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[bookmark: OLE_LINK13]1. Comparison of Different Fusion Method
[bookmark: OLE_LINK9]Leveraging the concept of ensemble methods, we combined the predicted probabilities from different cross-sectional images of the same patient to enhance predictive performance and robustness. Specifically, we implemented two distinct approaches to perform this ensemble fusion: using the maximum and the average values of the predictions. 
The first approach involves taking the maximum predicted probability among all slices for a given patient. This method tends to highlight the most abnormal features detected across slices, which might indicate the presence of pathological findings more assertively. The mathematical representation for the maximum ensemble method is as follows:

The second approach averages the predicted probabilities across all slices. This method provides a more balanced view that incorporates contributions from all slices, potentially smoothing out any anomalies that might appear in a single slice. The formula for calculating the average predicted probability is:

where  is the maximum probability , where represents the average probability andare the predicted probabilities for each slice.
Detailed comparisons between these two ensemble methods are available, offering insights into their respective advantages and limitations in the context of medical image analysis. These comparative analyses help in selecting the most appropriate ensemble strategy based on specific clinical and diagnostic requirements.


Table 1. Performance of different fusion methods in the model.
	Model Name
	ACC
	AUC
	95% CI
	Sensitivity
	Specificity
	PPV
	NPV
	Method
	Cohort

	densenet121
	0.840
	0.910
	0.8859-0.9335
	0.872
	0.834
	0.498
	0.972
	MIL
	train

	densenet121
	0.869
	0.899
	0.8744-0.9229
	0.299
	0.976
	0.700
	0.881
	mean
	train

	densenet121
	0.771
	0.883
	0.8564-0.9101
	0.880
	0.751
	0.399
	0.971
	max
	train

	densenet121
	0.717
	0.908
	0.8645-0.9521
	0.952
	0.681
	0.312
	0.989
	MIL
	val

	densenet121
	0.909
	0.915
	0.8759-0.9548
	0.381
	0.989
	0.842
	0.913
	mean
	val

	densenet121
	0.789
	0.882
	0.8344-0.9298
	0.762
	0.793
	0.360
	0.956
	max
	val

	densenet121
	0.786
	0.875
	0.7663-0.9837
	0.667
	0.806
	0.364
	0.935
	MIL
	test

	densenet121
	0.786
	0.819
	0.6677-0.9712
	0.500
	0.833
	0.333
	0.909
	mean
	test

	densenet121
	0.667
	0.861
	0.7266-0.9956
	1.000
	0.611
	0.300
	1.000
	max
	test

	densenet201
	0.840
	0.910
	0.8859-0.9335
	0.872
	0.834
	0.498
	0.972
	MIL
	train

	densenet201
	0.871
	0.883
	0.8556-0.9105
	0.299
	0.979
	0.729
	0.881
	mean
	train

	densenet201
	0.758
	0.857
	0.8271-0.8875
	0.761
	0.757
	0.371
	0.944
	max
	train

	densenet201
	0.717
	0.908
	0.8645-0.9521
	0.952
	0.681
	0.312
	0.989
	MIL
	val

	densenet201
	0.868
	0.905
	0.8634-0.9462
	0.000
	1.000
	0.000
	0.868
	mean
	val

	densenet201
	0.849
	0.854
	0.8044-0.9026
	0.071
	0.967
	0.250
	0.873
	max
	val

	densenet201
	0.786
	0.875
	0.7663-0.9837
	0.667
	0.806
	0.364
	0.935
	MIL
	test

	densenet201
	0.810
	0.769
	0.6028-0.9343
	0.667
	0.833
	0.400
	0.937
	mean
	test

	densenet201
	0.619
	0.764
	0.5840-0.9438
	0.667
	0.611
	0.222
	0.917
	max
	test

	resnet101
	0.840
	0.910
	0.8859-0.9335
	0.872
	0.834
	0.498
	0.972
	MIL
	train

	resnet101
	0.866
	0.861
	0.8316-0.8907
	0.282
	0.976
	0.687
	0.878
	mean
	train

	resnet101
	0.748
	0.839
	0.8086-0.8696
	0.795
	0.740
	0.365
	0.950
	max
	train

	resnet101
	0.717
	0.908
	0.8645-0.9521
	0.952
	0.681
	0.312
	0.989
	MIL
	val

	resnet101
	0.877
	0.860
	0.8051-0.9139
	0.405
	0.949
	0.548
	0.913
	mean
	val

	resnet101
	0.711
	0.773
	0.7034-0.8435
	0.571
	0.732
	0.245
	0.918
	max
	val

	resnet101
	0.786
	0.875
	0.7663-0.9837
	0.667
	0.806
	0.364
	0.935
	MIL
	test

	resnet101
	0.738
	0.755
	0.5813-0.9280
	0.500
	0.778
	0.273
	0.903
	mean
	test

	resnet101
	0.619
	0.711
	0.5138-0.9075
	0.833
	0.583
	0.250
	0.955
	max
	test


ACC, accuracy; AUC, the area under the curve; 95%CI, 95% confidence interval; PPV, positive predictive value; NPV, negative predictive value. 
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[bookmark: model-building][bookmark: OLE_LINK12][bookmark: OLE_LINK8]Figure 1. AUC of various deep learning architectures: (A) DenseNet121, (B) DenseNet201, and (C) ResNet101 in the training cohort (a), internal validation cohort (b), and external validation cohort (c).
2. The Baseline Characteristics of All Cohorts
[bookmark: _Hlk193782880]Table 1. Baseline characters of different cohorts. 
	Characteristics
	Train(n=739)
	Val(n=318)
	Test(n=42)
	P-value

	Agea
	57.10±10.13
	57.47±10.25
	58.60±8.00
	0.685

	Maximum diameter(mm)a
	16.74±6.28
	16.36±6.40
	19.31±6.52
	0.318

	Gender
	
	
	
	1.000

	Male
	291(39.38)
	125(39.31)
	25(59.52)
	

	Female
	448(60.62)
	193(60.69)
	17(40.48)
	

	Smoking history
	
	
	
	0.365

	N0
	587(79.43)
	261(82.08)
	36(85.71)
	

	Yes
	152(20.57)
	57(17.92)
	6(14.29)
	

	Density
	
	
	
	0.078

	Solid 
	358(48.44)
	131(41.19)
	29(69.05)
	

	Part solid
	173(23.41)
	90(28.30)
	6(14.29)
	

	GGO
	208(28.15)
	97(30.50)
	7(16.67)
	

	Lung lobes
	
	
	
	0.952

	Right upper lobe
	245(33.15)
	101(31.76)
	13(30.95)
	

	Right middle lobe 
	72(9.74)
	28(8.81)
	3(7.14)
	

	Right lower lobe
	137(18.54)
	61(19.18)
	10(23.81)
	

	Left upper lobe
	168(22.73)
	78(24.53)
	6(14.29)
	

	Left lower lobe
	117(15.83)
	50(15.72)
	10(23.81)
	

	Lobulation
	
	
	
	0.066

	[bookmark: OLE_LINK1]Absent
	334(45.20)
	164(51.57)
	15(35.71)
	

	Present
	405(54.80)
	154(48.43)
	27(64.29)
	

	Spiculation
	
	
	
	0.673

	Absent
	511(69.15)
	215(67.61)
	18(42.86)
	

	Present
	228(30.85)
	103(32.39)
	24(57.14)
	

	Pleural indentation
	
	
	
	0.023

	Absent
	424(57.37)
	207(65.09)
	14(33.33)
	

	Present
	315(42.63)
	111(34.91)
	28(66.67)
	

	Air bronchogram
	
	
	
	0.567

	Absent
	519(70.23)
	217(68.24)
	23(54.76)
	

	Present
	220(29.77)
	101(31.76)
	19(45.24)
	

	Vascular cluster sign
	
	
	
	0.007

	Absent
	672(90.93)
	305(95.91)
	35(83.33)
	

	Present
	67(9.07)
	13(4.09)
	7(16.67)
	

	Vacuole
	
	
	
	0.197

	Absent
	609(82.41)
	273(85.85)
	29(69.05)
	

	Present
	130(17.59)
	45(14.15)
	13(30.95)
	

	Visceral pleural invasion
	
	
	
	0.050

	Absent
	552(74.70)
	256(80.50)
	37(88.10)
	

	Present
	187(25.30)
	62(19.50)
	5(11.90)
	

	Perineural invasion
	
	
	
	0.799

	Absent
	724(97.97)
	313(98.43)
	42(100.00)
	

	Present
	15(2.03)
	5(1.57)
	null
	

	Lymphovascular invasion
	
	
	
	0.853

	Absent
	646(87.42)
	280(88.05)
	39(92.86)
	

	Present
	93(12.58)
	38(11.95)
	3(7.14)
	

	STAS
	
	
	
	0.048

	Absent
	590(79.84)
	271(85.22)
	38(90.48)
	

	Present
	149(20.16)
	47(14.78)
	4(9.52)
	

	Emphysema
	
	
	
	0.920

	Absent
	477(64.55)
	207(65.09)
	33(78.57)
	

	Present
	262(35.45)
	111(34.91)
	9(21.43)
	

	Adherent pattern
	
	
	
	0.988

	Absent
	321(43.44)
	139(43.71)
	35(83.33)
	

	Present
	418(56.56)
	179(56.29)
	7(16.67)
	

	Acinar pattern
	
	
	
	0.798

	Absent
	172(23.27)
	71(22.33)
	30(71.43)
	

	Present
	567(76.73)
	247(77.67)
	12(28.57)
	

	Papillary pattern
	
	
	
	0.763

	Absent
	372(50.34)
	164(51.57)
	14(33.33)
	

	Present
	367(49.66)
	154(48.43)
	28(66.67)
	

	Micropapillary pattern
	
	
	
	0.100

	Absent
	554(74.97)
	254(79.87)
	32(76.19)
	

	Present
	185(25.03)
	64(20.13)
	10(23.81)
	

	Solid pattern
	
	
	
	0.555

	Absent
	615(83.22)
	270(84.91)
	32(76.19)
	

	Present
	124(16.78)
	48(15.09)
	10(23.81)
	

	Complex glandular pattern
	
	
	
	0.083

	Absent
	721(97.56)
	316(99.37)
	42(100.00)
	

	Present
	18(2.44)
	2(0.63)
	null
	

	Predominant pattern
	
	
	
	0.357

	Lepidic predominant
	218(29.50)
	108(33.96)
	2(4.76)
	

	Acinar predominant
	338(45.74)
	142(44.65)
	5(11.90)
	

	Papillary predominant
	111(15.02)
	48(15.09)
	28(66.67)
	

	Micropapillary predominant
	19(2.57)
	6(1.89)
	1(2.38)
	

	Solid predominant
	49(6.63)
	14(4.40)
	6(14.29)
	

	Complex glandular predominant
	4(0.54)
	null
	null
	

	Cribriform pattern
	
	
	
	0.866

	Absent
	730(98.78)
	313(98.43)
	42(100.00)
	

	Present
	9(1.22)
	5(1.57)
	null
	

	CEA (ng/ml)
	
	
	
	0.081

	<5
	674(91.20)
	298(93.71)
	39(92.86)
	

	5-20
	55(7.44)
	13(4.09)
	2(4.76)
	

	>20
	10(1.35)
	7(2.20)
	1(2.38)
	

	CYFRA21-1 (ng/ml)
	
	
	
	0.712

	≤3.3
	694(93.91)
	296(93.08)
	42(100.00)
	

	>3.3
	45(6.09)
	22(6.92)
	null
	

	[bookmark: OLE_LINK3]CA125 (U/mL)
	
	
	
	0.111

	<35
	718(97.16)
	302(94.97)
	42(100.00)
	

	≥35
	21(2.84)
	16(5.03)
	null
	


The data presented were the number of patients, with the corresponding percentages denoted in parentheses. The p-values represented the outcomes of univariable association analysis conducted for each characteristic across three datasets.
Abbreviations: CYFRA21-1, cytokeratin 19-fragments; CEA, carcinoembryonic antigen; CA125, carcinoma antigen 125; GGO, ground-glass opacity; STAS, spread through air space.
a Data were means ± SDs. 
3. Comparison of Signature Results Using SVM, Random Forest, and ExtraTrees
[bookmark: OLE_LINK17]3.1 Details of Clinical Signature
Table 1. Metrics of different machine learning methods in the clinical signature.
	model_name
	ACC
	AUC
	95% CI
	Sensitivity
	Specificity
	PPV
	NPV
	Cohort

	[bookmark: OLE_LINK5]SVM
	0.835
	0.907
	0.885 - 0.929
	0.863
	0.830
	0.488
	0.970
	train

	SVM
	0.818
	0.851
	0.792 - 0.910
	0.714
	0.833
	0.395
	0.950
	val

	SVM
	0.667
	0.704
	0.514 - 0.894
	0.500
	0.694
	0.214
	0.893
	test

	Random Forest
	0.792
	0.903
	0.880 - 0.926
	0.855
	0.780
	0.422
	0.966
	train

	Random Forest
	0.673
	0.866
	0.821 - 0.911
	0.952
	0.630
	0.282
	0.989
	val

	Random Forest
	0.524
	0.782
	0.586 - 0.979
	0.833
	0.472
	0.208
	0.944
	test

	Extra Trees
	0.744
	0.890
	0.864 - 0.916
	0.915
	0.712
	0.374
	0.978
	train

	Extra Trees
	0.745
	0.864
	0.817 - 0.910
	0.905
	0.721
	0.330
	0.980
	val

	[bookmark: OLE_LINK6]Extra Trees
	0.500
	0.720
	0.533 - 0.906
	0.833
	0.444
	0.200
	0.941
	test


SVM, support vector machine; ACC, accuracy; AUC, the area under the curve; 95% CI, 95% confidence interval; PPV, positive predictive value; NPV, negative predictive value. 
[image: 临床模型]
[bookmark: OLE_LINK16]Figure 1. Comparison of different models based on clinical signature. (a) Bar chart of AUC values, and (b-d) ROC curves of different models in the training cohort (b), internal validation cohort (c), and external validation cohort (d).
3.2 Details of Radiomics Signature
Table 1. Metrics of different machine learning methods in the radiomics signature.
	model_name
	ACC
	AUC
	95% CI
	Sensitivity
	Specificity
	PPV
	NPV
	Cohort

	SVM
	0.417
	0.832
	0.782 - 0.882
	0.889
	0.328
	0.199
	0.940
	train

	SVM
	0.415
	0.774
	0.690 - 0.859
	0.905
	0.341
	0.173
	0.959
	val

	SVM
	0.286
	0.417
	0.181 - 0.652
	0.833
	0.194
	0.147
	0.875
	test

	Random Forest
	0.865
	0.947
	0.930 - 0.964
	0.897
	0.859
	0.544
	0.978
	train

	Random Forest
	0.846
	0.893
	0.836 - 0.950
	0.714
	0.866
	0.448
	0.952
	val

	Random Forest
	0.667
	0.606
	0.378 - 0.835
	0.333
	0.722
	0.167
	0.867
	test

	Extra Trees
	0.765
	0.865
	0.837 - 0.894
	0.795
	0.759
	0.383
	0.952
	train

	Extra Trees
	0.796
	0.892
	0.847 - 0.936
	0.857
	0.786
	0.379
	0.973
	val

	Extra Trees
	0.690
	0.796
	0.661 - 0.932
	0.833
	0.667
	0.294
	0.960
	test


SVM, support vector machine; ACC, accuracy; AUC, the area under the curve; 95% CI, 95% confidence interval; PPV, positive predictive value; NPV, negative predictive value. 
[image: 放射组学]
[bookmark: OLE_LINK14]Figure 1. Comparison of different models based on radiomic signature. (a) Bar chart of AUC values, and (b-d) ROC curves of different models in the training cohort (b), internal validation cohort (c), and external validation cohort (d).
3.3 Details of MIL Signature
[bookmark: OLE_LINK7]Table 1. Metrics of different machine learning methods in the 2.5D MIL signature.
	model_name
	[bookmark: OLE_LINK2]ACC
	AUC
	95% CI
	Sensitivity
	Specificity
	PPV
	NPV
	Cohort

	SVM
	0.913
	0.973
	0.958 - 0.987
	0.923
	0.912
	0.663
	0.984
	train

	SVM
	0.865
	0.840
	0.780 - 0.901
	0.524
	0.917
	0.489
	0.927
	val

	SVM
	0.643
	0.713
	0.527 - 0.899
	0.667
	0.639
	0.235
	0.920
	test

	Random Forest
	0.792
	0.908
	0.885 - 0.932
	0.889
	0.773
	0.424
	0.974
	train

	Random Forest
	0.783
	0.872
	0.817 - 0.927
	0.786
	0.783
	0.355
	0.960
	val

	Random Forest
	0.452
	0.810
	0.627 - 0.994
	1.000
	0.361
	0.207
	1.000
	test

	Extra Trees
	0.850
	0.903
	0.879 - 0.927
	0.726
	0.873
	0.518
	0.944
	train

	Extra Trees
	0.896
	0.900
	0.855 - 0.946
	0.476
	0.960
	0.645
	0.923
	val

	Extra Trees
	0.833
	0.852
	0.692 - 1.000
	0.833
	0.833
	0.455
	0.968
	test


SVM, support vector machine; ACC, accuracy; AUC, the area under the curve; 95% CI, 95% confidence interval; PPV, positive predictive value; NPV, negative predictive value. 
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Figure 1. Comparison of different models based on deep learning signature. (a) Bar chart of AUC values, and (b-d) ROC curves of different models in the training cohort (b), internal validation cohort (c), and external validation cohort (d).
3.4 Details of Deep Learning Radiomics Signature
Table 1. Metrics of different machine learning methods in the deep learning radiomics signature.
	model_name
	ACC
	AUC
	95% CI
	Sensitivity
	Specificity
	PPV
	NPV
	Cohort

	SVM
	0.591
	0.788
	0.744 - 0.832
	0.872
	0.539
	0.262
	0.957
	train

	SVM
	0.557
	0.721
	0.650 - 0.793
	0.762
	0.525
	0.196
	0.935
	val

	SVM
	0.571
	0.759
	0.593 - 0.925
	1.000
	0.500
	0.250
	1.000
	test

	Random Forest
	0.859
	0.946
	0.930 - 0.963
	0.906
	0.850
	0.533
	0.980
	train

	Random Forest
	0.821
	0.895
	0.847 - 0.943
	0.738
	0.833
	0.403
	0.954
	val

	Random Forest
	0.786
	0.796
	0.637 - 0.955
	0.333
	0.861
	0.286
	0.886
	test

	Extra Trees
	0.840
	0.910
	0.886 - 0.933
	0.872
	0.834
	0.498
	0.972
	train

	Extra Trees
	0.717
	0.908
	0.864 - 0.952
	0.952
	0.681
	0.312
	0.989
	val

	Extra Trees
	0.786
	0.875
	0.766 - 0.984
	0.667
	0.806
	0.364
	0.935
	test


SVM, support vector machine; ACC, accuracy; AUC, the area under the curve; 95% CI, 95% confidence interval; PPV, positive predictive value; NPV, negative predictive value.  
[bookmark: OLE_LINK11][image: DLRad]Figure 1. Comparison of different models based on deep learning radiomics signature. (a) Bar chart of AUC values, and (b-d) ROC curves of different models in the training cohort (b), internal validation cohort (c), and external validation cohort (d).
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