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Radiographic and endoscopic screening to reduce gastric
cancer mortality: a systematic review and meta-analysis
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Summary

Background Previous systematic reviews naively combined biased effects of screening radiography or endoscopy
observed in studies with various designs. We aimed to synthesize currently available comparative data on gastric
cancer mortality in healthy, asymptomatic adults by explicitly classifying the screening effects through study designs
and types of intervention effects.

Methods We searched multiple databases through October 31, 2022 for this systematic review and meta-analysis.
Studies of any design that compared gastric cancer mortality among radiographic or endoscopic screening and no
screening in a community-dwelling adult population were included. The method included a duplicate assessment
of eligibility, double extraction of summary data, and validity assessment using the Risk Of Bias In Non-
randomized Studies of Interventions tool. Bayesian three-level hierarchical random-effects meta-analysis
synthesized data corrected for self-selection bias on the relative risk (RR) for per-protocol (PP) and intention-to-
screen (ITS) effects. The study registration number at PROSPERO is CRD42021277126.

Findings We included seven studies in which a screening program was newly introduced (median attendance rate,
31%; at moderate-to-critical risk of bias), and seven cohort and eight case—control studies with ongoing screening
programs (median attendance rate, 21%,; all at critical risk of bias); thus, data of 1,667,117 subjects were included.
For the PP effect, the average risk reduction was significant for endoscopy (RR 0.52; 95% credible interval:
0.39-0.79) but nonsignificant for radiography (0.80; 0.60-1.06). The ITS effect was not significant for both
radiography (0.98; 0.86-1.09) and endoscopy (0.94; 0.71-1.28). The magnitude of the effects depended on the
assumptions for the self-selection bias correction. Restricting the scope to East Asian studies only did not change
the results.

Interpretation In limited-quality observational evidence from high-prevalence regions, screening reduced gastric
cancer mortality; however, the effects diminished at a program level.
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Introduction

Gastric cancer is the fifth most frequently diagnosed
cancer and the fourth most common cause of cancer-
specific mortality, with a worldwide estimated preva-
lence of over a million cases and approximately 769,000
associated deaths in 2020."' The highest incidence rate of
45.7 cases per 100,000 persons was observed in East
Asia." The risk factors associated with noncardia gastric
cancer include Helicobacter pylori infection, high alcohol
consumption, tobacco smoking, and the consumption of

salt-preserved foods,” whereas the risk factors associated
with cardia gastric cancer include gastroesophageal
reflux disease and a high body mass index.”

South Korea and Japan have implemented
population-based gastric cancer screening programs.’
The current national guidelines of these countries*’
recommend screening for gastric cancer via either
radiography or endoscopy. However, their supporting
evidence was limited and largely based on biased,
naively estimated screening effects on gastric cancer
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Research in context

Evidence before this study

Individual studies performed in high-prevalence regions
suggest that screening with both radiography and endoscopy
reduces gastric cancer mortality. However, the majority of
these studies are not based on designs that rigorously and
appropriately assess the effects of screening on gastric cancer
mortality in a healthy, community-dwelling population. Such
inappropriate designs include studies of patients, studies
comparing gastric cancer mortality between a screened cohort
and its background general population regardless of the
screening status from a vital statistics, and survival analyses
between patients with screen-detected gastric cancer and
patients with symptom-detected gastric cancer. Even studies
exclusively assessing healthy, general populations naively
estimated screening effects on gastric cancer mortality for the
screening attendees vs. nonattendees among the screening-
invited population without accounting for self-selection bias.
In our PubMed search with no language restrictions from
database inception to Oct 31, 2022, for systematic reviews
and meta-analyses on gastric cancer screening and gastric
cancer mortality, we used the following search strategy:
“(gastric cancer screening) AND (meta-analysis OR (systematic
review)) AND (endoscopy OR (upper gastrointestinal series)).”
Three identified systematic reviews performed meta-analysis
and consistently reported that screening by radiography and/
or endoscopy decreased risks of gastric cancer mortality
(range of the average effect estimates: 0.56-0.63) compared
with no screening. However, these results were based on
naively performed syntheses of inaccurate, unadjusted data
reported in the studies with abovementioned designs. To the
best of our knowledge, no systematic review has ever
addressed these critical points.

mortality observed between screening attendees and
nonattendees under the already-implemented popula-
tion-based screening programs. Despite several meth-
odological weaknesses (including self-selection bias),’
subsequent meta-analyses have also naively synthe-
sized these inaccurate effect estimates.**

Since the publication of the abovementioned guide-
lines** and subsequently-reported systematic reviews,**
several relevant studies have been published. This sys-
tematic review aimed to reanalyze currently available
comparative data on gastric cancer mortality in healthy,
average risk, asymptomatic adults by explicitly classi-
fying the screening effects by study designs, modalities
(radiography vs. endoscopy vs. no screening), and types
of intervention effects (effects derived from screening
invitation vs. attendance).

Methods
We conducted this study per the Preferred Reporting
Items for Systematic reviews and Meta-Analyses

Added value of this study

In this meta-analysis, we provided generalized evidence
synthesis on gastric cancer mortality in healthy,
asymptomatic adults by accounting for different study
designs, screening attendance rates, and self-selection bias
and calculated effect type-specific, model-corrected estimates
on gastric cancer mortality reduction due to screening. Our
corrected per-protocol effect (i.e., the effect observed in
screened individuals) indicated a risk reduction in gastric
cancer mortality, which seemed greater for endoscopy than
radiography. By contrast, the mortality reduction in the
intention-to-screen effect (i.e., the effect observed at the
program level, including both screening invitation and actual
attendance) was substantially diluted due to the low
attendance rates. Direct comparative data between
radiographic and endoscopic screening were limited.

Implications of all the available evidence

Although our model-based corrected results aid and add to
the accuracy of results from previous studies, our results
further warrant the need for randomized trials to provide
reliable evidence on the absolute benefits and harms of
gastric cancer screening programs. In countries with
widespread implementation of population-based screening
programs, we would like to suggest more reliable
observational evidence employing research-oriented data
collection systems as well as sophisticated analytical
approaches for better utilization of real-world data as feasible
options.

(PRISMA) 2020 statement.” Ethical approval is not
required for systematic reviews.

Search strategy and selection criteria

This review repurposed the literature search conducted
for the Japanese Guidelines for Gastric Cancer
Screening 2015.° We updated the search using PubMed,
EMBASE, CENTRAL, and ClinicalTrials.gov databases
to identify pertinent reports published between January
1, 2012 and October 31, 2022, without language re-
strictions. In addition, we perused the reference lists of
eligible studies and previous systematic reviews and
meta-analyses.  Further details are listed in
Supplementary Materials.

Two reviewers (MH and TT) independently screened
abstracts and examined the selected full-text publica-
tions. We included nonrandomized comparative studies
that compared mortality from gastric cancer among
radiographic screening, endoscopic screening, and no
screening in a community-dwelling adult (age >18
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years) population at average risk (Table 1). In the case of
multiple publications from a given study cohort, we
used the publication with the largest sample size or
most representative results in the main analysis and the
results from the other reports in sensitivity analyses. No
randomized clinical trials (RCTs) addressing this
research question were eligible. Discrepancies
regarding study inclusion were resolved via discussions
between the assessors and a third reviewer (CH). The
inclusion and exclusion criteria are further defined in
the Supplementary Materials.

Data extraction

One reviewer (TT) extracted descriptive data from each
eligible paper and the other (MH) confirmed the
extracted data (Supplementary Methods). Both reviewers
(MH, TT) independently extracted quantitative outcome
data. Adjusted estimates for which the full set of study-
specified covariates was accounted were preferred over
adjusted estimates with fewer, selected covariates or
unadjusted estimates. For case—control studies, esti-
mates based on the standard conditional regression
were preferred over unconditional logistic regression.
When only sex-specific estimates were reported for a
study, we simply pooled the two results under the
common-effect assumption to derive a study-level
average estimate. We contacted the authors for addi-
tional data if a study did not report on the pertinent data
(Supplementary Methods).

We first classified study designs into two groups:
screening introduction studies for screen-naive pop-
ulations and studies of population-based screening pro-
grams (with either a cohort or case—control design)
where an ongoing screening program was already
established at the study sites. Then, we categorized
screening effects into three types: the intention-to-screen
(ITS) effect, per-protocol (PP) effect, and post-hoc effect as
previously defined.”'" The ITS effect assessed the effect
of screening invitation regardless of attendance while the
PP effect assessed the effect of screening attendance. In
both contexts, the effects were estimated in contrast to a

control, screen-naive population, for which a screening
program had never been available (i.e., an uninvited
population). In contrast, the post-hoc effect was the effect
for the screening attendees vs. nonattendees under an
ongoing screening program. The post-hoc effect is sus-
ceptible to self-selection bias due to inconsistencies be-
tween group risks of gastric cancer mortality caused by
self-selected screening attendance.'®'' Operational defi-
nitions are included in the Supplementary Methods.

In theory, ITS and PP effects are not directly esti-
mable in studies of population-based screening pro-
grams. To address this, we performed a statistical
correction to convert the post-hoc effect into the corre-
sponding ITS and PP effects.”” We specified the con-
version factor, the Dr; i.e., the relative risk (RR) of the
screening nonattendees compared with the control,
uninvited population, as 1.05 in the main analysis and
explored a range between 0.8 and 1.1 in the sensitivity
analysis (further details in Supplementary Methods).

Risk of bias assessment

Two reviewers independently rated the risk of bias in
screening introduction studies and cohort-type studies
of population-based screening programs using the Risk
of Bias in Non-randomized Studies of Interventions
tool."” For case—control studies, we applied the tool’s
prototype version specifically designed for case—control
studies.” Discrepant ratings were resolved via discus-
sions. The specific items considered while rating for
each risk of bias domain are presented in Supplemental
Table S1.

Synthesis methods
Our primary outcomes were the effects of PP and ITS
on gastric cancer mortality. We also assessed the post-hoc
effect as the reference. We used RRs for the incidence
rates as the effect measure. Under the rare event
assumption, we deemed odds ratios (ORs) estimated in
case—control studies to approximate RRs.

We calculated summary estimates and their 95%
credible intervals (Crls) and prediction intervals (PIs)

PICOTS item Specific details

Population

Interventions and Comparators

converted into respective PP and ITS effects corrected for self-selection.

Healthy, asymptomatic community-dwelling adults (age >18 years)

Radiographic screening, endoscopic screening, and no screening

Outcomes Mortality from gastric cancer

01 PP effect: the effect observed among people who attended screening®

02 ITS effect: the effect observed among people who were invited to screening regardless of actual screening attendance®
Timing Not specified
Setting Population-based or opportunistic gastric cancer screening programs

ITS = intention-to-screen; PICOTS = patient, intervention, comparator, outcome, timing, and setting; PP = per-protocol. *For both PP and ITS effects, the outcomes were
compared with people who were not invited to (or could not access) screening. In cohort and case-control studies conducted in the context of an ongoing screening
program, the only estimable post-hoc effect (i.e., naively estimated effect) observed among people who attended screening, compared with people who did not, was

Table 1: Inclusion criteria and clinical outcomes of interest based on the PICOTS framework.
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using a Bayesian study-level pairwise hierarchical
random-effects model meta-analysis when at least two
studies were deemed to be appropriately combined.'*
First, we performed meta-analysis separately by
study design for each type of screening effect. Sub-
sequently, we performed a generalized evidence syn-
thesis using a three-level hierarchical random-effects
model to allow for variation across the results derived
from different study designs.'”'® For the between-
study variance (tau?), we used an evidence-based
informative prior distribution" for the main analysis
and another weakly informative half-normal prior for
the sensitivity analysis.'® Details of the model specifi-
cations, fitting, convergence, and choice of the prior
distributions for parameters are reported in
Supplementary Methods.

We graphically assessed the between-study statistical
heterogeneity and quantified it using the tau and I?
statistics, along with the 95% PIs of the treatment ef-
fects. We did not perform the planned tests for funnel
plot asymmetry because there were <10 eligible studies
per study design.”” Limited available data per specific
effect type restricted the planned subgroup analyses
exclusively to studies conducted in East Asia. For the
post-hoc sensitivity analyses, we excluded studies pub-
lished before 2000 or used a standard hierarchical

Previous studies

Identification of new studies via databases and registers

random-effects model. In the absence of randomized
and high-quality observational evidence, we did not
perform the preplanned assessment of certainty in the
body of evidence. Meta-analyses were performed using
OpenBUGS V.3.2.3 from Stata V.17.%°

Role of the funding source

The funders of the study had no role in study design,
data collection, data analysis, data interpretation, writing
of the manuscript, or the decision to submit the
manuscript for publication.

Results

Study selection

Our literature review identified 22 eligible studies
involving 1,667,117 community-dwelling adults in high-
prevalence regions’ ™ (12 from the previous
reviews?'?*3250  and  nine  newly identified
studies?>?733344142) (Fig. 1; Table 2). Unpublished infor-
mation was obtained from two studies.’* A list of
excluded publications and reasons for exclusion are
available in the Appendix.

Study and participant characteristics

Seven studies (one quasi-experimental study from Costa
Rica’ and six cohort studies, three from China,”**** two

Identification of studies via other methods

5 Studies [reports] Records identified from database Records removed Records identified
E included in the searching before screening from references
& -2012/1/1-2022/10/31
S Japanese Guidelines PubMed (n = 963) - Duplicate records (n=16)
el
= for Gastric Cancer -2012/1/1-2022/10/31 (n =166)
. EMBASE (n=1,112)
Screening 2015
OVID Central (n = 50)
(n=12[12])
Records screened Records excluded
w0 —>
= (n=1,959) (n=1,909)
¢
G l
Reports sought for retrieval and Reports excluded, Reports sought for Reports
assessed for eligibility > with reasons* retrievaland 5 excluded, with
(n=51) (n =44) assessed for reasons*
l eligibility (n=13)
(n=16)
New studies [reports] included in
- review
(7]
3 (n=10[10))
: |
Total studies [reports] included in
—_— review
(n=22[22])

Fig. 1: Study flow diagram*. *See Supplementary Documents (List of Excluded Publications) for excluded publications and the reasons for

exclusion.
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(Nationwide)

Niigata, respectively. ‘Radiographic screening was no longer available since 1996.

Author year Study location ~ Target  Screening Screening  Availability of Exposure, cycles [year] Attendance Follow-up Analyzed
age, year modality invitation screening program rate®, % period subjects, n
Studies in screen-naive population with control group
Quasi-experimental studies
Rosero-Bixby 2007 Costa Rica 50-75 UGIS Twice only, 1996~ >1[1996-2004] 76 1996-2004 18,777
(Cartago) biennial
Cohort studies
Chen 2009 China (Ci-xian) 40-69 EGD Single 2001-2002 1 [2001-2002] 53 2002-2008 15,325
Chen 20217 China (Multi 40-69 EGD Single 2005-2006 1 [2005-2012] 34 2005-2015 637,500
regions)
Studies in screen-naive population
Cohort studies
Nakamura 1977°* Japan (Fukuoka) 40~ UGIS Annual 1964~ >1[1964-1975] 29 1964-1975 1553
Hisamichi 1984 Japan (Miyagi) 40-69  UGIS Annual 1960~ >1 [1960-1977] 14 1960-1977 7008
Kim 2018%° South Korea (four 40- UGIS; EGD  Biennial 2002- >1 [2002-2014] 31 1993-2014 15,682¢
regions)
Li 202277 China (Linqu) 40-69  EGD Single 2012- 1[2012-2018] 4 2012-2019 375,800
Studies in regions with population-based screening programs
Cohort studies
Inaba 1999° Japan (Gifu) 41- UGS Annual 1960s- 1 [1991-1992] 14 1992-1995 24,134
Mizoue 2003 Japan (Multi 40-79  UGIS Annual 1960s- 1[1988-1990] 13 1988-1997 87,312
regions)
Lee 2006°° Japan (Multi 40-59 UGIS Annual 1960s- 1[1990] 13 1990-2003 42,150
regions)
Miyamoto 2007°" Japan (Miyagi) 40-64 UGIS Annual 1960- 1[2003] 20 1990-2001 41,394
Hamashima 2015°° Japan (Tottori) 40-79 UGIS; EGD  Annual 1960s-;" 2000-° 1 [2007-2008] 25 2007-2013;" 14,274
2008-2013¢
Hagiwara 2021% Japan (Gunma)  40-79 UGIS; EGD  Annual 1960s—> 2004-° 1[2006] 21 2006-2012 21,802
Narii 20223 Japan (Multi 50- UGS Annual 1960s- 2 [1995-1998; 13 2000-2015 80,272
regions) 2000-2003]
Case-control studies
Oshima 1986*° Japan (Osaka) 40- UGIS Annual 1962- >1[1962-1981] 21 1969-1981 351
Pisani 1994°° Venezuela 35- UGIS Annual to 1980~ 1981-1989 12 1985-1989 2651
(Tachira) biennial
Abe 1995% Japan (Chiba) 40- UGIS Annual 1968- 1968-1989 14 1981-1989 3233
Fukao 1995 Japan (Miyagi) 40~ UGIS Annual 1960~ 1980-1991 22 1980-1991 775
Hamashima 2013*° Japan 40-79 UGIS; EGD  Annual 1960s-° 2000-and  1960s;” 2000-2006 25 2003-2006 and 2702
(Tottori + Niigata) 2003 and 2003-2010¢ 2006-2010°
Matsumoto 2014*° Japan (Nagasaki)  40- EGD Annual 1960s-1996 1996-2008 22 2000-2008 143
(uals);>
1996~(EGD)‘
Chen 2016* China (Linzhou) ~ 40-69 EGD 1-off 2005- 2005-2013 51 2005-2015 2189
Jun 2017% South Korea 40- UGIS; EGD  Biennial 2002- 2002-2009 21 2004-2012 272,090

EGD = esophagogastroduodenoscopy; NA = not applicable; ND = no data; UGIS = upper gastrointestinal series. *Averaged attendance rates during the study period. Data were extrapolated from other
resources when not presented in the study report (see Supplemental Table 54). "For radiographic screening. “For endoscopic screening. “Some overlapping cases are possible. *Data are for Tottori and

Table 2: Included studies of gastric cancer screening.

from Japan,”* and one from South Korea®) assessed
the effect of introducing screening programs in screen-
naive populations (Table 2; Supplemental Table S2). Of
these, three had a contemporaneous control
population,”** whereas in the other studies, the com-
parison was between attendees and nonattendees of the
newly introduced programs.’**’

The other 15 studies (seven population-based cohort
studies in Japan®*~* and eight case—control studies [five
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in Japan®*~* and one each in Venezuela,** China," and
South Korea*]) were conducted in the context of
ongoing screening programs (Table 2). These studies
retrospectively assessed data from local screening reg-
istries or parental cohort studies; the latter was typically
designed for assessing risk factors for mnon-
communicable diseases, and the screening attendance
relied on data from self-reported questionnaires or in-
terviews (Supplemental Table S2).
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Studies generally targeted community-dwelling
adults aged over 40-50 years and excluded those with
a prior history of gastric cancer (Table 2). For cohort-
type studies, the mean or median follow-up duration
range was 3.2-18.5 years. Case-control studies simi-
larly selected gastric cancer death cases from the local
residents registered in the local death and/or cancer
registries and then selected age-, sex-, and resident
area-matched controls from the same resident popu-
lations (Supplemental Table S2).

Studies inconsistently addressed signs and/or
symptoms in screened subjects (Supplemental
Table S3). Only one prospective cohort study”’ explic-
itly excluded symptomatic subjects upon enrollment.
Subjects diagnosed with gastric cancer immediately af-
ter the recruitment (within 6-18 months) were post-hoc
excluded in one screening introduction study” and one
cohort study” in the main analysis and in three other
cohort studies in the sensitivity analysis only*»*
because of the possibility of being symptomatic cases.
Similarly, three case—control studies®***** operationally
disregarded the screening attendance within 6-12
months before gastric cancer diagnosis in the case
group. Sparse and inconsistent reports on risk factors
for gastric cancer precluded meaningful across-study
comparisons (Supplemental Table S3).

Screening tests and attendance

Studies typically reported radiographic screening as 6-
to 8-film double-contrast direct or indirect radiog-
raphy, whereas the reported methods of endoscopic
screening generally lacked sufficient details, except for
one recent study (Supplemental Table S4).> Details of
the performers and/or interpreters of the screening
results, positivity rates and criteria, and adherence to
the recall and confirmatory investigations were
scarcely reported.

The number of screening cycles provided in the
screening introduction studies varied, including a
single-cycle endoscopic screening in three Chinese
studies,”***” a two-cycle radiographic screening in the
quasi-experimental study conducted in Puerto Rico,”
and annual*** or biennial*® screening programs (Table
2). The attendance rates were generally low (4%—-34%),
except in two studies (53%-76%).*"*

In cohort and case—control studies conducted under
ongoing screening programs, screening was locally
available at annual or biennial intervals (Table 2). The
attendance rates reported were low (12%-25%), except
in one study conducted in China (51%)."

Other interventions

Only two screening introduction studies provided the
follow-up methods for subjects with specific screening
results (Supplemental Table S4).**” Sufficient details of
the treatment for diagnosed gastric cancer were reported
in two screening introduction studies only.?** No

studies reported on the attendance of opportunistic
screening programs.

Risk of bias

The ratings of the risk of bias assessment varied for
screening introduction studies: One was rated as having
a moderate risk of bias,” three were rated as having a
severe risk of bias,”*** and three others were rated as
having a critical risk of bias** (Supplemental Fig. S1;
Supplemental Tables S6-S8). In contrast, all cohort***
and case—control studies** conducted under ongoing
screening programs were rated as having a critical risk
of bias. The risk of bias was consistently serious for all
studies in two specific domains, confounding and clas-
sifications of screening attendance (Supplemental
Figs. S2 and S3; Supplemental Tables S6-S11).

Effect of radiographic screening vs. no screening
A total of 14 studies on radiographic screening (four
screening introduction studies,”*** four cohort
studies,”* and six case—control studies***** under
ongoing screening programs) reported findings on the
post-hoc effect (Supplemental Figs. S4-S6). While the
summary estimate was significant with only small
across-study heterogeneity for screening introduction
studies (RR: 0.42; 95% Crl: 0.29-0.59; 95% PI:
0.25-0.68) and cohort studies (RR: 0.61; 95% Crl:
0.47-0.79; 95% PI: 0.40-0.94), the summary estimate
for case-control studies was not significant, with
moderate-to-substantial across-study heterogeneity (RR:
0.69; 95% Crl: 0.45-1.02; 95% PI. 0.24-1.92). After
excluding one overlapping nonrepresentative study,”
the generalized synthesis yielded a significant overall
estimate associated with a reduced risk by an average of
43% (RR: 0.57; 95% Crl: 0.43-0.75; 95% PI: 0.35-0.90)
(Supplemental Fig. S7).

The PP effect was reported by one screening
introduction study only,” which suggested a significant
risk reduction of 37% (RR: 0.63; 95% CrI: 0.44-0.90)
(Fig. 2). Additional, nonoverlapping two screening
introduction,* four cohort,**" and six case-
control***# studies provided data amenable to
adjustment for self-selection bias, the point estimates
of which ranged from 0.52 to 2.14. The overall result
based on the generalized synthesis suggested an
average risk reduction of 20% with only small-to-
moderate across-design heterogeneity (RR: 0.80; 95%
CrI: 0.60-1.06; 95% PI: 0.50-1.25). The summary es-
timate was not significant.

The ITS effect was, again, reported by one screening
introduction study only,” which was no longer signif-
icant (RR: 0.84; 95% Crl: 0.62-1.13) (Fig. 2). Also,
nonoverlapping screening (n = 2),** cohort (n = 4),”**
and case—control (n = 6)***>* studies provided data
amenable to adjustment for self-selection bias, with a
point estimate range of 0.87-1.09. The generalized
synthesis calculated an overall estimate, suggesting an
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Study ID

Reported RR (Crl)

Predicted RR (Crl)

Per-Protocol Effect

Case-Control Studies
Oshima 1986%

Pisani 1994%

Abe 1995%

Fukao 1995%
Hamashima 2013
Jun 201742

REM; tau=0.30

GES; tau=0.30

| |
. [
1

|
¥
J

4= — —l\—i— -1—1-*—

Cohort Studies
Inaba 19992
Mizoue 2003
Lee 2006%
Miyamoto 20073'
REM; tau=0.11
GES; tau=0.11

Ty
T

s

Screening Introduction Studie:
Nakamura 19772 ——a—

—

Hisamichi 19842° — -
Rosero-Bixby 20072 =
REM; tau=0.11 il
GES; tau=0.12 -<1|L—
Overall GES; tau=0.12 H

Intention-To-Screen Effect

Case-Control Studies
Oshima 1986%

Pisani 19943

Abe 1995%

Fukao 1995%
Hamashima 2013%
Jun 20174

REM; tau=0.07

GES; tau=0.07

Cohort Studies
Inaba 19992
Mizoue 2003
Lee 2006%°
Miyamoto 20073
REM; tau=0.04
GES; tau=0.04

Screening Introduction Studies
Nakamura 19772

Hisamichi 19842

Rosero-Bixby 2007%'

REM; tau=0.09

GES; tau=0.08

Overall GES; tau=0.04

0.65 (0.36-1.18)
2.14 (1.03-4.48)
0.61(0.33-1.12)
0.52 (0.33-0.84)
1.07 (0.72-1.58)
1.26 (0.95-1.68)

0.76 (0.46-1.15)
1.18 (0.75-2.38)
0.74 (0.43-1.12)
0.65 (0.41-0.98)
0.99 (0.72-1.40)
1.15 (0.87-1.54)

0.93 (0.63-1.32 [0.39-2.15])
0.85 (0.63-1.11 [0.37—1.84])

1.36 (0.58-3.16)
1.06 (0.56-1.98)
0.81 (0.42—1.55)
0.71 (0.44-1.14)

0.88 (0.62—1.29 [0.53-1.54]
0.83 (0.64—1.10 [0.53-1.29]

0.48 (0.24-0.97)
0.71 (0.35-1.41)
0.63 (0.44-0.90)

0.62-1.37)
0.62-1.27)
0.58-1.17)
0.57-1.09)

0.87
0.86
0.83
0.81

0.69 (0.44-0.97)
0.72 (0.49-1.07)
0.69 (0.51-0.91)

0.61 (0.42-0.88 [0.36-1.02])
0.73 (0.53-0.98 [0.45-1.26])

0.80 (0.60-1.06 [0.50-1.25])

0.94 (0.87-1.02)
1.09 (1.01-1.18)
0.96 (0.91-1.01)
0.91 (0.86-0.97)
1.01 (0.93-1.11)
1.05 (1.00-1.10)
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Fig. 2: Per-protocol (upper) and intention-to-screen (lower) effects for gastric cancer mortality by radiographic screening. The diamond rep-
resents the summary risk ratio (RR) centered on a combined estimate and extending to a 95% credible interval (Crl), with estimated 95%
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almost null effect with small across-design heteroge-
neity (RR: 0.98; 95% Crl: 0.86-1.09; 95% PI:
0.78-1.21).

Effect of endoscopic screening vs. no screening

A total of seven studies on endoscopic screening (three
screening introduction studies*”*” and four case-
control studies*** under ongoing screening programs)
reported data on the post-hoc effect (Supplemental
Figs. S8 and S9). All studies consistently reported sig-
nificant estimates associated with a reduced risk of
gastric cancer mortality. The summary estimates were
significant for both study designs and suggested an
average risk reduction of 49% with only small-to-
moderate across-study heterogeneity for screening
introduction studies (RR: 0.51; 95% CrlI: 0.29-0.72; 95%
PI: 0.21-0.97), and a reduction of 42% with small-to-
moderate between-study heterogeneity for case—control
studies (RR: 0.58; 95% Crl: 0.45-0.78; 95% PI:
0.36-0.99). After excluding two overlapping, nonrepre-
sentative studies,**' the overall result based on the
generalized synthesis also suggested a significant
average risk reduction of 46% with small across-design
heterogeneity (RR: 0.54; 95% Crl: 0.39-0.72; 95% PI:
0.34-0.83) (Supplemental Fig. S10).

The PP effect was reported by only one screening
introduction study”’; the estimate suggested a significant
risk reduction of 54% (RR: 0.46; 95% CI: 0.41-0.52)
(Fig. 3). Additional three case—control studies®** pro-
vided data amenable to adjustment for self-selection bias.
The overall result based on the generalized synthesis
calculated a significant summary estimate associated
with a risk reduction of 48% with small-to-moderate
across-design heterogeneity (RR: 0.52; 95% Crl:
0.39-0.79; 95% PI: 0.32-0.99).

The ITS effect was reported by two screening intro-
duction studies: the estimate from one study*’ suggested
a significant risk reduction (RR: 0.72; 95% CL:
0.68-0.77), whereas the other study reported a signifi-
cant and contradictory estimate suggesting increased
risk (RR: 1.72; 95% Crl: 1.12-2.65) (Fig. 3). Additional
three case—control studies®****> provided data amenable
to adjustment for self-selection bias. The generalized
synthesis yielded a nonsignificant summary estimate
suggesting a risk reduction of 6% (RR: 0.94; 95% Crl:
0.71-1.28; 95% PI: 0.64-1.44).

Comparative effect of radiographic screening vs.
endoscopic screening

Only three cohort studies under ongoing screening
programs compared the post-hoc effects of these two

modalities (Supplemental Fig. S11).2°>** We did not
perform a meta-analysis because of the wide-ranging
effect sizes suggesting possible superiority and inferi-
ority for both modalities and the critical risk of bias
particularly for the classification of interventions
(disregard for the participants’ switching between the
two modalities during the study period).

Sensitivity analysis

In the PP effect for radiographic screening, decreasing
the Dr (i.e., increasing the average risk of gastric cancer
mortality in screening attendees in comparison to
screening-nonattendees) substantially lowered the
summary effect estimates (e.g., from 0.81 [Dr = 1.05] in
the main analysis to 0.26 [Dr = 0.8] in the sensitivity
analysis), which vyielded significantly reduced risks
(Supplemental Fig. S12). Decreasing the Dr similarly
lowered the ITS effect for radiographic screening (e.g.,
from 0.98 [Dr = 1.05] in the main analysis to 0.75
[Dr = 0.8] in the sensitivity analysis), yielding signifi-
cantly reduced risks. Although decreasing the Dr low-
ered the summary point estimates for the PP effect as
well as the ITS effect for endoscopic screening, the re-
sults remained nonsignificant in the ITS effect
(Supplemental Fig. S13). The results did not differ
significantly when studies conducted outside Asia or
studies reported before 2000 were excluded or the
alternative random-effects model was specified.
Furthermore, the results were in general agreement
when alternative priors for the between-study and/or
across-design heterogeneity were specified
(Supplemental Figs. S12-S15). Finally, replacing the
data on the radiographic screening from a Japanese
cohort study® with their subsequent report* did not
substantially alter the conclusions (Supplemental
Figs. S16-S18).

Discussion

In this systematic review and meta-analysis, we analyzed
22 nonrandomized comparative studies of radiologic
and/or endoscopic screening involving 1,667,117
community-dwelling adults. This research included only
studies of community-dwelling adults and used a
refined framework of different types of screening effects
accounting for both different study designs and
inherent bias due to self-selection, which previous meta-
analyses failed to address (Supplemental Table S12).
First, regarding the theoretically expected effect itself on
gastric cancer mortality observed in the screened in-
dividuals (i.e., the PP effect), radiographic screening was

prediction intervals (Prls) depicted as extending solid horizontal lines. Gray squares and dashed horizontal lines indicate self-selection bias-
corrected prior estimates of risk ratios and their 95% Cls. Black squares and solid horizontal lines indicate (study-specific) predicted risk ratios
and 95% Crls based on the posterior distribution of individual studies. The size of the square is proportional to the inverse of the variance of the
log risk ratio of each study. GES = generalized evidence synthesis; REM = random-effects model.
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Fig. 3: Per-protocol (upper) and intention-to-screen (lower) effects for gastric cancer mortality by endoscopic screening. The diamond represents
the summary risk ratio (RR) centered on a combined estimate and extending to a 95% credible interval (Crl), with estimated 95% prediction
intervals (Prls) depicted as extending solid horizontal lines. Gray squares and dashed horizontal lines indicate self-selection bias-corrected prior
estimates of risk ratios and their 95% Cls. Black squares and solid horizontal lines indicate (study-specific) predicted risk ratios and 95% Crls
based on the posterior distribution for individual studies. The size of the square is proportional to the inverse of the variance of the log risk ratio

RR (Crl [Prl])

of each study. FEM = fixed-effect model; GES = generalized evidence synthesis; REM = random-effects model.
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associated with an average reduced risk of 20%, which
was only marginally significant, whereas endoscopic
screening was associated with a significant average
reduced risk of 48%. Second, when the screening effect
was assessed at the whole program level addressing the
joint effect of both screening invitation and attendance
(i-e., the ITS effect), both radiographic and endoscopic
screening programs were no longer significantly asso-
ciated with a decreased risk of gastric cancer mortality—
the low attendance rates diluted the effects observed at
an individual level. Third, these results did not signifi-
cantly change in sensitivity analyses. Importantly, both
the PP and ITS effects for both modalities were based
on limited-quality observational evidence and appeared
sensitive to the correction factor used in the adjustment
for self-selection bias. Fourth, no trustworthy direct
comparative data existed between radiographic and
endoscopic screening.

Our review has several limitations. First, our results
relied on data from nonrandomized studies only. Sec-
ond, the utilized model-adjustment for self-selection
bias' has the potential to address unmeasured con-
founders,* which has been successfully applied in other
cancer screening disciplines.** Nevertheless, due to the
lack of pertinent data, we had to rely on several as-
sumptions and multiple sensitivity analyses based on
hypothetical data—potentially missing important infor-
mation including attendance to opportunistic screening
and surveillance testing performed after positive
screening, seroprevalence and/or the eradication history
of H. pylori, and improvement in the treatment of gastric
cancer per se. Third, we did not include risk-stratified
screening programs based on H. pylori infectious status
as the comparator strategy. Fourth, our review failed to
address population- and program-specific factors that
can modify the screening effects such as the target age
group and screening intervals. Regardless, RCTs, are the
best sources to provide reliable evidence on these effect
modifiers to assist individualized clinical decision-mak-
ing. Finally, the comparative effectiveness of gastric
cancer screening should be based not only on mortality
benefits but also on harms attributable to screening,”
which include recall rates for additional diagnostic tests
(including biopsy with histopathology) that were proven
to be unnecessary, and overdiagnosis and its conse-
quences, if any.” The lack of these data precluded a
formal assessment of harms.

Although the magnitude of the corrected screening
effects is not as reliable as that of rigorously-conducted
RCTs, given the mortality benefit observed for
screening attendees coupled with the large disease
burden in East Asia, our synthesized nonsignificant ITS
effects due to low attendance rates should not deter
people from vparticipating in recommended radio-
graphic and endoscopic screenings.

Currently, two gastric cancer screening RCTs,
a Chinese cluster RCT comparing single-cycle

endoscopic screening to a control® and a small-sized
Japanese RCT comparing a risk-stratified endoscopic
screening program to the standard radiographic
screening program,’® are ongoing. Regrettably, both
are unlikely to answer the key questions targeted in
this review—what is the magnitude of gastric cancer
mortality benefit from population-based radiographic
or endoscopic screening programs (such as those
currently provided annually or biennially in South
Korea or Japan) compared with no screening at all.
Large, long-term RCTs certainly provide the most
reliable comparative evidence of both benefits and
harms of cancer screening.” However, cohort and
case—control studies are the only realistic options in
regions where ongoing screening programs already
exist. Therefore, given their limited-quality, observa-
tional evidence also needs to be refined. Resources to
achieve this goal should be multifaceted—efficient and
rigorous methodologies to validate contemporary
screening effectiveness using routinely collected data,
including de novo, a more accurate and upfront data
collection system fully linked with other sources of
information such as medical records at the individual
level. This is particularly relevant to reliably classifying
the receipt and objective for implementing a test both
within and outside population-based programs, con-
founders to be adjusted, and the cause of death. The
use of sophisticated analytical techniques®'** to address
biases inherent in real-life data derived from the
already-implemented screening programs is another
key point.
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