Additional file 1
CT-based multimodal differentiation of pulmonary sarcomatoid carcinoma: internally validated study
All probabilities estimate PSC. Main Table 3 and Figure 3 use original patient-level out-of-fold predictions, averaged across repeats. Table S7 compares these with approximate prior correction; Figure S4 shows the corrected curves as a sensitivity analysis.
Table S1. CT acquisition characteristics by diagnosis group
	Measure
	Category / axis
	PSC
	LUAD
	LUSC
	All

	Pixel type
	int16
	54 (65.1%)
	43 (36.8%)
	84 (42.6%)
	181 (45.6%)

	Pixel type
	int32
	29 (34.9%)
	74 (63.2%)
	113 (57.4%)
	216 (54.4%)

	Pixel type
	other
	0 (0.0%)
	0 (0.0%)
	0 (0.0%)
	0 (0.0%)

	Background padding (HU)
	−3024 HU
	17 (20.5%)
	72 (61.5%)
	106 (53.8%)
	195 (49.1%)

	Background padding (HU)
	−1024 HU
	58 (69.9%)
	43 (36.8%)
	84 (42.6%)
	185 (46.6%)

	Background padding (HU)
	other
	8 (9.6%)
	2 (1.7%)
	7 (3.6%)
	17 (4.3%)

	Z-spacing category (mm)
	<=1.5
	42 (50.6%)
	66 (56.4%)
	110 (55.8%)
	218 (54.9%)

	Z-spacing category (mm)
	(1.5,3]
	0 (0.0%)
	0 (0.0%)
	0 (0.0%)
	0 (0.0%)

	Z-spacing category (mm)
	(3,5)
	1 (1.2%)
	1 (0.9%)
	0 (0.0%)
	2 (0.5%)

	Z-spacing category (mm)
	>=5
	40 (48.2%)
	50 (42.7%)
	87 (44.2%)
	177 (44.6%)

	X spacing (mm)
	all_valid
	0.732 (0.696–0.781)
	0.703 (0.680–0.742)
	0.701 (0.656–0.748)
	0.711 (0.672–0.752)

	Y spacing (mm)
	all_valid
	0.732 (0.696–0.781)
	0.703 (0.680–0.742)
	0.701 (0.656–0.748)
	0.711 (0.672–0.752)

	Z spacing (mm)
	all_valid
	1.500 (0.950–5.000)
	1.250 (1.250–6.000)
	1.250 (1.250–6.000)
	1.250 (1.250–6.000)

	In-plane matrix
	512x512
	83 (100.0%)
	117 (100.0%)
	197 (100.0%)
	397 (100.0%)

	Matrix voxels
	x
	512.0 (512.0–512.0)
	512.0 (512.0–512.0)
	512.0 (512.0–512.0)
	512.0 (512.0–512.0)

	Matrix voxels
	y
	512.0 (512.0–512.0)
	512.0 (512.0–512.0)
	512.0 (512.0–512.0)
	512.0 (512.0–512.0)

	Matrix voxels
	z
	191.0 (63.5–340.0)
	209.0 (53.0–252.0)
	233.0 (52.0–265.0)
	217.0 (54.0–269.0)


Categorical variables are n (%); continuous variables are median (IQR). Spacing is in mm and matrix dimensions are in voxels. Image export format (background padding value) is a proxy for acquisition source. Voxel z spacing approximates slice thickness; matrix dimensions do not establish reconstructed field of view.
Table S2. Hyperparameter search space for model candidates
	Classifier
	Candidates
	Parameter
	Search values / range

	LogisticRegression_L2
	8
	C
	[0.003, 0.01, 0.03, 0.1, 0.3, 1.0, 3.0, 10.0]

	SVC_RBF
	8
	C,gamma
	[[0.1, "scale"], [0.3, "scale"], [1.0, "scale"], [3.0, "scale"], [10.0, "scale"], [30.0, "scale"], [1.0, 0.01], [10.0, 0.1]]

	RandomForest
	7
	n_estimators,max_depth,min_samples_leaf,max_features
	[[100, 3, 2, "sqrt"], [100, null, 2, "sqrt"], [100, 3, 5, "sqrt"], [100, null, 5, "sqrt"], [200, 3, 2, "sqrt"], [200, null, 2, 0.5], [200, null, 5, 0.5]]

	HistGradientBoosting
	7
	max_iter,max_depth,learning_rate,l2_regularization
	[[100, 3, 0.05, 0.0], [100, 3, 0.1, 0.0], [100, 3, 0.05, 1.0], [100, 3, 0.1, 1.0], [100, null, 0.05, 0.0], [100, null, 0.1, 0.0], [100, null, 0.1, 1.0]]

	All_image_models
	30
	modality_lasso_C
	[0.003, 0.01, 0.03, 0.1, 0.3, 1.0, 3.0, 10.0, 30.0, 100.0]

	Acquisition_and_B6_incremental_models
	30
	LogisticRegression_L2.C
	[0.003, 0.004462056321880537, 0.006636648873211353, 0.009871033686938006, 0.014681702755432487, 0.021836861531949466, 0.03247910201622165, 0.04830786082682819, 0.0718507985996246, 0.10686743670787335, 0.15894950718851136, 0.23641388447009745, 0.35163068926004426, 0.5229986466599968, 0.7778831392214004, 1.156986126349042, 1.720845753134605, 2.559503557251845, 3.8068830095037716, 5.662175466405295, 8.421648611823539, 12.525956809681217, 18.630508256746854, 27.710125715621604, 41.214713876497925, 61.30079153570834, 91.17586146939607, 135.61060969080754, 201.70072609498013, 300.0]

	All_models
	30
	classifier_family_allocation
	{"hist_gradient_boosting": 7, "logistic": 8, "random_forest": 7, "svc_rbf": 8}

	Radiomics_and_deep_screen
	per inner training fold
	variance,MWU,Spearman,L1
	nonzero variance; Mann-Whitney two-sided p<0.05; abs(Spearman)>requested threshold; L1 logistic C from grid above


LogisticRegression_L2: solver=lbfgs; max_iter=5000; class_weight=balanced except Full fusion unweighted
SVC_RBF: kernel=rbf; probability=True; class_weight=balanced except Full fusion unweighted
RandomForest: class_weight=balanced except Full fusion unweighted; n_jobs=1
HistGradientBoosting: class_weight=balanced except Full fusion unweighted
All_image_models: Each modality has a separate C; C values are jointly sampled with classifier settings in each inner-five-fold search; no nested LogisticRegressionCV.
Acquisition_and_B6_incremental_models: LR only; nested inner-five-fold C search; class_weight=balanced
All_models: Thirty joint candidates per outer training set. Clinical categorical fields use mode imputation; continuous fields use median imputation; no missingness indicators.
Radiomics_and_deep_screen: Correlated pairs retain higher max(AUC,1-AUC); ties retain ascending feature name; intercept-only fallback when L1 selects zero features.
The original acquisition negative control and the LAA increment models used logistic-only searches. The matched acquisition-augmented sensitivity comparisons instead used the same classifier families and joint search capacity as the primary multimodal models, with measured acquisition covariates retained throughout.
Table S3. Features retained in at least 50% of outer folds, with perturbation ICC where applicable
Acquisition-only
	Feature
	Modality
	Frequency
	ICC(2,1)

	acq_pixel_type
	acquisition
	1.000
	N/A

	acq_padding_proxy
	acquisition
	1.000
	N/A

	acq_spacing_x_mm
	acquisition
	1.000
	N/A

	acq_spacing_y_mm
	acquisition
	1.000
	N/A

	acq_spacing_z_proxy_mm
	acquisition
	1.000
	N/A

	acq_matrix_x
	acquisition
	1.000
	N/A

	acq_matrix_y
	acquisition
	1.000
	N/A

	acq_matrix_z
	acquisition
	1.000
	N/A


Clinical-only
	Feature
	Modality
	Frequency
	ICC(2,1)

	sex
	clinical
	1.000
	N/A

	age
	clinical
	1.000
	N/A

	smoking
	clinical
	1.000
	N/A

	central_peripheral
	clinical
	1.000
	N/A

	calcification
	clinical
	1.000
	N/A

	cavity
	clinical
	1.000
	N/A

	tumor_max_diameter
	clinical
	1.000
	N/A

	ct_plain_max
	clinical
	1.000
	N/A

	ct_arterial_max
	clinical
	1.000
	N/A

	ct_venous_max
	clinical
	1.000
	N/A

	LAA_presence
	clinical
	1.000
	N/A

	LAA_ratio
	clinical
	1.000
	N/A


Radiomics-only
	Feature
	Modality
	Frequency
	ICC(2,1)

	log-sigma-2-0-mm-3D_glcm_ClusterProminence
	radiomics
	0.730
	0.808

	log-sigma-3-0-mm-3D_firstorder_90Percentile
	radiomics
	0.670
	0.773

	log-sigma-3-0-mm-3D_firstorder_Minimum
	radiomics
	0.590
	0.824

	log-sigma-3-0-mm-3D_firstorder_Uniformity
	radiomics
	0.730
	0.784

	log-sigma-3-0-mm-3D_gldm_DependenceVariance
	radiomics
	0.540
	0.927

	log-sigma-3-0-mm-3D_ngtdm_Busyness
	radiomics
	0.750
	0.807

	original_shape_Sphericity
	radiomics
	0.660
	0.813

	wavelet-HHL_ngtdm_Strength
	radiomics
	0.990
	0.796

	wavelet-HLH_glcm_Correlation
	radiomics
	0.890
	0.776

	wavelet-HLL_firstorder_Mean
	radiomics
	0.650
	0.852

	wavelet-LHL_ngtdm_Strength
	radiomics
	0.860
	0.778

	wavelet-LLH_glcm_InverseVariance
	radiomics
	0.840
	0.929

	wavelet-LLH_glcm_MaximumProbability
	radiomics
	0.580
	0.797

	wavelet-LLH_glrlm_RunLengthNonUniformity
	radiomics
	0.910
	0.963


Deep-only
	Feature
	Modality
	Frequency
	ICC(2,1)

	deep_012
	deep
	0.610
	N/A

	deep_030
	deep
	0.560
	N/A

	deep_033
	deep
	0.610
	N/A

	deep_053
	deep
	0.670
	N/A

	deep_067
	deep
	0.540
	N/A

	deep_068
	deep
	0.760
	N/A

	deep_074
	deep
	0.550
	N/A

	deep_075
	deep
	0.780
	N/A

	deep_076
	deep
	0.510
	N/A

	deep_077
	deep
	0.640
	N/A

	deep_084
	deep
	0.610
	N/A

	deep_107
	deep
	0.650
	N/A

	deep_113
	deep
	0.540
	N/A

	deep_136
	deep
	0.590
	N/A

	deep_152
	deep
	0.560
	N/A

	deep_192
	deep
	0.810
	N/A

	deep_210
	deep
	0.890
	N/A

	deep_250
	deep
	0.570
	N/A

	deep_282
	deep
	0.780
	N/A

	deep_298
	deep
	0.700
	N/A

	deep_310
	deep
	0.590
	N/A

	deep_335
	deep
	0.800
	N/A

	deep_337
	deep
	0.680
	N/A

	deep_344
	deep
	0.570
	N/A

	deep_372
	deep
	0.750
	N/A

	deep_412
	deep
	0.600
	N/A

	deep_425
	deep
	0.500
	N/A

	deep_493
	deep
	0.580
	N/A

	deep_496
	deep
	0.680
	N/A

	deep_508
	deep
	0.530
	N/A


Clinical+Radiomics
	Feature
	Modality
	Frequency
	ICC(2,1)

	sex
	clinical
	1.000
	N/A

	age
	clinical
	1.000
	N/A

	smoking
	clinical
	1.000
	N/A

	central_peripheral
	clinical
	1.000
	N/A

	calcification
	clinical
	1.000
	N/A

	cavity
	clinical
	1.000
	N/A

	tumor_max_diameter
	clinical
	1.000
	N/A

	ct_plain_max
	clinical
	1.000
	N/A

	ct_arterial_max
	clinical
	1.000
	N/A

	ct_venous_max
	clinical
	1.000
	N/A

	LAA_presence
	clinical
	1.000
	N/A

	LAA_ratio
	clinical
	1.000
	N/A

	log-sigma-2-0-mm-3D_glcm_ClusterProminence
	radiomics
	0.670
	0.808

	log-sigma-3-0-mm-3D_firstorder_90Percentile
	radiomics
	0.590
	0.773

	log-sigma-3-0-mm-3D_firstorder_Minimum
	radiomics
	0.630
	0.824

	log-sigma-3-0-mm-3D_firstorder_Uniformity
	radiomics
	0.690
	0.784

	log-sigma-3-0-mm-3D_ngtdm_Busyness
	radiomics
	0.620
	0.807

	original_shape_Sphericity
	radiomics
	0.650
	0.813

	wavelet-HHL_ngtdm_Strength
	radiomics
	0.930
	0.796

	wavelet-HLH_glcm_Correlation
	radiomics
	0.790
	0.776

	wavelet-HLL_firstorder_Mean
	radiomics
	0.550
	0.852

	wavelet-LHL_ngtdm_Strength
	radiomics
	0.750
	0.778

	wavelet-LLH_glcm_InverseVariance
	radiomics
	0.740
	0.929

	wavelet-LLH_glcm_MaximumProbability
	radiomics
	0.560
	0.797

	wavelet-LLH_glrlm_RunLengthNonUniformity
	radiomics
	0.870
	0.963


Clinical+Deep
	Feature
	Modality
	Frequency
	ICC(2,1)

	sex
	clinical
	1.000
	N/A

	age
	clinical
	1.000
	N/A

	smoking
	clinical
	1.000
	N/A

	central_peripheral
	clinical
	1.000
	N/A

	calcification
	clinical
	1.000
	N/A

	cavity
	clinical
	1.000
	N/A

	tumor_max_diameter
	clinical
	1.000
	N/A

	ct_plain_max
	clinical
	1.000
	N/A

	ct_arterial_max
	clinical
	1.000
	N/A

	ct_venous_max
	clinical
	1.000
	N/A

	LAA_presence
	clinical
	1.000
	N/A

	LAA_ratio
	clinical
	1.000
	N/A


Full fusion
	Feature
	Modality
	Frequency
	ICC(2,1)

	sex
	clinical
	1.000
	N/A

	age
	clinical
	1.000
	N/A

	smoking
	clinical
	1.000
	N/A

	central_peripheral
	clinical
	1.000
	N/A

	calcification
	clinical
	1.000
	N/A

	cavity
	clinical
	1.000
	N/A

	tumor_max_diameter
	clinical
	1.000
	N/A

	ct_plain_max
	clinical
	1.000
	N/A

	ct_arterial_max
	clinical
	1.000
	N/A

	ct_venous_max
	clinical
	1.000
	N/A

	LAA_presence
	clinical
	1.000
	N/A

	LAA_ratio
	clinical
	1.000
	N/A

	log-sigma-2-0-mm-3D_glcm_ClusterProminence
	radiomics
	0.670
	0.808

	log-sigma-3-0-mm-3D_firstorder_90Percentile
	radiomics
	0.610
	0.773

	log-sigma-3-0-mm-3D_firstorder_Minimum
	radiomics
	0.560
	0.824

	log-sigma-3-0-mm-3D_firstorder_Uniformity
	radiomics
	0.660
	0.784

	log-sigma-3-0-mm-3D_ngtdm_Busyness
	radiomics
	0.640
	0.807

	original_shape_Sphericity
	radiomics
	0.660
	0.813

	wavelet-HHL_ngtdm_Strength
	radiomics
	0.920
	0.796

	wavelet-HLH_glcm_Correlation
	radiomics
	0.800
	0.776

	wavelet-HLL_firstorder_Mean
	radiomics
	0.520
	0.852

	wavelet-LHL_ngtdm_Strength
	radiomics
	0.730
	0.778

	wavelet-LLH_glcm_InverseVariance
	radiomics
	0.760
	0.929

	wavelet-LLH_glcm_MaximumProbability
	radiomics
	0.540
	0.797

	wavelet-LLH_glrlm_RunLengthNonUniformity
	radiomics
	0.870
	0.963


Full fusion unweighted
	Feature
	Modality
	Frequency
	ICC(2,1)

	sex
	clinical
	1.000
	N/A

	age
	clinical
	1.000
	N/A

	smoking
	clinical
	1.000
	N/A

	central_peripheral
	clinical
	1.000
	N/A

	calcification
	clinical
	1.000
	N/A

	cavity
	clinical
	1.000
	N/A

	tumor_max_diameter
	clinical
	1.000
	N/A

	ct_plain_max
	clinical
	1.000
	N/A

	ct_arterial_max
	clinical
	1.000
	N/A

	ct_venous_max
	clinical
	1.000
	N/A

	LAA_presence
	clinical
	1.000
	N/A

	LAA_ratio
	clinical
	1.000
	N/A

	log-sigma-2-0-mm-3D_glcm_ClusterProminence
	radiomics
	0.640
	0.808

	log-sigma-3-0-mm-3D_firstorder_90Percentile
	radiomics
	0.570
	0.773

	log-sigma-3-0-mm-3D_firstorder_Minimum
	radiomics
	0.560
	0.824

	log-sigma-3-0-mm-3D_firstorder_Uniformity
	radiomics
	0.540
	0.784

	log-sigma-3-0-mm-3D_ngtdm_Busyness
	radiomics
	0.680
	0.807

	original_shape_Sphericity
	radiomics
	0.640
	0.813

	wavelet-HHL_ngtdm_Strength
	radiomics
	0.860
	0.796

	wavelet-HLH_glcm_Correlation
	radiomics
	0.770
	0.776

	wavelet-LHL_ngtdm_Strength
	radiomics
	0.670
	0.778

	wavelet-LLH_glcm_InverseVariance
	radiomics
	0.670
	0.929

	wavelet-LLH_glcm_MaximumProbability
	radiomics
	0.510
	0.797

	wavelet-LLH_glrlm_RunLengthNonUniformity
	radiomics
	0.820
	0.963


LAA_presence-only
	Feature
	Modality
	Frequency
	ICC(2,1)

	LAA_presence
	clinical
	1.000
	N/A


LAA_presence+ratio
	Feature
	Modality
	Frequency
	ICC(2,1)

	LAA_presence
	clinical
	1.000
	N/A

	LAA_ratio
	clinical
	1.000
	N/A


Arterial-only
	Feature
	Modality
	Frequency
	ICC(2,1)

	ct_arterial_max
	clinical
	1.000
	N/A


Clinical/acquisition covariates were forced into their designated models; their inclusion frequency is not evidence of independent association. Deep feature indices are retained original identifiers and lack biological interpretability.
ICC is marked not applicable for clinical, deep, and acquisition features; no ICC values were imputed or recalculated.
Table S4. Distribution of radiomic feature perturbation ICC(2,1)
	Summary
	Value

	features evaluated
	1130

	features with icc ge 0 75
	344

	icc median
	0.622

	icc q1
	0.378

	icc q3
	0.791

	icc iqr
	0.413

	undefined icc
	0


ICC(2,1) is two-way random-effects, absolute agreement, single measurement; subjects are cases and repeated conditions are original/erode/dilate; complete cases are used per feature, with no imputation.
Table S5. Classifier selection frequency across outer folds
	Model
	Classifier
	Folds selected
	Frequency

	Acquisition-only
	LogisticRegression
	100
	1.000

	Clinical-only
	HistGradientBoostingClassifier
	1
	0.010

	Clinical-only
	RandomForestClassifier
	99
	0.990

	Radiomics-only
	HistGradientBoostingClassifier
	50
	0.500

	Radiomics-only
	LogisticRegression
	1
	0.010

	Radiomics-only
	RandomForestClassifier
	46
	0.460

	Radiomics-only
	SVC
	3
	0.030

	Deep-only
	HistGradientBoostingClassifier
	29
	0.290

	Deep-only
	LogisticRegression
	10
	0.100

	Deep-only
	RandomForestClassifier
	22
	0.220

	Deep-only
	SVC
	39
	0.390

	Clinical+Radiomics
	HistGradientBoostingClassifier
	66
	0.660

	Clinical+Radiomics
	LogisticRegression
	1
	0.010

	Clinical+Radiomics
	RandomForestClassifier
	33
	0.330

	Clinical+Deep
	HistGradientBoostingClassifier
	15
	0.150

	Clinical+Deep
	RandomForestClassifier
	85
	0.850

	Full fusion
	HistGradientBoostingClassifier
	71
	0.710

	Full fusion
	LogisticRegression
	1
	0.010

	Full fusion
	RandomForestClassifier
	28
	0.280

	Full fusion unweighted
	HistGradientBoostingClassifier
	73
	0.730

	Full fusion unweighted
	LogisticRegression
	1
	0.010

	Full fusion unweighted
	RandomForestClassifier
	26
	0.260

	LAA_presence-only
	LogisticRegression
	100
	1.000

	LAA_presence+ratio
	LogisticRegression
	100
	1.000

	Arterial-only
	LogisticRegression
	100
	1.000


All classifier rows are retained; frequencies and fold counts are copied from the Stage B result.
Table S6. Repeat-level performance and calibration metrics (mean ± SD)
Clinical-only
	Metric
	Repeat mean
	Repeat SD
	Repeats

	AUROC
	0.833
	0.009
	20

	AUPRC
	0.592
	0.021
	20

	baseline_prevalence
	0.209
	0.000
	20

	Brier
	0.131
	0.004
	20

	CITL
	-0.592
	0.082
	20

	calibration_slope
	0.999
	0.096
	20

	Youden sensitivity
	0.808
	0.045
	20

	Youden specificity
	0.702
	0.031
	20

	Youden PPV
	0.418
	0.016
	20

	Youden NPV
	0.933
	0.013
	20

	Youden F1
	0.551
	0.014
	20

	Youden accuracy
	0.724
	0.018
	20

	Youden TP
	67.100
	3.754
	20

	Youden FP
	93.700
	9.788
	20

	Youden TN
	220.300
	9.788
	20

	Youden FN
	15.900
	3.754
	20

	high-sensitivity sensitivity
	0.793
	0.025
	20

	high-sensitivity specificity
	0.724
	0.017
	20

	high-sensitivity PPV
	0.432
	0.013
	20

	high-sensitivity NPV
	0.930
	0.007
	20

	high-sensitivity F1
	0.559
	0.013
	20

	high-sensitivity accuracy
	0.739
	0.012
	20

	high-sensitivity TP
	65.800
	2.042
	20

	high-sensitivity FP
	86.600
	5.236
	20

	high-sensitivity TN
	227.400
	5.236
	20

	high-sensitivity FN
	17.200
	2.042
	20


Radiomics-only
	Metric
	Repeat mean
	Repeat SD
	Repeats

	AUROC
	0.794
	0.025
	20

	AUPRC
	0.564
	0.051
	20

	baseline_prevalence
	0.209
	0.000
	20

	Brier
	0.134
	0.008
	20

	CITL
	-0.311
	0.122
	20

	calibration_slope
	0.668
	0.184
	20

	Youden sensitivity
	0.678
	0.069
	20

	Youden specificity
	0.771
	0.041
	20

	Youden PPV
	0.443
	0.038
	20

	Youden NPV
	0.901
	0.017
	20

	Youden F1
	0.533
	0.033
	20

	Youden accuracy
	0.752
	0.027
	20

	Youden TP
	56.300
	5.723
	20

	Youden FP
	71.800
	12.988
	20

	Youden TN
	242.200
	12.988
	20

	Youden FN
	26.700
	5.723
	20

	high-sensitivity sensitivity
	0.775
	0.041
	20

	high-sensitivity specificity
	0.662
	0.031
	20

	high-sensitivity PPV
	0.378
	0.022
	20

	high-sensitivity NPV
	0.918
	0.013
	20

	high-sensitivity F1
	0.508
	0.023
	20

	high-sensitivity accuracy
	0.686
	0.023
	20

	high-sensitivity TP
	64.350
	3.392
	20

	high-sensitivity FP
	106.200
	9.589
	20

	high-sensitivity TN
	207.800
	9.589
	20

	high-sensitivity FN
	18.650
	3.392
	20


Deep-only
	Metric
	Repeat mean
	Repeat SD
	Repeats

	AUROC
	0.528
	0.031
	20

	AUPRC
	0.249
	0.023
	20

	baseline_prevalence
	0.209
	0.000
	20

	Brier
	0.197
	0.018
	20

	CITL
	-0.328
	0.288
	20

	calibration_slope
	0.071
	0.111
	20

	Youden sensitivity
	0.448
	0.090
	20

	Youden specificity
	0.602
	0.115
	20

	Youden PPV
	0.234
	0.029
	20

	Youden NPV
	0.803
	0.015
	20

	Youden F1
	0.302
	0.026
	20

	Youden accuracy
	0.570
	0.075
	20

	Youden TP
	37.150
	7.499
	20

	Youden FP
	125.050
	35.961
	20

	Youden TN
	188.950
	35.961
	20

	Youden FN
	45.850
	7.499
	20

	high-sensitivity sensitivity
	0.752
	0.058
	20

	high-sensitivity specificity
	0.249
	0.045
	20

	high-sensitivity PPV
	0.209
	0.011
	20

	high-sensitivity NPV
	0.792
	0.032
	20

	high-sensitivity F1
	0.327
	0.017
	20

	high-sensitivity accuracy
	0.354
	0.030
	20

	high-sensitivity TP
	62.400
	4.806
	20

	high-sensitivity FP
	235.950
	13.983
	20

	high-sensitivity TN
	78.050
	13.983
	20

	high-sensitivity FN
	20.600
	4.806
	20


Clinical+Radiomics
	Metric
	Repeat mean
	Repeat SD
	Repeats

	AUROC
	0.852
	0.020
	20

	AUPRC
	0.670
	0.048
	20

	baseline_prevalence
	0.209
	0.000
	20

	Brier
	0.113
	0.008
	20

	CITL
	-0.290
	0.124
	20

	calibration_slope
	0.737
	0.153
	20

	Youden sensitivity
	0.766
	0.033
	20

	Youden specificity
	0.783
	0.035
	20

	Youden PPV
	0.486
	0.036
	20

	Youden NPV
	0.927
	0.008
	20

	Youden F1
	0.593
	0.022
	20

	Youden accuracy
	0.780
	0.023
	20

	Youden TP
	63.550
	2.762
	20

	Youden FP
	68.000
	11.112
	20

	Youden TN
	246.000
	11.112
	20

	Youden FN
	19.450
	2.762
	20

	high-sensitivity sensitivity
	0.777
	0.038
	20

	high-sensitivity specificity
	0.770
	0.014
	20

	high-sensitivity PPV
	0.472
	0.014
	20

	high-sensitivity NPV
	0.929
	0.011
	20

	high-sensitivity F1
	0.587
	0.018
	20

	high-sensitivity accuracy
	0.771
	0.010
	20

	high-sensitivity TP
	64.500
	3.154
	20

	high-sensitivity FP
	72.250
	4.435
	20

	high-sensitivity TN
	241.750
	4.435
	20

	high-sensitivity FN
	18.500
	3.154
	20


Clinical+Deep
	Metric
	Repeat mean
	Repeat SD
	Repeats

	AUROC
	0.817
	0.019
	20

	AUPRC
	0.554
	0.034
	20

	baseline_prevalence
	0.209
	0.000
	20

	Brier
	0.138
	0.008
	20

	CITL
	-0.636
	0.102
	20

	calibration_slope
	0.901
	0.182
	20

	Youden sensitivity
	0.790
	0.058
	20

	Youden specificity
	0.708
	0.030
	20

	Youden PPV
	0.418
	0.016
	20

	Youden NPV
	0.928
	0.015
	20

	Youden F1
	0.546
	0.019
	20

	Youden accuracy
	0.725
	0.016
	20

	Youden TP
	65.600
	4.849
	20

	Youden FP
	91.600
	9.555
	20

	Youden TN
	222.400
	9.555
	20

	Youden FN
	17.400
	4.849
	20

	high-sensitivity sensitivity
	0.801
	0.032
	20

	high-sensitivity specificity
	0.704
	0.019
	20

	high-sensitivity PPV
	0.418
	0.017
	20

	high-sensitivity NPV
	0.930
	0.010
	20

	high-sensitivity F1
	0.549
	0.019
	20

	high-sensitivity accuracy
	0.724
	0.016
	20

	high-sensitivity TP
	66.450
	2.665
	20

	high-sensitivity FP
	92.850
	5.905
	20

	high-sensitivity TN
	221.150
	5.905
	20

	high-sensitivity FN
	16.550
	2.665
	20


Full fusion
	Metric
	Repeat mean
	Repeat SD
	Repeats

	AUROC
	0.847
	0.022
	20

	AUPRC
	0.658
	0.051
	20

	baseline_prevalence
	0.209
	0.000
	20

	Brier
	0.117
	0.008
	20

	CITL
	-0.372
	0.154
	20

	calibration_slope
	0.736
	0.151
	20

	Youden sensitivity
	0.750
	0.044
	20

	Youden specificity
	0.784
	0.039
	20

	Youden PPV
	0.482
	0.038
	20

	Youden NPV
	0.923
	0.011
	20

	Youden F1
	0.585
	0.029
	20

	Youden accuracy
	0.777
	0.027
	20

	Youden TP
	62.250
	3.683
	20

	Youden FP
	67.750
	12.298
	20

	Youden TN
	246.250
	12.298
	20

	Youden FN
	20.750
	3.683
	20

	high-sensitivity sensitivity
	0.785
	0.041
	20

	high-sensitivity specificity
	0.758
	0.021
	20

	high-sensitivity PPV
	0.462
	0.022
	20

	high-sensitivity NPV
	0.930
	0.012
	20

	high-sensitivity F1
	0.581
	0.024
	20

	high-sensitivity accuracy
	0.763
	0.017
	20

	high-sensitivity TP
	65.150
	3.376
	20

	high-sensitivity FP
	76.100
	6.648
	20

	high-sensitivity TN
	237.900
	6.648
	20

	high-sensitivity FN
	17.850
	3.376
	20


Full fusion unweighted
	Metric
	Repeat mean
	Repeat SD
	Repeats

	AUROC
	0.851
	0.018
	20

	AUPRC
	0.670
	0.047
	20

	baseline_prevalence
	0.209
	0.000
	20

	Brier
	0.110
	0.008
	20

	CITL
	0.237
	0.122
	20

	calibration_slope
	0.776
	0.120
	20

	Youden sensitivity
	0.763
	0.055
	20

	Youden specificity
	0.777
	0.035
	20

	Youden PPV
	0.477
	0.029
	20

	Youden NPV
	0.926
	0.014
	20

	Youden F1
	0.586
	0.024
	20

	Youden accuracy
	0.774
	0.022
	20

	Youden TP
	63.350
	4.557
	20

	Youden FP
	70.050
	11.005
	20

	Youden TN
	243.950
	11.005
	20

	Youden FN
	19.650
	4.557
	20

	high-sensitivity sensitivity
	0.791
	0.036
	20

	high-sensitivity specificity
	0.762
	0.020
	20

	high-sensitivity PPV
	0.468
	0.021
	20

	high-sensitivity NPV
	0.933
	0.011
	20

	high-sensitivity F1
	0.588
	0.022
	20

	high-sensitivity accuracy
	0.768
	0.016
	20

	high-sensitivity TP
	65.650
	2.978
	20

	high-sensitivity FP
	74.700
	6.216
	20

	high-sensitivity TN
	239.300
	6.216
	20

	high-sensitivity FN
	17.350
	2.978
	20


Acquisition-only
	Metric
	Repeat mean
	Repeat SD
	Repeats

	AUROC
	0.805
	0.006
	20

	AUPRC
	0.575
	0.018
	20

	baseline_prevalence
	0.209
	0.000
	20

	Brier
	0.172
	0.002
	20

	CITL
	-1.286
	0.012
	20

	calibration_slope
	0.931
	0.045
	20

	Youden sensitivity
	0.670
	0.030
	20

	Youden specificity
	0.824
	0.025
	20

	Youden PPV
	0.504
	0.030
	20

	Youden NPV
	0.904
	0.007
	20

	Youden F1
	0.574
	0.020
	20

	Youden accuracy
	0.792
	0.017
	20

	Youden TP
	55.600
	2.458
	20

	Youden FP
	55.200
	7.696
	20

	Youden TN
	258.800
	7.696
	20

	Youden FN
	27.400
	2.458
	20

	high-sensitivity sensitivity
	0.799
	0.019
	20

	high-sensitivity specificity
	0.645
	0.025
	20

	high-sensitivity PPV
	0.374
	0.014
	20

	high-sensitivity NPV
	0.924
	0.006
	20

	high-sensitivity F1
	0.509
	0.013
	20

	high-sensitivity accuracy
	0.677
	0.018
	20

	high-sensitivity TP
	66.350
	1.599
	20

	high-sensitivity FP
	111.400
	7.715
	20

	high-sensitivity TN
	202.600
	7.715
	20

	high-sensitivity FN
	16.650
	1.599
	20


LAA_presence-only
	Metric
	Repeat mean
	Repeat SD
	Repeats

	AUROC
	0.632
	0.010
	20

	AUPRC
	0.291
	0.007
	20

	baseline_prevalence
	0.209
	0.000
	20

	Brier
	0.241
	0.000
	20

	CITL
	—
	—
	0

	calibration_slope
	—
	—
	0

	Youden sensitivity
	0.614
	0.000
	20

	Youden specificity
	0.707
	0.000
	20

	Youden PPV
	0.357
	0.000
	20

	Youden NPV
	0.874
	0.000
	20

	Youden F1
	0.451
	0.000
	20

	Youden accuracy
	0.688
	0.000
	20

	Youden TP
	51.000
	0.000
	20

	Youden FP
	92.000
	0.000
	20

	Youden TN
	222.000
	0.000
	20

	Youden FN
	32.000
	0.000
	20

	high-sensitivity sensitivity
	0.621
	0.020
	20

	high-sensitivity specificity
	0.693
	0.042
	20

	high-sensitivity PPV
	0.350
	0.019
	20

	high-sensitivity NPV
	0.874
	0.001
	20

	high-sensitivity F1
	0.447
	0.012
	20

	high-sensitivity accuracy
	0.678
	0.029
	20

	high-sensitivity TP
	51.550
	1.701
	20

	high-sensitivity FP
	96.300
	13.251
	20

	high-sensitivity TN
	217.700
	13.251
	20

	high-sensitivity FN
	31.450
	1.701
	20


LAA_presence+ratio
	Metric
	Repeat mean
	Repeat SD
	Repeats

	AUROC
	0.671
	0.008
	20

	AUPRC
	0.408
	0.021
	20

	baseline_prevalence
	0.209
	0.000
	20

	Brier
	0.231
	0.002
	20

	CITL
	—
	—
	0

	calibration_slope
	—
	—
	0

	Youden sensitivity
	0.532
	0.011
	20

	Youden specificity
	0.773
	0.012
	20

	Youden PPV
	0.383
	0.013
	20

	Youden NPV
	0.862
	0.003
	20

	Youden F1
	0.445
	0.010
	20

	Youden accuracy
	0.723
	0.009
	20

	Youden TP
	44.150
	0.933
	20

	Youden FP
	71.200
	3.847
	20

	Youden TN
	242.800
	3.847
	20

	Youden FN
	38.850
	0.933
	20

	high-sensitivity sensitivity
	0.633
	0.041
	20

	high-sensitivity specificity
	0.663
	0.078
	20

	high-sensitivity PPV
	0.336
	0.028
	20

	high-sensitivity NPV
	0.872
	0.001
	20

	high-sensitivity F1
	0.437
	0.018
	20

	high-sensitivity accuracy
	0.656
	0.053
	20

	high-sensitivity TP
	52.500
	3.411
	20

	high-sensitivity FP
	105.950
	24.362
	20

	high-sensitivity TN
	208.050
	24.362
	20

	high-sensitivity FN
	30.500
	3.411
	20


Arterial-only
	Metric
	Repeat mean
	Repeat SD
	Repeats

	AUROC
	0.683
	0.002
	20

	AUPRC
	0.341
	0.006
	20

	baseline_prevalence
	0.209
	0.000
	20

	Brier
	0.241
	0.000
	20

	CITL
	—
	—
	0

	calibration_slope
	—
	—
	0

	Youden sensitivity
	0.816
	0.027
	20

	Youden specificity
	0.537
	0.010
	20

	Youden PPV
	0.318
	0.007
	20

	Youden NPV
	0.917
	0.011
	20

	Youden F1
	0.457
	0.011
	20

	Youden accuracy
	0.595
	0.008
	20

	Youden TP
	67.750
	2.245
	20

	Youden FP
	145.400
	3.102
	20

	Youden TN
	168.600
	3.102
	20

	Youden FN
	15.250
	2.245
	20

	high-sensitivity sensitivity
	0.782
	0.035
	20

	high-sensitivity specificity
	0.545
	0.007
	20

	high-sensitivity PPV
	0.312
	0.008
	20

	high-sensitivity NPV
	0.905
	0.013
	20

	high-sensitivity F1
	0.446
	0.014
	20

	high-sensitivity accuracy
	0.594
	0.005
	20

	high-sensitivity TP
	64.900
	2.900
	20

	high-sensitivity FP
	143.000
	2.224
	20

	high-sensitivity TN
	171.000
	2.224
	20

	high-sensitivity FN
	18.100
	2.900
	20


Table S7. Original probabilities versus approximate prior correction: calibration sensitivity analysis
	Model
	Metric
	Original (95% CI)
	Prior correction (95% CI)

	Clinical-only
	Brier
	0.127 (0.110–0.143)
	0.130 (0.107–0.153)

	Clinical-only
	CITL
	-0.578 (-0.866–-0.333)
	0.721 (0.433–0.966)

	Clinical-only
	calibration slope
	1.152 (0.905–1.477)
	1.141 (0.895–1.463)

	Radiomics-only
	Brier
	0.117 (0.098–0.136)
	0.128 (0.103–0.153)

	Radiomics-only
	CITL
	-0.274 (-0.567–-0.021)
	0.899 (0.601–1.159)

	Radiomics-only
	calibration slope
	1.123 (0.902–1.409)
	1.069 (0.861–1.339)

	Deep-only
	Brier
	0.171 (0.151–0.191)
	0.175 (0.143–0.204)

	Deep-only
	CITL
	-0.299 (-0.570–-0.063)
	0.866 (0.589–1.104)

	Deep-only
	calibration slope
	0.295 (-0.241–0.799)
	0.287 (-0.205–0.736)

	Clinical+Radiomics
	Brier
	0.096 (0.079–0.113)
	0.108 (0.086–0.131)

	Clinical+Radiomics
	CITL
	-0.252 (-0.545–0.010)
	0.902 (0.598–1.173)

	Clinical+Radiomics
	calibration slope
	1.218 (0.977–1.556)
	1.175 (0.946–1.504)

	Clinical+Deep
	Brier
	0.129 (0.113–0.145)
	0.131 (0.107–0.153)

	Clinical+Deep
	CITL
	-0.604 (-0.889–-0.367)
	0.658 (0.371–0.894)

	Clinical+Deep
	calibration slope
	1.213 (0.958–1.562)
	1.204 (0.951–1.545)

	Full fusion
	Brier
	0.099 (0.081–0.116)
	0.109 (0.086–0.131)

	Full fusion
	CITL
	-0.326 (-0.612–-0.065)
	0.825 (0.533–1.094)

	Full fusion
	calibration slope
	1.247 (1.008–1.580)
	1.196 (0.969–1.512)


Original estimates match main Table 3. Approximate prior correction is sensitivity analysis only and was not retained as the primary probability scale because all Brier scores increased and calibration-in-the-large became positive, indicating systematic underestimation. The original probabilities remain the main analysis; calibration requires external recalibration before clinical use.
Implementation: logit(p_corr) = logit(p) + log(pi_train/(1-pi_train)), where pi_train is the unweighted PSC proportion in the outer-training fold only. No outer-test outcomes determine the offset. Endpoints remain unchanged; corrected outer probabilities are then averaged within patient. The correction assumes a weighted-posterior prior shift, is approximate for non-linear classifiers and does not undo regularization, model selection or misspecification. The training cohort case mix is not a known deployment prevalence. No fitted Platt recalibration was performed. King and Zeng and Elkan are cited in the main bibliography. Figure S4 shows corrected curves; compare original curves in main Figure 3. The aggregation audit is in Table S8.
Table S8. Complete sensitivity-analysis results
Primary evaluation
	Model / stratum
	Metric
	Estimate (95% CI)
	P
	n (PSC / control)

	Acquisition-only
	AUROC
	0.808 (0.750–0.862)
	—
	397

	Acquisition-only
	AUPRC
	0.582 (0.473–0.699)
	—
	397

	Acquisition-only
	Youden sensitivity
	0.687 (0.585–0.783)
	—
	397

	Acquisition-only
	Youden specificity
	0.831 (0.791–0.871)
	—
	397

	Acquisition-only
	high-sensitivity sensitivity
	0.819 (0.731–0.897)
	—
	397

	Acquisition-only
	high-sensitivity specificity
	0.656 (0.603–0.706)
	—
	397

	Arterial-only
	AUROC
	0.681 (0.622–0.738)
	—
	397

	Arterial-only
	AUPRC
	0.342 (0.263–0.441)
	—
	397

	Arterial-only
	Youden sensitivity
	0.843 (0.765–0.917)
	—
	397

	Arterial-only
	Youden specificity
	0.538 (0.484–0.592)
	—
	397

	Arterial-only
	high-sensitivity sensitivity
	0.843 (0.765–0.917)
	—
	397

	Arterial-only
	high-sensitivity specificity
	0.538 (0.484–0.592)
	—
	397

	Clinical+Deep
	AUROC
	0.842 (0.795–0.885)
	—
	397

	Clinical+Deep
	AUPRC
	0.602 (0.499–0.704)
	—
	397

	Clinical+Deep
	Youden sensitivity
	0.843 (0.764–0.919)
	—
	397

	Clinical+Deep
	Youden specificity
	0.685 (0.634–0.734)
	—
	397

	Clinical+Deep
	high-sensitivity sensitivity
	0.843 (0.764–0.919)
	—
	397

	Clinical+Deep
	high-sensitivity specificity
	0.691 (0.640–0.739)
	—
	397

	Clinical+Radiomics
	AUROC
	0.895 (0.851–0.934)
	—
	397

	Clinical+Radiomics
	AUPRC
	0.752 (0.657–0.833)
	—
	397

	Clinical+Radiomics
	Youden sensitivity
	0.783 (0.697–0.870)
	—
	397

	Clinical+Radiomics
	Youden specificity
	0.799 (0.754–0.843)
	—
	397

	Clinical+Radiomics
	high-sensitivity sensitivity
	0.831 (0.750–0.908)
	—
	397

	Clinical+Radiomics
	high-sensitivity specificity
	0.764 (0.717–0.809)
	—
	397

	Clinical-only
	AUROC
	0.843 (0.796–0.887)
	—
	397

	Clinical-only
	AUPRC
	0.622 (0.524–0.719)
	—
	397

	Clinical-only
	Youden sensitivity
	0.855 (0.778–0.927)
	—
	397

	Clinical-only
	Youden specificity
	0.697 (0.648–0.747)
	—
	397

	Clinical-only
	high-sensitivity sensitivity
	0.807 (0.718–0.890)
	—
	397

	Clinical-only
	high-sensitivity specificity
	0.729 (0.682–0.777)
	—
	397

	Deep-only
	AUROC
	0.533 (0.455–0.606)
	—
	397

	Deep-only
	AUPRC
	0.281 (0.210–0.376)
	—
	397

	Deep-only
	Youden sensitivity
	0.494 (0.386–0.600)
	—
	397

	Deep-only
	Youden specificity
	0.576 (0.522–0.630)
	—
	397

	Deep-only
	high-sensitivity sensitivity
	0.843 (0.759–0.916)
	—
	397

	Deep-only
	high-sensitivity specificity
	0.057 (0.033–0.085)
	—
	397

	Full fusion
	AUROC
	0.890 (0.848–0.930)
	—
	397

	Full fusion
	AUPRC
	0.739 (0.643–0.823)
	—
	397

	Full fusion
	Youden sensitivity
	0.771 (0.679–0.859)
	—
	397

	Full fusion
	Youden specificity
	0.815 (0.772–0.855)
	—
	397

	Full fusion
	high-sensitivity sensitivity
	0.855 (0.775–0.928)
	—
	397

	Full fusion
	high-sensitivity specificity
	0.755 (0.708–0.801)
	—
	397

	Full fusion unweighted
	AUROC
	0.896 (0.854–0.933)
	—
	397

	Full fusion unweighted
	AUPRC
	0.755 (0.666–0.833)
	—
	397

	Full fusion unweighted
	Youden sensitivity
	0.855 (0.775–0.927)
	—
	397

	Full fusion unweighted
	Youden specificity
	0.787 (0.739–0.831)
	—
	397

	Full fusion unweighted
	high-sensitivity sensitivity
	0.892 (0.819–0.952)
	—
	397

	Full fusion unweighted
	high-sensitivity specificity
	0.752 (0.702–0.797)
	—
	397

	LAA_presence+ratio
	AUROC
	0.672 (0.592–0.744)
	—
	397

	LAA_presence+ratio
	AUPRC
	0.401 (0.303–0.521)
	—
	397

	LAA_presence+ratio
	Youden sensitivity
	0.530 (0.418–0.637)
	—
	397

	LAA_presence+ratio
	Youden specificity
	0.780 (0.736–0.824)
	—
	397

	LAA_presence+ratio
	high-sensitivity sensitivity
	0.614 (0.500–0.722)
	—
	397

	LAA_presence+ratio
	high-sensitivity specificity
	0.701 (0.654–0.747)
	—
	397

	LAA_presence-only
	AUROC
	0.526 (0.443–0.603)
	—
	397

	LAA_presence-only
	AUPRC
	0.225 (0.176–0.286)
	—
	397

	LAA_presence-only
	Youden sensitivity
	0.614 (0.500–0.722)
	—
	397

	LAA_presence-only
	Youden specificity
	0.707 (0.660–0.752)
	—
	397

	LAA_presence-only
	high-sensitivity sensitivity
	0.614 (0.500–0.722)
	—
	397

	LAA_presence-only
	high-sensitivity specificity
	0.707 (0.660–0.752)
	—
	397

	Radiomics-only
	AUROC
	0.845 (0.799–0.888)
	—
	397

	Radiomics-only
	AUPRC
	0.650 (0.551–0.744)
	—
	397

	Radiomics-only
	Youden sensitivity
	0.663 (0.557–0.767)
	—
	397

	Radiomics-only
	Youden specificity
	0.774 (0.728–0.822)
	—
	397

	Radiomics-only
	high-sensitivity sensitivity
	0.819 (0.731–0.896)
	—
	397

	Radiomics-only
	high-sensitivity specificity
	0.653 (0.602–0.704)
	—
	397


Correlation threshold sensitivity (0.85)
	Model / stratum
	Metric
	Estimate (95% CI)
	P
	n (PSC / control)

	Full fusion
	AUROC
	0.882 (0.839–0.922)
	—
	397

	Full fusion
	AUPRC
	0.737 (0.646–0.818)
	—
	397

	Full fusion
	Youden sensitivity
	0.795 (0.702–0.880)
	—
	397

	Full fusion
	Youden specificity
	0.780 (0.734–0.823)
	—
	397

	Full fusion
	high-sensitivity sensitivity
	0.807 (0.718–0.890)
	—
	397

	Full fusion
	high-sensitivity specificity
	0.780 (0.734–0.824)
	—
	397

	Radiomics-only
	AUROC
	0.823 (0.771–0.874)
	—
	397

	Radiomics-only
	AUPRC
	0.606 (0.500–0.725)
	—
	397

	Radiomics-only
	Youden sensitivity
	0.687 (0.586–0.784)
	—
	397

	Radiomics-only
	Youden specificity
	0.777 (0.730–0.822)
	—
	397

	Radiomics-only
	high-sensitivity sensitivity
	0.795 (0.708–0.879)
	—
	397

	Radiomics-only
	high-sensitivity specificity
	0.608 (0.554–0.662)
	—
	397


Correlation threshold sensitivity (0.95)
	Model / stratum
	Metric
	Estimate (95% CI)
	P
	n (PSC / control)

	Full fusion
	AUROC
	0.889 (0.846–0.928)
	—
	397

	Full fusion
	AUPRC
	0.747 (0.655–0.827)
	—
	397

	Full fusion
	Youden sensitivity
	0.783 (0.691–0.867)
	—
	397

	Full fusion
	Youden specificity
	0.793 (0.748–0.837)
	—
	397

	Full fusion
	high-sensitivity sensitivity
	0.843 (0.761–0.919)
	—
	397

	Full fusion
	high-sensitivity specificity
	0.758 (0.710–0.806)
	—
	397

	Radiomics-only
	AUROC
	0.832 (0.779–0.880)
	—
	397

	Radiomics-only
	AUPRC
	0.651 (0.545–0.747)
	—
	397

	Radiomics-only
	Youden sensitivity
	0.663 (0.556–0.761)
	—
	397

	Radiomics-only
	Youden specificity
	0.777 (0.731–0.823)
	—
	397

	Radiomics-only
	high-sensitivity sensitivity
	0.795 (0.701–0.878)
	—
	397

	Radiomics-only
	high-sensitivity specificity
	0.627 (0.575–0.680)
	—
	397


Complete-case sensitivity
	Model / stratum
	Metric
	Estimate (95% CI)
	P
	n (PSC / control)

	Clinical-only
	AUROC
	0.830 (0.775–0.883)
	—
	370

	Clinical-only
	AUPRC
	0.469 (0.368–0.613)
	—
	370

	Clinical-only
	Youden sensitivity
	0.778 (0.672–0.879)
	—
	370

	Clinical-only
	Youden specificity
	0.759 (0.711–0.804)
	—
	370

	Clinical-only
	high-sensitivity sensitivity
	0.794 (0.689–0.889)
	—
	370

	Clinical-only
	high-sensitivity specificity
	0.730 (0.679–0.780)
	—
	370

	Full fusion
	AUROC
	0.860 (0.807–0.912)
	—
	370

	Full fusion
	AUPRC
	0.636 (0.522–0.748)
	—
	370

	Full fusion
	Youden sensitivity
	0.825 (0.730–0.919)
	—
	370

	Full fusion
	Youden specificity
	0.765 (0.717–0.812)
	—
	370

	Full fusion
	high-sensitivity sensitivity
	0.841 (0.750–0.931)
	—
	370

	Full fusion
	high-sensitivity specificity
	0.746 (0.697–0.794)
	—
	370


No-disputed cohort sensitivity
	Model / stratum
	Metric
	Estimate (95% CI)
	P
	n (PSC / control)

	Clinical-only
	AUROC
	0.848 (0.798–0.893)
	—
	392

	Clinical-only
	AUPRC
	0.626 (0.523–0.724)
	—
	392

	Clinical-only
	Youden sensitivity
	0.769 (0.672–0.860)
	—
	392

	Clinical-only
	Youden specificity
	0.707 (0.655–0.757)
	—
	392

	Clinical-only
	high-sensitivity sensitivity
	0.769 (0.671–0.857)
	—
	392

	Clinical-only
	high-sensitivity specificity
	0.726 (0.676–0.774)
	—
	392


Correlation threshold sensitivity (0.90; reused first five repeats)
	Model / stratum
	Metric
	Estimate (95% CI)
	P
	n (PSC / control)

	Full fusion
	AUROC
	0.878 (0.832–0.921)
	—
	397

	Full fusion
	AUPRC
	0.724 (0.625–0.812)
	—
	397

	Full fusion
	Youden sensitivity
	0.807 (0.721–0.887)
	—
	397

	Full fusion
	Youden specificity
	0.752 (0.703–0.797)
	—
	397

	Full fusion
	high-sensitivity sensitivity
	0.807 (0.721–0.890)
	—
	397

	Full fusion
	high-sensitivity specificity
	0.742 (0.693–0.790)
	—
	397

	Radiomics-only
	AUROC
	0.836 (0.786–0.882)
	—
	397

	Radiomics-only
	AUPRC
	0.627 (0.519–0.734)
	—
	397

	Radiomics-only
	Youden sensitivity
	0.663 (0.557–0.767)
	—
	397

	Radiomics-only
	Youden specificity
	0.768 (0.720–0.812)
	—
	397

	Radiomics-only
	high-sensitivity sensitivity
	0.831 (0.750–0.910)
	—
	397

	Radiomics-only
	high-sensitivity specificity
	0.666 (0.617–0.719)
	—
	397


LAA incremental value
	Model / stratum
	Metric
	Estimate (95% CI)
	P
	n (PSC / control)

	LAA_presence+ratio vs LAA_presence-only
	paired_DeLong_delta_AUROC
	0.146 (0.100–0.191)
	<0.001
	397


Acquisition export-format strata
	Model / stratum
	Metric
	Estimate (95% CI)
	P
	n (PSC / control)

	Full fusion / −3024 HU export format
	AUROC
	0.835 (0.731–0.920)
	—
	195 (17/178)

	Full fusion / −3024 HU export format
	AUPRC
	0.394 (0.207–0.612)
	—
	195 (17/178)

	Full fusion / −3024 HU export format
	Youden sensitivity
	0.647 (0.400–0.867)
	—
	195 (17/178)

	Full fusion / −3024 HU export format
	Youden specificity
	0.860 (0.807–0.910)
	—
	195 (17/178)

	Full fusion / −3024 HU export format
	high-sensitivity sensitivity
	0.647 (0.400–0.867)
	—
	195 (17/178)

	Full fusion / −3024 HU export format
	high-sensitivity specificity
	0.792 (0.731–0.849)
	—
	195 (17/178)

	Full fusion / −1024 HU export format
	AUROC
	0.912 (0.870–0.949)
	—
	185 (58/127)

	Full fusion / −1024 HU export format
	AUPRC
	0.838 (0.745–0.911)
	—
	185 (58/127)

	Full fusion / −1024 HU export format
	Youden sensitivity
	0.793 (0.691–0.893)
	—
	185 (58/127)

	Full fusion / −1024 HU export format
	Youden specificity
	0.772 (0.698–0.843)
	—
	185 (58/127)

	Full fusion / −1024 HU export format
	high-sensitivity sensitivity
	0.914 (0.836–0.981)
	—
	185 (58/127)

	Full fusion / −1024 HU export format
	high-sensitivity specificity
	0.732 (0.654–0.805)
	—
	185 (58/127)

	Full fusion / other
	AUROC
	0.736 (0.429–1.000)
	—
	17 (8/9)

	Full fusion / other
	AUPRC
	0.745 (0.417–1.000)
	—
	17 (8/9)

	Full fusion / other
	Youden sensitivity
	0.875 (0.571–1.000)
	—
	17 (8/9)

	Full fusion / other
	Youden specificity
	0.556 (0.222–0.875)
	—
	17 (8/9)

	Full fusion / other
	high-sensitivity sensitivity
	0.875 (0.571–1.000)
	—
	17 (8/9)

	Full fusion / other
	high-sensitivity specificity
	0.333 (0.000–0.667)
	—
	17 (8/9)

	Clinical-only / −3024 HU export format
	AUROC
	0.831 (0.738–0.904)
	—
	195 (17/178)

	Radiomics-only / −3024 HU export format
	AUROC
	0.783 (0.645–0.885)
	—
	195 (17/178)

	Clinical+Radiomics / −3024 HU export format
	AUROC
	0.837 (0.730–0.925)
	—
	195 (17/178)

	Full fusion / −3024 HU export format
	AUROC
	0.835 (0.738–0.919)
	—
	195 (17/178)

	Clinical-only / −1024 HU export format
	AUROC
	0.831 (0.762–0.889)
	—
	185 (58/127)

	Radiomics-only / −1024 HU export format
	AUROC
	0.872 (0.822–0.920)
	—
	185 (58/127)

	Clinical+Radiomics / −1024 HU export format
	AUROC
	0.919 (0.878–0.955)
	—
	185 (58/127)

	Full fusion / −1024 HU export format
	AUROC
	0.912 (0.869–0.952)
	—
	185 (58/127)

	Clinical-only / other
	AUROC
	0.847 (0.571–1.000)
	—
	17 (8/9)

	Radiomics-only / other
	AUROC
	0.431 (0.143–0.722)
	—
	17 (8/9)

	Clinical+Radiomics / other
	AUROC
	0.694 (0.400–0.957)
	—
	17 (8/9)

	Full fusion / other
	AUROC
	0.736 (0.439–1.000)
	—
	17 (8/9)


Within-export-format adjusted discrimination
	Model / stratum
	Metric
	Estimate (95% CI)
	P
	n (PSC / control)

	Clinical-only
	within_stratum_weighted_AUROC
	0.831 (0.780–0.879)
	—
	397 (83/314)

	Radiomics-only
	within_stratum_weighted_AUROC
	0.843 (0.788–0.891)
	—
	397 (83/314)

	Clinical+Radiomics
	within_stratum_weighted_AUROC
	0.893 (0.848–0.932)
	—
	397 (83/314)

	Full fusion
	within_stratum_weighted_AUROC
	0.889 (0.844–0.927)
	—
	397 (83/314)


Acquisition-augmented five-repeat refit
	Model / stratum
	Metric
	Estimate (95% CI)
	P
	n (PSC / control)

	Full fusion
	AUROC
	0.878 (0.833–0.919)
	—
	397 (83/314)

	Clinical+Radiomics
	AUROC
	0.878 (0.831–0.920)
	—
	397 (83/314)

	Radiomics-only
	AUROC
	0.836 (0.786–0.882)
	—
	397 (83/314)

	Full fusion + Acquisition (B+)
	AUROC
	0.919 (0.880–0.953)
	—
	397 (83/314)

	Clinical+Radiomics+Acquisition (B+)
	AUROC
	0.926 (0.889–0.958)
	—
	397 (83/314)

	Radiomics-only+Acquisition (B+)
	AUROC
	0.917 (0.883–0.948)
	—
	397 (83/314)

	Acquisition-only (B+ matched search)
	AUROC
	0.901 (0.861–0.937)
	—
	397 (83/314)


Acquisition-augmented paired comparison
	Model / stratum
	Metric
	Estimate (95% CI)
	P
	n (PSC / control)

	newFull-baselineFull
	delta_AUROC
	0.042 (0.019–0.065)
	<0.001
	397 (83/314)

	newClinRad-baselineClinRad
	delta_AUROC
	0.048 (0.024–0.074)
	<0.001
	397 (83/314)

	newRadAcq-newAcqMatched
	delta_AUROC
	0.016 (-0.004–0.037)
	0.129
	397 (83/314)

	newRadAcq-baselineRad
	delta_AUROC
	0.081 (0.037–0.124)
	<0.001
	397 (83/314)


Full-fusion class-weight control
	Model / stratum
	Metric
	Estimate (95% CI)
	P
	n (PSC / control)

	Full fusion
	AUROC
	0.890 (0.848–0.930)
	—
	397 (83/314)

	Full fusion
	CITL
	-0.326 (-0.612–-0.065)
	—
	397 (83/314)

	Full fusion
	Youden sensitivity
	0.771 (0.679–0.859)
	—
	397 (83/314)

	Full fusion
	Youden specificity
	0.815 (0.772–0.855)
	—
	397 (83/314)

	Full fusion
	high-sensitivity sensitivity
	0.855 (0.775–0.928)
	—
	397 (83/314)

	Full fusion
	high-sensitivity specificity
	0.755 (0.708–0.801)
	—
	397 (83/314)

	Full fusion
	0.5 threshold sensitivity
	0.554 (0.447–0.659)
	—
	397 (83/314)

	Full fusion
	0.5 threshold specificity
	0.946 (0.921–0.969)
	—
	397 (83/314)

	Full fusion unweighted
	AUROC
	0.896 (0.854–0.933)
	—
	397 (83/314)

	Full fusion unweighted
	CITL
	0.195 (-0.100–0.456)
	—
	397 (83/314)

	Full fusion unweighted
	Youden sensitivity
	0.855 (0.775–0.927)
	—
	397 (83/314)

	Full fusion unweighted
	Youden specificity
	0.787 (0.739–0.831)
	—
	397 (83/314)

	Full fusion unweighted
	high-sensitivity sensitivity
	0.892 (0.819–0.952)
	—
	397 (83/314)

	Full fusion unweighted
	high-sensitivity specificity
	0.752 (0.702–0.797)
	—
	397 (83/314)

	Full fusion unweighted
	0.5 threshold sensitivity
	0.506 (0.400–0.613)
	—
	397 (83/314)

	Full fusion unweighted
	0.5 threshold specificity
	0.971 (0.953–0.990)
	—
	397 (83/314)


Calibration feasibility
	Model / stratum
	Metric
	Estimate (95% CI)
	P
	n (PSC / control)

	All six primary models
	Fitted Platt recalibration unavailable
	—
	—
	397 (83/314)


Acquisition-adjusted comparisons use matched splits and classifier searches. This acquisition-only model differs from the original logistic-only control. Stratified AUROC compares case–control pairs within export-format strata and weights strata by their pair counts. Intervals use patient-bootstrap resampling.
Analytic prior correction: aggregation audit
	Model
	Raw mean AUROC
	Corrected mean AUROC
	Delta
	Youden changes
	Sensitivity-target changes

	Clinical-only
	0.843
	0.843
	-0.000537
	3
	3

	Radiomics-only
	0.845
	0.847
	0.001842
	10
	15

	Deep-only
	0.533
	0.532
	-0.000537
	44
	8

	Clinical+Radiomics
	0.895
	0.897
	0.002379
	14
	16

	Clinical+Deep
	0.842
	0.842
	0.000153
	2
	2

	Full fusion
	0.890
	0.892
	0.001496
	21
	15


Sensitivity audit only. AUROC of each individual outer fold and fold-level classifications are unchanged under the joint score/threshold transform. Nonlinear transformation before averaging does not preserve the original patient-level mean-score/median-threshold rule. Change counts describe hypothetical reclassification using corrected means and corrected threshold medians. All primary discrimination, classification, calibration and decision curves retain original probabilities; approximate prior correction appears only as sensitivity analysis in Table S7 and Figure S4.
Acquisition residualization and within-export-format redevelopment
	Model
	Cohort
	n (PSC / control)
	AUROC (95% CI)

	Radiomics-only residualized
	all_included
	397 (83/314)
	0.894 (0.847–0.935)

	Clinical+Radiomics residualized
	all_included
	397 (83/314)
	0.917 (0.881–0.949)

	Radiomics-only
	all_included
	397 (83/314)
	0.836 (0.786–0.882)

	Clinical+Radiomics
	all_included
	397 (83/314)
	0.878 (0.831–0.920)

	Clinical-only
	all_included
	397 (83/314)
	0.841 (0.794–0.886)

	Clinical-only within −1024 HU export format
	−1024 HU export format
	185 (58/127)
	0.831 (0.763–0.893)

	Clinical+Radiomics within −1024 HU export format
	−1024 HU export format
	185 (58/127)
	0.940 (0.903–0.969)


Paired acquisition-adjustment comparisons
	Paired comparison (A vs B)
	Cohort
	Delta AUROC (95% CI)
	DeLong P

	Radiomics-only residualized vs Radiomics-only
	all_included
	0.058 (0.010–0.104)
	0.015

	Radiomics-only residualized vs Clinical-only
	all_included
	0.052 (-0.017–0.111)
	0.100

	Clinical+Radiomics residualized vs Clinical+Radiomics
	all_included
	0.039 (0.010–0.067)
	0.007

	Clinical+Radiomics residualized vs Clinical-only
	all_included
	0.075 (0.031–0.117)
	<0.001

	Clinical+Radiomics residualized vs Radiomics-only residualized
	all_included
	0.023 (-0.009–0.060)
	0.182

	Clinical+Radiomics within −1024 HU export format vs Clinical-only within −1024 HU export format
	−1024 HU export format
	0.110 (0.049–0.174)
	<0.001


Five repeats of nested five-fold evaluation, inner five-fold search. Full-cohort original comparators reuse exactly the first five primary repeats; within-export-format models are separately trained and evaluated on common subgroup folds. Radiomic residualization refits imputation, categorical encoding and acquisition regression in every training partition, including inner folds. Covariates include padding category, pixel type, voxel z/x/y spacing and matrix x/y/z dimensions. Residualization removes fitted linear associations only and may also remove correlated biological signal. The within-export-format Clinical+Radiomics model is unresidualized. Intervals use 2,000 paired patient bootstrap draws; tests are paired DeLong, without multiplicity adjustment. These exploratory analyses do not replace primary twenty-repeat results.
Table S9. Complete Table 2: univariable and multivariable analyses
Univariable
	Variable
	Unit / contrast
	OR (95% CI)
	P

	Age
	per 1 year
	1.007 (0.981–1.034)
	0.597

	Maximum tumour diameter
	Per cm
	1.208 (1.089–1.339)
	<0.001

	Maximum plain CT value
	per 10 HU
	1.129 (0.797–1.599)
	0.492

	Maximum arterial CT value
	per 10 HU
	0.560 (0.451–0.695)
	<0.001

	Maximum venous CT value
	per 10 HU
	0.580 (0.474–0.710)
	<0.001

	LAA ratio
	per 0.1
	1.657 (1.455–1.887)
	<0.001

	Sex
	1 vs 0
	1.206 (0.647–2.250)
	0.554

	Smoking
	1 vs 0
	1.098 (0.640–1.884)
	0.734

	Central/peripheral location
	1 vs 0
	1.571 (0.935–2.640)
	0.088

	Calcification
	1 vs 0
	0.752 (0.373–1.518)
	0.426

	Cavity
	1 vs 0
	1.113 (0.608–2.040)
	0.728

	LAA presence
	1 vs 0
	11.922 (6.017–23.622)
	<0.001


Multivariable
	Variable
	Unit / contrast
	OR (95% CI)
	P

	Maximum tumour diameter
	Per cm
	0.968 (0.849–1.105)
	0.634

	Maximum arterial CT value
	per 10 HU
	0.767 (0.540–1.088)
	0.135

	Maximum venous CT value
	per 10 HU
	0.989 (0.704–1.388)
	0.947

	LAA ratio
	per 0.1
	1.245 (1.026–1.510)
	0.026

	LAA presence
	1 vs 0
	4.585 (1.783–11.789)
	0.002


Tumour-diameter odds ratios are per cm.
Table S10. LAA incremental analysis and descriptive arterial-phase cut-point
Panel A. Incremental value of LAA ratio
	Field
	Recorded result

	n complete
	371

	n PSC
	63

	n cNSCLC
	308

	degrees freedom
	1

	lr statistic
	12.173

	p value
	<0.001

	added term
	LAA_ratio per 0.1


Panel B. Descriptive arterial-phase cut-point
	Field
	Recorded result

	description
	Full-cohort descriptive Youden threshold; not a validated diagnostic threshold or a performance estimate.

	n complete
	371

	n PSC
	63

	n cNSCLC
	308

	bootstrap requested
	2000

	cutpoint hu
	52.500

	direction
	lower arterial CT values indicate PSC

	bootstrap successful
	2000

	bootstrap ci 95 lower hu
	43.500

	bootstrap ci 95 upper hu
	62.500


The arterial cut-point is descriptive and was not evaluated as a validated diagnostic operating threshold.
	OOF comparison
	ΔAUROC (95% CI)
	P

	LAA_presence+ratio versus LAA_presence-only
	0.146 (0.100–0.191)
	<0.001


[image: ]
Figure S1. Representative deidentified CT/mask overlays after geometric alignment. A and B illustrate retained masks after nearest-neighbour resampling to the CT grid. Identifying labels were cropped; image and mask content were preserved.
[image: ]
Figure S2. Feature selection/inclusion frequency in the Full fusion outer training folds. Forced clinical covariates are distinguished from selected image features. Deep indices do not confer biological interpretation.
[image: ]
Figure S3. Correlation-threshold sensitivity analysis for Full fusion and Radiomics-only. Points and patient-bootstrap percentile intervals use patient-level out-of-fold probabilities, averaged across the reduced analysis repeats. The primary correlation threshold reuses the first repeats of the main analysis.
[image: ]
Figure S4. Approximate prior correction as a sensitivity analysis. A calibration; B decision curves for Full fusion and Clinical-only. Each fold uses its training-set PSC proportion for correction before probabilities are averaged across repeats. Compare original probabilities in main Figure 3 and paired metrics in Table S7. Correction increased Brier scores and underestimated risk.
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