Supplementary Table S1. Distribution of CT acquisition and reconstruction characteristics in the total cohort, training set, and validation set
	CT characteristic
	Total cohort (N = 300)
	Training set (n = 210)
	Validation set (n = 90)
	Absolute SMD

	Scanner platform, n (%)
	
	
	
	0.026

	GE Revolution CT
	176 (58.7%)
	124 (59.0%)
	52 (57.8%)
	

	Siemens SOMATOM Definition Flash
	124 (41.3%)
	86 (41.0%)
	38 (42.2%)
	

	Tube voltage, n (%)
	
	
	
	0.000

	120 kVp
	300 (100.0%)
	210 (100.0%)
	90 (100.0%)
	

	Effective tube-current-time product, mAs, mean ± SD
	64.2 ± 14.2
	64.5 ± 14.1
	63.6 ± 14.4
	0.063

	Pitch, mean ± SD
	1.10 ± 0.08
	1.10 ± 0.08
	1.10 ± 0.08
	0.000

	Reconstruction kernel, n (%)
	
	
	
	0.045

	Standard kernel
	168 (56.0%)
	119 (56.7%)
	49 (54.4%)
	

	Lung kernel
	132 (44.0%)
	91 (43.3%)
	41 (45.6%)
	

	Reconstructed slice thickness, n (%)
	
	
	
	0.059

	1.0 mm
	186 (62.0%)
	132 (62.9%)
	54 (60.0%)
	

	1.25 mm
	114 (38.0%)
	78 (37.1%)
	36 (40.0%)
	

	CTDIvol, mGy, mean ± SD
	2.06 ± 0.46
	2.07 ± 0.46
	2.04 ± 0.47
	0.065

	DLP, mGy·cm, mean ± SD
	75.5 ± 17.1
	75.8 ± 17.0
	74.9 ± 17.3
	0.052


Notes: CTDIvol and DLP were retrieved from the DICOM dose reports and were available for all 300 examinations. Absolute standardized mean differences were calculated between the training and validation sets. For a binary characteristic, the SMD represents the standardized difference in the proportion of the first listed category. No hypothesis-testing P values were calculated because the purpose of the table was to describe technical balance rather than test whether cohort allocation generated statistically significant differences. Abbreviations: CT, computed tomography; CTDIvol, volume computed tomography dose index; DICOM, Digital Imaging and Communications in Medicine; DLP, dose-length product; GE, General Electric; SD, standard deviation; SMD, standardized mean difference.

Supplementary Table S2. Image preprocessing and PyRadiomics feature-extraction settings
	Parameter
	Primary analysis setting
	Fixed-bin-width sensitivity setting

	Programming environment
	Python 3.10.13
	Same as primary analysis

	Radiomics software
	PyRadiomics 3.0.1
	Same as primary analysis

	Image-processing library
	SimpleITK 2.3.1
	Same as primary analysis

	Wavelet library
	PyWavelets 1.5.0
	Same as primary analysis

	Input image
	Three-dimensional native non-contrast chest CT volume
	Same as primary analysis

	Input mask
	Three-dimensional binary tumor ROI
	Same as primary analysis

	ROI label
	1
	1

	DICOM intensity conversion
	Rescale slope and intercept applied to obtain HU
	Same as primary analysis

	HU clipping
	None
	None

	Intensity normalization
	Disabled
	Disabled

	Outlier removal
	None
	None

	Intensity resegmentation
	None
	None

	Resampled voxel spacing
	1.0 × 1.0 × 1.0 mm³
	Same as primary analysis

	CT-image interpolation
	Linear interpolation
	Same as primary analysis

	Binary-mask interpolation
	Nearest-neighbor interpolation
	Same as primary analysis

	Padding during resampling
	5 voxels in each direction, within the original image boundaries
	Same as primary analysis

	Extraction dimensionality
	Three-dimensional
	Three-dimensional

	Gray-level discretization
	Fixed bin number: 64 bins
	Fixed bin width: 25 HU

	Voxel-array shift
	0
	0

	Texture distance
	1 voxel
	1 voxel

	GLCM construction
	Symmetrical GLCM
	Same as primary analysis

	Texture-matrix weighting
	None
	None

	Original image
	Enabled
	Enabled

	Wavelet-filtered images
	Enabled
	Enabled

	Wavelet family
	Coiflet 1
	Same as primary analysis

	Wavelet decomposition level
	First level
	Same as primary analysis

	Wavelet decompositions
	LLL, LLH, LHL, LHH, HLL, HLH, HHL, HHH
	Same as primary analysis

	LoG-filtered images
	Enabled
	Enabled

	LoG sigma values
	1.0, 2.0, 3.0, 4.0, and 5.0 mm
	Same as primary analysis

	First-order features
	18 non-deprecated features enabled
	Same as primary analysis

	Three-dimensional shape features
	14 non-deprecated features enabled on the original mask only
	Same as primary analysis

	GLCM features
	24 features enabled
	Same as primary analysis

	GLRLM features
	16 features enabled
	Same as primary analysis

	GLSZM features
	16 features enabled
	Same as primary analysis

	GLDM features
	14 features enabled
	Same as primary analysis

	NGTDM features
	5 features enabled
	Same as primary analysis

	Two-dimensional shape features
	Disabled
	Disabled

	Additional image filters
	Square, square-root, logarithm, exponential, gradient, and local-binary-pattern filters disabled
	Same as primary analysis

	Deprecated features
	Disabled
	Disabled

	C extensions
	Enabled
	Enabled

	Additional extraction information
	Enabled
	Enabled

	Other settings
	PyRadiomics 3.0.1 default values
	Same as primary analysis except for gray-level discretization


Notes: The primary analysis used a fixed number of 64 bins, resulting in an ROI-dependent effective HU bin width. In the sensitivity workflow, fixed-bin-number discretization was disabled and replaced with a fixed bin width of 25 HU. All other preprocessing, feature-extraction, reproducibility-screening, standardization, and model-development procedures were unchanged. PyRadiomics uses the specified interpolator for image resampling and nearest-neighbor interpolation for mask resampling. Abbreviations: CT, computed tomography; DICOM, Digital Imaging and Communications in Medicine; GLCM, gray-level co-occurrence matrix; GLDM, gray-level dependence matrix; GLRLM, gray-level run-length matrix; GLSZM, gray-level size-zone matrix; HU, Hounsfield unit; LoG, Laplacian of Gaussian; NGTDM, neighboring gray-tone difference matrix; ROI, region of interest.

Supplementary Table S3. Selected radiomic features, LASSO coefficients, and interobserver reproducibility
	Selected radiomic feature
	Image type
	Feature class
	LASSO coefficient
	ICC(2,1)
	95% CI

	wavelet-LLH_glcm_Idmn
	Wavelet-LLH
	GLCM
	0.315
	0.91
	0.84–0.95

	log-sigma-2-0-mm-3D_glszm_ZoneEntropy
	LoG, σ = 2.0 mm
	GLSZM
	0.284
	0.88
	0.78–0.94

	original_shape_Sphericity
	Original
	Three-dimensional shape
	−0.201
	0.96
	0.92–0.98

	wavelet-HHL_firstorder_Skewness
	Wavelet-HHL
	First order
	0.176
	0.86
	0.74–0.93

	wavelet-LLL_glrlm_RunVariance
	Wavelet-LLL
	GLRLM
	0.142
	0.89
	0.80–0.94

	log-sigma-1-0-mm-3D_firstorder_90Percentile
	LoG, σ = 1.0 mm
	First order
	−0.118
	0.94
	0.88–0.97

	original_glcm_ClusterShade
	Original
	GLCM
	0.095
	0.84
	0.70–0.92


Notes: ICCs were calculated using paired feature values extracted from independently segmented tumor ROIs in 30 training-set patients. Interobserver reproducibility was assessed using a two-way random-effects, absolute-agreement, single-measure model. Features with an ICC point estimate >0.80 were eligible for LASSO-Cox feature selection. The lower limit of the 95% confidence interval was reported but was not used as an additional exclusion criterion. Abbreviations: CI, confidence interval; GLCM, gray-level co-occurrence matrix; GLRLM, gray-level run-length matrix; GLSZM, gray-level size-zone matrix; ICC, intraclass correlation coefficient; LASSO, least absolute shrinkage and selection operator; LoG, Laplacian of Gaussian; ROI, region of interest.

Supplementary Table S4. Proportional-hazards, nonlinearity, collinearity, and interaction diagnostics for the prespecified prognostic models
	[bookmark: _GoBack]Diagnostic domain
	Model or term
	Statistic
	P value
	Adjusted P value

	Proportional-hazards assumption
	Clinical reference model, global test
	χ² = 8.34, df = 11
	0.684
	—

	Proportional-hazards assumption
	Full multimodal model, global test
	χ² = 11.21, df = 14
	0.612
	—

	Proportional-hazards assumption
	Age, per 10 years
	Schoenfeld χ² = 0.14
	0.710
	—

	Proportional-hazards assumption
	Sex, male vs. female
	Schoenfeld χ² = 0.25
	0.619
	—

	Proportional-hazards assumption
	Pack-years, per 10 pack-years
	Schoenfeld χ² = 0.06
	0.807
	—

	Proportional-hazards assumption
	CCI, per 1 point
	Schoenfeld χ² = 0.39
	0.534
	—

	Proportional-hazards assumption
	ECOG performance status, 1 vs. 0
	Schoenfeld χ² = 0.62
	0.431
	—

	Proportional-hazards assumption
	Histological subtype
	Schoenfeld χ² = 1.83, df = 2
	0.401
	—

	Proportional-hazards assumption
	Poor vs. well/moderate differentiation
	Schoenfeld χ² = 0.17
	0.677
	—

	Proportional-hazards assumption
	Pathological TNM stage
	Schoenfeld χ² = 2.61, df = 2
	0.271
	—

	Proportional-hazards assumption
	Sublobar resection vs. lobectomy
	Schoenfeld χ² = 0.13
	0.717
	—

	Proportional-hazards assumption
	EGFR-mutated vs. wild-type
	Schoenfeld χ² = 0.43
	0.513
	—

	Proportional-hazards assumption
	ALK-positive vs. negative
	Schoenfeld χ² = 0.05
	0.825
	—

	Proportional-hazards assumption
	Rad-score, per 1 SD
	Schoenfeld χ² = 0.52
	0.470
	—

	Proportional-hazards assumption
	TRAP1 H-score, per 50 points
	Schoenfeld χ² = 0.29
	0.590
	—

	Proportional-hazards assumption
	COL3A1 H-score, per 50 points
	Schoenfeld χ² = 0.84
	0.359
	—

	Continuous-effect assessment
	Age
	Overall P = 0.294
	0.676*
	—

	Continuous-effect assessment
	Pack-years
	Overall P = 0.418
	0.731*
	—

	Continuous-effect assessment
	Rad-score
	Overall P <0.001
	0.218*
	—

	Continuous-effect assessment
	TRAP1 H-score
	Overall P <0.001
	0.327*
	—

	Continuous-effect assessment
	COL3A1 H-score
	Overall P <0.001
	0.441*
	—

	Pairwise correlation
	Rad-score and TRAP1 H-score
	Spearman ρ = 0.31
	<0.001
	—

	Pairwise correlation
	Rad-score and COL3A1 H-score
	Spearman ρ = 0.24
	<0.001
	—

	Pairwise correlation
	TRAP1 and COL3A1 H-scores
	Spearman ρ = 0.27
	<0.001
	—

	Collinearity
	Age
	Adjusted GVIF = 1.13
	—
	—

	Collinearity
	Sex
	Adjusted GVIF = 1.12
	—
	—

	Collinearity
	Pack-years
	Adjusted GVIF = 1.28
	—
	—

	Collinearity
	CCI
	Adjusted GVIF = 1.10
	—
	—

	Collinearity
	ECOG performance status
	Adjusted GVIF = 1.09
	—
	—

	Collinearity
	Histological subtype
	Adjusted GVIF = 1.24
	—
	—

	Collinearity
	Differentiation grade
	Adjusted GVIF = 1.16
	—
	—

	Collinearity
	Pathological TNM stage
	Adjusted GVIF = 1.31
	—
	—

	Collinearity
	Surgical procedure
	Adjusted GVIF = 1.18
	—
	—

	Collinearity
	EGFR mutation status
	Adjusted GVIF = 1.20
	—
	—

	Collinearity
	ALK rearrangement status
	Adjusted GVIF = 1.06
	—
	—

	Collinearity
	Rad-score
	Adjusted GVIF = 1.26
	—
	—

	Collinearity
	TRAP1 H-score
	Adjusted GVIF = 1.22
	—
	—

	Collinearity
	COL3A1 H-score
	Adjusted GVIF = 1.19
	—
	—

	Exploratory interaction
	Pathological TNM stage × Rad-score
	Likelihood-ratio χ² = 2.79, df = 2
	0.248
	0.521

	Exploratory interaction
	Pathological TNM stage × TRAP1 H-score
	Likelihood-ratio χ² = 2.32, df = 2
	0.314
	0.521

	Exploratory interaction
	Pathological TNM stage × COL3A1 H-score
	Likelihood-ratio χ² = 1.70, df = 2
	0.427
	0.640

	Exploratory interaction
	Rad-score × TRAP1 H-score
	Likelihood-ratio χ² = 2.44, df = 1
	0.118
	0.354

	Exploratory interaction
	Rad-score × COL3A1 H-score
	Likelihood-ratio χ² = 1.39, df = 1
	0.239
	0.521

	Exploratory interaction
	TRAP1 H-score × COL3A1 H-score
	Likelihood-ratio χ² = 0.29, df = 1
	0.591
	0.591


Notes: Proportional-hazards tests were based on scaled Schoenfeld residuals from unpenalized Cox models containing the same prespecified variables as the corresponding ridge models. A nonsignificant result indicates no evidence against the proportional-hazards assumption. *The displayed P value in the continuous-effect rows is the P value for nonlinearity from a three-knot restricted cubic spline model; the overall association P value is shown in the statistic column. Adjusted GVIF values were calculated as GVIF^(1/[2 × df]) for terms with more than one degree of freedom. Interaction terms were entered individually into the additive full model. Adjusted P values were calculated across the six interaction tests using the Benjamini–Hochberg procedure. Penalized model coefficients were not subjected to conventional Wald significance testing. Abbreviations: ALK, anaplastic lymphoma kinase; CCI, Charlson Comorbidity Index; ECOG, Eastern Cooperative Oncology Group; EGFR, epidermal growth factor receptor; GVIF, generalized variance inflation factor; SD, standard deviation; TNM, tumor-node-metastasis; TRAP1, tumor necrosis factor receptor-associated protein 1; COL3A1, collagen type III alpha 1 chain.
