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Evidence-based Medicine of LDCT Screening for
Heavy Smokers

Benefit = Harm
Mortality Reduction  Mmeta- Overdiagnosis
21% (13-28%)  ipct rete RELLR (O RC2)
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Number Needed to Screen to Prevent One Death ﬁ Number of Screen for One Over-diagnosis
Utility (QALY) . ° Cost

EBM with Cost-effectiveness Analysis for LDCT Screening

Ranging from $ 1,464 — $ 116,300



Lung Cancer LDCT Screening Strategies

Universal Screening +
Lung RADS

Multi-model Risk-based Screening/
Al-Empowered

studies Triage of Nodule Management



Geographic and Gender Variations of
Never-Smokers Among Lung Cancer

GLOBOCAN 2020

High adenocarcinoma
among Asian
non-smoker female.
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Rate per 100,000

Chronological trend of lung cancer by histological type, Taiwan 1979-2023

Adenocarcinoma Epidemic

Adenocarcinoma Squamous Cell Carcinoma Small Cell Carcinoma
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COMPOSITION
Half of all adenocarcinomas: women who never smoked

Invasive lung adenocarcinoma,
ages 40-84, 2011-2019 (n = 61,285) 49.99,

30,570 Of all lung adenocarcinoma
Women who had never smoked

18,793

66.0%

9,893 Occurred in never-smokers

Combining both sexes
2,029

' | Smoking-history-based eligibility would

Women, Men, Men, Women, miss approximately two thirds of lung
never-smoked ever-smoked never-smoked ever-smoked 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

Low-dose CT screening among never-smokers with or
without a family history of lung cancer in Taiwan:

a prospective cohort study

Gee-Chen Chang®, Chao-Hua Chiv®, Chong-Jen Yu*, Yeun-Chung Chang, Yo- Hsvan Chang, Kuo-Hsuan Hsy, Yu-Chung Wi, Chih-Yi Chen

H=ian-He Hsu, Ming-TingWu, Cheng-Ta Yang, lnn-Wen Chang, Yu-Ching Lin, Te-Chun Hsig, Meng-Chih Lin, Wu-Chow Su, Chik-8in Lin
Kang-YunLee, Yu-Feng Wei Gong-Yar Lan Wing P Chan, Kao-Lun Wang, Mei-HanWy, Hao-Hung T=ai, Chif-Feng Chian. Ruay-5heng Lal

Jin-Yuan Shik, Chi-Liong Wang, kni-5hemg Hsy, Eun-Chieh Chen, Chun-Ku Chen, Jiun-YiTHsig, Chung-Ean Peng, En-Kuei Tang, Chic-LinHzy,

Teh-Ying Chou, Wei-Chih Shen, Ying-Hwang Tsal, Chun-Ming Tsai, Yuh-8in Chen, Yu-Chin Lee, Hsuan-Yu Chen, Sung-Liang Yut,
Chien-Jen Chent, Yung-Liong Wart, ChaoAgnes Hsiungf, Pan-Chyr Yang, on behalf of the TALENT bnwestigatorst
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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

Nodules (n)

Detection rate (%)

A

@ Ground-glass nodule

60 [ Part-solid nodule

554
50
45 |
40 - _
35
30+
25
20
15 - — —

10—

o

- [ Solid nodule

rrs
(19-1%)
133
(32.9%)

E_HF ] H == E||:|E||:h=! ﬁr—ﬂ:F!l_l H me o ey

5 10 15 20 25 30 3I5 I

40 45
-® - Adenocarcinoma in situ (without family histo;yof Iungcancer} Fami Iy h Isto ry Of
-® - Adenocarcinoma in situ (with family history of lung cancer) luna cancer
-8 Invasive lung cancer (without family history of lung cancer)

5_
—&- Invasive lung cancer (with family history of lung cancer)
4_
p=0015

3- i

R - 0-185

— - p= e

. I p=0643

°-. .- °
, @-czneenemsaen @I p=0676 * °

I I I I I

<55 55-59 60-64 65-69 70-75

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.



Taiwan National Low-Dose Computed Tomography (LDCT)

Lung Cancer Screening Program
Eligibility criteria for individuals at high risk of lung cancer

e llpn First-degree family history I Heavy smokers W
of lung cancer |

Health o Age: 50-74 years
Z:j(::;r?itslggtion - Men: 50-74 years of age « Smoking expkosure: f220 pack-yiars |
Ministry of Health and Welfare, : S » Current smokers or former smokers
Taiwan Women: 45-74 years of age who quit within the past 15 years J
" 4N
[ National LDCT Screening Program l LDCT screening with smoking-cessation counseling when indicated J
Y Distribution of screened participants

:O :&% Number of participants 277,599 47.7% 8.7% 43.6%

July 1,
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Proportional stage shift

Taiwan LDCT screening

Stage Distribution of Taiwan Nationwide LDCT Screening  Stage Distribution Before

(2022/7/1-2025/12/31) Nationwide Program, 2021
Family History Heavy Smokers Overall
30, 4% 4% 16% oett 70 8% _6%
7%
Stage 0 pok 1204 4%, 7 50%
Stage 1 30%
62 73
% 3%
1%
Stage I+ 11% 32% 19% 64%




Digital twin design for the evaluation of LDCT screening

Eligible
Population
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Screening control design
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Natural history of lung adenocarcinoma

5.4-yr window for carly detection

Accelerated incidence rate by time

INi 9% rl Preclinical
Free-of- Preclinical | 17% risk per year Preciinical
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lung cancer ca, Stage IV
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Projected Long-Term Benefit: Heavy Smokers

TAIWAN
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e NEW ENGLAND
JOURNAL o MEDICINE

ESTABLISHED IN 1812 FEBRUARY 6, 2020 VOL. 382 NO.6

Reduced Lung-Cancer Mortality with Volume CT Screening
in a Randomized Trial

H.J. de Koning, C.M. van der Aalst, P.A. de Jong, E.T. Scholten, K. Nackaerts, M.A. Heuvelmans, |.-W.). Lammers

Lung-cancer mortality

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

male participants
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Advanced lung cancer (Stage 2+) among

Projected Long-Term Benefit: Non-Smokers with LCFH

nonsmokers with LCFH

Cumulative incidence (per 100,000)
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~ Risk-based %
LDCT Scregnin ' %

~in Never-
smokers




Rate per 100,000

Identification of high-risk birth cohorts for
Female and Male in Taiwan
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Attained age (years)

Conventional eligibility
Constructed around smoking exposure
Individual-level risk assessment
Static, age-threshold entry criteria
Poor fit for never-smoker adenocarcinoma

Attained age (years)

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

Age
Younger age of onset than
Caucasians

Genetic factors /
Family history, CYp1A1, SNPs, XRCC1 variants, etc i i
n

"I.I"i‘ ;" ) Virus (HPV 16/18)

PM2.5 Promotes tumor progression
(EGFR+AhR-> TMPRSS2-1L18 pathway)

N, Air Pollution

Particulate Matter <2.5 um
m Household Burning of Smoky Coal

Occupational Exposure / )
Silica, Asbestos and
Radon

- -~ e -

Y

Organic Matter

N 7 \
_ Combustion ! “ \ W \\ (Incomplete Burning)
Nitrated polycyclic aromatic | e g  Dibenz[a,hjacridine(DBAC)
hydrocarbons ' @ ) ~ Dibenz(a,h)anthracene (DBA)

Indoor carbon and wood burning

"
Cooking oil vapors m w-

Lam et al. 2023, JTO Tobacco, Food, & Drink
Sun et al 2007, Nat Rev Cancer N- Nitrosopyrrolidine



Data Collection Framework for
Community-based Lung Cancer Screening

Demographic and Risk Factors Collected

3 Occupational and Exposure-Related

Baseline Information Recruitment Groups

A. Smoking and second-hand smoke

A. Participant characteristics % ¢ Smoking status A. Occupational groups collected in the program
o Sex ¢ Smoking intensity, duration, : . :
, =il s ac%( aarc ) o Environmental sanitation and cleaning workers
o Age at screening passiedls .
: : o Years since cessation o Police, firefighters, and traffic-related personnel
o Educational attainment Hoodold L, i
¢ Household second hand smoke . o Workers with asbestos exposure
exposure : o
B. Anthropometric and o Workers exposed to arsenic, cadmium, nickel,
e ; i ical hi or other dusts
geographic information Family and medical history | w
Family history of lung cancer o Workers with prolonged cooking oil fume exposure

¢ Height and weight

¢ Body mass index

¢ Residential address and
geographic area

History of pulmonary disease
History of tuberculosis
History of breast cancer
Family history of breast cancer

e © ©¢ o o ©

B. Other exposure-related program groups

C. Screening context C. Household and environmental exposures o Temple related exposure group

o Screening hospital \ Cooking oil fume exposure
H B e Fxamination date and [ndoor passive-related exposure
screening year
* Repeat screening status

o Industrial area related exposure group

o Power plant or incinerator related exposure group
[ndustrial area related exposure
Power plant or incinerator related exposure




Bayesian prediction model for occupational and environmental
exposure, Taiwan

Lung Cancer Risk (Odds Ratio)
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Personalized risk score and threshold criteria

Percentile of Risk Score

Personalized Risk spectrum
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Cost-Effectiveness Analysis of Biennial LDCT
Lung Cancer Screening for Heavy Smokers
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Cost-effectiveness Analysis for LDCT screening
for non-smokers in the Talent program

Incremental Cost-effectiveness, LDCT Screening vs Usual care Acceptability Curve
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Cost-effectiveness Analysis for LDCT screening for
non-smokers (with family hx) in the HPA program

Incremental Cost-effectiveness, LDCT Screening vs Usual care
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Risk threshold for cost-effectiveness criteria
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Smart LDCT
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Al-based Pipeline for Early Screening of Lung Cancer

Barta et al, 2024

Training Dataset

Study Datasets WRbat I &2 ! Q Labeled data

Cohort 1
(Indian population) Input CT image dataset with annotations
’ . 4
-"F ’H‘ Train automated lung
segmentation and nodule
Cohort 4 property prediction model
(White population)
< e Test Datasets
Clinical Radiology
INiCa AIPS-N model

; Cohort2 & 3
Input CT images (Indian population)

Clinical Factors
(age, gender, smoking I &2 ! e
status, histology) AIPS-N scores Q G

Train mutation prediction
. , ' model using ML/DL

| . e " AIPS-M del
Integration ©enomics



Al-Assisted LDCT Nodule Assessment: LiberLung

Workflow and clinical value of the LibraLung computer-aided reading system  changetal., 2022

1. Screening context 2. Al-assisted review 3. Structured output

e | DCT finds early lung cancer. ¢ Radiologist + Al read CT together. ® Reports type, lobe, size,
e Each scan has many slices e Al detects, segments, and classifies nodules. volume, and location.
and tiny nodules. »' Al examples »’ &
Solid Part-solid Non-solid a a

@ Nodule type: Solid
Q@ Location: RUL

/' Diameter: 6.2 mm
@ Volume: 124 mm?

¢> Coordinates: (x, Y, )

G b

8.0 mm 13.0 mm 5.9 mm

L ! (LUL) (LLL) (RLL) | | \ y
Clinical validation b Algorithm performance
e Built with 16 radiologists. ¢ Detection recall: 92%.
® 2,000 cases; 6,30 nodules. ¢ Type classification: P 0.91, R 0.88. CC)HESION D ATA
¢ Each nodule regiewed by >3 physicians. Jil Lobe localization: P/R 0.99. Cehesion Data, AT ahaad profissional id
, / Observed clinical utility 0%
© 7 6% aly
Accuracy Type consistency Lobe consistency Reading time 1 2 A) follow-up
nodule found
+25% +31% +33% -29% (Lung-RADS 1 —> Lung-RADS >=2)




Digital Twin for Personalized Lung Cancer Prevention

Virtual World

9 Risk prediction

Physical
World

Real Patient
with delayed
cancer carg

¥ a7
I
#%
)’ W
4 z
i)

Computational World

AlS

Decision World

(/g Secondary Prevention

Image Profiles

———, Molecular Blomarkers

START AGE

52

(A%

‘ j DCT Screening Radlomlcs Molecular DNA- based
| O biomarkers Blomarkers
| . e%H sn ‘;?
| N —
| o | =
AGE AGE AGE AGE
52 57 62 67

5years @ 5years

@

@ ArcC

Male - Adenocarcinoma

Lung

Calendar year of diagnosis

Female - Adenocarcinoma

200

@
o

Rate per 100,000

Calendar year of diagno:

1980 1985 1990 1995 2000 2005 2010 2015 2020

/ Chronic Lung N »
_ Disease History /

\
y Pellu
Firefighting [ Indust
ns
4
upatio

Heavy
Smoker
un
| Cancer
History Occupational
ExposuretoDust | [ [ ‘~---mmm e
d Heavy Metal

© mi-RNA

(', Secondary Prevention

Image Profiles

'0

f

LDCT Screening

N

-
Molecular 1
biomarkers |

DNA-based
Biomarkers

~— Molecular Biomarkers -




CanScreen

European Joint Action on Cancer Screening




