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Materials and Method 
Model building 

Before building the models, the z-score normalization method was applied to stand-
ardize the (numerical) predictors: each variable was normalized as z=(x-<x>)/std, where x, 
<x>, and std were the variable value, mean value, and standard deviation, respectively. In 
this way, the variables were measured on the same scale and this allowed an improvement 
of ML algorithms efficiency. Different machine learning algorithms were trained on our 
dataset to find the most appropriate one. The families of ML algorithms used were:  Deci-
sion Tree, Linear Discriminant, Logistic Regression, Naives Bayes, Support Vector Ma-
chine, K-Nearest Neighbor Classifiers and Ensamble Classifiers, as illustrated in Supple-
mentary Figure 2. 

An iterative optimization process was used to select the most appropriate hyperpa-
rameters of the Decision Tree classifier (i.e. tree depth and split criterion technique), which 
was found as the best ML algorithm on our dataset. Specifically, the maximum number of 
split to control the depth of the tree was 4 and the split criterion was the maximum devi-
ance reduction. 

 
Figure S1. Bar plot of predictor importance scores after selection by Minimum Redundancy Maxi-
mum Relevance (MRMR) algortithm. 
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Figure S2. Bar plot of the accuracies obtained by different families of ML algorithms. 

 
Figure S3. Predictive performances of various models obtained from different combination of the 
most relevant predictors. Predictor names of each model are described in Supplementary Table S1. 

Table S1. Predictors included in the models shown in Figure S3. 

 Predictors 
Model 1 

(Best Model) N Diameter, N Kep P90 

Model 2 Smoke, N Diameter, Cystic N on MR, ENE, ADCN(%), p16 status 
Model 3 Smoke, N Diameter, Cystic N on MR, ENE p16 status 
Model 4 Smoke, N Diameter, Cystic N on MR, ENE 
Model 5 N Diameter, Cystic N on MR, ENE 
Model 6 Smoke, N Diameter, ENE 
Model 7 Smoke, N Diameter, ENE, p16 status 
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Model 8 Smoke, N Diameter, p16 status 

Table S2. Comparison between predictions of the models shown in Figure S3. 

Model 1 2 3 4 5 6 7 8 
1 1.000 0.791 0.804 0.167 0.804 0.021 0.210 0.210 
2 0.791 1.000 0.581 0.057 0.629 0.007 0.065 0.065 
3 0.804 0.581 1.000 0.031 1.000 0.108 0.383 0.383 
4 0.167 0.057 0.031 1.000 0.210 0.523 0.832 0.832 
5 0.804 0.629 1.000 0.210 1.000 0.108 0.359 0.359 
6 0.021 0.007 0.108 0.523 0.108 1.000 0.125 0.125 
7 0.210 0.065 0.383 0.832 0.359 0.125 1.000 1.000 
8 0.210 0.065 0.383 0.832 0.359 0.125 1.000 1.000 

P-values refer to the mid-p-value McNemar test. Statistically significant p-values are bold. 
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