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Purpose  This study aimed to evaluate the participation and follow-up test compliance rates and key performance indicators of the 
National Cancer Screening Program (NCSP) for colorectal cancer (CRC) from 2004 to 2017.
Materials and Methods  The overall outcomes of the NCSP for CRC were analyzed using the NCSP data collected from 2004 to 2017 
and the Korean Central Cancer Registry for CRC from 2005 to 2017. We cross-sectionally analyzed the participation and follow-up 
test compliance rates and performance indicators for each year. The trend of participation rates as an annual percentage change was 
assessed, and other statistical analyses were performed.
Results  The screening participation rates increased from 7.3% in 2004 to 30.5% in 2017. Additionally, the screening rates were 
higher among individuals aged 60-69 years and National Health Insurance Service beneficiaries of low-income status. However, 
the adherence to the follow-up test decreased from 63% in 2004 to 32% in 2017. The follow-up tests using the double-contrast 
barium enema method decreased from 42.2% in 2004 to 0.3% in 2017. However, follow-up tests by colonoscopy increased from 
21.0% in 2004 to 31.8% in 2017. Furthermore, the positivity, false-positive, and interval CRC rates decreased, whereas the specificity  
increased from 2004 to 2016, indicating improved performance of CRC.
Conclusion  The participation rates and performance of the NCSP for CRC have steadily improved, whereas adherence to follow-up 
tests has decreased. Additionally, there is a rapid growth in colonoscopy volume as a follow-up test. Continued efforts are required to 
improve the follow-up rates.
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Introduction

According to the 2017 Global Burden of Disease study, 
colorectal cancer (CRC) is the third most common cancer 
globally [1] and ranks fourth in the years of life lost [2]. In 
Korea, the incidence rate of CRC has decreased since 2011; 
however, it remained the fourth common cancer in 2019, 
with an incidence rate of 56.5 cases per 100,000 population, 
following stomach, lung, and thyroid cancers. In addition, 
CRC ranked third in mortality (17.3 per 100,000), following 
lung and liver cancers [3].

CRC screening reduces the incidence and mortality rates of 
CRC [4-7], and the fecal occult blood test (FOBT), a noninva-
sive and simple test, has been widely adopted as a national 
screening tool [8,9]. Moreover, the Korean National Cancer 
Screening Program (NCSP) for CRC was launched in 2004 
and offers an annual fecal immunochemical test (FIT) for 
free as a primary examination for people aged > 50 years. In  
addition, either colonoscopy or double-contrast barium  
enema (DCBE) is provided free of charge as an additional 

follow-up examination for FIT-positive individuals [10].
Analyzing the accumulated NCSP data and evaluat-

ing its performance are necessary for further development 
of the NCSP. Furthermore, high participation in screening,  
adherence to follow-up tests after a positive primary test, 
and high-quality screening programs are essential to ensure 
the effectiveness of the NCSP. Therefore, this study examined 
the participation and follow-up test compliance rates and 
key performance indicators of the NCSP for CRC from 2004 
to 2017. We also investigated if the overall outcome param-
eters were differed based on the demographic and socioeco-
nomic statuses of the participants.

Materials and Methods

We analyzed the overall outcomes of the NCSP for CRC 
using the NCSP data collected from 2004 to 2017, which  
include information on men and women aged > 50 years 
who were invited to participate in the program. The NCSP 
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database contains information on sex, age, type of insurance, 
screening methods used, and screening results. Additionally, 
the Korean Central Cancer Registry for CRC was merged 
with the NCSP data from 2005 to 2017 to analyze the per-
formance of the screening tests. Performance indicators are 
only available a year after date of CRC screening, therefore 
we could not add performance data for CRC screening cases 
that occurred throughout 2017 due to lack of availability of 
data. CRC was identified based on the International Classi-
fication of Disease 10th Revision codes C18-20 within 1 year 
after screening.

Furthermore, the age of the participants was grouped 
by 10-year intervals, and the health insurance status of the 
participants, which was used as a proxy for socioeconomic 
status, was classified as Medical Aid Program (MAP) recipi-
ents, National Health Insurance Service (NHIS) beneficiaries 
of low-income status (lower 50%), and NHIS beneficiaries of 
high-income status (higher 50%).

We analyzed the participation and follow-up test com-
pliance rates and performance indicators, including cancer 
detection rate (CDR), positivity rate, sensitivity, specificity, 
positive predictive value (PPV), false-positive rate (FPR), 
and interval cancer rate (ICR). The participation rate was cal-
culated as the proportion of those who participated in the 
CRC screening from those who were eligible for the NCSP 
for CRC. Moreover, the Joinpoint Regression Program was 
used to assess the trend of participation rates as an annual 
percentage change (APC) with 95% confidence intervals 
(CIs). For this analysis, a linear model with a maximum num-
ber of two joint points was used. The follow-up test compli-
ance rate was calculated as the proportion of colonoscopies 
or DCBEs performed among FIT-positive cases within the 
same year (e.g., from 1/1 to 31/12 in 2005). The CDR was  
obtained as the proportion of true positive CRC cases detec-
ted from the total screened population. Additionally, the 
number of positive cases divided by the number of screened 
participants was defined as the positivity rate, whereas the 
number of positive results among confirmed participants 
with CRC was defined as FIT sensitivity. In contrast, the 
number of negative results among those with no confirmed 
CRC was defined as FIT specificity. Furthermore, the PPV 
was interpreted as the probability that a CRC-positive par-
ticipant really had cancer. In other words, it is defined as 
the number of true positive cancer cases divided by the  
total number of positive test results (including false-positive  
results). The probability of obtaining a positive test result 
when the participant was CRC-negative was determined as 
FPR. In addition, the ICR was calculated as the number of 
interval cancers diagnosed within 1 year (equal to the CRC 
screening interval) divided by the number of negative test 
results.
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Fig. 1.  Trends of participation rates from 2004 to 2017 in the  
National Cancer Screening Program for colorectal cancer by sex: 
total (A), male (B), and female (C) annual percent change (APC). 
a)The slope is significantly different from zero at the alpha value 
of 0.05.
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All statistical analyses were performed using the SAS ver. 
9.4 (SAS Institute Inc., Cary, NC) and Joinpoint Regression 
Program ver. 4.9.0.0 – March 2021 (Statistical Methodology 
and Applications Branch, Surveillance Research Program, 
National Cancer Institute).

Results

The number of participants screened and invited to  
undergo CRC screening increased from 6,046,304 and 
441,392 in 2004 to 18,929,321 and 5,770,617 in 2017. Screening 
participation rates increased steadily annually from 7.3% in 
2004 to 32.7% in 2011. It decreased to 24.7% in 2012; however, 
it increased again to 30.5% in 2017. The NCSP participants 
and screening rates from 2004 to 2017 are summarized in S1 
and S2 Tables. The joinpoint regression analysis showed an 

overall increasing trend, with APCs of 3.88 between 2004 and 
2010 and 1.18 between 2013 and 2017. The screening rates 
were similar between women and men (Fig. 1). According to 
age group, the screening rates were highest among partici-
pants aged 60-69 years and lowest among participants aged 
> 80 years (Fig. 2). MAP recipients generally showed the 
lowest screening rate because the participants were grouped  
according to their income status (Fig. 3).

Table 1 shows the performance of the NCSP for CRC from 
2004 to 2016. Approximately 1.1-1.6 CRCs were detected per 
1,000 screenings. FIT sensitivity and specificity were between 
53.1% and 63.2% and between 92.4% and 95.6%, respective-
ly. Furthermore, the positivity rate (from 7.7% to 4.5%) and 
FPR (from 7.6% to 4.4%) showed a decreasing trend, and the 
PPV increased from 1.6% to 2.4%-2.6%. The ICR for CRC had  
decreased from 1.2 to 0.8 per 1,000 negative FIT cases.

FIT-positive individuals were guided to undergo either  
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Fig. 2.  Trends of participation rates from 2004 to 2017 in the National Cancer Screening Program for colorectal cancer by age group: 50-59 
(A), 60-69 (B), 70-79 (C), and > 80 years (D) annual percent change (APC). a)The slope is significantly different from zero at the alpha value 
of 0.05.

Cancer Res Treat. 2023;55(3):910-917



VOLUME 55 NUMBER 3 JULY 2023     913

colonoscopy or DCBE as a follow-up screening test according 
to the NCSP protocol. Fig. 4 shows the trend in the follow-up 
rates for colonoscopy and DCBE from 2004 to 2017. Overall, 
approximately 63% of FIT-positive participants underwent 
follow-up tests by either colonoscopy or DCBE in 2004, and 
the follow-up rate decreased to 32% in 2017 (Fig. 4A). There 
was no significant difference in the follow-up rates between 
men and women (Fig. 4B). The follow-up rates were higher 
among those aged 50-69 years than those aged > 70 years 
(Fig. 4C). The follow-up rates among NHIS beneficiaries of 
high-income status decreased by approximately 50% since 
2004, whereas those among MAP recipients decreased by  
approximately 5% (Fig. 4D).

Moreover, the number of follow-up screening tests by 
DCBE decreased from 14,009/33,173 FIT-positive cases 
(42.2%) in 2004 to 732/229,779 FIT-positive cases (0.3%) in 
2017. On the contrary, the number of follow-up screening 
tests by colonoscopy increased from 6,966/33,173 FIT-pos-
itive cases (21.0%) in 2004 to 73,056/229,779 FIT-positive 
cases (31.8%) in 2017. DCBE was performed more frequently 
than colonoscopy in 2004 and 2005; however, colonoscopy 
has been selected more than DCBE since 2006, and 99% of 
the follow-up screening tests were performed using colonos-
copy in 2017 (732 vs. 73,056 participants) (Fig. 5, S3 Table). 
The number of participants who selected colonoscopy as a 
follow-up test increased 10-fold over the 14 years.

Discussion

This study demonstrated the screening and follow-up 
rates after a positive FIT result and the performance of FIT 
from 2004 to 2017 in a population-based nationwide CRC 
screening program in Korea. From 2004 to 2017, the partici-
pation rates in the NCSP for CRC have steadily increased,  
except for an abrupt decrease in 2012, which is possibly 
due to the increase in the number of eligible participants  
(increased denominator) and the participant’s unawareness 
of their eligibility (decreased numerator) as the interval for 
the FOBT changed from 2 years to 1 year in 2012. Regard-
ing the follow-up test after a positive FOBT, the number of 
participants who selected colonoscopy as a follow-up test in 
2017 increased 10-fold compared with 2004. Overall, the NC-
SP’s quality for CRC screening has improved, based on the 
trends in the performance indicators from 2004 to 2016. The 
positivity rate, FPR, and ICR decreased, whereas the specific-
ity increased.

Although the participation rate has steadily increased, par-
ticipation rates in Korea remain lower than those observed in 
other countries. CRC screening in the United States is largely 
opportunistic. The U.S. Preventive Services Task Force rec-

Pa
rti

ci
pa

tio
n 

ra
te

 (%
)

40

0

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

20
17

Year

15

5

25

35

C

30

20

10 APC
2004-2012: 1.98a)

2012-2017: 0.31

Pa
rti

ci
pa

tio
n 

ra
te

 (%
)

40

0

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

20
17

Year

15

5

25

35

B

30

20

10 APC
2004-2010: 3.08a)

2010-2017: 0.17

Pa
rti

ci
pa

tio
n 

ra
te

 (%
)

40

0

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

20
17

Year

15

5

25

35

A

30

20

10 APC
2004-2009: 4.71a)

2009-2017: –0.33
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ommends CRC screening for adults aged 50-75 years with 
grade A and adults aged 45-49 years with grade B through 
any of the following options: (1) annual FIT, (2) sigmoidos-

copy every 10 years and annual FIT, (3) colonoscopy every 
10 years, or (4) computed tomography colonography every 
5 years [11]. Additionally, the screening rate in the United 

Table 1.  Performance of fecal immunochemical test for colorectal cancer screening in Korea, 2004-2016

 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Positivity ratea)   7.7   7.6   7.6   7.6   6.6   5.9   6.0   5.8   5.2   5.3   5.2   5.3   4.5
Cancer detection rateb)   1.2   1.4   1.4   1.5   1.6   1.6   1.5   1.5   1.4   1.4   1.3   1.2   1.1
Positive predictive valuea)   1.6   1.8   1.9   2.2   2.4   2.7   2.6   2.6   2.6   2.5   2.4   2.3   2.4
Sensitivitya) 53.1 58.1 59.8 61.7 62.0 62.1 63.2 61.1 57.0 60.4 62.7 62.0 59.6
Specificitya) 92.4 92.5 92.5 93.1 93.6 94.3 94.2 94.3 94.9 94.8 94.9 94.8 95.6
False-positive ratea)   7.6   7.5   7.5   6.9   6.4   5.7   5.8   5.7   5.1   5.2   5.1   5.2   4.4
Interval colorectal cancerc)   1.2   1.1   1.0   1.0   1.0   1.0   0.9   1.0   1.1   0.9   0.8   0.8   0.8
a)Values are presented as percentage, b)Values are presented as rates per 1,000 screenings, c)Values are presented as rates per 1,000 negative 
fecal immunochemical tests.
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States for participants aged > 50 years was approximately 
63% in 2015, and 60.3% of the participants were screened 
with endoscopy [12]. In Europe, most countries provide 
population-based organized screening programs [13], and 
screening rates with FIT are approximately 25% in France, 
37% in Hungary, 46% in Italy, and 55% in the United King-
dom [14].

The overall low participation rates in Korea can be attrib-
uted to analysis of NCSP data only; we could not include 
patients who underwent private screenings. In Korea, CRC 
screening tests are available as opportunistic screening  
options, and individuals must pay for all costs related to 
the procedure if screened in an opportunistic screening pro-
gram. Since the NCSP does not provide endoscopy as the 
primary modality of CRC screening, individuals can decide 
not to participate in the NCSP and be screened with a pri-
vate screening program if they prefer colonoscopy, despite 
the costs. Moreover, colonoscopy is easily accessible at a low 
cost, and experienced colonoscopists are widely available in  
Korea; thus, there are limited obstacles to colonoscopy for 
CRC screening if the participants are willing to pay out-of-
pocket expenses [15]. In fact, in a previous study conduct-
ed in 2017, the screening rate with recommendations both 
through the organized and opportunistic cancer screening 
programs reported was 56.8% [16], which is significantly 
higher than that in our study (30.5% in 2017). Although a  
direct comparison of screening rates from each study is diffi-
cult because different data sources were used, the examination 
rate found in the previous study was remarkably higher than 
that in our study. Furthermore, the difference can be inter- 
preted as screening performed with colonoscopy through 

opportunistic screening programs [17]. The recent low fol-
low-up rate could also possibly be because the colonoscopy 
was performed at the patient’s own expense through a medi-
cal treatment rather than through the screening process [17].

Additionally, a recent study in Korea found that 68.7% 
of 396 respondents preferred colonoscopy over FIT as a 
primary CRC screening technique because of its accuracy 
and ability to provide therapeutic options [18]. They also 
found that participants with a higher-income level preferred  
colonoscopy. Interestingly, our study also demonstrated that 
participation rates were lower among NHIS beneficiaries 
of high-income status than those with lower income status. 
This is possibly because NHIS beneficiaries of higher-income 
status selected to undergo colonoscopy through a private 
screening program, instead of participating in the NCSP. The 
preference for colonoscopy was also reflected in the trends of 
the follow-up test type. We found that colonoscopy was sig-
nificantly more often selected as a follow-up test than DCBE, 
and this trend has become remarkably more pronounced 
in recent years, with the number of individuals undergo-
ing colonoscopy being 99 times the number of individuals  
undergoing DCBE. Considering the preference for colonos-
copy, the colonoscopy screening pilot study was launched 
in 2009 to evaluate the feasibility and effectiveness of colo-
noscopy as the primary method for organized CRC screen-
ing, the results of which may be revealed in approximately 
5 years [19].

Participation rates were highest among those in their 
60s and lowest among those in their 80s and above. Since 
the Korean guidelines for CRC screening [20] recommend 
screening for those between aged 45 and 80 years, the low 
screening rate in participants in their 80s seems adequate. 
However, since 2011, the participation rate among those in 
their 50s has been significantly lower than those participants 
aged between 60 and 79 years. This is because participants in 
their 50s tend to feel that they are not susceptible to CRC and 
do not need to be screened. As shown in previous studies, 
perceived low susceptibility to CRC may be associated with 
low participation in screening in a similar context in which 
no family history or absence of symptoms is a barrier to CRC 
screening [21].

Our study showed that participation rates are lower in 
MAP recipients than in NHIS beneficiaries, and this differ-
ence can contribute to the health disparity in patients with 
CRC. A previous study reported that participants with low-
er socioeconomic status had a significantly higher risk of  
being diagnosed at a later stage of CRC, with an estimated 
odds ratio of 1.29 (95% CI, 1.03 to 1.61) [22]. Given that CRC 
screening programs are provided free of charge to everyone 
in Korea, the cost of testing may not be a barrier to screen-
ing participation in this context. The presence of substantial 
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differences in participation according to socioeconomic dif-
ferences may be partially explained by differences in social 
cognition variables, such as knowledge, risk awareness,  
beliefs, and attitudes. In addition, lack of time, life difficul-
ties, or physical disability associated with lower socioeco-
nomic status [23] may also be barriers to screening partici-
pation apart from the cost. Therefore, strategies to intervene 
in patient-centered and system-related barriers should be  
implemented to improve screening rates for those with low-
er socioeconomic status.

At the beginning of each calendar year, all eligible indi-
viduals in the target population of the NCSP receive an 
invitation letter from the NHIS along with information on 
CRC screening and the locations of the screening units to 
raise awareness about CRC and the importance of screening.  
Although our findings indicate that the trajectories of partici-
pation rates differ by participant characteristics, the strate-
gies currently applied to increase participation rates do not 
differ according to the participants’ characteristics. Targeted 
interventions are required to reduce the disparities in cancer 
screening success.

Ensuring the quality of screening is a key factor in achiev-
ing the goal of the screening program. The results of our study 
indicate that the quality of screening of the NCSP for CRC in 
Korea has improved since 2004; the positivity rate and FPR 
have decreased, whereas the sensitivity, specificity, and PPV 
have increased simultaneously. These results indicate that 
the screening accuracy has improved, and missed cancer  
diagnoses have occurred less frequently. These improve-
ments might be due to diverse efforts to improve the quality 
of the NCSP. The quality guidelines for cancer screening were 
developed, and the National Quality Improvement Program 
(NQIP) for NCSP was implemented in 2008. According to the 
NQIP, the screening quality of its units was evaluated every 
3 years, and feedback was provided to the screening units 
to improve the quality of the screening services. To evalu-
ate and improve the screening quality, early outcomes and 
long-term impact indicators need to be assessed. In addition, 
determining the optimum cutoff level of each performance 
indicator in future studies is necessary to ensure the quality 
control of the NCSP.

This study has some limitations. First, we were unable 
to include opportunistic screenings performed outside the 

NCSP. Second, we were not able to explore why a patient did 
not undergo an initial or follow-up screening test and why a 
patient decided to undergo either colonoscopy or DCBE for 
the follow-up test due to the limited information provided 
by the NCSP database. However, this study investigated the 
outcome of the NCSP for CRC over 14 years using the largest 
dataset containing all information related to the NCSP.

Overall, the participation rates and performance of the 
NCSP for CRC steadily improved from 2004 to 2017. In  
addition, there was rapid growth in colonoscopy volume as 
a follow-up test. Continued efforts will be required to reduce 
the disparity in screening, improve adherence to follow-up 
tests, and ultimately enhance the long-term effects of screen-
ing.
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