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Improvement of lung cancer survival 

ü Sharp decline in tabaco use

üNew treatment in late stage of lung cancer

ü Early cancer detection

Tuberc Respir Dis (Seoul). 2021 Apr;84(2):89-95.



Five-year overall survival of lung cancer by stage

Cancer Res Treat. 2023;55(1):103-111

Overall survival of NSCLC 
2,657 patients with lung cancer who were diagnosed in South Korea in 2015. 

Pembrolizumab + Ctx

19.4% vs 11.3% in nonSQ NSCLC (Keynote-189)

18.4% vs 9.7% in SQ NSCLC (Keynote-407)

EGFR mutants with TKI

12~14.6% in retrospective data

ü 5-year survival rate

• 82%

• 59%

• 16%

• 10%

Durvalumab after CCRT (PD-L1>1%, PACIFIC trial)

42.9% vs 33.4%

Lancet Reg Health Eur. 2023 Feb 6;27:100592
J Thorac Oncol. 2016 Apr;11(4):556-65.



Stage Shift Improves Lung Cancer Survival

From 2006 to 2019, a total of 17,298 patients in the National Taiwan University Hospital (NTUH) database 

Journal of Thoracic Oncology, Volume 18, Issue 1,2023,



Stage Shift Improves Lung Cancer Survival

Tuberc Respir Dis (Seoul). 2021 Apr;84(2):89

üHow can we detect 

more early lung cancer?



The early detection of cancer – challenge and ways forward

Crosbyet al.,Science375, 1244 (2022)18 March 2022

Risk factor:
Smoking, Age, F-Hx

Risk prediction mode: 
PLCOm2012
LLPv2

Experimental 
approaches: 
ctDNA, CTC, proteins, 
exosomes, metabolites

Low dose Chest CT
Blood panel using 
biomarker
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Risk factors of lung cancer: Smoking & Age

Cancer smoking lung cancer correlation from NIH
BMJ Open. 2018 Oct 3;8(10):e021611. 

Meta-analysis of data from 29 studies representing 99 cohort studies, 7 million individuals and >50 000 incident lung cancer cases



Risk factors of lung cancer: Smoking & Age
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폐암 진단 연령

90% case: >50 year-old, Median age at diagnosis: 71



Nat Rev Clin Oncol. 2021 Mar;18(3):135-151.

2013 USPSTF 

Age 55-80
Smoking ≥30PYS
Quit <15 years

2021 USPSTF

Age 50-80
Smoking ≥20PYS
Quit <15 years

Risk factors of lung cancer: Smoking & Age

RCT of LDCT based lung cancer screening

USPSTF: United States Preventive Services Taskforce, 
미국예방정책국특별위원회



Am J Respir Crit Care Med. 2021 Oct 1;204(7):817-825.

Risk factors of lung cancer – Air pollution

UK biobank: more than 500,000 participants, aged 40-69 years from 2006 to 2010
ESCAPE project: Development of Land Use Regression Models for PM2.5, PM10 and PMcoarse in 20 European Study Areas

Study design and workflow. GWAS= genome-wide association study



Am J Respir Crit Care Med. 2021 Oct 1;204(7):817-825.

Risk factors of lung cancer – Air pollution

Figure E1. Risk of lung cancer according to quartiles of ambient air pollution exposure

PM 2.5 PM 10 PM coarse

NO2 NOx



Am J Respir Crit Care Med. 2021 Oct 1;204(7):817-825.

Risk factors of lung cancer – Genomic profile

Figure E2. Distribution of polygenic risk score and association of PRS with incident lung cancer

Polygenic risk score (PRS) = ∑� � =1 �� × ����



Am J Respir Crit Care Med. 2021 Oct 1;204(7):817-825.

Risk factors of lung cancer – Air pollution & Genomic profile



Particle and Aerosol Research Part. Aerosol Res. Vol. 15, No. 2: June 2019 pp. 45-56

Risk factors of lung cancer – Air pollution & Genomic profile



Am J Respir Crit Care Med. 2022 Nov 1;206(9):1153-1162.

Risk factors of lung cancer – Indoor air pollution

Biobank recruited 512,715 adults aged 30–79 years from 10 regions in China during 2004–2008. 
Self-reported never-smoking participants (N=323,794) were followed up to December 31, 2016

*Household air pollution: self-reported domestic solid fuel use



Am J Respir Crit Care Med. 2022 Nov 1;206(9):1153-1162.

Risk factors of lung cancer – Indoor air pollution

Biobank recruited 512,715 adults aged 30–79 years from 10 regions in China during 2004–2008. 
Self-reported never-smoking participants (N=323,794) were followed up to December 31, 2016

Adjusted hazard ratios (HRs) and 95% confidence intervals (CIs) for lung cancerdeaths among never-
smokers by years of exposure to household air pollution in China KadoorieBiobank
HRs were calculated from multivariable analyses



Blood. 2018 May 31;131(22):2501-2505
Clin Cancer Res. 2018 Dec 1;24(23):5918-5924.

Risk factors of lung cancer – Clonal hematopoiesis

Clonal hematopoiesis

• Often involve genes implicated in hematologic malignancies
such as DNMT3A, TET2, and ASXL1

• May have role of inflammatory elements in the tumor microenvironment
and cancer pathogenesis

그림: 지놈오피니언



J Clin Oncol. 2023 Mar 1;41(7):1423-1433. 

Risk factors of lung cancer – Clonal hematopoiesis

UKBB: population-based prospective study of more than half a million participants, between 2006 and 2010
Whole-exome sequencing from blood

Lung cancer case: cancer registries and death records provided by the National Health Service Information Centre 
and the National Health Service Central Register (July 31, 2019),

CH carriers: individuals containing one or more of a prespecified list of CH 
variants with a VAF > 2%



J Clin Oncol. 2023 Mar 1;41(7):1423-1433. 

Risk factors of lung cancer – Clonal hematopoiesis

UKBB: population-based prospective study of more than half a million participants, between 2006 and 2010
Whole-exome sequencing from blood

Lung cancer case: cancer registries and death records provided by the National Health Service Information Centre 
and the National Health Service Central Register (July 31, 2019),



Eur Respir J. 2016 Sep;48(3):889-902.

Risk factors of lung cancer

Chronic inflammation
• Chronic obstructive pulmonary disease: independent of smoking
• Asthma in never smoker: relative risk of 1.8 (95%CI 1.3-2.3)
• Pulmonary tuberculosis: relative risk of 1.5

Occupational exposure
• Asbestos
• Silica
• Metal: Chromium, Nickel etc
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Categorical model vs Quantified risk model – ILST

Prospective cohort study, International Lung Screening Trial: USPSTF2013 versus PLCOm2012 

Lancet Oncol. 2022 Jan;23(1):138-148.

4 countries (Canada, Australia, UK, Hong Kong), 9 sites

* USPSTF2013 Criteria



Categorical model vs Quantified risk model

PLCOm2012 – Risk prediction model

N Engl J Med 2013;368:728-36
https://www.evidencio.com/models/show/992



Categorical model vs Quantified risk model – ILST

Prospective cohort study, International Lung Screening Trial: USPSTF2013 versus PLCOm2012 

Lancet Oncol. 2022 Jan;23(1):138-148.



Categorical model vs Quantified risk model

Prospective cohort study, International Lung Screening Trial: USPSTF2013 versus PLCOm2012 

2021 WCLC, OA19.01, Journal of Thoracic Oncology 16.10 (2021): S881.

Too onerous to implement,
Simple categorical approach is better? 



Categorical model vs Quantified risk model

Prospective cohort study, International Lung Screening Trial: USPSTF2013 versus PLCOm2012 

2021 WCLC, OA19.01, Journal of Thoracic Oncology 16.10 (2021): S881.

Too onerous to implement,
Simple categorical approach is better? 



WCLC 2020 ARCHIVE JAN 27, 2021 

• From Feb 2015 to Jul 2019

• Prospective, multi center study (17 centers)

• Inclusion criteria

• 55- 75 years #

• Never smoker or have less than 10PYS and quitted over 15years

• One of the following risks

• Family history of lung cancer within third-degree

• Environmental smoking exposure

• Chronic lung disease: Tb/COPD

• Cooking index >110 *

• Not using ventilator during cooking

• Negative CXR

TALENT: Taiwan lung cancer screening for never smoker Trial

# Subjects who have family history of lung cancer 
and were older than index case in family can be 
recruited in even they are less than 55 years-old

*Index of cooking= 
2/7 x（days of using saute, fry, or deep-fried a week）
x（cooking years）

소테(프랑스어: sauté, sautér, 영어: sautéing, sauteing):
아주 센불에서 소량의 기름으로단시간에조리하는 기술을의미하는 용어



WCLC 2020 ARCHIVE JAN 27, 2021 

TALENT: Taiwan lung cancer screening for never smoker Trial



WCLC 2020 ARCHIVE JAN 27, 2021 

*** Solid or part-solid nodule ≥ 6mm, 
GGN ≥ 5mm
GGO 47%, Solid 19% Part-solid 34%

NLST: 1.1%, NELSON: 0.9%

3.2%(192/6012) vs 2.0%(119/5999)
p<0.001

96.5% stage 1

TALENT: Taiwan lung cancer screening for never smoker Trial



WCLC 2020 ARCHIVE JAN 27, 2021 

TALENT: Taiwan lung cancer screening for never smoker Trial



Yang PC et al, WCLC 2020 ARCHIVE JAN 27, 2021 

TALENT: Taiwan lung cancer screening for never smoker Trial



WCLC 2020 ARCHIVE JAN 27, 2021 

TALENT: Taiwan lung cancer screening for never smoker Trial

Overdiagnosis?
Could reduce lung cancer mortality?
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Diagnosis of lung cancer



Biomarker for lung cancer detection: circulating proteins

• Four-marker protein panel: pro-surfactant protein B, CA-125, CEA, Cytokeratin-19 fragment(Cyfra21-1)

JAMA Oncol. 2018 Oct 1;4(10):e182078.CARET: US Carotene and Retinol Efficacy Trial, EPIC: European Prospective Investigation into Cancer and Nutrition, NSHDS: Northern Sweden Health and Disease Study

CARET Study: randomised, double blind, placebo-controlled tiral
The prevention efficacy of beta-carotene & retinol palmitate in person at high risk for lung cancer
N= 18,314, At 6 US centers, enrolled from 1985 to 1994, followed until 2005

108 subjects who subsequently developed NSCLC within 12 months after blood sampling

Diagnosis of lung cancer within 1 year: 0.37%
for a 60-year-old man with 30 PYS smoking Hx

Diagnosis of lung cancer within 1 year in fourth quartile: 
1.56% for a 60-year-old man with 30 PYS smoking Hx



Biomarker for lung cancer detection: circulating proteins

JAMA Oncol. 2018 Oct 1;4(10):e182078.

Validation Set
EPIC study: N= 267,477 from1992 to 1998  from 7 countries
NSHDS: N= 99,404 participants at 2014 in Sweden

• USPSTF vs USPSTF + 4MP in Validation cohort



J Clin Oncol. 2022 Mar 10;40(8):876-883.

Biomarker for lung cancer detection: circulating proteins

• PLCOm2012 vs PLCOm2012 + 4MP

PLCO Cancer Screening Trial: Randomised multicenter trial in US aimed at evaluating the impact of early detection procedures for prostate, lung, 
colorectal and ovarian cancer on disease-specific mortality. Age 55-74, N=155,000, 1993-2001 
Ever-smoker: N=42,450
Diagnosed lung cancer within 6 years of study entry with prediagnostic sera available: N=552, specimen N=1229



J Clin Oncol. 2022 Mar 10;40(8):876-883.

Biomarker for lung cancer detection: circulating proteins

• PLCOm2012 vs PLCOm2012 + 4MP

ESIA10+: ever smoker intervention arm 10+ PY group
USPSTF 2013: 55-80 year-old, >30PYs
USPSTF 2021: 50-80 year-old, >20PYs

+12.6% -29.6%

PLCO Cancer Screening Trial: Randomised multicenter trial in US aimed at evaluating the impact of early detection procedures for prostate, lung, 
colorectal and ovarian cancer on disease-specific mortality. Age 55-74, N=155,000, 1993-2001 
Ever-smoker: N=42,450
Diagnosed lung cancer within 6 years of study entry with prediagnostic sera available: N=552, specimen N=1229



Biomarker for lung cancer detection: methylation of ctDNA

Cells. 2020 Mar 5;9(3):624. ;

• DNA methylation and gene expression regulation

Not hypomethylation of oncogenes,
But activation of tumor supressor genes by hypermethylation,
considered a major contributor to neoplastic transformation



Biomarker for lung cancer detection: methylation of ctDNA

Cells. 2020 Mar 5;9(3):624. ;

• Circulating cfDNA-based methylation biomarker for lung cancer detection

*Conformité Européenne (CE) for In Vitro Diagnostic (IVD) test

*



Biomarker for lung cancer detection: methylation of ctDNA

Clin Cancer Res. 2017 Apr 15;23(8):1998-2005.

• Circulating cfDNA-based methylation biomarker for early lung cancer detection

Methylation-specific real-time PCR of cancer specific genes (SOX17, TAC1, HOXA7, CDO1, HOXA9, and ZFP42)



Biomarker for lung cancer detection: methylation of ctDNA

Clin Cancer Res. 2017 Nov 15;23(22):7141-7152.

Methylation panel of 6 genes (CDO1, HOXA9, AJAP1, PTGDR, UNCX, andMARCH11)

• Circulating cfDNA-based methylation biomarker for early lung cancer detection



Biomarker for lung cancer detection: methylation of ctDNA

• Whole genome methylation sequencing

Lung cancer N= 26, Control N= 47
Prediction model using cancer methylated signature



Biomarker for lung cancer detection: DNA fragmentomics

• Fragmentation pattern of ctDNA

Nature. 2019;570:385-389.



Biomarker for lung cancer detection: DNA fragmentomics

Am J Respir Crit Care Med. 2022 Nov 8.

FSC: fragmentation size coverage
FSD: fragmentation size distribution
EDM: 6bp end motif
BPM: 6bp breakpoint motif
CNV: copy number variation



Biomarker for lung cancer detection: DNA fragmentomics

Am J Respir Crit Care Med. 2022 Nov 8.



Biomarker for lung cancer detection: DNA fragmentomics

Am J Respir Crit Care Med. 2022 Nov 8.

ROC curve evaluating the performance of different stacking models
in distinguishing early lung cancer patients from healthy subjects in
the combined validation cohorts

Distribution of cancer scores from patients grouped by cancer stage in
the validation cohorts



Biomarker for lung cancer detection: DNA fragmentomics

Am J Respir Crit Care Med. 2022 Nov 8.

Table 2. The diagnostic sensitivities of the predictive model in different lung cancer patient subgroups of the
Validation I and II cohorts and their combination.

ü Early screening tool?

ü Discriminate  benign from 
malignancy?



Biomarker for lung cancer detection: CANDLE study

not published data

연구 의뢰기관: 국립 암센터 2022년 암정복추진연구개발사업
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책임연구자 김영철
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Biomarker for lung cancer detection: CANDLE study

• CANDLE study

• 연구목적

• 흉부 CT에서 발견된 폐 결절 환자에서, 결절의 악성 가능성을 평가하는 지표로서 말초혈액 순환 DNA의 암 시그니처 앙상블을(CSE) 
기계학습을(machine learning) 통하여 개발하고, 실제 임상에 적용하여 유용성을 확인함.

• 선정기준

• 가. ECOG performance status 0 또는 1

• 나. 연령: 만 50~80세

• 다. 흡연력: 20갑년 이상의 현재 흡연자 또는 금연기간 15년 이내인 과거 흡연자

• 라. 아래 A 또는 B 또는 C 조항에 해당하는 사람

• A. 흉부 CT에서 발견된 폐 결절이 Lung-RADS category 4B 또는 4X이면서, TNM 병기(8판) clinical stage IA 폐암 의증 으로
병리학적 진단이 예정된 사람

• B. TNM 병기(8판) clinical stage III~IV 폐암 의증 환자로서 조직학적 진단이 예정된 사람

• C. 폐 결절의 초기 평가 당시 Lung-RADS category 4B 또는 4X이면서, 만일 악성이라면 TNM 병기(8판) clinical stage IA 상태
였으나, 

• 가) 다른 검사로 이미 양성결절로 판정 되고 제거되지 않고, 6개월 이상기간 동안 변화가 없는 경우

• 나) 조직검사 없이 2개월 이상 경과 관찰하여 항암치료 없이 크기가 줄어드는 고형결절

• 다) 2년 이상 크기의 변화가 없는 고형결절은 조직검사 없이 양성 결절 소지자로 추정하고 등록 가능함.



Biomarker for lung cancer detection: CANDLE study

• CANDLE study

• 연구방법

• Cancer Signature Ensemble (CSE)은 말초혈액 cfDNA의

1) whole genome methylation signature

2) fragmentation pattern (fragmentomics)

3) copy number variation (CNV)으로 구성된 통합 생체 표지자(biomarker)로 정의함

• Detection study

Training set: 조기 폐암(case 역할, 80명), 진행성 폐암(positive control 역할, 20명), 양성 폐결절(negative control 역할, 50명) 

Stochastic gradient boosting model을 적용한 기계학습을(machine learning) 통해

CSE가 악성과 양성 폐결절을 감별할 수 있도록 5등급의 범주화 지표로 개발

• Validation study 

개발된 CSE가 같은 조건의 validation set에서 일치된 결과를 보이는지 확인함



Biomarker for lung cancer detection: methylation of ctDNA

• CANDLE study



Biomarker for lung cancer detection: methylation of ctDNA

• CANDLE study



Summary 

• Stage shift by early detection could improve lung cancer survival

• Risk factors more than smoking and age: 
• Air pollution, Genetic information (single nucleotide polymorphism, clonal hematopoiesis)

• Categorical vs Quantified risk model

• Lung cancer screening in never smoker
• Familial history

• Biomarker of lung cancer
• Circulating proteins for additional screening tool
• Liquid biopsy (ex. ctDNA) for discrimination of malignantcy and detection of lung cancer 


