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Evidence-based Medicine of LDCT Screening for 
Heavy Smokers

Number Needed to Screen to Prevent One Death Number of Screen for One Over-diagnosis

Meta-

analysis of 

LDCT RCTs

Benefit

Mortality Reduction

21% (13-28%)

Harm

Overdiagnosis

18% (0-36%)

CostUtility (QALY)

NNS 222 NSO 270

Harm

Overdiagnosis

18% (0-36%)

EBM with Cost-effectiveness Analysis for LDCT Screening  

Ranging from  $ 1,464 – $ 116,300



Lung Cancer LDCT Screening Strategies

NLST

NELSON/
UKLS/

K-LUCAS

Multi-model 
AI-Empowered 

Studies

Universal Screening +
Lung RADS

Universal Screening /
Triage of Nodular Management

Risk-based Screening/
Triage of Nodule Management



Geographic and Gender Variations of 
Never-Smokers Among Lung Cancer 
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High adenocarcinoma  
among Asian 
non-smoker female.

Sun et al. 2007, Nat Rev Cancer
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Chronological trend of lung cancer by histological type, Taiwan 1979-2023

Adenocarcinoma                    Squamous Cell Carcinoma                  Small Cell Carcinoma

*Age standardized incidence rate, per 100,000 (2000 world standard population)
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COMPOSITION

Half of all adenocarcinomas: women who never smoked

30,570

18,793

9,893

2,029

Women,
never-smoked

Men,
ever-smoked

Men,
never-smoked

Women,
ever-smoked

Invasive lung adenocarcinoma,
ages 40-84, 2011-2019 (n = 61,285) 49.9%

Of all lung adenocarcinoma

Women who had never smoked

66.0%
Occurred in never-smokers

Combining both sexes

Smoking-history-based eligibility would 
miss approximately two thirds of lung 
cancer cases.

Chien et al. JAMA Netw Open 2023;6(11):e2340704, Table 1. Adenocarcinoma only; 53.2% of the cohort were women.



Taiwan TALENT Study

Of 12,011 LDCT screenings, 2,094 (17.4%) were positive; of the 12,011 participants, 318 (2.6%) were diagnosed with lung cancer,
including 257 (2.1%) with invasive lung cancer and 61 (0.5%) with adenocarcinoma in situ.

In 2011–2015, 53% of new cases occurred in non-smokers
93% of female patients had never smoked

Family history of lung cancer, secondhand smoke, 

tuberculosis or chronic lung disease, higher cooking index, 

and unventilated cooking

Female sex, family history of lung cancer, age >60 years

Family history of 

lung cancer



Taiwan Nationwide LDCT Screening Project 
for Participants with Heavy Smokers and/or Family History

First-degree Relatives Family 

History of Lung Ca

• Male 50-74 years old/ 

• Female 45-74 years old

• 50-74 years old &

• 20+ smoking-pack

• Current smokers or Ex-smokers (<15 years)

LDCT + Mandatory smoking counseling 

2025
Dec 31

47.7% 8.7% 43.6%
Participants          277,599

Cancer detected      3247

Detection rate

Family History Heavy Smokers

1.17%
1.48%

1.06%
0.85%

Family 

History Heavy 

Smoker

s

Both

Heavy Smokers

10.

Nationwide LDCT Project

2022
JUL 1

Overall
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30%

3%

11%

50%

Heavy SmokersFamily History

Stage II+               11%                              32%                              19%                                64%   

Overall

Stage 0

Stage 1

Stage 2

Stage 3

Stage 4

Stage Distribution Before 

Nationwide Program, 2021

Stage Distribution of Taiwan Nationwide LDCT Screening 
(2022/7/1-2025/12/31)

Proportional stage shift

Taiwan LDCT screening



Digital twin design for the evaluation of LDCT screening



Natural history of lung adenocarcinoma

Free-of-

lung cancer

Preclinical

Lung adeno 

ca, Stage I

Preclinical

Lung adeno 

ca, Stage IV

Clinical

Lung adeno ca, 

Stage I

Clinical

Lung adeno 

ca, Stage IV

Non-progressive

Lung cancer

Accelerated incidence rate by time

17% risk per year

4% risk 

per year

70% risk 

per year



2022.07 ~ 2025.12

TAIWAN
Lung-cancer mortality

RR=0.76 (0.61-0.94) at 10-year follow-up among 

male participants

2003.12 ~ 2006.07

NELSON



2022.07 ~ 2025.12

TAIWAN
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Risk-based 
LDCT Screening 

in Never-
smokers

Precision Medicine



Identification of high-risk birth cohorts for 
Female and Male in Taiwan

Conventional eligibility
• Constructed around smoking exposure

• Individual-level risk assessment

• Static, age-threshold entry criteria

• Poor fit for never-smoker adenocarcinoma

Cohort-informed complement
• Attained age — biological accumulation of risk

• Birth cohort — generational exposure profile

• Calendar period — ascertainment and access

• Built for a rising adenocarcinoma burden



Biological and environmental factors for lung cancer among never smokers

Genetic factors
Family history, CYp1A1, SNPs, XRCC1 variants, etc Virus (HPV 16/18)

Lam et al. 2023, JTO

Sun et al 2007, Nat Rev Cancer

Indoor carbon and wood burning
Cooking oil vapors

5.

PM2.5 Promotes tumor progression
(EGFR+AhRTMPRSS2-IL18 pathway)



Data Collection Framework for 
Community-based Lung Cancer Screening  



Bayesian prediction model for occupational and environmental 
exposure, Taiwan
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Personalized risk score and threshold criteria

Personalized Risk spectrum
High-Risk Group

Low-Risk Group

Percentile of Risk Score    

95-100

90-95

80-90

70-80

60-70

50-60      (Average Risk)  

40-50

30-40

20-30

10-20

5-10

0-5

False Negative (FN)

False Positive (FP)
overdection

High APOBEC, 
EGFR-L858R & 
TP53 mutant, 
multiplex family 
history, expose to 
radon and 
hydrocarbons

12.

80-100
LYG5 NNS5

60-80
LYG4 NNS4

40-60

LYG3 NNS3

20-40

LYG2 NNS2

0-20

LYG1 NNS1

Threshold Criteria

Cost and 

Capacity

Cost and 

Capacity



Cost-Effectiveness Analysis of Biennial LDCT 
Lung Cancer Screening for Heavy Smokers

Bayesian Cost-effectiveness 

Markov Decision Tree Analysis

ICER: Incremental Cost Effectiveness Ratio



% of being cost-eff at 3GDP: 99.8%

% of being cost-eff at 2GDP: 97.6%

Cost-effectiveness Analysis for LDCT screening 
for non-smokers in the Talent program

ICERBasecase=35,318

LDCT Screening

Usual care

Incremental Cost-effectiveness, LDCT Screening vs Usual care Acceptability Curve



LDCT Screening

Usual care

Acceptability Curve

Cost-effectiveness Analysis for LDCT screening for 
non-smokers (with family hx) in the HPA program

% of being cost-eff at 3GDP: 98.6%

% of being cost-eff at 2GDP: 88.8%

ICERBasecase=39,130

Incremental Cost-effectiveness, LDCT Screening vs Usual care
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Smart LDCT 
Screening

Io Lung Cancer Things (IoLCT)



AI-based Pipeline for Early Screening of Lung Cancer
Barta et al, 2024

Clinical Radiology

GenomicsIntegration

Labeled data



AI-Assisted LDCT Nodule Assessment: LiberLung

6,30

0

Chang et al., 2022



Virtual World

Real Patient

Real Patient
with delayed 
cancer care

Digital Twin for Personalized Lung Cancer Prevention
Physical 
World

Computational World

Decision World




