	Table 1 
Univariate Analysis of Clinical and CT Semantic Features Associated with Target Outcomes in the Training Cohorts.

	Variable
	Model A
	Model B

	
	Positive
	Negative
	P Value
	Univariate OR
(95% CI)
	Positive
	Negative
	P Value
	Univariate OR
(95% CI)

	Number
Histological subtype
Low-risk
Moderate-risk
High-risk
Clinical stage
IA
IB
IIA
Maximum diameter (cm) 
Maximum consolidation diameter (cm) 
CTR
Bronchovascular bundle 
thickening
0
1
Lobulation
0
1
Spiculation
0
1
Consolidation level
0
1
2
3
Obstructive change
0
1
Pleural attachment 
0
1
Pleural retraction 
0
1
	54

0
17
37

34
11
9
2.92 (±1.11)
2.69 (±1.19)

0.91 (±0.17)


NA


24
30

NA


0
6
13
35

NA


13
41

NA
	389

64
169
156

326
48
15
2.35 (±1.00)
1.74 (±1.27)

0.68 (±0.37)


NA


256
133

NA


65
99
69
156

NA


225
164

NA


	

<0.001



<0.001


<0.001
<0.001

<0.001





0.002





<0.001 







<0.001

	

Reference
Reference
3.25 (1.77, 5.98)

Reference
3.04 (1.65, 5.63)
4.99 (2.06, 12.05)









Reference
2.41 (1.35, 4.28)




Reference
Reference
5.83 (2.44, 13.95)
2.75 (1.52, 4.98)




Reference
4.33 (2.25, 8.33)


	69

0
6
63

39
20
10
3.17 (±0.81)
3.09 (±0.84)

0.97 (±0.07)


42
27

16
53

45
24

0
7
14
48

57
12

25
44

16
53
	443

64
186
193

360
59
24
2.42 (±1.04)
1.85 (±1.30)

0.71 (±0.36)


377
66

280
163

348
95

65
105
82
191

423
20

238
205

160
283
	

<0.001



<0.001


<0.001<0.001

<0.001


<0.001


<0.001


0.015


<0.001




<0.001


0.007


0.035
	

Reference
Reference
13.60 (5.77, 32.08)

Reference
3.34 (1.96, 5.68)
2.96 (1.35, 6.50)






Reference
3.67 (2.12, 6.36)

Reference
5.69 (3.15, 10.28)

Reference
1.95 (1.13, 3.37)

Reference
Reference
5.52 (2.47, 12.33)
3.02 (1.75, 5.21)

Reference
4.45 (2.07, 9.59)

Reference
2.04 (1.21, 3.46)

Reference
1.87 (1.04, 3.38)


	Data for continuous variables is mean ± standard deviation. 
[bookmark: OLE_LINK17][bookmark: OLE_LINK18]CT, computed tomography; OR, odds ratio; CI, confidence interval; CTR, consolidation-to-tumor ratio; NA, not applicable.












	Table 2 
The Key Features and Principal Components Selected via PCA and LASSO for Constructing the Rad-score and DL-score.

	Model
	Predictors
	Principal Components
	Coefficients
	The Top 3 Features Contributed
for Each Principal Component

	Model A
	DL-score
	Dim.2
	0.101
	feature_859, feature_440, feature_1062

	
	
	Dim.3
	-0.091
	feature_2039, feature_898, feature_1043

	
	
	Dim.17
	-0.030
	feature_399, feature_1489, feature_48

	
	
	Dim.14
	0.014
	feature_1926, feature_1631, feature_516

	
	
	Dim.24
	0.002
	feature_1134, feature_159, feature_282

	
	Rad-score
	Dim.2
	0.090
	gradient_glcm_Id
gradient_glcm_Idm
original_glcm_Difference Entropy

	
	
	Dim.32
	0.060
	original_shape_Elongation
original_shape_Flatness
original_shape_Sphericity

	
	
	Dim.50
	-0.058
	wavelet-HHL_firstorder_Median
wavelet-HHL_firstorder_Mean
wavelet-LHL_glszm_Large Area High Gray Level Emphasis

	
	
	Dim.4
	-0.056
	wavelet-LHH_glcm_Correlation
wavelet-HHL_glcm_Maximum Probability
wavelet-HHH_glcm_Correlation

	
	
	Dim.13
	-0.015
	squareroot_firstorder_10Percentile
wavelet-LLH_glcm_Cluster Prominence
squareroot_glcm_MCC

	
	
	Dim.1
	0.015
	logarithm_gldm_Dependence Entropy
original_glszm_High Gray Level Zone Emphasis 
original_glszm_Small Area High Gray Level Emphasis

	Model B
	DL-score
	Dim.16  
	0.141
	feature_472, feature_990, feature_1822

	
	
	Dim.9  
	0.061
	feature_551, feature_305, feature_1871

	
	
	Dim.18  
	0.048
	feature_359, feature_1890, feature_2001

	
	
	Dim.3 
	-0.024
	feature_2039, feature_1043, feature_464

	
	
	Dim.4 
	-0.019
	feature_117, feature_528, feature_964

	
	Rad-score
	Dim.2  
	0.415
	original_glcm_Difference Entropy
wavelet-HLH_firstorder_Uniformity
gradient_glcm_Id

	
	
	Dim.1  
	0.053
	logarithm_gldm_Dependence Entropy
original_glcm_Sum Average
original_glcm_Joint Average

	
	
	Dim.4 
	-0.033
	wavelet-LHH_glcm_Correlation
squareroot_gldm_Dependence Variance
wavelet-HHL_glcm_Maximum Probability

	
	
	Dim.3 
	-0.029
	wavelet-LLL_glszm_Size Zone Non Uniformity Normalized
logarithm_glcm_Imc2
wavelet-LLL_glszm_Small Area Emphasis

	
	
	Dim.10  
	0.021
	logarithm_glszm_Large Area Low Gray Level Emphasis squareroot_gldm_Large Dependence Low Gray Level Emphasis squareroot_glszm_Large Area Low Gray Level Emphasis

	PCA, principal component analysis; LASSO, least absolute shrinkage and selection operator; Rad-score, radiomics score; DL-score, deep learning score.










	Table 3 
Univariable Predictive Performance of the Rad-score and DL-score Across Cohorts.

	Model
	Cohort
	Predictors
	Negative
group
	Positive
group
	Univariable Analysis

	
	
	
	Median
	Quartile Range
	Median
	Quartile Range
	AUC
	95% CI
	OR
	95% CI

	Model A
	Training
	DL-score
	-2.023
	-2.054, -1.942
	-1.971
	-2.024, -1.851
	0.666
	0.592, 0.740
	3.28
	1.36, 5.87

	
	
	Rad-score
	-2.031
	-2.098, -1.926
	-1.927
	-1.974, -1.836
	0.750
	0.692, 0.808
	4.32
	2.58, 6.33

	
	Test
	DL-score
	-2.013
	-2.053, -1.913
	-1.977
	-2.022, -1.914
	0.587
	0.448, 0.726
	1.38
	0.76, 2.15

	
	
	Rad-score
	-1.988
	-2.077, -1.912
	-1.914
	-1.960, -1.875
	0.660
	0.506, 0.813
	2.29
	1.18, 3.47

	Model B
	Training
	DL-score
	-1.936
	-2.005, -1.876
	-1.906
	-1.973, -1.781
	0.621
	0.546, 0.697
	2.27
	1.35, 4.68

	
	
	Rad-score
	-2.145
	-2.347, -1.790
	-1.712
	-1.867, -1.509
	0.779
	0.732, 0.827
	8.22
	4.43, 15.85

	
	Test
	DL-score
	-1.927
	-2.001, -1.871
	-1.815
	-1.908, -1.694
	0.741
	0.590, 0.892
	4.26
	1.05, 13.52

	
	
	Rad-score
	-2.032
	-2.306, -1.732
	-1.680
	-1.772, -1.435
	0.783
	0.688, 0.879
	3.12
	1.19, 10.31

	AUC, area under the curve; CI, confidence interval; OR, odds ratio; Rad-score, radiomics score; DL-score, deep learning score.     






















	Table 4 
The Performance Comparison of Seven Machine Learning Algorithms in the Training Cohorts for Model A and Model B.

	Model
	Model A
	Model
	Model B

	
	PR_AUC (Mean±SD)
	95% CI
	ROC_AUC (Mean±SD)
	95% CI
	
	PR_AUC (Mean±SD)
	95% CI
	ROC_AUC (Mean±SD)
	95% CI

	Random
Forest

	0.831 ± 0.042
	0.808, 0.854
	0.857 ± 0.033
	0.841, 0.877
	Random
Forest

	0.916 ± 0.041
	0.893, 0.939
	0.937 ± 0.030
	0.920, 0.954

	SVM
	0.825 ± 0.043
	0.801, 0.849
	0.862 ± 0.034
	0.845, 0.882
	XGBoost
	0.908 ± 0.048
	0.882, 0.935
	0.928 ± 0.027
	0.915, 0.945

	k-NN
	0.803 ± 0.044
	0.778, 0.827
	0.850 ± 0.026
	0.836, 0.864
	Neural Network
	0.882 ± 0.049
	0.854, 0.909
	0.908 ± 0.030
	0.893, 0.926

	Neural Network
	0.791 ± 0.048
	0.765, 0.818
	0.840 ± 0.030
	0.823, 0.856
	Naïve Bayes
	0.862 ± 0.047
	0.836, 0.887
	0.887 ± 0.030
	0.876, 0.909

	XGBoost
	0.787 ± 0.045
	0.762, 0.812
	0.825 ± 0.035
	0.810, 0.848
	SVM
	0.829 ± 0.067
	0.792, 0.866
	0.869 ± 0.046
	0.849, 0.900

	Naïve Bayes
	0.767 ± 0.059
	0.734, 0.799
	0.795 ± 0.053
	0.768, 0.827
	k-NN
	0.801 ± 0.057
	0.770, 0.833
	0.877 ± 0.035
	0.860, 0.899

	Logistic Regression
	0.757 ± 0.053
	0.728, 0.787
	0.790 ± 0.050
	0.765, 0.820
	Logistic Regression
	0.717 ± 0.073
	0.676, 0.758
	0.789 ± 0.052
	0.761, 0.819

	ROC-AUC, area under the receiver operating characteristic curve; PR-AUC, area under the precision-recall curve; SD, standard deviation; CI, confidence interval; XGBoost, Extreme Gradient Boosting; SVM, Support Vector Machine; k-NN, k-nearest neighbors.     



























	Table 5 
Performance of the Integrated Random Forest Model vs. Feature-Specific Submodels for Each Prediction Task in the Test Cohorts.

	Prediction Task
	Model
	ROC-AUC
	95% CI
	PR-AUC
	95% CI
	DeLong Test

	Model A
	Integrated Model
	0.758
	0.610-0.905
	0.229
	0.178-0.437
	—

	
	Clinical-semantic Model
	0.651
	0.506-0.797
	0.162
	0.072-0.347
	0.012

	
	Radiomics Model
	0.518
	0.331-0.704
	0.193
	0.054-0.388
	<0.001

	
	Deep Learning Model
	0.491
	0.335-0.647
	0.113
	0.058-0.250
	<0.001

	Model B
	Integrated Model
	0.806
	0.681-0.931
	0.419
	0.285-0.673
	—

	
	Clinical-semantic Model
	0.780
	0.657-0.903
	0.252
	0.111-0.517
	0.781

	
	Radiomics Model
	0.657
	0.528-0.787
	0.161
	0.069-0.343
	0.031

	
	Deep Learning Model
	0.562
	0.384-0.739
	0.227
	0.058-0.459
	<0.001

	ROC-AUC, area under the receiver operating characteristic curve; PR-AUC, area under the precision-recall curve; CI, confidence interval.     







