
842 Copyright  2022   by  the Korean Cancer Association
 This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) 

which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

│ https://www.e-crt.org │

Introduction

Although the incidence of gastric cancer has decreased in 
previous decades, the disease remains a major public health 
burden; it is the fifth-most common cancer and third leading 
cause of cancer-related mortality [1]. The incidence of gas-
tric cancer has markedly increased in Asian countries such 
as Korea, Japan, and China [1]. Although improvements in 
hygiene, [2] food storage, and Helicobacter pylori eradication 
[3,4] have contributed toward a decline in gastric cancer risk, 
gastric cancer-related mortality remains high, mainly due to 
late presentation of symptoms and advanced disease stage at 
diagnosis [5]. Early detection programs using effective gas-
tric cancer screening methods are paramount to early diag-
nosis, improved outcomes, and reduced mortality rates. 

Asian populations account for approximately three-quar-
ters of all new cases of gastric cancer and associated deaths. 
Consequently, Japan and Korea have established national 
cancer screening programs for gastric cancer. In Japan,  

upper gastrointestinal series (UGIS) was adopted for gastric 
cancer screening in 1983. As recent studies reported the ben-
efits of endoscopic screening in the reduction of gastric can-
cer mortality [6-9], the Japanese government recommended 
endoscopy as the primary method for gastric cancer screen-
ing from 2017 [10]. 

In 2002, the Korean government introduced nationwide 
gastric cancer screening under the Korean National Cancer 
Screening Program (KNCSP). Korean residents aged ≥ 40 
years are eligible for gastric cancer screening by either UGIS 
or endoscopy, depending on their preference or comorbidi-
ties [11,12]. The National Health Insurance Service (NHIS) 
covers 90%-100% of the screening costs, depending on the  
patient’s insurance status [13]. Based on the review of evi-
dence, the Korean national guidelines for gastric cancer 
screening recommend that asymptomatic adults aged 40-74 
years undergo endoscopy (recommendation level B) and 
UGIS (recommendation level C) [14]. 

In this study, we aimed to assess the trends and perfor-
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mance of UGIS and endoscopy use for gastric cancer screen-
ing under the KNCSP during 2007-2016. The analyses were 
stratified by socioeconomic status to provide more granular 
evidence base for decision-making.

Materials and Methods

1. Study population
In this study, we included Koreans aged ≥ 40 years who 

participated in the KNCSP for gastric cancer during 2007-
2016 (n=53,931,784). Individuals who were invited for the 
KNCSP could choose to either undergo UGIS or endosco-
py for gastric cancer screening. Participants screened with 
UGIS who received abnormal results were further provided 
follow-up endoscopy under the KNCSP guidelines for gas-
tric cancer [14]. Therefore, individuals with screening results 
from UGIS alone or UGIS and endoscopy were categorized 
as the UGIS group to calculate performance indicators 
(n=14,716,886). Meanwhile, persons with screening results of 
endoscopy alone were categorized as the endoscopy group 
for the corresponding indicators (n=39,214,898).

From the KNCSP database, we derived information on 
each participant’s demographic characteristics (age, sex, 
and NHIS type), screening results, and screening dates dur-
ing 2007-2016. We divided the NHIS beneficiaries into two 
groups (upper 50% and lower 50%) depending on the premi-
um set according to household income and assets. The Medi-
cal Aid Program (MAP) is a public assistance program that 
provides medical benefits to individuals from low-income 
households. We categorized the NHIS status into three cat-
egories: NHIS upper 50%, NHIS lower 50%, and MAP and 
used this as an indicator of socioeconomic status. Screening 
results were defined as positive by method-specific result 
variables and final decision variables. Screening results from 
UGIS and endoscopy were reported under seven categories 
from 2002 to 2008, namely: negative, peptic ulcer, benign 
tumor, suspicious gastric cancer, early gastric cancer, advan-
ced gastric cancer, and other. These categories were revised 
into nine categories after 2009, including gastritis and gas-
tric submucosal tumor. In addition, a final decision variable 
was included with method-specific screening results as four 
categories during 2002-2008, including: negative, further 
checkup required (possible gastric cancer), gastric cancer, 
and other. These categories were revised as five categories 
after 2009 onwards, namely: negative, benign tumor, sus-
picious gastric cancer, gastric cancer, and other. Screening 
participants were defined as positive if the method-specific 
variables were coded as possible gastric cancer, early gastric 
cancer, or advanced gastric cancer, or the final decision vari-
able was coded as possible gastric cancer or gastric cancer. 

The remaining participants were coded as negative.
We ascertained the screened participants’ gastric cancer 

diagnosis status using the nationwide Korea Central Cancer 
Registry (KCCR). From the KCCR, we derived information 
on primary gastric cancer (International Classification of Dis-
ease, 10th Revision [ICD-10] codes: C16.0-C16.9) and the date 
of gastric cancer diagnosis. We followed each case for up to 
12 months from the date of screening to allow any diagnostic 
work-up to be completed and the results to be fully reported 
[15].

2. Statistical analysis
Using prospective follow-up data, we conducted a cross-

sectional analysis to estimate the performance indicators of 
gastric cancer screening by UGIS and endoscopy, stratified 
by sociodemographic factors. Overall, yearly screening rates 
by UGIS and endoscopy, with specific screening cases from 
each screening method, were graphically summarized for 
the period between 2007 and 2016. We measured and com-
pared the positivity rate, cancer detection rate (CDR), inter-
val cancer rate (ICR), positive predictive value (PPV), sen-
sitivity, and specificity estimates as performance indicators 
of both screening methods. The performance indicators were 
stratified by sociodemographic factors on a 2-year basis.

The positivity rate referred to the percentage of positive 
screening results among the total screened cases. The CDR 
for gastric cancer was the number of gastric cancer cases  
detected per 1,000 screened individuals. Interval cancers 
were gastric cancer cases diagnosed within 1 year of the 
negative screening results. ICR was calculated as the num-
ber of interval cancers per 1,000 negative screening results. 
PPV was the number of screen-detected gastric cancer cases 
per 100 positive screenings. Sensitivity was the number of 
screened positives from all diagnosed gastric cancer cases, 
including true positive and false-negative cases, given that 
cancer was diagnosed within 12 months of screening. Speci-
ficity was the number of screened negatives among healthy 
participants, including true negative and false-positive cases 
within 12 months from the screening date. All statistical anal-
yses were performed using SAS ver. 9.3 statistical software 
(SAS Institute Inc., Cary, NC). The statistical significance of 
all reported p-values was set at < 0.05. 

Results

1. Characteristics of the study population
During 2007-2016, a total of 53,931,784 stomach cancer 

screenings were conducted, of which 72.7% (n=39,214,898) 
were examined by endoscopy (Table 1). The number of  
individuals who underwent endoscopic screening gradually 
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increased from 1,596,080 in 2007 to 6,164,673 in 2017, whereas 
the number of individuals who underwent UGIS screening 
gradually decreased from 1,738,331 in 2007 to 979,016 in 
2017 (S1 Table). For both screening methods, females com-
prised over half of the screening population. Meanwhile, 
patients aged 40-49 years accounted for the highest propor-
tion (34.4%) of endoscopic screening cases, while those aged 
50-59 years accounted for the highest proportion (26.8%) of 
UGIS-based screening cases in Table 1. Among all screened 
individuals, only 3.3% were Medical Aid recipients, and this 
proportion was almost two times higher among individuals 
who underwent UGIS (5.3%) versus among those who un-

derwent endoscopy (2.5%).

2. Participation rates for gastric cancer screening
The increase in screened participants and participa-

tion rates is delineated in Fig. 1. Annual participation rates  
increased from 28% to 51.9% in 10 years (Fig. 1). The propor-
tion of individuals who underwent endoscopy dramatically 
increased from 47.8% in 2007 to 84.5% in 2016. Nevertheless, 
the absolute number of UGIS remained over 1 million until 
2016 (n=1,084,531), peaking in 2008 (n=1,991,053), and subse-
quently gradually decreasing (S1 Table). 

Table 1.  Characteristics of screening participants who underwent UGIS or endoscopy under the Korean National Cancer Screening Pro-
gram for gastric cancer from 2007 to 2016

 UGIS Endoscopy Total

Total No. of screening 14,716,886 (100) 39,214,898 (100) 53,931,784 (100)
Screening year   
    2007-2008 3,729,384 (25.3) 3,875,211 (9.9) 7,604,595 (14.1)
    2009-2010 3,628,847 (24.7) 6,198,991 (15.8) 9,827,838 (18.2)
    2011-2012 2,847,051 (19.3) 8,513,224 (21.7) 11,360,275 (21.1)
    2013-2014 2,291,969 (15.6) 9,380,569 (23.9) 11,672,538 (21.6)
    2015-2016 2,219,635 (15.1) 11,246,903 (28.7) 13,466,538 (25.0)
Sex   
    Men 6,346,593 (43.1) 17,884,257 (45.6) 24,230,850 (44.9)
    Women 8,370,293 (56.9) 21,330,641 (54.4) 29,700,934 (55.1)
Age groups (yr)   
    40-49 3,560,978 (24.2) 13,492,941 (34.4) 17,053,919 (31.6)
    50-59 3,943,968 (26.8) 13,050,384 (33.3) 16,994,352 (31.5)
    60-69 3,683,406 (25.0) 8,494,361 (21.7) 12,177,767 (22.6)
    ≥ 70 3,528,534 (24.0) 4,177,212 (10.6) 7,705,746 (14.3)
National Health Insurance Service   
    Upper 50% 6,656,649 (45.2) 19,636,824 (50.1) 26,293,473 (48.7)
    Lower 50% 7,279,452 (49.5) 18,598,435 (47.4) 25,877,887 (48.0)
    Medical Aid Program 780,785 (5.3) 979,639 (2.5) 1,760,424 (3.3)
Values are presented as number (%). UGIS, upper gastrointestinal series. 

Fig. 1.  Trends in the use of upper gastrointestinal series (UGIS) and endoscopy screening among participants in the National Cancer 
Screening Program from 2007 to 2014.
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3. Performance of gastric cancer screening methods
The overall positive rates declined among both UGIS (from 

1% to 0.25%) and endoscopy cases (from 0.40% to 0.29%) dur-
ing 2007-2016 (Table 2). The positive rates were significantly 
higher among individuals belonging to the MAP group for 
both UGIS (from 1.24% to 0.37%) and endoscopy-screened 
(from 0.59% to 0.41%) cases than among individuals in the 

NHIS upper 50%. 
Among participants with positive UGIS and endoscopy 

screening results, the CDR in UGIS and endoscopy decreased 
from 0.41 and 2.25 per 1,000 screened individuals in 2007-
2008 to 0.26 and 1.99 in 2015-2016, respectively. The CDR 
for endoscopy was significantly higher among individuals 
in the NHIS lower 50% and MAP groups than among indi-

Table 2.  Positive rate of screening program, number of detected cases, interval cancer and false-positive cases, cancer detection rate, and 
interval cancer rates for total cases and by socioeconomic status using the NHIS status in the Korean National Cancer Screening Program 
for gastric cancer from 2007 to 2016

 2007-2008 2009-2010 2011-2012 2013-2014 2015-2016

Positivity rate (%)
  (No. positive results/No. screens)     
    UGIS     
        Total 1.00 (0.99-1.01) 0.83 (0.82-0.84) 0.31 (0.30-0.31) 0.30 (0.29-0.30) 0.25 (0.24-0.26)
        NHIS upper 50% 0.58 (0.57-0.59) 0.43 (0.42-0.44) 0.21 (0.20-0.22) 0.25 (0.24-0.26) 0.21 (0.20-0.22)
        NHIS lower 50% 1.36 (1.34-1.38) 1.19 (1.18-1.21) 0.37 (0.36-0.38) 0.32 (0.31-0.33) 0.27 (0.26-0.28)
        MAP 1.24 (1.19-1.28) 1.16 (1.11-1.20) 0.51 (0.48-0.55) 0.46 (0.42-0.50) 0.37 (0.33-0.40)
    Endoscopy     
        Total 0.40 (0.40-0.41) 0.41 (0.40-0.41) 0.36 (0.36-0.37) 0.33 (0.33-0.33) 0.29 (0.28-0.29)
        NHIS upper 50% 0.38 (0.37-0.38) 0.40 (0.39-0.40) 0.34 (0.34-0.35) 0.31 (0.31-0.32) 0.27 (0.27-0.27)
        NHIS lower 50% 0.43 (0.42-0.44) 0.41 (0.41-0.42) 0.38 (0.37-0.38) 0.34 (0.33-0.34) 0.30 (0.29-0.30)
        MAP 0.59 (0.54-0.64) 0.57 (0.54-0.61) 0.49 (0.46-0.52) 0.48 (0.46-0.51) 0.41 (0.38-0.43)
Cancer detection rate per 1,000
  (No. screen-detected cancer/
  No. screens)     
    UGIS     
        Total 0.41 (0.39-0.43) 0.45 (0.42-0.47) 0.31 (0.29-0.33) 0.25 (0.23-0.27) 0.26 (0.24-0.28)
        NHIS upper 50% 0.33 (0.30-0.35) 0.32 (0.29-0.35) 0.23 (0.21-0.26) 0.25 (0.22-0.28)  0.25 (0.22-0.28)
        NHIS lower 50% 0.48 (0.44-0.51) 0.55 (0.51-0.58) 0.37 (0.33-0.40) 0.23 (0.21-0.26) 0.26 (0.23-0.29)
        MAP 0.53 (0.43-0.62) 0.64 (0.53-0.75) 0.45 (0.34-0.56) 0.36 (0.25-0.48) 0.36 (0.24-0.48)
    Endoscopy     
        Total 2.25 (2.20-2.30) 2.45 (2.41-2.49) 2.29 (2.26-2.32) 2.17 (2.14-2.20) 1.99 (1.96-2.02)
        NHIS upper 50% 2.16 (2.10-2.23) 2.39 (2.34-2.44) 2.22 (2.18-2.27) 2.07 (2.03-2.12) 1.90 (1.86-1.94)
        NHIS lower 50% 2.31 (2.24-2.38) 2.48 (2.42-2.54) 2.34 (2.29-2.39) 2.21 (2.17-2.26) 2.05 (2.02-2.09)
        MAP 3.03 (2.68-3.38) 3.03 (2.78-3.27) 2.74 (2.51-2.96) 2.97 (2.75-3.19) 2.65 (2.45-2.85)
Interval cancer rate per 1,000
  (No. interval cancers/
  No. negative results)     
    UGIS     
        Total 1.33 (1.30-1.37) 1.26 (1.22-1.29) 1.27 (1.23-1.31) 1.22 (1.17-1.26) 1.21 (1.16-1.26)
        NHIS upper 50% 1.43 (1.38-1.49) 1.31 (1.26-1.37) 1.30 (1.24-1.36) 1.28 (1.21-1.35) 1.28 (1.21-1.35)
        NHIS lower 50% 1.20 (1.15-1.26) 1.19 (1.14-1.24) 1.23 (1.17-1.28) 1.16 (1.10-1.22) 1.13 (1.06-1.19)
        MAP 1.85 (1.67-2.03) 1.48 (1.31-1.64) 1.47 (1.27-1.67) 1.38 (1.16-1.60) 1.59 (1.34-1.84)
    Endoscopy     
        Total 1.14 (1.10-1.17) 0.91 (0.89-0.93) 0.94 (0.92-0.96) 0.87 (0.85-0.89) 0.88 (0.86-0.90)
        NHIS upper 50% 1.18 (1.13-1.22) 0.93 (0.90-0.96) 0.98 (0.95-1.01) 0.88 (0.85-0.90) 0.89 (0.86-0.91)
        NHIS lower 50% 1.08 (1.03-1.13) 0.87 (0.84-0.91) 0.90 (0.87-0.93) 0.85 (0.83-0.88) 0.86 (0.84-0.89)
        MAP 1.48 (1.24-1.73) 1.23 (1.07-1.39) 1.12 (0.98-1.26) 1.34 (1.19-1.49) 1.35 (1.20-1.49)

MAP, Medi cal Aid Program; NHIS, National Health Insurance Service; UGIS, upper gastrointestinal series.
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viduals in the NHIS upper 50% group, whereas the CDR for 
UGIS was not significantly different from 2013 to 2016 (Table 
2). ICR per 1000 negative screenings decreased from 1.33 in 
2007-2008 to 1.21 in 2015-2016 for UGIS, while for endoscopy 
it decreased from 1.14 in 2007-2008 to 0.88 in 2015-2016. In 
the UGIS-screened group, the ICR was significantly higher 
in the NHIS upper 50% and MAP groups than in the NHIS 
lower 50% group, whereas the ICR in the endoscopy group 
was significantly higher in the MAP group (Table 2).

There was a significant decrease the number and propor-
tion of false-positive cases with UGIS. For endoscopy, the 

absolute number of false-positive cases increased; however, 
with an increase in total screenings, the proportion of false-
positives decreased by more than 50% (S2 Table). As for soci-
oeconomic status, the proportion of false-positive cases was 
two times higher among individuals in the MAP group than 
among those in the NHIS upper 50% group (S2 Table).

4. PPV, sensitivity, and specificity of gastric cancer screen-
ing methods

A steady increase was observed in the estimated PPV of 
UGIS (4.11% to 10.33%) and endoscopy (55.69% to 69.35%) 

Table 3.  Positive predictive value, sensitivity, and specificity of UGIS and endoscopy for total cases and by socioeconomic status using the 
NHIS status in the Korean National Cancer Screening Program from 2007 to 2016

 2007-2008 2009-2010 2011-2012 2013-2014 2015-2016

PPV (%)
  (No. screen-detected cancer/ 
  No. positive results)     
    UGIS     
        Total 4.11 (3.91-4.31) 5.39 (5.13-5.64) 10.09 (9.46-10.72) 8.28 (7.62-8.93) 10.33 (9.53-11.13)
        NHIS upper 50% 5.61 (5.15-6.07) 7.45 (6.85-8.07) 10.97 (9.79-12.22) 10.05 (8.84-11.32) 11.55 (10.19-13.01)
        NHIS lower 50% 3.50 (3.27-3.73) 4.61 (4.32-4.91) 9.83 (9.03-10.67) 7.23 (6.42-8.07) 9.57 (8.53-10.66)
        MAP 4.24 (3.48-5.03) 5.53 (4.63-6.45) 8.77 (6.72-10.92) 8.00 (5.62-10.48) 9.75 (6.68-12.98)
    Endoscopy     
        Total 55.69 (54.91-56.47) 59.86 (59.26-60.46) 63.06 (62.52-63.60) 65.76 (65.23-66.29) 69.35 (68.85-69.86)
        NHIS upper 50% 57.52 (56.42-59.20) 60.42 (59.58-61.76) 64.49 (63.72-65.79) 66.49 (65.70-67.85) 70.54 (69.81-71.89)
        NHIS lower 50% 54.06 (52.92-55.75) 59.92 (59.01-61.34) 62.17 (61.40-63.43) 65.44 (64.70-66.69) 68.56 (67.84-69.83)
        MAP 51.49 (47.39-57.37) 52.69 (49.74-56.99) 55.60 (52.57-60.14) 61.24 (58.38-65.84) 64.69 (61.78-69.60)
Sensitivity (%)     
    UGIS
        Total 23.55 (22.52-24.59) 26.16 (25.07-27.26) 19.71 (18.54-20.87) 16.80 (15.54-18.07) 17.58 (16.27-18.88)
        NHIS upper 50% 18.65 (17.25-20.04) 19.62 (18.15-21.08) 15.26 (13.66-16.86) 16.23 (14.35-18.11) 16.22 (14.35-18.09)
        NHIS lower 50% 28.61 (27.00-30.23) 31.83 (30.14-33.52) 23.04 (21.31-24.77) 16.84 (15.05-18.62) 18.77 (16.84-20.70)
        MAP 22.33 (18.70-25.96) 30.46 (26.23-34.70) 23.53 (18.49-28.57) 20.94 (15.17-26.71) 18.42 (12.91-23.93)
    Endoscopy     
        Total 66.42 (65.62-67.23) 72.93 (72.33-73.54) 70.85 (70.31-71.38) 71.29 (70.76-71.81) 69.29 (68.79-69.80)
        NHIS upper 50% 64.84 (63.72-65.97) 72.08 (71.23-72.92) 69.46 (68.69-70.23) 70.37 (69.59-71.15) 68.24 (67.51-68.98)
        NHIS lower 50% 68.25 (67.05-69.45) 74.10 (73.20-75.00) 72.31 (71.54-73.08) 72.27 (71.54-73.00) 70.51 (69.80-71.22)
        MAP 67.28 (62.88-71.68) 71.23 (68.12-74.35) 71.02 (67.90-74.15) 69.07 (66.18-71.95) 66.37 (63.45-69.29)
Specificity (%)     
    UGIS     
        Total 99.04 (99.03-99.05) 99.22 (99.21-99.23) 99.72 (99.72-99.73) 99.73 (99.72-99.73) 99.78 (99.77-99.78)
        NHIS upper 50% 99.45 (99.44-99.46) 99.60 (99.59-99.61) 99.81 (99.80-99.82) 99.78 (99.77-99.79) 99.81 (99.80-99.82)
        NHIS lower 50% 98.68 (98.67-98.70) 98.86 (98.84-98.88) 99.66 (99.65-99.67) 99.70 (99.69-99.71) 99.75 (99.75-99.76)
        MAP 98.81 (98.77-98.86) 98.91 (98.86-98.95) 99.53 (99.49-99.57) 99.58 (99.54-99.62) 99.67 (99.63-99.70)
    Endoscopy     
        Total 99.82 (99.82-99.82) 99.84 (99.83-99.84) 99.87 (99.86-99.87) 99.89 (99.88-99.89) 99.91 (99.91-99.91)
        NHIS upper 50% 99.84 (99.83-99.85) 99.84 (99.84-99.85) 99.88 (99.87-99.88) 99.90 (99.89-99.90) 99.92 (99.92-99.92)
        NHIS lower 50% 99.80 (99.80-99.81) 99.83 (99.83-99.84) 99.86 (99.85-99.86) 99.88 (99.88-99.89) 99.91 (99.90-99.91)
        MAP 99.71 (99.68-99.75) 99.73 (99.70-99.75) 99.78 (99.76-99.80) 99.81 (99.79-99.83) 99.86 (99.84-99.87)
MAP, Medi cal Aid Program; NHIS, National Health Insurance Service; PPV, positive predictive value; UGIS, upper gastrointestinal series.
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from 2007 to 2016, both overall and according to NHIS sta-
tus (Table 3). The sensitivity of UGIS decreased (23.55% 
to 17.58%), while that of endoscopy increased (66.42% to 
69.35%) during the same period. The screening sensitivity of 
endoscopy was consistently higher than that of UGIS during 
the follow-up period. The specificity estimates of UGIS and 
endoscopy during 2007-2016 were similar (both > 99%). The 
PPV, sensitivity, and specificity were not significantly differ-
ent among groups according to NHIS status for both UGIS 
and endoscopy.

Discussion

In this study, we assessed the current participation rates 
and screening performance of two screening methods for 
gastric cancer—UGIS and endoscopy—by utilizing the pop-
ulation-based database of the KNCSP for gastric cancer, cov-
ering the period from 2007 to 2016. During this period, the 
participation rate for gastric cancer screening increased from 
28% to 51.9%. The number of individuals who underwent 
endoscopy dramatically increased from 3,875,211 (2007-
2008) to 11,246,903 (2015-2016). In addition, the proportion 
of individuals who underwent UGIS and then endoscopy 
decreased, and the absolute number of UGIS users declined 
from 3,729,384 (2007-2008) to 2,219,635 (2016-2017) (S2 Table).

The overall positive rates and CDR for both UGIS and  
endoscopy decreased over time. This decrease may be associ-
ated with the continuous decrease in the incidence of gastric 
cancer since 1999 [16]. The CDR of endoscopy was 5-8 times 
higher than that of UGIS. Although the proportion of older 
adults with gastric cancer was high in the UGIS group, the 
overall CDR of the endoscopy group was likely associated 
with the accuracy of the test. The ICR of UGIS remained 
stable over time, whereas that of endoscopy significantly  
decreased in a gradual manner.

The differences in CDR and ICR of these methods may 
have resulted from the possibility of direct inspection and 
immediate tissue sampling. During endoscopy, it is possible 
to touch or magnify a suspicious lesion to check its hardness, 
prominence, or depression. Although it is possible to deter-
mine all gastric mucosal abnormalities by proper techniques 
using UGIS, it only provides superficial images with contrast. 
Thus, clinicians may assume the presence or absence of gas-
tric cancer based on structural abnormalities captured on the 
images; these abnormalities may require biopsy to improve 
the sensitivity and specificity of the test [17]. Considering the 
trends in positivity rates, CDR, and ICR during the present 
follow-up period, we believe that the accuracy of detecting 
gastric cancer using endoscopy has improved over time. 
The estimated PPV of both UGIS and endoscopy increased 

throughout the study period. However, the PPV of UGIS  
increased only by 6.22%, while that of endoscopy increased 
by 13.66%. The sensitivity of UGIS declined while that of 
endoscopy increased. In regard to specificity, although 
both UGIS and endoscopy showed no significant changes, 
endoscopy showed a slightly higher value. Previous stud-
ies revealed that endoscopy had higher sensitivity than 
did UGIS; this finding is consistent with that of the present 
study [15,18]. Better performance of endoscopy over UGIS is  
reflected in the significant and consistent reduction in gastric 
cancer-related mortality over time [9]. 

There are several differences between UGIS and endos-
copy including procedure, cost-effectiveness, and qual-
ity control, all of which may affect patient preference and 
healthcare system resources. In clinical settings, either UGIS 
or endoscopy are used, depending on patient preference or 
comorbidities. Although endoscopy can be performed under 
sedation, it causes discomfort, which plays an important role 
in the patients’ decision to opt for UGIS instead of endos-
copy. In addition, due to the invasiveness of endoscopy, the 
individual may experience sore throat, indigestion, and even 
esophageal or pharyngeal perforation.

Although endoscopy is usually more expensive than UGIS 
(it requires more healthcare personnel with higher expertise), 
the cost of endoscopy is almost similar to the cost of UGIS 
in Korea (UGIS and endoscopy cost $32.67 and $34.89, res-
pectively, in 2008) [19]. Under the KNCSP administration, 
people can either receive the screening tests for free or at a 
very low cost (10% copayment); such financial incentives 
may result in the increased preference for endoscopy. In  
addition, endoscopy may lower the risk of a need for a  
re-test. If a suspicious lesion is detected by UGIS, further 
testing such as a biopsy is usually performed by endoscopy. 
Thus, considering the higher accuracy rates and concurrent 
polyp resection possibilities, endoscopy emerges as a more 
cost-effective mass screening method than UGIS [19-22].

In the early stages of KNCSP for gastric cancer, the avail-
ability of well-equipped hospitals and experienced endos-
copists was limited. Over time, the number of board-certified 
endoscopists increased by more than 4,000 in 2008 [19]; in 
2018, 370 doctors applied to join the subspecialty board of 
gastrointestinal endoscopy [23]. Moreover, the NHIS desig-
nated all clinics and hospitals with endoscopic equipment 
as gastric cancer screening units to improve the accessibil-
ity to these tests. Consequently, the number of such units  
increased from 1,830 in 2007 to 2,418 in 2009 [13]. However, 
there remains large inter- or intra-provider variability, which 
affects diagnostic sensitivity. To prevent these problems, 
endoscopy quality control and optimal interval setting for 
tests need to be ensured. The National Endoscopy Quality 
Improvement (NEQI) program started in 2009 to improve 
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the performance of the KNCSP for gastric cancer. It rates  
endoscopists, facilities, procedures, outcomes, and endo-
scope reprocessing. A follow-up study 5 years after the 
program launch revealed that the perception of NEQI and 
endoscopic practice improved substantially in all domains 
of quality. However, quality standards need to be further  
refined [24].

The present study had several limitations. First, although 
opportunistic screening is widely implemented for gastric 
cancer in Korea, we only provided results from the KNCSP. 
Second, other than the NHIS status, detailed information on 
socioeconomic status was not available in the KNCSP data-
base. Nevertheless, the screening effect differed according 
to NHIS status, determined primarily based on household 
income and assets, within each group in our study and in 
a previous study [9]. Third, information on residential areas 
(i.e., metropolitan, urban, or rural area) was limited; there-
fore, differences in performance indicators by region could 
not be analyzed. Furthermore, interval gastric cancer cases 
may have been missed because of undetected abnormality at 
the time of screening (false-negative interval cancer case) or 
because it occurred as a new event after a negative screening 
result (true interval cancer). Unfortunately, this study could 
not distinguish false-negative interval gastric cancer cases 
from true interval gastric cancer cases. Ideally, follow-up  
endoscopy should be performed for all screened participants 
to evaluate the incidence of interval gastric cancer. However, 
this study is based on real-world KNCSP data, and we are 
therefore unable to provide detailed information regarding 
interval cancer characteristics. Therefore, at least some of the 
interval cancers in this study might be initially described as 
an erosion or ulcer which was not pathologically diagnosed 
as gastric cancer at the time of the screening endoscopy. In 
this case, short-term follow-up endoscopy is likely to be per-
formed within 3 to 6 months to exclude malignant tumors, 
and the cancer found during short-term follow-up is not a 
missed cancer. Thus, it is possible that the incidence of inter-
val cancer may be overestimated in this study. Finally, key 
risk factors such as salty diets or H. pylori status were not 
accounted for in our database. Lastly, our results are gener-
alizable to countries with high gastric cancer incidence, e.g., 
Japan, but not to countries where the epidemiology of gastric 
cancer is different. 

Our study provided valuable information on the per-
formance of gastric cancer screening methods: UGIS and  
endoscopy. Through an up-to-date evaluation of long-term 
performance, we provide evidence on the need for revision 
and quality control of gastric cancer screening programs in 
South Korea. Our analysis of performance indicators of UGIS 
and endoscopy was based on a population sampled from the 
national screening database, ensuring comparability of the 

screening methods and associated performance indicators. 
Briefly, during a 10-year period (2007-2016), the number 

of endoscopy-screened cases has tripled. Both UGIS and  
endoscopy showed a decrease in positivity rate, CDR, and 
ICR because of a reduced rate of gastric cancer incidence. 
However, regarding the accuracy of UGIS, both PPV and 
specificity were found to be improved, but sensitivity was 
not. For endoscopy, all three indicators were found to be  
improved.

In conclusion, the use of endoscopy for gastric cancer 
screening in Korea has increased in recent years, in contrast 
to that of UGIS for the same purpose; endoscopy performs 
better than does UGIS at gastric cancer screening. The pre-
sent findings allow to assess the interim effectiveness of both 
screening methods and to facilitate quality control adjust-
ments, which may be included in the new screening policies.
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