
Supplementary material  

1. C1, C2 sub-cases 

• C1a: Using EV features (‘mean’, ‘50-150nm’, ‘>150’, ‘Sum’). 

• C1b: Applying FE on C1a. 

• C1c: Combining EV with anthropomorphic features (‘Sex’, ‘Age’, ‘Height’, ‘Weight’, 
‘BMI’). 

• C1d: Applying FE on C1c. 

• C1e: Combining EV features with the presence of advanced fibrosis and diabetes. 

• C1f: Applying FE on C1e. 

• C2a: Using only EV features. 

• C2b: Applying FE on C2a. 

• C2c: Combining EV features with anthropomorphic features. 

• C2d: Applying FE on C2c. 

• C2e: Combining EV features with the presence of advanced fibrosis and diabetes. 

• C2f: Applying FE on C2e. 

• C2g: Combining EV features with anthropomorphic features and the presence of 
advanced fibrosis and diabetes. 

• C2h: Applying FE on C2g. 

2. Algorithm 

- Input: VE, anthropomorphic, clinical features, and the UAP values of the 76 patients 
described in 2.1. 

- Output: a. The best predictive model for the case C1 and the best one for the case C2. 

      b. The most important features of each model and their associations to the outcome. 

1. Initialize Data and Libraries: 

• Import necessary libraries (CatBoost, SHAP, etc.). 

• Load the dataset. 

2 Data Preprocessing: 

• Drop data instances with null values. 



• Label the target feature for C1 (S0 vs. S1, S2, S3) and C2 (S0, S1, S2 vs. S3) 
using the cut-off UAP values (≥ 244a for C1 and ≥ 296 for C2). 

3 Dataset Splitting: 

• Split the dataset into train (80%) and test (20%) sets using a fixed random 
seed to ensure reproducibility. 

• Ensure similar percentages of ‘target’ in both train and test sets. 

4 Features’ Combinations: 

For each case (C1 and C2), create at least four sub-cases that 
correspond to: 

• Use only EV features. 

• Combine EV with anthropomorphic features. 

• Combine EV with clinical features. 

• Combine EV with anthropomorphic and clinical features. 

5 Feature Engineering 

• For numeric features: 

• Divide by 10^9. 

• Raise to the 11th power. 

• Calculate square roots. 

• For all features compute the pair-wise products 

6 Model Training: 

• Use CatBoost model for training. 

• Perform k-fold cross-validation (kCV) for tuning hyperparameters (iterators, 
learning rate, depth, weights). 

7 Model Evaluation: 

• Evaluate the ML models validating them on the test set. 

8 Feature Selection Methodology: 

• Apply FS 

9 Identify the best model for each case: 

• From the statistics on the kCV and the performance on the test set identify 
the best model for each case. 



10 Identification of Important Features: 

• After feature selection, identify the most important features using SHAP. 

11 Identify the most important combination of family of features: 

• Conclude about the contribution of each one of the families of features (EV, 
anthropomorphic, clinical) for C1 and C2. 

 

Supplementary Figure 1 Point-Biserial correlation of CB-C1a and CB-C2h-21 
features with C1 and C2 cases accordingly. 

 

  



Supplementary Table 1 Information regarding all the ML models of the C1. The 
name of the model, the number of features for each case, the dataset, the specificity, 
sensitivity, ROC-AUC, F1 scores, their mean and standard deviation as well as the 95% 
confidence interval for the 5CV on the train set of C1 and the test set, appear at the 
table below1. With bold appear the best values for the corresponding metric 

Model Feats 
Datase

t Spec. (+/-std) 95%CI Sens. (+/-std) 95%CI 
ROC-AUC (+/-std) 

95%CI F1 (+/-std) 95%CI 

CB-
C1a 4 5CV 

0.74 (+/-0.14) [0.60, 
1.00] 

0.66 (+/-0.17) [0.43, 
0.89] 0.70 (+/-0.10) [0.51, 0.78] 

0.73 (+/-0.14) [0.50, 
0.89] 

CB-
C1a 4 Test 0.83 0.89 0.86 0.89 

CB-
C1b 54 5CV 

0.60 (+/-0.33) [0.00, 
1.00] 

0.80 (+/-0.07) [0.71, 
0.89] 0.70 (+/-0.15) [0.44, 0.88] 

0.81 (+/-0.06) [0.71, 
0.88] 

CB-
C1b 54 Test 0.67 0.89 0.78 0.84 

CB-C1c 9 5CV 
0.60 (+/-0.23) [0.29, 

0.80] 
0.67 (+/-0.24) [0.47, 

1,00] 0.63 (+/-0.01) [0.63, 0.63] 
0.69 (+/-0.10) [0.61, 

0,83] 

CB-C1c 9 Test 0.67 0.89 0.78 0.84 

CB-
C1d 125 5CV 

0.56 (+/-0.26) [0.25, 
1.00] 

0.71 (+/-0.19) [0.50, 
1.00] 0.64 (+/-0.18) [0.44, 0.94] 

0.72 (+/-0.13) [0.57, 
0.93] 

CB-
C1d 125 Test 0.83 0.89 0.86 0.89 

CB-
C1e 6 5CV 

0.69 (+/-0.21) [0.50, 
1.00] 

0.69 (+/-0.29) [0.20, 
1.00] 0.69 (+/-0.19) [0.35, 0.93] 

0.63 (+/-0.22) [0.31, 
0.92] 

CB-
C1e 6 Test 0.75 1.00 0.93 0.92 

CB-C1f 11 5CV 
0.63 (+/-0.34) [0.00, 

1.00] 
0.75 (+/-0.16) [0.50, 

1.00] 0.69 (+/-0.20) [0.39, 0.99] 
0.78 (+/-0.12) [0.62, 

0.90] 

CB-C1f 11 Test 1.00 0.80 0.90 0.89 

1 For each model the values of its hyper-parameters appear in parenthesis (iterators, learning rate, depth, 

weight for class 0, weight for class 1): CB-C1a(21, 0.20, 13, 0.68, 0.32); CB-C1b(20, 0.60,  3, 0.68, 0.32); CB-

C1c(10, 0.10, 8, 0.68, 0.32); CB-C1d(3, 0.10, 5, 0.68, 0.32); CB-C1e(6, 0.70, 8, 0.68, 0.32); CB-C1f(2, 0.60, 4, 0.65, 

0.35). 

 

 



Supplementary Table Α2. Information regarding all the machine learning 
models of C2. The name of the model, the number of features for each case, the 
dataset, the specificity, sensitivity, ROC-AUC, F1 scores, their mean and standard 
deviation as well as the 95% confidence interval for the 3CV on the train set of C2, 
and the test set, appear at the table below2. With bold appear the best values for 
the corresponding metric. 

Model Feats Dataset Spec. (+/-std) 95%CI Sens. (+/-std) 95%CI 
ROC-AUC (+/-std) 

95%CI F1 (+/-std) 95%CI 

CB-C2a 4 3CV 
0.62 (+/-0.12) [0.50, 

0.79] 
0.79 (+/-0.03) [0.75, 

0.83] 
0.71 (+/-0.06) [0.66, 

0.79] 
0.55(+/-0.10) [0.43, 

0.67] 

CB-C2a 4 Test 0.73 1.00 0.86 0.73 

CB-C2b 54 3CV 
0.89 (+/-0.08) [0.81, 

1.00] 
0.62 (+/-0.10) [0.50, 

0.75] 
0.75 (+/-0.02) [0.73, 

0.78] 
0.62 (+/-0.03) [0.60, 

0.67] 

CB-C2b 54 Test 1.00 1.00 1.00 1.00 

CB-C2c 9 3CV 
0.71 (+/-0.07) [0.81, 

1.00] 
0.72 (+/-0.11) [0.50, 

0.75] 
0.71 (+/-0.09) [0.73, 

0.78] 
0.59 (+/-0.09) [0.60, 

0.67] 

CB-C2c 9 Test 1.00 1.00 1.00 1.00 

CB-C2d 125 3CV 
0.80 (+/-0.17) [0.50, 

1.00] 
0.75 (+/-0.21) [0.50, 

1.00] 
0.78 (+/-0.11) [0.68, 

1.00] 
0.62 (+/-0.23) [0.29, 

1.00] 

CB-C2d 125 Test 1.00 1.00 1.00 1.00 

CB-C2d-
53 53 3CV 

0.76 (+/-0.02) [0.73, 
0.77] 

0.81 (+/-0.05) [0.75, 
0.86] 

0.79 (+/-0.03) [0.74, 
0.81] 

0.67 (+/-0.09) [0.55, 
0.75] 

CB-C2d-
53 53 Test 1.00 0.75 0.88 0.86 

CB-C2d-
11 11 3CV 

0.71 (+/-0.04) [0.67, 
0.77] 

0.86 (+/-0.10) [0.75, 
1.00] 

0.79 (+/-0.07) [0.71, 
0.88] 

0.73 (+/-0.13) [0.50, 
0.82] 

CB-C2d-
11 11 Test 0.70 1.00 0.85 0.73 

CB-C2d-5 5 3CV 
0.86 (+/-0.05) [0.80, 

0.92] 
0.77 (+/-0.05) [0.71, 

0.83] 
0.81 (+/-0.03) [0.78, 

0.84] 
0.71 (+/-0.08) [0.60, 

0.77] 

CB-C2d-5 5 Test 1.00 1.00 1.00 1.00 

CB-C2e-6 6 3CV 
0.77 (+/-0.13) [0.60, 

0.91] 
0.77 (+/-0.18) [0.57, 

1.00] 
0.77 (+/-0.02) [0.74, 

0.80] 
0.64 (+/-0.10) [0.50, 

0.75] 

CB-C2e-6 6 Test 0.83 1.00 0.92 0.86 

CB-C2f-
87 87 3CV 

0.75 (+/-0.16) [0.53, 
0.90] 

0.82 (+/-0.13) [0.71, 
1.00] 

0.79 (+/-0.03) [0.77, 
0.83] 

0.66 (+/-0.14) [0.46, 
0.80] 

CB-C2f-
87 87 Test 0.83 1.00 0.92 0.86 

CB-C2f-
22 22 3CV 

0.90 (+/-0.08) [0.80, 
1.00] 

0.86 (+/-0.20) [0.57, 
1.00] 

0.88 (+/-0.07) [0.79, 
0.95] 

0.78 (+/-0.12) [0.67, 
0.94] 

CB-C2f-
22 22 Test 0.92 1.00 0.96 0.92 

CB-C2g-
11 11 3CV 

0.82 (+/-0.14) [0.67, 
1.00] 

0.77 (+/-0.21) [0.50, 
1.00] 

0.79 (+/-0.07) [0.73, 
0.89] 

0.67 (+/-0.16) [0.50, 
0.73] 

CB-C2g-
11 11 Test 1.00 0.83 0.92 0.91 

CB-C2h-
151 151 3CV 

0.85 (+/-0.12) [0.71, 
1.00] 

0.79 (+/-0.29) [0.38, 
1.00] 

0.82 (+/-0.10) [0.69, 
0.92] 

0.68 (+/-0.12) [0.55, 
0.83] 

CB-C2h-
151 151 Test 1.00 1.00 1.00 1.00 

CB-C2h-
46 46 3CV 

0.85 (+/-0.11) [0.75, 
1.00] 

0.83 (+/-0.12) [0.75, 
1.00] 

0.84 (+/-0.05) [0.77, 
0.88] 

0.74 (+/-0.11) [0.60, 
0.76] 



CB-C2h-
46 46 Test 1.00 1.00 1.00 1.00 

CB-C2h-
21 21 3CV 

0.87 (+/-0.10) [0.75, 
1.00] 

0.92 (+/-0.12) [0.75, 
1.00] 

0.89 (+/-0.03) [0.88, 
0.93] 

0.81 (+/-0.04) [0.77, 
0.86] 

CB-C2h-
21 21 Test 1.00 1.00 1.00 1.00 

2  For each model the values of its hyper-parameters appear in parenthesis (iterators, learning rate, depth, weight for 

class 0, weight for class 1): CB-C2a:(5, 0.60, 5, 0.25, 0.75); CB-C2b(50, 0.80, 11, 0.17, 0.83); CB-C2c(40, 0.40, 4, 0.23, 0.77); 

CB-C2d(16, 0.85, 4, 0.23, 0.77); CB-C2d-53(36, 0.60, 4, 0.17, 0.83); CB-C2d-11(4, 0.30, 8, 0.17, 0.83); CB-C2d-5(84, 0.82, 4, 

0.17, 0.83); CB-C2e-6(25, 060, 7, 0.25, 0.75); CB-C2f-87(5, 0.40, 6, 0.26, 0.74); CB-C2f-22(4, 0.70, 13, 0.28, 0.72); CB-C2g-

11(44, 0.30, 6, 0.18, 0.82); CB-C2h-151(151, 0.70, 5, 0.32, 0.68); CB-C2h-46(75, 0.90, 6, 0.16, 0.84); CB-C2h-21(15, 0.30, 5, 

0.14, 0.86). 






