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Background: Lung cancer screening conducted in high-risk group using low-dose computer tomography 
(LDCT) has been reported as an effective method to reduce lung cancer mortality in two large randomized-
control trials. However, the effectiveness is uncertain when lung cancer screening is expanded to a 
nationwide population-based program. 
Methods: The Korean Lung Cancer Screening Project (K-LUCAS) is a single-arm cohort study that was 
conducted from February 2017 to evaluate the feasibility of implementing an organized national lung cancer 
screening program in Korea. High-risk population aged 55–74 years with more than a 30-pack-year smoking 
history was recruited. Smoking history was obtained from administering questionnaires at national health 
screening programs or public smoking cessation programs which are already established programs in Korea. 
The screening results were reported using the Lung Imaging Reporting and Data System (Lung-RADS), 
suggested by the American College of Radiology. K-LUCAS was performed by a network-based diagnosis 
supporting system using a computer-aided detection (CAD) program to maintain screening quality. Current 
smokers were provided with mandatory smoking counseling.
Results: Among 71,829 participants aged 50 years or older in the national health screening program, 
5,975 (8.3%) were eligible for lung cancer screening. Among them, 1,062 (17.8%) refused to participate 
in K-LUCAS. Additionally, 779 participants were recruited in the smoking cessation program. Thus, a 
total of 5,692 eligible high-risk participants were recruited in this study. Among them, 865 (15.2%) had 
positive screening results, which requires a further examination; 529 (9.3%) had Lung-RADS category 
3 (indeterminate), and 336 (5.9%) had category 4 (suspicious of lung cancer); 42 (0.7%) had confirmed 
lung cancer. Approximately 66.7% had early-stage lung cancer: 24 (57.1%), stage I and 4 (9.5%), stage II.  
Six (1.1%) patients developed complications at the time of diagnosis, including one death. The anxiety level 
related to cancer screening was low. Participation in screening encouraged motivation to quit smoking.
Conclusions: K-LUCAS provided promising evidence supporting the implementation of a national lung 
cancer screening program to detect early stage lung cancer and promote smoking cessation for participants 
in Asian population.
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Introduction

Lung cancer is the leading cause of cancer death; 5-year 
survival rates for lung cancer ranged from 10% to 20% in 
most countries, without remarkable improvement over the 
past decade (1). In Korea, lung cancer is the fourth most 
common cancer, but it is also the most common cause of 
cancer death with about 28% of 5-year survival rate which 
is still low (2).

In 2011, the National Lung Cancer Trial (NLST) in 
the United Sates reported that lung cancer screening 
conducted in a high-risk group with more than 30-pack-
year smoking history reduced the lung cancer mortality by 
20% (3). More recently, a Dutch-Belgian trial (NELSON) 
also reported similar results of mortality reduction by lung 
cancer screening, although the statistical significance was 
not reported in women (4). Many countries considered 
implementing a population-based lung cancer screening 
program. However, the feasibility and effectiveness of lung 
cancer screening on a population-based scale has been 
barely evaluated, and may have different results for different 
countries. 

In 2016, the Korean government planned to implement 
a national lung cancer screening program using low-dose 
computer tomography (LDCT) to tackle the lung cancer 
mortality. K-LUCAS is a population-based nationwide 
prospective trial, which was conducted to evaluate the 
feasibility of implementing an organized national lung 
cancer screening program in Korea. The purpose of 
K-LUCAS is to examine the feasibility of implementing a 
nation lung cancer screening program in Korea. K-LUCAS 
is a 2-year trial that was conducted from February 2017 
to December 2018. Here, we report the interim results of 
baseline screening until December 2017 in order to provide 
an evidence to begin a discussion on implementing a 
national lung cancer screening (ClinicalTrials.gov number, 
NCT03394703). We present the following article in 
accordance with the STROBE reporting checklist (available 
at http://dx.doi.org/10.21037/tlcr-20-700). 

Methods

The study conformed to the provisions of the Declaration 
of Helsinki (as revised in 2013). K-LUCAS was approved 
by the institutional review board of each participating 
hospital. An informed consent form was obtained from 
all participants after providing them with information 
regarding the benefits and harms of lung cancer screening. 

Feasibility categories for implementing a national lung 
cancer screening program

The multidisciplinary expert committee who conducted 
the K-LUCAS study approved the five feasibility categories 
that will be used to evaluate the need for implementing a 
national lung cancer screening program (Figure 1). 

First, we examined if the targeted eligible high-risk 
individuals would be included in the lung cancer screening 
program when offered at low cost or free as would be in 
a national screening program. We tested the reliability of 
recruiting eligible high-risk smoking history population 
using questionnaires, which were submitted in national 
health screening programs or public smoking cessation 
programs. National health screening programs in Korea 
provide cardiovascular risk factor screening including 
blood pressure, fasting blood glucose and cholesterol 
level, and cancer screening targeting stomach, colon, 
liver, breast and cervix cancers. Public smoking cessation 
programs provide counselling and pharmacotherapy for 
quitting smoking by free or very low cost. We assessed the 
changes in the proportion of former smokers’ participation 
after the release of public advertisements as willing non-
target low-risk individuals are most likely to be enrolled 
in the study as former smokers. We started advertising 
K-LUCAS in newspapers, in public transports, and on 
notice boards in public offices from October 2017 onward. 
The advertisement provided information about the benefits 
and harms of lung cancer screening. The information 
about the benefits and harms of lung cancer screening 
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was also provided to the participants before obtaining 
the consent of participation in K-LUCAS. The benefits 
included the possibility of early-stage lung cancer detection 
and treatment. The harms included the possibility of 
unnecessary radiation exposure and requirement for invasive 
confirmatory examination after screening. 

The second feasibility category is the screening 
efficiency. We evaluated if it is feasible to improve the 
screening efficiency on a national scale in three perspectives: 
early stage cancer detection, cost-effectiveness, and the 
effectiveness of smoking cessation intervention. 

The early-stage lung cancer detection is defined as 
lung cancers detected at Stage 1 or Stage 2 based on the 
8th edition of the TNM staging system (5). Its rates are 
compared with those of in the Korean cancer registry as 
well as with those of the NLST. The cost-effectiveness and 
full discussion of the smoking intervention in K-LUCAS 
will be reported separately in the future. Here, we only 
reported the effect of smoking intervention on participant’s 
motivation to quit smoking. Participant’s motivation to quit 
smoking was measured in terms of their willingness to quit 
smoking: “Please specify your willingness to quit smoking 

on a scale of 0–10. A score of 0 indicates that you have no 
intention to quit smoking, while a score of 10 indicates that 
you are very willing to quit smoking.” 

Third, we evaluated the screening harms in three perspectives:  
the false positive rates, the number of complications during 
confirmative diagnosis after screening, and the impact 
of screening on participant’s anxiety about having a lung 
cancer. The false positive rates and complications at the 
time of diagnosis were compared with those reported in 
the NLST. Psychological anxiety from participating in 
lung cancer screening was measured in terms of the degree 
of anxiety regarding the possibility of developing a lung 
cancer: “Please specify your degree of anxiety about lung 
cancer on a scale of 0–10. A score of 0 indicates you do 
not worry at all, and a score of 10 indicates that you worry 
a lot.” We also determined whether participating in lung 
cancer screening caused an increase in anxiety level or not. 

Fourth, we evaluated the capability to control the 
screening quality. In particular, K-LUCAS has adopted two 
systematic approaches in pursuit of a better quality control. 
First, the LDCT screening results were evaluated by 
radiologists using the standardized Lung Imaging Reporting 
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Figure 1 Categories of evaluating feasibility for implementing a nationwide population-based lung cancer screening program.
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and Data System (Lung-RADS) (6,7). Lung-RADS 
category 1 is defined as negative; 2, benign appearance; 
3, indeterminate (probably benign); and 4, suspicious for 
lung cancer. K-LUCAS also implemented a network-based 
diagnosis supporting system in pursuit of better quality 
control. CT images were sent to the cloud system wherein 
the images were accumulated. These images were initially 
evaluated using a computer-aided detection (CAD) program 
in the cloud system. The radiologists from the screening 
units edited the results using CAD and determined the final 
Lung-RADS category in the system. K-LUCAS evaluated 
whether the adoption of network-based quality control 
system is reliable and can help control the screening quality. 
This report only briefly discussed on the capability and 
the screening outcomes using a network-based diagnosis 
supporting system, but its effectiveness on screening quality 
will be discussed in detail in a separate report. 

Last feasibility category is the level of current infrastructures 
to implement a national lung cancer screening program. This 
includes the number of radiologists, number of qualified 
CT scanners, and the budget. The capacity of current 
infrastructures in Korea is not evaluated in full detail in this 
report but only discussed briefly. 

Trial design

K-LUCAS is a single-arm cohort study that was conducted 
in 14 general hospitals nationwide from February 2017 to 
December 2018. The trial was conducted in accordance 
with the original protocol reported previously (8,9). 
K-LUCAS was approved by the institutional review board 
of each participating hospital. The authors are responsible 
of the accuracy and completeness of the data. 

K-LUCAS targets high-risk smokers or former smokers 
(who quit smoking for less than 15 years) aged 55–74 years 
with an at least 30-pack-year smoking history. Patients (I) 
with past history of lung cancer; (II) who were unable to 
move without assistance; (III) who were on treatment for 
tuberculosis, pneumonia, and interstitial lung disease; (IV) 
who were diagnosed with cancer within 5 years (exception: 
thyroid cancer and skin cancer); and (V) who underwent 
chest computer tomography within 6 months were excluded.

Visitors who participated in the national health screening 
programs or smoking cessation clinics were recruited. The 
visitors were required to complete a series of questionnaires, 
which included questions on smoking history, medical 
history, and health conditions. Eligible screening candidates 
were selected based on their responses to the questionnaires. 

Selected candidates were asked to participate in the 
screening via a phone call. An informed consent form was 
obtained from all participants after providing them with 
information regarding the benefits and harms of lung cancer 
screening. 

Two additional surveys were conducted to evaluate 
the participants’ level of satisfaction with the lung cancer 
screening process, the psychological harms of screening, 
and the motivation for quitting smoking. One survey 
was conducted on the day of screening. The other was 
conducted after receiving the screening results. All current 
smokers underwent the urine cotinine test to verify 
their current smoking status, and they were surveyed to 
investigate the change of smoking status by telephone in  
6 months after screening. Smoking cessation counseling 
by a physician was provided mandatorily after screening to 
currently smoking participants when participants revisit the 
screening hospital for counselling screening results. 

All participants underwent baseline lung cancer screening 
by LDCT, and the results were standardized by Lung-
RADS (6,7,9). Diagnostic follow-up was also standardized. 
Participants with negative results (category 1 or 2) were 
recommended to undergo the next screening within  
12 months. Participants with category 3 were recommended 
to undergo a follow-up examination using LDCT within 
6 months. Category 4, suspicious of lung cancer, is divided 
into 4A, 4B and 4X. Participants with category 4A were 
recommended a follow-up examination within 3 months 
and category 4B and 4X were referred to a pulmonology 
specialist for diagnosis. This study reported the results of 
the follow-up examination for 15 months (until December 
2018) at maximum. Informed consent was obtained before 
participation in the follow-up examination, and the medical 
records in all participating hospitals were reviewed.

Those participants who did not undergo a follow-
up examination within the recommended interval were 
contacted by telephone (a minimum of three attempts 
for non-responders) and were urged to undergo further 
evaluation. 

Statistical analysis

The association between public advertisements and 
participant characteristics was evaluated using the chi-
square test. Changes in the participants’ level of anxiety 
associated with the development lung cancer and in their 
willingness to quit smoking before and after lung cancer 
screening were evaluated using a paired t-test. Smoking 
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cessation rate was calculated by the percentage of the 
number of quitters in 6 months after screening by telephone 
survey among current smoker of participants. All statistical 
analyses were performed using STATA software ver. 14 
(Stata Corp. L.P., College Station, USA). 

Results

Participant characteristics

Of the 71,829 individuals aged 50 years or older participated 
in the national health screening program, 5,975 (8.3%) high-
risk individuals were eligible for lung cancer screening. Of 
5,975 eligible candidates for K-LUCAS, 1,062 (17.8%) 
refused to participate because of no time to visit again for 
lung cancer screening (52.9%), no symptom suspected lung 
cancer (18.6%), rejection of smoking cessation counselling 
(7.5%), radiation harm (5.1%), worry about being diagnosed 
as lung cancer (4.2%) etc. Thus, the remaining 4,913 high-
risk individuals who participated in national health screening 
program were recruited in K-LUCAS. Additionally, 779 
high-risk individuals participated in the smoking cessation 
program were recruited in K-LUCAS (Figure 2). 

A total of 5,692 candidates participated in K-LUCAS 

between February and December 2017. The participants’ 
characteristics are presented in Table 1. Most of the 
participants were men, and 53.6% of them were current 
smokers. Approximately 23.4% of the total participants 
did not finish middle school, and 38.5% had less than  
2.0 million won household income per month. Moreover, 
11.3% of the participants drink alcohols more than 5 days 
per week, and 40.6% do not exercise at all. Approximately 
10.1% of the participants had a family history of lung 
cancer. Tuberculosis was the most common lung disease 
history among the participants. Approximately 7.2% of all 
participants had past tuberculosis treatment history, 3.6% 
had chronic obstructive pulmonary disease, and 2.0% had 
pneumonia. Some data regarding education level, household 
income, drinking and aerobic exercise were missing because 
participants did not answer the survey. Missing data were 
excluded from analysis.

Effect of advertisement to recruit high-risk candidates

The number of participants in K-LUCAS greatly increased 
after the release of public advertisements to recruit high-
risk population for lung cancer screening (Figure 3). The 
proportion of participants with older age, 40 pack-years 

71,829 National cancer screening program participants aged 50 or older

48,611 Eligible participants who are aged 55‒74

5,975 Eligible candidates for K-LUCAS

5,692 Screened in K-LUCAS 

4,913 Screened from national health screening 
program path

779 Participated from smoking clinics path

1,062 Rejected to participate 
in lung cancer screening

1,199 Excluded
 409 Had quit smoking for more than 15 years
 333 Performed chest CT within 6 months
 310 Diagnosed of any cancers within 5 years 

(Exception : Thyroid or Skin cancer)
 125 On treatment for tuberculosis, pneumonia 

or interstitial lung disease 
 22 Unable to move without help (ECOG score 

2 or higher)

7,174 Eligible participants with a 30 pack-year  
or more history of smoking

Figure 2 Flow of participant recruitment in Korean Lung Cancer Screening Project (K-LUCAS).
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Table 1 General characteristics of participants compared before and after public advertisementa

Characteristics Before (n=1,887) After (n=3,805) Total (n=5,692) P valueb

Age 

55–59 years 606 (32.1) 1,179 (31.0) 1,785 (31.4)

0.03
60–64 years 640 (33.9) 1,269 (33.4) 1,909 (33.5)

65–69 years 361 (19.1) 853 (22.4) 1,214 (21.3)

70–74 years 280 (14.8) 504 (13.3) 784 (13.8)

Sex

Male 1,846 (97.8) 3,724 (97.9) 5,570 (97.9)
0.91

Female 41 (2.2) 81 (2.1) 122 (2.1)

Smoking status

Current smoker 982 (52.0) 2,070 (54.4) 3,052 (53.6)
0.09

Former smoker 905 (48.0) 1,735 (45.6) 2,640 (46.4)

Quit smoking for <5 years 374 (41.3) 685 (39.5) 1,059 (40.1)

0.49Quit smoking for 5–9 years 226 (25.0) 426 (24.6) 652 (24.7)

Quit smoking for 10–15 years 305 (33.7) 624 (36.0) 929 (35.2)

Pack-years (PY) of smoking history

30–34 PY 722 (38.3) 1,169 (30.7) 1,891 (33.2)

<0.01
35–39 PY 281 (14.9) 628 (16.5) 909 (16.0)

40–44 PY 418 (22.2) 862 (22.7) 1,280 (22.5)

≥45 PY 466 (24.7) 1,146 (30.1) 1,612 (28.3)

Education levelc

Under middle school 496 (26.3) 834 (21.9) 1,330 (23.4)

<0.01High school 764 (40.5) 1,488 (39.1) 2,252 (39.6)

Undergraduate or higher 623 (33.0) 1,479 (38.9) 2,102 (36.9)

Household income (million KRW/month)c,d

<2.0 719 (38.1) 1,471 (38.7) 2,190 (38.5)

0.242.0–3.9 714 (37.8) 1,496 (39.3) 2,210 (38.8)

≥4.0 447 (23.7) 829 (21.8) 1,276 (22.4)

Drinking alcohol (days per week)c

None 590 (31.3) 1,138 (29.9) 1,728 (30.4)

0.171–4 985 (52.2) 2,077 (54.6) 3,062 (53.8)

≥5 228 (12.1) 417 (11.0) 645 (11.3)

Moderate intensity aerobic exercise (days per week) c

None 790 (41.9) 1,522 (40.0) 2,312 (40.6)

0.351–4 612 (32.4) 1,295 (34.0) 1,907 (33.5)

≥5 220 (11.7) 433 (11.4) 653 (11.5)

Table 1 (continued)
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Table 1 (continued)

Characteristics Before (n=1,887) After (n=3,805) Total (n=5,692) P valueb

Family history of lung cancer 575 (10.1)

No 1,725 (91.4) 3,392 (89.2) 5,107 (89.9)
<0.01

Yes 162 (8.6) 413 (10.9) 575 (10.1)

Medical history of lung diseasee,f

None 1,655 (87.7) 3,317 (87.2) 4,969 (87.3)

0.57

Tuberculosis 1,34 (7.1) 276 (7.3) 410 (7.2)

COPD 59 (3.1) 144 (3.8) 203 (3.6)

Pneumonia 37 (2.0) 76 (2.0) 113 (2.0)

ETCg 17 (1.0) 24 (0.6) 41 (0.7)

K-LUCAS, Korean Lung Cancer Screening Project; KRW, Korean won; COPD, chronic obstructive pulmonary disease; ARDS, acute  
respiratory distress syndrome. a, advertisement (newspaper) to general population was published on the September 22, 2017, but it  
generally takes 1 week for the participants to receive the screening. Here, we compared the participants’ characteristics before and  
after October 1, 2017, as we assumed that the advertisement effect began to occur around this date; b, the association between public  
advertisements and participant characteristics was evaluated using the chi-square test; c, data missing because the participants did 
not answer the survey; d, 1 million KRW is approximately 900 USD; e, one participant can develop more than one type of lung disease; f,  
Chi-square test was used to examine the association between public advertisement (before and after advertisement) and participant with 
any known medical history of lung diseases; g, includes solitary nodule, emphysema, fibrothorax, interstitial lung disease, and thickening 
of pleura.
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Figure 3 Changes in the number (A) and characteristics (B) of participants over time. (A) shows the changes in the number of participants 
over time. (B) shows the changes in the characteristics of participants over time. “Current smokers” refer to the percentage of currently 
smoking participants in each month. “Low income” refers to the percentage of low-income group (monthly household income of less 
than 2 million KRW). “Heavy smokers” refer to the percentage of participants who have a smoking history of 45 pack-years or more. 
“Less educated” refers to the percentage of participants who finished secondary education or less, and “smoking clinic path” refers to 
the percentage of participants from participating smoking clinics. The newspaper advertisement targeting the general population was 
published on September 22, 2017, but it generally takes 1 week for the participant to undergo screening. Here, we compared the participant 
characteristics before and after October 1, 2017 as we assumed that the effect of the advertisement began around this date.
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or greater smoking history, higher education level, and 
family history of lung cancer increased after the release of 
public advertisements. The proportion of former smokers 
decreased slightly from 48.0% to 45.6% after the release of 
public advertisements. 

Screening results

Among 5,692 participants, 865 (15.2%) had positive 
screening results, which requires a further examination; 
about 9.3% of the participants had Lung-RADS category 3, 
while 5.9% had category 4 (Figure 4). Of the 529 participants 
with category 3, 28 exhibited an increase in nodule size on 
follow-up LDCT. A total of 42 participants were diagnosed 
with lung cancer. Twenty-four (57.1%) lung cancer patients 
were diagnosed with stage I, and four (9.5%) with stage II. 

During the screening, 37 (88.1%) lung cancer patients were 
initially diagnosed with category 4; four (7.1%), category 3; 
and two (4.8%), category 2. Among 865 positive findings 
(category 3 and 4), only 40 cases (4.6%) were diagnosed as 
lung cancer. Thus, false positive rate (false positive cases 
among participants) was 14.5% and false negative rate (false 
negative cases which confirmed as lung cancer in category 1 
and 2 in screening) was 0.035%. (Table S1).

Follow-up compliance 

Of the 5,692 participants, 865 (15.2%) were recommended 
for a further evaluation after baseline screening. However, 307 
(35.5%) refused or could not be reached after calling them 
thrice. Of the 529 participants with category 3, 301 (56.9%) 
underwent further evaluation. Of the 336 participants with 

5,692 Screened with LDCT

228 no follow-up 79 no follow-up

301 with further    
evaluation

257 with further    
evaluation

273 were
Negatives

28 were  
Positives

25 with chest CT
9 High-resolution chest CT
16 Contrast-enhanced chest CT
3 with PET (Position Emission
   Tomography)
7 with bronchoscopy or EBUS  
   (Endobronchial ultrasound)
1 with bronchoscopic biopsy
4 with Surgery
3 thoracoscopic surgery
1 thoractomy

213 with chest CT
132 LDCT
7 High-resolution chest CT
74 Contrast-enhanced chest CT
41 PET (Position Emission Tomography)
33 with bronchoscopy or EBUS (Endobronchial 
     ultrasound)
37 with biopsy
24 percutaneous fine needle aspiration
13 bronchoscopic biopsy             
27 with surgery
17 thoracoscopic surgery
10 thoracotomy

No lung cancer 
diagnostic follow-up 

for Cat. 1 or 2

2 lung cancer 
diagnosed in 

1 year follow-up exam

3 lung cancer 
diagnosed

37 lung cancer 
diagnosed

Category 1
3,054 (53.7)

Category 2
1,773 (31.2)

Category 3
529 (9.3)

Category 4A
199 (3.5)

Category 4B
73 (1.3)

Category 4X 
64 (1.1)Initial screening

Number (percent)

Diagnostic follow-up

Lung cancer diagnosed

Figure 4 Lung Imaging Reporting and Data System (Lung-RADS) classification of low-dose computer tomography (LDCT) screening and 
lung cancer diagnostic follow-up procedure. One participant can undergo more than one diagnostic procedure.

https://cdn.amegroups.cn/static/public/TLCR-20-700-Supplementary.pdf
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category 4, 257 (76.5%) underwent further examination. 

Further evaluation and diagnosis 

For further evaluation of positive cases, enhanced or high-
resolution chest CT was the most frequent diagnostic 
procedure, followed by bronchoscopy, needle biopsy, and 
surgery. After undergoing 36 biopsy procedures, 24 (66.7%) 
patients were diagnosed with cancer. Among the 31 patients 
who underwent surgery, 27 (87.1%) were diagnosed with 
cancer. One participant with category 3 was followed up for 
15 months until diagnosis of lung cancer. 

Complications

During the diagnostic process, six participants developed 
complications. Four participants had pneumothorax after 
percutaneous needle biopsy, and one had excessive bleeding 
after undergoing thoracoscopy. One participant died after 
surgery. This participant who was initially diagnosed with 
category 2 showed nodule enlargement at 1-year follow-
up and was finally diagnosed with lung cancer stage 1A. 
This participant developed aspiration pneumonia after 
undergoing video-assisted lobectomy, which was inferred as 
the cause of death.

Psychological anxiety

Psychological anxiety associated with having lung cancer 
significantly diminished after screening. Only those with 
positive results were more anxious about having lung cancer 
after screening (Table 2). 

Impact on smoking cessation

Motivation to quit smoking increased by 9.2% after 
participating in the lung cancer screening. The results 
of the subgroup analysis of participant characteristics 
and screening results were robust (Table 3). The smoking 
cessation rate was 24.7% at 6-month follow-up, which was 
determined by telephone survey. 

Discussion

This report provided promising evidence supporting 
the implementation of a national lung cancer screening 
program. Previous studies have shown that lung cancer 
screening conducted in high-risk group using LDCT is an 
effective method to reduce lung cancer mortality. However, 
the effectiveness uncertain if it was implemented on a 
national scale (10,11). Further study outside the clinical 

Table 2 Level of anxiety associated with lung cancer before and after screening by participant characteristicsa

Characteristic No. of participants
Before screening, Mean 

(95% CI)
After screening, Mean 

(95% CI)
P valueb

All participants 5,597 4.2 (4.1–4.3) 4.0 (3.9–4.1) 0.01

Younger participant (age: 55–64 years) 3,628 4.2 (4.1–4.3) 4.0 (3.9–4.1) 0.01

Older participant (age: 65–74 years) 1,969 4.2 (4.1–4.3) 4.0 (3.9–4.1) 0.01

Heavy smoker (30–44 PY) 4,013 4.1 (4.0–4.2) 3.9 (3.8–4.0) 0.01

Heavier smoker (≥45 PY) 1,584 4.4 (4.3–4.6) 4.2 (4.1–4.4) 0.02

Less educated (did not finish secondary education) 1307 4.1 (3.9–4.3) 3.9 (3.8–4.1) 0.07

More educated (high school or higher) 4,282 4.2 (4.1–4.3) 4.0 (3.9–4.1) 0.01

Lower income (2.0 mil/month) 2,139 4.3 (4.2–4.5) 4.0 (3.9–4.2) 0.01

Higher income (>2.0 mil/month) 3,442 4.1 (4.0–4.2) 4.0 (3.9–4.0) 0.01

Negative screening (Lung-RADS 1 or 2) 4,737 4.2 (4.1–4.3) 3.9 (3.8–4.0) 0.01

Positive screening (Lung-RADS 3 or 4) 860 4.1 (3.9–4.3) 4.6 (4.4–4.7) 0.01
a, Participant’s level of anxiety from having lung cancer was subjectively measured on a 0–10 scale, where 0 indicates no anxiety, while 10 
indicates the highest degree of anxiety. A total of 95 participants did not answer this particular question in the survey. We only reported 
the results of the remaining 5,597 participants; b, P values were evaluated using a paired t-test. CI, confidence interval; Lung-RADS, Lung 
Imaging Reporting and Data System; PY, pack-years.
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trials level is may be necessary to evaluate feasibility of 
implementing a nationwide population-based lung cancer 
screening program (12). 

First, we evaluated the capability to select eligible high-
risk participants. In a population-based organized lung 
cancer screening program, invitation letters are only sent 
to the eligible high-risk population. In order to select the 
eligible high-risk population for lung cancer screening, a set 
of documents that include data on demographics, smoking 
history, personal and family history of cancer, and medical 
history are required. These data have been electronically 
accumulated into the National Health Insurance Service 
database from the questionnaires collected in the national 
health screening program in Korea.

However, a questionnaire-based participant selection 
opens up an opportunity for non-target low-risk population 
to participate in screening when offered free or at a low 
cost because one can easily deceive their smoking history 
on questionnaires. All current smokers underwent the urine 
cotinine test to verify their current smoking status, but 
there was no formal test for former smokers. If a non-target 
low-risk individual was willing to participate in screening, it 
is most likely that they would be enrolled in the study as a 
former smoker. 

K-LUCAS tested whether publicly available information 

on free lung cancer screening enrolment would cause 
non-target-population participation by comparing the 
participants’ characteristics before and after the release 
of public advertisements. Contrary to what we were 
worried about, the proportion of higher smoking history 
population and current smokers were increased after public 
advertisement to participate in K-LUCAS. We presumed 
that providing balanced information, including harms 
of screening, will prevent the participation of low-risk 
individuals who cannot be verified by cotinine test.

On the other hand, among 5,975 eligible high-risk 
population for lung cancer screening, 1,062 (17.8%) 
rejected to participate in lung cancer screening. The main 
reasons were they had no time to visit hospital for lung 
cancer screening, no symptom suspected lung cancer and 
worry about radiation exposure by CT scan. Therefore, 
appropriate and balanced information of screening benefits 
and harms for high-risk population is very important 
to increase eligible population participation in lung 
cancer screening. The evidence of lung cancer screening 
effectiveness for low-risk group of lung cancer is still 
insufficient. However, private health screening, which is 
popular among high income group in Korea, provides low 
dose CT for lung cancer screening to low-risk individuals. 
Nevertheless, the proportion of exclusion due to recent 

Table 3 Changes in the level of motivation to quit smoking before and after lung cancer screening by participant characteristicsa

Characteristic No. of participants
Before screening, Mean 

(95% CI)
After screening, Mean 

(95% CI)
P valueb

All participants 2,593 6.5 (6.4–6.6) 7.1 (7.0–7.2) 0.01

Younger participant (age: 55–64 years) 1,847 6.4 (6.3–6.5) 7.0 (6.9–7.2) 0.01

Older participant (age; 65–74 years) 746 6.6 (6.4–6.8) 7.2 (7.0–7.4) 0.01

Heavy smoker (30–44 PY) 1,850 6.5 (6.4–6.6) 7.1 (7.0–7.2) 0.01

Heavier smoker (≥45 PY) 743 6.5 (6.3–6.7) 7.1 (6.9–7.3) 0.01

Less educated (did not finish secondary education) 617 6.2 (6.0–6.4) 6.9 (6.7–7.1) 0.01

More educated (high school or higher) 1,972 6.6 (6.5–6.7) 7.2 (7.1–7.3) 0.01

Lower income (2.0 mil/month) 983 6.5 (6.4–6.7) 7.2 (7.0–7.3) 0.01

Higher income (>2.0 mil/month) 1,603 6.4 (6.3–6.6) 7.0 (6.9–7.2) 0.01

Negative screening (Lung-RADS 1 or 2) 2,160 6.5 (6.4–6.6) 7.0 (6.9–7.2) 0.01

Positive screening (Lung-RADS 3 or 4) 433 6.5 (6.3–6.8) 7.3 (7.1–7.6) 0.01

CI, confidence interval; Lung-RADS, Lung Imaging Reporting and Data System; PY, pack-years. a, Participant’s motivation to quit  
smoking was subjectively measured on a scale of 0–10, where 0 indicates no intention to quit smoking and 10 indicates the highest  
degree of motivation to quit smoking. There were 3,052 current smokers, but 459 did not answer these particular questions in the survey. 
Hence, we only reported the results of the remaining 2,593 participants. b, P values were evaluated using a paired t-test.
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receiving chest CT scan among eligible candidates for lung 
cancer screening is very low about 4.6% (333 of 7,174). 
This fact means high risk population for lung cancer is 
mostly low income group. Thus, it is hard for the high-risk 
population to have the opportunity to participate in lung 
cancer screening by high-cost private screening program. 

Second, we evaluated if it is feasible to improve screening 
efficiency if screening would be extended to a national 
program in Korea. We specifically focused on whether we 
could improve the early lung cancer detection and smoking 
cessation compared with other randomized controlled trials.

Of the 42 patients diagnosed with lung cancer, 24 (57.1%) 
had TNM stage I and four (9.5%), stage II. The detection 
rates of both stage I and stage II reported in K-LUCAS 
were higher than those in NLST. The detection rates of 
stage I and stage II reported in NLST were 50.0% and 

7.1%, respectively. The early-stage detection rates reported 
up to date in K-LUCAS was also higher than the general 
early-stage lung cancer detection rates in Korea (20%). The 
cancer detection rate (0.7%) was, however, lower than that 
in NLST, probably because the crude lung cancer incidence 
rate in Korea is 56.4 per 100,000 people, which is lower 
than that in the United States (69.6 per 100,000 people) (13).

Recent evidence showed that lung cancer screening can 
be perceived as an alternative to smoking cessation. To 
help prevent lung cancer, mandatory smoking cessation 
counseling was provided to all  currently smoking 
participants (14). The motivation to quit smoking has 
significantly increased after participating in lung cancer 
screening, which resulted in high smoking cessation 
rates. The full discussion of the smoking intervention in 
K-LUCAS will be reported separately in the future. In 
brief, the cessation rates of smoking at 6-month follow-up 
was 24.7%, which was higher than that reported in other 
screening trials (15-17). 

Third, we evaluated if it is feasible to reduce the 
screening harm if the population-based lung cancer 
screening program was implemented, even in Korea, 
where tuberculosis is more prevalent than in Western 
countries (18). We focused on our capability to reduce the 
false positives and this was compared with that of previous 
studies. A higher tuberculosis incidence can cause a higher 
false-positive rates as pulmonary nodules cannot be clearly 
distinguished from tuberculosis granulomas or scars. Hence, 
the possibility of reducing the positive rates and false-
positive findings should be assessed as high false-positive 
rates can increase the likelihood of harm to the participant 
as well as the cost of lung cancer screening.

The positive and false-positive rates reported were lower 
than those reported in NLST. K-LUCAS reported a positive 
rate of 15.2% and a false-positive rate of 14.6%, whereas 
NLST reported a positive rate of 27.3% and a false-positive 
rate of 26.6% after the initial screening (Table 4). 

The positive rates were, however, remained higher 
than those reported in another comparable large lung 
cancer screening trial in Europe (NELSON). The initial 
positive and false-positive rates in the NELSON trial were 
2.6% and 1.7%, respectively. The key difference was the 
method of nodule measurement. NLST and K-LUCAS 
used diameter, whereas the NELSON trial used volume 
and growth. Although volume and growth measurements 
seemed superior initially, a 3-to-4-month follow-up 
(indeterminate category) was performed in the NELSON 
trial before classifying the cases as positive cases. In the 

Table 4 Key screening performance of K-LUCAS compared with 
NLST 

Indicators K-LUCAS NLST

True positive 40 270

False positive 825 6,921

False positive rate (%) 14.6 26.6

Non-cancer case of total positives (%) 95.4 96.2

Cancer detection rate (%) 0.7 1.0

TNM stage I detection rate (%) 57.1 49.1

TNM stage Ⅱ detection rate (%) 9.5 6.9

Biopsy procedure rate (%) 6.8 2.4

Cancer detection per biopsy (%) 63.9 33.3

Bronchoscopy procedure rate (%) 7.2 4.8

Cancer detection per bronchoscopy (%) 45.0 25.1

Surgical procedure rate (%) 5.6 4.7

Cancer detection per surgical  
procedure (%)

87.1 75.6

Complication per total diagnostic  
follow-ups (%)

1.1 3.4

K-LUCAS, Korean Lung Cancer Screening Project; NLST, 
National Lung Cancer Trial. Positive findings are defined as 
presence of nodule with >6 mm in diameter, equivalent to  
Lung-RADS category 3 or 4. Biopsy procedure rate, cancer 
detection per biopsy, bronchoscopy procedure rate, cancer  
detection per bronchoscopy, surgical procedure rate, and  
cancer detection per surgical procedure were evaluated based 
on the results of diagnostic follow-ups conducted in patients 
with categories 3 and 4 only. 
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NELSON study, 19.4% of the participants were categorized 
as indeterminate in the first round of screening, and only 
5.3% were categorized as positive cases. Upon considering 
all indeterminate results as positive results, the positive 
and false-positive rates increased to 20.8% and 20.0%, 
respectively, in the NELSON study, which were higher 
than those reported in K-LUCAS. Using the definition of 
positive findings provided in the NELSON study, which 
regarded indeterminate findings as positives only if there is 
a significant change in nodule size at follow-up, the positive 
and false positive rates in K-LUCAS were 6.7% and 6.0%, 
respectively. 

Reduction in the positive and false-positive rates 
prevented the performance of unnecessary invasive 
diagnostic procedures. The cancer detection rate per biopsy 
was 63.9%, which is higher than that of NLST (33.3%). 
The cancer detection rate per surgical procedure was 
87.1%, which was also higher than that of NLST (75.6%). 
The complications per total diagnostic follow-ups were 
lower in K-LUCAS (1.1%) than in NLST (3.4%) (Table 4).

However, the low compliance to follow-up examinations 
after exhibiting positive results to baseline screening was 
a worrisome issue. In this study, the average follow-up 
compliance rate was 64.5%, which is substantially lower 
than that of NLST. Our results imply that high follow-
up compliance rates that have been previously shown in 
randomized controlled trials may not be achieved in a 
population-based program. Some participants rejected 
further examinations even when they received a report of 
abnormal findings from screening, because they had no 
symptoms, no time or economic burden for more medical 
examinations after free screening. Low compliance of 
further evaluation for positive findings from screening, 
which was revealed in the current population-based 
feasibility study, is a really important problem because of 
losing the chances of detecting early lung cancers with high 
probability by screening. Strategies to improve follow-up 
compliance should be considered as this could affect the 
effectiveness of lung cancer screening.

Furthermore, psychological anxiety associated with 
having lung cancer significantly diminished after screening 
except in those participants with positive results (19). 
Hence, strategies to reduce the anxiety level of participants 
with positive screening results should be considered.

Fourth, we evaluated the capability to control the 
screening quality. K-LUCAS has adopted two systematic 
approaches to maintain the screening quality. First, the 
LDCT screening results were evaluated by radiologists 

using the standardized Lung-RADS. The Lung-RADS is 
used to classify lung nodules by their characteristics (solid, 
sub-solid, or ground glass) and diameter size. Lung-RADS 
is more practical than the volumetric nodule management 
(NODCAT) used in European lung cancer trials on the 
scope of a national cancer screening as NODCAT requires 
a follow up scan to measure volume doubling time (VDT). 
Due to legal restrictions in Korea, a direct transfer of 
LDCT scan from one hospital to another is not feasible. 
In order to measure VDT, a participant would be forced to 
either receive screening twice within the same hospital or 
carry their own imaging results to another hospital. Lung-
RADS was therefore preferred over NODCAT. 

Analysis of sensitivity and specificity in K-LUCAS may 
require longer follow-up periods. However, on the basis 
of false-positive rates, the application of Lung-RADS 
seemed feasible. Most of the patients with confirmed lung 
cancer were initially diagnosed with category 4 (88.1%) 
and category 3 (7.1%). On the other hands, two cases of 
lung cancer were detected in category 2. Thus, high-risk 
population who had negative results from lung cancer 
screening still need to participate in long–term screening 
on a regular basis although the one-year screening interval 
requires further studies (20). 

In most countries, only a few radiologists specialize 
in chest radiography (21). Therefore, implementation of 
a population-based lung cancer screening would either 
increase their workload, which would cause quality 
control problems or increase the patients’ waiting time 
for screening. This was the reason why the network-
based diagnosis supporting system using a CAD program 
for implementation was established in K-LUCAS. The 
network-based supporting system aims to minimize 
diagnostic errors and maximize lung nodule detection 
sensitivity. It could also help bridge the gap in diagnostic 
accuracy between a chest specialist and non-chest specialist. 
In brief, the network-based diagnosis supporting system 
using CAD increased the positive findings but reduced the 
variance of positive findings between screening units. 

Lastly, with regard to level of infrastructures, there are 
about 340 general hospitals designated for national health 
screening programs are equipped with both CT scanners 
with at least 16 channels and multidisciplinary specialists 
for lung cancer screening including radiologists in Korea. 
Based on the results of K-LUCAS, a population-based lung 
cancer screening program is expected to be implemented in 
Korea in 2019.

The primary limitation of this study is that we only 
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reported interim results of K-LUCAS for short follow-
up period; thus, the mortality rate was not evaluated. 
Even though, the interim result of lung cancer screening 
targeting high-risk population is promising in Korea to 
detect early stage lung cancer and reduce false positive 
rate compared to randomized trials conducted in western 
countries by using quality control network system, still 
some problems are remained including rejection of 
participating in screening among high-risk individuals 
and low compliance for further diagnostic process among 
screening participants having abnormal results. Further 
evaluation on the feasibility of implementing population-
based lung cancer screening with follow-up data would be 
reported in the future. 
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Supplementary

Table S1 Lung cancer diagnosed in K-LUCAS (Case review)

Case Sex Age Lung-RADS Diagnosis TNM (8th)
Treatment

Surgery Radiotherapy Chemotherapy

1 M 74 4A Small cell cancer ⅢC N N Y

2 M 72 4X Large cell neuroendocrine carcinoma ⅠB Y N Y

3 M 72 4X Adenocarcinoma ⅠA1 Y N N

4 M 74 4X Squamous cell carcinoma ⅡA Y N N

5 M 60 4X Adenocarcinoma ⅠA2 Y N N

6 M 70 4X Adenocarcinoma ⅢB N Y Y

7 M 70 4B Adenocarcinoma ⅣA N Y Y

8 M 61 4X Squamous cell carcinoma ⅢA Y Y Y

9 M 72 4A Adenocarcinoma ⅠB Y N N

10 M 72 4X
Non-small cell cancer, Squamous cell carcinoma 
(combined)

ⅢA N N Y

11 M 62 4X Adenocarcinoma ⅠA2 Y N N

12 M 67 4X Squamous cell carcinoma ⅣB N N Y

13 M 63 4B Squamous cell carcinoma ⅢA Y Y Y

14 M 64 4X
Small cell cancer, Squamous cell carcinoma  
(combined)

ⅡA N Y Y

15 M 74 4X Squamous cell carcinoma ⅢA N Y Y

16 M 63 4B Squamous cell carcinoma ⅣB N Y N

17 M 61 4B Squamous cell carcinoma ⅠA1 Y Y N

18 M 62 4B Small cell cancer, Adenocarcinoma (combined) ⅡB Y N N

19 M 72 4B Squamous cell carcinoma ⅣB N Y Y

20 M 69 4B Adenocarcinoma ⅠA2 Y N N

21 M 56 4B Adenocarcinoma ⅠA Y N N

22 M 62 4X Adenocarcinoma ⅠA2 Y N N

23 M 63 4X Non-small cell cancer ⅣA N N Y

24 M 57 4X Adenocarcinoma ⅠB Y N N

25 M 55 4B Adenocarcinoma ⅠB Y N N

26 M 61 4X Adenocarcinoma ⅡB Y N Y

27 M 74 4X Adenocarcinoma ⅢB Y N N

28 M 55 4B Adenocarcinoma ⅠB Y N Y

29 M 60 4X Squamous cell carcinoma ⅠA1 Y Y N

30 M 58 4A Adenocarcinoma ⅠA1 Y N N

31 M 65 4X Adenocarcinoma ⅠB Y N N

32 M 70 4X Adenocarcinoma ⅠA3 Y N N

33 M 68 4B Adenocarcinoma ⅠA2 Y N N

34 M 63 4X Adenocarcinoma ⅠA2 Y N N

35 M 65 4X Small cell cancer, ⅢA N Y Y

36 M 74 4B Adenocarcinoma ⅠB N Y N

37 M 64 3 Squamous cell carcinoma ⅠB Y N Y

38 M 62 3 Adenocarcinoma ⅠB Y N Y

39 M 62 4A Squamous cell carcinoma ⅢB N N N

40 M 60 2 Adenocarcinoma ⅠB Y N N

41 M 71 2 Squamous cell carcinoma ⅠA Y N N

42 M 60 3 Adenocarcinoma ⅠA Y N N

K-LUCAS, Korean Lung Cancer Screening Project; Lung-RADS, Lung Imaging Reporting and Data System.
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