Supplementary Table 2. Hyperparameter configurations for five machine learning models.

	Model
	Parameter
	Search Range
	Final Value
	Tuning Method

	Logistic Regression
	Regularization
	None (no penalty applied)
	None
	—

	Random Forest
	Number of trees (ntree)
	Fixed at 500
	500
	—

	
	Features per split (mtry)
	1 to p (p = number of features)
	5 (= floor(√p), p = 29)
	Default rule (√p)

	XGBoost
	Learning rate (eta)
	0.01–0.3
	0.05
	Manually specified + early stopping (val AUC)

	
	Max tree depth (max_depth)
	3–8
	6
	Manually specified + early stopping (val AUC)

	
	Subsample ratio (subsample)
	0.6–1.0
	0.8
	Manually specified + early stopping (val AUC)

	
	Column subsample (colsample_bytree)
	0.6–1.0
	0.8
	Manually specified + early stopping (val AUC)

	
	Min child weight (min_child_weight)
	1–10
	5
	Manually specified + early stopping (val AUC)

	
	Max rounds (nrounds) / early stopping
	Up to 500, early stop at 30 rounds
	500 / 30 rounds (val AUC)
	Manually specified + early stopping (val AUC)

	LightGBM
	Learning rate (learning_rate)
	0.01–0.3
	0.05
	Manually specified + early stopping (val AUC)

	
	Number of leaves (num_leaves)
	15–63
	31
	Manually specified + early stopping (val AUC)

	
	Max depth (max_depth)
	−1 (unlimited)
	−1
	Manually specified + early stopping (val AUC)

	
	Min data in leaf (min_data_in_leaf)
	10–50
	20
	Manually specified + early stopping (val AUC)

	
	Feature fraction (feature_fraction)
	0.6–1.0
	0.8
	Manually specified + early stopping (val AUC)

	
	Bagging fraction (bagging_fraction)
	0.6–1.0
	0.8
	Manually specified + early stopping (val AUC)

	
	Max rounds (nrounds) / early stopping
	Up to 500, early stop at 30 rounds
	500 / 30 rounds (val AUC)
	Manually specified + early stopping (val AUC)

	Neural Network (MLP)
	Hidden units (size)
	5–20
	10
	Manually specified

	
	Weight decay (decay)
	0.001–0.1
	0.01
	Manually specified

	
	Max iterations (maxit)
	Fixed at 500
	500
	—



[bookmark: _GoBack]Early stopping for XGBoost and LightGBM used validation AUC with a patience of 30 rounds. RF mtry was set to floor(√p), where p = 29. MLP was implemented using the nnet package.
Abbreviations: LR, logistic regression; RF, random forest; MLP, multilayer perceptron; AUC, area under the receiver operating characteristic curve; val, validation.

