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Aberle DR, et al. N Engl J Med. 2011;365:395-409

Eligible persons (N=53,454) recruited from 33 US medical centers, [2002 AUG-2004 APR]
 Smoking  ≥ 30 PY (current smoker or ex-smoker, quitting smoking time < 15 yr)
 Aged 55-74 years
 No symptoms (hemoptysis, weight loss ≥ 6.8kg/yr)

Randomized to annual LDCT (2 years) vs. CXR, following-up until  DEC. 31th, 2009 (Median F/U, 6.5yr)

LDCT CXR

Participant 26,455 26,232

Incidence 
of LC

1,060 
(4.0%)

941 
(3.6%)

Rate ratio
1.13 [1.03-1.23]

Death from
LC

346 
(1.3%)

425
(1.6%)

Risk reduction
20.0% [6.8-26.7]
P = 0.004

Death from 
all cause

1,877 
(7.1%)

2,000 
(7.6%)

Risk reduction
6.7% [1.2-13.6]
P = 0.02

LDCT prevented 1 lung cancer death / 320 screened participants
LDCT prevented 1 all cause death / 960 screened participants



WCLC 2018

Lung cancer mortality
rate ratio [95% CI]

Year 8 Year 9 Year 10

Males 0.75
[0.59-0.95]

P=0.015

0.76
[0.60-0.95]
P=0.012

0.74
[0.60-0.91]
P=0.003

Females 0.39
[0.18-0.78]
P=0.0037

0.47
[0.25-0.84]
P=0.0069

0.61
[0.35-1.04]
P=0.0543

Control: 214 lung cancer death

Screening: 157 lung cancer death



LDCT UC

Participant 1,613 1,593

Incidence 
of LC

67 
(4.1%)

71 
(4.6%)

Rate ratio
0.93 [0.67-1.30]

Stage I 36% 11% P=0.005
Stage IV 36% 49%

Death from
LC

29.3
/10,000 

person-yrs

42.1
/10,000 

person-yrs

30%, RR 0.70 
[0.47-1.03], P= 0.07

Death from 
all cause

75.7
/10,000 

person-yrs

84.9
/10,000 

person-yrs

17%, RR 0.83 
[0.67-1.03], P= 0.08

Eligible persons (N=3,206) in three Tuscan screening centers, Italy, [2004-2006]
 Smoking  ≥ 20 PY (current smoker or ex-smoker, quitting smoking time  10 yr)
 Aged 55-69 years
 Exclusion: previous cancer history than non-melanoma skin cancer, poor general condition

Randomized to annual LDCT (4 years) vs. UC, median F/U time 9.3 year [Q1-Q3 8.8-9.9]

Paci E, et al. Thorax. 2017;72:825-831



[별표1] 암의 종류별 검진주기와 연령 기준 등 (제8조 제2항 관련)

암의 종류 검진 주기 연령 기준 등

위암 2년 40세 이상의 남여

간암 6개월 40세 이상의 남여 중 간암 발생 고위험군

대장암 1년 50세 이상의 남여

유방암 2년 40세 이상의 여성

자궁경부암 2년 20세 이상의 여성

폐암 2년 54-74세 남여 중 폐암 발생 고위험군

❖비고: “간암 발생 고위험군”이란 간경변증, B형간염 항원 양성, C형간염 항체양성, B형 또는
C형 간염 바이러스에 의한 만성 간질환 환자를 말한다. 

“폐암 발생 고위험군”이란 30갑년(하루 평균 담배소비량(갑)흡연기간(년)) 이상의 흡
연력을 가진 현재 흡연자와 폐암 검진의 필요성이 높아 보건복지부 장관이 고시로 정
하는 사람을 말한다.

[대상자 선정방법] 해당 연령의 건강검진기본법에 의해 시행되는 국가검진 공통 문진
표 및 암 검진 문진표(만65세이상 의료급여 수급자 포함) 등을 통해 파악하여 선정



*중간결과, 2018년 5월 31일 기준, N=8,676 

폐암검진
시범사업

NLST

RADS ≥4mm

연령/흡연량/현재 흡연자 63yo/42PY/54% 66yo/48PY/48%

검진 양성율 15.7% 13.6% 27.3%

위양성율 15.1% 12.8% 26.6%

검사 양성 중 위양성율 96.2% 93.1% 96.2%

폐암 발견률 0.62% 1.0%

조기폐암(I,II기) 비율 67.9% 67.5%

조직검사 시행율 9.6% 2.4%

조직검사당 폐암발견율 72.2% 33.3%

수술 시행율 3.6% 4.7%

수술건당 폐암발견율 81.5% 75.6%

양성판정자 중 부작용발생율 0.52% 3.4%

폐암검진시범사업 1, 2년차 사업보고



Trial Criteria for positivity Positive rate, 
baseline

Overall LC 
incidence

LC stage

I-II III-IV

NLST Diameter ≥ 4mm 27.3% 3.6% 70.2% 29.8%

DANTE Not specified 13.4% 2.2% 54% 43%

DLCST Diameter ≥ 5mm 9.2% 0.8% 71.2% 28.8%

MILD-1/-2 Volume ≥ 250mm3 15% 0.62% [annual], 
0.46% [Biennial]

71.4% 28.6%

LUSI Diameter ≥ 5mm 26.7% 1.1% 82.5% 17.5%

NELSON Volume ≥ 500mm3 [or  
VDT≤400 day in 3mo-F/U 
CT for indeterminate result]

[1.6%+1%] 
2.6%

2.6% NA NA



Pedersen JH, et al. Ann Transl Med. 2016;4:152
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▌The participants in the NLST 
▌Stratification into five quintiles for the predicted 5-year risk of death from lung cancer
▌Selected risk factors for prediction model:  age,  BMI,  family history,  smoking dose, emphysema

Kovalchik SA, et al. N Engl J Med. 2013;369:245-54

60%

20%

88%

1%



폐암발생확률 = 1-S(t)exp[f(x)] 

f(x) = β1x1 + β2x2 + β3x3 + … + βkxk,   S(t); time (year)
x1, x2, x3 ….,xk  : values of risk factors
β1, β2, β3 ….,βk  : coefficient estimates from Cox proportional hazard model



Brenner DR, et al. PLoS One. 2011;6:e17479

❖ Relative Risk (RR) for lung cancer in the patients with previous lung diseases

Overall Never smoker

Study no. RR Study no. RR

All these diseases 39 1.80 [1.60-2.11] 1.22 [0.97-1.53]

 COPD 16 2.22 [1.66-2.97]

 Chronic bronchitis 23 1.52 [1.25-1.84]

 Emphysema 20 2.04 [1.72-2.41]

Pneumonia 22 1.43 [1.22-1.68] 8 1.36 [1.10-1.69]

Tuberculosis 30 1.76 [1.49-2.08] 11 1.90 [1.45-2.50]



Zhang X, et al. Oncotarget. 2017;8:78044-56

Chronic bronchitis Study N = 3 RR 1.17 [0.79-1.73]
Emphysema Study N = 4 RR 2.33 [1.56-3.49]

Never smoker Study N = 3 RR 2.32 [1.42-3.77]
Ever smoker Study N = 3 RR 1.60 [1.28-2.01]

COPD, mild Study N = 4 RR 1.46 [1.20-1.76]
COPD, moderate Study N = 3 RR 2.05 [1.67-2.52]
COPD, severe Study N = 3 RR 2.44 [1.73-3.45]



Young RP, et al. Transl Lung Cancer Res. 2018;7:347-60

Quintile classification based on PLCOm2012



Subdistribution HR

6.19 [5.04-7.61]

2.67 [2.09-3.40]

1.97 [1.75-2.21]

1.00 [Reference]

Park HY, et al. In submission





Risk factor 
based selection

[Age, Smoking]

NLST
NELSON
DANTE
ITALUNG
DLCST
MILD
LUSI

Risk based 
selection

[Risk model]

UKLS

Simulation

Fixed population
Fixed effectiveness
Fixed efficiency

Fixed population: same cost
Fixed effectiveness: same NNS/prevented LC death
Fixed efficiency: same FP/prevented LC death

ILST



United Kingdom Lung Cancer Screening (UKLS) trial

Risk questionnaire completed and risk score ≥ 5 
based on the Liverpool Lung Project Risk Prediction
Model (includes age, sex, smoking duration, history
of previous pneumonia, history of previous cancer,
family history, (early/ late onset) exposure to asbestos
– algorithm)

Liverpool 폐암 발생률 계산 web page
http://www.MylungRisk.org



Tammemägi MC, et al. N Engl J Med. 2013;368:728-36

Lung cancer risk prediction model (PLCOM2012)







개인정보 연령, 성별, 인종, BMI, 교육수준, 운동량

흡연력 흡연 총량, 일일 흡연량, 금연 기간, 흡연 기간, 
흡연 시작 나이, 간접흡연

과거 질병력 암 병력, 폐기종, COPD, ILD, 진폐증, 폐렴, 천식, 당뇨 등

암에 대한 가족력 폐암 vs. 모든 암

직업/환경 노출력 석면, 먼지

개인정보 연령, 성별, 인종, BMI, 교육수준, 중등도 활동일 [≥3/wk]

흡연력 흡연 총량, 일일 흡연량, 금연 기간, 흡연 기간, 
흡연 시작 나이, 간접흡연

음주력 주당 음주 횟수[≥5/wk]

과거 질병력 암 병력, 폐기종, COPD, ILD, 진폐증, 폐렴, 천식, 당뇨 등

암에 대한 가족력 폐암 vs. 모든 암

직업/환경 노출력 석면, 먼지

붉은 글씨 변수: 이번 예측 모델 개발 중 폐암 발생과 관련 있는 인자들
보라 글씨 변수: 이번 예측 모델 개발 중 폐암 발생과 무관한 인자들
파란 글씨 변수: 이번에는 분석되지 않았으나, 다음에 포함시킬 변수들, + Hemoglobin, etc.



Gray EP, et al. Clin Lung Cancer. 2016;17:95-106



Katki HA, et al. JAMA. 2016;315:2300-11

Fixed-USPSTF population size

USPSTF 
Recommended

population

Risk-based
population

36%1.3%/5y LC risk
647 NNS

LC risk 3.2%/5y
NNS 226

Current smoker
Aged 65-80y
African American
Less educated
Lower BMI
Emphysema
Family history of LC

24%1.1%/5y LC risk
813 NNS

LC risk 2.6%/5y
NNS 281

Fixed-USPSTF effectiveness

USPSTF 
Recommended

population

Risk-based
population

Screening Strategies
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동일한 검진 의료비용을
투입하는 모델



Risk modeling Biomarkers Genetic markers

Optimal selection
for screening



Seijo LM, et al. J Thorac Oncol. 2019;14:343-57



Chu GCW, et al. BMC Cancer. 2018;18:181



Jett J, et al. J Thor Oncol 2017;12:S2170

Detection lead time of TAAB = median 4 years prior to lung cancer diagnosis (range: 0~9yr)

▌Average 7 blood sampling from lung cancer case cohort (N=142) and matched control cohort (N=142)
▌14 AAB to p53, NY-ESO-1, SOX2, HuD, GBU4-5, CAGE, MAGE A4, CK8, CK20, LMYC2, p62, p16, SSX1, p53-N
▌Validation set: 664 case–control pairs in MCCS, NSHDS and EPIC HD cohorts

▌Phase 1: patient sample at T0 versus control cohort sample
▌Phase 2: patient sample at subsequent time point for patients negative at T0



1. Level of evidence  will be sufficiently evidenced

2. High NNS  Biomarker

3. High false positive  criteria [Lung-RADS, VDT], eligible population

4. Radiation hazard  ULDCT, intercalated CXR

5. Economic burden of screening  Interval, cheap biomarker, CXR

6. Selection criteria for screening population  Prediction model

7. Screening interval  Risk based, duration  Fit aged 85?

8. Screening method  Accompanied with intercalated CXR, biomarker

9. Biomarkers  Promising, but need more efficient and cheaper one!

10. Over diagnosis  No answer ~

Future directions

1. Lung cancer prediction model: risk variables
2. Biomarkers
3. Screening methods and interval


