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Background: The National Lung Screening Trial (NLST) and NELSON trial showed that low-dose chest computed tomography (LDCT) 
screening significantly reduced the mortality form lung cancer. Although cancer survivors are known to have high risk for second malignant 
neoplasm (SMN), the usefulness of LDCT screening for lung cancer in cancer survivors is not clear.
Methods: Between August 2016 and August 2017, 633 long-term colorectal cancer (CRC) survivors visited the survivorship clinic in Cancer 
Prevention Center, Yonsei Cancer Center, Seoul, Republic of Korea. We surveyed the smoking status and recommended LDCT screening 
to ever-smoking CRC survivors aged 55-80 years. The participants were classified into three risk groups: risk group 1 (RG1) who met 
the NLST criteria (Age 55-74 years, ≥ 30 pack-years of smoking, smoking cessation ＜ 15 years); risk group 2 (RG2) who would not 
meet the NLST criteria but were at increased 6-year risk of lung cancer (PLCOM2012 ≥ 0.0151); risk group 3 (RG3) who did not meet 
any of the criteria above.
Results: Among 176 ever-smoking CRC survivors, 173 (98.3%) were male, 32 (18.2%) were current-smoker, and median age was 66 
years (range, 55-79 years). We found 38 positive findings (non-calcified nodule ≥ 4 mm), 8 clinically significant findings, 66 minor 
abnormalities, and 64 negative findings on LDCT. Positive findings were identified in 15 of 79 (19.0%) of RG1, in 9 of 36 (25%) of 
RG2, and in 14 of 61 (23.0%) of RG3. Second primary lung cancers were found in 2 patients of RG2, and in 1 patient of RG3. SMN 
was most frequently found in RG2 (11 of 36 patients, 30.6%), compared with RG1 (12.7%) or RG3 (9.8%) (P = 0.016).
Conclusions: LDCT screening for lung cancer in Korean CRC survivors is feasible. Well-designed clinical trial for defining high risk patients 
for lung cancer among CRC survivors is needed.
(J Cancer Prev 2019;24:48-53)
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INTRODUCTION

Colorectal cancer is the second most common cancer and the 

fourth leading cause of cancer death in Korea [1]. With the recent 

advances in cancer screening and treatment, the number of 

long-term colorectal cancer survivors who lived longer than 5 

years from the time of diagnosis increased to 110,000 in Korea [1]. 

Among the cancer survivors, second malignant neoplasm (SMN) 

has become an important issue. National Cancer Institute’s 

Surveillance, Epidemiology, and End Results (SEER) reported that 

8% of cancer survivors developed SMN, and the risk was 14% 

higher compared to those in general population [2,3]. The 

occurrence of SMN is thought to be associated with treatment- 

related factors, lifestyle, environment, host factors, and 

genetics-environment [4]. In addition, because the frequency and 

clinical outcome of SMN is different according to the kinds of first 
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primary malignancy and SMN, personalized preventive strategies 

are needed. For colorectal cancer survivors, lung cancer was 

reported to be the second common SMN following prostate 

cancer [3]. Considering that lung cancer was the leading cause of 

mortality for SMN as well as first primary malignancy [3], proper 

screening program for lung cancer is necessary for management 

of colorectal cancer survivors.

In 2011, the National Lung Screening Trial (NLST) 

demonstrated that annual screening program with low-dose 

helical computed tomography (CT) in high risk patients could 

reduce 20% of mortality in consequence of lung cancer. Although 

several problems were proposed including overdiagnosis, 

cost-effectiveness, and long-term follow-up schedule, low-dose 

CT screening is currently recommended by the experts in many 

guidelines for the population with high risk for lung cancer [5-9]. 

In Korea, low-dose CT screening is recommended for the patients 

with high risk for lung cancer, and will be included in the national 

cancer screening program before the end of the year [10]. 

In this study, we conducted the lung cancer screening using 

low-dose chest CT in long-term colorectal cancer survivors with 

smoking history. We also tried to find the feasibility of low-dose 

CT screening in terms of lung-cancer risk groups, radiologic 

findings, and clinical outcome in the colorectal cancer survivors.

MATERIALS AND METHODS
1. Study population and definition

Between August 2016 and August 2017, we enrolled colorectal 

cancer survivors for long-term survivorship management in 

Cancer Prevention Center, Yonsei Cancer Center, Seoul, Republic 

of Korea. The eligibility criteria were as below: men and women 

aged 55 to 80 years of age; ever-smoker; histologically diagnosed 

colorectal cancer; survival more than 4 years from diagnosis of 

cancer; without evidence of known history of lung cancer and/or 

pulmonary metastases. The information about smoking was 

collected using verbal surveys: (1) smoking status; (2) smoking 

intensity; (3) smoking duration; (4) If the subject was a former 

smoker, duration of smoking cessation. Ever-smoker was defined 

as a subject who smoked at least 100 cigarettes in the lifetime. If 

the participant smoked cigarettes currently or during the last 30 

days, he or she was classified into a current smoker. Smoking 

intensity was defined as an average number of cigarettes smoked 

a day. If the patients expressed the number of cigarettes by pack, 

20 cigarettes were considered as a pack. Pack-years was calculated 

by multiplying smoking intensity in pack by smoking duration in 

year. Clinical characteristics were collected using electronic 

medical record. This study was approved by Institutional Review 

Board at Severance Hospital, Seoul, Korea (IRB approval number 

4-2016-0522). 

2. Radiologic and clinical outcome measurement

We recommended the ever-smoking colorectal cancer 

survivors to receive low-dose chest CT screening for lung cancer. 

For the patient who agreed to the lung cancer screening, low-dose 

CT was performed on multidetector helical CT scanners of four 

channels. On the low-dose CT images, noncalcified nodules with 

long-axis diameters of 4 mm or greater in the axial plane, 

adenopathy, or effusion were classified as positive, which were 

suspicious for lung cancer. Other clinically significant condition 

other than lung cancer and minor abnormality was also recorded 

[11]. Subsequent assessment or management followed general 

clinical practice. As of February 2019, recurrence of primary 

malignancy or occurrence of SMN were reviewed using medical 

records.

3. Lung cancer risk assessment

Six-year risk of lung cancer was calculated using the modified 

lung-cancer risk-prediction model from Prostate, Lung, 

Colorectal, and Ovarian (PLCO) Cancer Screening model 

(PLCOM2012) [12]. The participants were classified into three risk 

groups using the NLST criteria and a 6-year risk-prediction model 

(PLCOM2012): (1) risk group 1, current smokers or former smokers 

within the previous 15 years, aged 55 to 74 years, and with a 

history of at least 30 pack-years of cigarette smoking; (2) risk 

group 2, except the subject who met the criteria of risk group 1, 

current or former smokers, with a history of at least 20 pack-years 

of cigarette smoking and a 6-year risk of lung cancer ≥ 0.0151 

[13]; (3) risk group 3, other patients who did not meet the criteria 

of risk group 1 nor risk group 2.

4. Statistical analyses

The differences of clinicopathologic variables, cancer-related 

factors were analyzed using Pearson’s 2 test, Mann–Whitney 

U-test, Kruskal–Wallis test, and Fisher’s exact test according to the 

lung-cancer risk groups. P–value ＜ 0.05 was considered 

statistically significant. All statistical analyses were performed 

using IBM SPSS ver. 23 for windows (IBM Corp., Armonk, NY, 

USA).
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Table 1. Baseline characteristics (n = 176)

Variable Value

Clinical/social factors
Sex

Male 173 (98.3)
Female   3 (1.7)

Age (yr)  66 (55-79)
BMI (kg/m2) 23.8 (16.1-34.7)
Smoking status

Current  32 (18.2)
Former 144 (81.8)

Smoking intensity (cigarette)  20 (3-60)
Smoking duration (yr)  30 (6-60)
Pack-years  30 (5-135)
Duration of smoking cessation (yr)   9 (0-42)
Hypertension

Yes  65 (36.9)
No 111 (63.1)

Diabetes mellitus
Yes  44 (25.0)
No 132 (75.0)

COPD
Yes  33 (18.8)
No 143 (81.3)

Education status
Less than high school graduate  42 (23.9)
High school graduate  71 (40.3)
College graduate or higher  63 (35.8)

Colorectal cancer-related factors
Location

Right-sided  30 (17.0)
Left-sided 146 (83.0)

Histological differentiation
Adenocarcinoma, well differentiated  32 (18.2)
Adenocarcinoma, moderately differentiated 130 (73.9)
Adenocarcinoma, poorly differentiated   6 (3.4)
Mucinous carcinoma   3 (1.7)
Others   5 (2.8)

Stage
0   1 (0.6)
I  38 (21.6)
II  51 (29.0)
III  77 (43.8)
IV   9 (5.1)

Adjuvant chemotherapy
Yes 123 (69.9)
No  53 (30.1)

Values are presented as number (%) or median (range). BMI, body 
mass index; COPD, chronic obstructive pulmonary disease.

RESULTS
1. Patients characteristics

Between August 2016 and August 2017, 633 long-term 

colorectal cancer survivors visited the survivorship clinic in 

Cancer Prevention Center, Yonsei Cancer Center, Seoul, Republic 

of Korea. Forty-four patients (7.0%) were current smokers, and 

238 patients (37.6%) were former smokers. Among 210 patients 

who met the eligibility criteria, 34 patients refused to receive 

low-dose chest CT screening for lung cancer. Therefore, 176 

patients were finally enrolled in this study. Table 1 showed the 

baseline characteristics of the patients. Median survival time 

from diagnosis of cancer was 63.1 months (range, 50.5-417.2 

months). One hundred seventy-three patients (98.3%) were male, 

and median age was 66 years (range, 55-79 years). 

2. Risk classification according to National Lung 
Screening Trial criteria and PLCOM2012 model

All patients were classified into three risk groups using NLST 

criteria and 6-year risk of lung cancer (PLCOM2012). Risk group 1 

included the individuals with the clinical features similar to NLST 

criteria (n = 79). Risk group 2 released the age limit and selected 

the individuals with higher 6-year risk of lung cancer by 

PLCOM2012 ≥ 0.0151 (n = 36). Risk group 3 was aimed at the 

individuals without significant risk factors, which meant 

moderate to low risk group (n = 61). 

Although most clinical features were not different among the 

risk groups (Supplementary Table 1), median age was higher in 

risk group 2 due to the age limit (55-74 years of age) of NLST 

cohort in risk group 1. Current smokers accounted for 24.1%, 

19.4%, and 9.8% of risk group 1, risk group 2, and risk group 3, 

respectively. Median PLCOM2012 risk score was 0.01655 (range, 

0.00009-0.21732) in all patients, 0.02570 (range, 0.00651-0.21732) 

in risk group 1, 0.02898 (range, 0.01561-0.18717) in risk group 2, 

and 0.00771 (range, 0.00009-0.01534) in risk group 3 (P  ＜ 0.001). 

3. Positive radiologic findings and second malignant 
neoplasm

We found 38 positive findings (non-calcified nodule ≥ 4 mm), 

8 clinically significant findings, 66 minor abnormalities, and 64 

negative findings on low-dose chest CT (Table 2). Positive findings 

were identified in 15 of 79 (19.0%) of risk group 1, in 9 of 36 

(25.0%) of risk group 2, and in 14 of 61 (23.0%) of risk group 3, with 

presentation of median 6 mm (range, 4.3-14.0 mm) sized 

non-calcified nodules. Among 38 patients with positive findings, 

further assessment revealed 3 cases of second primary lung 

cancer, and 1 case of pulmonary metastasis. Second primary lung 

cancers were found in 2 patients of risk group 2, and in 1 patient 

of risk group 3. Surgical specimen of two patients showed 

histology of adenocarcinoma, and one patient was diagnosed 

with small cell lung carcinoma. One patient with pulmonary 
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Table 2. Result of low-dose chest computed tomography screening according to the risk groups (n = 176)

Variable Positive results
Clinically significant abnormality 
not suspicious for lung cancer

No or minor abnormality

Risk group 1a 15 (19.0) 4 (5.1) 60 (75.9)
Risk group 2b 9 (25.0) 2 (5.6) 25 (69.4)
Risk group 3c 14 (23.0) 2 (3.2) 45 (73.8)
Total 38 (21.6) 8 (4.5) 130 (73.9)

Values are presented as number (%). aRisk group 1 includes the individuals who meet the criteria of National Lung Screening Trial (NLST): 
Age 55-74 years and ≥ 30 pack-year history of smoking and smoking cessation ＜ 15 years. bRisk group 2 includes the individuals who 
would not meet the NLST criteria but are possibly related to the similar risk to those of NLST cohort: Age 50 years and ≥ 20 pack-year 
history of smoking and additional risk factors that increase the 6-year risk of lung cancer (PLCOM2012 [Prostate, Lung, Colorectal, and Ovarian 
Cancer Screening model] ≥ 0.0151). cRisk group 3 includes the individuals without risk factors, classified as moderate to low risk group.

Table 3. Occurrence of second malignant neoplasm (SMN) according to the risk groups (n = 176)

Kind of SMN Risk group 1a (n = 79) Risk group 2b (n = 36) Risk group 3c (n = 61) P-value

Colon 0 (0) 2 (5.6) 3 (4.9)    0.086d

Stomach 4 (5.1) 4 (11.1) 0 (0)    0.024d

Kidney 2 (2.5) 1 (2.8) 1 (1.6) ＞ 0.99d

Prostate 1 (1.3) 2 (5.6) 1 (1.6)    0.419d

Lung 0 (0) 2 (5.6) 1 (1.6)    0.091d

Thyroid 2 (2.5) 0 (0) 0 (0)    0.687d

Esophagus 0 (0) 1 (2.8) 0 (0)    0.205d

Head and Neck 1 (1.3) 0 (0) 0 (0) ＞ 0.99
Hepatobiliary 0 (0) 0 (0) 1 (1.6)    0.551d

Hematology 1 (1.3) 0 (0) 1 (1.6) ＞ 0.99
Any kind of SMN 10 (12.7) 11 (30.6) 6 (9.8)    0.016

Values are presented as number (%). aRisk group 1 includes the individuals who meet the criteria of National Lung Screening Trial (NLST): 
Age 55-74 years and ≥ 30 pack-year history of smoking and smoking cessation ＜ 15 years. bRisk group 2 includes the individuals who 
would not meet the NLST criteria but are possibly related to the similar risk to those of NLST cohort: Age 50 years and ≥ 20 pack-year 
history of smoking and additional risk factors that increase the 6-year risk of lung cancer (PLCOM2012 [Prostate, Lung, Colorectal, and Ovarian 
Cancer Screening model] ≥ 0.0151). cRisk group 3 includes the individuals without risk factors, classified as moderate to low risk group. 
dThese values were analyzed using Fisher’s exact tests. 

metastasis had the clinical features of risk group 2. In addition, 

among 176 colorectal cancer survivors, 27 patients were 

diagnosed with any kind of SMN. Common SMNs were colon, 

stomach, kidney, prostate, and lung cancer. In terms of risk 

groups, SMN was most frequently found in risk group 2 (11 of 36 

patients, 30.6%), compared with risk group 1 (12.7%) or risk group 

3 (9.8%) (P = 0.016) (Table 3).

DISCUSSION

Overall risk of SMN is approximately 8.1% for the common 

cancer survivors [3], and lung cancer is one of the most common 

SMNs. In terms of the risk of lung cancer, prior diagnosis of 

malignant tumor was considered as an independent risk factor in 

the lung-cancer prediction models including the Liverpool Lung 

Project risk model [14] and PLCOM2012 model [12]. However, 

adequate method for lung cancer screening in other cancer 

survivors was not well established. In this study, we conducted 

lung cancer screening with low-dose chest CT for colorectal 

cancer survivors with a smoking history. We also attempted to 

find the feasibility of low-dose chest CT screening by analyzing 

the radiologic findings, risk stratification, and clinical outcomes. 

In addition to the favorable result of NLST which changed the 

standard of lung cancer screening methods for high-risk 

individuals [11], recently updated result of NELSON trial also 

presented that low-dose CT screening decreased mortality by 26% 

in men and up to 61% in women with high risk at 10 years [15]. 

With the progress of low-dose chest CT screening in clinical 

practice, several issues surrounding cost-effectiveness [16] and 

overdiagnosis [17] were frequently discussed. To avoid excessive 

CT scan to low-risk individuals, researchers tried to increase 

interval between the screens in the patients with a negative T0 
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(prevalence) screen [18], or apply a personalized screening 

methods according to the risk of lung cancer mortality [19].

Meanwhile, NLST cohort defined the high-risk individuals as 

men or women aged 55 to 74 years with at least a 30 pack-year 

history of cigarette smoking, and, if a former smoker, had quit 

within the past 15 years, and this definition is similarly used in 

many clinical guidelines [5,7-9]. The American Association for 

Thoracic Surgery (AATS) guideline recommended to continue 

screening to age 79 years because of the peak incidence of lung 

cancer (70 years in the United States) and prolonged life 

expectancy. AATS included the individuals aged ≥ 50 years, ≥ 20 

pack-year smoking, and ≥ 5% risk of developing lung cancer 

within 5 years to their screening criteria [9]. The NCCN guideline 

similarly provides additional criteria for the individuals with high 

risk of lung cancer other than cumulative dose of smoking and 

duration of smoking cessation [5]. The PLCO predictive model 

was designed using data collected in the PLCO Cancer Screening 

Trial for ever-smokers [20], and revised to ensure applicability to 

NLST data (PLCOM2012) [12]. PLCOM2012 criteria were known to 

have improved sensitivity (83.0%) and positive predictive value 

(4.0%) compared to NLST criteria [12]. According to the guidelines 

from ATTS and NCCN, we would consider to screen the patients 

older than 74 years of age, and former smoker who stopped 

smoking more than 15 years ago, but with high risk score (i.e., 

6-year risk in PLCOM2012 ≥ 0.0151) [13]. 

In the present study, the proportion of positive result was 

21.6%, and only 3 of which (7.8% of total positive tests) was 

proved to be primary lung cancers. Considering the proportion of 

positive result was 27.3% and the proportion of confirmed lung 

cancer was 3.8 % in T0 round of low-dose CT arm in the NLST [11], 

our results were consistent to those of previous study. However, 

among the participants in risk group 1, who met the criteria of 

NLST, the proportions of positive results and confirmed lung 

cancer were 19.0 % and 0 %, respectively. Instead, 2 lung cancers 

were found in risk group 2, and 1 lung cancer was found in risk 

group 3; Patient#1 was 76-year-old male and current smoker with 

a 54 pack-year history of smoking. Because of the old age (≥ 75 

years of age), he was classified into risk group 2. He was diagnosed 

with small cell lung cancer, and his 6-year risk (PLCOM2012) was 

0.13920. Patient#2 was 78-year-old male and former smoker with 

a 100 pack-year history of smoking and 7 years of smoking 

cessation. He was classified into risk group 2 with 6-year risk 

(PLCOM2012) of 0.11314. He was diagnosed with non-small cell 

lung cancer (adenocarcinoma). Patient#3 was 73-year-old male 

and former smoker with a 15 pack-year history of smoking and 16 

years of smoking cessation. He was classified into risk group 3 

with 6-year PLCOM2012 value of 0.01178. He was diagnosed with 

adenocarcinoma in situ (AIS). 

Although the personal history of malignant tumor increases 

the possibility of lung cancer [12,14], the efficacy of lung cancer 

screening is not fully investigated in cancer survivors. Because 

most prospective large-scale clinical trials excluded the 

participation of other cancer survivors, clinical outcome of 

screening program in cancer survivors had generally been 

estimated in real-world practice [21]. Despite its small sample 

size, this study has clinical meaning to apply the low-dose chest 

CT screening to colorectal cancer survivors, and to analyze the 

clinical outcome with risk groups using NLST criteria and 

well-designed lung-cancer risk prediction model (PLCOM2012). 

Among 176 ever-smoker colorectal cancer survivors, we found 3 

patients with second primary lung cancer. However, two of the 

patients did not meet NLST criteria, but had high PLCOM2012 score 

with age older than 74 years. Moreover, another one patient with 

AIS even had low PLCOM2012 prediction score. In Korea, in 

common with United States documented in AATS guidelines, the 

peak age of incidence of lung cancer was 70 years, and average life 

expectancy was 79 years of age in men and 85 years of age in 

women [22]. Therefore, we carefully suggest that lung cancer 

screening could be considered in the patients aged 75-80 years 

with good performance but high risk for lung cancer. Further, we 

need to develop a novel lung-cancer risk prediction model 

reflecting the different epidemiology of lung cancer in Asia. 

Low-dose chest CT screening for lung cancer is feasible as a 

screening method for SMN in Korean colorectal cancer survivors. 

However, the screening criteria should be more enhanced and 

personalized. Well-designed clinical trials using personalized 

cancer risk-prediction tools are needed for cancer survivors.
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