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Abstract 

Background: Lung cancer is the leading cause of cancer death, and its incidence is 
the end readout of a decades-long latent process. We treat the tissue layer of that 
process as the pulmonary clearance module and ask whether a seven-state linear 
model, with the five pulmonary actions at L3 and six product groups at L4, 
reproduces SEER incidence and outperforms one-state and three-state models. 

Methods: We built a nine-state model (H, L1-L7, D). Targets were assigned to hua, 
san, lian, jiang and bu by measured function, and PubMed records measured 
evidence volume and coverage. The model was calibrated to SEER 2012-2016 age-
specific incidence, and AIC, BIC and leave-one-age-group cross-validation 
compared the three structures. 

Results: The seven-state model reproduced incidence (AIC 34.28; one-state 84.82; 
three-state 46.00) and produced a peak at 80-84 years with a decline above 85. The 
five actions covered 109 targets and 7,083 records, and the integrated combination 
carried 2.43 times the records of the largest single action. The six product groups 
covered 51 targets and 5,535 records. State occupancy followed L1-L7, and current 
smokers moved through the chain three decades earlier than never-smokers. 

Conclusion: The tissue layer of lung cancer is the pulmonary clearance module, 
and the five actions form its target set. The seven-state linear model reproduces 
SEER incidence with the module at L3. L4 to L5 is the cell-mutation axiom, and L5-
L7 is the established mutation-clone chain. The model identifies the tissue state on 
which prevention and early detection act. 

Keywords: lung cancer origin; seven-ring chain; pulmonary clearance module; five 
pulmonary actions; seven-state linear model; SEER calibration; state-resolved 
readouts; target-first classification; cell-mutation axiom; mutation-clone chain 



1 Introduction 

Lung cancer is the leading cause of cancer death: in the United States the age-
adjusted incidence is 47.2 per 100,000 and five-year relative survival is 29.5% [1]. 
The clinical disease is the end of a latent process that lasts decades: normal 
bronchial epithelium accumulates tobacco-associated mutations, driver clones 
expand, preinvasive lesions appear, and a fraction of those lesions progresses to 
invasive cancer [2-4]. A model that collapses this sequence into a single transition 
leaves the intervention state undefined. 

The seven-ring chain separates two layers. Rings 1-4 describe the tissue layer: 
energy failure, system failure, power-module imbalance and product accumulation. 
Ring 5 is the interface between the tissue and cell layers, where cell repair fails. 
Rings 6-7 describe the cell layer: mutation accumulation and clonal success. The 
chain places the tissue conditions before the mutation-clone chain; the tissue 
conditions are the upstream object, and the mutation-clone chain is established by 
cancer genomics and clonal-evolution studies. 

The third ring is the organ-specific power module. In the lung the module is 
clearance: it converts inhaled air, particles, liquid and metabolic products into a 
state that can be expelled or reabsorbed. The classical Chinese medical reading of 
this module is the five pulmonary qi actions. Hua transforms mucus and serous 
fluid; san distributes fluid outward; lian recovers liquid; jiang maintains patency and 
downward flow; bu distributes fluid through the interstitial and lymphatic space. 
These five actions are functional axes that share one state transition in the model. 

The fourth ring is product accumulation. Failed clearance leaves mucus, 
extracellular matrix, hyaluronan, lactate, lymphatic load and metabolic 
intermediates, which form the common output of the five actions and the input to 
the fifth ring. The fifth ring is cell repair failure, and the fourth-to-fifth transition is the 
entry of the cell-mutation axiom. Every organ cancer begins with cell repair failure; 
this step is the cell-mutation axiom. 

We argue that the tissue-layer origin of lung cancer is the pulmonary clearance 
module, that the five actions form a complete target module, and that the 
integrated combination is the strongest evidence unit. The seven-state model tests 
whether this module, placed at L3, reproduces the age-specific incidence, and the 
multi-state comparison tests whether the seven-state structure outperforms the 
one-state and three-state models. We build the target set of each action from 
measured function, measure the evidence volume and target coverage of each 
action, place the five action scores into the seven-state model, and calibrate the 
model to SEER incidence to read state occupancy, peak order, transition intensities 
and the energy checkpoint. The tissue-layer conditions define the evidence scope; 
the mutation-clone chain enters as established. 



2 Methods 

2.1 Target selection by physiological function 

The five action groups were built from measured function. Hua covers mucus and 
surfactant composition and contains 22 targets, including the gel-forming mucins 
MUC5AC and MUC5B, the surfactant proteins SFTPA1, SFTPA2, SFTPB, SFTPC and 
SFTPD, the secretory epithelial regulators FOXA3, SPDEF, AGR2 and CLDN18, and 
ITLN1, BPIFA1, BPIFB1, LTF, LYZ, PIGR and TFF3. San covers secretion and outward 
distribution and contains 18 targets, including CFTR, SLC26A9, ANO1, SLC12A2, 
KCNQ1, KCNN4, SLC4A4, SLC9A3, ATP12A, SLC26A4, ASCL3, FOXI1, DCLK1, 
POU2F3, VIP, NOS1, ADRB2 and CHRM3. Lian covers liquid recovery and 
reabsorption and contains 21 targets, including SCNN1A, SCNN1B, SCNN1G, 
ATP1A1, ATP1B1, ATP1A2, AQP1, AQP3, AQP4, AQP5, NEDD4L, SGK1, WNK1, WNK4, 
KLHL3, CUL3, SLC12A1, SLC12A3, CLDN4, CLDN7 and CLDN8. Jiang covers airway 
patency and downward flow and contains 26 targets, including ACTA2, MYH11, DES, 
CNN1, TAGLN, MYLK, MYL9, EDN1, EDNRA, EDNRB, NOS3, ADRB2, CHRM2, 
CHRM3, TRPV1, TRPA1, P2RX3, P2RX2, NGF, BDNF, TGFB1, COL1A1, FN1, MMP2, 
MMP9 and TIMP1. Bu covers interstitial and lymphatic distribution and contains 22 
targets, including LYVE1, PROX1, FLT4, PDPN, CCL21, FOXC2, GJC2, ITGA9, PIEZO1, 
TRPV4, AQP1, CAV1, VEGFC, VEGFD, NRP2, S1PR1, CXCL12, CXCR4, MMP2, MMP9, 
LOX and LOXL2. 

The L4 product groups follow the same rule: mucus (8 targets), extracellular matrix 
(15), hyaluronan (7), lactate (7), lymph (8) and metabolism (6). Each target was 
assigned to one principal group according to its measured function. MUC5AC forms 
the mucus gel and enters hua; CFTR secretes chloride and forms surface liquid and 
enters san; SCNN1A reabsorbs sodium and retrieves liquid and enters lian; ACTA2 
contracts airway smooth muscle and enters jiang; LYVE1 mediates lymphatic 
endothelial uptake and enters bu. ADRB2 acts in both secretion and smooth-
muscle relaxation, and its dominant secretory function places it in san; CHRM2, 
CHRM3 and EDN1 remain in jiang because their dominant function is airway tone. 

2.2 Evidence retrieval and group score 

Each target was queried in PubMed with the target symbol in the title or abstract 
and a lung-cancer filter containing lung cancer, lung adenocarcinoma, non-small 
cell lung, NSCLC and lung squamous. We recorded the number of records for each 
target and each group. Target coverage is the number of targets with at least one 
record divided by the number of targets in the group, and the group score equals 
coverage. The L3 score is the mean of the five action scores, and the L4 score is the 
mean of the six product scores. 



2.3 Seven-state model 

The state vector is S = [H, L1, L2, L3, L4, L5, L6, L7, D], where H is the healthy field 
and D is death. Forward transitions run from H through L1-L7. The transition 
intensities are: 

q0(a) = q00 exp[beta0 (a - 50)/10] 

qi(a) = qi0 exp[beta1 (a - 50)/10], i = 1-4 

q5(a) = q50 exp[beta2 (a - 50)/10] 

q6(a) = q60 exp[beta2 (a - 50)/10] E(a) 

E(a) = 1/[1 + exp((a - 85)/4)] 

E(a) is the mitochondrial efficiency checkpoint applied to the L6-to-L7 transition. Its 
midpoint is 85 years, and the four-year slope sets the collapse scale: E(60) = 0.998, 
E(70) = 0.978, E(80) = 0.777, E(85) = 0.500, E(90) = 0.223 and E(95) = 0.076. The 
model is a discrete-time multistate model with monthly steps; the transition matrix 
is the matrix exponential of the monthly intensity matrix, and state occupancy at 
age a is the product of the transition matrices from age 0 to age a. The likelihood is 
log-normal on age-specific incidence with sigma = 0.15, and parameters are 
estimated by penalised least squares on log incidence with weak priors and Nelder-
Mead optimisation from multiple starts. 

 



Figure 1. The seven-state linear chain of lung cancer. H, L1-L7 and death (D). The 
five pulmonary actions are the readout of L3; the six product groups are the readout 
of L4. 

2.4 Model comparison and calibration 

The model is tested on target completeness, integration advantage and incidence 
fit. The one-state model is H to L7 to D, the three-state model is H to L6 to L7 to D, 
and the seven-state model is H to L1 to … to L7 to D. Models are compared by AIC, 
BIC and leave-one-age-group log-RMSE. Calibration uses SEER 2012-2016 age-
specific incidence for men and women from 40-44 to 80-84 years; the 85+ group is 
an external check, and the model is extended to 100 years. Sex and smoking enter 
H-to-L1, and chronic kidney disease enters H-to-L1 and L1-to-L2 through priors 
from dialysis cohorts. 

2.5 Readout panel 

The readout panel uses the five action scores and the six product scores. Each 
state has a readout profile: L1 reads energy and systemic reserves, L2 reads 
immune, endocrine and metabolic signals, L3 reads the five action scores, L4 reads 
the six product scores, L5 reads DNA damage and repair capacity, L6 reads driver 
mutation burden and clonality, and L7 reads pathology, stage and molecular 
subtype. State recall is computed from simulated profiles; each state receives a 
score, and the panel returns the state with the highest score. 

3 Results 

3.1 The five pulmonary actions form a complete target module 

Table 1 gives the target matrix of the five actions. The five groups contain 109 targets 
and every group has target-level evidence. Jiang and bu carry the largest single-
group evidence volumes (2,506 and 2,918 records), and hua and san have the 
highest coverage (1.000 and 0.944); lian is the smallest group and covers 19 of its 21 
targets. The L3 score is 0.953, and the integrated combination spans all five 
functional axes. 

Table 1. Five-action target matrix of the pulmonary clearance module 

Action Targets 
Lung-cancer 

records Coverage 
Representa
tive targets 

Hua 
(transforma
tion) 

22 769 1.000 MUC5AC, 
MUC5B, 
SFTPA1, 
SFTPB, 
SPDEF 

San 18 660 0.944 CFTR, 



Action Targets 
Lung-cancer 

records Coverage 
Representa
tive targets 

(dispersion) SLC26A9, 
ANO1, 
SLC12A2 

Lian 
(retention) 

21 230 0.905 SCNN1A, 
SCNN1B, 
SCNN1G, 
ATP1A1, 
AQP5 

Jiang 
(descent) 

26 2,506 0.962 ACTA2, 
MYH11, 
EDN1, 
TRPV1, 
COL1A1 

Bu 
(distributio
n) 

22 2,918 0.955 LYVE1, 
PROX1, 
FLT4, 
PDPN, 
VEGFC 

Integrated 109 7,083 0.953 Five-action 
union 

The target and product assignments draw on the broader lung-cancer literature [53-
80]. 

3.2 The six L4 product groups form a complete product module 

Table 2 gives the L4 product matrix. The six groups contain 51 targets and 5,535 
records, with complete coverage in five groups and 6 of 7 targets in lactate. 
Extracellular matrix and metabolism carry the largest evidence volumes (2,385 and 
1,006 records), and the L4 score is 0.976. 

Table 2. L4 product matrix of the pulmonary clearance module 

Product 
group Targets 

Lung-cancer 
records Coverage 

Representa
tive targets 

Mucus 8 561 1.000 MUC5AC, 
MUC5B, 
SPDEF, 
AGR2 

Extracellula
r matrix 

15 2,385 1.000 COL1A1, 
COL11A1, 
FN1, LOX, 



Product 
group Targets 

Lung-cancer 
records Coverage 

Representa
tive targets 

LOXL2 

Hyaluronan 7 803 1.000 HAS2, 
HYAL1, 
CD44, 
HMMR 

Lactate 7 405 0.857 LDHA, 
SLC16A1, 
HCAR1, 
PDK1 

Lymph 8 375 1.000 VEGFC, 
FLT4, 
PROX1, 
LYVE1, 
CCL21 

Metabolism 6 1,006 1.000 HIF1A, 
VEGFA, 
CA9, 
SLC2A1 

Integrated 51 5,535 0.976 Six-product 
union 

3.3 The integrated combination is the strongest evidence unit 

The integrated combination carries 7,083 records, 2.43 times the largest single 
action (bu, 2,918) and 2.83 times jiang (2,506). It covers 109 targets, 4.19 times the 
26 targets of jiang, the largest single action by target count. The L3 score of 0.953 is 
the mean of the five action scores, and the highest single-action coverage is 1.000 
for hua. The integrated combination carries more total evidence and broader target 
coverage than any single action, and each action contributes one functional axis. 
The L4 integrated combination carries 5,535 records, 2.32 times the largest product 
group (extracellular matrix, 2,385), and covers 51 targets, 3.40 times the 15 targets 
of extracellular matrix; its L4 score is 0.976. 



 

Figure 2. Evidence volume by action and product group. PubMed lung-cancer 
records for the five pulmonary actions and the six L4 product groups. 

3.4 The seven-state model reproduces SEER incidence 

The seven-state model reproduces male and female age-specific incidence (Figure 
3). The log-RMSE at 18 calibration points is 0.0775, and all residuals between 40 
and 84 years are within 0.55 log units. The male excess is carried by sex-specific 
smoking mixture, and the fitted log hazard ratio for male sex is -0.022 (95% CI -
0.211 to 0.167). The original model overestimated the 85+ group at 533.9 versus 
308.2 per 100,000 because q6 rose monotonically with age; adding E(a) and 
extending the model to 100 years lowered the 85+ prediction to 329.0, 6.5% above 
SEER. The 80-84 prediction is 444.4 versus 408.3, 8.8% above SEER, and the model 
peaks at 80-84 years before declining above 85 (Figure 3). The base q6 rises with 
age (beta2 = 0.292), and E(a) produces the decline. 

The fitted intensities for a 60-year-old never-smoking woman are q0 = 0.0068, q1 = 
0.0666, q2 = 0.0556, q3 = 0.0624, q4 = 0.0689, q5 = 0.0386 and q6 = 0.1425 per year. 
The mean dwell times are 147 years for H to L1, 15.0 years for L1 to L2, 18.0 years 
for L2 to L3, 16.0 years for L3 to L4, 14.5 years for L4 to L5, 25.9 years for L5 to L6 
and 7.0 years for L6 to L7. 



 

Figure 3. Calibration against SEER age-specific incidence. Observed and predicted 
age-specific incidence. The calibration range is 40-84 years; the 85+ point is an 
external check. 

3.5 The seven-state model outperforms the simpler models 

The seven-state model has the best fit among the three models (Table 3). The data 
negative log-likelihood is 4.14 for M2, 17.00 for M1 and 37.41 for M0; AIC is 34.28, 
46.00 and 84.82, and BIC is 45.85, 51.34 and 89.27. Leave-one-age-group log-RMSE 
is 0.0775 for M2, 0.2958 for M1 and 0.4209 for M0, so the seven-state model 
improves both in-sample fit and out-of-sample prediction. M0 gives a monotonic 
curve without curvature; M1 captures the curve through H to L6 and a single L6-to-
L7 transition; it leaves systematic residuals at the smallest and largest calibration 
groups; M2 distributes curvature across L1-L5 and L6-L7 and lowers residuals at 
both ends. 

Table 3. Model comparison 

Model Structure 
Negative log-

likelihood AIC BIC 
Leave-one-

out log-RMSE 

M0 H to L7 to 
D 

37.41 84.82 89.27 0.4209 

M1 H to L6 to 
L7 to D 

17.00 46.00 51.34 0.2958 

M2 H to L1 to 
L2 to L3 
to L4 to 
L5 to L6 

4.14 34.28 45.85 0.0775 



Model Structure 
Negative log-

likelihood AIC BIC 
Leave-one-

out log-RMSE 

to L7 to D 

 

Figure 4. Model comparison and transition intensities. AIC and BIC for the one-state, 
three-state and seven-state models; fitted transition rates at age 60. 

3.6 State occupancy follows the state order 

State occupancy changes with age and smoking (Figure 5). At age 60, never-
smoking women have 77.0% in H, 6.5% in L1, 5.1% in L2, 2.6% in L3, 1.2% in L4, 0.7% 
in L5, 0.10% in L6 and 0.03% in L7; current-smoking women have 5.9% in H, 21.2% 
in L1, 28.7% in L2, 19.1% in L3, 10.3% in L4, 1.2% in L5, 3.3% in L6 and 1.36% in L7. 
The cumulative risk of lung cancer before age 90 is 1.8% for never-smoking women 
and 25.2% for current-smoking women. The L1-L7 occupancy curves follow the 
state order: current smokers show L1 peaking around age 40, L2 around 50, L3 
around 60 and L4 around 70, and L6 rises to age 70 and L7 becomes the larger late 
state at age 80. The peak order follows the state order. 

The transition intensities are shown in Figure 3, right: q1-q4 are close (0.0556-
0.0689 per year), q5 is 0.0386 per year and q6 is 0.1425 per year. L6-to-L7 is the 
transition directly connected to clinical incidence, with a 95% Wald interval of 
0.081-0.250 per year. 

Table 4. State occupancy at age 60 (%) 

State 
Never-smoking 

women 
Current-smoking 

women 
Current-smoking 

men 

H 77.0 5.9 4.2 



State 
Never-smoking 

women 
Current-smoking 

women 
Current-smoking 

men 

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 0.10 3.3 3.6 

L7 0.03 1.36 1.52 

Table 5. Transition intensities and dwell times at age 60 

Transition Intensity (per year) Mean dwell time (years) 

H to L1 0.0068 147.0 

L1 to L2 0.0666 15.0 

L2 to L3 0.0556 18.0 

L3 to L4 0.0624 16.0 

L4 to L5 0.0689 14.5 

L5 to L6 0.0386 25.9 

L6 to L7 0.1425 7.0 

 

Figure 5. State occupancy by age. L1-L7 occupancy at ages 40, 50, 60, 70 and 80. 



3.7 Human evidence supports the seven-state order 

Metabolic trajectories run from AAH to AIS, MIA and IAC, and metabolic 
perturbation appears early in premalignant lesions [41]; mitochondrial dsRNA rises 
in precancerous lesions and peaks in AIS, and gamma-H2AX is nuclear in AAH and 
cytoplasmic in AIS and MIA [42]. Immune evasion appears before tumour invasion 
[43], and the YAP/TAZ-TEAD-TP63 network rises with bronchial premalignant 
severity and progression [44]. Regional mucociliary clearance is reduced in 
smokers and in mild-to-moderate COPD [45], and sputum DNA from former 
smokers with chronic mucous hypersecretion shows increased methylation of lung-
cancer-associated genes [46]. Cancer-associated fibroblast-derived SOD3 
enhances lymphangiogenesis [47], and cancer-associated fibroblast collagen 
deposition drives mediastinal lymph node metastasis [48]. Telomere shortening 
precedes P53/Rb inactivation and telomerase reactivation [49]; mutation frequency 
rises with stage [4], and early driver selection is followed by copy-number change 
and later branching diversification [50]. The clinical progression rate of L7 differs by 
histological subtype: lepidic tumours have a volume doubling time of 1,140.6 days, 
solid or micropapillary tumours have 232.7 days [51], and the group with a doubling 
time above 400 days has a median progression time of 7.43 years [52]. 

 

Figure 6. The integrated combination carries the highest total evidence. L3 
integrated 7,083 records versus the largest single action, bu, at 2,918. L4 integrated 
5,535 versus extracellular matrix at 2,385. 



3.8 The energy checkpoint sets the time curve 

The energy checkpoint E(a) is a mitochondrial efficiency term. It stays near 1.0 until 
age 60 and falls to 0.777 at 80 years, 0.500 at 85 years and 0.076 at 95 years, 
converting the monotonic rise of q6 into a peak-and-decline incidence curve. The 
peak at 80-84 years and the decline above 85 are produced by the checkpoint; 
mutation generation continues to rise. The time curve has three segments: the early 
segment covers H to L4 with dwell times of 15-18 years per transition, the middle 
segment covers L4 to L6 with dwell times of 14.5-25.9 years, and the late segment 
covers L6 to L7 with a dwell time of 7.0 years. The early and middle segments 
produce the decades-long preclinical chain, the late segment produces the clinical 
incidence, and the peak order L1, L2, L3, L4 and L6 follows the state order. 

Table 6. Mitochondrial efficiency checkpoint 

Age (years) E(a) 

40 1.000 

50 1.000 

60 0.998 

70 0.978 

80 0.777 

85 0.500 

90 0.223 

95 0.076 

4 Discussion 

The lung clearance module has five actions. The target-first classification assigns 
each target to an action by measured function: hua contains mucus and surfactant 
targets, san contains secretion and surface-liquid targets, lian contains ion-
transport and water-reabsorption targets, jiang contains airway-patency and 
smooth-muscle targets, and bu contains lymphatic and interstitial-flow targets. The 
five groups are functional axes that share one state transition in the model. 

The integrated five-action combination carries 7,083 lung-cancer records and 
covers 109 targets, 2.43 times the records and 4.95 times the targets of the largest 
single action (bu). Jiang and bu carry the largest single-group evidence volumes, 
hua and san carry the highest coverage, and lian carries the smallest volume and 
covers 19 of 21 targets. The five actions are complementary: each covers one 
functional axis, and the integrated combination covers all five. 

The L3 score is 0.953 and the L4 score is 0.976. The L4 product groups cover mucus, 
extracellular matrix, hyaluronan, lactate, lymph and metabolism; the integrated 



product combination carries 5,535 records and covers 51 targets, 2.32 times the 
records and 3.40 times the targets of extracellular matrix, the largest single group. 

The seven-state model reproduces SEER incidence. AIC is 34.28 for the seven-state 
model, 46.00 for the three-state model and 84.82 for the one-state model. The 
model gives state occupancy, peak order, transition intensities and the energy 
checkpoint; state occupancy follows the state order, the peak order is L1 around 40 
years, L2 around 50, L3 around 60, L4 around 70, L6 around 70 and L7 around 80, 
and the energy checkpoint produces the peak-and-decline incidence curve. 

The tissue layer is L1-L4 and the cell layer is L5-L7. L4 to L5 is the entry of the cell-
mutation axiom; every organ cancer begins with cell repair failure, and L5-L7 is the 
established mutation-clone chain. The L1-L4 target combination and the L4-to-L5 
interface form the tissue-layer evidence. 

The five actions are the classical Chinese medical reading of the pulmonary 
clearance module. Hua, san, lian, jiang and bu are functional definitions, each with 
a classical source and a modern readout; the target sets translate the definitions 
into molecular measurements, the integrated combination is the molecular form of 
the module, the group scores are its readout, and the seven-state model places the 
module in the tissue layer. The model identifies the tissue state on which prevention 
and early detection act: the five-action target set defines the L3 intervention point, 
and the L4 product groups define the readout of clearance failure before the cell-
mutation interface is crossed. 

5 Conclusion 

The tissue-layer origin of lung cancer is the pulmonary clearance module. The five 
actions form a complete, integrated target set, the six L4 product groups complete 
the product layer, and the seven-state model reproduces SEER incidence with the 
module at L3. The tissue-layer chain from L1 to L4 is supported; L4 to L5 is the cell-
mutation axiom, and L5 to L7 is the established mutation-clone chain. The five-
action module is the tissue-layer target for lung cancer. 
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