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A B S T R A C T

Gastric cancer (GC) is a significant global health problem, with Helicobacter pylori infection estimated to be
responsible for 89% of non-cardiac GC cases, or 78% of all GC cases. The International Agency for Research on
Cancer has called for Helicobacter pylori test-and-treat strategies in countries with high rates of GC. However, for
countries with low rates of GC, such as most Western countries, the balance between benefits, harms and costs of
screening is less clear-cut. GC is a disease with a well-characterized precancerous process, providing the basis for
primary and secondary prevention efforts. However, rigorous data assessing the impact of such interventions in
Western countries are lacking. In the absence of clinical trials, modelling offers a unique approach to evaluate the
potential impact of various screening and surveillance interventions. In this paper, we provide an overview of
modelling studies evaluating the cost-effectiveness of GC screening and surveillance in Western countries.
Introduction

Gastric cancer (GC) is a significant global health problem. It is the
fourth most common type of cancer and the third cause of cancer death
worldwide, with over 1 million people diagnosed each year [1]. A
particularly high burden of disease is seen in Asia, South America, and
Eastern Europe [2]. While age-standardized rates of GC have declined
since 1990, absolute numbers have continued to rise as the world’s
population increases and ages [3]. For example, there were an estimated
356,000 more GC cases and 96,000 more GC deaths in 2017 compared to
1990 [4].

Helicobacter pylori (H. pylori) infection is the strongest known bio-
logical risk factor for GC (about a six-fold increase of risk compared to
H. pylori negative individuals) and is estimated to be responsible for 89%
of non-cardiac GC cases, or 78% of all GC cases. In fact, H. pylori was
classified as a Group 1 carcinogen by the International Agency for Cancer
Research (IARC) in 1994 (reconfirmed in 2009) [5,6]. H. pylori infection
can be eradicated with antibiotics and can reduce the risk of GC [7,8].
The IARC Working Group on H. pylori Eradication as a Strategy for
nsdorp-Vogelaar), r.meester@era
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Preventing Gastric Cancer recently concluded that the large global
burden of GC and the feasibility of treating its principal cause make this
disease a logical target for intervention [3,9]. They issued a call for
countries with high rates of GC to focus more resources on this condition,
to include it within their national cancer control programs, and to assess
its human and economic effects and the potential value of prevention
strategies. Despite these calls, few countries have implemented control
efforts.

For countries with low rates of GC, such as most Western countries,
the balance between benefits, harms and costs of H. pylori eradication is
less clear-cut. The lower prevalence of H. pylori in these countries means
that a larger number of people need to be tested for H. pylori for every GC
death prevented. Nonetheless, a recent large US study from the Veterans
Affairs (VA) population [10,11] showed that patients who were treated
for H. pylori infection and had documented eradication had a 76% lower
incidence of GC compared with untreated individuals (median follow-up
7.4 years). The study adds to the growing body of evidence that H. pylori
treatment can be beneficial even in a low-prevalence setting. Further-
more, in the US the burden of GC disproportionally impacts racial/ethnic
smusmc.nl (R.G.S. Meester), LaszkowM@mskcc.org (M. Laszkowska), fernando.
h@childrens.harvard.edu (J.M. Yeh).

9 February 2021
ticle under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

mailto:i.vogelaar@erasmusmc.nl
mailto:r.meester@erasmusmc.nl
mailto:LaszkowM@mskcc.org
mailto:fernando.alarid@cide.edu
mailto:fernando.alarid@cide.edu
mailto:zward@hsph.harvard.edu
mailto:Jennifer.Yeh@childrens.harvard.edu
http://crossmark.crossref.org/dialog/?doi=10.1016/j.bpg.2021.101735&domain=pdf
www.sciencedirect.com/science/journal/15216918
www.elsevier.com/locate/bpg
https://doi.org/10.1016/j.bpg.2021.101735
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.bpg.2021.101735
https://doi.org/10.1016/j.bpg.2021.101735


I. Lansdorp-Vogelaar et al. Best Practice & Research Clinical Gastroenterology 50-51 (2021) 101735
minority groups, immigrant communities, and high poverty areas, thus
making GC a major source of cancer disparities [12–15]. While overall
GC mortality rates have improved, rates for Blacks, Hispanics and Asians
remain more than two- to three-fold higher compared to Whites [14].
Given that differences in GC risk are largely attributable to differences in
the prevalence of H. pylori infection and other risk factors [16], primary
prevention strategies may be particularly effective at both reducing GC
burden among such high-risk populations and narrowing disparities.

GC is a multifactorial disease with a well-characterized precancerous
process, providing the basis not only for primary but also secondary
prevention efforts (Fig. 1). The majority of non-cardia GC are intestinal-
type, developing through a series of discrete histopathologic stages
termed the Correa cascade [17,18], progressing from normal mucosa to
chronic gastritis, atrophic gastritis, gastric intestinal metaplasia (IM),
low-grade dysplasia and subsequently high-grade dysplasia before ulti-
mately progressing to cancer. Diagnosis at earlier stages is associated
with more favourable survival (5-year relative survival 70% for localized
vs. 6% for advanced disease) [19]. Early detection of GC or precancerous
lesions via targeted screening or surveillance may be another viable
strategy for GC prevention. In fact, endoscopy screening programs in
regions with high GC burden like Japan, South Korea, and China have led
to a 40% reduction in GC mortality and have been shown to be cost
effective [20–27]. However, rigorous data assessing the potential impact
of such interventions on outcomes in Western countries are lacking.

While randomized controlled trials (RCTs) to evaluate optimal GC
interventions could shed light into the effectiveness of different screening
or surveillance strategies, their implementation has been challenging
even in high-risk regions due to the long window of progression from
gastric IM to GC [27]. Cost-effectiveness modelling offers a unique
approach to comparing a broad range of risk factors, outcomes, and costs
to evaluate the potential impact of various screening and surveillance
interventions for GC in various populations and subpopulations [28]. In
this paper, we provide an overview of modelling studies evaluating the
cost-effectiveness of GC screening and surveillance in Western countries.

Review methods

In 2013, two review studies were published on the cost-effectiveness
of prevention of GC through screening and surveillance [29,30]. Results
from those two reviews form the basis of this overview by repeating the
literature search of both reviews and updating their findings with the
latest literature. For this update, we searched Embase and PubMed for
cost-effectiveness or cost-utility analyses of screening and surveillance
for the prevention of GC in either (1) asymptomatic individuals in the
general population or (2) high-risk subgroups of the population.
Fig. 1. Overview of the Correa cascade for the development of gastric cancer with
advantages and caveats.
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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 neo-
plasms”, “helicobacter pylori”, “mass screening”, “costs and cost analysis”
and “economic evaluation”. Text terms searched included “gastric
tumour”, “cost-effectiveness” and “cost-benefit”. The search was
restricted to articles published between January 2012 and January 2021.
Original studies evaluating long-term (25þ years) costs and life-years
(LY) or quality-adjusted life-years (QALY) gained from screening and
surveillance published in English as peer-reviewed journal articles were
considered eligible for inclusion in this overview. Finally, we checked
references of the AGA and MAPS II guidelines for articles to include.

The review by Lansdorp-Vogelaar and Sharp identified fifteen cost-
effectiveness or cost-utility analyses in the asymptomatic general popu-
lation using H. pylori test-and-treat as the base strategy [29]. Nine of
those studies included results for Western countries. The review by Areia
et al. included twelve analyses on H. pylori test-and-treat of which eight
were conducted in Western countries [30]. Two studies that had been
included in the prior reviews were excluded in this overview, because
LY/QALY gained were not reported [31], or results were duplicates of
those of another study [32]. Since 2012, two new studies evaluating
long-term costs and LY/QALY gained of H. pylori test-and-treat were
published [33,34].

The review by Areia et al. also considered endoscopic screening and
surveillance for GC and intestinal metaplasia. Only one study evaluated
endoscopic screening in the general population of a Western country
[35], and two studies evaluated endoscopic surveillance in patients with
precancerous conditions and lesions [36,37]. Since 2012, two additional
studies were published on endoscopy screening in the general population
in Western countries [34,38]. One additional study was published on
surveillance in patients with precancerous conditions in Western coun-
tries [39].
Cost-effectiveness of H. Pylori test-and-treat for the general population in
Western countries

A total of nine studies reported long-term costs and LY/QALY gained
of H. pylori test-and-treat in Western countries for the overall population
(Table 1): three considered H. pylori test-and-treat in the UK [32,40,41],
four in the US [34,42–44], and one each in Canada [45], New Zealand
[33] and Finland [40]. The age range considered in the analyses differed,
but the majority of studies considered a cohort starting around 50 years
old. Three studies evaluated screening for men only. There was some
variation in H. pylori prevalence, but generally, prevalence was estimated
to be around 30–40%. All studies evaluated once-only serology testing
possibilities for prevention and screening gastric cancer and their associated



Table 1
Cost-effectiveness studies of H. Pylori test and treat strategies in Western countries.

Author,
year

Country Population
simulated

H. Pylori
prevalence
(%)

Strategies
evaluated

Test
characteristic

Test costs Eradication efficacy Eradication
costs

Cost per QALY/
LY compared to
no screening

Davies,
2002

UK Population
<50 years

32% in males;
27% in
females

- Once-only
serology at age
40

Sensitivity:
95%

GBP 12.6 90% HP eradication,
no reinfection, 10
year lag time for
reduced gastric
cancer risk

GBP 36.39 GBP 5860/LY

Specificity:
90%

Fendrick,
1999

USA Cohort of
white men
age 40 years

40% - Once-only
serology

- Once-only
serology with
confirmation of
eradication

Sensitivity:
90%

US$ 20 80% HP eradication,
no excess gastric
cancer risk after
eradication

US$ 80 Serology: US$
6264

Specificity:
90%

Serology with
confirmation:
US$ 11,313

Harris,
1999

USA,
Finland

Cohort age
50–54 years

40%1 - Once-only
serology for all
H. Pylori strains

- Once-only
serology for
CagA H. Pylori

Sensitivity:
90%

US$ 33 90% HP eradication,
no excess gastric
cancer risk after
eradication → 30%
gastric cancer
reduction

US$ 125 US:

Specificity:
90%

all strains: US$
24,300
CagA:
US$23,900
Finland:
all strains:
US$4400* CagA:
US$4300

Mason,
2002

UK Cohort age 45
years

28% - Once-only
serology

Sensitivity:
90%

GBP 7 50% reduction in
gastric cancer and
PUD mortality

GBP 23 Cost-saving

Specificity:
90%

Parsonnet,
1996

USA Cohort 50–54
years

40%1 - Once-only
serology

Sensitivity:
90%

US$ 33 90% HP eradication,
no excess gastric
cancer risk after
eradication → 30%
gastric cancer
reduction

US$ 125 US$ 25,000

Specificity:
90%

Roderick,
2003

UK Population
<50 years

32% in males;
27% in
females

- Once-only
serology at age
40

Sensitivity:
95%

GBP 12.6 90% HP eradication,
no reinfection, 10
year lag time for
reduced gastric
cancer risk

GBP 36.39 GBP 5860/LY

Specificity:
90%

Teng, 2017 New
Zealand

Cohort 25–69
years

Age-
dependent,
varying from
8 to 47%

- once-only
serology

Sensitivity
89%

NZ$ 94.53 64–86% HP
eradication, no
reinfection.
Eradication assumed
to result in 34%
reduction in gastric
cancer risk.

NZ$ 176.70 NZ$ 24,600/
QALY

Specificity:
NR

Xie, 2009 Canada Cohort of men
age 35 years

33% - once-only
serology

- once-only stool
antigen testing

- once-only C-UBT

Serology SerologyCA$
26

92% HP eradication,
1% reinfection rate
→ 30% gastric
cancer risk reduction

CA$ 30 Serology

Sensitivity:
93%

C-UBT CA$ 13,571/
QALY

Specificity:
79%

CA$ 83 C-UBT

C-UBT CA$ 32,525/
QALY

Sensitivity:
98%
Specificity:
96%

Yeh, 2016 USA Cohort of men
age 50 years
in 2011–2015

NR - once-only
serology

Sensitivity:
85%

US$ 20 HP eradication
reduced progression
of gastritis to
atrophy by 80%

US$ 120 Infinity

Specificity:
79%
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for H. pylori, with one study comparing this strategy with faecal antigen
testing and C-urea breath test (C-UBT) screening. Assumed test charac-
teristics were high with sensitivity estimates exceeding 85% and speci-
ficity estimates of around 80–90%. Test costs mostly varied between
US$10–30, with the exception of New Zealand where inclusion of costs
for the invitation and promotion campaign resulted in costs exceeding
US$70. Eradication was generally assumed to be successful 80–90% of
the time. Two studies assumed lower eradication rates of 50% and 64%
respectively [33,41]. Costs for eradication therapy differed significantly
between the studies, from as low as US$ 20 to US$ 125. None of the
3

studies considered the potential adverse effects of widespread antibiotics
use.

Despite the difference in model assumptions, the studies were quite
consistent in their finding that H. pylori test-and-treat is a cost-effective
strategy at reducing GC mortality in Western countries. Except for one
study, all studies found costs that were less than US$ 25,000 per LY/
QALY gained. The one study that was the exception drew an opposite
conclusion [34]: this study did not find any benefit from H. pylori
test-and-treat and therefore costs per QALY gained approached infinity.
An important explanation for the difference in the effectiveness could be
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attributed to the model assumption that H. pylori eradication only
affected the progression from gastritis to atrophy, and had no benefit for
patients that already developed atrophy or later stages of the Correa
cascade (i.e. the “point-of-no-return”). It is likely that many of the cancers
occurring after age 50 in the model would have already reached the stage
of atrophy or beyond by age 50, and GC incidence would therefore not be
affected by H. pylori eradication.
Cost-effectiveness of screening for premalignant conditions of gastric cancer

Besides H. pylori test-and-treat strategies, screening for premalignant
lesions and GC directly through serum pepsinogen testing or upper
endoscopy can potentially reduce the risk of GC mortality. Serum
pepsinogen specifically aims to detect atrophic gastritis by measuring
pepsinogen I and II concentrations. However, performance of pepsino-
gens for detecting gastric neoplasms is lower than for atrophic gastritis
[46]. After detection of atrophic gastritis, patients receive surveillance
endoscopy for the early diagnosis of GC. Three studies evaluated the
cost-effectiveness of serum pepsinogen testing and/or endoscopy in
Western countries in the general population: two in the US [34,35] and
one in Portugal [38] (Table 2).

Areia et al. is the most recent study considering endoscopy and serum
pepsinogen screening in the general Portuguese population between ages
50 and 75 years [38]. Two endoscopic strategies were considered: one in
which every individual is screened with upper endoscopy every 5 years,
and one in which only individuals with a positive faecal immunochem-
ical test (FIT) for colorectal cancer are invited to have an upper endos-
copy at the same time as their diagnostic colonoscopy, allowing for
considerable cost reduction by consolidating costs for colorectal and GC
screening [38]. The authors found that this was the only cost-effective
strategy compared to no screening, with incremental costs-effectiveness
ratios of €15,000–30,000 per QALY gained depending on the screening
interval. Independent upper endoscopy and serum pepsinogen testing
were not cost-effective. An important limitation of the combined
approach is that only 7% of the population would have a positive FIT and
would be offered the additional benefit of upper endoscopic screening.

Gupta et al. also considered the cost reduction when offering upper
endoscopy at the same time as a screening colonoscopy [35]. They
Table 2
Cost-effectiveness studies of screening for (premalignant) gastric lesions in Western c

Author,
year

Country Population simulated Strategies evaluated

Areia,
2018

Portugal Cohort age 50–75 years - 5 yearly endoscopy
- 5–10 yearly endoscopy in th
positive FIT

- Biennial serum pepsinogen

Gupta,
2011a

USA Cohort age 50 years - endoscopy at colonoscopy a
- endoscopy at colonoscopy þ
surveillance

- endoscopy at colonoscopyþ
surveillance

Yeh, 2016 USA Cohort of men age 50 years in
2011–2015

- once-only serum pepsinogen
- once-only endoscopy

a Includes costs and benefits for early detection and surveillance of Barrett’s esoph
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considered a broader benefit of upper endoscopy, also assessing pre-
vention of oesophageal adenocarcinoma in addition to GC. They found
that upper endoscopy in combination with colonoscopy was not
cost-effective unless it was combined with subsequent surveillance for
Barrett’s esophagus. These results suggest that upper endoscopy for GC
screening alone would not be cost-effective. Notably, however, the
authors did not consider the potential impact of incorporating sur-
veillance for premalignant gastric disorders into the model.

Yeh et al. evaluated the cost-effectiveness of once-only pepsinogen
testing and upper endoscopy in men aged 50 years [34]. They found
that once-only endoscopy screening results in a decrease in
quality-of-life and is therefore dominated by no screening. Once-only
serum pepsinogen screening did increase QALYs but at an incremen-
tal cost of $105,000 per QALY gained with considerable uncertainty.
Cost-effectiveness analyses of different primary screening methodologies to
prevent gastric cancer mortality

Four of the studies described above evaluated the cost-effectiveness
of different primary screening interventions to prevent GC mortality,
with conflicting results. Harris et al. compared H. pylori serology
testing with two approaches for follow-up: all H. pylori positive, or
only those testing CagA positive [43]. They did not find large differ-
ences in cost-effectiveness because of the significant benefit of treating
CagA-negative patients despite their lower risk. Xie et al. compared
three different screening modalities for H. pylori test-and-treat:
serology, faecal antigen testing and C-UBT, and found that the stool
antigen test had the highest probability of being cost-effective for
willingness-to pay-thresholds exceeding CA$30,000 per QALY gained.

Yeh et al. compared H. pylori test-and-treat based on serology with
serum pepsinogen and endoscopic screening to detect premalignant
gastric lesions [34]. They showed that of these tests, only pepsinogen
testing resulted in a gain in QALYs, dominating serology and endos-
copy. This conflicts with the findings of Areia et al. comparing
endoscopy and pepsinogen testing, which showed that pepsinogen
testing had the highest cost per QALY gained and only endoscopy
screening (when offered together with colonoscopy) would be
cost-effective [38].
ountries.

Test
characteristic

Test costs Cost per QALY/LY

ose with
Endoscopy: Endoscopy alone: Endoscopy alone:
Sensitivity: NR € 147 € 70,396/QALY
Specificity: NR Endoscopy after

positive FIT:
Endoscopy after positive
FIT:

Pepsinogen: € 60 € 15,407–30,908/QALY
Sensitivity: NR Pepsinogen: Pepsinogen:
Specificity: NR € 100 € 143,344/QALY

t age 50

optimal

Sensitivity:
99.9%

Endoscopy at
colonoscopy:

Endoscopy at 50:

Specificity:
100%

US$ 420 US$ 115,664/QALY

(for gastric
cancer)

Endoscopy þ surveillance

US$ 95,559/QALY
Endoscopy þ optimal
surveillance
US$ 79,882/QALY

Pepsinogen: Pepsinogen: Pepsinogen:
Sensitivity: 71% US$ 40 US$ 105,400/QALY
Specificity 98% Endoscopy: Endoscopy:
Endoscopy: US$ 980 Dominated
Sensitivity: 81%
Specificity 100%

agus.



Table 3
Cost-effectiveness studies of screening for premalignant gastric conditions in
population subgroups.

Author,
year

Country Population
simulated

Strategies
evaluated

Cost per QALY/
LY

Parsonnet,
1996

USA Gender - Once-only
serology

Gender
Men Men: US$

19,900/LY
Women Women: US$

25,000/LY
Race/
ethnicity

Race/ethnicity

African-
Americans

African-
Americans: US$
13,700/LY

Japanese-
Americans

Japanese-
Americans: US$
4500/LY

Whites Whites: US$
34,900/LY

Saumoy,
2018

USA - Once-only
endoscopy at
colonoscopy

- Biennial
endoscopy (first
at colonoscopy)

Once-only
endoscopy:

Non-Hispanic
Whites

US$ 122,428

Non-Hispanic
Blacks

US$ 80,278

Hispanics US$ 76,070
Asians US$ 71,451

Shah, 2020 USA Men - Once-only
endoscopy

- Biennial
endoscopy

Once only
endoscopy:

Asian
American
overall

US$ 75,959/
QALY

Japanese
American

US$ 69,012/
QALY

Chinese
American

US$ 68,738/
QALY

Korean
American

US$ 70,740/
QALY

Vietnamese
American

US$ 74,146/
QALY

Filipino
American

US$ 88,190/
QALY

Southeast
Asian
American

US$ 83,850/
QALY

Women: US$ 74,329/
QALY

Overall Asian
American

US$ 73,748/
QALY

Japanese
American

US$ 68,257/
QALY

Chinese
American

US$ 70,236/
QALY

Korean
American

US$ 74,306/
QALY

Vietnamese
American

US$ 83,732/
QALY

Filipino
American

US$ 83,267/
QALY

Southeast
Asian
American

Biennial
endoscopy was
dominated in all
subgroups

Teng, 2017 New
Zealand

Gender - once-only
serology

- once-only fecal
antigen testing

Serology:
Men Gender
Women Men: NZ$

20,800
Ethnicity Women: NZ$

30,200
Maori Ethnicity
Non-Maori Maori: NZ$

12,000/QALY
Gender and
ethnicity

Non-Maori: NZ$
29,600/QALY

Maori men

(continued on next page)
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Cost-effectiveness of screening in population subgroups

Sex
Three studies compared the cost-effectiveness of GC screening for

men and women and found lower costs per LY/QALY gained in strategies
focused onmen than when focused on women [33,44,47] (Table 3). In all
three studies differences in cost-effectiveness between men and women
were small, likely reflecting the fact that although women have a lower
risk of GC, they have the potential for more life-years to be gained
because of longer life-expectancy. Moreover, all three studies assumed
similar efficacy of screening and treatment by sex. Considering sex
generally did not change the conclusion of studies with respect to
cost-effectiveness. Studies comparing different screening strategies
showed no differences by sex in the preferred screening approach.

Race/ethnicity
Four studies compared the cost-effectiveness of GC screening in

different racial/ethnic groups [33,44,47,48] (Table 3). In general, GC
screening had the highest cost per LY/QALY gained in Caucasians (i.e.
non-Maori in New Zealand and whites in US). Generally, screening had
the lowest costs per LY/QALY gained in Asian Americans, coinciding
with the high rates of GC observed in Asia. Within Asian Americans, some
variation in costs per QALY was observed, but differences were modest.
Screening was also cost-effective among Hispanics and non-Hispanic
blacks. Similar to sex, no differences were found in optimal screening
strategies by race/ethnicity.

Smoking
Cigarette smoking is the second leading risk factor for GC, responsible

for >17% of GC cases [49], likely due to increased risk of developing
intestinal metaplasia [50]. Yeh et al. compared the cost-effectiveness of
GC screening by smoking status (Table 3) and showed that while GC
screening was not cost-effective for never smokers, it could be
cost-effective for current and former smokers [34]. The optimal
screening approach was pepsinogen testing regardless of smoking status.

Cost-effectiveness of endoscopic surveillance of intestinal metaplasia

Three studies evaluated endoscopic surveillance in patients with
atrophic gastritis and/or intestinal metaplasia with conflicting results
(Table 4). Areia et al. evaluated 3-, 5- and 10-yearly endoscopic sur-
veillance and found that only 3-yearly surveillance was cost-effective
compared to no surveillance [39]. Surveillance every 5- or 10 years
resulted in a loss in QALYs compared to no surveillance. Hassan et al.
only considered patients with intestinal metaplasia and found annual
surveillance to cost US$ 72,519/LY, which is considered cost-effective in
the US [37]. Yeh et al. considered endoscopic mucosal resection (EMR)
followed by different intervals of surveillance in patients with dysplasia
and patients with intestinal metaplasia [36]. EMR with surveillance was
not cost-effective for patients with intestinal metaplasia, while for pa-
tients with dysplasia EMR and annual surveillance was the most
cost-effective option.

Discussion

All but one study included in this overview found that population
screening for H. pylori to prevent GC in Western countries costs less than
US$ 35,000 per LY/QALY gained. These estimates are well below the
commonly used thresholds for cost-effectiveness of US$ 50,000–100,000
per QALY and indicate that despite the relatively low risk of GC
compared to countries in Asia or Eastern Europe, H. pylori test-and-treat
is considered cost-effective in Western countries. An important limitation
of all studies was that they did not consider the potential adverse effects
of widespread antibiotic use. Alternative methods that screen for pre-
malignant conditions, such as pepsinogen testing, and endoscopy, were
generally not found to be cost-effective in average-risk individuals.
5



Table 3 (continued )

Author,
year

Country Population
simulated

Strategies
evaluated

Cost per QALY/
LY

Gender and
ethnicity

Maori women Maori men: NZ$
11,000/QALY

Non-Maori
men

Maori women:
NZ$ 13,200/
QALY

Non-Maori
women

Non-Maori men:
NZ$ 24,300/
QALY
Non-Maori
women:
NZ$ 38,000/
QALY

Fecal antigen
testing was
dominated in all
subgroups

Yeh, 2016 USA Never
smokers

- Once-only
serology

- once-only
serum
pepsinogen

- once-only
endoscopy

Serology:

Current
smokers

Never smokers:
US$ 137,800/
QALY

Former
smokers

Current smokers:
US$ 76,000/
QALY
Former smokers:
US$ 94,500/
QALY
Serology and
endoscopy were
dominated in all
subgroups.
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Included studies on cost-effectiveness of endoscopic surveillance for
atrophic gastritis and intestinal metaplasia had conflicting results with
two studies showing that endoscopic surveillance may be cost-effective in
patients with intestinal metaplasia, and one study finding incremental
cost-effectiveness ratios exceeding $500,000 per QALY. However, that
Table 4
Cost-effectiveness studies of surveillance of intestinal metaplasia.

Author,
year

Country Population simulated Strategies evaluated

Areia,
2014

Portugal Cohort age 50 years of patients with
atrophy or intestinal metaplasia

- 3 yearly endoscop
- 5- yearly endosco
- 10-yearly endosco

Hassan,
2010

USA Cohort age 60 years of patients with
intestinal metaplasia

Annual endoscopy

Yeh, 2010 USA Cohort of men age 50 years with dysplasia - EMR with 10-yea
- EMR with 5-yearl
- EMR with yearly
treatment surveill

Yeh, 2010 USA Cohort of men age 50 years with intestinal
metaplasia

- EMR with 10-yea
- EMR with 10-yea
post-treatment
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same study did find that EMRwith endoscopic surveillance could be cost-
effective for patients with gastric dysplasia [36].

Although this overview found H. pylori test-and-treat to be cost-
effective, there are some caveats (Fig. 1). First, none of the studies that
showed H. pylori eradication to be cost-effectiveness considered a “point
of no return” in the Correa cascade. The efficacy of H. pylori eradication in
preventing gastric cancer once precancerous gastric lesions have devel-
oped is heavily debated. On the one hand, several studies failed to show an
effect of H. pylori eradication on GC risk in individuals with precancerous
gastric lesions [51], suggesting that progression to GC is irreversible once
the Correa cascade has initiated. On the other hand, those same studies did
show that atrophic gastritis and intestinal metaplasia improved and that
eradication was associated with reduced GC incidence in patients with
early GC [51]. The study by Yeh et al. underlines the importance of the
assumed efficacy of H. pylori eradication later in the Correa cascade [34]:
they assumed no impact of H. pylori eradication once the state of atrophy
has been reached, and found no benefit from testing and treating in-
dividuals with atrophy or a later premalignant state for H. pylori.

Second, most of the included studies may have underestimated the
benefits from H. pylori test-and-treat strategies, because they only
considered GC prevention as an outcome, while H. pylori infection is also
associated with other diseases, such as peptic ulcers and dyspepsia. For
example, in the 2-year follow-up of a randomized controlled trial eval-
uating H. pylori test-and-treat in Leeds, Mason et al. found lower health
care costs in the intervention armwithH. pylori testing than in the control
arm without, due to savings in dyspepsia costs [41]. However, the dif-
ference was not statistically significant. In contrast to these ancillary
benefits, antibiotic treatment can result in antibiotic resistance (ABR),
which is the natural response of bacteria to resist the threats designed to
eliminate them. ABR is one of the main causes of H. pylori treatment
failure [52,53] and represents one of the greatest emerging global health
threats [54]. None of the included studies took the potential adverse
effects into account of widespread antibiotics treatment needed for
H. pylori eradication, most notably ABR [55]. One way to mitigate this
concern is by targeted testing of high-risk subgroups rather than the
general population, thus limiting antibiotic use to a smaller group, where
the expected benefits are highest. Potential candidate subgroups include
people of Asian descent, and current and former smokers.
Test
characteristic

Test
costs

Cost per QALY/LY

y
py
py

Sensitivity: NR € 60 3-yearly:
Specificity: NR € 18,336/QALY

5-yearly:
dominated
10-yearly:
Dominated

Sensitivity: NR US$
358

$72,519/LY
Specificity: NR

rly surveillance
y surveillance
surveillance incl post-
ance

Sensitivity:
81%

US$
871

Every 10 years:

Specificity
100%

US$ 18,600

Every 5 years:
US$ 20,900
Every year:
$39,800
Every year incl post-treatment
surveillance:
US$ 1,048,000

rly surveillance
rly surveillance, also

Sensitivity:
81%

US$
871

Every 10 years:

Specificity
100%

US$ 544,500

Every 10 years incl post-
treatment surveillance:
US$ 25,930,000
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In contrast to H. pylori test-and-treat strategies, alternative ap-
proaches that screen for premalignant gastric lesions, such as pepsinogen
and endoscopy screening, were generally not found to be cost-effective.
However, combining upper endoscopy with a scheduled colonoscopy
exam on the same day could potentially be cost-effective. Nonetheless, in
European settings where screening is often stool-based, such an approach
would exclude a large proportion of the population from participating.
More importantly, evidence from randomized controlled trials on the
effectiveness of pepsinogen and endoscopy screening is lacking, and for
Western countries, even observational evidence is lacking (Fig. 1).
Although observational studies from Asia show promising results
regarding effectiveness of endoscopy screening [56,57], there are con-
cerns about the generalizability of those studies to Western settings. In
Western countries, treatment for dysplasia and early GC may not be as
effective as in Asia [58], which would hamper the effectiveness of
endoscopic screening and surveillance. Moreover, endoscopy costs vary
substantially from setting to setting. In Portugal, endoscopy costs are
around $150 [38], while in the US, costs for endoscopy approach $1000
[34]. Such high costs are likely to be prohibitive for the cost-effectiveness
of any endoscopy-based screening program in Western settings. Finally,
there is the invasive nature of endoscopy, which in the study by Yeh et al.
resulted in a loss of total QALYs [34]. As a non-invasive test, pepsinogen
testing is considerably less burdensomewith favourable estimates for test
sensitivity and specificity. As such, pepsinogen testing could be an
attractive alternative to endoscopy, depending on the costs of the tests. In
the study by Yeh et al. with test costs of US$ 40, pepsinogen testing
indeed dominated both H. pylori test-and-treat and upper endoscopy as a
primary screening test. In Areia et al. where costs for pepsinogen testing
were comparable to that of endoscopy, endoscopy dominated pepsinogen
testing [38]. However, as the efficacy of pepsinogen testing on prevent-
ing GC mortality depends on follow-up with upper endoscopy, limited
effectiveness of upper endoscopy in Western settings would limit the
value of pepsinogen testing.

Surveillance for patients with intestinal metaplasia is a different
matter. These patients are known to be at high risk for GC, and in Europe
guidelines exist which recommend intensive surveillance for these pa-
tients [59–61]. With such recommendations in place, it is often consid-
ered unethical to perform a clinical trial randomizing patients to an arm
without surveillance. In such cases, decision modelling can provide some
insight into the potential harms and benefits of such strategy. Interest-
ingly, evidence from modelling studies is conflicting about the
cost-effectiveness of surveillance for patients with intestinal metaplasia.
This may be a reason why the AGA guidelines currently recommend
against routine surveillance. However, they do advocate for consider-
ation of surveillance in high-risk groups, including individuals with
extensive gastric IM, racial/ethnic minorities, immigrants from high-risk
regions, and those with family history of GC [62]. Targeting surveillance
in this way is a promising approach, directing the clinical and economic
resources towards those that are most likely to benefit. Nevertheless,
many uncertainties around the effectiveness of surveillance and variation
in risk currently exist [63]. It is important to collect high-quality obser-
vational data on GC risk in patients with intestinal metaplasia and the
impact of endoscopy. When guidelines are developed in the absence of
convincing evidence, they should stress the importance of further
monitoring and inclusion of patients in well-characterized study cohorts
that allow future evaluation of the recommendations.

Summary

H. pylori test-and-treat is a potentially cost-effective strategy to reduce
GC mortality in Western countries. However, it is too early for wide-
spread implementation until more is known about the potential adverse
impact of widespread antibiotic use on ABR. Until that time, a more
limited approach targeting only those at higher risk, such as recent
7

immigrants from endemic countries or smokers, could be considered.
Pepsinogen testing could be a potential alternative to H. pylori test-and-
treat, addressing the concerns of ABR. However, more evidence on its
effectiveness is needed and pepsinogen testing may not have the same
level of ancillary benefits from preventing peptic ulcers and dyspepsia as
H. pylori test-and-treat strategies have. Research to date finds that
screening the general population with upper endoscopy is not cost-
effective, while the cost-effectiveness of upper endoscopy for surveil-
lance of patients with intestinal metaplasia is uncertain but may be
effective in high risk groups. To allow for a better evaluation of harms,
costs and benefits of surveillance, it is important that patients with in-
testinal metaplasia are included in large well-characterized cohorts for
future evaluation.

Practice points

� H. pylori test-and-treat is a potentially cost-effective strategy to reduce
GC mortality in Western countries, but the potential adverse effect of
antibiotic resistance is of concern.

� Pepsinogen testing for atrophic gastritis followed by endoscopic
surveillance could be a potential alternative to H. pylori test-and-treat
strategies, addressing the concerns of antibiotic resistance

� Upper endoscopy is not cost-effective for gastric cancer screening in
the general population in Western countries

� Cost-effectiveness of upper endoscopy for surveillance of patients
with intestinal metaplasia is uncertain but may be effective in high
risk groups

Research agenda

� More research is needed into the ancillary benefits of H. pylori test-
and-treat on peptic ulcers and dyspepsia, and on the potential
adverse impact of widespread antibiotic use on antibiotic resistance.

� More studies on the performance and efficacy of pepsinogen
screening for atrophic gastritis in early detection of gastric neoplasms
is necessary in Western countries.

� Patients with intestinal metaplasia should be included in large well-
characterized cohorts for future evaluation of effectiveness of endo-
scopic surveillance.
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