[bookmark: _GoBack]Supplementary Table 7. Hyperparameter tuning settings for the eight machine learning models.
	Model
	Caret method
	Search method
	Cross-validation
	Hyperparameter search space
	Fixed settings / notes

	Logistic regression
	glm
	No tuning grid
	Repeated 10-fold CV, 5 repeats
	None
	Generalized linear model fitted without additional hyperparameter tuning.

	Support vector machine
	svmRadial
	Grid search
	Repeated 10-fold CV, 5 repeats
	sigma: 0.1, 0.01, 0.001; C: 0.1, 0.5
	Radial basis function kernel; class probabilities enabled.

	Gradient boosting machine
	gbm
	Grid search
	Repeated 10-fold CV, 5 repeats
	n.trees: 100; interaction.depth: 2, 3; shrinkage: 0.1, 0.01; n.minobsinnode: 5
	Final model selected according to the highest cross-validated ROC value.

	Feedforward neural network
	nnet
	Grid search
	Repeated 10-fold CV, 5 repeats
	size: 3, 4, 5; decay: 0.6
	Class probabilities enabled; final model selected by cross-validated ROC.

	Extremely randomized trees
	extraTrees
	Grid search
	Repeated 10-fold CV, 5 repeats
	mtry: 2, 3, 4, 5; numRandomCuts: 3
	Implemented using the extraTrees method in caret.

	Extreme gradient boosting
	xgbTree
	Grid search
	Repeated 10-fold CV, 5 repeats
	nrounds: 10; max_depth: 3, 4, 5; eta: 0.1, 0.01, 0.001; gamma: 0.5; colsample_bytree: 0.5; min_child_weight: 1; subsample: 0.6
	Tree-based XGBoost model; final model selected by cross-validated ROC.

	K-nearest neighbors
	kknn
	Grid search
	Repeated 10-fold CV, 5 repeats
	kmax: 3-15; distance: 1; kernel: optimal
	Weighted k-nearest neighbors implemented using kknn.

	AdaBoost
	AdaBoost.M1
	Grid search
	Repeated 10-fold CV, 5 repeats
	mfinal: 2; maxdepth: 2, 3, 4, 5; coeflearn: Zhu
	AdaBoost.M1 algorithm; final model selected by cross-validated ROC.


Note:All models were trained in the training set using the caret framework in R. Hyperparameter optimization was performed using predefined grid search. Internal validation was conducted using repeated 10-fold cross-validation with five repeats. Class probabilities were estimated, and the area under the receiver operating characteristic curve was used as the primary optimization metric. The random seed was set to 520 before model training. Abbreviations: CV, cross-validation; ROC, receiver operating characteristic curve; SVM, support vector machine; GBM, gradient boosting machine; XGBoost, extreme gradient boosting; KNN, k-nearest neighbors.
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Model

Caret

method

Search

method

Cross-validation

Hyperparameter

search

space

Fixed

settings

/

notes

Logistic

regression

glm

No

tuning

grid

Repeated

10-fold

CV,

5

repeats

None

Generalized

linear

model

fitted

without

additional

hyperparameter

tuning.

Support

vector

machine

svmRadial

Grid

search

Repeated

10-fold

CV,

5

repeats

sigma:

0.1,

0.01,

0.001;

C:

0.1,

0.5

Radial

basis

function

kernel;

class

probabilities

enabled.

Gradient

boosting

machine

gbm

Grid

search

Repeated

10-fold

CV,

5

repeats

n.trees:

100;

interaction.depth:

2,

3;

shrinkage:

0.1,

0.01;

n.minobsinnode:

5

Final

model

selected

according

to

the

highest

cross-validated

ROC

value.

Feedforward

neural

network

nnet

Grid

search

Repeated

10-fold

CV,

5

repeats

size:

3,

4,

5;

decay:

0.6

Class

probabilities

enabled;

final

model

selected

by

cross-validated

ROC.

Extremely

randomized

trees

extraTrees

Grid

search

Repeated

10-fold

CV,

5

repeats

mtry:

2,

3,

4,

5;

numRandomCuts:

3

Implemented

using

the

extraTrees

method

in

caret.

Extreme

gradient

boosting

xgbTree

Grid

search

Repeated

10-fold

CV,

5

repeats

nrounds:

10;

max_depth:

3,

4,

5;

eta:

0.1,

0.01,

0.001;

gamma:

0.5;

colsample_bytree:

0.5;

min_child_weight:

1;

subsample:

0.6

Tree-based

XGBoost

model;

final

model

selected

by

cross-validated

ROC.

K-nearest

neighbors

kknn

Grid

search

Repeated

10-fold

CV,

5

repeats

kmax:

3-15;

distance:

1;

kernel:

optimal

Weighted

k-nearest

neighbors

implemented

using

kknn.

AdaBoost

AdaBoost.M1

Grid

search

Repeated

10-fold

CV,

5

repeats

mfinal:

2;

maxdepth:

2,

3,

4,

5;

coeflearn:

Zhu

AdaBoost.M1

algorithm;

final

model

selected

by

cross-validated

ROC.

Note:

All

models

were

trained

in

the

training

set

using

the

caret

framework

in

R.

Hyperparameter

optimization

was

performed

using

predefined

grid

search.

Internal

validation

was

conducted

using

repeated

10-fold

cross-validation

with

five

repeats.

Class

probabilities

were

estimated,

and

the

area

under

the

receiver

operating

characteristic

curve

was

used

as

the

primary

optimization

metric.

The

random

seed

was

set

to

520

before

model

training.

Abbreviations:

CV,

cross-validation;

ROC,

receiver

operating

characteristic

curve;

SVM,

support

vector

machine;

GBM,

gradient

boosting

machine;

XGBoost,

extreme

gradient

boosting;

KNN,

k-nearest

neighbors.

