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Introduction

In Korea, cancer is a leading contributor to both mortality 
and disease burden. In 2016, 229,180 cases were newly diag-
nosed, and cancer accounted for 27.8% of all deaths [1]. The 
overall cancer incidence rate increased by 3.6% annually from 
1999 to 2011 and then decreased by 3.1% annually from 2011 
to 2016. The economic burden imposed by cancer increased 
from $11,424 to $20,858 million between 2000 and 2010, repre-
senting an average annual growth rate of 8.9% [2].

Cancer screening can reduce such burden by the preven-
tion or early detection of cancer, which is an essential element 
for cancer control. In Korea, both organized and opportunistic 
cancer screening programs are available; the organized can-
cer screening program is provided by the government. The 
National Cancer Screening Program (NCSP) was launched in 
1999 to provide Medical Aid beneficiaries with free-of-charge 
screening for stomach, breast, and cervical cancer [3]. Subse-
quently, the cancers targeted for NCSP and range of recipients 
were gradually expanded; finally, since 2004, the NCSP has 
provided screenings for five types of cancer (i.e., stomach, 

liver, colorectal, breast, and cervical cancer) to Medical Aid 
recipients and National Health Insurance beneficiaries in the 
lower income stratum.

The NCSP utilizes nationally implemented protocols that 
defined a target population, screening interval, and follow-
up strategies (S1 Table). Opportunistic cancer screening 
programs vary in terms of the cancers screened, the interval  
between screenings, and the target cancer type, depending on 
individual decisions or the recommendations of health care 
providers. In this study, we report trends in overall screening 
rates associated with both the organized and opportunistic 
cancer screening programs in Korea.

Materials and Methods
 

We used the data of the Korean National Cancer Screen-
ing Survey (KNCSS), an annual, nationwide, population-
based survey of cancer screening rates in Korea, from 2004 to 
2018 [4]. To ensure that the survey participants were nation-
ally representative, KNCSS employed a stratified, multistage 
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sampling design based on resident registration population 
according to geographical area, age, and sex. The methods 
used for sampling were described in previous studies [3,4]. 

The data were collected through face-to-face interviews 
conducted by a professional research agency, except in 2004, 
when data were collected via computer-assisted telephone 
interviews. Subjects were recruited through door-to-door 
contact, and at least three attempts to contact each household 
were made. One person was selected from each household. 
All study participants were provided with sufficient expla-
nation and they agreed to participate in the survey. 

Our target population, derived from the NCSP protocols in 
Korea, was composed of cancer-free men and women aged  
≥ 40 and ≥ 30 years, respectively, during the years 2004-2018. 
In addition, from 2014, we also conducted survey about 
cervical cancer screening in women aged 20-29 years, as 
the recipients of the national cervical cancer screening pro-
gram was expanded to women in their age of 20s from 2015.  
Because they were not eligible for other kinds of cancer 
screening, those data were only used for cervical cancer 
screening rates with recommendation, either when calculat-
ing them separately (i.e., subgroup analysis by age) or when 
integrating them with screening rates for women aged ≥ 30 
years (i.e. calculating the screening rates, including women 
in their 20s), from 2014.

The KNCSS explored experience with screening for five 
types of cancer (i.e., stomach, liver, colorectal, breast, and 
cervical cancer) and sociodemographic characteristics,  
including educational level, household income, marital sta-
tus, residential area, and type of health insurance, using a 
structured questionnaire. Among the questionnaire, major 
questions asking the interviewee’s cancer screening experi-
ences provided in Supplementary Material. The questions 
included were, “Have you ever undergone (cancer type) 
screening?” and “Which screening method have you expe-
rienced?” For the interval between screenings, the question 
was, “When did you last undergo (cancer type) screening 
with this method?” 

Two types of cancer screening rates were measured in 
this study. Lifetime screening was defined as ever having 
undergone a screening test during the lifetime. Meanwhile, 
screening rate with recommendation category was assigned 
to participants who had undergone screening tests according 
to the NCSP procedures and intervals (Table 1). However, 
for colorectal cancer screening, respondents who underwent  
colonoscopy, double-contrast barium enema, or fecal occult  
blood test (FOBT) within 5, 5, and 1 year, respectively,  
before 2009, and within 10, 5, and 1 year, respectively, after 
2009 were considered to have undergone screening with rec-
ommendation. 

We determined the lifetime screening rates and the screen-

ing rates with recommendations for each cancer. The latter 
rates were also calculated with reference to age and sex. 
However, the liver cancer screening rate was excluded from 
subgroup analysis because an inadequate number of indi-
viduals in the high-risk group rendered the results unreli-
able (95% confidence interval was wide). We used the sur-
vey sample weights to develop non-biased estimates of the  
descriptive data. Trends in screening rates of both types were 
estimated using Joinpoint regression [5], and the results were 
summarized as an annual percentage change (APC) using a 
linear model on the raw values of each screening rate. A loga-
rithmic transformation on screening rate was not performed, 
and a maximum number of two joinpoints was applied in 
the analysis. However, we adopted 1 joinpoint option for 
every analysis, for the unity, which showed the best model 
fit in most of the cases. Statistical analyses were performed  
using SAS ver. 9.4 (SAS Institute Inc., Cary, NC) and Join-
point ver. 4.8.0.1 (National Cancer Institute, Bethesda, MD) 
software.

Results

The distributions of the sociodemographic characteristics 
of the study respondents for each year are shown in Table 1. 
The respondents’ demographic factors distributed in accord-
ance with the originally designed sampling rates, however, 
the composition of age groups changed once in 2014 because 
women in their 20s were included in the survey. On the other 
hand, for socioeconomic variables, the respondents’ distri-
butions have changed according to the transition of Korea’s 
socioeconomic status. From 2004 to 2018, the overall lifetime 
screening rates and screening rates with recommendations 
revealed increased results (Table 2). Lifetime screening rate 
for stomach cancer increased from 52.0% in 2004 to 85.5% in 
2018, while for colorectal cancer, increment was from 25.3% 
in 2004 to 77.0% in 2018, and that for breast cancer increased 
from 55.9% in 2004 to 83.1% in 2018. Screening rates with rec-
ommendations, from 2004 to 2018, showed statistically signif-
icant increment until and after the mid-point of that period, 
followed by nonsignificant trends for each cancer thereafter. 
It increased 4.38% and 1.51% per year until 2013 for stom-
ach and liver cancers, respectively, along with 3.59% until 
2014 for colorectal cancer, 4.05% until 2012 for breast cancer, 
and 1.21% until 2014 for cervical cancer. The only significant 
increasing trend throughout the entire period for screening 
rates with recommendation was observed in colorectal can-
cer screening by colonoscopy (APC, 2.02% from 2004 to 2010; 
more pronounced by 2.66% from 2010 to 2018). Meanwhile, 
screening rates with recommendation for colorectal cancer 
screening by FOBT initially showed a statistically significant 
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increasing trend (APC, 2.24% from 2004 to 2015), and then 
showed a more rapid and significant decrease (APC, –4.28% 
from 2015 to 2018). On the other hand, there was a strain in 
interpreting liver cancer screening rates and their trends, 
because the numbers of target population or denominators 

for liver cancer screening were distinctly small; taking from 
0.89% to 5.66% of the entire survey participants in each year 
(data not shown).

According to sex, there were some differences in screen-
ing rates with recommendation for stomach and colorectal 

Fig. 1.  Trends in cancer screening rates with recommendation by sex, from 2004-2018. (A) Stomach cancer. (B) Colorectal cancer.
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Fig. 2.  Trends in cancer screening rates with recommendation by age group, from 2004-2018. (A) Stomach cancer. (B) Colorectal cancer. 
(C) Breast cancer. (D) Cervix uteri cancer.
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cancers (Fig. 1). As a whole, women exhibited higher screen-
ing rates than men in stomach cancer screening whereas 
men revealed higher rates than women in colorectal cancer 
screening. More rapid and significant increases in screen-
ing rates were observed in men compared to women (APC, 
4.36% from 2004 to 2014 in men and 4.08% from 2004 to 2013 
in women for stomach cancer; 3.71% from 2004 to 2015 in 
men and 3.34% from 2004 to 2015 in women for colorectal 
cancer), followed by nonsignificant decreases in both sexes. 
Fig. 2 presents trends in screening rates with recommenda-
tion for each cancer, according to the recipients’ age group. 
Common to all these cancers, screening rates in younger age 
groups were relatively lower than other age groups, except 
for that in 70 years and older people. Specifically, cervical 
cancer screening rates for women in their 20s, which have 
been measured since 2014, demonstrated significantly lower 
rates compared to other age groups. Cervical cancer screen-
ing rates for women in their 30s and 40s exhibited a stagnant 
trend during the incremental periods (nonsignificant APCs, 
0.35% from 2004 to 2013 and 0.80% from 2004 to 2014, respec-
tively), in contrast to statistically significant increases during 
similar periods for every age group for other cancers and for 
the older age groups for cervical cancer (data not shown). 

Discussion

Since 2004, lifetime screening rates and screening rates 
with recommendations for the five cancers studied have 
both increased. Lifetime screening rates for breast and stom-
ach cancer have been > 80% since 2012 and 2013, and those 
for colorectal and cervical cancer have been > 70% for many 
years. Meanwhile, screening rate with recommendations 
for stomach cancer has been > 70% since 2012, and those for 
breast and cervical cancer have been > 60% for many years. 
However, lifetime screening rates for liver cancer and screen-
ing rate with recommendations for liver and colorectal can-
cer have recorded consistently low values.

Among European countries, England provides nationwide 
breast and cervical cancer screening. The National Health 
Service (NHS) Breast Screening Programme funds mam-
mography every 3 years for all women aged 50-70 years. In 
total, 70.5% of women aged 50-70 years underwent mam-
mography in 2017-2018 [6]. The NHS Cervical Screening Pro-
gramme uses liquid-based cytology to screen women aged 
25-64 years. Those aged 25-49 years are invited to undergo 
routine screening every 3 years, and those aged 50-64 years 
every 5 years. In 2017-2018, 71.4% of eligible women were 
screened adequately within the acceptable period; 69.1% of 
women aged 25-49 years screened within last the 3.5 years, 
and 76.2% of women aged 50-64 years screened within last 

the 5.5 years [7]. 
In the United States, the National Health Interview Sur-

vey conducted by the American Cancer Society showed that 
the mammographic breast cancer screening rates in women 
aged ≥ 40 years within the preceding year (for women aged 
40-54 years) and within the preceding 2 years (for women 
aged ≥ 55 years) have changed minimally at around 51% and 
65%, respectively, between 2005 and 2015. The proportions of 
American women aged 21-64 years who reported that they 
had undergone Pap smear testing for cervical cancer with-
in the past 3 years slightly decreased from 85.4% in 2005 to 
81.6% in 2015. Meanwhile, the rates of recent screening using 
either stool-based tests (FOBT or fecal immunochemical test 
using a home test kit, within the preceding year) or endosco-
py (within preceding 5 or 10 years) among men and women 
aged ≥ 50 years increased from 46.8% in 2005 to 62.6% in 2015 
[8].

Similar to Korea, Japan has had a universal health insurance 
system since 1961, and the national guidelines are developed 
by the Japanese Advisory Committee on Cancer Screening 
[9]. The screening rate for breast cancer (biennial mammog-
raphy for women ≥ 40 years) has gradually increased since 
the early 1990s [10]; however, it remains low despite further 
increase (14.2% in 2007 to 36.9% in 2016) [9,11]. In addition, 
participation rates in breast and cervical screening programs 
in younger age groups tend to be much lower than that in 
older age groups [9,12], a pattern similar to that observed in 
this study. Cervical cancer screening in Japan is conducted 
using Pap smear with colposcopy triage every 2 years for 
women aged ≥ 20 years, and its coverage is increasing with 
time [13]. For women aged 20-69 years, the coverage rates 
were 24.5%, 28.7%, 32.7%, and 33.7% in 2007, 2010, 2013, and 
2016, respectively [9,11]. Coverage rates for stomach cancer 
screening via radiography in Japan are relatively higher, 
compared to other cancers, which reached 46.4% in men and 
35.6% in women in 2016 [9,11]. After the Japanese govern-
ment decided in 2016 to introduce endoscopic screening for 
stomach cancer as a national program, they are preparing for 
the introduction and appropriate implementation to achieve 
acceptable coverage [14]. Similar coverage rates for colon 
cancer are shown, also with a sex difference: 44.5% in men 
and 38.5% in women [9,11]. 

Although there are some differences in screening guide-
lines or recommendations for each country, cancer screening 
rates with recommendation in Korea were not much lower 
than those seen in Europe or the United States and were con-
siderably higher than those seen in Japan. However, continu-
ous efforts should be made to further improve the screening 
rates through proactive intervention by identifying groups 
with particularly low screening rates, while simultaneously 
analyzing the causes of low participation and proffering  
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appropriate solutions for this. In Korea, colorectal cancer  
screening through FOBT and cervical cancer screening thro-
ugh Pap smear test would be the main subjects of discus-
sion. The former is widely used for colorectal cancer screen-
ing in East Asian and South-East Asian countries; however, 
the low participation rates are problems that need solving 
in every country [15]. Adopting the use of a home test kit, 
already available in some countries including the United 
States, with appropriate methods such as round-mailing 
and reminders can be considered as selective intervention 
[16-18]. Meanwhile, an alternative method suggested for  
increasing participation in cervical cancer screening pro-
grams is human papillomavirus self-sampling [19-21]. We 
need to closely evaluate the effectiveness of these interven-
tions and their feasibility in the country, and try to imple-
ment them for those in need.

The results of this KNCSS study have several implications. 
In addition to the overall trend of increase, it demonstrated 
some specific differences in cancer screening rates related to 
recipients’ demographic characteristics. Particularly, young 
age groups revealed relatively low screening rates in each 
cancer type (except for the people in their 70s). This indicates 
that attention should be paid to adults aged 40-49 years for 
stomach cancer, 50-59 years for colorectal cancer, women 
aged 40-49 years for breast cancer, and women aged 20-29, 
and 30-39 years for cervical cancer. Such finding is consist-
ent with the results reported in the previous studies in Korea 
[22,23]. Since 2015 or earlier, overall increasing trends in can-
cer screening rates have been all attenuated in both lifetime 
screening rate and screening rate with recommendation, for 
each cancer type and almost all screening methods. How-
ever, further improvements can be expected with the intro-
duction and stabilization of new strategies. For cervical can-
cer, the eligible criteria for NCSP was expanded to women 
in their 20s in 2016, and screening rates in women aged 20-
69 years increased dramatically (twice as before) from that 
year. Although it has declined again in 2018, the screening 
trend has to be followed-up through subsequent changes. 
For colorectal cancer, screening rates with recommendation 
are on the increase only for colonoscopy. In this regard, for 
the low screening rates of colorectal cancer screening, it is 
necessary to consider the implementation of alternative pri-
mary test method, i.e., colonoscopy, which is the preferred 
screening method by the recipients [24]. In case of liver can-
cer, small sizes of target population and survey sample for 
cancer screening (i.e., high-risk group for liver cancer) may 
have resulted in fluctuations in the resulting values. 

The KNCSS has explored cancer screening rates for 15 
years nationwide. However, the study has some limitations 
as a research by survey. First, there may be errors derived 
from the survey process or participants’ self-report, such as 

immature interview, recording error, false or non-response 
error, recall bias, and other kinds of errors. However, we con-
ducted the survey with a number of trained and professional 
interviewers through face-to-face interviews, minimizing 
errors that may have occurred during the survey process. 
Moreover, many studies have reported high correlations  
between the rates derived from chart audits and patient sur-
veys, supporting that self-report data is quite reliable [25-27].  
Second, although we set up an appropriate sampling meth-
odology and sufficient samples to represent the entire natio- 
nal population, there may be sampling error, leading to dis-
crepancy between the estimates from sample data and the 
true values from population data. However, this kind of  
error would have been gradually minimized through our 
sample size increase. Despite those limitations, our study 
have some strengths. This nationwide, annual, population-
based face-to-face interviewer administered survey has been 
conducted for a long time since 2004. Therefore, the data 
were sufficiently representative for investigating trends in 
cancer screening rates. Furthermore, compared to general 
real-world, or program data statistics on cancer screening 
rates, this survey has reported more comprehensive results 
by including opportunistic, i.e. private screening experiences 
in addition to the organized programmatic screening expe-
riences. It also generates cancer-specific screening rates for 
five major cancers, respectively, by calculating the number of 
each target population as denominators. Still, however, more 
respondents would be helpful to produce more reliable indi-
cators of cancer screening rates.

Based on the results of consecutive KNCSS studies that 
investigated trends in the screening rates for five types of 
cancer (i.e., stomach, liver, colorectal, breast, and cervical 
cancer) from 2004 to 2018, screening rates revealed overall 
increased results whereas recent years have shown nonsig-
nificant changes and poor screening rates are still observed 
in cervical cancer. Continuous efforts are needed to recover 
the increasing trend and to achieve higher screening rates 
overall, especially for the cervical cancer screening of young 
women in their 20s.
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