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Abstract

Background The Korea National Cancer Screening Program (KNCSP) offers upper endoscopy or upper gastrointestinal
series (UGIS) biannually for people aged > 40 years. This study aimed to assess the effect of negative screening results on
the incidence of and mortality from upper gastrointestinal (GI) cancer.

Methods A population-based retrospective cohort of 15,850,288 men and women was constructed using data from 3 national
databases. The participants were followed until the end of 2017 for data on cancer incidence and in 2019 for data on the vital
status. Cox proportional hazard model with time-varying exposure was used to assess the association.

Results By the end of the follow-up period, 230,783 upper GI cancer cases and 99,348 upper GI cancer deaths were recorded.
Negative gastric cancer screening was significantly associated with a lower risk of upper GI cancer in both UGIS (adjusted
hazard ratio [aHR]=0.81, 95% CI=0.80-0.82) and upper endoscopy (aHR =0.67, 95% CI=0.67-0.68) groups. The HRs
for upper GI mortality were 0.55 (95% CI=0.54-0.56) and 0.21 (95% CI1=0.21-0.22) for the UGIS and upper endoscopy
groups, respectively. The most significant reductions in the risk of upper GI cancer (UGIS: aHR =0.76, 95% CI=0.74-0.77,
upper endoscopy: aHR =0.60, 95% CI=0.59-0.61) and death (UGIS: aHR =0.54, 95% CI=0.52-0.55; upper endoscopy:
aHR =0.19, 95% CI=0.19-0.20) were observed among individual aged 60—69 years.

Conclusion Negative screening cases, especially in upper endoscopy of the KNCSP, were associated with an overall reduc-
tion in the risk of and mortality from upper GI cancer.

Keywords Upper gastrointestinal tract - Mass screening - Endoscopy - Photofluorography

Introduction

Gastrointestinal (GI) malignancies are the most common
cancers diagnosed worldwide, which are responsible for
approximately a quarter of incident cancer cases and one-
third of cancer deaths [1]. The most common types of GI
cancers are colorectal, gastric, liver, and esophageal cancer
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[1]. Although GI cancers share some risk factors, their
causes, and epidemiological characteristics vary between
cancer sites and geographical regions [2—4]. For example,
gastric cancer only accounted for 5.6% of new cancer cases
in all countries; this figure was about 10.9% in the Eastern
Asia region in 2020 [5]. Consequently, some Eastern Asia
countries, such as South Korea and Japan, introduced gas-
tric cancer screening programs to tackle the disease burden,
using evidence from observational studies [6—8]. Several
studies have investigated the effect of this approach on the
incidence and mortality rates of cancer in Asia [9-12].

In 2018, cancer became the most common cause of
death, accounting for 26.5% of all deaths in South Korea
[13]. GI cancer has been the most frequently diagnosed
cancer in recent years, and gastric cancer alone contrib-
uted to approximately 12% of the cases (29,279 cases) [13].
Since 2002, the Korea National Cancer Screening Program
(KNCSP) has been providing either upper endoscopy or
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upper gastrointestinal series (UGIS) biannually for those
aged 40 years or older. As the primary purpose of KNCSP
is to reduce the burden of gastric cancer, previous studies
examined the effect of screening on gastric cancer mortality
and survival [9-11, 14].

According to the quality control protocol of the KNCSP,
both upper endoscopy and UGIS are recommended to exam-
ine for the entire upper GI tract from the esophagus to the
duodenum. Therefore, gastric cancer screening is expected
to help reduce the incidence of and mortality from upper
digestive tract cancer. In particular, upper endoscopy is
expected to be effective in reducing the risk of upper GI
cancer by detecting upper digestive diseases or precancerous
lesions as well as gastric cancer [15]. However, to the best
of our knowledge, the effect of the gastric cancer screening
program on the overall upper GI cancer burden has not yet
been evaluated. Therefore, we conducted this study to assess
the effect of negative screening cases on the incidence of and
mortality from overall upper GI cancer in the target popula-
tion of the KNCSP.

Methods
Study population

Our study used data from the KNCSP, an active database
covering eligible cancer screening populations across South
Korea. The database contains sociodemographic informa-
tion about the target population and screening-related vari-
ables, including screening tests, dates, and results. For the
current study, the baseline population included individuals
aged 40 years or older who were invited to undergo gastric
cancer screening in the KNCSP 2002 and 2003. Then, we
linked the KNCSP to the Korean Central Cancer Registry
(KCCR) database and the Death Certificate from Statistic
Korea, which cover more than 95% and 99% of new can-
cer cases and deaths in South Korea, respectively [13]. To
obtain the cancer-free cohort, we excluded people who died
before their first screening invitation (n=7995) and those
with a history of cancer (n=326,360). Then, people aged
80 (n="748,758) and who had incomplete records (n=119)
were excluded from the study population. As the main aim
of this study was to assess the risk of upper GI cancer and
death in those with negative screening results, we excluded
all the screening-detected GI cancer cases from 2002 to 2017
(n=101,063). Finally, 15,850,288 men and women were fol-
lowed until December 31, 2017, for data on cancer incidence
and until December 31, 2019, for data on the vital status
(Fig. 1).

Written informed consent was obtained from the par-
ticipants in the KNCSP database for the collection of their
screening results. The requirement for informed consent for

the use of the collected data in the current study was waived
owing to the use of de-identified data. The current study was
approved by the Institutional Review Board of the National
Cancer Center, Korea (No. NCCNCS08129).

Measurements
Exposure

In KNCSP, people were free to choose either upper endos-
copy or upper gastrointestinal series (UGIS), an X-ray exam-
ination of the GI tract after they drank a liquid containing
barium sulfate, for gastric cancer screening. In the case of
UGIS examination, if suspicious findings were observed in
UGIS, upper endoscopy was performed through KNCSP.
If abnormal tissue was found during the upper endoscopic
procedure, a biopsy could also be performed. According
to the KNSCP protocol, both upper endoscopy and UGIS
are recommended to examine the entire upper GI tract from
the esophagus to the duodenum. Screening results for both
screening methods were reported either as negative, peptic
ulcer, benign tumor, possible gastric cancer, early gastric
cancer, advanced gastric cancer, or other (e.g., esophageal/
gastric varices, esophagitis, esophageal submucosal tumor,
esophageal cancer, duodenal ulcer, duodenal cancer, duo-
denal submucosal tumor, etc.). During the upper endoscopy
procedure, a biopsy could also be performed if any abnormal
tissue (recorded as possible gastric cancer, early gastric can-
cer, advanced gastric cancer, or others where the physician
deemed it necessary) was detected. In the case of those who
chose UGIS, if suspicious findings were observed in UGIS,
the patient was referred for upper endoscopy with biopsy for
the final laboratory confirmation.

In this study, “negative screening cases” was defined as
people who underwent gastric cancer screening through
KNCSP and had no diagnosis of gastric cancer or other
upper GI cancers within 1 year from the date of screening
was made. We used 1 year as the maximum time for all fol-
low-up procedures in the KNCSP [16]. Therefore, the term
“negative screening case” in the current study indicates no
GI cancer including gastric cancer at the time of screening.
To estimate the effect of screening modality, the negative
cases were further classified into upper endoscopy-negative,
and UGIS-negative (upper endoscopy and UGIS in short)
based on the screening test they underwent. The individuals
with no screening record in our database were classified as
“never-screened.”

The observational period of screening exposure was from
January 1, 2002, until December 31, 2016. Initially, the
screening exposure was defined according to the attendance
at the first invitation. The exposure was updated when the
screening status of the individual changed during follow-up.
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Fig. 1 Flow Diagram of the Selection of the Eligible Population. NCSP National Cancer Screening Program, UGIS Upper Gastrointestinal

Series, GI Gastrointestinal

A person’s status could move from non-screened to either
UGIS- or upper-endoscopy-screened status. In addition, a
person who underwent both UGIS and upper endoscopy was
included in the upper endoscopy group for analysis, as upper
endoscopy is recommended as the final/confirmatory test in
the KNCSP.

Outcomes

The cancer diagnosis information was extracted from the
KCCR database, which contains all cancer-related character-
istics of patients with cancer. The KCCR identified incident
forms of cancer cases through the nationwide hospital-based
discharge recording system. This hospital-based database
covers all general hospitals in Korea that are equipped with
a histo-pathology laboratory [13]. The cancer site and tumor
location were identified using the International Classifica-
tion of Disease for Oncology, third edition (ICD-O-3) [17].
Using the topography code, the cancer sites were classi-
fied as esophagus cancer (C15.0-C15.9), gastric cancer
(C16.0-C16.9), duodenal cancer (C17.0), and other cancers.
The term “upper GI cancer” included all esophageal, gastric,
or duodenal cancer cases. The tumor behavior was classified
as localized, regional, distant, and unknown according to
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the Surveillance, Epidemiology, and End Results (SEER)
summary stage [18].

The date of death and the cause of death were obtained
from the Death Certificate from Statistics Korea. The cause
of death was identified by the ICD-10 code and was divided
into three main subgroups: all-cause death, death from upper
GI cancer, and death from other causes except for upper GI
cancer.

Statistical analysis

Descriptive statistics were used to describe the population
concerning sociodemographic characteristics, including sex,
age (5-year age group, mean, standard deviation), socioeco-
nomic status (National Health Insurance Service [NHIS]
upper 50% premium, NHIS lower 50% premium, Medical
Aid Program). The difference in characteristics between the
exposure groups was tested by the chi-square test.

The Cox proportional hazards model, with the exposure
of “negative screening result” as a time-varying variable,
was used to investigate the association between upper GI
cancer incidence and mortality. Whenever the exposure sta-
tus of individuals changed, their exposure status and age
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were updated. The hazard ratios (HRs) and the 95% con-
fidence intervals (CIs) were reported to quantify the asso-
ciation in univariate and multivariate models, adjusting for
sociodemographic characteristics. For cancer incidence, the
person-years were derived from the postal date (January 1,
2002; January 1, 2003) of the first screening invitation to the
date of cancer diagnosis or December 31, 2017, for an indi-
vidual with no cancer record. For analysis of mortality, the
person-years were counted until the date of death or Decem-
ber 31, 2019, whichever occurred first. If the screening sta-
tus changed, the person-year of this patient contributed to all
subgroups based on the time that individual stayed in each
cohort. The number of individuals was counted twice in both
never-screened and screened cohorts but person-years were
allocated separately depending on their exposure status (i.e.,
the date of first attendance for screening).

Additionally, separate models were run for incidence
and mortality for each cancer site (esophagus, gastric, and
duodenum). Subgroup analyses by sex and age group were
performed to examine the features of the association in spe-
cific subgroups. Further, to estimate the net effect of the
negative screening result on mortality for eliminating the
potential selection bias, the HRs for overall mortality and
non-upper GI cancer mortality were also reported. Then,
the net benefits were calculated using the following formula:
net benefit=(HR-HR)/HRy x 100, where HR,, represents
the HR for total mortality except upper GI cancer and HR,

represents the HR for upper GI cancer mortality. All the
statistical analyses were performed using SAS, version 9.4
(SAS Institute, Cary, NC), and two-sided P values of <0.05
denoted statistical significance.

Results

Among 15,850,288 participants, 2,133,547 and 9,392,295
underwent UGIS and upper endoscopy, respectively, through
KNCSP and no diagnosis of gastric cancer and other upper
GI cancers within 1 year from the date of screening was
made (Fig. 1). While there was a larger proportion of males
in the control group, approximately 53% of the participants
were female and had negative results in the gastric cancer
screening group (Table 1). The sociodemographic character-
istics were distributed differently according to screening his-
tory. By the end of the follow-up time for cancer incidence,
230,783 patients were diagnosed with upper GI cancer in our
cohort, which was mostly never-screened men and women
(Supplementary Table 1). A total of 209,961 patients had
gastric cancer (91%, Supplementary Table 1). A larger pro-
portion of early cancers than late cancers were observed in
the screened participants, especially those who underwent
endoscopy, for each cancer type (Supplementary Table 1,
Supplementary Fig. 1). In detail, 132,440 cases were
reported in 123,060,161 person-years given the incidence

Table 1 Baseline characteristics

; Characteristics Total Screening history P value
of the study population
Never-Screened Upper endoscopy UGIS
No. (%) No. (%) No. (%) No. (%)
n=15,850,288 n=4,324,446 n=9,392,295 n=2,133,547
Sex
Male 7,766,192 (49.0) 2,366,671 (54.7) 4,411,384 (47.0) 988,137 (46.3) <0.001
Female 8,084,096 (51.0) 1,957,775 (45.3) 4,980,911 (53.0) 1,145,410 (53.7)

Age at enrollment, y

Mean (sd) 56.5 (10.0) 55.9 (12.2) 55.7 (8.4) 61.3 (10.0) <0.001
40-44 1,906,080 (12.0) 1,123,736 (26.0) 692,379 (7.4) 89,965 (4.2) <0.001
45-49 2,455,492 (15.5) 604,802 (14.0) 1,631,269 (17.4) 219,421 (10.3)
50-54 3,380,680 (21.3) 517,593 (12.0) 2,518,699 (26.8) 344,388 (16.1)
55-59 2,144,041 (13.5) 318,227 (74) 1,567,112 (16.7) 258,702 (12.1)

6064 2,299,193 (14.5) 495,649 (11.5) 1,461,983 (15.6) 341,561 (16.0)
65-69 1,512,946 (9.5) 395253 (9.1) 798,285 (8.5) 319,408 (15.0)

70-74 1,440,008 (9.1) 535,614 (12.4) 544,882 (5.8) 359,512 (16.9)

75-79 711,848 (4.5)  333,572(7.7)  177,686(1.9) 200,590 (9.4)

Socioeconomic status

NHIS upper 50%
NHIS lower 50%

Medical aid program

9,977,331 (62.9)
5,129,002 (32.4)
743,955 (4.7)

2,606,919 (60.3)
1,421,915 (32.9)
295,612 (6.8)

6,185,162 (65.9)
2,938,556 (31.3)
268,577 (2.9)

1,185,250 (55.6) <0.001

768,531 (36.0)
179,766 (8.4)

UGIS Upper gastrointestinal series, sd, Standard deviation, NHIS National Health Insurance Service
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rate of 10.76 GI cancer cases per 10,000 person-year in the
never-screened group. The crude incidence rate was similar
in the UGIS group with 10.72 GI cancer cases per 10,000
person-year, whereas the rate was lower in the upper endos-
copy group, with 8.32 GI cancer cases per 10,000 person-
years (Table 2). The change in the incidence rate over time
is shown in Supplementary Fig. 2A. Additionally, a larger
proportion of patients with upper GI cancer was detected in
the early years of study in the never-screened group. While
the largest portion (37%) of patients with GI cancer was
detected between the third and fifth year after enrollment
in the UGIS group, in most cases, GI cancer occurred after
the fifth year of enrollment in the upper endoscopy group
(Fig. 2).

The HRs for upper GI cancer incidence according to
screening history are presented in Table 2 and Fig. 3. In
the early years of cohort enrollment, the HR of UGIS and
upper endoscopy was relatively similar, which then had
a wider gap as the HR of the UGIS group moved toward

1 (Fig. 3). By the end of the follow-up period, the people
with negative UGIS results had a 19% reduced risk of any
upper GI cancer type (aHR=0.81, 95% CI=0.80-0.82),
and those with negative upper endoscopy results had a 33%
reduced risk of the same (aHR =0.67, 95% CI=0.67-0.68).
In the analysis by cancer site, the risk of esophageal cancer
was the lowest, at 23% and 43% for the UGIS and upper
endoscopy groups, respectively. Notwithstanding, the risk
of other cancers, excluding upper GI cancer, cancers in the
KNCSP, lung cancer, and thyroid cancer was relatively simi-
lar between screened groups and the never-screened group
(UGIS: aHR =1.04, 95% CI=1.03-1.05; upper endoscopy:
aHR =0.97,95% CI=0.96-0.97) (Table 2).

In the subgroup analysis for cancer incidence, the nega-
tive upper endoscopy result group showed the largest risk
reduction (Supplementary Table 2). While the effect of nega-
tive screening results was similar between men and women,
this effect varied among age groups. In the 40-49-year-old
age group, the risk of subsequent upper GI cancer was only

Table 2 Hazard ratios of upper
GI cancer incidence according

No. of cases

Person-year ~ Crude rate®  Hazard ratio

to the screening history cHR (95% CI) aHR (95% CI)®
Upper GI cancer
Never-screened 132,440 123,060,161  10.76 1.00 1.00
UGIS 37,049 34,559,673  10.72 1.01 (1.00-1.02)  0.81 (0.80-0.82)
Upper Endoscopy 61,294 73,697,160 8.32 0.78 (0.77-0.78)  0.67 (0.67-0.68)
Esophagus cancer
Never-screened 10,776 123,060,161 0.88 1.00 1.00

UGIS 3063
Upper endoscopy 4351
Gastric cancer

34,559,673 0.89
73,697,160 0.59

1.04 (0.99-1.08)
0.68 (0.66-0.71)

0.77 (0.74-0.80)
0.57 (0.55-0.59)

123,060,161  9.77 1.00 1.00
1.00 (0.99-1.02)  0.81 (0.80-0.82)
0.78 (0.77-0.79)  0.68 (0.67-0.69)

123,060,161 0.11 1.00 1.00
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Never-screened 120,261

UGIS 33,553 34,559,673 9.71

Upper endoscopy 56,147 73,697,160 7.62
Duodenal cancer

Never-screened 1403

UGIS 433 34,559,673 0.13

Upper endoscopy 796 73,697,160 0.11

Other cancers in NCSP plus®

Never-screened 377,940 123,060,161 30.71
UGIS 152,690 34,559,673  44.18
Upper endoscopy 318,695 73,697,160 43.24
Other cancers excluding upper GI cancer and cancers in NCSP plus®
Never-screened 173,428 123,060,161 14.09
UGIS 70,558 34,559,673  20.42
upper endoscopy 123,190 73,697,160 16.72

1.15 (1.03-1.28)
0.97 (0.89-1.06)

1.00
1.40 (1.39-1.41)
1.37 (1.37-1.38)

1.00
1.37 (1.36-1.39)
1.12 (1.11-1.13)

0.90 (0.81-1.01)
0.85 (0.78-0.93)

1.00
1.20 (1.20-1.21)
1.25 (1.25-1.26)

1.00
1.04 (1.03-1.05)
0.97 (0.96-0.97)

cHR crude hazard ratio, GI gastrointestinal, aHR adjusted hazard ratio, 95% CI 95% confidence interval,
UGIS Upper Gastrointestinal Series, NCSP National Cancer Screening Program

“Per 10,000 person-years

b Adjusted for sex, age, socioeconomic status

“Other cancers in NCSP plus: breast, cervical, liver, colorectal, lung, and thyroid cancer
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5% in the UGIS group (aHR=0.95, 95% CI=0.92-0.98)
and 12% in the upper endoscopy group (aHR =0.88, 95%
CI=0.86-0.91), which were the lowest values among all
age groups. The effect was the most pronounced for those
aged 60-69 years (UGIS: aHR=0.76, 95% C1=0.74-0.77,
upper endoscopy: aHR =0.60, 95% CI=0.59-0.61) (Sup-
plementary Table 2).

In terms of morality, the GI cancer mortality rate was 5.5
per 10,000 person-year (Table 3). Lower crude rates were
observed in the UGIS group (4.5 GI cancer death per 10,000
person-year) and upper endoscopy group (1.5 GI cancer
death per 10,000 person-year) (Table 3). The mortality rates
of each group by year of study are shown in Supplementary

Fig. 2B. Regarding HR, while the HR for upper GI cancer
mortality increased over time in the UGIS group, the fig-
ure was relatively stable over years of study in the upper
endoscopy group (Fig. 3B). Overall, the aHRs for upper GI
cancer mortality were 0.55 (95% CI=0.54-0.56) for the
negative UGIS result group and 0.21 (95% CI1=0.21-0.22)
for the negative upper endoscopy result group (Table 3). The
net benefits of upper GI cancer mortality reduction were
21.4% and 54.4% among those with negative UGIS and
upper endoscopy results, respectively (Table 3). Addition-
ally, among three types of upper GI cancers, the HRs were
the lowest at 0.53 (95% CI=0.52-0.54) in the UGIS group
and 0.19 (95% CI=0.18-0.20) in the endoscopy group
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Table 3 Hazard ratios of upper
GI cancer mortality according

No. of deaths ~ Person-year

Crude rate®

Hazard ratio

to the screening history cHR (95% CI) aHR (95% CI)®

Overall mortality

Never-screened 1,515,300 124,457,744  121.8 1.00 1.00

UGIS 482,931 37,785,494  127.8 1.16 (1.16-1.17)  0.69 (0.69-0.69)

Upper endoscopy 571,220 92,863,732 61.5 0.52 (0.52-0.52)  0.45 (0.45-0.45)
Upper GI cancer mortality

Never-screened 68,765 124,457,744 5.5 1.00 1.00

UGIS 17,037 37,785,494 4.5 0.87 (0.85-0.88)  0.55 (0.54-0.56)

Upper endoscopy 13,546 92,863,732 1.5 0.26 (0.26-0.27)  0.21 (0.21-0.22)
All-cause mortality except upper GI cancer

Never-screened 1,446,535 124,457,744  116.2 1.00 1.00

UGIS 465,894 37,785,494  123.3 1.18 (1.17-1.18)  0.70 (0.69-0.70)

Upper Endoscopy 557,674 92,863,732 60.1 0.54 (0.53-0.54)  0.46 (0.46-0.46)
Net benefit*

Never-screened - - - Reference

UGIS - - - 21.4%

Upper endoscopy - - - 54.4%

cHR, crude hazard ratio; GI, gastrointestinal, aHR, adjusted hazard ratio; 95% CI, 95% confidence interval;

UGIS, Upper Gastrointestinal Series

“Per 10,000 person-years

b Adjusted for sex, age, socioeconomic status

“Net benefit=(HR,-HR,)/HR, X 100, where HR, represents the HR of total mortality except upper GI can-
cer, and HR, represents the HR of upper GI cancer mortality

for gastric cancer (Supplementary Table 3). Similar to the
results of subgroup analysis by age group for cancer inci-
dence, the 60—69-year-old age group had the lowest risk of
upper GI cancer death (Supplementary Table 3).

Discussion

The current study highlighted the significant reduction in the
risk of developing upper GI cancer in persons who received
negative screening results, wherein the group with negative
upper endoscopy results had a 33% reduced risk of any upper
GI cancer. While negative results of both UGIS and upper
endoscopy were associated with the decreased risk of mor-
tality from upper GI cancer, a stronger effect was observed in
the upper endoscopy group. Very few studies have reported
the effect of the negative results of upper GI screening in
the average-risk population. A multinational cohort study
of a million patients with gastroesophageal reflux disease
reported a 55% reduction in the risk of upper GI cancer and
a 61% reduction in mortality among people with negative
upper endoscopy results [19]. Similarly, Shakhatreh et al.
also reported a reduction in the risk of upper GI cancer in
patients who received negative upper GI screening results
[20]. A Korean study stated that people with negative results
on gastric cancer screening had a low risk of cancer. They
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also found that a never-screened individual had a 1.68-fold
higher risk of developing cancer than an individual who
underwent regular endoscopic screening [21]. This effect
was reduced in irregularly screened people [21]. Moreover,
the mortality reduction due to gastric cancer screening was
also well indicated in a previous study of the KNCSP data-
base in South Korea [9-11]. Although there was a difference
in the study results due to the differences in populations and
outcomes, those studies revealed a very similar direction of
the effect of screening tests to that observed in our study.
The effect of negative screening in this study could be
explained by two aspects. Regarding the risk of cancer, gas-
tric cancer screening, especially endoscopy, is also able to
detect various types of precancerous lesions in the GI tract.
The removal and treatment of those lesions could prevent
them from developing into the invasive phase; therefore,
cancer is prevented [15, 22]. In addition, the screening for
Helicobacter pylori (H. pylori), a significant risk factor of
gastric cancer [23, 24], is commonly recommended by phy-
sicians during visits for upper GI screening. Consequently,
detection and successful treatment could reduce the risk of
developing cancer [23]. Furthermore, among screened peo-
ple, cancer is generally reported in the early stage, with a
good prognosis, as documented in previous studies on gas-
tric cancer screening in South Korea [9, 11]. Our results are
also in agreement with the results of those studies, wherein
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early stages of not only gastric cancer (> 80% in the endos-
copy group and > 70% in the UGIS group) but also esoph-
ageal cancer and duodenal cancer (>70% in endoscopy
group, and >60% in UGIS group) (Table S1 and Figure S1)
were detected most frequently in the group that attended the
gastric cancer screening program. These effects resulted in
a significant reduction in upper GI mortality in the screened
group compared with the never-screened group.

On the other hand, the stronger effect of upper endoscopy
than of UGIS is somewhat reasonable as upper endoscopy
is currently considered the gold standard for screening and
confirmation of any abnormal finding from a radiographic
screening test. Regarding performance, an endoscopy allows
direct visualization of the GI tract. Accordingly, the KNCSP
reported that the UGIS has a lower capability of detect-
ing both cancer and adenomas than the upper endoscopy
[25]. Additionally, the limited ability in detecting precan-
cerous lesions suggested the shorter screening interval for
the UGIS screening, which was also reflected in our find-
ings. While less than 20% of the cancer cases were detected
within 2 years since the receipt of negative screening results
from both modalities, 37% of upper GI cancer cases in the
negative UGIS group were detected from the third to the
fifth year of enrollment. In contrast, in more than 40% of
the patients with upper GI cancer who had negative results
on endoscopy, the cancer was detected from the sixth to
the tenth year (Fig. 2). Thus, for balancing the benefits and
harms of screening, the policymakers should also consider
adapting the optimal screening interval for each screening
modality rather than using the interval of 2 years as set in
the current screening guidelines.

Previously, secondary prevention of gastric cancer was
considered the main benefit of upper endoscopy and UGIS
of the KNCSP. Additional evidence on the effectiveness of
gastric cancer screening on esophageal and duodenal can-
cer may help increase the utility of the KNCSP screening.
One of the main barriers to participation in cancer screening
programs is the fear of getting cancer [26, 27]. The current
evidence on the risk of cancer and death in our study may
help relieve this fear in the general population and strengthen
their intention to undergo cancer screening and adhere to the
recommendations of the KNCSP on the screening interval.
Lastly, our findings provide a wide view of the effectiveness
of gastric cancer screening, which is already implemented
in Asian countries including South Korea and Japan [6-8].
While previous studies had addressed the cost-effectiveness
of screening by endoscopy or UGIS for gastric cancer alone
[14, 28], future studies should also examine the benefit of
the whole upper GI tract.

The current study has some limitations, mainly due to
its observational nature. Firstly, our study was unable to
eliminate selection bias. Patients with upper GI symptoms
or a higher risk of GI cancer might prefer to undergo upper

endoscopy compared to those without. However, this issue
would not explain any associations but instead leads to an
underestimation of the protective influence of a negative
upper endoscopy and upper GI cancer. To have a better view
of this issue, we conducted an additional analysis to estimate
the risk of developing other cancer types excluding upper
GI cancer, other cancers in the KNCSP, thyroid cancer, and
lung cancer. The relatively similar risk of developing those
cancers indicated that the effect of selection bias on our
results would be small. The exclusion of other cancers is
explained by the fact that people are generally invited by the
KNCSP to screen for serval cancers at a time, and thyroid
and lung cancer are the most common opportunistic screen-
ing tests in South Korea [29]. Further, in the analysis of
upper GI cancer death, the HR for all-cause mortality except
upper GI cancer was reported to estimate the net benefit of
screening on upper GI cancer mortality reduction. Accord-
ingly, a net benefit of more than 50% was reported for upper
endoscopy screening. Second, there was no information on
opportunistic screening in our database; hence, the people
in the control group may have undergone opportunistic
screening tests. Therefore, the effect of the negative screen-
ing results may be underestimated and move toward the null.
Lastly, as the study covered the target population for gastric
cancer screening across the country in 2002-2003, we only
included the socioeconomic variables in our model. In par-
ticular, H. pylori infection is a well-known factor associated
with gastric cancer [24, 30, 31]. The eradication of H. pylori
is expected to reduce the occurrence of gastric cancer as
indicated by recommendations of previous studies [30-33].
H. pylori has decreased but the seroprevalence remained
relatively high at 51% in Korea [34]. Since KNCSP for stom-
ach cancer is a universal program, we believe there would
be no difference in the seroprevalence associated with H.
pylori infection between non-participants and participants of
KNCSP. Further, a result from a nationwide study in Korea
indicated that, in the current context of H. pylori, there is no
influence of sociodemographic characteristics as well as the
family history of gastric cancer on H. pylori seropositivity,
as evidenced by a multivariate analysis [34]. Thus, under
the universal cancer screening policy in Korea, the distri-
bution of the infection and eradication of H. pylori may be
relatively similar between subgroups. Future studies should
consider these factors carefully for better estimation.
Despite the limitations, to the best of our knowledge,
our study is the first to use high-quality data from the most
reliable and appropriate sources with long follow-up peri-
ods to evaluate the effect of the screening intervention at
the population level [13]. Therefore, we were able to esti-
mate the real-world effect of the KNCSP screening on the
Korean population, which could be generalizable to regions
with similar cancer burdens or regions considering the
adoption of gastric cancer screening. In conclusion, this
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population-based study indicates that negative screening,
especially on upper endoscopy of the KNCSP, was signifi-
cantly associated with the reduction in the risk of developing
cancer and death from any type of upper GI cancer.
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