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Introduction
As the fifth most common cancer and the third 
leading cause of cancer-related death worldwide, 

gastric cancer (GC) remains a major health bur-
den, with an estimated 1 million new cases and 
780,000 related deaths occurring in 2018 alone.1–5 
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Abstract
Aims: Gastric cancer (GC) is the third leading cause of cancer death worldwide, but the burden 
of disease is not distributed evenly. GC screening routinely occurs in some high-incidence 
regions/countries and is generally cost-effective, which is attributed largely to the associated 
GC mortality reduction. In regions of low–intermediate incidence, less is known about the 
outcomes of GC screening and gastric precancer surveillance, including cost-effectiveness, 
since there are no comparative clinical studies. Decision analytic studies are informative 
in such instances where logistical limitations preclude “gold standard” study designs. We 
therefore aimed to conduct a systematic review of decision model analyses focused on 
endoscopic GC screening or precancer surveillance.
Methods: We identified decision model analyses, including cost effectiveness and cost utility 
studies, of GC screening or preneoplasia surveillance. At minimum, articles were evaluated 
for: study country; analytic design; population and health states; time horizon; model 
assumptions; outcomes; threshold value(s) for “cost-effective” determination; and sensitivity 
analyses. Quality appraisal was performed using a modified Drummond’s analytic scoring 
system. Data sources were PubMed, Web of Science, Embase, and the Cochrane Library
Results: We identified 17 studies (8 screening, 4 surveillance, and 5 screening and 
surveillance) that met full inclusion criteria. Endoscopic screening in countries of high GC 
incidence was cost-effective across all studies; targeted screening of high-risk populations 
within otherwise low-intermediate incidence countries was also generally cost-effective. 
Surveillance of gastric precancer, including atrophic gastritis or gastric intestinal metaplasia, 
was generally cost-effective. Most studies had high appraisal scores, with 4 (24%) studies 
achieving perfect scores on the Drummond scale.
Conclusion: Decision model analyses offer a unique mechanism with which to efficiently 
explore the cost benefit of various prevention and early detection strategies. Based on this 
comprehensive systematic review, upper endoscopy for GC screening and gastric precancer 
surveillance might be cost-effective depending on the population and protocol. Focused 
efforts are especially needed not only to define the optimal approach, but also to define the 
populations within otherwise low-intermediate regions/countries who might benefit most.
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There is marked global variation in disease inci-
dence, with Asian-Pacific countries accounting for 
approximately 50% of all new cases, followed by 
Central/Latin American and Eastern European 
countries. The United States (US) is considered a 
low–intermediate incidence country with 27,510 
new GC cases diagnosed in 2019.2 Even though 
approximately 10,000 more cases of GC occur 
annually compared with esophageal cancer, 
screening occurs for esophageal cancer in selected 
US populations but not for GC, even among iden-
tifiable high-risk populations. Indeed, certain pop-
ulations, such as non-white racial/ethnic minorities 
and certain immigrant groups, experience a dis-
proportionately and significantly higher burden of 
GC, although this is not well recognized.3,4

In countries with established GC screening pro-
tocols, particularly Japan and South Korea, at 
least 60% of all GCs are diagnosed in a stage 
where resection can be curative.5,6 By contrast, in 
the US, where screening does not occur regularly, 
GC is more often diagnosed at advanced stages 
when there are limited therapeutic options, as 
reflected in the dismal <32% 5-year overall sur-
vival. GC, especially when diagnosed in a non-
curative stage, incurs not only massive personal 
and healthcare costs, but also societal costs 
related to lost life and productivity.7

Generally speaking, intestinal-type noncardia GC 
is the most common form of GC. The strongest 
known risk factor for intestinal-type noncardia 
GC is chronic Helicobacter pylori infection, and 
approximately 89% of all non-cardia GC has 
been attributed at least in part to H. pylori infec-
tion.8 Chronic H. pylori gastritis can progress over 
time to atrophic gastritis, gastric intestinal meta-
plasia (GIM), and, in a small proportion of peo-
ple, to gastric neoplasia, including dysplasia and 
cancer. GIM is generally considered to be the first 
irreversible histopathological change, and is asso-
ciated with a baseline 0.16% annual risk of inci-
dent GC, although this might be higher in some 
groups.9 GIM is therefore one way to identify 
individuals at higher risk who might benefit from 
endoscopic surveillance in an effort to diagnose 
gastric neoplasia at a stage when resection is cura-
tive.9,10 However, the recently published evi-
denced-based guidelines on GIM surveillance in 
the US recommended against routine endoscopic 
surveillance of GIM in all-comers, given the 
potential cumulative associated harms and costs 
when considering the prevalence of GIM.11 

Consistent with international guidelines, a more 
personalized approach is recommended, such 
that GIM surveillance is considered for select 
high-risk populations who have the highest likeli-
hood of benefit.10,12,13

To our knowledge, there are no direct comparative 
studies of endoscopy for GC screening versus no 
screening in low intermediate incidence countries 
such as the US, although studies in Asian-Pacific 
populations have demonstrated that compared 
with no screening, endoscopic screening is associ-
ated with a 40% statistically significant reduction 
in GC-related mortality.14 Countries with an over-
all lower incidence have relevant logistical barriers 
to such comparative studies including cost, proce-
dural risk, and a long time interval until GC or 
related outcomes occur. For these same reasons, 
studies directly comparing the outcomes of endo-
scopic surveillance of gastric preneoplasia versus 
no surveillance with respect to patient-important 
outcomes such as GC-related mortality are simi-
larly limited; in fact, one recent comprehensive 
systematic review and meta-analysis did not iden-
tify any direct comparative studies of endoscopic 
surveillance versus no surveillance of GIM.9

Considering these logistical limitations of direct 
clinical comparative studies, indirect evidence 
from decision analyses, such as cost-effectiveness 
and cost-utility analyses, that simulate GC screen-
ing and/or preneoplasia surveillance may be valu-
able for informing the effectiveness (or lack 
thereof) of these interventions. That said, the out-
comes of decision analyses are driven by the qual-
ity and selection of data inputs, model algorithms, 
and model assumptions. Indeed, heterogeneity 
due to variability in these parameters must be 
considered when interpreting and extrapolating 
the findings of such studies to the clinical and 
public health area. We therefore aimed primarily 
to systematically review and qualitatively analyze 
GC screening and surveillance decision analysis 
studies, and, secondarily, to appraise the quality 
of these studies using a standardized approach.

Methods

Search strategy and selection criteria
We conducted a systematic search of four data-
bases – PubMed, Web of Science, Embase, and 
the Cochrane Library – from their respective 
dates of inception through 13 January 2020 to 
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identify decision analysis studies of GC screening 
or preneoplasia surveillance. We searched key 
words: cost effectiveness; cost analysis; utility; 
cost benefit; gastric cancer; gastric neoplasm; 
neoplasia; preneoplasia; gastric intestinal meta-
plasia; atrophic gastritis; screening; surveillance; 
early cancer detection; and Markov model. The 
full search strategies are provided in the supple-
mental material. Non-clinical, non-human, non-
English, and studies restricted to pediatric 
populations were excluded. We intended to be 
broad in our inclusion and thus included studies 
if they were clearly stated to be cost-effectiveness 
analyses (CEAs), cost-utility analyses (CUAs), or 
other decision analyses and economic evaluations 
of endoscopic GC screening or endoscopic sur-
veillance of gastric preneoplasia (atrophic gastritis 
or gastric intestinal metaplasia). Studies analyzing 
only non-endoscopic modalities were excluded, 
although hybrid studies of endoscopic and non-
endoscopic modalities were included. Studies 
focused only on the cost effectiveness of preventa-
tive or early detection strategies for recurrent GC 
(i.e., secondary prevention) were excluded. We 
also manually searched references from included 
articles and relevant review articles.

Study selection
We followed the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) 
statement guidelines for this study.15 All study titles 
and abstracts were independently evaluated for 
inclusion by two reviewers (AC, EP), with adjudi-
cation by a third reviewer (SCS) in discrepant 
cases, with a similar process of eligibility evaluation 
for full-text articles.

The following predefined data elements were 
abstracted from included full-text articles: study 
authors and publication date, study country, study 
objective, study design and decision model, popu-
lation and/or base-case description, selected health 
and transition states, comparator arms, time hori-
zon, model assumptions, outcome measures [e.g., 
incremental cost effectiveness ratio (ICER)], 
threshold value for “cost-effective” determination, 
predefined study outcomes, sensitivity, and sec-
ondary analyses. We also recorded the methods 
used for identifying data inputs and transition 
probabilities for the model (e.g. systematic review 
of the literature). Whenever appropriate and rele-
vant, we reached out to the corresponding study 
authors for additional or clarifying information; if 

unsuccessful, or if the data were otherwise not 
available, we stated “no details provided”.

Studies were categorized as (1) “screening” if sub-
jects were asymptomatic and had no additional risk 
factors for GC above general demographic factors 
such as age and race/ethnicity; (2) “surveillance” if 
a person was already identified as higher risk based 
on additional non-demographic factors such as 
presence of gastric preneoplasia; or (3) “screening 
and surveillance” if both criteria were met. Studies 
were additionally categorized based on whether the 
study was conducted in a country of high versus 
low-intermediate GC incidence. This designation 
was based on publicly available data of GC inci-
dence for that country, and in accordance with the 
International Agency for Research on Cancer 
(IARC) definition of high- and low-intermediate 
incidence countries, that is, countries with an age-
standardized rate (ASR) of GC greater than 10 
cases per 100,000 are high-incidence, while coun-
tries with an ASR of 10 cases or less per 100,000 
are considered low-intermediate incidence.1,16

Study quality assessment and appraisal
Quality assessment and appraisal of each study 
was conducted according to previously estab-
lished guidance by Drummond et al. and using a 
modified comprehensive 27-item quality assess-
ment tool.17 We elected to use this assessment 
tool since it is the most commonly used and has 
been utilized in a modified format for other sys-
tematic reviews of decisions analyses.18,19 From 
the original 35-item assessment tool, 8 items were 
not applicable or were deemed to have sufficient 
overlap with other items on the checklist, and 
were thus removed for the study appraisal used 
for this qualitative analysis. Each criterion was 
evaluated as a binary “yes” (1-point) or “no” 
(0-points) depending on whether it was com-
pletely met or not. Each criterion is weighted 
equally per the Drummond assessment tool. 
There is no threshold that is universally agreed 
upon for categorizing decision analyses as high 
versus low quality based on the current literature. 
Instead, it is largely accepted that the higher the 
number of criteria met on the Drummond check-
list, then the higher the quality of the study.20

Results
Based on our search, we identified 6725 citations. 
After removal of duplicate studies (3270) and 
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removal of studies based on irrelevant title/abstract 
(3425), a total of 30 articles remained for full-text 
review. Of these, one article was unable to be 
accessed as full text despite also reaching out to 
the study authors. Thus, 29 articles were reviewed 
as full texts, of which 12 were excluded for the fol-
lowing reasons: editorial or review (5)21–25; did not 
include endoscopic arm (3)26–28; ineligible study 
design (1)29; or analyzed only a specialized popu-
lation, such as patients with pernicious anemia or 
gastric ulcers (3) (Figure 1).30–32

A total of 17 articles were ultimately included for 
qualitative analysis; 8 studies were decision analy-
ses of endoscopic screening for GC,33–40 4 were 
decision analyses of endoscopic surveillance of 
gastric preneoplasia,41–44 and 5 were decision 
analyses of both screening and surveillance.45–49 
Whereas 6 studies were from high-incidence 

countries,34,35,37–40 11 were from low–intermedi-
ate incidence countries33,36,41–49 as defined by 
IARC. Details of each of these studies are pro-
vided in Tables 1–3.

Decision analyses for GC screening
Of the 8 decision analyses for GC screening, 6 
were conducted in high-incidence countries 
(South Korea and Japan), which notably also 
have national GC screening programs, and 2 were 
from low-intermediate incidence countries 
(Singapore, Portugal); 3 were CEAs35,37,39 and 3 
were CUAs.33,34,36 Of the CEAs and CUAs, five 
used Markov models, and one summated costs 
from real world data. The sources of data inputs 
for the non-simulated studies included five with 
systematic reviews and three with real-world data 
(Table 1). Of the simulated Markov models, 

Figure 1. PRISMA flow diagram of study selection.
PRISMA, preferred reporting items for systematic reviews and meta-analyses.
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three studies included H. pylori testing and treat-
ment. None of the studies considered gastric pre-
neoplastic mucosal changes in the “health states”.

The three CEAs from South Korea all demon-
strated that endoscopic screening for GC is a cost-
effective strategy, as defined by costs and 
effectiveness outcomes compared with no screen-
ing or non-endoscopic intervention arms [e.g., 
upper GI series (UGIS)].34,35,38 Each of these stud-
ies had different base case populations, including 
age of screening initiation, compared different 
screening strategies, and had distinct comparator 
groups, with only two studies including a no screen-
ing arm (Table 1).34,35 Two of the studies leveraged 
population-based data from the cancer registry 
linked Korean National Cancer Screening Program 
(NCSP) and conducted a non-simulated cost anal-
ysis using real-world data to calculate direct costs 
associated with the screening or no screening strat-
egies.35,38 Both of these studies demonstrated that 
endoscopic GC screening was more cost-effective 
than radiographic screening. The study by Chang 
et al., which was the only simulated analysis from 
South Korea, compared the cost effectiveness of 
endoscopic screening versus radiographic screening 
versus a no screening strategy among the general 
South Korean population. In their model, the 
authors varied the age of screening initiation (age 
30 years, 40 years, or 50 years), screening interval (1 
versus 2 years), and the modality of screening, and 
evaluated the effect on the output.34 The authors’ 
predetermined willingness-to-pay (WTP) thresh-
old was based on the South Korean society eco-
nomic valuation and set at US$19,162. Based on 
this threshold, annual endoscopic screening (ICER 
$4979) was the cost-effective strategy for South 
Korean males aged 50–80 years, while biennial 
endoscopic screening (ICER $11,378) was the 
cost-effective strategy for females aged 50–80 years. 
Endoscopic screening for individuals younger than 
age 50 years was not cost-effective irrespective of 
the interval. Radiographic screening with upper GI 
fluoroscopy either annually or biennially was not 
cost-effective for any age group, irrespective of sex. 
Two of the studies34,35 performed sensitivity analy-
ses, which demonstrated that the models were most 
sensitive to the cost of the screening strategy and 
the distribution of cancer stage at screening.

Three CEAs of endoscopic GC screening were 
from Japan.37,39,40 Two of these studies37,39 
included Markov models, while the third ana-
lyzed non-simulated real-world data from a 

population-based screening cohort.40 While both 
of the Markov model studies included an annual 
endoscopy arm, the conclusions differed. In the 
study by Kowada, annual upper endoscopy 
[US$6671, 19.5850 quality-adjusted life-years 
(QALYs)] incurred a lower overall cost and 
slightly higher associated QALY value compared 
with annual upper GI series (US$10,522, 19.5658 
QALYs) initiated at age 50 years old for males 
and females, although the total costs were slightly 
lower if screening began at age 60, 70, or 80.37 
While endoscopic screening was more cost- 
effective compared with upper GI series, this study 
concluded that endoscopy was less cost-effective 
compared with the H. pylori test and treat strategy 
(Table 1).37 Importantly, though, this study did 
not consider the presence of gastric preneoplastic 
mucosal changes in the model, including among 
those with confirmed H. pylori exposure. The 
decision analysis by Saito et al. included a Markov 
model that compared annual endoscopy to a risk-
stratification approach for guiding the GC screen-
ing modality.39 Risk-stratification was based on 
the “ABCD method”, which was developed in 
Japan. This method classifies people into low and 
high risk based on H. pylori status and serum pep-
sinogen (PG) levels as a surrogate for gastric atro-
phy. Group A (H. pylori negative, normal PG) is 
lowest risk, and individuals in this category were 
not followed up in the study. Groups B (H. pylori 
positive, normal PG), C (H. pylori positive, posi-
tive PG), and D (H. pylori negative, positive PG) 
are all higher risk for GC, in ascending order. In 
addition to being treated for H. pylori, individuals 
in Group B underwent endoscopy for GC  
screening at different predetermined intervals. 
Compared with annual esophagogastroduoden-
oscopy (EGD), total costs slightly favored the 
ABCD method ($64,074 versus $64,489). GC 
related costs were reduced by 35% in the ABCD 
method versus annual EGD ($3214 versus $4826). 
The third CEA compared the cost-effectiveness 
of endoscopic versus radiographic screening 
(UGIS or photofluorography) for GC initiated at 
age 40 years old using real-world data from a 
Japanese population-based cohort from Nigata 
City (2002–2004).40 The investigators reported 
that 55% more localized GCs were diagnosed  
on endoscopy compared with radiography, and 
thus concluded that endoscopy was more cost-
effective than either of two radiographic strategies.

The two other decision analyses were CUAs from 
intermediate incidence countries (Singapore and 
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Portugal), although the study from Singapore 
specifically analyzed a high-risk population 
(Chinese males aged 50–70 years) residing in  
the country.33,36 This study demonstrated that,  
compared with a no screening strategy, biennial 
endoscopic screening was cost-effective only for 
Chinese men (ASR for GC: 25.9/100,000,  
versus 16/100,000 for Singaporean men versus 
11/100,000 for Singaporean women), particularly 
those who were H. pylori positive (ICER: $26,836/
QALY) and who had gastric precancer diagnosed 
on the index endoscopy (ICER: $19,900/QALY); 
biennial endoscopy was not cost-effective for the 
overall Singaporean population (ICER, males: 
$38,435/QALY; ICER, females: $63,298).36 
Notably, the WTP threshold for this study was 
strict ($28,000/QALY) and was derived from an 
adopted and rationalized threshold of $50,000 
USD based on Singapore’s 2003 gross national 
income.

Areia et al. analyzed the cost utility of adding an 
upper endoscopy for upper GI malignancy screen-
ing at the time of colonoscopy for either diagnos-
tic purposes [positive fecal occult blood test 
(FOBT)] or colorectal cancer screening.33 Among 
a simulated Portuguese population aged 50–
75 years, compared with no screening, only EGD 
every 5–10 years at the time of a diagnostic colo-
noscopy for a positive FOBT was cost-effective, 
while stand-alone endoscopy every 5 years and 
biennial serum PG with endoscopy were not. 
Based on sensitivity analyses, this screening strat-
egy was only cost-effective if the ASR for GC 
exceeded 10/100,000 persons.

Decision analyses of endoscopic surveillance of 
gastric preneoplasia
Of the four decision analyses of gastric preneopla-
sia surveillance, all were conducted in low- 
intermediate areas (Portugal, Italy, US).41–44 The 
two European studies demonstrated that endo-
scopic surveillance of gastric preneoplasia, which 
included extensive AG or GIM, was cost-effective 
but depended in part on the endoscopic surveil-
lance interval and the population (Table 2).41,43 In 
the study by Areia et al., a surveillance strategy of 
EGD with biopsies every 3 years among Portuguese 
people aged 50 years or older was cost-effective 
compared with a no surveillance strategy (ICER: 
18,336 Euros/QALY) at the WTP threshold of 
36,574 Euros/QALY, but not if performed every 5 
or 10 years (both dominated).41

The non-simulated model based on real-world 
data from Italy by Lahner et  al., conducted a 
post hoc analysis of 200 patients with AG who 
underwent endoscopic surveillance, at least 
4 years after diagnosis, with a mean follow up of 
7.5 years.43 Over the course of the study, 19 
lesions (4 GC, 8 gastric carcinoid, 7 dysplasia) 
were detected which corresponded to a cost of 
2945 Euros per lesion detected and a number-
needed-to-screen of 19. In a subgroup analysis 
restricting surveillance to patients with pernicious 
anemia, the number-needed-to-screen decreased 
to 13.8 and the associated cost decreased to 2139 
Euros per lesion detected. Restricting surveil-
lance even further to patients with pernicious 
anemia and Operative Link on Gastritis 
Assessment (OLGA) stage 3–4 (high risk) was 
associated with a number-needed-to-screen of 
only 5.4, and a cost per lesion of 837 Euros.

The two surveillance studies42,44 conducted in a 
US population also demonstrated that endo-
scopic surveillance might be cost-effective. Yeh 
et al. analyzed the cost-effectiveness of endoscopic 
mucosal resection (EMR) followed by interval 
endoscopic surveillance (annually, every 5 years, 
or every 10 years) compared with no endoscopic 
treatment/surveillance in 50-year-old males with 
gastric precancer (i.e., AG, GIM, or dysplasia).44 
At a predetermined WTP threshold of $50,000/
QALY, EMR of dysplasia with ongoing annual 
endoscopic surveillance was cost-effective (ICER: 
$39,800/QALY) and was associated with 94.7% 
reduction in lifetime risk of GC. EMR of dyspla-
sia followed by extended interval endoscopic sur-
veillance every 5 years or every 10 years was also 
cost-effective, with lower ICERs ($20,900/QALY 
and $18,600/QALY, respectively), but with 
92.4% and 89.2% lifetime reductions in GC risk, 
respectively. A subgroup analysis of endoscopic 
surveillance of dysplasia according to race/ethnic-
ity demonstrated that, among Hispanics, EMR of 
dysplasia followed by every 5-year surveillance 
(ICER: $32,200/QALY) or every 10-year surveil-
lance (ICER: $27,700/QALY) was cost-effective, 
but annual surveillance (ICER: $70,100/QALY) 
exceeded the WTP threshold. Among Asians, 
EMR of dysplasia was cost-effective at all inter-
vals ($19,700/QALY, $20,700/QALY, $36,200/
QALY for every 10-year, 5-year, or 1-year inter-
val, respectively). By comparison, the authors 
concluded that none of these endoscopic surveil-
lance strategies were cost-effective for gastric pre-
neoplastic changes (AG and GIM) among men 
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aged 50-years or older; indeed, most strategies 
were dominated, that is, they were more costly 
and less effective compared with the no treat-
ment/surveillance arm. It must be emphasized, 
though, that EMR was included in all of these 
modeled strategies despite the fact that AG and 
GIM are typically mucosal changes that occur in 
the absence of discrete lesions, and, thus, are usu-
ally not even amenable to EMR.

The decision analysis by Hassan et al. was con-
ducted among patients diagnosed with GIM and 
compared yearly surveillance endoscopy over a 
10-year period for males and females aged 
60 years old, with a no surveillance strategy.42 
This study reported that the surveillance strategy 
was cost-effective (ICER: $72,519/QALY), with 
a WTP threshold of $100,000/QALY.42 A subse-
quent sensitivity analysis demonstrated that the 
10-year interval surveillance program for patients 
50 years old was also cost-effective (ICER: 
$52,361/QALY), but not for individuals who 
were 70 years or older (ICER: $112,984/QALY).

Decision analyses of combined GC screening 
and gastric preneoplasia surveillance
Five studies meeting inclusion criteria consisted 
of study designs that included endoscopic screen-
ing followed by endoscopic surveillance if indi-
cated, with two studies conducted in an overall 
intermediate incidence country (Singapore)48,49 
and three studies in an overall low incidence 
country (US).45–47 Four were CEAs46–49 and one 
was a CUA.45 All used Markov models. Both 
CEAs conducted in Singapore analyzed a higher 
risk sub-population of Singaporean Chinese 
males and females aged 50–69 years old.48,49 Wu 
et al. compared three screening strategies: EGD 
for screening every 2 years, EGD with screening 
and annual surveillance only if patients were 
identified to have an ulcer or a precancerous 
mucosal changes (AG, GIM, or dysplasia), and 
no screening. Using an adapted WTP threshold 
of $44,000/QALY, they reported that the one-
time screening with select annual surveillance was 
cost-effective (ICER: $34,000/QALY) while 
biennial screening was not cost-effective (ICER: 
$525,900/QALY).48 Table 3 details additional 
model comparisons of various base case age and 
sex combinations, all of which consistently dem-
onstrated that screening with annual surveillance 
if indicated generated lower ICERs compared 
with the biennial strategy. Subgroup analysis, 

however, demonstrated that cost-effectiveness 
was heterogenous across combinations of age 
group and sex. When analyzing the whole cohort 
or males only, screening with annual surveillance 
was cost-effective for both age groups; however, 
when analyzing females only, annual surveillance 
was cost-effective for age group 60–69 years but 
not the age group 50–59 based on the WTP 
threshold.

The other CEA conducted in Singapore, by 
Zhou et  al., compared five intervention strate-
gies: no screening, yearly EGD surveillance for 
patients with precancerous mucosal changes, 
biennial EGD surveillance of patients diagnosed 
with precancerous mucosal changes, biennial 
EGD screening, and biennial screening plus 
annual surveillance.49 The authors did not spec-
ify which premalignant changes were being sur-
veyed. With a Singaporean WTP threshold of 
$46,200/QALY, annual EGD surveillance was 
the optimal strategy (ICER: $44,098/QALY), 
while biennial surveillance was the most cost-
effective (ICER: $25,949/QALY).49 Biennial 
EGD screening (ICER: $79,673/QALY) and 
biennial screening plus annual surveillance 
(ICER $59,565/QALY) were not cost-effective. 
A sensitivity analysis determining the threshold 
odds ratio for GC in a healthy person was con-
ducted to evaluate the optimal time interval for 
endoscopic surveillance. Based on this analysis, 
annual EGD surveillance was favored as long as 
the odds of GC exceeded 5.5 times that of a 
healthy person, while biennial surveillance was 
favored if the subpopulation had between 2.4 to 
5.5 times higher likelihood of GC compared 
with a healthy person.

In a decision analysis model from the US, Saumoy 
et  al. demonstrated that performing one-time 
endoscopic screening for GC at the time of colo-
noscopy performed for colorectal cancer screen-
ing among patients aged 50 years, with ongoing 
upper endoscopic surveillance only if gastric pre-
neoplasia was diagnosed (specifically GIM), was 
cost-effective compared with biennial upper 
endoscopy for GC screening or compared with no 
GC screening (current standard of care in the 
US); however, this strategy was only cost-effec-
tive for non-white races/ethnicities and not non-
Hispanic whites (Table 3).47 The biennial 
screening strategy, which was continued even if 
there no abnormal histologic findings, dominated 
in this study.
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Gupta et al. analyzed the cost-effectiveness of per-
forming an upper endoscopy for both esophageal 
and GC screening at the time of screening colo-
noscopy for the general US population starting at 
age 50 years old.45 Of note, the authors made no 
separate considerations for sex, race/ethnicity or 
other risk factors. Additionally, while esophageal 
lesions were resected endoscopically in the model, 
this was not the case for gastric lesions, whereby 
resectable GC was modeled only as surgical resec-
tion (resection of gastric dysplasia not mentioned/
modeled). Compared with the no screening strat-
egy, a one-time screening endoscopy at age 
50 years old for upper GI cancers was not cost-
effective (ICER: $115,664/QALY) at the WTP 
threshold of $100,000/QALY. While their pri-
mary analysis did not analyze esophageal and gas-
tric cancer separately, the sensitivity analysis 
demonstrated that the prevalence of esophageal 
adenocarcinoma, esophageal squamous cell can-
cer, and GC in the general US population would 
have to increase by 654%, 1948% and 337%, 
respectively, to result in an ICER below $50,000/
QALY.45

Another US-based simulation study compared 
endoscopic and non-endoscopic GC screening 
strategies only among males aged 50 years or 
older and stratified by smoking status.46 The 
authors compared a no screening strategy to one 
of the following one-time screening strategies 
with subsequent endoscopic surveillance determi-
nation based on the type of screening test con-
ducted and whether this screening test was 
positive: serum PG, EGD, and H. pylori, with 
treatment of the latter if positive. The only strat-
egy that was cost-effective at the WTP threshold 
of $100,000/QALY was serum PG testing fol-
lowed by EGD with random biopsies if serum PG 
was abnormal (no further testing if normal serum 
PG) among current smokers (ICER: $76,000/
QALY), but not former/never smokers (ICER: 
$105,400/QALY). If EGD with biopsies con-
firmed dysplasia or asymptomatic localized can-
cer, then patients underwent EMR to remove the 
lesions, while those with a negative EGD and 
biopsies had a follow-up EGD at 10 years. 
Endoscopy without serum PG screening and 
H. pylori test and treat strategies were not cost-
effective, irrespective of smoking status. Yeh et al. 
also modeled the GC risk reduction by each strat-
egy when screening the general population at age 
50 years. Screening reduced the lifetime risk of 
GC by 26.4% with serum PG testing, 21.2% by 

endoscopy and EMR, and by 0.2% with H. pylori 
screening and eradication therapy if indicated. 
This model also showed that targeting screening 
for current smokers would additionally reduce 
lifetime GC risk by 30.8%, 25.5%, and 0.1%, 
respectively.46

Study quality appraisal
All reviewed articles were independently assessed 
for quality appraisal.17 Figure 2 illustrates the 
analyzed metrics of interest using the 27-item 
modified Drummond’s assessment tool. The 
median number of criteria fulfilled by each study 
was 22, and for each criterion the median number 
of studies which fulfilled it was 15. Four criteria 
were met by 100% of the included studies. By 
contrast, a separate four criteria were met by less 
than 50% of the studies. Of the included studies, 
18% did not perform a sensitivity analysis or state 
the time horizon of the study, while 24% did not 
apply a discount rate or state the variables 
included in sensitivity analysis. Of note, discount 
rates are not applicable to studies using non-sim-
ulated real-world data or for those studies of only 
1-year duration.

Discussion
Based on a comprehensive systematic review of 
the literature, we identified 17 decision analysis 
studies analyzing the cost effectiveness or cost 
utility of endoscopy for gastric (pre)cancer screen-
ing and surveillance, with data inputs derived 
from either real-world (e.g. NCSP) or simulated 
data. Our study extends the current literature 
since it is the only systematic review and qualita-
tive analysis, to our knowledge, that is focused on 
endoscopic strategies for GC screening and pre-
neoplasia surveillance. While an earlier study by 
Areia et al. included CEAs up to 2012, their syn-
thesis had a strong focus on H. pylori “test-and-
treat” strategies,21 as opposed to endoscopic 
strategies. In addition, our quality appraisal iden-
tified areas for improvement and standardization 
in decision models related to endoscopic GC 
screening/surveillance moving forward, including 
the need to consider preneoplastic transition 
states. In contrast to Japan and South Korea, 
where endoscopy for GC screening is associated 
with reduced GC-related mortality compared 
with no screening, there are no studies establish-
ing whether or not endoscopic screening for GC 
is associated with reduced GC-related mortality 
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in countries with low-intermediate GC incidence, 
even among identifiable high-risk groups in these 
regions. The reasons are multiple, but predomi-
nantly relate to financial and logistical challenges 
of randomized-controlled trials and direct clinical 
comparative studies of endoscopic screening/sur-
veillance versus no screening/surveillance; in this 
context, rigorously designed decision analyses 
hold unique value. Additional clinical data will 
ideally help to further refine these models and 
better define the higher-risk groups so that we 

may enhance our approach to GC prevention and 
early detection interventions, particularly in 
countries/regions such as the US that have a 
grossly unequal distribution of disease burden 
across subpopulations.

CEAs and CUAs ideally incorporate a systematic 
review of the literature to inform model inputs 
including transition probabilities from one  
disease state to another, economic data, and 
probabilities of adverse outcomes; as we have 

Figure 2. Systematic quality assessment of included studies based on a modified Drummond scoring system. 
The maximum score for the modified checklist was 27. From the original 35-item checklist, 8 items were not 
scored for the present qualitative analysis based on irrelevance or redundancy with other checklist items. 
These 8 items included: the choice of form of economic evaluation is justified in relation to the questions 
addressed; the source of effectiveness estimates used are stated; details of the method of synthesis or 
meta-analysis of estimates are given; details of the subjects from whom valuations were obtained are given; 
the relevance of productivity changes to the study question is discussed; quantities of resources are reported 
separately from their unit costs; relevant alternatives are compared; the answer to the study question is given.
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demonstrated, the consistency of this “best prac-
tice” varies. When interpreting decision analyses, 
close scrutiny of the design, the inputs, and 
assumptions, and the ability to identify the origins 
of each is critical since any differences, however 
minute, can result in alternate outcomes and con-
clusions. It is also important that a decision analy-
sis define the perspective and thresholds for 
cost-effectiveness or cost-utility determination 
since countries differ in their WTP thresholds – 
for example, the threshold for considering an 
intervention to be cost-effective is less than 
$100,000/QALY in the US, but in other coun-
tries this threshold might be $50,000/QALY or 
lower.50–52 This has direct implications for gener-
alizability since health care infrastructures and 
their cost ceilings vary widely. To this end, geo-
graphic variations in clinical practice are also 
highly relevant. For example, Asian-Pacific coun-
tries most often diagnose gastric preneoplasia 
non-invasively instead of histologically based on 
biopsies and also less often use procedural seda-
tion, which is distinct contrast to Western coun-
tries, especially the US. Such variations again 
highlight the need for region- and population-
specific decision analyses.

Structured screening and surveillance programs 
are widely used as one strategy for reducing the 
cancer burden for those cancers in which early 
cancer detection or intervention on precancerous 
conditions positively and meaningfully impacts 
patient-important outcomes, particularly cancer-
specific incidence and related mortality. In gen-
eral, our qualitative analysis demonstrated that 
endoscopic screening and surveillance were 
favorable based on decision analyses, but there 
was wide heterogeneity across studies, particu-
larly with respect to model design, data inputs, 
cost valuations, and thresholds. Indeed, this 
underscores the need for region- and population-
specific GC screening and gastric preneoplasia 
surveillance recommendations, as opposed to a 
‘one-size-fits-all’ approach. The majority (65%) 
of studies that we identified were conducted in 
regions of low-intermediate GC incidence, spe-
cifically the US, Singapore, Italy, and Portugal. 
Many but not all of these studies attempted to 
identify higher risk populations within these 
regions for whom endoscopic screening and sur-
veillance might be more cost-effective compared 
with the background general population; for 
example, according to race/ethnicity, smoking 
status, or the ABCD method of risk-stratification. 

All but one decision analysis that we identified 
analyzed GC-related mortality as the final 
outcome.40

Endoscopy for GC screening is consistently asso-
ciated with improved GC-related mortality in 
high-incidence countries where GC screening 
routinely occurs,14 driven primarily by earlier 
detection of neoplasia and the opportunity for 
preventative/curative resection. A recent meta-
analysis of over 342,000 individuals from Japan, 
South Korea, or China encompassing 6 prospec-
tive cohort and 4 nested case-control studies 
demonstrated that, compared with no screening 
and with radiography-based screening, endos-
copy for GC screening was associated with a 42% 
and 67% significant reduction in GC-related 
mortality, respectively.14 However, GC screening 
does not reliably occur among high risk popula-
tions in other countries/regions. This is even the 
case in those areas (1) with an established, stable 
infrastructure for endoscopy for gastrointestinal 
cancer screening – such as the US, where upper 
endoscopy and colonoscopy are common, 
approved modalities for esophageal and colorec-
tal cancer screening, respectively; and (2) where 
resources and expertise exist such that cancer 
diagnosis in an earlier stage will generally trans-
late to improved outcomes, and, ideally, even 
cure,50 for example, endoscopic or surgical resec-
tion of early stage GC. The reasons for this incon-
gruency are multifactorial, including an 
under-recognition of populations at dispropor-
tionately higher risk for GC in otherwise low–
intermediate incidence countries.4 Additionally, 
there are no comparative studies of GC screening 
or preneoplasia surveillance versus no screening/
surveillance, which are fundamental for evaluat-
ing the clinical benefit (or lack thereof) of these 
interventions. The greatest challenges to per-
forming such studies include study cost, the long 
sojourn time to gastric cancer, the variable popu-
lation risk, and the small but still present proce-
dural risk, to name but a few.

We elected to focus this systematic review on 
endoscopic screening and surveillance strategies 
since endoscopy offers several advantages over 
non-endoscopic modalities, such as radiographic 
or serological (e.g. serum PG). First, at least 
based on evidence from high-incidence countries 
with national GC screening programs, endoscopy 
has a higher sensitivity and specificity compared 
with radiography for GC screening, with the 
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former more often able to diagnose early stage 
disease14,53; extrapolating the performance of 
radiography for GC screening to countries/
regions where it is rarely used, such as the US, is 
also problematic. Endoscopy also allows the 
opportunity for curative resection if early stage 
disease is diagnosed. While not GC screening 
modalities per se, some strategies such as H. pylori 
testing and serum PG have been used to identify 
individuals at higher risk. These each have signifi-
cant limitations, however. The H. pylori testing 
and treatment strategy will not identify people 
who have gastric preneoplastic mucosal changes 
who remain at significantly increased risk for GC 
despite H. pylori eradication.9 Thus, even though 
this strategy is cost-effective, it still risks missing 
the opportunity for early cancer detection and 
improved outcomes. Additionally, despite the 
large body of evidence supporting a “test and 
treat” strategy for GC prevention in high-inci-
dence countries where H. pylori was previously 
endemic, the performance of this strategy for GC 
prevention in low-intermediate incidence areas, 
or in areas with now much lower H. pylori preva-
lence compared with prior time periods (e.g. 
Japan, South Korea), has not been established. 
Along similar lines, while serum PG has demon-
strated adequate test characteristics for predicting 
the presence of AG in some Asian-Pacific popula-
tions, this has not been adequately validated in 
the majority of other populations, namely Western 
populations, and is affected by several factors 
such as smoking, and is also less able to reliably 
predict more advanced preneoplastic or neoplas-
tic changes. Moreover, serum PG testing is not 
available commercially in the US.

The most reliable method for diagnosing gastric 
preneoplasia is via endoscopy with biopsies or, 
where available, advanced endoscopic imaging 
techniques.4 Gastric preneoplasia is important for 
risk stratification given that it is associated with a 
0.16% annual baseline risk of incident intestinal-
type GC, with some groups at even higher risk.9 
Based on this risk, the majority of GI societies 
advocate endoscopic surveillance for gastric pre-
neoplasia.9,10,13,54,55 However, there is variability 
with respect to details of the surveillance recom-
mendation and reflects in large part the heteroge-
neous literature and lack of studies directly 
comparing patient-important outcomes between 
endoscopic surveillance versus no surveillance.9 
As noted, and as confirmed by decision analyses 
conducted in both high and low–intermediate 

incidence countries, the “benefit” of, and cost 
saving associated with, systematic screening sur-
veillance and screening in at-risk individuals is 
diagnosing gastric neoplasia in a curable stage 
and preventing advanced staged disease, for 
which there is no cure and which therefore incurs 
significant societal, healthcare, and personal costs 
including mortality that overwhelm any perceived 
benefit.47 Notably, the framework of endoscopy 
for GC screening and preneoplasia surveillance 
overlaps with screening/surveillance for other GI 
neoplasia – specifically esophageal and colorectal 
– in that the identification of preneoplasia [e.g., 
Barrett’s esophagus and colorectal adenoma(s)] 
dictates subsequent surveillance and intervals.

Because of both between-country and within-
country variation of GC risk,1,3 a targeted screen-
ing approach as opposed to universal approach is 
considerably more palatable for GC screening in 
low-intermediate incidence countries when con-
sidering population health and resource allocation, 
as demonstrated by several decision analyses iden-
tified in our systematic review.44,46–49 In fact, in the 
US, some non-white groups have up to 10-fold 
higher GC incidence compared with non-Hispanic 
whites,56 with rates of GC even exceeding rates of 
colorectal cancer in the average-risk population 
recommended for routine colorectal cancer screen-
ing in the US. These groups also have significantly 
higher rates of gastric preneoplasia.11 The screen-
ing and surveillance intervals, however, should be 
dictated by the population of interest and health-
care infrastructure of the specific country, given 
the different cost and economic considerations, 
particularly for countries that are overall low–inter-
mediate incidence but have identifiable higher-risk 
populations such as immigrants from countries of 
high GC incidence.3

Another consideration, and one on that receives 
more scrutiny in the current era of exploding 
healthcare costs, is evaluating whether the costs 
of case finding – which include both diagnostic 
costs as well as downstream implications related 
to medical, surgical, and other adjunctive cancer 
therapeutics – are appropriately economically bal-
anced with the value of cancer screening/surveil-
lance from the society/healthcare perspective and 
individual quality life years gained.50 In this set-
ting, studies using decision model analyses are 
useful surrogate approaches for comparing clini-
cal strategies. Indeed, decision analyses allow 
essentially real-time evaluation of how alteration 

https://journals.sagepub.com/home/tag


A Canakis, E Pani et al.

journals.sagepub.com/home/tag 19

in one strategy or associated transition probabili-
ties and cost considerations affect the outcome(s). 
While decision analyses cannot exactly simulate 
clinical outcomes, they nevertheless provide valu-
able information about whether a strategy may be 
a suitable clinical option for a given population. 
The majority of cost-effectiveness and cost-utility 
studies identified by our comprehensive search 
were independently appraised as high-quality.

As noted, this is the first systematic review focused 
on endoscopic strategies for GC screening and 
preneoplasia surveillance. Despite several strengths 
of our qualitative analysis, there are a few limita-
tions that must be acknowledged. First, although 
not a limitation of our study per se, we acknowl-
edge that cost-effectiveness does not equate to 
clinical efficacy; that is, even though an interven-
tion might be cost-favorable based on a model and 
under ideal circumstances, this does not imply that 
the intervention will be clinically beneficial. This 
underscores the need for clinical comparative stud-
ies, ideally randomized controlled clinical trials, 
analyzing patient-important outcomes (specifi-
cally, GC-related mortality) in those who undergo 
endoscopy for gastric (pre)cancer screening/sur-
veillance versus no screening/surveillance; such 
studies have not been performed outside of few 
Asian-Pacific countries (e.g., Japan and South 
Korea). Secondly, heterogeneity of the studies pre-
cluded direct comparison and also limited general-
izability. For this reason, we provided a detailed 
categorization of each of the studies in tabular for-
mat to facilitate contextual interpretation of the 
studies and their respective conclusions. We are 
hopeful such a format will be informative when 
designing and implementing future studies, par-
ticularly clinical comparative studies that also ana-
lyze objective clinical outcomes, such as GC-related 
mortality, and economic outcomes associated with 
endoscopic screening/surveillance versus no screen-
ing/surveillance.

In summary, systematic screening and surveil-
lance strategies are paramount to reducing GC 
morbidity, mortality, and societal costs given that 
early detection is directly associated with 
improved mortality and even the opportunity for 
cure. For populations in which screening and sur-
veillance do not routinely occur, GC is most often 
diagnosed at an advanced stage when symptoms 
present and there are limited if any therapeutic 
options, none of which are curative.57 Because  
of logistical difficulties in conducting direct 

comparative clinical studies, decision analyses 
offer a unique mechanism for both clinicians and 
health policy makers to model and explore costs 
and outcomes of various GC reduction strategies 
efficiently with essentially real-time evaluation of 
how altering certain parameters might affect the 
predicted outputs. Moving forward, high-quality 
decision analyses might best serve high incidence 
but resource limited countries in order to  
inform resource allocation and motivate discov-
ery into lower cost interventions, as well as low-
to-intermediate incidence countries in order to 
better define the high-risk subgroups who might 
benefit most from GC screening and preneoplasia 
surveillance.
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