
Supplementary Table 4: Metrics and Hyperparameters of ML models

Data Integration Models

Early Integration Models

Model AUC-
ROC

AUC-
PR

F1
Score

Precisio
n

Recall Hyperparameters

Random
Forest

0.923 0.970
5

0.904
8

0.9383 0.873
6

class_weight={0: 0.986, 1: 0.013},
criterion='entropy', max_depth=19,
max_features=23,
min_samples_leaf=2,
min_samples_split=5,
n_estimators=250, warm_start=True

MLP 0.928
9

0.971
3

0.894
4

0.973 0.827
6

activation='tanh', alpha=0.000139,
batch_size=64, early_stopping=True,
hidden_layer_sizes=(87, 87, 87),
learning_rate='invscaling',
momentum=0.837, solver='adam'

Voting
Classifier

0.941
8

0.978
4

0.887
5

0.9726 0.816
1

voting='soft', combination of RF, GNB,
SVC, LR, LightGBM, and MLP

SVC 0.872 0.959
2

0.880
5

0.9722 0.804
6

C=40, class_weight={0: 0.727, 1:
0.273}, decision_function_shape='ovo',
gamma='auto', kernel='sigmoid',
probability=True

LightGBM 0.707
1

0.842
7

0.840
4

0.7822 0.908 class_weight={0: 0.711, 1: 0.289},
learning_rate=0.28, max_depth=4,
num_leaves=40, reg_alpha=1.624,
reg_lambda=0.078, subsample=0.833,
colsample_bytree=0.722

Gaussian
NB

0.868 0.948
5

0.837
5

0.9178 0.770
1

var_smoothing=1.0

Logistic
Regression

0.940
1

0.978
6

0.783
2

1.0 0.643
7

C=10, class_weight={0: 0.951, 1:
0.049}, l1_ratio=0.3, multi_class='ovr',
penalty='l1', solver='liblinear',
warm_start=True

Intermediate Integration Models



Model AUC-R
OC

AUC-P
R

F1 Score Precision Recall

Autoencoder without SMOTE 0.837 0.934 0.852 0.833 0.872

Autoencoder with SMOTE and CV 0.843 0.933 0.828 0.915 0.756

Late Integration Models

Model AUC-
ROC

AUC-
PR

F1
Score

Precisio
n

Recall Best Parameters

XGBoost 0.891
9

0.960
5

0.875 0.8556 0.895
3

subsample=0.5, n_estimators=300,
min_child_weight=6, max_depth=12,
learning_rate=0.01, gamma=0,
colsample_bytree=0.75

Random
Forest

0.890
6

0.959 0.873
6

0.8636 0.883
7

warm_start=False, n_estimators=400,
min_samples_split=4,
min_samples_leaf=9,
max_features='log2', max_depth=50,
criterion='gini', class_weight=None,
bootstrap=True

Stacking
Classifier

0.872
4

0.955
3

0.862
1

0.8523 0.872
1

final_estimator__solver='saga',
final_estimator__penalty='l2',
final_estimator__max_iter=200,
final_estimator__C=0.359

Voting
Classifier

0.866
3

0.952
8

0.842
8

0.9178 0.779
1

weights=[1, 1, 1], voting='soft',
flatten_transform=False

Individual Modality Models

Biospecimen Modality

Model AUC-
ROC

AUC-
PR

F1
Score

Precision Recall Hyperparameters

Gaussian
NB

0.634
3

0.826
1

0.8134 0.7391 0.904
3

var_smoothing=0.1207

SVC 0.536
2

0.855
4

0.8039 0.7455 0.872
3

C=100, class_weight={0: 0.7273, 1:
0.2727}, gamma='auto', kernel='poly',
probability=True, shrinking=False



MLP 0.633
7

0.847
3

0.7847 0.713 0.872
3

activation='tanh', alpha=5.1795,
batch_size=32, early_stopping=True,
hidden_layer_sizes=(187, 187),
learning_rate='adaptive',
learning_rate_init=0.0001,
max_iter=500, momentum=0.5,
solver='sgd'

Logistic
Regression

0.650
8

0.847
1

0.7582 0.7841 0.734 C=0.1, class_weight={0: 0.7000, 1:
0.3000}, l1_ratio=0.5, multi_class='ovr',
penalty='l2', solver='liblinear',
warm_start=True

MLP with
SMOTE

0.648
9

0.842
2

0.75 0.8049 0.702
1

SMOTE(random_state=42,
sampling_strategy=1.0),
MLPClassifier(alpha=0.0268,
batch_size=128, early_stopping=True,
hidden_layer_sizes=(60, 60, 60),
learning_rate='adaptive', max_iter=500,
momentum=0.5)

Voting
Classifier

0.648
9

0.842
2

0.75 0.8049 0.702
1

voting='soft', combination of RF, GNB,
SVC, MLP with SMOTE

LightGBM 0.602
9

0.821
8

0.7447 0.7447 0.744
7

class_weight={0: 0.6239, 1: 0.3761},
colsample_bytree=0.6667,
learning_rate=0.07, max_depth=4,
min_child_samples=40,
num_leaves=20, reg_alpha=0.1438,
reg_lambda=0.0001,
subsample=0.6111

Random
Forest

0.646
7

0.801
7

0.716 0.8529 0.617 bootstrap=False, class_weight={0:
0.7353, 1: 0.2647}, criterion='entropy',
max_depth=1, max_features=4,
n_estimators=180

Clinical Modality

Model AUC-
ROC

AUC-
PR

F1
Score

Precisio
n

Recall Hyperparameters

Voting
Classifier

0.9392 0.974 0.9215 0.9362 0.907
2

voting='soft', combination of RF, GNB,
SVC, MLP



LightGBM 0.9296 0.968
9

0.9101 0.9348 0.886
6

class_weight={0: 0.767, 1: 0.233},
learning_rate=0.12, max_depth=10,
num_leaves=120, reg_alpha=0.0428,
reg_lambda=0.00034,
subsample=0.7222

Logistic
Regression

0.9418 0.976 0.9043 0.9341 0.876
3

C=1, class_weight={0: 0.650, 1:
0.350}, l1_ratio=0.5, penalty='l1',
solver='saga', multi_class='ovr',
warm_start=True

SVC 0.8506 0.943
9

0.8995 0.9239 0.876
3

C=50, class_weight={0: 0.660, 1:
0.340}, gamma='auto',
kernel='sigmoid', probability=True

Random
Forest

0.9227 0.964
7

0.8973 0.9432 0.855
7

bootstrap=False, class_weight={0:
0.800, 1: 0.200}, criterion='entropy',
max_depth=6, max_features=7,
min_samples_leaf=2,
n_estimators=350

MLP 0.9289 0.968
9

0.8962 0.8261 0.979
4

activation='tanh', alpha=0.00193,
batch_size=32,
hidden_layer_sizes=(188, 188, 188),
early_stopping=True,
momentum=0.95,
n_iter_no_change=15

Gaussian
NB

0.9015 0.959
2

0.807 0.9324 0.7113 var_smoothing=0.0339

Genetic Modality

Model AUC-
ROC

AUC-
PR

F1
Score

Precisio
n

Recall Hyperparameters

MLP 0.533
2

0.785
4

0.7593 0.7736 0.745
5

alpha=0.3728, batch_size=128,
early_stopping=True,
hidden_layer_sizes=(51,),
learning_rate_init=0.0001,
max_iter=500, momentum=0.8375,
solver='sgd'



LightGBM 0.579
1

0.821
9

0.7143 0.75 0.681
8

class_weight={0: 0.608, 1: 0.392},
colsample_bytree=0.5,
learning_rate=0.16, max_depth=3,
min_child_samples=120,
n_estimators=150, num_leaves=60,
reg_alpha=0.00034,
reg_lambda=0.0001,
subsample=0.8889

MLP-SMO
TE

0.599
5

0.844
2

0.6935 0.7753 0.627
3

SMOTE pipeline with
MLP(activation='tanh', alpha=0.3728,
batch_size=128, early_stopping=True,
hidden_layer_sizes=(90, 90, 90),
learning_rate_init=0.0001,
max_iter=500, momentum=0.8375)

Voting
Classifier

0.599 0.828
2

0.6632 0.7875 0.572
7

voting='soft', combination of RF, GNB,
SVC, MLP with SMOTE

Random
Forest

0.623 0.843 0.6559 0.8026 0.554
5

bootstrap=False, class_weight={0:
0.678, 1: 0.322}, criterion='entropy',
max_depth=3, max_features=7,
min_samples_leaf=4,
min_samples_split=10,
warm_start=True

SVC 0.556
4

0.835
2

0.6264 0.7917 0.518
2

C=0.1, class_weight={0: 0.698, 1:
0.302}, kernel='linear', probability=True

Gaussian
NB

0.600
1

0.824
3

0.5909 0.7879 0.472
7

var_smoothing=1.5999e-07

Logistic
Regression

0.595
6

0.814
4

0.5778 0.7429 0.472
7

C=0.1, class_weight={0: 0.703,


