
Supplementary Table 26. Per-model 95% confidence intervals across repeated runs and within-model FDR-adjusted Welch’s t-test comparisons based on the model trained on TCGA melanoma data (Z_Raw as reference)
	Internal testing

	Molecular data plus 4 clinical features

	Balanced Accuracy
	LASSO
	LR
	MLP
	RF
	SVM_W
	XGB_W

	
	ci95_low
	ci95_high
	Adj. P
	ci95_low
	ci95_high
	Adj. P
	ci95_low
	ci95_high
	Adj. P
	ci95_low
	ci95_high
	Adj. P
	ci95_low
	ci95_high
	Adj. P
	ci95_low
	ci95_high
	Adj. P

	Z_Raw
	0.626
	0.782
	Ref
	0.655
	0.755
	Ref
	0.621
	0.791
	Ref
	0.611
	0.711
	Ref
	0.628
	0.770
	Ref
	0.600
	0.762
	Ref

	Z_Original
	0.532
	0.658
	0.103
	0.494
	0.651
	0.035*
	0.542
	0.634
	0.086
	0.504
	0.660
	0.303
	0.483
	0.666
	0.111
	0.468
	0.618
	0.051

	Z_NICG
	0.596
	0.752
	0.887
	0.593
	0.831
	0.881
	0.648
	0.733
	0.894
	0.547
	0.817
	0.699
	0.657
	0.799
	0.698
	0.577
	0.839
	0.919

	Z_NPN
	0.627
	0.753
	0.887
	0.667
	0.764
	0.881
	0.631
	0.797
	0.894
	0.645
	0.733
	0.408
	0.678
	0.772
	0.698
	0.587
	0.761
	0.919

	Z_Binary
	0.657
	0.741
	0.887
	0.589
	0.771
	0.881
	0.562
	0.767
	0.894
	0.612
	0.743
	0.699
	0.567
	0.764
	0.698
	0.643
	0.731
	0.919

	Z_QN
	0.655
	0.771
	0.887
	0.714
	0.797
	0.184
	0.688
	0.750
	0.894
	0.640
	0.746
	0.408
	0.662
	0.760
	0.850
	0.568
	0.805
	0.919

	Z_QNZ
	0.634
	0.749
	0.887
	0.610
	0.829
	0.881
	0.648
	0.775
	0.894
	0.651
	0.763
	0.382
	0.638
	0.774
	0.852
	0.633
	0.697
	0.919

	 

	AUC
	LASSO
	LR
	MLP
	RF
	SVM_W
	XGB_W

	
	ci95_low
	ci95_high
	Adj. P
	ci95_low
	ci95_high
	Adj. P
	ci95_low
	ci95_high
	Adj. P
	ci95_low
	ci95_high
	Adj. P
	ci95_low
	ci95_high
	Adj. P
	ci95_low
	ci95_high
	Adj. P

	Z_Raw
	0.679
	0.854
	Ref
	0.712
	0.863
	Ref
	0.653
	0.858
	Ref
	0.660
	0.784
	Ref
	0.701
	0.847
	Ref
	0.653
	0.801
	Ref

	Z_Original
	0.533
	0.718
	0.090
	0.476
	0.735
	0.080
	0.533
	0.674
	0.069
	0.541
	0.728
	0.411
	0.467
	0.754
	0.183
	0.440
	0.717
	0.230

	Z_NICG
	0.630
	0.797
	0.766
	0.695
	0.865
	0.968
	0.669
	0.854
	0.943
	0.664
	0.807
	0.812
	0.741
	0.874
	0.760
	0.672
	0.868
	0.988

	Z_NPN
	0.675
	0.804
	0.888
	0.730
	0.826
	0.968
	0.743
	0.844
	0.943
	0.702
	0.791
	0.601
	0.724
	0.869
	0.838
	0.651
	0.804
	0.988

	Z_Binary
	0.626
	0.850
	0.888
	0.641
	0.864
	0.968
	0.638
	0.832
	0.943
	0.650
	0.811
	0.812
	0.646
	0.764
	0.234
	0.700
	0.792
	0.988

	Z_QN
	0.673
	0.860
	0.993
	0.736
	0.852
	0.968
	0.714
	0.833
	0.943
	0.706
	0.792
	0.601
	0.719
	0.832
	0.966
	0.621
	0.849
	0.988

	Z_QNZ
	0.698
	0.823
	0.993
	0.698
	0.881
	0.968
	0.682
	0.836
	0.943
	0.685
	0.830
	0.601
	0.679
	0.876
	0.966
	0.674
	0.801
	0.988

	 

	Molecular data alone

	Balanced Accuracy
	LASSO
	LR
	MLP
	RF
	SVM_W
	XGB_W

	
	ci95_low
	ci95_high
	Adj. P
	ci95_low
	ci95_high
	Adj. P
	ci95_low
	ci95_high
	Adj. P
	ci95_low
	ci95_high
	Adj. P
	ci95_low
	ci95_high
	Adj. P
	ci95_low
	ci95_high
	Adj. P

	Z_Raw
	0.666
	0.775
	Ref
	0.624
	0.765
	Ref
	0.675
	0.740
	Ref
	0.662
	0.722
	Ref
	0.624
	0.765
	Ref
	0.639
	0.711
	Ref

	Z_Original
	0.579
	0.765
	0.380
	0.587
	0.724
	0.823
	0.550
	0.765
	0.692
	0.547
	0.681
	0.167
	0.587
	0.724
	0.823
	0.559
	0.717
	0.819

	Z_NICG
	0.624
	0.715
	0.265
	0.633
	0.780
	0.823
	0.675
	0.707
	0.692
	0.666
	0.715
	0.927
	0.633
	0.780
	0.823
	0.641
	0.753
	0.819

	Z_NPN
	0.642
	0.708
	0.265
	0.656
	0.748
	0.823
	0.695
	0.728
	0.778
	0.616
	0.743
	0.927
	0.656
	0.748
	0.823
	0.622
	0.744
	0.912

	Z_Binary
	0.652
	0.717
	0.326
	0.597
	0.813
	0.823
	0.630
	0.739
	0.692
	0.658
	0.693
	0.717
	0.597
	0.813
	0.823
	0.615
	0.707
	0.819

	Z_QN
	0.688
	0.746
	0.914
	0.658
	0.773
	0.823
	0.659
	0.787
	0.699
	0.633
	0.728
	0.927
	0.658
	0.773
	0.823
	0.611
	0.783
	0.819

	Z_QNZ
	0.666
	0.781
	0.914
	0.686
	0.778
	0.823
	0.681
	0.760
	0.699
	0.636
	0.738
	0.927
	0.686
	0.778
	0.823
	0.628
	0.726
	0.927

	 

	AUC
	LASSO
	LR
	MLP
	RF
	SVM_W
	XGB_W

	
	ci95_low
	ci95_high
	Adj. P
	ci95_low
	ci95_high
	Adj. P
	ci95_low
	ci95_high
	Adj. P
	ci95_low
	ci95_high
	Adj. P
	ci95_low
	ci95_high
	Adj. P
	ci95_low
	ci95_high
	Adj. P

	Z_Raw
	0.745
	0.860
	Ref
	0.701
	0.844
	Ref
	0.737
	0.801
	Ref
	0.699
	0.788
	Ref
	0.701
	0.844
	Ref
	0.714
	0.757
	Ref

	Z_Original
	0.655
	0.830
	0.234
	0.670
	0.810
	0.894
	0.635
	0.804
	0.374
	0.609
	0.747
	0.383
	0.670
	0.810
	0.894
	0.601
	0.757
	0.231

	Z_NICG
	0.648
	0.784
	0.167
	0.728
	0.826
	0.894
	0.700
	0.820
	0.717
	0.693
	0.733
	0.424
	0.728
	0.826
	0.894
	0.726
	0.804
	0.231

	Z_NPN
	0.683
	0.798
	0.207
	0.741
	0.825
	0.894
	0.734
	0.838
	0.565
	0.668
	0.814
	0.969
	0.741
	0.825
	0.894
	0.673
	0.815
	0.768

	Z_Binary
	0.738
	0.779
	0.210
	0.676
	0.850
	0.894
	0.675
	0.807
	0.506
	0.687
	0.774
	0.969
	0.676
	0.850
	0.894
	0.623
	0.803
	0.635

	Z_QN
	0.741
	0.838
	0.767
	0.732
	0.831
	0.894
	0.746
	0.871
	0.374
	0.669
	0.797
	0.969
	0.732
	0.831
	0.894
	0.704
	0.813
	0.496

	Z_QNZ
	0.772
	0.825
	0.872
	0.755
	0.813
	0.894
	0.769
	0.839
	0.374
	0.673
	0.815
	0.969
	0.755
	0.813
	0.894
	0.743
	0.771
	0.231

	 

	External testing

	Molecular data plus 4 clinical features

	Balanced Accuracy
	LASSO
	LR
	MLP
	RF
	SVM_W
	XGB_W

	
	ci95_low
	ci95_high
	Adj. P
	ci95_low
	ci95_high
	Adj. P
	ci95_low
	ci95_high
	Adj. P
	ci95_low
	ci95_high
	Adj. P
	ci95_low
	ci95_high
	Adj. P
	ci95_low
	ci95_high
	Adj. P

	Z_Raw
	0.621
	0.674
	Ref
	0.578
	0.634
	Ref
	0.550
	0.612
	Ref
	0.604
	0.673
	Ref
	0.534
	0.611
	Ref
	0.557
	0.655
	Ref

	Z_Original
	0.557
	0.616
	0.004**
	0.548
	0.601
	0.145
	0.513
	0.559
	0.028*
	0.547
	0.627
	0.272
	0.498
	0.521
	0.024*
	0.488
	0.603
	0.577

	Z_NICG
	0.468
	0.587
	0.002**
	0.561
	0.600
	0.148
	0.509
	0.557
	0.027*
	0.614
	0.664
	0.975
	0.525
	0.564
	0.373
	0.572
	0.624
	0.787

	Z_NPN
	0.556
	0.661
	0.207
	0.614
	0.658
	0.145
	0.622
	0.660
	0.011*
	0.595
	0.646
	0.821
	0.562
	0.605
	0.585
	0.569
	0.666
	0.787

	Z_Binary
	0.607
	0.649
	0.232
	0.627
	0.655
	0.145
	0.561
	0.608
	0.851
	0.617
	0.651
	0.959
	0.597
	0.629
	0.143
	0.596
	0.632
	0.787

	Z_QN
	0.550
	0.582
	0.000***
	0.589
	0.635
	0.704
	0.494
	0.557
	0.027*
	0.630
	0.670
	0.821
	0.533
	0.584
	0.585
	0.604
	0.636
	0.787

	Z_QNZ
	0.521
	0.596
	0.001**
	0.549
	0.601
	0.145
	0.562
	0.615
	0.851
	0.591
	0.653
	0.821
	0.553
	0.630
	0.585
	0.560
	0.670
	0.787

	 

	AUC
	LASSO
	LR
	MLP
	RF
	SVM_W
	XGB_W

	
	ci95_low
	ci95_high
	Adj. P
	ci95_low
	ci95_high
	Adj. P
	ci95_low
	ci95_high
	Adj. P
	ci95_low
	ci95_high
	Adj. P
	ci95_low
	ci95_high
	Adj. P
	ci95_low
	ci95_high
	Adj. P

	Z_Raw
	0.651
	0.677
	Ref
	0.621
	0.660
	Ref
	0.594
	0.645
	Ref
	0.632
	0.672
	Ref
	0.621
	0.673
	Ref
	0.630
	0.695
	Ref

	Z_Original
	0.587
	0.645
	0.007**
	0.553
	0.633
	0.069
	0.533
	0.648
	0.403
	0.559
	0.669
	0.274
	0.592
	0.650
	0.199
	0.572
	0.671
	0.295

	Z_NICG
	0.444
	0.519
	0.000***
	0.543
	0.612
	0.016*
	0.553
	0.629
	0.279
	0.684
	0.728
	0.003**
	0.518
	0.567
	0.000***
	0.597
	0.676
	0.295

	Z_NPN
	0.581
	0.641
	0.007**
	0.613
	0.653
	0.584
	0.590
	0.641
	0.793
	0.670
	0.729
	0.025*
	0.574
	0.616
	0.004**
	0.527
	0.703
	0.295

	Z_Binary
	0.623
	0.665
	0.085
	0.630
	0.674
	0.579
	0.525
	0.577
	0.002**
	0.619
	0.679
	0.867
	0.619
	0.647
	0.336
	0.595
	0.654
	0.295

	Z_QN
	0.596
	0.663
	0.059
	0.607
	0.654
	0.584
	0.518
	0.586
	0.006**
	0.657
	0.750
	0.086
	0.532
	0.589
	0.000***
	0.593
	0.673
	0.295

	Z_QNZ
	0.566
	0.650
	0.021*
	0.563
	0.631
	0.069
	0.559
	0.610
	0.094
	0.633
	0.693
	0.614
	0.560
	0.608
	0.001**
	0.600
	0.659
	0.295

	 

	Molecular data alone

	Balanced Accuracy
	LASSO
	LR
	MLP
	RF
	SVM_W
	XGB_W

	
	ci95_low
	ci95_high
	Adj. P
	ci95_low
	ci95_high
	Adj. P
	ci95_low
	ci95_high
	Adj. P
	ci95_low
	ci95_high
	Adj. P
	ci95_low
	ci95_high
	Adj. P
	ci95_low
	ci95_high
	Adj. P

	Z_Raw
	0.585
	0.646
	Ref
	0.608
	0.646
	Ref
	0.518
	0.566
	Ref
	0.601
	0.649
	Ref
	0.610
	0.642
	Ref
	0.606
	0.658
	Ref

	Z_Original
	0.489
	0.582
	0.015*
	0.517
	0.594
	0.012*
	0.478
	0.534
	0.117
	0.577
	0.635
	0.447
	0.519
	0.601
	0.026*
	0.538
	0.597
	0.008**

	Z_NICG
	0.546
	0.628
	0.290
	0.636
	0.664
	0.056
	0.496
	0.590
	0.973
	0.563
	0.639
	0.447
	0.625
	0.648
	0.318
	0.527
	0.599
	0.008**

	Z_NPN
	0.625
	0.675
	0.113
	0.615
	0.650
	0.649
	0.546
	0.618
	0.117
	0.588
	0.634
	0.449
	0.618
	0.643
	0.634
	0.515
	0.651
	0.198

	Z_Binary
	0.519
	0.581
	0.015*
	0.647
	0.677
	0.017*
	0.544
	0.605
	0.126
	0.596
	0.665
	0.771
	0.611
	0.684
	0.318
	0.566
	0.623
	0.066

	Z_QN
	0.563
	0.638
	0.497
	0.570
	0.617
	0.048*
	0.555
	0.609
	0.117
	0.627
	0.695
	0.447
	0.573
	0.614
	0.026*
	0.563
	0.607
	0.012*

	Z_QNZ
	0.546
	0.596
	0.044*
	0.586
	0.618
	0.056
	0.545
	0.578
	0.208
	0.569
	0.635
	0.447
	0.571
	0.612
	0.026*
	0.579
	0.638
	0.211

	 

	AUC
	LASSO
	LR
	MLP
	RF
	SVM_W
	XGB_W

	
	ci95_low
	ci95_high
	Adj. P
	ci95_low
	ci95_high
	Adj. P
	ci95_low
	ci95_high
	Adj. P
	ci95_low
	ci95_high
	Adj. P
	ci95_low
	ci95_high
	Adj. P
	ci95_low
	ci95_high
	Adj. P

	Z_Raw
	0.577
	0.636
	Ref
	0.651
	0.693
	Ref
	0.533
	0.607
	Ref
	0.641
	0.723
	Ref
	0.646
	0.687
	Ref
	0.628
	0.673
	Ref

	Z_Original
	0.520
	0.577
	0.015*
	0.557
	0.629
	0.001**
	0.495
	0.556
	0.118
	0.610
	0.673
	0.309
	0.558
	0.637
	0.005**
	0.568
	0.654
	0.142

	Z_NICG
	0.589
	0.659
	0.594
	0.621
	0.650
	0.007**
	0.593
	0.665
	0.115
	0.595
	0.657
	0.167
	0.626
	0.667
	0.176
	0.532
	0.594
	0.000***

	Z_NPN
	0.591
	0.628
	0.852
	0.605
	0.642
	0.002**
	0.551
	0.614
	0.576
	0.614
	0.688
	0.333
	0.578
	0.615
	0.000***
	0.550
	0.650
	0.125

	Z_Binary
	0.519
	0.570
	0.011*
	0.630
	0.662
	0.047*
	0.525
	0.571
	0.390
	0.622
	0.688
	0.333
	0.629
	0.676
	0.345
	0.535
	0.626
	0.022*

	Z_QN
	0.550
	0.628
	0.594
	0.565
	0.636
	0.002**
	0.507
	0.546
	0.115
	0.658
	0.714
	0.879
	0.558
	0.624
	0.001**
	0.573
	0.664
	0.230

	Z_QNZ
	0.558
	0.626
	0.594
	0.610
	0.634
	0.001**
	0.523
	0.574
	0.390
	0.610
	0.690
	0.333
	0.564
	0.622
	0.001**
	0.609
	0.670
	0.531



*0.01 ≤ P-value (or Adj. P) < 0.05; **0.001 ≤ P-value (or Adj. P) < 0.01; ***P-value (or Adj. P) < 0.001. Adj. P, False Discovery Rate adjusted P-value for the within-model Welch’s t-test comparison; AUC, area under the curve of the receiver operating characteristic curve; BA, balanced accuracy; ci95_high, upper bound of the 95% confidence interval for the mean performance across repeated runs; ci95_low, lower bound of the 95% confidence interval for the mean performance across repeated runs; LASSO, Least Absolute Shrinkage and Selection Operator; LR, logistic regression; MLP, multilayer perceptron; Ref, reference; RF, random forest; SVM_W, (linear) support vector machine with weighting; XGB_W, Extreme Gradient Boosting with weighting; Z_Binary, binarization applied to Z_Raw data; Z_NICG, Normalization using Internal Control Genes (NICG) applied to Z_Raw data; Z_NPN, Non-Parametric Normalization (NPN) applied to Z_Raw data; Z_Original, Z-transformed RNA-seq data in FPKM format, including all gene features shared between the two cohorts; Z_QN, Quantile Normalization (QN) applied to Z_Raw data; Z_QNZ, Quantile Normalization with Z-Score (QNZ) applied to Z_Raw data; Z_Raw, Z_Original data restricted to the selected DEGs.


