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Deep Learning Feature-based Model for Predicting 

Lymphovascular invasion in Urothelial Carcinoma of Bladder 

Using CT Images 

ELECTRONIC SUPPLEMENTARY MATERIAL 

 

Table S1 The CT protocols of the four centers 

Parameters Center 1  Center 2 Center 3  Center 4  

CT version 

Discovery CT750 HD (GE 

Healthcare, USA) or 

SOMATOM Definition 

Flash (Siemens Healthcare, 

Germany)  

Brilliance iCT (Philips 

Healthcare, 

Netherlands) 

Aquilion One 

(Toshiba Medical 

Systems, Japan); 

LightSpeed VCT (GE 

Healthcare, USA) 

SOMATOM Definition 

AS (Siemens 

Healthcare, Germany); 

Revolution CT (GE 

Healthcare, USA)  

CT tube voltage 100-120 kV 100–120 kV 110-120 kV 100-120 kV 

CT tube current 200-500 mA 125–360 mAs 250-450 mA 100-250 mA 

Gantry rotation 

time 

0.50-0.60 s 0.27s 0.50s 0.28-0.33s 

Detector 

collimation (mm) 

0.625 mm 0.625 mm 0.625 mm 0.6-0.625 mm 

Image matrix 512*512 512*512 512*512 512*512 

Slice thickness 5-7 mm 1-7 mm 1-7 mm 1-5 mm 

kV = kilovolt, mA = milliampere, mm = milimetre.  
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Introduction for CNN model training               

           {  batch_balance=True,  

normalize_method='imagenet', 

              model_name='vgg11', 

              gpus=[0], 

              batch_size=64, 

              epochs=100, 

              init_lr=0.01, 

              optimizer='sgd', 

              retrain=None,  

              iters_start=0, 

              iters_verbose=1, 

              pretrained=True  } 

 

 

 

 

Figure S1 The distribution of original samples and distribution of SMOTE 

samples. 
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Figure S2 The result of six CNN feature-based stacking model and their base 

model(dt, xgboost, lightgbm) in Validation set 

 

 

 

 

 

Table S2 Results of delong test for six CNN models 

Training set p Value Validation set p Value Testing set p Value 

Densenet121 0.074 Densenet121 0.362 Densenet121 0.345 

Inception_V3 0.005 Inception_V3 0.676 Inception_V3 0.631 

ResNet18 0.031 ResNet18 0.273 ResNet18 0.181 

ResNet34 0.135 ResNet34 0.161 ResNet34 0.573 

ResNet50 reference ResNet50 reference ResNet50 reference 

Vgg11 0.151 Vgg11 0.075 Vgg11 0.917 
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Figure S3 The result of DL Model and Combined Model (with SMOTE). 

 

 

Figure S4 The coefficients of the factors in the Combined Model. 

‘resnet50’=DL, ‘location_1’= left wall, ‘location_2’=right wall, 

‘location_3’=anterior wall, ‘location_4’=posterior wall, ‘location_5’=parietal 

wall, ‘location_6’=bladder neck, ‘way_0’= within bladder wall, ‘way_1’= into 

bladder cavity 
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Figure S5 The result of original DL Model and original Combined Model 

(without SMOTE). 
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Table S3 The performance comparison of original CNN models (without SMOTE) 

Model Set AUC 95%CI ACC 95%CI SEN SPE 

Densenet121 Train 0.909  0.844,0.973 0.957  0.957,0.957 0.780  0.983  

 Val 0.796  0.670,0.921 0.789  0.786,0.793 0.818  0.781  

 Test 0.658  0.493,0.823 0.750  0.746,0.754 0.533  0.797  

Inception_V3 Train 0.913  0.848,0.977 0.927 0.927,0.927 0.820  0.943  

 Val 0.819  0.712,0.927 0.800  0.797,0.803 0.773  0.808  

 Test 0.668  0.508,0.827 0.631  0.626,0.636 0.800  0.594  

ResNet18 Train 0.892  0.823,0.96 0.899  0.899,0.900 0.840  0.908  

 Val 0.780  0.671,0.89 0.789  0.786,0.793 0.591  0.849  

 Test 0.602  0.416,0.788 0.679  0.673,0.684 0.600  0.696  

ResNet34 Train 0.976  0.959,0.994 0.912  0.911,0.912 0.980  0.902  

 Val 0.800  0.689,0.91 0.842  0.839,0.845 0.682  0.890  

 Test 0.713  0.587,0.839 0.583  0.578,0.589 0.933  0.507  

ResNet50 Train 0.911  0.849,0.974 0.922  0.921,0.922 0.840  0.934  

 Val 0.864  0.782,0.946 0.811  0.807,0.814 0.818  0.808  

 Test 0.739  0.623,0.855 0.702  0.607,0.798 0.667  0.710  

Vgg11 Train 0.804  0.721,0.887 0.864  0.864,0.865 0.660  0.894  

 Val 0.699  0.566,0.831 0.758  0.754,0.762 0.545  0.822  

 Test 0.680  0.521,0.839 0.631  0.626,0.636 0.800  0.594  

CNN: Convolutional neural network; AUC: Area under the curve; ACC: Accuracy; SEN: 

Sensitivity; SPE: Specificity; 95%CI: Confidence Interval = 95%; Train: Training set; Val: 

Validation set; Test: Testing set 

 

 

 

Table S4 The performance of models based on radiomics features 

Model Set AUC 95%CI ACC 95%CI SEN SPE 

Radiomics Train 0.827 0.752, 0.901 0.849 0.849, 0.850 0.760 0.862 

 Val 0.740 0.612, 0.867 0.768 0.765, 0.772 0.636 0.808 

 Test 0.705 0.545, 0.866 0.821 0.818, 0.825 0.533 0.884 

Rad_smote Train 0.981 0.969, 0.992 0.963 0.963, 0.963 0.986 0.940 

 Val 0.804 0.731, 0.878 0.774 0.772, 0.776 0.767 0.781 

 Test 0.714 0.628, 0.800 0.674 0.671, 0.677 0.696 0.652 

Radiomics: The ensemble model based on radiomics features (without SMOTE); Rad_smote: 

The ensemble model based on radiomics features (with SMOTE); AUC: Area under the curve; 

ACC: Accuracy; SEN: Sensitivity; SPE: Specificity; 95%CI: Confidence Interval = 95%; Train: 

Training set; Val: Validation set; Test: Testing set 
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Table S5 The performance of clinical model 

Model AUC 95%CI Accuracy 95%CI Sens Spec 

Training set 0.843 (0.783, 

0.897) 

0.879 (0.847, 0.910) 0.1 0.991 

Validation set 0.776 (0.667, 

0.875) 

0.768 (0.684, 0.853) 0.045 0.986 

Testing set 0.665 (0.471, 

0.855) 

0.821 (0.738, 0.893) 0 1.000 

AUC: Area under the curve; ACC: Accuracy; SEN: Sensitivity; SPE: Specificity; 95%CI: 

Confidence Interval = 95%; Train: Training set; Val: Validation set; Test: Testing set 



Insights Imaging (2025) Xiao B, Lv Y, Peng C, et al. 
 

 



Insights Imaging (2025) Xiao B, Lv Y, Peng C, et al. 
 

 



Insights Imaging (2025) Xiao B, Lv Y, Peng C, et al. 
 

 


