Supplementary Material

Radiomics and Deep Learning Features Based on 18F-FDG PET/CT for Predicting Occult Lymph Node Metastasis in Non-small Cell Lung Cancer

CONTENT
1. Supplementary Table S1: Univariable and multivariable logistic regression analysis of factors in the training cohort.
2. Supplementary Table S2: Comparison results of performance of different DL models.
3. Supplementary Table S3: Performance of seven kinds of machine learning algorithm using different features for detecting occult lymph node metastasis (OLM) in NSCLC PET/CT images in three cohorts.
4. Supplementary Text: The parameters used for Radiomics features extraction from CT and PET images using Pyradiomics.
5. Supplementary Figure S1: Regression coefficients for LASSO are presented, with each colored line representing the curve of variation for the characteristic coefficient with respect to lambda values in the Radiomics (A), DL (B) and DL-Radiomics (C) models.
6. Supplementary Figure S2: The optimal λ values led to the selection of 34, 34 and 36 features for building the radiomics (A), DL (B) and DL-Radiomics (C) models, respectively.




1


	Supplementary Table S1  
Univariable and multivariable logistic regression analysis of factors in the training cohort.

	Factors
	Univariable logistic regression
	
	Multivariable logistic regression

	
	OR (95% CI)
	p value
	
	OR (95% CI)
	p value

	Age (years)
	0.986 [0.956; 1.017]
	0.368 
	
	
	

	Gender (male)
	1.335 [0.780; 2.320]
	0.298 
	
	
	

	Smoking status (presence)
	1.333 [0.788; 2.267]
	0.285 
	
	
	

	Histological subtype (squamous carcinoma)
	1.875 [1.067; 3.273]
	0.028 
	
	0.632 [0.254; 1.491]
	0.308

	Tumour location (peripheral)
	0.311 [0.163; 0.594]
	< 0.001
	
	0.296 [0.122; 0.695]
	0.006

	Tumour diameter (cm)
	1.208 [0.954; 1.530]
	0.115 
	
	
	

	CEA(μg/L)
	1.108 [1.052; 1.180]
	0.001 
	
	1.127 [1.063; 1.208]
	< 0.001

	SUVmax
	1.092 [1.049; 1.139]
	< 0.001
	
	0.539 [0.306; 0.923]
	0.057

	SUVmean
	1.161 [1.087; 1.243]
	< 0.001 
	
	2.250 [0.810; 6.551]
	0.009

	SUVpeak
	1.130 [1.071; 1.195]
	< 0.001 
	
	1.314 [0.727; 2.394]
	0.367

	MTV (cm3)
	1.030 [1.001; 1.061]
	0.040 
	
	0.991 [0.903; 1.080]
	0.839

	TLG (g)
	1.004 [1.001; 1.007]
	0.003 
	
	1.001 [0.993; 1.011]
	0.781

	OR, odds ratio; CI, confidence interval; CEA, carcinoembryonic antigen; SUV, standardized uptake value; MTV, metabolic tumor volume; TLG, total lesion glycolysis.





	Supplementary Table S2  
Performance of different deep learning (DL) models for predicting occult lymph node metastasis (OLM) in NSCLC patients across three cohorts.

	Models
	Cohort
	AUC
	95% CI
	Sensitivity
	Specificity
	Accuracy

	
	
	
	
	
	
	

	DenseNet121
	Training
	0.907
	0.873-0.942
	0.921
	0.810
	0.839

	
	Internal validation
	0.636
	0.491-0.781
	0.667
	0.647
	0.653

	
	External validation
	0.700
	0.590-0.810
	0.786
	0.558
	0.606

	EfficientNet
	Training
	0.959
	0.935-0.984
	0.895
	0.914
	0.909

	
	Internal validation
	0.696
	0.566-0.826
	0.667
	0.667
	0.667

	
	External validation
	0.682
	0.580-0.784
	0.821
	0.510
	0.576

	GoogleNet
	Training
	0.878
	0.835-0.922
	0.921
	0.671
	0.738

	
	Internal validation
	0.718
	0.589-0.848
	0.952
	0.431
	0.583

	
	External validation
	0.670
	0.554-0.786
	0.571
	0.731
	0.697

	MobileNet_V2
	Training
	0.907
	0.863-0.951
	0.816
	0.910
	0.885

	
	Internal validation
	0.695
	0.564-0.826
	0.762
	0.686
	0.708

	
	External validation
	0.633
	0.516-0.750
	0.857
	0.423
	0.515

	ResNet101
	Training
	0.954
	0.933-0.975
	1.000
	0.829
	0.874

	
	Internal validation
	0.746
	0.622-0.869
	0.714
	0.725
	0.722

	
	External validation
	0.645
	0.543-0.746
	0.964
	0.375
	0.500

	ResNet18
	Training
	0.931
	0.902-0.961
	0.947
	0.790
	0.832

	
	Internal validation
	0.684
	0.555-0.813
	1.000
	0.333
	0.528

	
	External validation
	0.777
	0.681-0.873
	0.679
	0.827
	0.795

	ResNet50
	Training
	0.955
	0.934-0.977
	0.895
	0.924
	0.916

	
	Internal validation
	0.804
	0.682-0.927
	0.714
	0.882
	0.833

	
	External validation
	0.793
	0.695-0.890
	0.679
	0.769
	0.750

	ShuffleNet_V2
	Training
	0.930
	0.896-0.965
	0.868
	0.890
	0.885

	
	Internal validation
	0.602
	0.458-0.746
	0.571
	0.667
	0.639

	
	External validation
	0.677
	0.560-0.794
	0.679
	0.702
	0.697

	Vgg16
	Training
	0.959
	0.934-0.983
	0.895
	0.938
	0.927

	
	Internal validation
	0.647
	0.506-0.788
	0.714
	0.647
	0.667

	
	External validation
	0.719
	0.610-0.828
	0.786
	0.606
	0.644

	DL = deep learning, OLM = occult lymph node metastasis, NSCLC = non-small cell lung cancer, AUC = area under the curve, CI = confidence interval.





	Supplementary Table S3  
Performance of various machine learning algorithms with different features for predicting occult lymph node metastasis (OLM) in NSCLC patients across three cohorts.

	Model
	Cohort
	LR
	KNN
	SVM
	XGBoost
	RandomForest
	LightGBM
	MLP

	
	
	Acc
	AUC (95% CI)
	Acc
	AUC (95% CI)
	Acc
	AUC (95% CI)
	Acc
	AUC (95% CI)
	Acc
	AUC (95% CI)
	Acc
	AUC (95% CI)
	Acc
	AUC (95% CI)

	Clinical
	Training
	0.738
	0.839 (0.792-0.885)
	0.783
	0.901 (0.865-0.936)
	0.741
	0.781 (0.725-0.837)
	0.783
	0.863 (0.818-0.908)
	0.748
	0.887 (0.848-0.926)
	0.790
	0.880 (0.837-0.922)
	0.647
	0.757 (0.700-0.815)

	
	Internal validation
	0.792
	0.711 (0.560-0.862)
	0.611
	0.627 (0.493-0.761)
	0.792
	0.727 (0.583-0.871)
	0.708
	0.752 (0.622-0.882)
	0.736
	0.760 (0.626-0.894)
	0.764
	0.748 (0.609-0.887)
	0.778
	0.743 (0.599-0.887)

	
	External validation
	0.614
	0.741 (0.639-0.844)
	0.492
	0.683 (0.579-0.787)
	0.598
	0.738 (0.641-0.835)
	0.598
	0.752 (0.660-0.845)
	0.652
	0.747 (0.652-0.841)
	0.697
	0.755 (0.662-0.848)
	0.598
	0.745 (0.651-0.839)

	Radiomics
	Training
	0.755
	0.857 (0.812-0.901)
	0.829
	0.901 (0.864-0.939)
	0.780
	0.920 (0.889-0.952)
	0.909
	0.957 (0.936-0.978)
	0.902
	0.950 (0.926-0.974)
	0.871
	0.964 (0.946-0.982)
	0.818
	0.822 (0.768-0.876)

	
	Internal validation
	0.778
	0.705 (0.571-0.840)
	0.486
	0.610 (0.475-0.745)
	0.750
	0.781 (0.665-0.897)
	0.694
	0.696 (0.558-0.834)
	0.708
	0.763 (0.642-0.885)
	0.708
	0.739 (0.617-0.861)
	0.722
	0.713 (0.581-0.845)

	
	External validation
	0.636
	0.749 (0.663-0.835)
	0.561
	0.714 (0.623-0.806)
	0.712
	0.742 (0.650-0.833)
	0.606
	0.710 (0.616-0.803)
	0.636
	0.757 (0.673-0.840)
	0.614
	0.732 (0.643-0.820)
	0.697
	0.797 (0.718-0.877)

	DL
	Training
	0.916
	0.955 (0.934-0.977)
	0.864
	0.943 (0.918-0.968)
	0.979
	0.998 (0.996-1.000)
	0.969
	0.992 (0.985-0.999)
	0.972
	0.997 (0.993-1.000)
	0.990
	0.999 (0.996-1.000)
	0.853
	0.930 (0.901-0.958)

	
	Internal validation
	0.833
	0.804 (0.682-0.927)
	0.778
	0.753 (0.613-0.893)
	0.819
	0.782 (0.657-0.907)
	0.792
	0.841 (0.746-0.936)
	0.792
	0.863 (0.780-0.947)
	0.806
	0.878 (0.800-0.956)
	0.819
	0.838 (0.727-0.949)

	
	External validation
	0.750
	0.793 (0.695-0.890)
	0.697
	0.789 (0.709-0.870)
	0.811
	0.797 (0.696-0.898)
	0.689
	0.739 (0.631-0.847)
	0.788
	0.823 (0.734-0.912)
	0.826
	0.772 (0.672-0.872)
	0.795
	0.854 (0.766-0.943)

	Radiomics-Clinical
	Training
	0.843
	0.872 (0.830-0.914)
	0.874
	0.941 (0.914-0.967)
	0.853
	0.885 (0.842-0.927)
	0.794
	0.929 (0.900-0.958)
	0.846
	0.948 (0.925-0.971)
	0.867
	0.923 (0.892-0.955)
	0.843
	0.879 (0.837-0.921)

	
	Internal validation
	0.806
	0.781 (0.661-0.901)
	0.681
	0.699 (0.570-0.828)
	0.708
	0.732 (0.588-0.877)
	0.639
	0.719 (0.593-0.846)
	0.653
	0.740 (0.618-0.863)
	0.667
	0.730 (0.599-0.862)
	0.792
	0.776 (0.656-0.897)

	
	External validation
	0.697
	0.788 (0.709-0.867)
	0.598
	0.760 (0.676-0.845)
	0.712
	0.743 (0.656-0.829)
	0.591
	0.751 (0.669-0.833)
	0.614
	0.766 (0.685-0.848)
	0.629
	0.768 (0.688-0.848)
	0.674
	0.774 (0.695-0.852)

	DL-Clinical
	Training
	0.906
	0.962 (0.942-0.981)
	0.913
	0.978 (0.966-0.990)
	0.906
	0.956 (0.934-0.979)
	0.944
	0.973 (0.956-0.989)
	0.948
	0.987 (0.979-0.996)
	0.885
	0.973 (0.958-0.987)
	0.853
	0.939 (0.913-0.965)

	
	Internal validation
	0.861
	0.839 (0.730-0.947)
	0.806
	0.788 (0.671-0.904)
	0.847
	0.827 (0.710-0.944)
	0.833
	0.836 (0.728-0.944)
	0.792
	0.857 (0.757-0.958)
	0.847
	0.861 (0.751-0.971)
	0.764
	0.851 (0.755-0.948)

	
	External validation
	0.720
	0.822 (0.733-0.910)
	0.720
	0.765 (0.660-0.870)
	0.780
	0.811 (0.712-0.909)
	0.841
	0.767 (0.660-0.874)
	0.674
	0.835 (0.748-0.921)
	0.659
	0.816 (0.723-0.910)
	0.750
	0.839 (0.761-0.916)

	DL-Radiomics
	Training
	0.738
	0.864 (0.821-0.907)
	0.818
	0.917 (0.883-0.950)
	0.892
	0.947 (0.922-0.971)
	0.878
	0.956 (0.934-0.978)
	0.916
	0.964 (0.945-0.983)
	0.923
	0.963 (0.943-0.983)
	0.755
	0.825 (0.773-0.877)

	
	Internal validation
	0.750
	0.817 (0.720-0.913)
	0.542
	0.676 (0.552-0.800)
	0.611
	0.718 (0.599-0.836)
	0.708
	0.813 (0.708-0.918)
	0.778
	0.827 (0.726-0.927)
	0.667
	0.814 (0.709-0.918)
	0.736
	0.718 (0.602-0.835)

	
	External validation
	0.629
	0.777 (0.691-0.864)
	0.523
	0.719 (0.623-0.814)
	0.720
	0.731 (0.637-0.824)
	0.515
	0.689 (0.587-0.791)
	0.689
	0.713 (0.617-0.809)
	0.523
	0.718 (0.617-0.819)
	0.614
	0.743 (0.647-0.840)

	DL-Radiomics-Clinical
	Training
	0.881
	0.965 (0.947-0.983)
	0.906
	0.984 (0.974-0.993)
	0.895
	0.961 (0.941-0.982)
	0.944
	0.983 (0.971-0.995)
	0.955
	0.988 (0.979-0.996)
	0.892
	0.977 (0.964-0.990)
	0.902
	0.954 (0.933-0.976)

	
	Internal validation
	0.833
	0.890 (0.809-0.972)
	0.861
	0.836 (0.732-0.940)
	0.861
	0.822 (0.698-0.946)
	0.847
	0.867 (0.772-0.963)
	0.847
	0.877 (0.783-0.971)
	0.847
	0.868 (0.760-0.977)
	0.819
	0.871 (0.780-0.961)

	
	External validation
	0.833
	0.872 (0.798-0.946)
	0.826
	0.770 (0.664-0.876)
	0.811
	0.840 (0.749-0.930)
	0.871
	0.793 (0.692-0.895)
	0.750
	0.849 (0.775-0.924)
	0.652
	0.845 (0.771-0.918)
	0.75
	0.854 (0.781-0.927)

	OLM = occult lymph node metastasis, NSCLC = non-small cell lung cancer, Acc = accuracy, AUC = area under curve, CI = confidence interval, DL = deep learning, LR = Logistic Regression, KNN = K-Nearest Neighbor, SVM = Support Vector Machine, XGBoost = Extreme Gradient Boosting, LightGBM = Light Gradient Boosting Machine, MLP = Multilayer Perceptron.





Supplementary Text:

The parameters used for Radiomics features extraction from CT images using Pyradiomics
For CT images, the imageType was set to LoG with sigma values of [1.0, 2.0, 3.0, 4.0, 5.0]. The normalizeScale was set to 1000 to ensure consistent gray value scaling. The interpolator used was 'sitkNearestNeighbor', and the resampledPixelSpacing was set to [1, 1, 1]. A padDistance of 10 was applied to accommodate large sigma values in the LoG filter. The correctMask option was enabled to ensure accurate mask alignment. The binWidth for image discretization was set to 5, and a voxelArrayShift of 1000 was applied to prevent negative values from being squared.

The parameters used for Radiomics features extraction from PET images using Pyradiomics
For PET images, the imageType was set to LoG with sigma values of [1.0, 2.0, 3.0, 4.0, 5.0]. The interpolator used was 'sitkNearestNeighbor', and the resampledPixelSpacing was set to [1, 1, 1]. The correctMask option was enabled to ensure accurate mask alignment, and the binWidth for image discretization was set to 0.1.



	A[image: Supplementary Figure 1A]
	B[image: Supplementary Figure 1B]
	C[image: Supplementary Figure 1C]

	Supplementary Figure S1: Regression coefficients for LASSO are presented, with each colored line representing the curve of variation for the characteristic coefficient with respect to lambda values in the Radiomics (A), DL (B) and DL-Radiomics (C) models. LASSO, least absolute shrinkage and selection operator; DL, deep learning. 
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	Supplementary Figure S2: The optimal λ values led to the selection of 34, 34 and 36 features for building the radiomics (A), DL (B) and DL-Radiomics (C) models, respectively. DL, deep learning.
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