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Table 2. Study characteristics.

Study ID Design; Subjects, Mean Mean Cancer incidence  Ascertainment of
(Study Recruitment n age follow rate, /700,000 gastric cancer
location) period (y/m) Setting Exclusions (Male, %) (range), y up, y person-year development
Katsushika study Prospective; Population-based ND 4,490 (37) 47 (40-55) 3.9 46 Gastric cancer screening program registry and
[31,32] (Katsushika, 2000 health hospital record. Endoscopy recommended if PG
Tokyo, Japan) checkup test positive® or barium X-ray if negative.
Wakayama study Prospective; Workplace Women; symptomatic 4,655° (100) 50 (40-59) 11.6° 161 Annual double-contrast barium X-ray and PG test
[27,33] (Wakayama, 1994/4-1995/3 health checkup patients; previous followed by endoscopy +/— biopsy if either test
Wakayama, gastric resection; positive
Japan) users of H2RAs or
NSAIDs; gastric
cancer diagnosed
<1 year after
surveillance (n=8)
Watase 2004 Prospective; Population-based Symptomatic patients; 5,449 (37) 51 (40-60) 4.8 58 Review of health checkup database and gastric
[34] (Adachi, 1996 health previous gastric cancer screening program registry. Endoscopy
Tokyo, Japan) checkup resection; users recommended if positive for PG test
of PPIs, patients
with renal failure
Watabe 2005 Prospective; Opportunistic Gastric cancer; peptic 6,983 (68) 49 (ND) 47 130 Annual endoscopy (mean 5.1 times during the
[35] (Chiba, 1995/3-1997/2 health ulcer; and past follow-up period)
Japan) checkup history of gastrectomy
Hisayama study Retrospective Population-based Previous gastrectomy 2,446 (42) 57 (40-) 144 260° Records on annual health checkup and screening
[36,37] (Hisayama, analysis health or gastric cancer; barium radiography; contact by mail or telephone;
Fukuoka, Japan) of a prospective checkup unavailable serum use of a daily monitoring system; hospital or clinic
cohort; 1988 sample records on barium radiography, upper endoscopy,
and histologic diagnosis; autopsies of subjects
who died during the study period".
Kim 2008 [38] Prospective; Opportunistic ND 975 (90) 45 (ND) 9.9 21 Endoscopy every 1 to 3 years
(Seoul, South Korea) 1992-1998 health checkup
Mizuno 2010 [39] Retrospective Population-based ND 2,859 (35) ND (35-)¢ 9.3" 229! Cancer registry based on notification by local
(Kyoto, Japan) analysis health hospitals, gastric cancer screening, activities of'
of a prospective checkup public health nurses, and death certificates.
cohort; 1987
Zhang 2012 Prospective; Population-based Gastric cancer; peptic 1,501 (37) 45 (30-) 14 124’ Annual home visits and review of histology and
[40] (Zanhuang, 1996-1997 health ulcer; other severe X-rays from the local clinics and hospitals.
Hebei, China) checkup diseases; and subjects
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PG test results

2Recommendation of endoscopy with biannual follow-up contact was offered if PG test positive.

55,209 subjects with a mean follow-up of 9.7 years for the analysis of PG test only.

“Recommendation of endoscopy was offered annually for two years.

410 years for the analysis of a 4-group risk model based on both PG test and H. pylori infection status.

“Approximately estimated based on 89 gastric cancer cases identified during the follow-up period of 14 years.

fAutopsy was performed 75% of all deaths from any causes.
983% of participants were 74 years of age or younger.

"Median.

iApproximately estimated based on 61 gastric cancer cases identified during the median follow-up period of 9.3 years.

JApproximately estimated based on 26 gastric cancer cases identified during the followup period of 14 years.

Total screening rates by x-ray gastrography and/or endoscopy were 78% in 1995, 71% in 1999, 75% in 2004, and 82% in 2009.

proton pomp inhibitor.

pepsinogen; PPl=

non-steroidal anti-inflammatory drugs; PG

no data; NSAIDs

histamine receptor 2 antagonist; ND=

doi:10.1371/journal.pone.0109783.t002

fiscal year; H2RAs

FY=
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Study Risk of Bias Assessment tool (PROBAST) [17]. One
reviewer assessed study quality, and the rating was confirmed by at
least one other reviewer. Three out of 64 (5%) quality ratings by
the second reviewer were inconsistent. Any discrepant results were
resolved by consensus.

Data synthesis and analysis

The predictive ability of the pepsinogen test and H. pylori
antibodies as standalone tests were analyzed using the DerSimo-
nian-Laird random effects model meta-analysis to obtain summary
HRs with their corresponding 95% confidence intervals (CIs) for
studies that reported time-to-event data in the main analysis and
the Mantel-Haenszel fixed-effects model meta-analysis for sensi-
tivity analyses. For studies that reported cumulative count data, we
performed the Mantel-Haenszel fixed-effects meta-analysis to
obtain summary odds ratios (ORs) with their corresponding
95% CIs in the main analysis because studies in general reported
the incidence rates of gastric cancer in the test-negative group to
be less than 1% with substantial imbalances between the test-
positive and -negative groups [18]. The Peto OR method and the
Mantel-Haenszel fixed-effects model for combining summary risk
differences were also used in sensitivity analyses. To supplement
the measures of predictive ability, we also obtained summary
estimates of sensitivity and specificity with their corresponding
95% CIs using bivariate random effects meta-analysis with the
exact binomial likelihood [19] and constructed summary receiver-
operating characteristic (ROC) curves and confidence regions for
summary sensitivity and specificity [20].

Studies that assessed the risk prediction model based on the
pepsinogen test and H. pylori serology consistently defined four
risk groups (Table 1). Suboptimal methodology and reporting of
model performance are common in prognostic model studies using
time-to-event data [21,22]. After perusal of the reported measures
of model performance, we determined to quantitatively synthesize
HRs across risk groups; no studies reported the recommended
standard measures of discrimination or calibration [22]. From four
risk strata, it is possible to form six pairwise comparisons. None of
the studies, however, assessed and reported all the logically
comparable contrasts but typically reported only three HRs of
gastric cancer development, comparing Groups B, C, and D with
Group A only. Therefore, in addition to conventional meta-
analysis of direct evidence on the reported contrasts, we performed
multivariate meta-analysis for predictive tests with three or more
risk strata with a Bayesian framework to combine the totality of
direct and indirect evidence in a single analysis, taking correlations
between the risk strata into account [23,24]. We calculated the
summary HRs and ORs (for cumulative count data) with their
corresponding 95% credible intervals (Crls) using the fixed-effects
model in the main analysis and the random-effect model in
sensitivity analysis. Additionally, we calculated the probability for
each risk group that it would be ranked from best to worst among
the four risk strata. Finally, we repeated the multivariate meta-
analysis in a post-hoc set of sensitivity analyses by combining
Group C and Group D to form a 3-risk group model (Table 1).

To quantitatively explore model performance with reported
cumulative count data, we performed “descriptive” meta-analysis
of the discrimination and calibration using the DerSimonian-Laird
random-effects model [25], acknowledging not taking account of
potential effects of censoring. For each study, as the measure of
discrimination, we estimated the ¢-statistic and its corresponding
95% CIs [26]. To assess the calibration of the model, for each
study we calculated the expected over observed event ratio (E/O)
and its Poisson exact 95% CIs for each risk group and for all the
risk groups combined. Expected events were calculated by
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Figure 2. Meta-analysis of hazard ratio for four-risk-group prediction model to predict gastric cancer development. The red and blue
diamonds depict a summary hazard ratio with extending 95% confidence interval (Cl) or 95% credible interval (Crl), estimated from direct meta-
analysis or multivariate meta-analysis, respectively. Each square and horizontal line indicates the hazard ratio and corresponding 95% Cl, respectively,

for each study. NE=not estimable.
doi:10.1371/journal.pone.0109783.g002

applying the proportionate cumulative gastric cancer incidence
estimates from long-term follow-up results of the first reported
study [27] to the corresponding four risk groups of the subsequent
studies assuming a constant incidence rate as reported [27]. E/O
statistics less than, equal to, and more than 1 respectively suggest
an under-, perfect-, and over-prediction of the model.

We quantified between-study heterogeneity with the I” statistic
and considered I° to be suggestive of intermediate or high
heterogeneity when >50% or >75%, respectively [28]. For each
model in the Bayesian multivariate meta-analysis we based results
on 3 different chains and 200,000 iterations after a burn-in of
10,000 iterations, and model convergence was assessed by Brooks-
Gelman-Rubin criteria [29]. We did not perform tests for funnel
plot asymmetry because there were fewer than ten eligible studies
[80]. Also, we did not perform subgroup or meta-regression
analyses due to the small number of studies. All analyses were
conducted using Stata SE, version 12.1 (Stata Corp, College
Station, TX, USA) and WinBUGS 1.4.3 (MRC Biostatistics Unit,
Cambridge, UK). P-values for all comparisons were 2-tailed, and
statistical significance was defined as a p-value less than 0.05.
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Results

Literature flow and eligible studies

Our main literature searches identified 2843 citations, of which
154 were considered potentially eligible and reviewed in full
(Figure 1). Six additional citations were identified through
supplementary searches. We excluded 76 studies that did not
meet our inclusion criteria. The updated search found three
additional eligible studies. In the end, 9 independent cohorts
reported in 12 publications [27,31-41] were considered eligible.

Study and clinical characteristics

The 9 eligible cohort studies (7 from Japan, 1 from Korea, and 1
from China) included 33,741 asymptomatic participants of gastric
cancer  screening  programs (Table 2). Five  studies
[32,34,37,39,40] were conducted in communities, whereas two
[35,38] were opportunistic screening in clinical settings, and
another two [27,41] were workplace health checkups. Although all
studies prospectively enrolled participants, two studies [37,39]
reported that data were analyzed retrospectively. The mean age at
enrollment ranged between 45 and 57 years, and the mean follow-
up ranged between 3.9 and 14 years. During the study period, only
between 2 and 89 gastric cancer cases were detected per cohort,
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Figure 3. Rankogram of risk of gastric cancer development
based on four-risk-group prediction model. Ranking probability
of gastric cancer risk for each group, estimated from direct multivariate
meta-analysis is shown. The 4 rankings show the risk of gastric cancer
development: rank 1, lowest risk; rank 2, second lowest risk; rank 3,
second highest risk; and rank 4, highest risk.
doi:10.1371/journal.pone.0109783.g003

which corresponded to heterogeneous cancer incidence rates of
between 21 and 260 cases per 100,000 person-years. Only did 2
cohorts [27,35] analyze gastric cancer incidence by histological
subtype (i.e., intestinal type or diffuse type). Two studies excluded
from the analysis cases of gastric cancer diagnosed early after
enrollment: 8 cases diagnosed within 1| year in one [27,33] and 3
cases diagnosed within 6 months in the other [41]. Review of the
registry data on annual health checkups with radiographic
screening and medical records was the most commonly adopted
method to ascertain gastric cancer cases. Only in two studies
[35,38] was periodic endoscopic screening performed to detect
gastric cancer.

Three studies [32,34,41] evaluated the serum pepsinogen test
alone, while a single study [38] exclusively assessed H. pylori
antibodies as a standalone risk factor (Table S1). Five studies
[27,35,37,39,40] evaluated both tests and the risk-prediction
model, consisting of four risk strata based on the two tests. Of
the seven studies that reported when samples were assayed, two
analyzed the stored serum 7 to 14 years after blood collection. All
seven studies that reported the method used to measure
pepsinogen concentrations used an identical assay with a set of
recommended cutoff values to diagnose CAG (pepsinogen I=
70 ng/mL and pepsinogen 1/11=3.0) [42]. Two studies adopted
additional sets of cutoffs (Table S1). Various assays were used for
H. pylori antibodies and heterogeneous estimates of sensitivity and
specificity were reported (Table S1).

Assessment of study quality

Figure S1 shows the results of validity rating. No study
adequately reported all seven items relevant to study validity that
we assessed, that is, study design, selection of participants,
participant characteristics, start of follow-up, test characteristics,
methods of ascertainment of gastric cancer development, and
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methods of data analysis (Table $2). Reporting was particularly
poor regarding blinding of interpreters of the two tests to clinical
outcomes, and blinding of outcome assessors to the test results.
Three studies [31,32,34,39] excluded more than 50% of all
potentially eligible participants, and a retrospective design was
adopted in 2 studies [36,37,39]. The follow-up period is shorter
than 5 years in three studies [31,32,34,35]. Four studies
[31,32,34,38,40] failed to adjust for any potential confounders in
analyzing risk estimates.

Pepsinogen test and H. pylori antibodies

Four studies, including 14,343 subjects [33,37,39,41], reported
HRs for the pepsinogen test to predict gastric cancer development.
All studies but one [37] adopted the recommended cutoff values
for this analysis. The random-effects meta-analysis showed that
subjects with a positive test had a higher risk of gastric cancer than
those with a negative test (summary HR, 3.5; 95% CI, 2.7-4.7;
p<0.001; I’ =0%) (Figure $2-A). Cumulative count data were
available in 8 studies including 32,766 subjects [27,32,34—36,39—
41]: a positive test result was similarly significantly associated with
a higher risk of gastric cancer compared with a negative result
(fixed-effects OR, 3.9; 95% CI, 3.2-4.8; p<<0.001; = 37%)
(Figure $2-B). These studies had a summary sensitivity of 0.57
(95% CI, 0.49-0.65) and a summary specificity of 0.76 (95% CI,
0.69-0.81) (Figure S2-C).

For H. pylori antibodies, HR estimates were available from 3
studies including 9960 subjects [33,36,39]. The random-effects
meta-analysis showed that subjects positive for H. pylori antibodies
had a higher risk of gastric cancer than those with a negative test
(summary HR, 8.2; 95% CI, 2.0-5.2; p<0.001; I = 0%) (Figure
83-A). Six studies including 19,419 subjects [27,35,37-40]
reported cumulative count data for OR estimation, and the
fixed-effects meta-analysis found a similarly significant association
between positive H. pylori antibodies and a higher incidence of
gastric cancer (summary OR, 2.7; 95% CI, 2.0-3.8; p<<0.001;
F=10%) (Figure $3-B). Summary estimates of prognostic
accuracy were 0.87 (95% CI, 0.76-0.94) for sensitivity and 0.30
(95% CI, 0.23-0.39) for specificity (Figure S3-C).

In the preplanned sensitivity analyses for these two tests, the
summary estimates of the alternative models were not materially
different from those in the main analysis (data not shown).

Risk prediction model

Predictive ability of the risk-prediction model based on the
pepsinogen test and H. pylori antibodies was first reported in the
Wakayama study of 2004 [33], where the baseline gastric cancer
risk was estimated in a male population from a workplace health
checkup. Four subsequent studies evaluated the model in three
community-dwelling populations [35,37,40] and in a cohort of
participants in opportunistic health checkups [39], which we
considered validation cohorts.

Four studies (a total of 16,943 subjects) that reported HRs
[27,35,37,39] were included in the meta-analysis of predictive
ability. For predicting gastric cancer development, the 95% CrI of
the summary HRs for 5 out of 6 possible contrasts did not include
1, suggesting that in the pairwise contrasts, other than the
comparison between Group C and Group D, there was more than
95% probability that one of the two comparators had a higher risk
of gastric cancer than the other (Figure 2). Specifically, multi-
variate meta-analyses suggested that Group A had a lower risk
than Group B and Group C, and that compared with Group C
and Group D, Group B had a lower risk. There was no significant
difference in the risk of gastric cancer between Group C and
Group D (summary HR, 1.49; 95% CirI: 0.84-2.65). The ranking
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Figure 4. Meta-analysis of the expected over observed (E/O) ratios. The diamonds depict a summary E/O ratio and extending 95%
confidence interval (Cl). Each closed circle and horizontal line indicates the hazard ratio and corresponding 95% Cl, respectively, for each study.

Studies are ordered by publication year.
doi:10.1371/journal.pone.0109783.g004

analysis showed that Groups A and B, respectively, had the lowest
and second-lowest risk of gastric cancer development (posterior
cumulative probability to rank the lowest and the second-lowest
risk groups was both >99%), whereas Groups C and D could be
the highest or second-highest risk groups (92% and 8%,
respectively, for being ranked as the second-highest group, and
8% and 92%, respectively, for the highest risk group) (Figure 3).
In sensitivity analyses using alternative models, and subgroup
analyses of only studies that adopted the recommended cutoff
values for the pepsinogen test, the summary HR estimates as well
as the results of the ranking analysis were similar to those of the
main analysis (Figure $4).
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Five studies (a total of 18,444 subjects) with cumulative count
data [27,35,37,39,40] were included in the multivariate meta-
analysis of OR. The summary estimates were similar to the
findings in the meta-analysis of HR, and again, there was no
evidence of difference between Group G and Group D (summary
OR, 1.64; 95% Crl: 0.84-2.88) (Figure S5). The summary
estimates for sensitivity analyses were stable and the results were
not materially different from the main analysis (Figure S6). In the
post-hoc sensitivity analysis of 3-risk-strata model, the multivariate
meta-analysis and the ranking analysis showed that Group A had a
lower risk than Group B and combined Group C and Group D,
and compared with combined Group C and Group D, Group B
had a lower risk (Fig. $7-89).
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doi:10.1371/journal.pone.0109783.g005

While two studies presented Kaplan-Meier plots of cumulative
gastric cancer incidence by risk group [27,35] and four studies
calculated p-values for differences in gastric cancer incidence
between the risk strata by Log-rank test [27,35,39] or Chi-squared
test [40], none reported recommended statistical measures or
graphical displays for assessing model performance of time-to-
event data [22]. Although the meta-analysis for overall study
population suggested that the calibration was generally good
across all risk strata (summary E/O ratio, 1.03; 95% CI: 0.50—
2.13; p=0.94), high between-study heterogeneity was found
(I” = 96%), suggesting that there were variations in the populations
assessed in the validation studies (Figure 4). Specifically, the E/O
ratio of one study showed an over-prediction (E/O, 2.43; 95% CI:
1.86-3.12; p<0.001), whereas an under-prediction was suggested
for another study (E/O, 0.41; 95% CI: 0.30-0.55; p<<0.001). In
contrast, meta-analyses of the c¢-statistic suggested that the
discrimination was in general fair with low evidence of between-
study heterogeneity (summary ¢-statistic, 0.71; 95% CI: 0.68-0.73;
I’ =7%) (Figure 5).

Discussion

In this meta-analysis based on 9 prospective cohorts from
Eastern Asia, we found that adults with a positive pepsinogen test,
as a standalone test, had an approximately fourfold higher risk of
gastric cancer than those with a negative test. Likewise, the risk of
gastric cancer for those with positive H. pylori antibodies was
about threefold higher than for those with a negative result. The
performance of these tests did not seem to be different across the
cohorts regardless of country or gastric cancer incidence. These
findings are in general agreement with previous meta-analyses
[9,10,43—46] based mostly on case-control and nested case-control
studies, or cross-sectional studies.

In our multivariate meta-analysis, the prediction model seemed
to be moderately accurate in separating asymptomatic adults into
four risk groups. Although our results failed to show a significant
difference between Group C and Group D, this should not be
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viewed as evidence that the risk of the two groups is equal because
the lack of statistical significance may be due to small number of
subjects categorized as Group D or events thereof.

Regarding the model performance, our descriptive meta-
analysis found that the fair discriminatory performance reported
from the first cohort seemed to be retained across the subsequent
studies, whereas the calibration was not consistently validated,
suggesting clinical heterogeneity across studies. One explanation
could be that different screening settings enrolled different
populations. Another might be variability in study design including
different methodologies for diagnosing gastric cancer, follow-up
time, and exclusion criteria adopted in the original studies.

Our study has several limitations. First, our meta-analysis is
based on a small number of studies exclusively from Eastern Asia.
Thus, our findings may not be generalizable to the populations in
other regions. Second, our descriptive assessment of model
performance is exploratory, based on the available cumulative
count data with inconsistent follow-up periods and heterogeneous
methods adopted to verify gastric cancer cases. Assessing how
these affect the model performance would need data at the level of
the individual. Third, the small number of eligible studies
precluded subgroup analyses or meta-regression for H. pylori
antibody assays. Therefore, how each different assay affects the
results is unclear. Fourth, H. pylori and gastric atrophy are
generally believed to be more relevant in the pathogenesis of
intestinal type gastric cancer [7]. Few studies with the pertinent
information precluded the subgroup analyses by histological
subtype. Lastly, publication bias is still of concern because our
searches were limited to the English- and Japanese-language
literature.

Despite its development without formal statistical modeling and
the paucity of rigorous external validation, the four-risk-group
model has already been implemented in several screening
programs including both private and public organizations in
Japan. Given that the model is simple and both tests are easy to
administer with minimal discomfort, the rapid acceptance is not
surprising. A risk-stratified two-stage screening program incorpo-
rating the four-risk-group model may hold the promise of
remedying the current low cancer screening rates; the risk model
could efficiently select “high-risk” populations that would need a
conventional screening modality while allowing those identified
with a lower risk to omit the painful conventional tests.
Notwithstanding these theoretical advantages, comparative evi-
dence on clinically important outcomes such as improvements in
gastric-cancer-specific mortality regarding the model-incorporated
“stepwise” screening strategy compared with conventional strat-
egies is still lacking and the consequences of withholding
conventional screening tests from those labeled “low risk” by the
model are unclear.

In summary, the serum pepsinogen test, H. pylori antibodies,
and the four-risk-group prediction model seem to have the
potential to stratify middle-aged presumptively healthy adults in
Eastern Asia for predicting the risk of gastric cancer. Before wider
implementation in daily practice, to understand how these two
tests and the risk model in particular will affect clinically important
outcomes of screened populations, future research needs to focus
on comparative studies to evaluate the impact of screening
programs adopting the risk model. Given the challenges in
conducting randomized trials, a decision modeling analysis
incorporating information on the risk model as well as data on
effectiveness of therapeutic interventions would be a realistic first
step to take [47]. However, even if the modeling analysis is
positive, we should not automatically discard the possibility of
generating randomized comparative evidence as in other cancer
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screening fields [48]. In addition, given the variable prevalence of
H. pylori infection across different generations and different
countries [49], and also the recent introduction of eradication
therapies, both of which are expected to affect the test results,
validation of the current model performance is still necessary [47].

Supporting Information

Figure 81 Quality assessment of studies included in the
meta-analysis. The stacked bar charts illustrate quality rating
for risk of bias for predictive factor studies by the Quality In
Prognosis Studies (QUIPS-2) tool (A) [16], and risk of bias (B) and
concerns about applicability (C) for studies of both predictive
factor and risk prediction model by the Prediction Study Risk of
Bias Assessment tool (PROBAST) [17]. The percentages of studies
that met the given ratings for each domain are shown.

(EPS)

Figure $2 Meta-analysis of hazard ratio (A), odds ratio
(B), and sensitivity and specificity (C) for the pepsinogen
test to predict gastric cancer development. The diamonds
depict the summary hazard ratio (A) or odds ratio (B) and
extending 95% confidence interval (CI). Each square and
horizontal line indicates the hazard ratio and corresponding
95% CI, respectively, for each study. The size of the square is
proportional to the weight of each study in the meta-analysis.
Studies are ordered by sample size. Individual study estimates of
sensitivity and specificity are plotted in the receiver operating
characteristic (ROC) space (C). The size of each circle is
proportional to the sample size for each study (all study
participants). The dashed crescent boundary represents the 95%
confidence region for the summary sensitivity and specificity
(shown as the square). The solid line represents the summary ROC
curve.

(EPS)

Figure S3 Meta-analysis of hazard ratio (A), odds ratio
(B), and sensitivity and specificity (C) for H. pylori
antibodies to predict gastric cancer development. The
diamonds depict the summary hazard ratio (A) or odds ratio (B)
and extending 95% confidence interval (CI). Each square and
horizontal line indicates the hazard ratio and corresponding 95%
CI, respectively, for each study. The size of the square is
proportional to the weight of each study in the meta-analysis.
Studies are ordered by sample size. Individual study estimates of
sensitivity and specificity are plotted in the receiver operating
characteristic (ROC) space (C). The size of each circle is
proportional to the sample size for each study (all study
participants). The dashed crescent boundary represents the 95%
confidence region for the summary sensitivity and specificity
(shown as the square). The solid line represents the summary ROC
curve.

(EPS)

Figure 84 Sensitivity analysis for multivariate meta-
analysis of hazard ratio for the four-risk-group predic-
tion model. The red and blue diamonds and horizontal lines
depict a summary hazard ratio and corresponding 95% credible
interval (Crl), estimated from the fixed- or random-effects
multivariate meta-analysis, respectively. Subgroup results for
studies that adopted the conventional cutoff for pepsinogen levels
are also shown.

(EPS)

Figure S5 Meta-analysis of odds ratio for four-risk-
group prediction model to predict gastric cancer
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development. The red and blue diamonds depict a summary
odds ratio with extending 95% confidence interval (CI) or 95%
credible interval (Crl), estimated from direct meta-analysis or
multivariate meta-analysis, respectively. Each square and hori-
zontal line indicates the odds ratio and corresponding 95% CI,
respectively, for each study.

(EPS)

Figure S6 Sensitivity analysis for multivariate meta-
analysis of odds ratio for the four-risk-group prediction
model. The red and blue diamonds and horizontal lines depict a
summary odds ratio and corresponding 95% credible interval
(Crl), estimated from the fixed- or random-effects multivariate
meta-analysis, respectively. Subgroup results for studies that
adopted the conventional cutoff for pepsinogen levels are also
shown.

(EPS)

Figure S7 Meta-analysis of odds ratio for three-risk-
group prediction model to predict gastric cancer
development. The red and blue diamonds depict a summary
odds ratio with extending 95% confidence interval (CI) or 95%
credible interval (Crl), estimated from direct meta-analysis or
multivariate meta-analysis, respectively. Each square and hori-
zontal line indicates the hazard ratio and corresponding 95% CI,
respectively, for each study.

(EPS)

Figure S8 Sensitivity analysis for multivariate meta-
analysis of odds ratio for the three-risk-group prediction
model. The red and blue diamonds and horizontal lines depict a
summary odds ratio and corresponding 95% credible interval
(CrI), estimated from the fixed- or random-effects multivariate
meta-analysis, respectively. Subgroup results for studies that
adopted the conventional cutoff for pepsinogen levels are also
shown.

(EPS)

Figure 89 Rankogram of risk of gastric cancer devel-
opment based on three-risk-group prediction model.
Ranking probability of gastric cancer risk for each group,
estimated from direct multivariate meta-analysis is shown. The 3
rankings show the risk of gastric cancer development: rank 1,
lowest risk; rank 2, second lowest risk; rank 3, highest risk.

(EPS)

Table S1 Test characteristics.
(DOCX)

Table 82 Quality assessment of included studies.
(DOCX)

Checklist S1 PRISMA Checklist.
(DOC)
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What is the Most Effective Strategy for Improving the Cancer
Screening Rate in Japan?
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Abstract

Background: Cancer screening rates in Japan are much lower than those in Western countries. This study
evaluated the relationship between cancer screening rates and strategies used to improve screening rates, and
determined which strategy is the most effective. Materials and Methods: All municipalities are responsible for
conducting gastric, lung, colorectal, cervical, and breast cancer screenings in Japan. Of the 1,746 municipalities
in total, 92-99% were included in the analyses for each cancer screening. Using national data in 2009, the
correlations between cancer screening rates and strategies for improving screening rates of all municipalities,
both large (populations of over 30,000) and small (populations of under 30,000), were determined. The strategies
used were as follows: sending personal invitation letters, personal visits by community health workers, use of a
clinical setting for screening, and free screening. Results: Of all four strategies used to improve cancer screening
rates, sending personal invitation letters had the highest correlations with all screening rates, with the exception
of breast cancer screening. The partial correlation coefficients linking this strategy with the screening rates
in all municipalities were 0.28, 0.32, 0.30, and 0.26 for gastric, lung, colorectal, and cervical cancer screening,
respectively. In large municipalities, the correlations between the number of examinees in a clinical setting and
the screening rates were also relatively high, particularly for cervical cancer screening (r=0.41). Conclusions:
Sending personal invitation letters appears to be particularly effective in improving cancer screening rates in
all municipalities. All municipalities should implement a system that sends personal invitation letters for cancer
screening. In large municipalities, increasing the availability of screening in a clinical setting is also effective in
improving cancer screening rates.

Keywords: Cancer screening - screening rate - strategy to increase participation- correlation - Japan
Asian Pac J Cancer Prev, 15 (6),2607-2612

implemented. The U.S. Center for Disease Control and
Prevention (CDC) conducted systematic reviews on
the effectiveness of various interventions in increasing
the screening rates for breast, cervical, and colorectal

Introduction

Since population-based screening for cancer was
introduced under the Health and Medical Service Act for

the elderly in 1983, municipalities have been responsible
for conducting cancer screenings in Japan. Screening
programs for five kinds of cancers (gastric, lung,
colorectal, cervical, and breast cancers) have become
continuously conducted by all municipalities. However,
cancer screening rates in Japan are much lower than those
in Western countries and Korea, including examinations
other than population-based screening that are conducted
as part of a public policy to reduce mortality rates. While
the screening rates for breast and cervical cancer in 2010
were 80.4% and 85.0%, respectively, in the United States,
70.9% and 67.9% in Korea, and 73.4% and 78.5%, in the
United Kingdom, both screening rates were 24.3% in
Japan (OECD, 2011; Suh et al., 2013).

To improve cancer screening rates, effective strategies
that motivate people to be screened need to be successfully

cancers, and published guidelines based on their findings,
which recommend certain interventions for improving
the screening rates for these cancers (Baron et al., 2008a;
Sabatino et al., 2012; Community Preventive Services
Task Force (CPSTF), 2013). The guidelines also aid
decision makers in choosing an appropriate intervention
(Townsend et al., 2009; Blumenthal et al., 2010; Lobb et
al., 2011; Hannon et al., 2012).

In Japan, there are no guidelines on the types of
strategies that improve cancer screening rates. Some
studies have previously evaluated the effectiveness of
various strategies (Hisamichi et al., 1991; Watanabe,
2003; Shimada et al., 2010a; Shimada et al., 2010b;
Matsuda et al., 2011; Takaku, 2011; Kuroki, 2012;
Yoshida et al., 2012), but it was difficult to compare the
effectiveness of these strategies, as each study focused on
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the effectiveness of an individual strategy using different
subjects and methodologies. As the most effective strategy
in improving cancer screening rates differs depending on
the country and region (McAvoy and Raza, 1991; King
et al., 1994; Saywell et al., 1999; Champion et al., 2003;
Saywell et al., 2003; Saywell et al., 2004; Blumenthal at
al., 2010; Lee et al., 2012; Frie et al., 2013), it remains
unclear which strategy would be the most effective in
Japan. Therefore, a study comparing the effectiveness
of different strategies used to improve cancer screening
rates in Japan is warranted and poised to be very useful
for decision makers.

The aim of the present study was to quantitatively
evaluate the relationships between cancer screening rates
and strategies used to improve screening rates, as well as
to determine which strategy is the most effective in Japan.

Materials and Methods

Subjects

The subjects were selected from a total of 1,746
municipalities that conducted gastric, lung, colorectal,
cervical, and breast cancer screening in Japan. Cancer
screening rates of municipalities were determined from
data in the Report on Regional Public Health Services
and Health Promotion Services between April 2009
and March 2010, which was prepared by the Ministry
of Health, Labour, and Welfare (MHLW, 2010). In this
report, the number of participants and persons eligible for
the cancer screenings was tallied by sex and age in 1,746
municipalities. Persons eligible for the cancer screenings

conducted by municipalities included women aged =20
years for cervical cancer screening, women aged =40 years
for breast cancer screening, and both men and women
aged =40 years for other cancer screenings. Using this
report, the following characteristics of municipalities were
determined: the number of eligible persons, the ratio of
males to females, and percentage of those aged =65 years.
Data on strategies implemented by each municipality
for cancer screening were obtained from a survey on the
implementation of cancer screening among the different
municipalities, which was conducted by the MHLW in
January 2010. In this survey, the MHLW collected data
on the content of examinations, strategies, and out-of-
pocket costs for cancer screening among the different
municipalities. 1,740 of all municipalities (99.7%)
had responded to this survey. The CDC recommends
interventions that use client reminders and small media,
and interventions that include one-on-one education by
telephone or via face-to-face encounters for colorectal,
cervical, and breast cancer screening (Sabatino et al.,
2012). It also recommends interventions that make
screening accessible and easier for colorectal and breast
cancer, and reduce out-of-pocket costs for breast cancer
screening (Baron et al., 2008a; Sabatino et al., 2012;
CPSTF, 2013). Based on these recommendations, similar
strategies were assessed, in particular: sending personal
invitation letters, personal visitations by community health
workers, number of individuals screened in a clinical
setting, and free screening. The use of newsletters in place
of small media was not evaluated because about 90% of
municipalities already implemented this strategy.

Table 1. Characteristics of Cancer Screening in Japan between April 2009 and March 2010

Variable Gastric Lung Colorectal Cervical Breast
All municipalities

Number of municipalities 1,718 1,610 1,726 1,717 1,693

Screening rate(%); mean (S.D.) 15.8 (12.0) 274 (18.9) 214 (13.6) 169 (10.4) 13.2(10.8)
Strategies

Sending personal invitation letters; n (%) 946 (55.1) 889 (55.2) 947 (54.9) 966 (56.3) 933 (55.1)

Personal visitations by community health workers; n (%) 105 (6.1) 99 (6.2) 107 (6.2) 104 (6.1) 102 (6.0)

Number of individuals screened in clinical settings; mean (S.D.) 613 (2,891) 1,369 (6,582) 1,947 (6,967) 1,691 (5,091) 759 (2,706)

Free screening; n (%) 143 (8.3) 362 (22.5) 167 9.7) 161 (94) 119 (7.0)
Characteristics of eligible persons

Number of eligible persons; mean (S.D.) 22315 (47,190) 22821 (43,855) 22946 (49,320) 18,701 (41,438) 13,747 (29,503)

Ratio of males to females; mean (S.D.) 0.73 (0.16) 0.72 (0.17) 0.73(0.17) - -

Percentage of those aged 265 years; mean (S5.D.) 529 (12.1) 53.4(123) 53.0 (12.1) 42.6 (13.0) 53.2(11.9)

Large municipalities (population >30,000)

Number of municipalities 809 767 812 808 800

Screening rate(%); mean (S.D.) 12.3(9.0) 22.1(15.7) 183 (10.9) 152 (8.1) 122 (8.6)
Strategies

Sending personal invitation letters; n (%) 407 (50.3) 396 (51.6) 416 (51.2) 422.(52.2) 406 (50.8)

Personal visitations by community health workers; n (%) 24 (30) 212.7) 24 (3.0) 2227 22(2.8)

Number of individuals screened in clinical settings; mean (S.D.) 1,255 (4,116) 2,806 (9,326) 4,052 (9,736) 3,455 (7,011) 1,538 (3,786)

Free screening; n (%) 70 (8.7) 162 (21.1) 79(9.7) 75(9.3) 45(5.6)
Characteristics of eligible persons

Number of eligible persons; mean (S.D.) 42401 (62,911) 43,018 (57,003) 43,709 (65,937) 36,094 (55.436) 26,134 (39,346)

Ratio of males to females; mean (S.D.) 0.69 (0.17) 0.68 (0.17) 0.69 (0.17) - -

Percentage of those aged =65 years; mean (S.D.) 52.0(12.4) 523 (12.5) 52.0(124) 39.8(122) 51.5(11.4)

Small municipalities (population <30,000)

Number of municipalities 909 843 914 909 893

Screening rate(%); mean (S.D.) 189 (13.4) 322(202) 24.1 (15.0) 184 (11.9) 142 (124)
Strategies

Sending personal invitation letters; n (%) 539 (59.3) 493 (58.5) 531 (58.1) 544 (59.9) 527 (59.0)

Personal visitations by community health workers; n (%) 81(89) 78 (9.3) 83 (9.1) 82(90) 80(9.0)

Number of individuals screened in clinical settings; mean (S.D.) 41 (175) 62 (263) 78 (285) 122 (228) 62 (127)

Free screening; n (%) 73 (8.0) 200 (23.7) 88 (9.6) 86 (9.5) 74 (8.3)
Characteristics of eligible persons

Number of eligible persons; mean (S.D.) 4,439 (3,126) 4445 (3,084) 4,500 (3,124) 3,241 (2,321) 2,650 (1,864)

Ratio of males to females; mean (S.D.) 0.77 (0.15) 0.76 (0.16) 0.77 (0.16) - -

Percentage of those aged 265 years; mean (S.D.) 53.8(11.8) 34.5(12.1) 53.9(11.8) 45.0(13.1) 548 (12.1)
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Municipalities were excluded from the study if there
were missing values in these variables or <10 eligible
persons. Furthermore, municipalities were also excluded
if they did not perform the following examinations:
gastric X-ray for gastric cancer, chest X-ray for lung
cancer, fecal occult blood tests for colorectal cancer,
Pap smear for cervical cancer, and mammography for
breast cancer. These examinations are recommended for
population-based screening as there is sufficient evidence
to suggest that these tests reduce the cancer mortality rate
in Japan (Hamashima et al., 2008; Hamashima et al.,2010;
National cancer center, 2013). Of all municipalities, 1,718
(98.4%), 1,610 (92.2%), 1,726 (98.9%), 1,717 (98.3%),
and 1,693 (97.0%) municipalities were included in the
analyses for gastric, lung, colorectal, cervical, and breast
cancer screening, respectively.

Statistical analysis

Partial correlation coefficients were calculated to
quantitatively evaluate the relationships between cancer
screening rates and the strategies used to improve
screening rates in various municipalities. The coefficients
indicate how closely each strategy is related to the cancer
screening rate after excluding the effects of confounding
factors, including the other three strategies, the number
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of eligible persons, the ratio of males to females, and the
percentage of elderly.

The relationships between cancer screening rates
and the strategies may vary with the population size
of the municipalities. Therefore, partial correlation
coefficients were also separately calculated for large
municipalities (with populations of over 30,000) and
small municipalities (with populations of under 30,000).
In 2009, a municipality was seen as a city if the population
was over 30,000, but seen as a town or village if not.
All analyses were performed using STATA version 12
(StataCorp, College Station, TX, USA).

Results

The characteristics of cancer screening in Japan
are presented in Table 1. The average screening rates
for gastric, lung, colorectal, cervical, and breast cancer
were 15.8%, 27.4%, 21.4%, 16.9%, and 13.2%,
respectively. The strategy of sending invitation letters
was implemented at about 55% of the municipalities,
whereas personal visitations by community health workers
were implemented at only 6% of all municipalities. Free
screening was implemented at 23% of all municipalities for
lung cancer screening and at 7-10% of all municipalities

Table 2. Partial Correlations between Cancer Screening Rates and Strategies Used to Improve Screening Rates

in Japan
Variable Gastric Lung Colorectal Cervical Breast
All municipalities
Number of municipalities 1,718 1,610 1,726 1,717 1,693
Strategies
Sending personal invitation letters d 0.28 0.32° 0.30° 0.26 0.13
Personal visitations by community health workers d 0.23* 0.15° 0.22¢ 0.18* 0.12*
Number of individuals screened in clinical settings 0.172 0.19* 0.21* 0.25* 0.18*
Free screening d 0.03 0.13¢ 0.06* 0.08* 0.01
Characteristics of eligible persons
Number of eligible persons -0.240 -0.26° -0.23¢ -0.28 -0.21®
Ratio of males to females 0.07 0.09* 0.03 - -
Percentage of those aged =65 years 0.07 0.20° 0.12¢ -0.01 -0.13*
Large municipalities (population =30,000)
Number of municipalities 809 767 812 808 800
Strategies
Sending personal invitation letters d 0.39° 0.39* 0.36* 0.30° 0.17*
Personal visitations by community health workers d 0.15® 0.11® 0.15° 0.06¢ 0.07°
Number of individuals screened in clinical settings 0.282 0.312 0.35° 041 0.28*
Free screening d 0.05 0.14° 0.08° 0.04 0.03
Characteristics of eligible persons
Number of eligible persons -0.320 -0.322 -0.332 -0.43* -0.312
Ratio of males to females -0.02 0.02 -0.07° - -
Percentage of those aged 265 years 0.05 0.17* 0.03 0.01 -0.06¢
Small municipalities (population <30,000)
Number of municipalities 909 843 914 909 893
Strategies
Sending personal invitation letters d 0.252 0.30° 0.29° 0.24* 0.11*
Personal visitations by community health workers d 0.22# 0.132 0.22¢ 0.20* 0.12*
Number of individuals screened in clinical settings 0.15° 0.09* 0.11° 0.20° 0.19*
Free screening d 0.02 0.13* 0.02 0.09* 0.00
Characteristics of eligible persons
Number of eligible persons -0.36° -0.262 -0.34* -0.36° -0.282
Ratio of males to females -0.01 0.02 -0.02 - -
Percentage of those aged 265 years 0.01 0.16* 0.10* -0.05 -0.15°
*ap values <0.01; *p values <0.05; °p values <0.1; “Dummy variables
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for other types of cancer screening. The average number
of individuals that had been screened in the clinical setting
was the largest for colorectal cancer screening, and the
smallest for gastric cancer screening.

The average cancer screening rates were higher
in small municipalities than large municipalities for
all cancer screening. Personal visitations by health
workers were implemented in about 9% of all small
municipalities, which was about 6% higher than that
of large municipalities for all screenings. The average
number of individuals screened in the clinical setting
of large municipalities was more than 20-fold greater
than that of small municipalities for all cancer screening.
This may be because many small municipalities did not
implement cancer screening in the clinical setting (i.e.,
about 80% for gastric, lung, and colorectal cancers, 27%
for cervical cancers, and 43% for breast cancers).

The partial correlation coefficients for the relationships
between cancer screening rates and the strategies used in
Japan are presented in Table 2. In all municipalities, there
were positive correlations between the screening rates for
all cancers and the strategies used, with the exception of
free screening (p<0.01). Of the four strategies, sending
personal invitation letters had the highest correlation
coefficients with cancer screening rates. They were as
follows: 0.28 for gastric cancer screening, 0.32 for lung
cancer screening, 0.30 for colorectal cancer screening,
and 0.26 for cervical cancer screening. For cervical
cancer screening, the correlation between the number
of individuals screened in the clinical setting and the
screening rates was similar to that of sending invitation
letters. For breast cancer screening, all strategies had
a low or no correlation with the screening rates in all
municipalities.

In large municipalities, the correlation coefficients
between sending invitation letters and the screening rates
were relatively high. Specifically, they were as follows:
0.39 for gastric cancer screening, 0.39 for lung cancer
screening, 0.36 for colorectal cancer screening, and 0.30
for cervical cancer screening. In large municipalities, the
correlation coefficients between the number of individuals
screened in the clinical setting and the screening rates
were also relatively high, particularly for cervical cancer
screening (r=0.41). For breast cancer screening, the
correlation coefficient rose to 0.28 in large municipalities.
In small municipalities, the correlation coefficients
between cancer screening rates and the strategies used
were similar to those of all municipalities, with the
exception of the number of individuals screened in the
clinical setting.

Discussion

In Japan, the National Cancer Control Plan was
published in 2007 with the aim of increasing cancer
screening rates above 50% within 5 years (MHLW, 2012a).
To achieve this goal, municipalities had to implement
effective strategies that would increase screening for
various types of cancer. Previous studies have shown
that sending personal invitation letters (Watanabe, 2003;
Shimada et al., 2010a; Shimada et al., 2010b; Matsuda et
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al., 2011), distributing leaflets and pamphlets (Hisamichi
et al., 1991; Yoshida et al., 2012), and increasing the
availability of cancer screening in clinical settings
(Takaku, 2011) were effective in improving cancer
screening rates in Japan. However, it was unclear which
strategy was the most effective. In the present study, after
excluding the effects of confounding factors, correlations
between four different strategies and cancer screening
rates were evaluated.

Of all strategies, sending personal invitation letters
had the highest positive correlations with screening rates
for gastric, lung, colorectal, and cervical cancers. This
strategy appears to be particularly effective in improving
cancer screening rates in large municipalities. In most
Western countries, the importance of a national call-recall
system, which gives call and recall notifications by mail
or telephone, is well recognized by the government for
the purposes of increasing cancer screening (Quinn et
al., 1998; Baron et al., 2008b). In Japan, municipalities
are responsible for implementing strategies to improve
cancer screening rates. However, nearly half of the
municipalities did not implement this strategy. To improve
cancer screening rates, all municipalities need to prioritize
establishing a system that sends personal invitation letters
for cancer screening.

The number of individuals that had been screened in
the clinical setting also demonstrated positive correlations
with all cancer screening in large municipalities. The
correlation was particularly high for cervical cancer
screening. Previous studies reported on the effectiveness
of making access to screening easier by reducing the time
or distance between the service delivery settings and the
examinees in increasing colorectal and breast cancer
screening in Western countries (Dolan et al., 1999; Baron
et al.,2008c¢). Thus, increasing the availability of screening
in the clinical setting should be effective in improving the
screening rates for not only colorectal and breast cancer,
but also for cervical cancer, in Japan. However, the quality
assurance of cancer screening in the clinical settings was
insufficient compared to that of mass screening in Japan
(Arisue et al.,2007; Osaka City,2010). Additionally, many
small municipalities did not implement cancer screening
in the clinical setting (i.e., about 80% for gastric, lung,
and colorectal cancers, 27% for cervical cancers, and 43%
for breast cancers). This may be due to several reasons.
For example, small municipalities have been under
more severe fiscal constraints than large municipalities
(Ministry of Internal Affairs and Communications,
2011), and consequently are more likely not to have any
incentives for increasing cancer screening in the clinical
settings (Takaku, 2011). Thus, to increase cancer screening
in the clinical setting, particularly in small municipalities,
these problems need to be resolved.

Personal visitations by community health workers
had low, but positive, correlations with cancer screening
rates compared to sending invitation letters and the
number of individuals that were screened in the clinical
setting. However, these correlations were higher in small
municipalities versus large municipalities. This may be
because this strategy was implemented better in small
municipalities than large municipalities. This strategy



is unlikely to be implemented in large municipalities
because it is difficult to employ many community health
workers for the number of eligible persons. It was
previously reported that the cost effectiveness of one-
on-one education per additional mammogram increased
substantially if the cost of labor increased (Stockdale et
al.,2000). Thus, each municipality needs to pay sufficient
attention to fiscal constraints and decide whether to
implement this strategy.

Free screening had a weak correlation with cancer
screening rates. To improve screening rates, the MHLW
had initiated a strategy that distributed free coupons to
some individuals for breast and cervical cancer screening
beginning in 2009 and for colorectal cancer screening
beginning in 2011. The distribution of free coupons
improved the screening rates for women who had not
been screened for cervical cancer in Fukuoka Prefecture
(Kuroki, 2012). However, changes in price for cancer
screenings had little influence on demand for screenings
in Hokkaido Prefecture (Takemura et al.,2001). The CDC
recommends interventions that reduce out-of-pocket costs
for breast cancer screening, but does not recommend such
interventions for cervical and colorectal cancer screening
due to insufficient evidence (Baron et al., 2008a; Sabatino
etal.,2012; CPSTF, 2013). Therefore, reducing the out-of-
pocket costs alone appears to be insufficient for improving
the cancer screening rates.

However, it should be mentioned that none of the
strategies had strong (or very high) correlations with
cancer screening rates. For breast cancer screening, even
sending personal invitations had a very low correlation
with the screening rates. Therefore, just sending personal
invitation letters and increasing the availability of
screening in the clinical settings does not appear to greatly
improve the cancer screening rates. The CDC recommends
provider-oriented interventions, which evaluate the
providers’ performance and present the providers with the
results, to increase cancer screening (Sabatino et al, 2008).
The MHLW reported that implementing cancer screening
and specific health checkups simultaneously improved
cancer screening rates in some municipalities (MHLW,
2012b). In addition to these strategies, future studies that
determine other effective strategies for improving cancer
screening rates are warranted, including where screening
occurs and the medical personnel involved (Tsunematsu
etal.,2013).

This study has several limitations that need to be
discussed. First, while using partial correlation analysis
to determine the relationships between cancer screening
rates and the strategies has provided some foundational
knowledge on the topic, the causality of these relationships
is still unclear. It is also necessary to consider that these
findings may be a result of reverse causality, meaning that
the implementation of strategies is influenced by cancer
screening rates. Second, data on costs of the strategies
implemented by each municipality could not be used
in the analyses (Saywell et al., 1999; Stockdale et al.,
2000; Saywell et al., 2003; Saywell et al., 2004). The
cost-effectiveness of these strategies should be evaluated.
Third, some municipalities might have conducted cancer
screening not for all eligible persons but for very limited
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persons, such as those who sought to receive screening or
had received a year before. Such municipalities should be
excluded in the analyses. Fourth, it is necessary to further
evaluate which strategies are more effective than those
studied herein.

In conclusion, of the strategies used to improve cancer
screening rates, sending personal invitation letters had
the greatest positive correlations with screening rates for
gastric, lung, colorectal, and cervical cancers. This strategy
appears to be particularly effective in improving cancer
screening rates in large municipalities. All municipalities
should predominantly focus on establishing a system that
sends personal invitation letters for cancer screening.
In large municipalities, increasing the availability of
screening in the clinical setting may also be effective in
improving cancer screening rates.
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