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Lung Cancer Screening 
Implementing Low-Dose Computed Tomography Scan for Early Detection

US Preventive Services Task Force (USPSTF) 

Annual Screening for Lung Cancer with 

Low-dose computed tomography (LDCT)

Lung Cancer Screening Criteria

50 - 80 yrs.

SMOKING 20 YEARS

The US Preventive Services Task Force (USPSTF) recommendation 2020

▪ Benefits

      : Early detection at the curable stage

      : Lower the chances of dying from lung cancer

        among high-risk individuals (smokers)

▪ Concerns

     : Uncertainty on the benefit-to-harm ratio 

     : Possibility of false-positive results leading to

       unnecessary invasive procedures/complications

▪ How to better select the LDCT screening 

candidates who would benefit most?

▪ Personalized lung cancer risk assessment

     : To determine screening eligibility incorporating 

       a more comprehensive smoking history and 

       other potential risk factors



Model
Targeted 

Outcome

Time 

Frame
Risk Factors Incorporated in Models

Bach

 (2003)
LC Incidence 1-10 y

age, gender, smoking duration, cigarettes smoked per day, 

years since cessation, asbestos exposure

Spitz 

(2007)
LC Incidence 1 y

age, gender, history of COPD, family history of any cancer 

(2 or more), family history of smoking related-cancer (1 or 

more), age at quitting, pack-years, asbestos exposure, dust 

exposure, history of hay fever

LLP V1, V2, V3 

(2008)
LC Incidence 5 y

age, gender, smoking duration, history of cancer and 

pneumonia, family history of lung cancer (early/late onset), 

asbestos exposure

Hoggart

 (2012)
LC Incidence 1 y

smoking status, smoking duration, age at staring smoking, 

cigarettes smoked per day

PLCOM2012 

(2013)
LC Incidence 6 y

age, race, education, BMI, history of cancer and COPD, 

family history of lung cancer, smoking status, smoking 

duration, cigarettes smoked per day, years since cessation

LLPi

 (2015)
LC Incidence 8.7 y

age, gender, smoking duration, history of cancer and 

COPD, family history of lung cancer (early/late onset)

Pittsburgh 

(2015)
LC Incidence 6 y

age, smoking status, smoking duration, cigarettes smoked 

per day

LCRAT

 (2016)
LC Incidence 5 y

age, gender, race, education, BMI, pack-years, smoking 

duration, years since cessation, cigarettes smoked per day, 

history of COPD, family history of lung cancer (none, early, 

late onset)

LCDRAT 

(2016)
LC Mortality 5 y

age, gender, race, education, BMI, pack-years, smoking 

duration, years since cessation, cigarettes smoked per day, 

history of COPD, family history of lung cancer (none, early, 

late onset)

Focused on Western populations             

    (USA & Europe)

Developed and validated using cohorts 
with >90% whites

Post validation studies: limited to 
Western (White) populations

Performance in Asian populations?

▪ Low smoking intensity
▪ Late-onset smoking
▪ Low rates of smoking cessation
▪ Very low prevalence of smoking in women
▪ High prevalence of never-smoking lung cancer

Lung Cancer Risk Prediction Models
Selection of Ever-Smokers for Computed Tomography Lung Cancer Screening

Asian Smokers



● Aim1:  To evaluate the statistical performance, i.e., calibration and discrimination, of 11 lung cancer

                risk models in multiple Asia populations (using 19 prospective cohorts)

● Aim2:  To better refine risk models for Asians by developing new prediction models incorporating

                Asian-specific risk estimates based on two well-characterized prospective cohorts (SMHS/SWHS) 

• 19 prospective cohorts in Asia
           : 4 cohorts from China

           : 7 cohorts from Japan

           : 5 cohorts from South Korea

           : 1 cohort from Taiwan

           : 1 cohort from Mumbai

           : 1 cohort from Iran

•  Final analytic sample
           : 186,458 Asian smokers

           : ~6,800 incident lung cancer

https://www.asiacohort.org/

Study Aims
Asia: the major epicenter of lung cancer with more than 50% of lung cancers worldwide 

https://www.asiacohort.org/


Methods

• Study Populations

    : 186,458 Asian ever-smokers (aged ≥50) from 19 ACC cohorts

• Evaluation of 11 Western Lung Cancer Risk Prediction Models 

     : Calibration (E/O ratios) and discrimination (AUC)

     : Based on the two-stage random-effects meta-analysis method 

     : Using the publicly available R package

• Development of Shanghai Lung Cancer Risk Prediction Models 

     : Using data on ever-smokers aged 40-75 years at baseline within the SMHS and SWHS

     : Two cause-specific proportional hazards models, considering the competing mortality hazard

         - Shanghai lung cancer incidence (Shanghai-LCM) and death model (Shanghai-LCDM)

     : External validation using individual participant data from 17 ACC cohorts



Participating cohorts in the Asia Cohort Consortium



Calibration & Discrimination of Western Models in Asian Populations

Extremely unstable among Asian 
“low-intensity smokers” and

“long-term abstainers”



Development of Lung Cancer Risk Models 

Based on the SMHS & SWHS
f

To predict 1- to 10-year cumulative risk of developing 

lung cancer or dying from lung cancer, considering the 

competing mortality hazard



External Validation of

Shanghai Models
Good internal validity

 = Overall AUCs 0.78-0.80



Conclusion

• Lung cancer risk models developed in the U.S. and Europe

     - PLCOm2012, LCRAT, and LCDRAT had good predictive performance in Asian populations

     - Performed poorly in predicting lung cancer risk among Asians who reported low-intensity
       smoking or who had quit smoking for prolonged periods

• Shanghai lung cancer risk prediction models 

     - Improved predictive performance for low-intensity smokers and long-term quitters who
       were particularly prevalent in Asia but not captured well by Western models

     - Also had room to be refined for universal application to diverse Asian populations

• Importance of incorporating Asia-specific risk estimates into personalized lung cancer risk 
assessment to better implement risk-based LDCT screening in Asia

• Further need for country-specific adjustment in identifying at-risk Asians who are most 
eligible for LDCT screening



Dr. Xiao-Ou Shu

Dr. Wanqing Wen

Dr. Wei Zheng

Dr. Hui Cai

All contributing cohorts

ACC Coordinating Center

Dr. Hilary Robbins 

Dr. Hana Zahed

Acknowledgement



yang.jae@surgery.ufl.edu


	Slide 1: Lung Cancer Risk Prediction Models for Asian Ever-Smokers
	Slide 2
	Slide 3
	Slide 4
	Slide 5: Methods
	Slide 6: Participating cohorts in the Asia Cohort Consortium
	Slide 7: Calibration & Discrimination of Western Models in Asian Populations
	Slide 8: Development of Lung Cancer Risk Models Based on the SMHS & SWHS f To predict 1- to 10-year cumulative risk of developing lung cancer or dying from lung cancer, considering the competing mortality hazard 
	Slide 9: External Validation of Shanghai Models Good internal validity  = Overall AUCs 0.78-0.80 
	Slide 10: Conclusion
	Slide 11: Acknowledgement
	Slide 12

