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Supplementary Table S1. Target matrix of the power module
	Group
	Targets
	Records
	Coverage

	Hua
	22
	769
	1.000

	San
	18
	660
	0.944

	Lian
	21
	230
	0.905

	Jiang
	26
	2506
	0.962

	Bu
	22
	2918
	0.955


Supplementary Table S2. L4 product matrix
	Product group
	Targets
	Records
	Coverage

	Mucus
	8
	561
	1.000

	ECM
	15
	2385
	1.000

	Hyaluronan
	7
	803
	1.000

	Lactate
	7
	405
	0.857

	Lymph
	8
	375
	1.000

	Metabolism
	6
	1006
	1.000


Supplementary Table S3. Model parameters
	Parameter
	Value (per year)

	q0
	0.0068

	q1
	0.0666

	q2
	0.0556

	q3
	0.0624

	q4
	0.0689

	q5
	0.0386

	q6
	0.1425


The mitochondrial efficiency checkpoint E(a) is applied to the last transition; its midpoint is 85 years.
Supplementary Table S4. Model comparison
	Model
	Parameters
	Negative log-likelihood
	AIC
	BIC

	M0
	5
	37.41
	84.82
	89.27

	M1
	6
	17
	46
	51.34

	M2
	13
	4.14
	34.28
	45.85


Supplementary Table S5. State occupancy
	State
	Never-smoker women
	Current-smoker women
	Current-smoker men

	H
	77
	5.9
	4.2

	L1
	6.5
	21.2
	22.8

	L2
	5.1
	28.7
	29.6

	L3
	2.6
	19.1
	18.4

	L4
	1.2
	10.3
	10.1

	L5
	0.7
	1.2
	1.3

	L6
	0.1
	3.3
	3.6

	L7
	0.03
	1.36
	1.52


Supplementary Table S6. Data sources and roles
	Data source
	Variable
	Role

	SEER 2012-2016
	Age-specific incidence
	Calibration

	PubMed
	Target record counts
	Target matrix

	NLST/NELSON
	Screening mortality
	External comparison

	UK case-control
	Cumulative risk by 75
	Smoking calibration


Supplementary Table S7. State labels and readouts
	States
	Definition

	H, L1-L7, D
	Forward state chain


