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High-Quality Lung Cancer Screening

• NLST, I-ELCAP: larger academic centers

• Community centers?

• “Given the complex logistics of arranging screening and 

follow-up, screening is best performed in the context of a 

well-developed program with standardized practices” (Gould 

MK. NEJM 2014)

• “Lung cancer screening is not solely an imaging test; it is a 

process that should take place within an organized 

program.” (Mazzone P et al. Chest 2015)



Core Elements of Comprehensive 
Screening Program (ACCP & ATS)
•Who is offered lung cancer screening

• How often and for how long to screen

• How the CT is performed

• Lung nodule identification

• Structured reporting

• Lung nodule management algorithms

• Smoking cessation

• Patient and provider education 

• Data collection

Mazzone P et al. Chest 2015



How the CT is performed



Lung Cancer Screening CT Protocols

• Key Elements

–One breath-hold

–Thin image thickness ( 2.5 mm,  1.0 mm 

preferred); MPR, MIPS encouraged

–CTDIvol  3.0 mGy for a standard sized patient

–16 detector row (or greater) scanner

• Vendor specific CT protocols: Available 





Lung nodule management 
algorithms



Benefits and harms: NLST

• Benefits

–Reduction mortality from lung cancer by 20%

–Reduction in all-cause mortality by 6.7%

• Harms

–False positive results: 37% of NLST participants

• Health-related quality of life: not reduced

• Only 3% of FP results: F/U by an invasive procedure



False positive detections

• NLST

  4 mm noncalcified nodule (longest diameter)

> 24% of three annual CT: positive

> 96%: false positives

• Additional testing: F/U CT, tissue Bx

• Potential harm



Changing thresholds 

Yip R, et al. Radiology 2014

NLST T0 Screens

Threshold for positive 
screen
(average diameter)

Cancer Dx Positive result

No.(%) No.(%)

 5 mm 232 (5.7%) 4080 (15.8%)

 6 mm 230 (8.5%) 2700 (10.5%)

 7 mm 226 (12.2%) 1847 (7.2%)

 8 mm 218 (16.0%) 1362 (5.3%)

 9 mm 209 (19.6%) 1067 (4.1%)

33.8%0.9%



Communication

• Clear and concise communication of 

screening results

–Appropriate management pathway

–Minimizing unnecessary workup

• Structured reporting

–Predefined content organization



Lung-RADS

• Lung Imaging Reporting and Data System

• Categorization and specific management 

recommendation

• Location 

• Size: average diameter on lung windows

– Rounded to the nearest whole number

• Solid, part-solid, nonsolid (pure GGN)

• Growth: an increase in size of >1.5 mm



Lung-RADS
Category Findings Management

1: Negative No nodules/ Specific calcification

Annual LDCT2: Benign 

appearance or 

Behavior

Solid < 6 mm, new < 4 mm

Part solid < 6 mm

Non solid < 20 mm OR ≥ 20 mm unchanged or slow growing

3: Probably 

benign

Solid : 6-8 mm at baseline OR new 4-6 mm

6 month LDCTPart solid: ≥ 6 mm with solid < 6 mm OR new < 6 mm total

Non solid ≥ 20 mm 

4A:

Suspicious

Solid 8-15 mm at baseline OR growing < 8 mm OR new 6-8 

mm 3 month LDCT; 

PET/CT when  ≥
8 mm  solidPar solid: ≥ 6 mm with solid 6-8 mm OR new or growing < 4 

mm solid

4B: 

Suspicious

Solid: ≥ 15 mm OR new or growing and ≥ 8 mm 
Chest CT, PET/CT, 

BxPart solid: solid ≥ 8 mm OR new or growing ≥ 4 mm solid





Structured reporting/
Communication



폐결절 분류 및 관리지침



폐결절 분류 및 관리지침



A survey of the KSTR members

Number Question
Consensus 

Answer

1 Growing 5  4 mm solid nodule at annual repeat CT 4A

2 Growing 5  4 mm part-solid nodule with a solid-portion of 3 x 2 mm at annual repeat CT 4A

3 Growing 5  4 mm part-solid nodule with a solid-portion of 4 x 3 mm at annual repeat CT 4B

4 New 5  4 mm part-solid nodule with a solid-portion of 3 x 2 mm at annual repeat CT 3

5
Growing 12  10 mm part-solid nodule with a solid-portion of 3 x 2 mm at annual repeat

CT
4A

6
Growing 12  10 mm part-solid nodule with a solid-portion of 7 x 6 mm at annual repeat

CT
4B

7 Growing 9  8 mm non-solid nodule at annual repeat CT 2

8 New 9  8 mm non-solid nodule at annual repeat CT 2

9 Growing 24  20 mm non-solid nodule at annual repeat CT 2

10 New 24  20 mm non-solid nodule at annual repeat CT 3

Han DH et al. KJR 2017



A survey of the KSTR members

Han DH et al. KJR 2017



A survey of the KSTR members

Han DH et al. KJR 2017
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Rearranged Lung-RADS











임상소견:
폐암가족력없음. 과거악성종양병력없음. 

영상소견:  
우하엽에 17 mm(고형부분 9 mm) 부분고형
결절있음 (처음CT)
우중엽에 7 mm 고형결절있음 (처음CT)

추가내용: 폐기종

판정: 4B 악성의심, 흉부CT/조직검사



Education



Education

• A successful LCS programs requires 

education of all stakeholders.

• Participants to screening

• Radiologists, Physicians

• CT technologists, Support staffs



Education: Radiologists



Quality improvement



CAD in lung cancer screening

• Nodule detection

• Nodule volumetry

• Nodule characterization: 
– size, shape, texture

• Follow-up registration, nodule matching

• Variability: classification, measurements

• Subsolid nodules

•Workflow: integration to PACS

Goo JM. Korean J Radiol, 2011 



Management of Lung Nodules

• NELSON Trial

– CT-based screening: 16-detector MDCT

• Semiautomated volume measurements

• Manual measurement

– Solid pleural-based nodules

– Non-solid nodules

• Growth: defined as an increase in volume  25% 

between two scans

Van Klaveren RJ, et al. New England J Med 2009



CAD to reduce variability btw radiologists in 
the interpretation of lung nodules at LDCT

• Initial reading/ Second reading with CAD

• Positive vs Negative Screen

– Initial: 0.53 (95%CI: 0.49, 0.56)

–After CAD: 0.66 (95%CI: 0.62, 0.70)

• F/U recommendation 

– Initial: 0.54 (95%CI: 0.51, 0.57)

–After CAD: 0.67 (95%CI: 0.64, 0.70)

Jeon KN, Goo JM, et al. Invest Radiol 2012



네트워크-CAD 기반 폐암검진중앙센터

• 영상레지스트리구축

– 국가폐암검진 영상자료 수집

– 수진자가 어느 기관에서 검진을 받던지 이전 국가폐암검진 영상자료와 비

교 가능하게

– 위양성 감소, 시간/노력/비용 감소

– 국가폐암 관련의 중요한 자료

• CAD 적용: 판독자 수행능 증대, 변이성 감소

• 클라우드시스템운영

– 새로 구축하는 것보다 기존 구축 시스템을 이용하는 것이 효율적

• 질관리: DICOM header 자료 자동 분석



Network-based CAD 
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SPN malignancy risk

http://www.uptodate.com/contents/calculator-solitary-pulmonary-nodule-malignancy-risk-brock-university-cancer-prediction-equation

McWilliams A, et al. NEJM 2013
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Screening of never-smokers



Lung cancer in never-smokers

• 10% to 25% of all lung cancers: 7th as a 

cause of cancer death

• Risk factors

–Second-hand smoking

–Exposure to carcinogens (asbestos, radon gas, 

ionizing radiation)

–Genetic susceptibility



Targeting of LDCT screening according 
to the risk of lung-cancer death

•Quintile of 5-year risk of lung cancer death
– ranging from 0.15 to 0.55% in the lowest-risk 

group [quintile 1] to more than 2.00% in the 
highest-risk group [quintile 5]

• Significantly decreasing trends in false 
positive results

• 88% of the screening-prevented lung 
cancer deaths: quintiles 3 through 5

•Quintile 1: only 1% of prevented lung-
cancer deaths

Kovalchik SA, et al. NEJM 2013



Evaluation of the lung cancer risks at which 
to screen ever- and never-smokers

Tammemagi MC, et al. PLoS Med 2014



Evaluation of the lung cancer risks at which 
to screen ever- and never-smokers

Tammemagi MC, et al. PLoS Med 2014

• PLCOm2012 model

• At PLCOm2012 risk ≥0.0151, the 65th percentile of 

risk, the NLST CT arm mortality rates are 

consistently below the CXR arm's rates.

• None of 65,711 PLCO never-smokers had PLCOm2012

risk ≥0.0151.

• Currently, never-smokers should not be 

screened. 



Should never-smokers at increased 
risk for lung cancer be screened?
•MISCAN-Lung model: Calibrated to NLST, PLCO, SEER

ten Haaf K, et al. JTO 2015

scenario Early stage%
Lung ca deaths

averted/ 100,000
Screens per lung 
ca death averted

Aver Screening 
exams per person 

screened

% of Screen-
detected lung ca 
overdiagnosed

USPSTF 59.4 4,305 353 16.2 8.4

NS aver risk 65.8 354 6,162 22.5 9.5

NS x 2 risk 65.9 706 3,075 22.5 9.6

NS x 5 risk 65.8 1,764 1,216 22.2 9.6

NS x 10 risk 65.8 3,541 593 21.9 9.6

NS x 15 risk 65.8 5,322 387 21.5 9.6

NS x 20 risk 65.8 7,118 283 21.1 9.6

NS x 35 risk 65.9 12,509 151 19.9 9.6



Should never-smokers at increased 
risk for lung cancer be screened?
• PLCOm2014 model

–A white never-smoker with the highest level of 
RR (6.98) would not reach this level of risk until 
age 73 years.

• LLP model
–Only four (0.04% of 10,697) never-smokers 

had a high LLP risk (a risk of 5% or higher over 
a 5-year period) and all were aged at least 73 
years.

• For most never-smokers, lung cancer 
screening is not beneficial.

ten Haaf K, et al. JTO 2015



Lung cancer occurrence in never-
smokers
• 13 cohorts and 22 cancer registry studies

• Death rate from lung cancer among never-smokers is higher in 

men than in women.

• African American and Asians living in Korea and Japan (but not 

in the US) had higher death rates from lung cancer than 

individuals of European descent.

• Lung cancer incidence rates were higher and more variable 

among women in East Asia than in other geographic areas with 

low female smoking

Thun MJ, et al. PLoS Med 2008



JECS Study

• Japan, Randomized controlled trial

• 50-64 years 

• Non-smokers and smokers of < 30 PY

• Duration of trial: 10 years

• Intervention arm: LDCT, 1st and 5th years

• Control arm: CXR, 1st year

• Annual CXR: both arm, encouraged

• Required sample size: 17,500 for each arm

Sagawa M, et al. Jpn J Clin Oncol 2012



Thank you for 
your attention


