Additional file 1
Supplementary Tables

Table S1. Hyperparameter search grids for machine learning models.

	Model
	Hyperparameter
	Search Grid

	XGBoost
	n_estimators
	[50, 100, 200]

	XGBoost
	max_depth
	[3, 5, 7]

	XGBoost
	learning_rate
	[0.01, 0.05, 0.1]

	XGBoost
	subsample
	[0.7, 0.8, 0.9]

	XGBoost
	min_child_weight
	[1, 3, 5]

	LightGBM
	n_estimators
	[50, 100, 200]

	LightGBM
	max_depth
	[3, 5, 7]

	LightGBM
	learning_rate
	[0.01, 0.05, 0.1]

	LightGBM
	subsample
	[0.7, 0.8, 0.9]

	Random Forest
	n_estimators
	[100, 200, 500]

	Random Forest
	max_depth
	[3, 5, 7, None]

	Random Forest
	min_samples_split
	[2, 5, 10]

	Random Forest
	min_samples_leaf
	[1, 2, 4]

	LASSO
	C (inverse regularization)
	[0.001, 0.01, 0.1, 1, 10]

	SVM
	C
	[0.1, 1, 10, 100]

	SVM
	gamma
	['scale', 'auto', 0.001, 0.01, 0.1]

	SVM
	kernel
	['rbf', 'linear']

	KNN
	n_neighbors
	[3, 5, 7, 10, 15]

	KNN
	weights
	['uniform', 'distance']

	KNN
	p
	[1, 2]



Note: All models were tuned using grid search with stratified 5-fold cross-validation on the training set, optimizing for the area under the receiver operating characteristic curve (AUC). The best hyperparameters were selected based on the mean cross-validation AUC.

