Supplementary materials

Supplementary material 1. Selected features after variance threshold, mRMR and LASSO reduction
Selected high-order features (n=17)
wavelet-LLL_glcm_Correlation
exponential_gldm_DependenceVariance
wavelet-LLL_firstorder_Kurtosis
wavelet-HLH_firstorder_Mean
wavelet-HLL_firstorder_Skewness
square_firstorder_Skewness
wavelet-LHL_firstorder_Skewness
logarithm_glrlm_RunVariance
original_firstorder_Kurtosis
wavelet-LHL_gldm_LargeDependenceEmphasis
original_glszm_GrayLevelNonUniformity
wavelet-LHH_firstorder_Mean
wavelet-LHH_glszm_ZoneEntropy
original_shape_Maximum2DDiameterSlice
original_shape_Flatness
wavelet-LLH_firstorder_Mean
exponential_glcm_MCC

Selected low-order features (n=20)
original_firstorder_Kurtosis
original_glcm_Correlation
original_shape_Maximum2DDiameterSlice
original_shape_Flatness
original_glrlm_LongRunEmphasis
original_glszm_GrayLevelNonUniformity
original_shape_SurfaceVolumeRatio
original_shape_Elongation
original_ngtdm_Contrast
original_gldm_DependenceNonUniformity
original_firstorder_Skewness
original_shape_Maximum2DDiameterColumn
original_glszm_LargeAreaHighGrayLevelEmphasis
original_gldm_LargeDependenceHighGrayLevelEmphasis
original_glcm_JointEntropy
original_glcm_ClusterProminence
original_gldm_LargeDependenceEmphasis
original_glszm_ZoneVariance
original_firstorder_InterquartileRange
original_gldm_SmallDependenceEmphasis


Supplementary material 2. Bayesian hyperparameter optimization for each model
High-order features based models
Best Logisticregression parameters: OrderedDict([('C', 0.1543114117482929), ('penalty', 'l2'), ('solver', 'saga')])

Best KNN Parameters: OrderedDict([('knn__algorithm', 'kd_tree'), ('knn__metric', 'manhattan'), ('knn__n_neighbors', 41), ('knn__weights', 'distance')])

Best SVC Parameters: OrderedDict([('svc__C', 9.966475003603232), ('svc__gamma', 0.022103369240901196), ('svc__kernel', 'rbf')])
probability：True

Best RandomForest Parameters: OrderedDict([('bootstrap', True), ('criterion', 'entropy'), ('max_depth', 5), ('max_features', 'log2'), ('max_leaf_nodes', 46), ('min_impurity_decrease', 0.003258380300540347), ('min_samples_leaf', 8), ('min_samples_split', 6), ('n_estimators', 63)]

Best ExtraTrees Parameters: OrderedDict([('bootstrap', False), ('criterion', 'gini'), ('max_depth', 15), ('max_features', 'log2'), ('min_samples_leaf', 2), ('min_samples_split', 10), ('n_estimators', 112)]

Best GradientBoosting Parameters: OrderedDict([('learning_rate', 0.12250549081359051), ('max_depth', 9), ('max_features', 'log2'), ('min_samples_leaf', 9), ('min_samples_split', 18), ('n_estimators', 297), ('subsample', 0.7108071581098379)])

Best LightGBM Parameters: OrderedDict([('boosting_type', 'gbdt'), ('colsample_bytree', 0.9), ('learning_rate', 0.054841253611765076), ('max_depth', 4), ('min_child_samples', 20), ('min_split_gain', 0.02295518177492491), ('n_estimators', 110), ('num_leaves', 10), ('reg_alpha', 0.1), ('reg_lambda', 0.1), ('subsample', 0.9)]

Best XGBoost Parameters: OrderedDict([('colsample_bytree', 0.7317444974841647), ('learning_rate', 0.05338198177049249), ('max_depth', 10), ('n_estimators', 271), ('reg_alpha', 3.8397655863045403), ('reg_lambda', 4.904052665283796), ('subsample', 0.9388708121634217)])

Best CatBoost Parameters: OrderedDict([('border_count', 254), ('depth', 10), ('iterations', 300), ('l2_leaf_reg', 2.0678013165712725), ('learning_rate', 0.01858313076996355), ('subsample', 0.7951200371014506)]

Best MLP Parameters: {'hidden_layer_sizes': (50,), 'activation': 'tanh', 'solver': 'adam', 'alpha': 0.0007742116473996246}

Low-order features based models
Best Logisticregression parameters: OrderedDict([('C', 2.3532045409279023), ('penalty', 'l1'), ('solver', 'saga')])

Best KNN Parameters: OrderedDict([('knn__algorithm', 'auto'), ('knn__metric', 'manhattan'), ('knn__n_neighbors', 13), ('knn__weights', 'distance')])

Best SVC Parameters: OrderedDict([('svc__C', 10.0), ('svc__gamma', 0.013239149305133919), ('svc__kernel', 'rbf')])
probability：True

Best RandomForest Parameters: OrderedDict([('bootstrap', True), ('criterion', 'entropy'), ('max_depth', 12), ('max_features', 'sqrt'), ('max_leaf_nodes', 31), ('min_impurity_decrease', 0.009623769972456033), ('min_samples_leaf', 2), ('min_samples_split', 9), ('n_estimators', 289)]

Best ExtraTrees Parameters: OrderedDict([('bootstrap', False), ('criterion', 'entropy'), ('max_depth', 14), ('max_features', 'sqrt'), ('min_samples_leaf', 2), ('min_samples_split', 5), ('n_estimators', 263)]

Best GradientBoosting Parameters: OrderedDict([('learning_rate', 0.2), ('max_depth', 5), ('max_features', 'sqrt'), ('min_samples_leaf', 10), ('min_samples_split', 7), ('n_estimators', 300), ('subsample', 0.8622672024881008)])

Best LightGBM Parameters: OrderedDict([('boosting_type', 'gbdt'), ('colsample_bytree', 0.6), ('learning_rate', 0.1), ('max_depth', 3), ('min_child_samples', 20), ('min_split_gain', 0.01), ('n_estimators', 150), ('num_leaves', 25), ('reg_alpha', 0.1), ('reg_lambda', 2.0), ('subsample', 0.6)])

Best XGBoost Parameters: OrderedDict([('colsample_bytree', 0.6), ('learning_rate', 0.29999999999999993), ('max_depth', 4), ('n_estimators', 300), ('reg_alpha', 1.0), ('reg_lambda', 10.0), ('subsample', 0.6)]

Best CatBoost Parameters: OrderedDict([('border_count', 130), ('depth', 4), ('iterations', 300), ('l2_leaf_reg', 10.0), ('learning_rate', 0.29999999999999993), ('subsample', 0.6560108006534974)])

Best MLP Parameters: {'hidden_layer_sizes': (50,), 'activation': 'relu', 'solver': 'adam', 'alpha': 0.09133276275813544}


