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Purpose
This retrospective cohort study was conducted to estimate the optimal interval for gastric
cancer screening in Korean adults with initial negative screening results.

Materials and Methods

This study consisted of voluntary Korean screenees aged 40 to 69 years who underwent
subsequent screening gastroscopies after testing negative in the baseline screening
performed between January 2007 and December 2011. A new case was defined as the
presence of gastric cancer cells in biopsy specimens obtained upon gastroscopy. The
follow-up periods were calculated during the months between the date of baseline screening
gastroscopy and positive findings upon subsequent screenings, stratified by sex and age
group. The mean sojourn time (MST) for determining the screening interval was estimated
using the prevalence/incidence ratio.

Results

Of the 293,520 voluntary screenees for the gastric cancer screening program, 91,850
(31.29%) underwent subsequent screening gastroscopies between January 2007 and
December 2011. The MSTs in men and women were 21.67 months (95% confidence
intervals [Cl], 17.64 to 26.88 months) and 15.14 months (95% Cl, 9.44 to 25.85 months),
respectively.

Conclusion

These findings suggest that the optimal interval for subsequent gastric screening in both
men and women is 24 months, supporting the 2-year interval recommended by the nation-
wide gastric cancer screening program.
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Introduction

upper gastrointestinal series (UGIS) in adults older than 40
years of age [3].
This screening guideline for gastric cancer in asympto-

Gastric cancer is the second leading type of cancer occur-
rence in Korea [1]. The mortality related to gastric cancer is
decreasing because of the dissemination of gastric cancer
screening programs as well as advances in surgical tech-
niques, chemotherapy, and radiotherapy [2]. There is a
national mass screening program for gastric cancer in Korea,
which recommends biennial screening with gastroscopy or
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matic normal-risk adults consists of age at onset, modality,
and intervals. Gastroscopy as the primary test for early gas-
tric cancer (EGC) screening would be recommended [4].
However, the optimal interval has been the subject of debate
[5]. Although some studies have evaluated the effectiveness
of biennial gastric cancer screening by gastroscopy [6,7],
others have suggested screening intervals of 1 to 1.5 or 3
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years to detect EGC by gastroscopy or UGIS [8-11]. However,
the outcomes of screening by intervals were not analyzed
separately [7,12]. These studies were also conducted using a
case series design [6,7,9,10,12]. Accordingly, optimal screen-
ing intervals for EGC detection should be determined
through well designed studies [7]. Recently, a report to esti-
mate the mean sojourn time (MST) for gastric cancer screen-
ing in normal-risk Korean men was reported [13], and the
authors suggested a further study for investigation of the
MST in Korean women. Thus, this retrospective cohort study
was conducted to estimate the optimal interval for gastric
cancer screening in normal-risk Korean women and men.

Materials and Methods

1. Study population

The source population is the same as that in a previous
study conducted by Bae et al. [13,14]. Gastroscopy is the
primary modality for the initial and follow-up screening of
gastric cancer. The inclusion and exclusion criteria for defin-
ing study participants were also the same as those used in
the aforementioned study.

2. Detection of gastric cancer

A new case was one in which gastric cancer cells were
confirmed in biopsy specimens obtained upon gastroscopy,
which were evaluated by gastrointestinal pathologists [15].
All screenees consented to gastroscopy and the use of per-
sonal data for research. This study protocol was approved
by the Institutional Review Board of Jeju National University
Hospital (File No. 2013-05-023) and was registered in the
Clinical Research Information Service system, Korea Centers
for Disease Control and Prevention (No. KCT0000772).

3. Statistical analysis

The variables and statistical methods were conducted as
previously described [13]. The detection rate (R) per 100,000
screenees at the first (baseline) screening was calculated by
dividing the number of biopsy-proven cases (D) by the total
number of screenees. Based on the follow-up information,
the incidence rate (I) per 100,000 screenee-months was
calculated by dividing the number of new cases (N) by the
total number of months of follow-up periods. The 95%
confidence intervals (CIs) for incidence rates are based on the
Poisson distribution.

As the sojourn time, defined as the duration of the preclin-

ical detectable phase, is an unobserved quantity, the MST for
determining the screening interval was estimated using the
prevalence/incidence ratio [16,17]. This method of estima-
tion is adequate when the incidence can be treated as a
constant and the sojourn times are relatively short, such as
in breast cancer, which has an estimated MST of 1-2 years
[16,18]. The estimation model suggested that MST is calcu-
lated by dividing the prevalence of preclinical cancer (P) by
the incidence (I). Prevalence is estimated by dividing the
detection rate at first screening (R) by the sensitivity of the
screening test (S). Because the sensitivity of a test is defined
as the proportion of patients with positive findings, S could
be estimated by dividing the detected cases (D) by the sum
of D and the number of newly found cases (N) during the
follow-up periods. However, a previous population-based
study of gastric screening in normal-risk Koreans [10]
showed that 48.9% of screened patients with gastric cancer
had undergone a previous gastroscopy at least once; hence,
N may be replaced with 2.05N. Thus MST=R/[I(D+2.05N)].
The upper and lower boundaries of MST were estimated
based on the 95% CI of the incidence rates. Considering the
cost-effectiveness and compliance of screening, the upper
limit of MST was defined as an optimal interval [19]. All
statistical analyses were performed using STATA ver. 12
(StataCorp, College Station, TX).

Results

Fig. 1 shows the overall process of cohort construction and
follow-up. A total of 293,520 screenees voluntarily partici-
pated in the Korea Medical Institute screening program for

Baseline screenees
(n=293,520)

L.

Detected cases (n=27) [D]

Subsequent screenees
(n=91,850)

N

New found cases (n=108) [N]

Fig. 1. The overall process of cohort construction and
follow-up.
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Table 1. Baseline characteristics of the source population (n=293,520) according to gender and age groups

Gender Age (yr) No. (%)

Man Total 171,979 (100)
40-49 107,276 (62.38)
50-59 47,836 (27.82)
60-69 16,867 (9.81)

Woman Total 121,541 (100)
40-49 64,543 (53.10)
50-59 40,404 (33.24)
60-69 16,594 (13.65)

All Total 293,520 (100)

Detection of gastric cancer at first screening

Case (%) Detection rate (/100,000 screenees)
21 12.21
6 5.59
10 20.90
5 29.64
6 4.94
5 7.75
1 2.48
0 ;
27 9.20

Table 2. Baseline characteristics of study participants (n=91,850) that underwent subsequent screening gastroscopies after
negative gastroscopy findings on the first screening stratified by gender and age group

Gender No. (%)

Age (yr)

Follow-up

Subsequent screening endoscopy

Incidence 95% Confidence

New case .

Total? Mean® Median® rate? interval

Man Total 61,688 (100) 1,633,216.49 26.48 24.21 91 5.57 4.49-6.84

40-49 42,498 (69.89) 1,146,072.15 26.97 24.41 52 454 3.39-5.96

50-59 15,801 (26.61) 402,611.19 25.48 23.92 30 7.45 5.03-10.6

60-69 3,389 (5.49) 84,533.16 24.94 23.85 9 10.65 4.87-20.2

Woman Total 30,162 (100.0) 764,092.19 25.33 23.92 17 222 1.30-3.56

40-49 18,770 (62.23) 484,270.88 25.80 24.02 9 1.86 0.85-3.53

50-59 8,622 (28.59) 212,063.38 24.60 23.69 6 2.83 1.04-6.16

60-69 2,770 (9.18) 67,757.93 24.46 23.69 2 2.95 0.36-10.7

All Total 91,850 (100) 2,397,308.68 26.10 2411 108 451 3.69-5.44
aScreenee-months, PMonths, “Per 100,000 screenee-months.

gastric cancer between January 2007 and December 2011. In Discussion

the first screening (D), 27 cases were detected, giving a
detection rate (R) of 9.20 per 100,000 screenees. Table 1 shows
the distribution of detection rates by age and sex.

Among the subjects showing negative gastroscopy upon
baseline gastric cancer screening, 91,850 (31.29%) underwent
subsequent screening gastroscopies. A total of 108 incident
cases (N) were found, with an incidence rate (I) of 4.51 per
100,000 screenee-months (95% CI, 3.69 to 5.44). Table 2 shows
the distribution of incidence rates, follow-up periods
(months), and the number of incidents by sex and age group.

Table 3 shows the estimated MSTs. The parameters were
obtained from D and R in Table 1, and from I and N in Table
2. Although no cases of gastric cancer were detected upon
baseline screening in women aged 60-69 years, the MSTs in
men and women were 21.67 months (95% CI, 17.64 to 26.88
months) and 15.14 months (95% CI, 9.44 to 25.85 months),
respectively.
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While the upper boundaries of the MST in both men and
women were about 24 months, the MST in all subjects aged
40-69 years was 18.81 months (95% CI, 15.56 to 22.93
months). These findings were in accordance with the results
of a study conducted by Bae et al. [13]. However, the MST
findings should be interpreted with caution because of the
possibility of heterogeneity in MSTs between men and
women. Specifically, the rarer detected (D) and newly found
(N) cases in women resulted in a broader 95% CI than that
noted for men. In addition, the MST in women aged 60-69
years could not be calculated because no cases were detected
upon baseline screening.

The optimal interval for the early detection of cancer is
determined by three major factors: doubling time [20],
different survival times with screening [7,9], and detection
rate of interval cancers [8,10,21]. Among these, the detection
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Table 3. Estimation of the mean sojourn time (MST) by gender and age group

Gender Age (y1) D R N I S MST MSTL MSTU

Man Total 21 12.21 91 5.57 0.1 21.67 17.64 26.88
40-49 6 5.59 52 454 0.05 23.12 17.61 30.96
50-59 10 20.9 30 7.45 0.14 20.06 14.1 29.72
60-69 5 29.64 9 10.65 0.21 13.05 6.88 28.55

Woman Total 6 4.94 17 222 0.15 15.14 9.44 25.85
40-49 5 7.75 9 1.86 0.21 19.53 10.29 42.74
50-59 1 248 6 2.83 0.08 11.63 534 31.65
60-69 0 - 2 2.95 - - - -

All Total 27 9.2 108 451 0.11 18.81 15.56 22.93

D and R refer to the number of cases detected and the rate of detection at the first screening, respectively, as presented in
Table 1. N and I refer to the number of newly identified cases and the incidence rate, respectively, as presented in Table 2. S
refers to the sensitivity, D/(D+2.05N). MST refers to the mean sojourn time, R/(IS); MST_L and MST_U refer to the lower

and upper boundaries of MST based on the 95% confidence intervals of incidence rates (I).

of interval cancers should depend on screening intervals and
the validity of the screening test [22]. Considering these
factors, the optimal interval was determined by obtaining the
MST from the continuous-time Markov model [18].

To generate evidence for the detection of interval cancers,
a follow-up cohort study and randomized controlled trial
should be conducted. However, an intervention trial for
healthy adults could not be performed due to the related
ethical issues. To conduct an observational cohort study,
subjects should undergo a subsequent screening test at the
same organization and fill out a questionnaire regarding
cancer history. The subjects were selected from the voluntary
attendees of the major cancer screening programs provided
by the Korea Medical Institute (KMI).

South Korea and Japan are the only countries that have
established nationwide programs for stomach cancer screen-
ing to date [23]. The cost-utility of screening tools and the
compliance of screenees, as well as MST should be consid-
ered when deciding screening interval. Based on these
factors, the authors selected an optimal interval using the
upper limit of 95% CI of MST.

Even though this was a retrospective cohort study, it is
important to note that there were several limitations. First,
approximately one of three voluntary screenees with nega-
tive results at the baseline gastric cancer screening under-
went subsequent screening endoscopies during the study
period (35.9% of the men and 24.8% of the women). Because
there is a lower incidence of gastric cancer in women [1] and
the number of detected (D) and newly found (N) cases in
women was relatively small (with wider Cls), a follow-up
study in women is required. Second, KMI supplies the
screening service, but does not treat patients with the
detected cancers. New cases of gastric cancer detected based
on histologically positive findings in tissue biopsies obtained

upon gastroscopy should be transferred to nearby cancer
centers. Because the KMI database did not obtain informa-
tion regarding cancer stage, the authors could not evaluate
the optimal intervals by comparing early and advanced
gastric cancer cases [6,7,9]. Finally, participation in subse-
quent screening could not be followed up. To calculate the
exact sensitivity of gastroscopy used in the population-based
screening, data for the subjects should be merged into the
nationwide cancer registry database [1]. However, the
authors could not attempt this because it is prohibited. To
overcome this barrier, the authors extracted related informa-
tion from a previous population-based study of gastric
screening in average-risk Korean adults [10].

Conclusion

In conclusion, this study suggests that the optimal interval
of subsequent gastric screening in both men and women is
24 months. The study provides further support for the 2-year
interval recommended by the nationwide gastric cancer
screening program. Further follow-up studies in women and
investigation of the sensitivity of screening gastroscopy are
required.
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