 to $35,000 [26–28, 38]. Even when comparing
studies within one country cost-effectiveness estimates of H. pylori screening were quite
different [26, 28, 29, 32].

High-prevalence countries
Results were reported from five studies for six high-prevalence countries: Singapore [34],
Thailand [39], China [36], Colombia [27], Japan [27] and Taiwan [6]. Three studies reported
assumptions on H. pylori prevalence. Yeh et a [36] assumed a prevalence rate of 70% for
China, Harris et al [27] assumed rates of 93% for Colombia and 73% for Japan, and Xie et al
[34] assumed a prevalence rate up to 43% for Chinese men in Singapore depending on age.
Interestingly, this latter estimate is only slightly higher than the estimate for low-prevalence
countries. The costs per life-year gained of H. pylori screening in high-prevalence countries
varied from $200 to $17,000 per life-year gained. The study with the relatively low assumed
prevalence [34] was at the upper end of this range.

One study directly compared cost-effectiveness of H. pylori screening in both low-and high-
prevalence countries [27]. The authors concluded that screening in countries where gastric
cancer incidence is higher is more cost-effective than screening in the United States which
has lower gastric cancer incidence. They considered population screening worth further
consideration.

Ethnicity
Two studies from the USA evaluated cost-effectiveness in different ethnic groups [26, 28].
Parsonnet et al [26] estimated that the cost per life year saved of screening at age 50 in all
ethnic groups was $25,000, but found that this varied between ethnic groups. The cost per
life year saved increased as gastric cancer risk decreased, from $4,500 among Japanese-
Americans (high-risk) to $13,700 in African-Americans (moderate risk) to $34,900 in whites
(low-risk). Similarly, Fendrick et al [28] modelled screening and treatment at age 40 in
White men, White women, African-American and Hispanic men and Japanese-American
men. Assuming a slightly greater than 30% reduction in gastric cancer risk, for all groups
the ICER was below $50,000 per life year gained; it was highest in Whites and lowest in
Japanese-Americans.
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Screening age
Six studies [6, 26, 32–34, 36] investigated the optimal age of a single screen for H. pylori
infection. Two studies concluded that it was optimal to screen at a young age (20 or 30
years), because H. pylori screening in older cohorts was both less effective and less cost-
effective [6, 36]. The other studies also found a higher effectiveness of H. pylori screening
at younger ages, but this effectiveness was accompanied by higher costs per life-year gained.
They therefore suggested older ages for H. pylori screening, mostly centred around 40–50
years. The two studies with better cost-effectiveness at younger ages were both studies in
high-prevalence countries, whereas all others, except Xie et al [34] were based in low-
prevalence countries. As noted earlier, the prevalence of H. pylori assumed by Xie et al [34]
was only slightly higher than that in low-prevalence countries.

Gender
Three studies reported cost-effectiveness of gastric cancer prevention separately in men and
women, two in low-risk settings (USA)[26, 28] and one in a high-risk population (China)
[36]. Parsonnet et al [26] reported that, in the base-case model, cost-effectiveness of
screening and treatment at age 50 was considerably more favourable in men ($19,900 per
life year saved) than women ($35,700 per life year saved), a finding attributed to the fact
that gastric cancer incidence and mortality rates in men were more than double those in
women. Similarly, in the study by Fendrick et al [28], across a range of different levels of
gastric cancer risk reduction, the cost per life years gained was around double for White
women compared to White men. In contrast, in the study from China, screening and
treatment at age 20 had a similar cost-effectiveness profile in both sexes: $1,560 (men) and
$1,500 (women) per QALY gained versus no screening [36].

Type of test
Two studies, by the same group of authors, compared cost-effectiveness of different tests
applied the same population [34, 38]. The first study compared screening by serology or C-
UBT in Singapore Chinese males aged 35–44 years [34]. The serology-based screening cost
considerably less ($9.8 million vs $23.0 million) but resulted in only slightly fewer gastric
cancers prevented (272 vs 281) Compared to no screening the ICER for serology was lower
than that for C-UBT ($13,571 and $32,525 per QALY gained). When compared to serology
screening, the ICER for C-UBT was $390,337 per QALY gained, clearly indicating that
screening using serology would be preferable in this population.

The second study compared screening by serology, C-UBT, or SAT among Canadian men
aged 35 [38]. There was little difference between the tests in numbers of cancers detected,
although the UBT-based strategy was considerably more costly. Compared to no screening,
the ICER was lowest for SAT ($29,850 per QALY gained), followed by the serology test
($33,115) and the UBT ($33,115). The SAT dominated the serology test yielding more
QALYs at less cost.

Strategies involving repeat treatment
In terms of strategies to accommodate treatment failure, Fendrick et al [28] explicitly
compared two scenarios with no screening: the first involved serological testing and
treatment of those who tested positive; the second also included confirmatory testing 6
weeks after eradication therapy and the offer of a second eradication regimen to those who
tested positive. In 40-year old white men, assuming 80% effectiveness of initial eradication
therapy, the scenario with the confirmatory test resulted in more life years gained than the
serology-only strategy, but was substantially more costly, thus the ICER comparing these
two strategies was $37,870 per LYG. The scenario with the confirmatory test only became
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cost-effective compared to serology alone when the excess cancer risk reduction associated
with H. pylori testing was assumed to be more than 80%.

Strategies involving repeat screening
Two studies considered the cost-effectiveness of repeated screening strategies [6, 36]. In a
study in China, a once-only screening at ages 20, 30, 40, 50 or 60 was compared with single
screening at the same ages followed by rescreening individuals with negative results either
after 5 years (“rescreen once”) or after both 5 and 10 years (“rescreen twice”) and universal
treatment (which is discussed further below) [36]. In both men and women, in those aged
20, the strategies involving repeat screening resulted in slightly greater life expectancy than
once-only screening, but were more costly. They were also dominated by universal
treatment. The authors concluded that strategies including rescreening did not provide
substantial additional benefit provided the false-negative rate of screening was less than
15%. In the study in Taiwan, the authors considered once-off and annual, biennial, triennial,
four-yearly and five-yearly screening options initiated at age 30 [6]. The strategy of once-
only screening resulted in slightly fewer LYG than annual screening but somewhat lower
costs, leading the authors to prefer once-only screening. Biennial, triennial, four-yearly and
five-yearly screening were internal to the efficiency frontier between once-only screening
and annual screening and were ruled out by extended dominance.

Strategies involving targeted screening and treatment
The CagA protein is expressed in 30–80% of H. pylori isolates [27]. CagA is a marker for
virulence [41] and individuals who are seropositive for CagA strains of H. pylori are at an
especially increased risk for developing noncardia gastric cancer [42]. This raises the
possibility that it might be preferable to selectively screening and treat only those
individuals with CagA-positive strains of infection, thereby targeting therapy to those at
highest gastric cancer risk and reducing costs and the potential burden of adverse effects.
Harris et al [27] evaluated the cost-effectiveness of screening and treating either all H. pylori
strains or CagA-positive strains only. Screening and treating only CagA-positive infection
reduced the number treated, the number of cases of anaphylaxis and overall costs of
screening and treatment, but it also reduced the number of cancers prevented and life years
gained. Compared to no screening, the ICER for the two options were similar (CagA-
positive only: $23,900 per LYG; treating all H. pylori: $24,300 per LYG), and when the two
strategies were compared directly, the ICER for screen and treat all H. pylori versus CagA-
positive only was $25,100 per life year gained. The authors repeated the analysis for
Colombia, Finland and Japan and, in all countries, the ICER for screening for all H. pylori
compared to CagA-positive strains only was less than $4,500 per life-year gained. These
results suggested that screening only for CagA-positive infection is not substantially better
than screening for all H. pylori, a finding due to the fact that CagA-negative individuals
have increased cancer risk compared to H, pylori negative patients.

Universal treatment
In countries with high prevalence of H. pylori, it is possible that, instead of screening the
population and selectively treating infected individuals, it might be more cost-effective to
simply treat everyone. Parsonnet et al. [26] estimated that universal treatment would cost
$33,000 per life year gained compared to no screening, in a US population aged 50 in whom
H. pylori prevalence was estimated to be 40%. Yeh et al. [36] evaluated cost-effectiveness
of universal treatment for a region of China where H. pylori seroprevalence was assumed to
be 70% among those aged 20. Compared to no screening, universal treatment was
considered highly cost-effective among both men and women (ICERs of $3,250 per QALY
gained for men and $3,060 per QALY gained for women). However, screening plus
selective treatment (the most usual strategy) would also be considered highly cost-effective
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and, in fact, the ICERs for this option were lower ($1,560 per QALY gained for men;
$1,500 per QALY gained for women), due to the higher cost of universal treatment. Age-
groups from 20 to 50 were considered and, at all ages, universal treatment was less cost-
effective compared to no screening or treatment than screening and selective treatment.

Cost-effectiveness of screening and treating H. pylori for gastric cancer
prevention in specific high-risk groups

One study, based in Korea, evaluated the cost-effectiveness of eradication in gastric cancer
survivors comparing eradication at age 60 in people who had had complete resection of
early gastric cancer by endoscopy, with no eradication [40]. In the base-case, eradication
cost less than no eradication ($29,780 vs $30,594) and resulted in longer life expectancy
(13.60 years vs 13.55 years). H. pylori eradication remained the dominant strategy across a
range of one-way sensitivity analyses in which risk of developing metachronous gastric
cancer in the no eradication group, relative risk of metachronous cancer in the intervention
group, cost of eradication, cost of gastric cancer treatment, and the discount rate were
varied. Even in the most extreme scenarios considered (e.g. very low risk of metachronous
gastric cancer) the ICER for eradication remained less than $4000 per life year gained.

Discussion
All studies of cost-effectiveness included in this overview found that screening for H. pylori
to prevent gastric cancer in the general population costs less than $50,000 per LYG, a
commonly used threshold for cost-effectiveness in literature. This finding was robust for
differences in H. pylori prevalence, gender and ethnicity in and between studies. When
using 3 times the gross domestic product (GDP) per capita as the threshold for cost-
effectiveness (as recommended by the WHO), H. pylori screening would still be considered
cost-effective in all studies. Based on relatively limited evidence there do not appear to be
benefits of cost-effectiveness of repeated screening or re-treatment, or limiting treatment to
those with the CagA phenotype. However, whether studies have considered realistic
estimates of the treatment effectiveness, success and compliance is debatable.

All studies place an important caveat concerning their conclusion that H. pylori screening
and treatment appears to be cost-effective in the prevention of gastric cancer, namely
concerning the effectiveness of H. pylori eradication to prevent future gastric cancer risk. So
far, no individual randomized controlled trial has been able to show a significant preventive
effect of H. Pylori eradication treatment on gastric cancer incidence [9–13]. A meta-analysis
of seven randomized controlled trials concluded that H. Pylori eradication is effective,
reducing gastric cancer incidence by 35% [15]. Most cost-effectiveness studies in this
overview assumed an effectiveness of 30% of H. pylori eradication in reducing gastric
cancer incidence, which is slightly more conservative than the estimated 35% reduction
from the meta-analysis. H. pylori screening may therefore be even more cost-effective than
currently estimated.

Because of the uncertainty in the effectiveness of H. pylori eradication, most studies
performed a sensitivity or threshold analysis on the effectiveness of H. pylori eradication.
The results proved quite robust for the effectiveness H. pylori eradication: five studies
specifically evaluated the required effectiveness of H. pylori eradication in the reduction of
gastric cancer incidence [26–29, 34]. These studies all found that even with a preventive
effect of H. pylori eradication on gastric cancer incidence as low as 15%, H. pylori
screening would still be cost-effective.
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The explanation that H. pylori screening is so cost-effective probably is a result of the
relatively low cost of the screening test (the serology test was estimated to cost less than $40
in all studies) and H. pylori treatment (less than $200 in all studies, and often considerably
less than $100) - and the fact that screening need be conducted once - especially compared
to the high treatment savings that can be obtained from preventing gastric cancer incidence.
Estimates for H. pylori screening and treatment costs were less than 1% of gastric cancer
treatment costs in all studies and often considerably less than that. As a consequence, H.
pylori screening is a cheap intervention with considerable potential for cost-savings. When
also considering the additional potential of H. pylori screening and treatment to prevent
dyspepsia and/or peptic ulcers, cost-effectiveness of H. pylori screening becomes even more
favorable and two of the three studies including this potential [32, 33, 36] found that H.
pylori screening may even be cost-saving.

While serology as a H. pylori screening test has good performance characteristics, and is
relatively cheap, this is also true of the other available tests, C-UBT and SAT. The Gastric
Cancer Consensus Conference recommended screening using a serological test [16], and this
is what has been considered in most of the available studies. Only two studies have, so far,
compared different screening tests and these provided little clarity on the issue of which is
most cost-effective across settings: in the high-prevalence population serology dominated C-
UBT, whereas in the lower-prevalence population, SAT dominated the other two options
[34, 38]. However, cost-effectiveness is not the only issue worth considering as regards
choice of screening test. For example, the breath test offers the advantage of being non-
invasive, so might prove more acceptable if screening was to be implemented in the general
population resulting in higher uptake. Acceptability of the test is one of the pre-requisites for
the introduction of population-based screening [43]. Moreover, although cost-effectiveness
results may be relatively insensitive to variations in assumed uptake (because increasing
uptake usually increases both costs and benefits), high uptake is essential if screening is to
be effective in terms of cancer prevention at the population-level. Further investigation is
required of both cost-effectiveness and likely acceptability of screening based on different
tests.

As regards limitations, these are several issues which could mean that the potential cost-
effectiveness of screening and treatment may have been over-estimated. Only three studies
expressed benefits in terms of quality-adjusted life years [34, 36, 38]. There appears to be
limited evidence on utility in patients with gastric cancer, but it seems likely that, as for
other cancers, a diagnosis of gastric cancer results in decrements in health-related quality-of-
life and hence disutility. Expressing benefits of screening in terms of life years gained means
that this disutility has not been taken into account. It is also possible that other aspects of
screening and treatment could impact adversely on health-related quality-of-life or
psychological wellbeing, but this is less certain. Most of the cost-effectiveness studies
adopted a healthcare payer perspective and considered only direct costs. One study in
Taiwan took a societal perspective and included a range of indirect costs, including patient
time associated with screening, confirmatory testing, in-patient hospitalizations, outpatient
visits and lost productivity costs [6]. It was noteworthy that the ICER for screening and
treatment versus no screening in this study was not as low as in some other studies
($17,044).

In terms of other issues of potential note, those studies which reported the H. pylori re-
infection rate tended to assume it is around 1%. A recent cohort study from Latin America,
which followed almost 1500 individuals who had undergone apparently successful
eradication therapy, reported that 11.5% tested H. pylori positive at one year [44]. Other
studies suggest that the annual recurrence risk is between 3% and 9% [45]. While the
recurrence rate does fall over time [44], the apparent difference between the recurrence rates
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in these studies and the re-infection rates in the cost-effectiveness analyses is important.
Firstly the assumption that the rate of re-infection is low is one of the main arguments for
once-only screening. Secondly, it appears that the rate of re-infection may strongly influence
cost-effectiveness. In the study in Taiwan, increasing the reinfection rate from 1% to 2.5%
increased the cost per life year gained for screening and treatment versus no screening by
76% [6].

A related issue concerns treatment effectiveness. For some people, therapy fails to eradicate
infection and others fail to comply with therapy. In the cost-effectiveness analyses, the
estimate of H. pylori eradication efficacy varied between 80% and 92%. However, a 2010
meta-analyses of 9 randomised controlled trials estimated that the eradication rate for triple
therapy was somewhat lower than this (77%)[46]. Moreover, effectiveness in a screening
programme in the real-world may be even lower than in trials. In addition, it has been noted
that some of the economic models failed to accommodate treatment failures explicitly as a
health state [35]. Only a few studies reported explicitly allowing for treatment failure and
second (or third)-line therapy (see, for example, [28, 33]). As would be expected, to the
limited extent to which this has been investigated, strategies which allow for repeat
treatment result in greater benefits, but are more costly than a strategy based on once-only
screening and treatment [28].

The extent to which models adequately incorporated complications of screening and
treatment for individuals is uncertain; failure to do this may also mean that costs of
screening and treatment are under-estimated and benefits over-estimated. Finally, a major
limitation of the evidence-base generally is the lack of consideration of the adverse effects
of widespread use of antibiotics in the population, most notably antimicrobial resistance
[47]. The implications of this are important albeit difficult to quantify. They are also
difficult to accommodate within economic models which tend to be focussed on a single
outcome (i.e. gastric cancer). This issue, however, deserves greater consideration.

In other cancers, prevention strategies focussed on high-risk subgroups of the population
have undergone economic evaluation (e.g. screening and/or surveillance for women at high
genetic risk of breast cancer [48]). Although the Maastricht IV/ Florence Consensus Report
recommended H. pylori eradication to prevent gastric cancer should be considered in various
high-risk sub-groups [8], this issue has received very little attention in terms of cost-
effectiveness. The single study of patients who had undergone complete resection of early
gastric cancer suggested that eradication for the purposes of preventing had a favourable
cost-effectiveness profile and appeared to be robust to changes in various parameters [40],
but whether this holds in other countries, with lower gastric cancer incidence, requires
investigation. Moreover, the major limitation of this analysis was that the model assumed
that all of the patient group were H. pylori positive initially, effectively disregarding any
costs associated with the identification of positive individuals. This assumption is in conflict
with recommendations that economic evaluations of interventions in high-risk groups should
explicitly consider the costs and outcomes of the method of targeting (i.e. the method of
identifying the high-risk group), since these are likely to have a significant impact on cost-
effectiveness [49].

Conclusion
In conclusion, once-only screening for H. pylori with eradication therapy in those who test
positive appears to be cost-effective in the asymptomatic general population. Based on
limited evidence there do not appear to be benefits of re-treatment of those in whom
treatment fails, repeated screening, targeting screening and treatment to those with the CagA
phenotype, or universal treatment. These conclusions are against a background where most
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studies have failed to consider the other broader benefits that could accrue from screening
and treatment, in terms of impacts on dyspepsia and/or ulcers, which would be expected to
improve cost-effectiveness. However, most studies also failed to adequately address the
potential negative effects of eradication therapy. In addition, whether studies have
considered realistic estimates of the treatment effectiveness, success and compliance is
debatable, given the lack of evidence for these parameters.

Acknowledgments
Iris Lansdorp-Vogelaar is supported by the National Cancer Institute at the National Institutes of Health and the
Centers for Disease Control (grant number U01-CA-152959). The National Cancer Registry Ireland, which
employs Linda Sharp, is funded by the Department of Health. The funding sources had no role in design and
conduct of the study; collection, management, analysis, and interpretation of the data; and preparation, review, or
approval of the manuscript. The content is solely the responsibility of the authors and does not represent the official
views of the National Institutes of Health, the National Cancer Institute, the Centers for Disease Control, or the
National Cancer Registry Ireland.

References
1. Jemal A, Bray F, Centre MM, et al. Global cancer statistics. CA Cancer J Clin. 2011; 61:69–90.

[PubMed: 21296855]

2. Ferlay J, Shin HR, Bray F, et al. GLOBOCAN 2008 v2.0, Cancer Incidence and Mortality
Worldwide: IARC CancerBase No. 10 [Internet]. International Agency for Research on Cancer.
2010 Available from: http://globocan.iarc.fr/references.htm.

3. De Vries AC, Kuipers EJ. Review article: Helicobacter pylori eradication for the prevention of
gastric cancer. Aliment Pharmacol Ther. 2007; 26(Suppl 2):25–35. [PubMed: 18081646]

4. Correa P. Human gastric carcinogenesis: a multistep and multifactorial process--First American
Cancer Society Award Lecture on Cancer Epidemiology and Prevention. Cancer Res. 1992;
52:6735–6740. [PubMed: 1458460]

5. IARC. Infection with Helicobacter pylori. IARC Monogr Eval Carcinog Risks Hum. 1994; 61:177–
240. [PubMed: 7715070]

6. Lee YC, Lin JT, Wu HM, et al. Cost-effectiveness analysis between primary and secondary
preventive strategies for gastric cancer. Cancer Epidemiol Biomarkers Prev. 2007; 16:875–885.
[PubMed: 17507609]

7. Graham DY, Malaty HM, Evans DG, et al. Epidemiology of Helicobacter pylori in an asymptomatic
population in the United States. Effect of age, race, and socioeconomic status. Gastroenterology.
1991; 100:1495–1501. [PubMed: 2019355]

8. Malfertheiner P, Megraud F, O'Morain CA, et al. Management of Helicobacter pylori infection--the
Maastricht IV/ Florence Consensus Report. Gut. 2012; 61:646–664. [PubMed: 22491499]

9. Correa P, Fontham ET, Bravo JC, et al. Chemoprevention of gastric dysplasia: randomized trial of
antioxidant supplements and anti-helicobacter pylori therapy. J Natl Cancer Inst. 2000; 92:1881–
1888. [PubMed: 11106679]

10. Leung WK, Lin SR, Ching JY, et al. Factors predicting progression of gastric intestinal metaplasia:
results of a randomised trial on Helicobacter pylori eradication. Gut. 2004; 53:1244–1249.
[PubMed: 15306578]

11. Saito DH. pylori infection and gastric cancer: Japanese intervention trial. Nihon Rinsho. 2005;
63(Suppl 11):35–40. [PubMed: 16363501]

12. You WC, Brown LM, Zhang L, et al. Randomized double-blind factorial trial of three treatments to
reduce the prevalence of precancerous gastric lesions. J Natl Cancer Inst. 2006; 98:974–983.
[PubMed: 16849680]

13. Zhou L. Ten-year follow-up study on the incidence of gastric cancer and the pathological changes
of gastric mucosa after H. pylori eradication in China. Gastroenterology. 2008; 134 Supplement
1(4)

Lansdorp-Vogelaar and Sharp Page 10

Best Pract Res Clin Gastroenterol. Author manuscript; available in PMC 2014 December 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://globocan.iarc.fr/references.htm


14. Wong BC, Lam SK, Wong WM, et al. Helicobacter pylori eradication to prevent gastric cancer in a
high-risk region of China: a randomized controlled trial. JAMA. 2004; 291:187–194. [PubMed:
14722144]

15. Fuccio L, Zagari RM, Minardi ME, Bazzoli F. Systematic review: Helicobacter pylori eradication
for the prevention of gastric cancer. Aliment Pharmacol Ther. 2007; 25:133–141. [PubMed:
17229238]

16. Talley NJ, Fock KM, Moayyedi P. Gastric Cancer Consensus conference recommends
Helicobacter pylori screening and treatment in asymptomatic persons from high-risk populations
to prevent gastric cancer. Am J Gastroenterol. 2008; 103:510–514. [PubMed: 18341483]

17. Fock KM, Talley N, Moayyedi P, et al. Asia-Pacific consensus guidelines on gastric cancer
prevention. J Gastroenterol Hepatol. 2008; 23:351–365. [PubMed: 18318820]

18. Gisbert JP, Abraira V. Accuracy of Helicobacter pylori diagnostic tests in patients with bleeding
peptic ulcer: a systematic review and meta-analysis. Am J Gastroenterol. 2006; 101:848–863.
[PubMed: 16494583]

19. Gisbert JP, de la Morena F, Abraira V. Accuracy of monoclonal stool antigen test for the diagnosis
of H. pylori infection: a systematic review and meta-analysis. Am J Gastroenterol. 2006;
101:1921–1930. [PubMed: 16780557]

20. Tian XY, Zhu H, Zhao J, et al. Diagnostic performance of urea breath test, rapid urea test, and
histology for Helicobacter pylori infection in patients with partial gastrectomy: a meta-analysis. J
Clin Gastroenterol. 2012; 46:285–292. [PubMed: 22392025]

21. Uemura N, Mukai T, Okamoto S, et al. Effect of Helicobacter pylori eradication on subsequent
development of cancer after endoscopic resection of early gastric cancer. Cancer Epidemiol
Biomarkers Prev. 1997; 6:639–642. [PubMed: 9264278]

22. Nakagawa S, Asaka M, Kato M, et al. Helicobacter pylori eradication and metachronous gastric
cancer after endoscopic mucosal resection of early gastric cancer. Aliment Pharmacol Ther. 2006;
24(Suppl 4):214–218.

23. Seo JY, Lee DH, Cho Y, et al. Eradication of Helicobacter pylori Reduces Metachronous Gastric
Cancer after Endoscopic Resection of Early Gastric Cancer. Hepatogastroenterology. 2012; 60
10.5754/hge12929.

24. Chon I, Choi C, Shin CM, et al. Effect of Helicobacter pylori Eradication on Subsequent Dysplasia
Development after Endoscopic Resection of Gastric Dysplasia. Korean J Gastroenterol. 2013;
61:307–312. [PubMed: 23877210]

25. Fukase K, Kato M, Kikuchi S, et al. Effect of eradication of Helicobacter pylori on incidence of
metachronous gastric carcinoma after endoscopic resection of early gastric cancer: an open-label,
randomised controlled trial. Lancet. 2008; 372:392–397. [PubMed: 18675689]

26. Parsonnet J, Harris RA, Hack HM, Owens DK. Modelling cost-effectiveness of Helicobacter pylori
screening to prevent gastric cancer: a mandate for clinical trials. Lancet. 1996; 348:150–154.
[PubMed: 8684154]

27. Harris RA, Owens DK, Witherell H, Parsonnet J. Helicobacter pylori and gastric cancer: what are
the benefits of screening only for the CagA phenotype of H. pylori? Helicobacter. 1999; 4:69–76.
[PubMed: 10382118]

28. Fendrick AM, Chernew ME, Hirth RA, et al. Clinical and economic effects of population-based
Helicobacter pylori screening to prevent gastric cancer. Arch Intern Med. 1999; 159:142–148.
[PubMed: 9927096]

29. Mason J, Axon AT, Forman D, et al. The cost-effectiveness of population Helicobacter pylori
screening and treatment: a Markov model using economic data from a randomized controlled trial.
Aliment Pharmacol Ther. 2002; 16:559–568. [PubMed: 11876711]

30. Davies R, Crabbe D, Roderick P, et al. A simulation to evaluate screening for Helicobacter pylori
infection in the prevention of peptic ulcers and gastric cancers. Health Care Manag Sci. 2002;
5:249–258. [PubMed: 12437272]

31. Roderick P, Davies R, Raftery J, et al. The cost-effectiveness of screening for Helicobacter pylori
to reduce mortality and morbidity from gastric cancer and peptic ulcer disease: a discrete-event
simulation model. Health Technol Assess. 2003; 7:1–86. [PubMed: 12709294]

Lansdorp-Vogelaar and Sharp Page 11

Best Pract Res Clin Gastroenterol. Author manuscript; available in PMC 2014 December 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



32. Roderick P, Davies R, Raftery J, et al. Cost-effectiveness of population screening for Helicobacter
pylori in preventing gastric cancer and peptic ulcer disease, using simulation. J Med Screen. 2003;
10:148–156. [PubMed: 14561268]

33. Leivo T, Salomaa A, Kosunen TU, et al. Cost-benefit analysis of Helicobacter pylori screening.
Health Policy. 2004; 70:85–96. [PubMed: 15312711]

34. Xie F, Luo N, Blackhouse G, et al. Cost-effectiveness analysis of Helicobacter pylori screening in
prevention of gastric cancer in Chinese. Int J Technol Assess Health Care. 2008; 24:87–95.
[PubMed: 18218173]

35. Xie F, Luo N, Lee HP. Cost effectiveness analysis of population-based serology screening and
(13)C-Urea breath test for Helicobacter pylori to prevent gastric cancer: a markov model. World J
Gastroenterol. 2008; 14:3021–3027. [PubMed: 18494053]

36. Yeh JM, Kuntz KM, Ezzati M, Goldie SJ. Exploring the cost-effectiveness of Helicobacter pylori
screening to prevent gastric cancer in China in anticipation of clinical trial results. Int J Cancer.
2009; 124:157–166. [PubMed: 18823009]

37. Yeh JM, Kuntz KM, Ezzati M, et al. Development of an empirically calibrated model of gastric
cancer in two high-risk countries. Cancer Epidemiol Biomarkers Prev. 2008; 17:1179–1187.
[PubMed: 18483340]

38. Xie F, O'Reilly D, Ferrusi IL, et al. Illustrating economic evaluation of diagnostic technologies:
comparing Helicobacter pylori screening strategies in prevention of gastric cancer in Canada. J
Am Coll Radiol. 2009; 6:317–323. [PubMed: 19394572]

39. Wiwanitkit V. Helicobacter pylori screening to prevent gastric cancer: an economical analysis for a
tropical developing country. Asian Pac J Cancer Prev. 2010; 11:571–572. [PubMed: 20843154]

40. Shin DW, Yun YH, Choi IJ, et al. Cost-effectiveness of eradication of Helicobacter pylori in
gastric cancer survivors after endoscopic resection of early gastric cancer. Helicobacter. 2009;
14:536–544. [PubMed: 19889071]

41. Suzuki T, Matsuo K, Sawaki A, et al. Systematic review and meta-analysis: importance of CagA
status for successful eradication of Helicobacter pylori infection. Aliment Pharmacol Ther. 2006;
24:273–280. [PubMed: 16842453]

42. Huang JQ, Hunt RH. The evolving epidemiology of Helicobacter pylori infection and gastric
cancer. Can J Gastroenterol. 2003; 17(Suppl B):18B–20B.

43. Wilson JMG, Junger G. Principles and prctice of screening for disease 1968.

44. Morgan DR, Torres J, Sexton R, et al. Risk of recurrent Helicobacter pylori infection 1 year after
initial eradication therapy in 7 Latin American communities. JAMA. 2013; 309:578–586.
[PubMed: 23403682]

45. Gisbert JP. The recurrence of Helicobacter pylori infection: incidence and variables influencing it.
A critical review. Am J Gastroenterol. 2005; 100:2083–2099. [PubMed: 16128956]

46. Luther J, Higgins PD, Schoenfeld PS, et al. Empiric quadruple vs. triple therapy for primary
treatment of Helicobacter pylori infection: Systematic review and meta-analysis of efficacy and
tolerability. Am J Gastroenterol. 2010; 105:65–73. [PubMed: 19755966]

47. Lee YC, Liou JM, Wu MS, et al. Eradication of helicobacter pylori to prevent gastroduodenal
diseases: hitting more than one bird with the same stone. Therap Adv Gastroenterol. 2008; 1:111–
120.

48. de Bock GH, Vermeulen KM, Jansen L, et al. Which screening strategy should be offered to
women with BRCA1 or BRCA2 mutations? A simulation of comparative cost-effectiveness. Br J
Cancer. 2013; 108:1579–1586. [PubMed: 23579217]

49. Elkin EB, Marshall DA, Kulin NA, et al. Economic evaluation of targeted cancer interventions:
critical review and recommendations. Genet Med. 2011; 13:853–860. [PubMed: 21637102]

Lansdorp-Vogelaar and Sharp Page 12

Best Pract Res Clin Gastroenterol. Author manuscript; available in PMC 2014 December 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Summary

Gastric cancer is the second leading cause of cancer-related death worldwide. Gastric
cancer development is strongly associated with Helicobacter Pylori (H. Pylori) infection.
A meta-analysis of seven randomized controlled trials concluded that H. Pylori
eradication reduces gastric cancer incidence by 35%. Ten unique studies evaluated the
cost-effectiveness of H. Pylori screening and treatment in different population settings
and risk levels for H. Pylori infection. All studies found that screening for H Pylori to
prevent gastric cancer in the general population costs less than $50,000 per LYG.
Although screening was generally found to be more cost-effective in higher-risk
populations than in lower-risk populations (i.e. Asian and South-American countries vs
European countries and the US; men vs. women; Japanese-American vs. African-
American vs whites), H Pylori screening remained cost-effective also in the lower-risk
populations. Serology testing and stool antigen testing were found to be more cost-
effective than the currently most recommended C-Urea breath test. Repeated screening,
re-treatment, or limiting treatment to those with the CagA phenotype does not appear to
be cost-effective. There is tentative evidence that eradication is worthwhile in gastric
cancer survivors. To date, the cost-effectiveness of targeted H Pylori screening and
eradication-based strategies has not been addressed. In future cost-effectiveness analyses,
the broader benefits that could accrue from H Pylori screening and treatment, in terms of
impacts on dyspepsia and/or ulcers, as well as the adverse effects of widespread use of
antibiotics in the population need to be addressed.
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Practice Points

• Gastric cancer is second leading cause of cancer-related death worldwide.

• A meta-analysis of seven randomized controlled trials concluded that H. Pylori
eradication reduces gastric cancer incidence by 35%.

• Current consensus is that H. Pylori screening and treatment is cost-effective
only in high-risk populations.
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Research agenda

• Long-term evidence concerning the H. pylori re-infection rate and gastric cancer
incidence reduction of H. Pylori screening is needed

• Cost-effectiveness analysis including both the broader benefits as well as the
adverse effects of widespread use of antibiotics for H Pylori needs to be
performed

• Economic evaluations of targeted H pylori eradication-based strategies for
gastric cancer prevention are required

• More studies on the cost/effectiveness of H Pylori eradication in gastric cancer
survivors are required.
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Figure 1.
World age-standardised incidence and mortality rates of gastric cancer, per 100,000
population, 2008, by sex1
1 From Ferlay et al., 2010
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