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Supplementary Material 
E1. Diagnostic harmonization protocol for glioblastoma classification
Because the study period spanned the transition from the 2016 to the 2021 WHO classification systems, glioblastoma diagnoses were harmonized according to prespecified criteria before analysis. Cases originally classified as ‘GBM, IDH-wildtype’ under the 2016 WHO system were mapped to ‘glioblastoma, IDH-wildtype’ under the 2021 WHO classification according to a prespecified protocol.
The mapping criteria were as follows: patients had to be adults (≥18 years) with confirmed IDH-wildtype status and either histologic evidence of necrosis or microvascular proliferation, or at least one defining molecular feature, including TERT promoter mutation, EGFR amplification, or combined whole-chromosome 7 gain and whole-chromosome 10 loss (+7/−10). Cases suspected on the basis of morphologic findings alone, without the histologic or molecular evidence described above, were not directly mapped unless further testing confirmed eligibility.
The management of four common scenarios is outlined below.
Scenario A: The 2016 WHO diagnosis was ‘GBM, IDH-wildtype,’ and the pathology report clearly demonstrated necrosis or microvascular proliferation, but testing for TERT, EGFR, and +7/−10 had not been performed.  
Action: Include the case directly in the 2021 WHO ‘glioblastoma, IDH-wildtype’ main analysis cohort.
Scenario B: The 2016 WHO report described a ‘high-grade diffuse glioma with a tendency toward GBM.’ IDH immunohistochemistry was negative, sequencing was not performed, and neither necrosis nor microvascular proliferation was described. No defining molecular features (TERT, EGFR, or +7/−10) were reported.  
Action: Do not directly map this case to 2021 WHO glioblastoma. Additional molecular testing should be prioritized; if such testing is not feasible, exclude the case.
Scenario C: The 2016 WHO report stated ‘GBM,’ but subsequent next-generation sequencing demonstrated an IDH mutation.  
Action: Reclassify the tumor as ‘astrocytoma, IDH-mutant, CNS WHO grade 4’ under the 2021 WHO framework, and do not include it in the IDH-wildtype glioblastoma group.
Scenario D: Pediatric or adolescent cases, or midline lesions with specific molecular alterations.  
Action: Exclude these cases because the present study was restricted to adult supratentorial cerebral hemisphere tumors.
E2. Multicenter MRI acquisition and image processing
Center A: MRI examinations were performed on a 3.0-T scanner (MAGNETOM Prisma; Siemens Healthcare, Erlangen, Germany) using a 64-channel head and neck coil. The imaging protocol included morphologic MRI sequences, including axial T2-weighted imaging (T2WI), axial fluid-attenuated inversion recovery (FLAIR), axial T1-weighted imaging (T1WI), and three-dimensional contrast-enhanced T1-weighted magnetization-prepared rapid gradient-echo (CE-T1 MPRAGE), as well as diffusion MRI. Diffusion MRI was acquired with six b values (0, 500, 1000, 1500, 2000, and 2500 s/mm²), with 30 diffusion-encoding directions for each nonzero b value. CE-T1 MPRAGE was obtained after intravenous administration of 0.2 mmol/kg gadopentetate dimeglumine (Magnevist; Bayer Schering Pharma AG, Berlin, Germany) using a power injector, followed by a 20-mL saline flush at the same injection rate. DWI, DTI, DKI, NODDI, and MAP-MRI parametric maps were generated from the multi-b-value diffusion MRI data using in-house postprocessing software (NeuDiLab), which was built on the open-source DIPY toolbox (http://dipy.org). Detailed MRI acquisition parameters are listed in Supplementary Table S1.
Center B: MRI examinations were performed on a 3.0-T scanner (MAGNETOM Skyra; Siemens Healthcare, Erlangen, Germany) using a 32-channel head and neck coil. The morphologic MRI protocol included axial T2WI, axial T1WI, axial T2-FLAIR, and three-dimensional contrast-enhanced T1-weighted imaging (CE-T1WI), acquired after intravenous administration of 0.1 mmol/kg gadobutrol (Gadovist; Bayer AG, Berlin, Germany). For diffusion imaging, a diffusion spectrum imaging scheme was used. In total, 128 diffusion-weighted samples were acquired across 16 b values: 200, 350, 400, 550, 750, 950, 1150, 1500, 1700, 1850, 1900, 2050, 2250, 2450, 2650, and 3000 s/mm². Diffusion data were processed using NeuDiLab to generate DWI, DTI, DKI, NODDI, and MAP-MRI parametric maps. Detailed MRI acquisition parameters are listed in Supplementary Table S2.







E3. Sample-size considerations and feature-number limitation
[bookmark: _GoBack]According to the events-per-variable rule of thumb, 10–15 samples are generally recommended for each predictor variable to ensure stable estimation (1, 2). For the internal test set, more than 11 patients were required to achieve 80% statistical power at a type I error rate of 5% (3). In the present study, 202 patients from Center A were divided into a training set (n = 142) and an internal test set (n = 60), and 51 additional patients from Center B formed the external test set. These sample sizes satisfied the minimum requirements for model development and validation. To reduce overfitting in relation to the smaller diagnostic subgroup in the training set, and in line with commonly used events-per-variable considerations for predictive modeling, the maximum number of selected features was limited to four for each radiomics model.
1. Wei JW, Yang GQ, Hao XH, et al. A multi-sequence and habitat-based MRI radiomics signature for preoperative prediction of MGMT promoter methylation in astrocytomas with prognostic implication. Eur Radiol. 2019;29(2):877–888. 
2. Gillies RJ, Kinahan PE, Hricak H. Radiomics: Images Are More than Pictures, They Are Data. Radiology. 2016;278(2):563–77. 
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Supplementary Tables 
Table S1. Sequence parameters of center A.
	Sequences
	Slice orientation
	TR/TE (ms)
	Number 
of slices
	Slice thickness
	FOV (mm2)
	Scan time

	T1WI
	Axial
	250/2.46
	20
	5.0 mm
	220×220
	38 s 

	T2WI
	Axial
	4090/99
	20
	5.0 mm
	220×220
	35 s

	FLAIR
	Axial
	8000/81
	20
	5.0 mm
	220×220
	1 min 38 s

	Multi-b-value diffusion MRI
	Axial
	2500/71
	60
	2.2 mm
	220×220
	6 min 34 s

	CE-T1 MPRAGE
	Sagittal
	2300/2.32
	176
	0.9 mm
	240×240
	5 min 21 s


CE-T1 MPRAGE, contrast-enhanced T1 magnetization prepared rapid gradient echo.




Table S2. Sequence parameters of center B.
	Sequences
	Slice orientation
	TR/TE (ms)
	Number 
of slices
	Slice thickness
	FOV (mm2)
	Scan time

	T1WI
	Axial
	1600/10
	20
	5.5 mm
	230×230
	1 min 46 s

	T2WI
	Axial
	5500/117
	20
	5.5 mm
	230×230
	1 min 45 s

	FLAIR
	Axial
	6000/81
	20
	5.5 mm
	230×230
	2 min 2 s

	DSI
	Axial
	7000/107
	60
	3.0 mm
	220×220
	15 min 40 s

	CE-T1WI
	Axial
	2300/2.32
	20
	0.9 mm
	240×240
	5 min 21 s


DSI, diffusion spectrum imaging.







Table S3. List of the extracted feature types.
	
	Feature type
	Notes

	1
	Original image
	18×F1+75×T

	2
	Wavelet
	8 sub-bands (LLH、LHL、LHH、HLL、HLH、HHL、HHH、LLL); 8×(18×F+75×T)


1Note: F represents first-order features, and T represents texture features.

Table S4. Modeling pipeline of the radiomics workflow and the four selected features for the baseline models.
	VOI
	Models
	Modeling pipeline
	Feature Names

	TBV
	MMRI
	Zscore_PCC_ANOVA_4_LRlasso
	CET1_wavelet-LHL_glszm_SizeZoneNonUniformity; Flair_original_glcm_DifferenceEntropy;
Flair_original_glrlm_GrayLevelVariance;T2_wavelet-LHH_glszm_GrayLevelNonUniformityNormalized

	
	DWI
	MinMax_PCC_ANOVA_4_LRLasso
	ADC_wavelet-HLL_firstorder_Median; ADC_wavelet-LLH_gldm_LargeDependenceHighGrayLevelEmphasis;
ADC_wavelet-LLL_glcm_DifferenceEntropy; ADC_wavelet-LLL_glcm_InverseVariance

	
	DTI
	Mean_PCC_Relief_4_LRLasso
	DTI_AD_wavelet-HLL_firstorder_90Percentile; DTI_FA_wavelet-LLL_glcm_InverseVariance;
DTI_MD_wavelet-HLL_firstorder_InterquartileRange; DTI_MD_wavelet-LLH_glszm_LowGrayLevelZoneEmphasis

	
	DKI
	MinMax_PCC_ANOVA_4_LRLasso
	DKI_AD_wavelet-LHL_firstorder_RobustMeanAbsoluteDeviation; DKI_FA_wavelet-LLL_firstorder_Mean;
DKI_MD_wavelet-LHL_firstorder_RobustMeanAbsoluteDeviation; DKI_RD_wavelet-HHL_firstorder_90Percentile

	
	NODDI
	MinMax_PCC_ANOVA_4_SVM
	ISOVF_original_gldm_LargeDependenceLowGrayLevelEmphasis; ISOVF_wavelet-LLL_firstorder_Minimum;
ISOVF_wavelet-LHL_firstorder_InterquartileRange; ODI_wavelet-LHL_firstorder_Mean

	
	MAP
	MinMax_PCC_ANOVA_4_LRLasso
	MSD_wavelet-HHL_firstorder_10Percentile; MSD_wavelet-HHL_firstorder_RobustMeanAbsoluteDeviation;
MSD_wavelet-LHL_firstorder_InterquartileRange; MSD_wavelet-LHL_firstorder_RobustMeanAbsoluteDeviation

	Peritumoral edema
	MMRI
	MinMax_PCC_RFE_4_LR
	CET1_wavelet-HHL_firstorder_10Percentile; CET1_wavelet-HLL_firstorder_90Percentile;
Flair_wavelet-LHH_glrlm_RunEntropy; T2_wavelet-HLL_glcm_Correlation

	
	DWI
	MinMax_PCC_ANOVA_4_LR
	ADC_wavelet-HHH_firstorder_Median; ADC_wavelet-HHL_firstorder_Median;
ADC_wavelet-LHH_firstorder_Mean; ADC_wavelet-LHH_firstorder_Median

	
	DTI
	MinMax_PCC_ANOVA_4_SVM
	DTI_AD_wavelet-LHL_firstorder_MeanAbsoluteDeviation; DTI_AD_wavelet-LHL_firstorder_RootMeanSquared;
DTI_AD_wavelet-LHL_firstorder_Variance; DTI_MD_wavelet-HHL_gldm_DependenceNonUniformityNormalized

	
	DKI
	Mean_PCC_Relief_4_LRLasso
	DKI_AK_wavelet-HHL_firstorder_Median; DKI_AK_wavelet-HLH_firstorder_Median;
DKI_FA_original_glszm_SmallAreaLowGrayLevelEmphasis; DKI_MK_wavelet-LHL_glcm_MCC

	
	NODDI
	Zscore_PCC_Relief_4_SVM
	ICVF_wavelet-LLH_gldm_LargeDependenceLowGrayLevelEmphasis; ISOVF_original_firstorder_Median;
ICVF_wavelet-LLH_glszm_LargeAreaLowGrayLevelEmphasis; ODI_wavelet-LHL_firstorder_90Percentile

	
	MAP
	MinMax_PCC_Relief_4_SVM
	NGRad_wavelet-LLL_glszm_GrayLevelNonUniformityNormalized; RTOP_wavelet-LHH_glszm_ZoneEntropy;
NGAx_original_ngtdm_Complexity; RTPP_wavelet-HLL_firstorder_90Percentile

	ABV
	MMRI
	MinMax_PCC_RFE_4_LRLasso
	CET1_original_glcm_DifferenceEntropy; CET1_original_glcm_DifferenceVariance;	
Flair_original_glszm_ZoneEntropy; T2_wavelet-HLL_glcm_Correlation

	
	DWI
	Mean_PCC_ANOVA_4_LRLasso
	ADC_original_glcm_InverseVariance; ADC_wavelet-HHL_glszm_SmallAreaEmphasis;
ADC_wavelet-HLH_firstorder_Skewness; ADC_wavelet-HLL_firstorder_Median

	
	DTI
	MinMax_PCC_ANOVA_4_LRLasso
	DTI_AD_wavelet-LHL_firstorder_MeanAbsoluteDeviation; DTI_FA_original_glcm_Imc1;
DTI_FA_wavelet-LLL_glcm_Imc2; DTI_FA_wavelet-LLL_glcm_MCC

	
	DKI
	Mean_PCC_ANOVA_4_LRLasso
	DKI_AD_wavelet-LHL_firstorder_10Percentile; DKI_AD_wavelet-LHL_firstorder_MeanAbsoluteDeviation;
DKI_FA_original_glcm_Imc1; DKI_FA_wavelet-LLL_glcm_Imc1

	
	NODDI
	Mean_PCC_RFE_4_LRLasso
	ICVF_wavelet-LHL_glcm_MCC; ICVF_wavelet-LLH_glszm_SizeZoneNonUniformity;
ISOVF_wavelet-HLL_firstorder_Median; ODI_wavelet-HLL_firstorder_InterquartileRange

	
	MAP
	Mean_PCC_RFE_4_LRLasso
	MSD_wavelet-HLL_firstorder_10Percentile; NG_wavelet-LLL_glszm_GrayLevelVariance;
NGAx_wavelet-LLL_glszm_GrayLevelNonUniformityNormalized; QIV_wavelet-HLL_firstorder_Skewness







Table S5. DeLong test comparisons between the ABV-based fusion model and other models for internal test AUCs.
	Index
	Model 1 vs. Model 2
	P value

	1
	ABV (MMRI+DWI+NODDI+MAP) vs. TBV(MMRI+DWI+DKI+NODDI+MAP)
	0.1169

	2
	ABV (MMRI+DWI+NODDI+MAP) vs. Peritumoral edema (MMRI+DWI+MAP)
	0.0795

	3
	ABV (MMRI+DWI+NODDI+MAP) vs. ABV ( Baseline model: MMRI)
	0.0541

	4
	ABV (MMRI+DWI+NODDI+MAP) vs. ABV ( Baseline model: DWI)
	0.0174

	5
	ABV (MMRI+DWI+NODDI+MAP) vs. ABV ( Baseline model: DTI)
	0.0537

	6
	ABV (MMRI+DWI+NODDI+MAP) vs. ABV ( Baseline model: DKI)
	0.0598

	7
	ABV (MMRI+DWI+NODDI+MAP) vs. ABV ( Baseline model: NODDI)
	0.0608

	8
	ABV (MMRI+DWI+NODDI+MAP) vs. ABV ( Baseline model: MAP)
	0.1203

	9
	ABV (MMRI+DWI+NODDI+MAP) vs. Peritumoral edema ( Baseline model: MMRI)
	0.0292

	10
	ABV (MMRI+DWI+NODDI+MAP) vs. Peritumoral edema ( Baseline model: DWI)
	0.0029

	11
	ABV (MMRI+DWI+NODDI+MAP) vs. Peritumoral edema ( Baseline model: DTI)
	0.0384

	12
	ABV (MMRI+DWI+NODDI+MAP) vs. Peritumoral edema( Baseline model: DKI)
	0.0050

	13
	ABV (MMRI+DWI+NODDI+MAP) vs. Peritumoral edema ( Baseline model: NODDI)
	0.0336

	14
	ABV (MMRI+DWI+NODDI+MAP) vs. Peritumoral edema ( Baseline model: MAP)
	0.0385

	15
	ABV (MMRI+DWI+NODDI+MAP) vs. TBV ( Baseline model: MMRI)
	0.0597

	16
	ABV (MMRI+DWI+NODDI+MAP) vs. TBV ( Baseline model: DWI)
	0.0316

	17
	ABV (MMRI+DWI+NODDI+MAP) vs. TBV ( Baseline model: DTI)
	0.0561

	18
	ABV (MMRI+DWI+NODDI+MAP) vs. TBV ( Baseline model: DKI)
	0.0293

	19
	ABV (MMRI+DWI+NODDI+MAP) vs. TBV ( Baseline model: NODDI)
	0.4621

	20
	ABV (MMRI+DWI+NODDI+MAP) vs. TBV ( Baseline model: MAP)
	0.0047






Table S6. TBV-Based Fusion Model Performance.
	Models
	Key Steps
	AUC
	95% CIs
	Acc
	Sen
	Spe
	Feature Names

	MMRI+DTI
	Zscore_PCC_Relief_4_LRLasso
	0.833
	0.703-0.962
	0.817
	0.837
	0.765
	DTI_FA_wavelet-LLL_glcm_InverseVariance
DTI_MD_wavelet-HLL_firstorder_InterquartileRange
DTI_MD_wavelet-LLL_glszm_SmallAreaHighGrayLevelEmphasis
T2_wavelet-LHL_glcm_Correlation

	MMRI+DKI
	Mean_PCC_RFE_4_LRLasso
	0.902
	0.824-0.978
	0.850
	0.837
	0.882
	CET1_original_glszm_GrayLevelNonUniformity
DKI_FA_wavelet-LLL_firstorder_Mean
DKI_RD_wavelet-HHL_firstorder_InterquartileRange
Flair_original_glrlm_GrayLevelVariance

	MMRI+NODDI
	Mean_PCC_KW_4_LR
	0.876
	0.784-0.967
	0.833
	0.814
	0.882
	NODDI_ISOVF_original_gldm_LargeDependenceLowGrayLevelEmphasis
NODDI_ISOVF_wavelet-LLL_firstorder_Minimum
NODDI_ODI_wavelet-HLL_firstorder_Median
NODDI_ODI_wavelet-LHL_firstorder_Mean

	MMRI+MAP
	Mean_PCC_ANOVA_4_SVM
	0.821
	0.714-0.927
	0.750
	0.674
	0.941
	CET1_original_glszm_GrayLevelNonUniformity
MAP_MSD_wavelet-HHL_firstorder_RobustMeanAbsoluteDeviation
MAP_MSD_wavelet-LHL_firstorder_InterquartileRange
MAP_MSD_wavelet-LHL_firstorder_RobustMeanAbsoluteDeviation

	MMRI+ADC
	Mean_PCC_KW_4_SVM
	0.815
	0.708-0.921
	0.750
	0.698
	0.883
	ADC_wavelet-LLL_glcm_DifferenceEntropy
CET1_original_glszm_GrayLevelNonUniformity
Flair_original_glcm_InverseVariance
Flair_original_glrlm_GrayLevelVariance

	DWI+DTI
	Mean_PCC_Relief_4_SVM
	0.757
	0.626-0.886
	0.767
	0.837
	0.588
	ADC_wavelet-HLL_firstorder_Median
DTI_AD_wavelet-HHH_ngtdm_Busyness
DTI_FA_wavelet-LLL_glcm_InverseVariance
DTI_MD_wavelet-LLL_glszm_SmallAreaHighGrayLevelEmphasis

	DWI+DKI
	Mean_PCC_ANOVA_4_LRLasso
	0.833
	0.702-0.963
	0.817
	0.814
	0.824
	ADC_wavelet-LLL_glcm_DifferenceEntropy
DKI_AD_wavelet-LHL_firstorder_InterquartileRange
DKI_AD_wavelet-LHL_firstorder_RobustMeanAbsoluteDeviation
DKI_FA_wavelet-LLL_firstorder_Mean

	DWI+NODDI
	Zscore_PCC_KW_4_SVM
	0.822
	0.678-0.965
	0.767
	0.744
	0.824
	ADC_wavelet-LLL_glcm_DifferenceEntropy
NODDI_ISOVF_original_gldm_LargeDependenceLowGrayLevelEmphasis
NODDI_ODI_wavelet-HLL_firstorder_Median
NODDI_ODI_wavelet-LHL_firstorder_Mean

	DWI+MAP
	Zscore_PCC_RFE_4_LR
	0.847
	0.714-0.978
	0.867
	0.884
	0.824
	MAP_NGAx_original_glszm_SizeZoneNonUniformityNormalized
MAP_NGAx_wavelet-HHL_glszm_GrayLevelNonUniformity
MAP_RTOP_original_firstorder_Minimum
MAP_RTOP_wavelet-LLL_glcm_DifferenceEntropy

	DTI+DKI
	Zscore_PCC_Relief_4_SVM
	0.807
	0.698-0.916
	0.750
	0.698
	0.882
	DKI_AK_wavelet-LHL_firstorder_Mean
DKI_AK_wavelet-LHL_glrlm_ShortRunHighGrayLevelEmphasis
DKI_RD_wavelet-LLH_glcm_Imc2
DTI_FA_wavelet-LLL_glcm_InverseVariance

	DTI+NODDI
	Zscore_PCC_Relief_4_SVM
	0.876
	0.764-0.987
	0.850
	0.861
	0.824
	DTI_FA_wavelet-LLL_glcm_InverseVariance
NODDI_ICVF_original_firstorder_Kurtosis
NODDI_ODI_wavelet-HLL_firstorder_Median
NODDI_ODI_wavelet-LHL_firstorder_Mean

	DTI+MAP
	Mean_PCC_Relief_4_LRLasso
	0.796
	0.667-0.924
	0.700
	0.651
	0.824
	DTI_FA_wavelet-LLL_glcm_InverseVariance
DTI_MD_wavelet-LLH_glszm_LowGrayLevelZoneEmphasis
MAP_NG_wavelet-LHL_firstorder_InterquartileRange
MAP_RTAP_wavelet-LLL_firstorder_10Percentile

	DKI+NODDI
	Mean_PCC_KW_4_SVM
	0.871
	0.756-0.986
	0.850
	0.861
	0.824
	DKI_FA_original_firstorder_Median
NODDI_ISOVF_original_gldm_LargeDependenceLowGrayLevelEmphasis
NODDI_ODI_wavelet-HLL_firstorder_Median
NODDI_ODI_wavelet-LHL_firstorder_Mean

	DKI+MAP
	Mean_PCC_RFE_4_SVM
	0.751
	0.626-0.876
	0.717
	0.698
	0.765
	DKI_AD_wavelet-LLH_glcm_Autocorrelation
DKI_FA_original_firstorder_Median
DKI_MD_wavelet-LHL_firstorder_RobustMeanAbsoluteDeviation
DKI_MK_wavelet-HLL_glcm_MCC

	MAP+NODDI
	Zscore_PCC_RFE_4_LR
	0.881
	0.781-0.981
	0.867
	0.837
	0.941
	MAP_ISOVF_wavelet-LHL_firstorder_InterquartileRange
NODDI_ODI_wavelet-LHL_firstorder_Mean
MAP_QIV_original_glcm_InverseVariance
MAP_RTOP_wavelet-HHL_glcm_Correlation

	MMRI+DWI+DTI
	Mean_PCC_RFE_4_LRLasso
	0.874
	0.764-0.984
	0.833
	0.791
	0.941
	CET1_original_glszm_GrayLevelNonUniformity
DTI_MD_wavelet-LHL_firstorder_InterquartileRange
DTI_RD_wavelet-HHL_firstorder_10Percentile
Flair_original_glcm_DifferenceVariance

	MMRI+DWI+DKI
	Zscore_PCC_RFE_4_SVM
	0.902
	0.812-0.991
	0.850
	0.837
	0.882
	ADC_wavelet-LLL_glcm_InverseVariance
CET1_original_glszm_GrayLevelNonUniformity
DKI_FA_wavelet-LLL_firstorder_Mean
DKI_MD_wavelet-HHL_firstorder_90Percentile

	MMRI+DWI+NODDI
	Mean_PCC_ANOVA_4_LR
	0.866
	0.753-0.979
	0.833
	0.837
	0.824
	ADC_wavelet-LLL_glcm_DifferenceEntropy
CET1_wavelet-LHL_glszm_SizeZoneNonUniformity
Flair_original_glcm_DifferenceEntropy
NODDI_ODI_wavelet-LHL_firstorder_Mean

	MMRI+DWI+MAP
	Zscore_PCC_RFE_4_LR
	0.837
	0.725-0.950
	0.850
	0.883
	0.765
	Flair_original_glrlm_GrayLevelVariance
MAP_MSD_wavelet-LHL_firstorder_RobustMeanAbsoluteDeviation
MAP_NGAx_original_glszm_SizeZoneNonUniformityNormalized
MAP_NGRad_wavelet-LHL_firstorder_10Percentile

	MMRI+DTI+DKI
	Zscore_PCC_RFE_4_SVM
	0.832
	0.697-0.966
	0.867
	0.884
	0.824
	CET1_original_glszm_GrayLevelNonUniformity
DKI_FA_original_firstorder_Median
DKI_FA_wavelet-LLL_firstorder_Mean
DTI_AD_wavelet-HLL_firstorder_90Percentile

	MMRI+DTI+NODDI
	Mean_PCC_RFE_4_LR
	0.881
	0.758-1.000
	0.883
	0.930
	0.765
	DTI_MD_wavelet-HLL_firstorder_InterquartileRange
DTI_RD_wavelet-LHL_firstorder_RobustMeanAbsoluteDeviation
Flair_original_glcm_InverseVariance
NODDI_ODI_wavelet-LHL_firstorder_Mean

	MMRI+MAP+DTI
	Zscore_PCC_RFE_4_SVM
	0.843
	0.717-0.968
	0.867
	0.907
	0.765
	DTI_FA_wavelet-LLL_glcm_InverseVariance
DTI_MD_wavelet-HLL_firstorder_InterquartileRange
DTI_MD_wavelet-LHL_firstorder_InterquartileRange
MAP_RTOP_wavelet-HHL_glcm_Correlation

	MMRI+DKI+NODDI
	Mean_PCC_KW_4_SVM
	0.871
	0.756-0.986
	0.850
	0.860
	0.823
	DKI_FA_original_firstorder_Median
NODDI_ISOVF_original_gldm_LargeDependenceLowGrayLevelEmphasis
NODDI_ODI_wavelet-HLL_firstorder_Median
NODDI_ODI_wavelet-LHL_firstorder_Mean

	MMRI+MAP+DKI
	Zscore_PCC_RFE_4_LR
	0.835
	0.708-0.960
	0.833
	0.861
	0.765
	CET1_original_glszm_GrayLevelNonUniformity
DKI_AK_wavelet-LHL_glcm_ClusterShade
DKI_FA_original_firstorder_Median
Flair_original_glcm_InverseVariance

	MMRI+MAP+NODDI
	Zscore_PCC_RFE_4_LRLasso
	0.899
	0.816-0.981
	0.867
	0.884
	0.824
	CET1_original_glszm_GrayLevelNonUniformity
NODDI_ODI_wavelet-LHL_firstorder_Mean
MAP_QIV_original_glcm_InverseVariance
MAP_RTOP_wavelet-HHL_glcm_Correlation

	DWI+DKI+DTI
	Zscore_PCC_RFE_4_SVM
	0.851
	0.784-0.916
	0.883
	0.860
	0.941
	ADC_wavelet-LLH_gldm_LargeDependenceHighGrayLevelEmphasis
DKI_AD_wavelet-LHL_firstorder_InterquartileRange
DKI_AK_wavelet-LHL_glcm_ClusterShade
DTI_MD_wavelet-LHL_firstorder_InterquartileRange

	DWI+DTI+NODDI
	Zscore_PCC_Relief_4_LRLasso
	0.881
	0.761-1.000
	0.900
	0.954
	0.765
	ADC_wavelet-HLL_firstorder_Median
DTI_MD_wavelet-LLL_glszm_SmallAreaHighGrayLevelEmphasis
NODDI_ODI_wavelet-HLL_firstorder_Median
NODDI_ODI_wavelet-LHL_firstorder_Mean

	DWI+DTI+MAP
	Zscore_PCC_RFE_4_SVM
	0.845
	0.779-0.910
	0.817
	0.861
	0.707
	DTI_MD_wavelet-LHL_firstorder_InterquartileRange
MAP_NGAx_original_glszm_SizeZoneNonUniformityNormalized
MAP_QIV_original_glcm_InverseVariance
MAP_RTOP_wavelet-LLL_glcm_DifferenceEntropy

	DWI+DKI+NODDI
	Mean_PCC_ANOVA_4_LR
	0.865
	0.755-0.973
	0.783
	0.744
	0.882
	DKI_FA_wavelet-LLL_firstorder_Mean
DKI_FA_wavelet-LLL_firstorder_Median
DKI_FA_wavelet-LLL_firstorder_RootMeanSquared
NODDI_ODI_wavelet-LHL_firstorder_Mean

	DWI+MAP+DKI
	Zscore_PCC_KW_4_SVM
	0.817
	0.695-0.939
	0.783
	0.767
	0.824
	DKI_FA_wavelet-LLL_firstorder_Mean
DKI_FA_wavelet-LLL_firstorder_RootMeanSquared
DKI_RD_wavelet-HHL_firstorder_90Percentile
DKI_RD_wavelet-HHL_firstorder_RobustMeanAbsoluteDeviation

	DWI+MAP+NODDI
	Mean_PCC_KW_4_SVM
	0.887
	0.794-0.979
	0.783
	0.744
	0.882
	NODDI_ISOVF_original_gldm_LargeDependenceLowGrayLevelEmphasis
NODDI_ISOVF_wavelet-LLL_firstorder_Minimum
NODDI_ODI_wavelet-HLL_firstorder_Median
NODDI_ODI_wavelet-LHL_firstorder_Mean

	DTI+DKI+NODDI
	Mean_PCC_Relief_4_SVM
	0.906
	0.828-0.982
	0.850
	0.814
	0.941
	DKI_AK_wavelet-LHL_firstorder_Mean
DKI_RD_wavelet-LLH_glcm_Imc2
NODDI_ODI_wavelet-HHL_firstorder_Kurtosis
NODDI_ODI_wavelet-LHL_firstorder_Mean

	DTI+DKI+MAP
	Mean_PCC_RFE_4_LR
	0.714
	0.568-0.860
	0.667
	0.605
	0.824
	DKI_AK_wavelet-LHL_glrlm_ShortRunHighGrayLevelEmphasis
DKI_FA_original_firstorder_Median
DKI_FA_wavelet-LLL_firstorder_Mean
DKI_FA_wavelet-LLL_firstorder_Median

	DTI+MAP+NODDI
	Zscore_PCC_ANOVA_4_SVM
	0.889
	0.780-0.997
	0.867
	0.861
	0.882
	DTI_MD_wavelet-LHL_firstorder_InterquartileRange
DTI_RD_wavelet-LHL_firstorder_InterquartileRange
NODDI_ODI_wavelet-HLL_firstorder_Median
NODDI_ODI_wavelet-LHL_firstorder_Mean

	DKI+MAP+NODDI
	Zscore_PCC_ANOVA_4_SVM
	0.874
	0.764-0.984
	0.783
	0.721
	0.941
	NODDI_ODI_wavelet-HLL_firstorder_Median
NODDI_ODI_wavelet-LHL_firstorder_Mean
RTOP_wavelet-LLL_glcm_DifferenceEntropy
RTOP_wavelet-LLL_glrlm_ShortRunEmphasis

	MMRI+DWI+DTI+DKI
	Mean_PCC_RFE_4_SVM
	0.885
	0.775-0.995
	0.850
	0.814
	0.941
	CET1_original_glszm_GrayLevelNonUniformity
DKI_AK_wavelet-LHL_glcm_ClusterShade
DKI_FA_original_firstorder_Median
DTI_RD_wavelet-HHL_firstorder_10Percentile

	MMRI+DWI+DTI+NODDI
	Mean_PCC_Relief_4_SVM
	0.865
	0.790-0.941
	0.810
	0.802
	0.829
	NODDI_ISOVF_wavelet-HLL_glcm_ClusterShade
NODDI_ISOVF_wavelet-LLL_firstorder_Minimum
NODDI_ODI_wavelet-HLL_firstorder_Median
NODDI_ODI_wavelet-LHL_firstorder_Mean

	MMRI+DWI+DTI+MAP
	Zscore_PCC_RFE_4_LRLasso
	0.870
	0.767-0.972
	0.833
	0.837
	0.824
	CET1_original_glszm_GrayLevelNonUniformity
DTI_RD_wavelet-HHL_firstorder_RobustMeanAbsoluteDeviation
Flair_original_glrlm_GrayLevelVariance
MAP_RTOP_original_firstorder_Minimum

	MMRI+DWI+DKI+NODDI
	Mean_PCC_RFE_4_LR
	0.897
	0.816-0.979
	0.867
	0.907
	0.765
	CET1_original_glszm_GrayLevelNonUniformity
DKI_MD_wavelet-HHL_firstorder_RobustMeanAbsoluteDeviation
Flair_original_glrlm_GrayLevelVariance
NODDI_ODI_wavelet-LHL_firstorder_Mean

	MMRI+DWI+DKI+MAP
	Zscore_PCC_RFE_4_SVM
	0.903
	0.820-0.985
	0.850
	0.837
	0.882
	CET1_original_glszm_GrayLevelNonUniformity
DKI_FA_original_firstorder_Median
DKI_FA_wavelet-LLL_firstorder_Median
MAP_QIV_original_glcm_InverseVariance

	MMRI+DWI+MAP+NODDI
	Mean_PCC_RFE_4_LR
	0.867
	0.766-0.966
	0.866
	0.883
	0.823
	NODDI_ISOVF_wavelet-LLL_firstorder_Minimum
NODDI_ODI_wavelet-LHL_firstorder_Mean
MAP_QIV_original_glcm_InverseVariance
T2_wavelet-LHH_gldm_DependenceEntropy

	MMRI+DTI+DKI+NODDI
	Zscore_PCC_RFE_4_LR
	0.899
	0.818-0.980
	0.867
	0.907
	0.765
	DKI_MD_wavelet-HHL_firstorder_RobustMeanAbsoluteDeviation
Flair_original_glrlm_GrayLevelVariance
NODDI_ISOVF_wavelet-LLL_firstorder_Minimum
NODDI_ODI_wavelet-LHL_firstorder_Mean

	MMRI+DTI+DKI+MAP
	Zscore_PCC_RFE_4_SVM
	0.840
	0.715-0.964
	0.867
	0.884
	0.824
	CET1_original_glszm_GrayLevelNonUniformity
DKI_FA_original_firstorder_Median
DTI_AD_wavelet-HLL_firstorder_90Percentile
DTI_FA_wavelet-LLL_glcm_InverseVariance

	MMRI+DTI+MAP+NODDI
	Mean_PCC_KW_4_LRLasso
	0.862
	0.750-0.972
	0.817
	0.791
	0.882
	DTI_AD_wavelet-LHL_firstorder_MeanAbsoluteDeviation
DTI_MD_wavelet-HLL_firstorder_InterquartileRange
DTI_MD_wavelet-LHL_firstorder_InterquartileRange
NODDI_ODI_wavelet-LHL_firstorder_Mean

	MMRI+DKI+MAP+NODDI
	Zscore_PCC_KW_4_LRLasso
	0.893
	0.780-1.000
	0.883
	0.907
	0.824
	DTI_AD_wavelet-LHL_firstorder_MeanAbsoluteDeviation
DTI_MD_wavelet-HLL_firstorder_InterquartileRange
DTI_MD_wavelet-LHL_firstorder_InterquartileRange
NODDI_ODI_wavelet-LHL_firstorder_Mean

	DWI+DTI+DKI+NODDI
	Mean_PCC_RFE_4_LR
	0.889
	0.808-0.970
	0.817
	0.791
	0.882
	DTI_FA_wavelet-LLL_glcm_InverseVariance
NODDI_ISOVF_wavelet-LHL_firstorder_InterquartileRange
NODDI_ISOVF_wavelet-LLL_firstorder_Minimum
NODDI_ODI_wavelet-LHL_firstorder_Mean

	DWI+DTI+DKI+MAP
	Mean_PCC_RFE_4_LR
	0.755
	0.591-0.919
	0.817
	0.884
	0.647
	DTI_AD_wavelet-LHL_firstorder_MeanAbsoluteDeviation
DTI_FA_wavelet-LLL_glcm_InverseVariance
DTI_MD_wavelet-HLL_firstorder_InterquartileRange
MAP_QIV_original_glcm_InverseVariance

	DWI+DTI+MAP+
NODDI
	Zscore_PCC_ANOVA_4_SVM
	0.866
	0.738-0.993
	0.867
	0.861
	0.882
	DTI_MD_wavelet-LHL_firstorder_InterquartileRange
DTI_RD_wavelet-LHL_firstorder_InterquartileRange
DTI_RD_wavelet-LHL_firstorder_RobustMeanAbsoluteDeviation
NODDI_ODI_wavelet-LHL_firstorder_Mean

	DWI+DKI+MAP+
NODDI
	Zscore_PCC_ANOVA_4_LR
	0.889
	0.777-1.000
	0.866
	0.860
	0.882
	DKI_AD_wavelet-LHL_firstorder_InterquartileRange
DKI_FA_wavelet-LLL_firstorder_Mean
MAP_MSD_wavelet-LHL_firstorder_InterquartileRange
NODDI_ODI_wavelet-LHL_firstorder_Mean

	DTI+DKI+MAP+NODDI
	Mean_PCC_RFE_4_LR
	0.896
	0.817-0.975
	0.800
	0.744
	0.941
	NODDI_ISOVF_wavelet-LHL_firstorder_InterquartileRange
NODDI_ISOVF_wavelet-LLL_firstorder_Minimum
NODDI_ODI_wavelet-LHL_firstorder_Mean
MAP_QIV_original_glcm_InverseVariance

	MMRI+DWI+DKI+DTI+NODDI
	Mean_PCC_KW_4_LR
	0.881
	0.776-0.985
	0.883
	0.861
	0.941
	DKI_RD_wavelet-HHL_firstorder_RobustMeanAbsoluteDeviation
DTI_MD_wavelet-LHL_firstorder_InterquartileRange
NODDI_ODI_wavelet-HLL_firstorder_Median
NODDI_ODI_wavelet-LHL_firstorder_Mean

	MMRI+DWI+DTI+DKI+MAP
	Mean_PCC_RFE_4_SVM
	0.908
	0.830-0.986
	0.867
	0.860
	0.882
	CET1_original_glszm_GrayLevelNonUniformity
DKI_AD_wavelet-LLH_glcm_Autocorrelation
DKI_FA_original_firstorder_Median
DTI_RD_wavelet-HHL_firstorder_RobustMeanAbsoluteDeviation

	MMRI+DWI+DTI+NODDI+MAP
	Zscore_PCC_KW_4_SVM
	0.830
	0.705-0.954
	0.800
	0.814
	0.765
	DTI_MD_wavelet-HLL_firstorder_InterquartileRange
DTI_MD_wavelet-LHL_firstorder_InterquartileRange
DTI_RD_wavelet-HHL_firstorder_RobustMeanAbsoluteDeviation
NODDI_ODI_wavelet-LHL_firstorder_Mean

	MMRI+DWI+DKI+NODDI+MAP
	Mean_PCC_RFE_4_LRLasso
	0.912
	0.813-1.000
	0.917
	0.907
	0.941
	CET1_original_glszm_GrayLevelNonUniformity
DKI_FA_original_firstorder_Median
NODDI_ODI_wavelet-HLL_firstorder_Median
NODDI_ODI_wavelet-LHL_firstorder_Mean

	MMRI+DTI+DKI+NODDI+MAP
	Mean_PCC_Relief_4_LRLasso
	0.850
	0.743-0.958
	0.850
	0.837
	0.882
	NODDI_ISOVF_wavelet-LLL_firstorder_Minimum
NODDI_ODI_wavelet-HLL_firstorder_Median
NODDI_ODI_wavelet-LHL_firstorder_Mean
MAP_QIV_wavelet-LLH_firstorder_Median

	DWI+DTI+DKI+NODDI+MAP
	Zscore_PCC_Relief_4_LRLasso
	0.867
	0.749-0.984
	0.900
	0.954
	0.765
	DTI_MD_wavelet-LLH_glszm_LowGrayLevelZoneEmphasis
NODDI_ODI_wavelet-HLL_firstorder_Median
MAP_RTAP_wavelet-LLL_firstorder_10Percentile
MAP_RTOP_wavelet-HHL_glcm_Correlation

	MMRI+DWI+DKI+DTI+NODDI+MAP
	Mean_PCC_RFE_4_LRLasso
	0.904
	0.815-0.993
	0.883
	0.884
	0.882
	CET1_original_glszm_GrayLevelNonUniformity
DKI_AD_wavelet-LLH_glcm_Autocorrelation
DKI_FA_original_firstorder_Median
NODDI_ODI_wavelet-LHL_firstorder_Mean






Table S7. Peritumoral edema-Based Fusion Model Performance.
	Models
	Key Steps
	AUC
	95% CIs
	Acc
	Sen
	Spe
	Feature Names

	MMRI+ADC
	Zscore_PCC_RFE_4_SVM
	0.750
	0.588-0.910
	0.750
	0.744
	0.765
	ADC_wavelet-LHH_firstorder_Median
CET1_wavelet-HHL_firstorder_RootMeanSquared
CET1_wavelet-HLL_firstorder_MeanAbsoluteDeviation
T1_wavelet-LLH_gldm_LargeDependenceEmphasis

	MMRI+DTI
	Zscore_PCC_ANOVA_4_LR
	0.724
	0.554-0.892
	0.733
	0.744
	0.706
	CET1_wavelet-HLL_firstorder_MeanAbsoluteDeviation
DTI_AD_wavelet-LHL_firstorder_MeanAbsoluteDeviation
T1_wavelet-LLH_gldm_LargeDependenceEmphasis
T1_wavelet-LLH_glrlm_RunPercentage

	MMRI+DKI
	Zscore_PCC_ANOVA_4_LRLasso
	0.832
	0.715-0.947
	0.817
	0.837
	0.765
	CET1_wavelet-HLL_firstorder_90Percentile
DKI_AD_wavelet-LHL_firstorder_MeanAbsoluteDeviation
DKI_FA_wavelet-LLH_firstorder_10Percentile
DKI_FA_wavelet-LLH_firstorder_MeanAbsoluteDeviation

	MMRI+NODDI
	Mean_PCC_KW_4_SVM
	0.751
	0.627-0.875
	0.700
	0.628
	0.882
	Flair_wavelet-LHL_glrlm_RunEntropy
NODDI_ISOVF_original_firstorder_10Percentile
NODDI_ISOVF_wavelet-LLL_firstorder_10Percentile
T1_wavelet-LHL_glcm_Imc1

	MMRI+MAP
	Zscore_PCC_RFE_4_LR
	0.793
	0.663-0.923
	0.750
	0.721
	0.824
	MAP_MSD_wavelet-LHL_firstorder_MeanAbsoluteDeviation
MAP_NGAx_original_ngtdm_Complexity
MAP_NGAx_wavelet-LLL_glszm_GrayLevelVariance
T1_wavelet-LHL_glcm_Imc1

	DWI+DTI
	Mean_PCC_Relief_4_LRLasso
	0.735
	0.585-0.883
	0.650
	0.558
	0.882
	ADC_wavelet-HHH_firstorder_Median
ADC_wavelet-LHH_firstorder_Mean
ADC_wavelet-LHH_firstorder_Median
DTI_FA_wavelet-LLL_glszm_GrayLevelVariance

	DWI+DKI
	Zscore_PCC_Relief_4_SVM
	0.832
	0.725-0.938
	0.717
	0.628
	0.941
	ADC_wavelet-HHH_firstorder_Median
ADC_wavelet-LHH_firstorder_Median
DKI_FA_original_glszm_SmallAreaLowGrayLevelEmphasis
DKI_MK_wavelet-LHL_glcm_MCC

	DWI+NODDI
	Zscore_PCC_KW_4_LR
	0.770
	0.629-0.910
	0.717
	0.674
	0.824
	NODDI_ISOVF_original_firstorder_Median
NODDI_ISOVF_wavelet-HHL_firstorder_InterquartileRange
NODDI_ISOVF_wavelet-LLL_firstorder_10Percentile
NODDI_ODI_wavelet-LHL_firstorder_90Percentile

	DWI+MAP
	Zscore_PCC_RFE_4_SVM
	0.809
	0.687-0.929
	0.750
	0.698
	0.882
	MAP_MSD_wavelet-LHL_firstorder_InterquartileRange
MAP_NG_wavelet-LHL_glcm_MCC
MAP_NG_wavelet-LLL_glrlm_LongRunHighGrayLevelEmphasis
MAP_NGRad_wavelet-LLH_glrlm_ShortRunHighGrayLevelEmphasis

	DTI+DKI
	Zscore_PCC_Relief_4_LR
	0.793
	0.664-0.922
	0.700
	0.628
	0.882
	DKI_AK_wavelet-HHL_firstorder_Median
DKI_FA_original_glszm_SmallAreaLowGrayLevelEmphasis
DKI_RK_wavelet-HLH_glszm_SizeZoneNonUniformity
DKI_RK_wavelet-LLL_glszm_GrayLevelVariance

	DTI+NODDI
	Mean_PCC_Relief_4_SVM
	0.777
	0.638-0.915
	0.767
	0.814
	0.647
	DTI_MD_wavelet-HHL_gldm_DependenceNonUniformityNormalized
NODDI_ICVF_original_gldm_DependenceEntropy
NODDI_ODI_wavelet-LHL_firstorder_90Percentile
NODDI_ODI_wavelet-LHL_glcm_MCC

	DTI+MAP
	Zscore_PCC_RFE_4_SVM
	0.871
	0.783-0.959
	0.800
	0.791
	0.824
	DTI_AD_wavelet-LHL_firstorder_InterquartileRange
MAP_NGAx_original_ngtdm_Complexity
MAP_NGAx_wavelet-LLL_glszm_GrayLevelVariance
MAP_NGRad_wavelet-LHL_glrlm_RunEntropy

	DKI+NODDI
	Mean_PCC_Relief_4_SVM
	0.777
	0.652-0.901
	0.717
	0.651
	0.882
	DKI_AK_wavelet-HHL_firstorder_Median
DKI_RK_wavelet-LLL_glszm_GrayLevelVariance
NODDI_ISOVF_wavelet-HHL_firstorder_InterquartileRange
NODDI_ODI_wavelet-LHL_firstorder_90Percentile

	DKI+MAP
	Mean_PCC_RFE_4_SVM
	0.698
	0.538-0.856
	0.733
	0.767
	0.647
	DKI_FA_original_glszm_SmallAreaLowGrayLevelEmphasis
MAP_NGAx_wavelet-LLL_glszm_GrayLevelNonUniformityNormalized
MAP_NGAx_wavelet-LLL_glszm_GrayLevelVariance
MAP_NGRad_wavelet-LHL_glrlm_RunEntropy

	MAP+NODDI
	Mean_PCC_RFE_4_LRLasso
	0.788
	0.655-0.920
	0.800
	0.861
	0.647
	MAP_NG_wavelet-LLL_glrlm_LongRunHighGrayLevelEmphasis
MAP_NGAx_wavelet-LLL_glszm_GrayLevelNonUniformityNormalized
NODDI_ODI_wavelet-HLH_glrlm_RunVariance
MAP_RTPP_wavelet-HLL_firstorder_90Percentile

	MMRI+DWI+DTI
	Zscore_PCC_KW_4_LR
	0.881
	0.750-1.000
	0.917
	0.977
	0.765
	CET1_wavelet-HLL_firstorder_90Percentile
CET1_wavelet-HLL_firstorder_MeanAbsoluteDeviation
DTI_AD_wavelet-LHL_firstorder_MeanAbsoluteDeviation
DTI_AD_wavelet-LHL_firstorder_RootMeanSquared

	MMRI+DWI+DKI
	Zscore_PCC_Relief_4_LRLasso
	0.803
	0.683-0.922
	0.683
	0.581
	0.941
	ADC_wavelet-LHH_firstorder_Mean
DKI_AK_wavelet-HHL_firstorder_Median
DKI_AK_wavelet-HLH_firstorder_Median
DKI_FA_original_glszm_SmallAreaLowGrayLevelEmphasis

	MMRI+DWI+NODDI
	Mean_PCC_Relief_4_LR
	0.848
	0.733-0.963
	0.867
	0.930
	0.706
	ADC_wavelet-LHH_firstorder_Median
Flair_wavelet-LHH_glrlm_RunEntropy
NODDI_ISOVF_wavelet-HHL_firstorder_InterquartileRange
T2_original_gldm_LargeDependenceLowGrayLevelEmphasis

	MMRI+DWI+MAP
	Zscore_PCC_RFE_4_SVM
	0.907
	0.794-1.000
	0.883
	0.861
	0.941
	ADC_wavelet-LHH_firstorder_Median
CET1_wavelet-HLL_firstorder_90Percentile
Flair_wavelet-LHH_glrlm_RunEntropy
MAP_NGAx_original_ngtdm_Complexity

	MMRI+DTI+DKI
	Mean_PCC_RFE_4_LRLasso
	0.743
	0.569-0.916
	0.833
	0.907
	0.647
	CET1_wavelet-HLL_firstorder_90Percentile
DKI_AD_wavelet-LHL_firstorder_RobustMeanAbsoluteDeviation
DKI_MK_wavelet-HHH_firstorder_Mean
DTI_MD_wavelet-HHL_gldm_DependenceNonUniformityNormalized

	MMRI+DTI+NODDI
	Mean_PCC_KW_4_SVM
	0.811
	0.700-0.921
	0.683
	0.581
	0.941
	CET1_wavelet-HLL_firstorder_90Percentile
DTI_MD_wavelet-HHL_firstorder_10Percentile
DTI_MD_wavelet-HHL_gldm_DependenceNonUniformityNormalized
NODDI_ISOVF_wavelet-HHL_firstorder_InterquartileRange

	MMRI+DTI+MAP
	Mean_PCC_Relief_4_LR
	0.837
	0.733-0.940
	0.833
	0.814
	0.882
	DTI_MD_wavelet-HLL_firstorder_Skewness
MAP_NG_wavelet-LLL_glrlm_LongRunHighGrayLevelEmphasis
MAP_NG_wavelet-LLL_glszm_GrayLevelVariance
MAP_RTOP_original_gldm_DependenceNonUniformityNormalized

	MMRI+DKI+NODDI
	Mean_PCC_Relief_4_SVM
	0.850
	0.749-0.949
	0.783
	0.744
	0.882
	DKI_AK_wavelet-HLH_firstorder_Median
DKI_FA_original_glszm_SmallAreaLowGrayLevelEmphasis
DKI_MK_wavelet-LHL_glcm_MCC
NODDI_ICVF_wavelet-LLH_gldm_LargeDependenceLowGrayLevelEmphasis

	MMRI+MAP+DKI
	Mean_PCC_RFE_4_SVM
	0.851
	0.754-0.947
	0.817
	0.791
	0.882
	DKI_RK_wavelet-LLL_glszm_GrayLevelVariance
MAP_NGAx_original_ngtdm_Complexity
MAP_RTPP_wavelet-HLL_firstorder_90Percentile
T2_wavelet-HHL_glrlm_RunEntropy

	MMRI+MAP+NODDI
	Zscore_PCC_RFE_4_LR
	0.874
	0.756-0.991
	0.850
	0.884
	0.765
	CET1_wavelet-HLL_firstorder_90Percentile
Flair_wavelet-LHH_glrlm_RunEntropy
MAP_NG_wavelet-LLL_glszm_GrayLevelVariance
MAP_NGAx_original_ngtdm_Complexity

	DWI+DKI+DTI
	Zscore_PCC_RFE_4_LRLasso
	0.859
	0.762-0.955
	0.900
	0.884
	0.941
	ADC_wavelet-LHH_firstorder_Median
DKI_RK_wavelet-LLL_glszm_GrayLevelVariance
DTI_AD_wavelet-LHL_firstorder_MeanAbsoluteDeviation
DTI_MD_wavelet-HHL_gldm_DependenceNonUniformityNormalized

	DWI+DTI+NODDI
	Mean_PCC_Relief_4_LRLasso
	0.813
	0.702-0.923
	0.750
	0.698
	0.882
	ADC_wavelet-LHH_firstorder_Median
DTI_MD_wavelet-HHL_gldm_DependenceNonUniformityNormalized
NODDI_ICVF_original_gldm_DependenceEntropy
NODDI_ODI_wavelet-LHL_glcm_MCC

	DWI+DTI+MAP
	Mean_PCC_RFE_4_LRLasso
	0.732
	0.586-0.877
	0.683
	0.674
	0.706
	ADC_wavelet-LHH_firstorder_Median
MAP_MSD_wavelet-LHL_firstorder_MeanAbsoluteDeviation
MAP_MSD_wavelet-LHL_firstorder_RobustMeanAbsoluteDeviation
MAP_NGRad_wavelet-LLH_glrlm_ShortRunHighGrayLevelEmphasis

	DWI+DKI+NODDI
	Zscore_PCC_Relief_4_LR
	0.826
	0.698-0.954
	0.817
	0.837
	0.765
	DKI_AK_wavelet-HHL_firstorder_Median
DKI_FA_original_glszm_SmallAreaLowGrayLevelEmphasis
DKI_MK_wavelet-LHL_glcm_MCC
NODDI_ICVF_wavelet-LLH_glszm_LargeAreaLowGrayLevelEmphasis

	DWI+MAP+DKI
	Zscore_PCC_RFE_4_SVM
	0.822
	0.698-0.946
	0.783
	0.767
	0.824
	DKI_AD_wavelet-LHL_firstorder_MeanAbsoluteDeviation
MAP_NG_wavelet-LHL_glcm_MCC
MAP_NGAx_original_ngtdm_Complexity
MAP_NGAx_wavelet-LLL_glszm_GrayLevelNonUniformityNormalized

	DWI+MAP+NODDI
	Mean_PCC_RFE_4_LRLasso
	0.856
	0.763-0.949
	0.767
	0.674
	1.000
	NODDI_ISOVF_wavelet-HHL_firstorder_InterquartileRange
MAP_NGAx_original_ngtdm_Complexity
MAP_NGAx_wavelet-LLL_glszm_GrayLevelNonUniformityNormalized
NODDI_ODI_wavelet-LHL_firstorder_90Percentile

	DTI+DKI+NODDI
	Zscore_PCC_KW_4_SVM
	0.770
	0.650-0.889
	0.717
	0.651
	0.882
	DKI_AD_wavelet-LHL_firstorder_MeanAbsoluteDeviation
DTI_AD_wavelet-LHL_firstorder_MeanAbsoluteDeviation
DTI_AD_wavelet-LHL_firstorder_RootMeanSquared
DTI_AD_wavelet-LHL_firstorder_Variance

	DTI+DKI+MAP
	Zscore_PCC_RFE_4_LRLasso
	0.837
	0.709-0.964
	0.817
	0.814
	0.824
	DKI_RD_wavelet-LHL_firstorder_InterquartileRange
DKI_RK_wavelet-HLL_glrlm_RunEntropy
MAP_NGAx_original_ngtdm_Complexity
MAP_NGAx_wavelet-LLL_glszm_GrayLevelNonUniformityNormalized

	DTI+MAP+NODDI
	Zscore_PCC_Relief_4_LR
	0.774
	0.634-0.914
	0.800
	0.884
	0.588
	NODDI_ICVF_original_gldm_DependenceEntropy
NODDI_ISOVF_wavelet-HHL_firstorder_InterquartileRange
MAP_NG_wavelet-LLL_glrlm_LongRunHighGrayLevelEmphasis
MAP_RTOP_wavelet-LHH_glszm_ZoneEntropy

	DKI+MAP+NODDI
	Mean_PCC_RFE_4_LR
	0.784
	0.639-0.928
	0.867
	0.954
	0.647
	CET1_wavelet-HLL_firstorder_90Percentile
Flair_wavelet-LHH_glrlm_RunEntropy
NODDI_NG_wavelet-LLL_glszm_GrayLevelVariance
NODDI_NGAx_original_ngtdm_Complexity

	MMRI+DWI+DTI+DKI
	Mean_PCC_RFE_4_LR
	0.731
	0.565-0.895
	0.750
	0.814
	0.588
	CET1_wavelet-HLL_firstorder_MeanAbsoluteDeviation
DKI_AD_wavelet-LHL_firstorder_MeanAbsoluteDeviation
DKI_FA_wavelet-LLH_firstorder_10Percentile
T1_wavelet-LLH_gldm_LargeDependenceEmphasis

	MMRI+DWI+DTI+
NODDI
	Mean_PCC_KW_4_SVM
	0.762
	0.643-0.880
	0.667
	0.558
	0.941
	DTI_AD_wavelet-LHL_firstorder_MeanAbsoluteDeviation
DTI_AD_wavelet-LHL_firstorder_RootMeanSquared
DTI_AD_wavelet-LHL_firstorder_Variance
T1_wavelet-LHL_glcm_Imc1

	MMRI+DWI+DTI+MAP
	Zscore_PCC_RFE_4_LR
	0.832
	0.708-0.954
	0.800
	0.767
	0.882
	Flair_wavelet-LHL_glrlm_RunEntropy
MAP_NGAx_original_ngtdm_Complexity
MAP_NGAx_wavelet-LLL_glszm_GrayLevelNonUniformityNormalized
T1_wavelet-LHL_glcm_Imc1

	MMRI+DWI+DKI+
NODDI
	Mean_PCC_RFE_4_LRLasso
	0.824
	0.714-0.932
	0.767
	0.721
	0.882
	ADC_wavelet-LHH_firstorder_Median
DKI_AD_wavelet-LHL_firstorder_MeanAbsoluteDeviation
DKI_AD_wavelet-LHL_firstorder_RobustMeanAbsoluteDeviation
Flair_wavelet-LHH_glrlm_RunEntropy

	MMRI+DWI+DKI+MAP
	Mean_PCC_RFE_4_SVM
	0.804
	0.684-0.924
	0.717
	0.698
	0.765
	CET1_wavelet-HHL_firstorder_RootMeanSquared
MAP_NGAx_original_ngtdm_Complexity
MAP_NGAx_wavelet-LLL_glszm_GrayLevelNonUniformityNormalized
MAP_QIV_wavelet-LHL_firstorder_RootMeanSquared

	MMRI+DWI+MAP+
NODDI
	Mean_PCC_Relief_4_LR
	0.747
	0.607-0.886
	0.783
	0.861
	0.588
	ADC_wavelet-LHH_firstorder_Mean
NODDI_ISOVF_wavelet-HHL_firstorder_InterquartileRange
MAP_NG_wavelet-LLL_glrlm_LongRunHighGrayLevelEmphasis
NODDI_ODI_wavelet-HLH_glrlm_RunVariance

	MMRI+DTI+DKI+
NODDI
	Zscore_PCC_KW_4_LR
	0.817
	0.689-0.944
	0.833
	0.884
	0.706
	CET1_wavelet-HLL_firstorder_90Percentile
CET1_wavelet-HLL_firstorder_MeanAbsoluteDeviation
DTI_AD_wavelet-LHL_firstorder_MeanAbsoluteDeviation
T2_wavelet-HLL_glcm_Correlation

	MMRI+DTI+DKI+MAP
	Mean_PCC_RFE_4_LR
	0.845
	0.738-0.952
	0.767
	0.744
	0.824
	CET1_wavelet-HHL_firstorder_10Percentile
CET1_wavelet-HLL_firstorder_90Percentile
MAP_NGAx_original_ngtdm_Complexity
T1_wavelet-LHL_glcm_Imc1

	MMRI+DTI+MAP+
NODDI
	Mean_PCC_RFE_4_LRLasso
	0.796
	0.660-0.932
	0.733
	0.674
	0.882
	CET1_wavelet-HLL_firstorder_90Percentile
MAP_MSD_wavelet-LHL_firstorder_MeanAbsoluteDeviation
MAP_NGAx_wavelet-LLL_glszm_GrayLevelNonUniformityNormalized
MAP_NGRad_wavelet-LLH_glcm_Autocorrelation

	MMRI+DKI+MAP+NODDI
	Mean_PCC_Relief_4_SVM
	0.739
	0.605-0.871
	0.667
	0.605
	0.824
	DKI_FA_original_glszm_SmallAreaLowGrayLevelEmphasis
NODDI_ISOVF_wavelet-HHL_firstorder_InterquartileRange
MAP_RTAP_wavelet-HHH_glcm_MCC
MAP_RTPP_wavelet-HLL_firstorder_90Percentile

	DWI+DTI+DKI+NODDI
	Zscore_PCC_Relief_4_SVM
	0.774
	0.648-0.900
	0.783
	0.837
	0.647
	ADC_wavelet-HHL_firstorder_Median
DKI_FA_original_glszm_SmallAreaLowGrayLevelEmphasis
DTI_MD_wavelet-HHL_gldm_DependenceNonUniformityNormalized
NODDI_ICVF_wavelet-LLH_gldm_LargeDependenceLowGrayLevelEmphasis

	DWI+DTI+DKI+MAP
	Mean_PCC_RFE_4_SVM
	0.754
	0.615-0.892
	0.733
	0.721
	0.765
	DTI_AD_wavelet-LHL_firstorder_MeanAbsoluteDeviation
DTI_AD_wavelet-LHL_firstorder_RootMeanSquared
DTI_MD_wavelet-HLL_firstorder_Skewness
MAP_NGAx_original_ngtdm_Complexity

	DWI+DTI+MAP+
NODDI
	Mean_PCC_RFE_4_LR
	0.843
	0.728-0.956
	0.767
	0.744
	0.824
	MAP_MSD_wavelet-LHL_firstorder_MeanAbsoluteDeviation
MAP_NGAx_original_ngtdm_Complexity
MAP_NGRad_wavelet-LLH_glrlm_ShortRunHighGrayLevelEmphasis
NODDI_ODI_wavelet-LHL_firstorder_90Percentile

	DWI+DKI+MAP+
NODDI
	Mean_PCC_Relief_4_LR
	0.809
	0.687-0.929
	0.767
	0.767
	0.765
	DKI_FA_original_glszm_SmallAreaLowGrayLevelEmphasis
DKI_MK_wavelet-LHL_glcm_MCC
NODDI_ISOVF_wavelet-HHL_firstorder_InterquartileRange
NODDI_ODI_wavelet-LHL_glcm_MCC

	DTI+DKI+MAP+
NODDI
	Zscore_PCC_Relief_4_SVM
	0.833
	0.692-0.973
	0.883
	0.954
	0.706
	DKI_AK_wavelet-HLH_firstorder_Median
DKI_FA_original_glszm_SmallAreaLowGrayLevelEmphasis
NODDI_ISOVF_wavelet-HHL_firstorder_InterquartileRange
MAP_NGRad_wavelet-LLH_glrlm_ShortRunHighGrayLevelEmphasis

	MMRI+DWI+DKI+DTI+NODDI
	Zscore_PCC_Relief_4_SVM
	0.838
	0.733-0.942
	0.817
	0.837
	0.765
	ADC_wavelet-LHH_firstorder_Mean
DKI_FA_original_glszm_SmallAreaLowGrayLevelEmphasis
DKI_MK_wavelet-LHL_glcm_MCC
DTI_MD_wavelet-HHL_gldm_DependenceNonUniformityNormalized

	MMRI+DWI+DTI+DKI+MAP
	Zscore_PCC_RFE_4_LR
	0.841
	0.737-0.944
	0.783
	0.744
	0.882
	DKI_FA_original_glszm_SmallAreaLowGrayLevelEmphasis
DKI_RK_wavelet-LLL_glszm_GrayLevelVariance
DTI_MD_wavelet-HHL_firstorder_10Percentile
T2_wavelet-HHL_glrlm_RunEntropy

	MMRI+DWI+DTI+MAP+NODDI
	Mean_PCC_RFE_4_SVM
	0.885
	0.784-0.985
	0.900
	0.954
	0.765
	CET1_wavelet-HLL_firstorder_90Percentile
Flair_wavelet-HLL_glrlm_RunEntropy
MAP_NGAx_original_ngtdm_Complexity
NODDI_ODI_wavelet-LHL_firstorder_90Percentile

	MMRI+DKI+DWI+MAP+NODDI
	Zscore_PCC_RFE_4_LR
	0.863
	0.738-0.988
	0.867
	0.884
	0.824
	CET1_wavelet-HLL_firstorder_90Percentile
Flair_wavelet-LHH_glrlm_RunEntropy
NODDI_ISOVF_wavelet-LLL_firstorder_10Percentile
MAP_NG_wavelet-LLL_glszm_GrayLevelVariance

	MMRI+DTI+DKI+MAP+NODDI
	Zscore_PCC_RFE_4_LR
	0.837
	0.723-0.951
	0.833
	0.884
	0.706
	DTI_AD_wavelet-LHL_firstorder_MeanAbsoluteDeviation
MAP_NGAx_original_ngtdm_Complexity
MAP_NGAx_wavelet-LLL_glszm_GrayLevelNonUniformityNormalized
T1_wavelet-LLH_gldm_LargeDependenceEmphasis

	DWI+DTI+DKI+MAP+NODDI
	Mean_PCC_Relief_4_LRLasso
	0.809
	0.693-0.923
	0.733
	0.674
	0.882
	DKI_FA_original_glszm_SmallAreaLowGrayLevelEmphasis
NODDI_ISOVF_wavelet-HHL_firstorder_InterquartileRange
MAP_NG_wavelet-LLL_glrlm_LongRunHighGrayLevelEmphasis
NODDI_ODI_wavelet-LHL_glcm_MCC

	MMRI+DWI+DKI+DTI+NODDI+MAP
	Mean_PCC_Relief_4_SVM
	0.819
	0.701-0.936
	0.733
	0.698
	0.824
	DKI_FA_original_glszm_SmallAreaLowGrayLevelEmphasis
DKI_MK_wavelet-LHL_glcm_MCC
NODDI_ISOVF_wavelet-HHL_firstorder_InterquartileRange
MAP_NG_wavelet-LLL_glrlm_LongRunHighGrayLevelEmphasis



















Table S8. ABV-Based Fusion Model Performance.
	Models
	Key Steps
	AUC
	95% CIs
	Acc
	Sen
	Spe
	Feature Names

	MMRI+ADC
	Mean_PCC_ANOVA_4_LRLasso
	0.836
	0.711-0.960
	0.850
	0.884
	0.765
	CET1_original_glcm_DifferenceEntropy
CET1_original_glcm_DifferenceVariance
Flair_original_glszm_ZoneEntropy
T2_wavelet-LHL_glcm_Correlation

	MMRI+DTI
	Zscore_PCC_KW_4_SVM
	0.873
	0.769-0.976
	0.833
	0.837
	0.824
	CET1_original_glcm_DifferenceEntropy
CET1_original_glcm_Idmn
CET1_original_gldm_SmallDependenceEmphasis
DTI_AD_wavelet-HLL_firstorder_MeanAbsoluteDeviation

	MMRI+DKI
	Mean_PCC_Relief_4_LRLasso
	0.881
	0.791-0.970
	0.833
	0.861
	0.765
	CET1_original_glcm_DifferenceVariance
DKI_AK_wavelet-HHL_firstorder_Median
DKI_MK_wavelet-LHH_firstorder_Mean
DKI_RK_wavelet-LLL_glszm_GrayLevelVariance

	MMRI+NODDI
	Zscore_PCC_RFE_4_SVM
	0.910
	0.805-1.000
	0.900
	0.930
	0.824
	CET1_original_glcm_DifferenceEntropy
Flair_original_glszm_ZoneEntropy
NODDI_ICVF_wavelet-LHL_glcm_MCC
NODDI_ISOVF_wavelet-LHL_firstorder_Median

	MMRI+MAP
	Zscore_PCC_RFE_4_SVM
	0.878
	0.756-0.999
	0.883
	0.954
	0.706
	CET1_original_glcm_DifferenceEntropy
CET1_original_glcm_DifferenceVariance
Flair_original_glszm_ZoneEntropy
MAP_MSD_wavelet-HLL_firstorder_10Percentile

	DWI+DTI
	Mean_PCC_Relief_4_LRLasso
	0.799
	0.669-0.928
	0.767
	0.744
	0.824
	ADC_wavelet-HHL_glszm_SmallAreaEmphasis
ADC_wavelet-HLH_firstorder_Skewness
ADC_wavelet-HLL_firstorder_Median
DTI_RD_wavelet-HHL_firstorder_Kurtosis

	DWI+DKI
	Mean_PCC_RFE_4_SVM
	0.749
	0.577-0.920
	0.817
	0.861
	0.706
	DKI_AD_wavelet-HLL_firstorder_MeanAbsoluteDeviation
DKI_AD_wavelet-HLL_firstorder_RobustMeanAbsoluteDeviation
DKI_AD_wavelet-LHL_firstorder_MeanAbsoluteDeviation
DKI_FA_wavelet-LLL_glcm_MaximumProbability

	DWI+NODDI
	Zscore_PCC_ANOVA_4_SVM
	0.818
	0.713-0.923
	0.717
	0.628
	0.941
	ADC_wavelet-HLL_firstorder_Median
NODDI_ICVF_wavelet-LHL_glcm_MCC
NODDI_ISOVF_wavelet-HLL_firstorder_Median
NODDI_ODI_wavelet-HLL_firstorder_InterquartileRange

	DWI+MAP
	Zscore_PCC_Relief_4_SVM
	0.869
	0.778-0.958
	0.833
	0.767
	1.000
	ADC_wavelet-HLL_firstorder_Median
MAP_NGRad_wavelet-LLL_glszm_GrayLevelVariance
MAP_RTAP_original_glszm_ZoneEntropy
MAP_RTAP_wavelet-LHL_glcm_MCC

	DTI+DKI
	Mean_PCC_RFE_4_LRLasso
	0.866
	0.773-0.958
	0.833
	0.791
	0.941
	DKI_AD_wavelet-HLL_firstorder_MeanAbsoluteDeviation
DKI_AD_wavelet-HLL_firstorder_RobustMeanAbsoluteDeviation
DKI_FA_wavelet-LLL_glcm_MaximumProbability
DKI_MK_wavelet-LHL_glcm_MCC

	DTI+NODDI
	Zscore_PCC_RFE_4_LRLasso
	0.828
	0.701-0.953
	0.833
	0.861
	0.765
	DTI_AD_wavelet-HLL_firstorder_MeanAbsoluteDeviation
DTI_AD_wavelet-HLL_firstorder_RootMeanSquared
NODDI_ICVF_wavelet-LHL_glcm_MCC
NODDI_ISOVF_wavelet-HLL_firstorder_Median

	DTI+MAP
	Zscore_PCC_RFE_4_LR
	0.837
	0.732-0.942
	0.833
	0.907
	0.647
	MAP_MSD_wavelet-HLL_firstorder_10Percentile
MAP_NGAx_wavelet-LLL_glszm_GrayLevelNonUniformityNormalized
MAP_RTAP_original_glszm_ZoneEntropy
MAP_RTPP_wavelet-LHL_firstorder_MeanAbsoluteDeviation

	DKI+NODDI
	Mean_PCC_KW_4_LR
	0.784
	0.652-0.915
	0.767
	0.721
	0.882
	DKI_AD_wavelet-HLL_firstorder_MeanAbsoluteDeviation
DKI_AD_wavelet-HLL_firstorder_RobustMeanAbsoluteDeviation
DKI_AD_wavelet-LHL_firstorder_10Percentile
DKI_AD_wavelet-LHL_firstorder_MeanAbsoluteDeviation

	DKI+MAP
	Mean_PCC_RFE_4_SVM
	0.871
	0.773-0.969
	0.867
	0.861
	0.882
	DKI_AD_wavelet-HLL_firstorder_RobustMeanAbsoluteDeviation
DKI_AD_wavelet-LHL_firstorder_10Percentile
MAP_NG_wavelet-LLL_glrlm_LongRunHighGrayLevelEmphasis
MAP_NGAx_wavelet-LLL_glszm_GrayLevelNonUniformityNormalized

	MAP+NODDI
	Mean_PCC_ANOVA_4_LRLasso
	0.866
	0.777-0.954
	0.817
	0.767
	0.941
	MAP_MSD_wavelet-HLL_firstorder_RootMeanSquared
MAP_NG_wavelet-LLL_glszm_GrayLevelNonUniformityNormalized
MAP_NGAx_wavelet-LLL_glszm_GrayLevelNonUniformityNormalized
NODDI_ODI_wavelet-HLL_firstorder_InterquartileRange

	MMRI+DWI+
DTI
	Mean_PCC_RFE_4_SVM
	0.854
	0.721-0.986
	0.883
	0.954
	0.706
	CET1_original_glcm_DifferenceEntropy
DTI_AD_wavelet-LHL_firstorder_MeanAbsoluteDeviation
Flair_original_glszm_ZoneEntropy
T2_wavelet-LHL_glcm_Correlation

	MMRI+DWI+
DKI
	Mean_PCC_RFE_4_SVM
	0.818
	0.677-0.958
	0.833
	0.837
	0.824
	CET1_original_glcm_DifferenceEntropy
CET1_original_glcm_DifferenceVariance
DKI_AD_wavelet-LHL_firstorder_10Percentile
T2_wavelet-LHL_glcm_Correlation

	MMRI+DWI+
NODDI
	Mean_PCC_ANOVA_4_LRLasso
	0.836
	0.711-0.960
	0.850
	0.884
	0.765
	CET1_original_glcm_DifferenceEntropy
CET1_original_glcm_DifferenceVariance
Flair_original_glszm_ZoneEntropy
T2_wavelet-LHL_glcm_Correlation

	MMRI+DWI+
MAP
	Mean_PCC_ANOVA_4_SVM
	0.897
	0.798-0.996
	0.833
	0.791
	0.941
	CET1_original_glcm_DifferenceEntropy
Flair_original_glszm_ZoneEntropy
MAP_NGAx_wavelet-LLL_glszm_GrayLevelNonUniformityNormalized
MAP_RTAP_wavelet-LHL_glcm_MCC

	MMRI+DTI+DKI
	Mean_PCC_RFE_4_SVM
	0.897
	0.806-0.988
	0.850
	0.861
	0.824
	CET1_original_glcm_DifferenceEntropy
CET1_original_glcm_DifferenceVariance
DKI_AD_wavelet-HLL_firstorder_MeanAbsoluteDeviation
DKI_AD_wavelet-LHL_firstorder_10Percentile

	MMRI+DTI+
NODDI
	Zscore_PCC_RFE_4_SVM
	0.878
	0.755-1.000
	0.867
	0.907
	0.765
	CET1_original_glcm_DifferenceEntropy
CET1_original_glcm_DifferenceVariance
DTI_AD_wavelet-HLL_firstorder_MeanAbsoluteDeviation
Flair_original_glszm_ZoneEntropy

	MMRI+MAP+
DTI
	Mean_PCC_Relief_4_SVM
	0.860
	0.765-0.954
	0.783
	0.744
	0.882
	CET1_original_glcm_DifferenceEntropy
MAP_NGRad_wavelet-HLL_glrlm_ShortRunHighGrayLevelEmphasis
MAP_NGRad_wavelet-LLL_glszm_GrayLevelVariance
MAP_RTAP_wavelet-LHL_glcm_MCC

	MMRI+DKI+
NODDI
	Zscore_PCC_Relief_4_LR
	0.880
	0.778-0.981
	0.867
	0.884
	0.824
	CET1_original_glcm_DifferenceEntropy
CET1_original_glcm_DifferenceVariance
DKI_AD_wavelet-HLL_firstorder_MeanAbsoluteDeviation
DKI_AD_wavelet-HLL_firstorder_RobustMeanAbsoluteDeviation

	MMRI+MAP+
DKI
	Mean_PCC_RFE_4_LR
	0.843
	0.738-0.947
	0.817
	0.837
	0.765
	CET1_original_glcm_DifferenceEntropy
DKI_AD_wavelet-HLL_firstorder_RobustMeanAbsoluteDeviation
DKI_AD_wavelet-LHL_firstorder_10Percentile
MAP_NGAx_wavelet-LLL_glszm_GrayLevelNonUniformityNormalized

	MMRI+MAP+
NODDI
	Zscore_PCC_RFE_4_LRLasso
	0.930
	0.867-0.993
	0.867
	0.861
	0.882
	CET1_original_glcm_DifferenceEntropy
Flair_original_glszm_ZoneEntropy
NODDI_ICVF_wavelet-LHL_glcm_MCC
MAP_MSD_wavelet-HLL_firstorder_MeanAbsoluteDeviation

	DWI+DKI+DTI
	Zscore_PCC_RFE_4_LRLasso
	0.814
	0.688-0.939
	0.817
	0.767
	0.941
	DKI_AD_wavelet-HLL_firstorder_MeanAbsoluteDeviation
DKI_AD_wavelet-HLL_firstorder_RobustMeanAbsoluteDeviation
DKI_AD_wavelet-LHL_firstorder_10Percentile
DTI_RD_wavelet-HHL_firstorder_Kurtosis

	DWI+DTI+
NODDI
	Zscore_PCC_Relief_4_LR
	0.839
	0.734-0.942
	0.750
	0.698
	0.882
	ADC_wavelet-HLH_firstorder_Skewness
ICVF_original_glszm_ZoneEntropy
ICVF_wavelet-LHL_glcm_MCC
NODDI_ODI_wavelet-HLL_firstorder_InterquartileRange

	DWI+DTI+MAP
	Mean_PCC_Relief_4_LRLasso
	0.844
	0.765-0.922
	0.789
	0.762
	0.854
	ADC_wavelet-HLL_firstorder_Median
MAP_RTAP_original_glszm_ZoneEntropy
MAP_RTAP_wavelet-LHL_glcm_MCC
MAP_RTOP_original_glszm_ZoneEntropy

	DWI+DKI+NODDI
	MinMax_PCC_Relief_4_LR
	0.814
	0.680-0.947
	0.800
	0.837
	0.706
	ADC_wavelet-HLL_firstorder_Median
NODDI_ICVF_wavelet-LLH_glszm_SizeZoneNonUniformity
NODDI_ISOVF_original_glcm_MaximumProbability
NODDI_ODI_original_firstorder_Minimum

	DWI+MAP+DKI
	Zscore_PCC_RFE_4_SVM
	0.843
	0.737-0.947
	0.817
	0.837
	0.765
	ADC_wavelet-HLL_firstorder_Median
DKI_AD_wavelet-HLL_firstorder_MeanAbsoluteDeviation
MAP_RTAP_original_firstorder_Minimum
MAP_RTAP_wavelet-LHL_glcm_MCC

	DWI+MAP+
NODDI
	Zscore_PCC_ANOVA_4_SVM
	0.880
	0.795-0.963
	0.833
	0.814
	0.882
	MAP_MSD_wavelet-HLL_firstorder_RootMeanSquared
MAP_NG_wavelet-LLL_glszm_GrayLevelNonUniformityNormalized
MAP_NGAx_wavelet-LLL_glszm_GrayLevelNonUniformityNormalized
NODDI_ODI_wavelet-HLL_firstorder_InterquartileRange

	DTI+DKI+
NODDI
	Mean_PCC_RFE_4_SVM
	0.848
	0.737-0.958
	0.833
	0.837
	0.824
	DKI_AD_wavelet-HLL_firstorder_MeanAbsoluteDeviation
DKI_FA_wavelet-LLL_glcm_MaximumProbability
DKI_MK_wavelet-LHH_firstorder_Mean
NODDI_ODI_wavelet-HLL_firstorder_InterquartileRange

	DTI+DKI+MAP
	Mean_PCC_RFE_4_SVM
	0.859
	0.764-0.954
	0.783
	0.744
	0.882
	DKI_AD_wavelet-HLL_firstorder_RobustMeanAbsoluteDeviation
DKI_RD_wavelet-HLL_firstorder_Median
DTI_FA_wavelet-LLL_glcm_MCC
MAP_NGAx_wavelet-LLL_glszm_GrayLevelNonUniformityNormalized

	DTI+MAP+NODDI
	Mean_PCC_RFE_4_LR
	0.887
	0.772-1.000
	0.883
	0.884
	0.882
	DTI_RD_wavelet-HLL_firstorder_10Percentile
MAP_ISOVF_wavelet-HLL_firstorder_Median
MAP_RTAP_original_glszm_ZoneEntropy
MAP_RTAP_wavelet-LHL_glcm_MCC

	DKI+MAP+NODDI
	Zscore_PCC_ANOVA_4_LRLasso
	0.845
	0.748-0.942
	0.733
	0.651
	0.941
	DKI_AD_wavelet-HLL_firstorder_MeanAbsoluteDeviation
DKI_AD_wavelet-LHL_firstorder_10Percentile
DKI_AD_wavelet-LHL_firstorder_MeanAbsoluteDeviation
MAP_NGAx_wavelet-LLL_glszm_GrayLevelNonUniformityNormalized

	MMRI+DWI+
DTI+DKI
	Mean_PCC_RFE_4_SVM
	0.809
	0.652-0.964
	0.817
	0.814
	0.824
	ADC_wavelet-HLL_firstorder_Median
CET1_original_glcm_DifferenceEntropy
CET1_original_glcm_DifferenceVariance
Flair_original_glszm_ZoneEntropy

	MMRI+DWI+
DTI+NODDI
	Mean_PCC_RFE_4_LRLasso
	0.839
	0.732-0.944
	0.717
	0.628
	0.941
	DTI_AD_wavelet-HLL_firstorder_RootMeanSquared
Flair_original_glszm_ZoneEntropy
NODDI_ICVF_wavelet-LHL_glcm_MCC
T2_wavelet-LHL_glcm_Correlation

	MMRI+DWI+
DTI+MAP
	MinMax_PCC_RFE_4_LRLasso
	0.917
	0.822-1.000
	0.883
	0.861
	0.941
	CET1_original_glcm_DifferenceVariance
Flair_original_glszm_ZoneEntropy
MAP_NGAx_wavelet-LLL_glszm_GrayLevelNonUniformityNormalized
MAP_RTAP_original_firstorder_Minimum

	MMRI+DWI+
DKI+NODDI
	Zscore_PCC_KW_4_SVM
	0.906
	0.827-0.983
	0.817
	0.767
	0.941
	CET1_original_glcm_DifferenceEntropy
CET1_original_glcm_Idmn
CET1_original_gldm_SmallDependenceEmphasis
DKI_AD_wavelet-HLL_firstorder_RobustMeanAbsoluteDeviation

	MMRI+DWI+
DKI+MAP
	Mean_PCC_ANOVA_4_SVM
	0.871
	0.745-0.997
	0.883
	0.930
	0.765
	CET1_original_glcm_DifferenceEntropy
CET1_original_glcm_DifferenceVariance
DKI_AD_wavelet-HLL_firstorder_MeanAbsoluteDeviation
Flair_original_glszm_ZoneEntropy

	MMRI+DWI+NODDI+MAP
	Zscore_PCC_RFE_4_SVM
	0.940
	0.884-0.996
	0.900
	0.930
	0.824
	CET1_original_glcm_DifferenceEntropy
Flair_original_glszm_ZoneEntropy
MAP_NGAx_wavelet-LLL_glszm_GrayLevelNonUniformityNormalized
NODDI_ODI_wavelet-HLL_firstorder_InterquartileRange

	MMRI+DTI+DKI+NODDI
	Zscore_PCC_RFE_4_LR
	0.937
	0.870-1.000
	0.933
	1.000
	0.765
	CET1_original_glcm_DifferenceEntropy
DKI_AD_wavelet-HLL_firstorder_MeanAbsoluteDeviation
DKI_MK_wavelet-HHL_firstorder_Median
Flair_original_glszm_ZoneEntropy

	MMRI+DTI+DKI+MAP
	Zscore_PCC_RFE_4_LR
	0.850
	0.725-0.973
	0.767
	0.698
	0.941
	CET1_original_glcm_DifferenceEntropy
CET1_original_glcm_Idmn
Flair_original_glszm_ZoneEntropy
MAP_NG_wavelet-LLL_glszm_GrayLevelNonUniformityNormalized

	MMRI+DTI+
MAP+NODDI
	Mean_PCC_Relief_4_LRLasso
	0.911
	0.796-1.000
	0.933
	0.954
	0.882
	CET1_original_glcm_DifferenceEntropy
Flair_original_glszm_ZoneEntropy
NODDI_ODI_wavelet-HLL_firstorder_InterquartileRange
MAP_RTAP_original_glszm_ZoneEntropy

	MMRI+DKI+
MAP+NODDI
	Mean_PCC_Relief_4_SVM
	0.914
	0.841-0.986
	0.767
	0.674
	1.000
	CET1_original_glcm_DifferenceEntropy
Flair_original_firstorder_10Percentile
NODDI_ICVF_wavelet-LLH_glszm_SizeZoneNonUniformity
NODDI_ODI_wavelet-HLL_firstorder_InterquartileRange

	DWI+DTI+DKI+NODDI
	Zscore_PCC_RFE_4_SVM
	0.880
	0.794-0.964
	0.800
	0.744
	0.941
	DKI_AK_wavelet-HHL_firstorder_Median
DKI_FA_wavelet-LLL_glcm_MaximumProbability
DKI_RK_wavelet-LLL_glszm_GrayLevelVariance
NODDI_ODI_wavelet-HLL_firstorder_InterquartileRange

	DWI+DTI+DKI+MAP
	MinMax_PCC_RFE_4_LRLasso
	0.871
	0.780-0.962
	0.733
	0.651
	0.941
	DTI_AD_wavelet-LHL_firstorder_MeanAbsoluteDeviation
MAP_NG_wavelet-LLL_glszm_GrayLevelNonUniformityNormalized
MAP_NGAx_wavelet-LLL_glszm_GrayLevelNonUniformityNormalized
MAP_RTAP_original_firstorder_Minimum

	DWI+DTI+MAP+NODDI
	Zscore_PCC_Relief_4_LR
	0.859
	0.752-0.965
	0.800
	0.791
	0.824
	NODDI_ICVF_wavelet-LHL_glcm_MCC
NODDI_ISOVF_wavelet-HHL_firstorder_InterquartileRange
NODDI_ODI_wavelet-HLL_firstorder_InterquartileRange
MAP_RTAP_original_glszm_ZoneEntropy

	DWI+DKI+MAP+NODDI
	Mean_PCC_RFE_4_SVM
	0.856
	0.756-0.955
	0.767
	0.721
	0.882
	DKI_AD_wavelet-HLL_firstorder_RobustMeanAbsoluteDeviation
DKI_AD_wavelet-LHL_firstorder_10Percentile
MAP_NGAx_wavelet-LLL_glszm_GrayLevelNonUniformityNormalized
MAP_RTAP_wavelet-LHL_glcm_MCC

	DTI+DKI+MAP+NODDI
	Mean_PCC_RFE_4_LR
	0.910
	0.856-0.963
	0.838
	0.812
	0.902
	NODDI_ISOVF_wavelet-HLL_firstorder_Median
MAP_NGAx_wavelet-LLL_glszm_GrayLevelNonUniformityNormalized
MAP_RTAP_original_firstorder_Minimum
MAP_RTPP_wavelet-LHL_firstorder_MeanAbsoluteDeviation

	MMRI+DWI+
DKI+DTI+
NODDI
	Mean_PCC_RFE_4_LR
	0.932
	0.871-0.992
	0.883
	0.837
	1.000
	CET1_original_glcm_DifferenceEntropy
CET1_original_glcm_DifferenceVariance
DKI_AD_wavelet-HLL_firstorder_MeanAbsoluteDeviation
NODDI_ICVF_wavelet-LLH_glszm_SizeZoneNonUniformity

	MMRI+DWI+
DTI+DKI+MAP
	Mean_PCC_RFE_4_SVM
	0.932
	0.793-1.000
	0.900
	0.907
	0.882
	CET1_original_glcm_DifferenceEntropy
CET1_original_glcm_DifferenceVariance
Flair_original_glszm_ZoneEntropy
MAP_NGAx_wavelet-LLL_glszm_GrayLevelNonUniformityNormalized

	MMRI+DWI+DTI+MAP+NODDI
	Mean_PCC_RFE_4_LR
	0.911
	0.815-1.000
	0.817
	0.767
	0.941
	CET1_original_glcm_DifferenceVariance
Flair_original_glszm_ZoneEntropy
MAP_MSD_wavelet-HLL_firstorder_10Percentile
MAP_MSD_wavelet-HLL_firstorder_MeanAbsoluteDeviation

	MMRI+DKI+
DWI+MAP+
NODDI
	Mean_PCC_ANOVA_4_SVM
	0.917
	0.801-1.000
	0.933
	0.977
	0.824
	CET1_original_glcm_DifferenceEntropy
CET1_original_glcm_DifferenceVariance
DKI_AD_wavelet-LHL_firstorder_10Percentile
Flair_original_glszm_ZoneEntropy

	MMRI+DTI+DKI+MAP+NODDI
	Mean_PCC_RFE_4_SVM
	0.936
	0.860-1.000
	0.850
	0.814
	0.941
	CET1_original_glcm_DifferenceVariance
DKI_AD_wavelet-HLL_firstorder_MeanAbsoluteDeviation
Flair_original_glszm_ZoneEntropy
MAP_NGAx_wavelet-LLL_glszm_GrayLevelNonUniformityNormalized

	DWI+DTI+DKI+MAP+NODDI
	Zscore_PCC_Relief_4_SVM
	0.825
	0.710-0.939
	0.817
	0.814
	0.824
	NODDI_ISOVF_wavelet-HHL_firstorder_InterquartileRange
MAP_NGRad_wavelet-LLL_glszm_GrayLevelVariance
NODDI_ODI_wavelet-HLL_firstorder_InterquartileRange
MAP_RTAP_original_glszm_ZoneEntropy

	MMRI+DWI+
DKI+DTI+MAP+NODDI
	Zscore_PCC_RFE_4_SVM
	0.904
	0.833-0.975
	0.909
	0.941
	0.829
	CET1_original_glcm_DifferenceEntropy
DKI_AD_wavelet-HLL_firstorder_MeanAbsoluteDeviation
DTI_AD_wavelet-LHL_firstorder_MeanAbsoluteDeviation
Flair_original_glszm_ZoneEntropy










Supplementary Figure
Figure S1
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Fig S1. Shapley Additive Explanations (SHAP) waterfall plots of feature contributions for a representative patient, derived from the best-performing fusion models across the three tumor habitats. The plots illustrate how individual radiomics features drive the final prediction for a single patient in (a) the tumor burden volume (TBV), (b) peritumoral edema, and (c) the abnormal burden volume (ABV). The baseline value, E[f(X)], represents the average model output over the training dataset, and the top value, f(x), represents the final prediction for this specific patient. The gray numbers on the left indicate the actual feature values for this patient. Red bars indicate features that positively contribute to the model's output, increasing the probability of glioblastoma (Gb). Conversely, blue bars indicate features that negatively contribute to the output, pushing the prediction toward solitary brain metastasis (SBM). ABV = abnormal burden volume, Gb = glioblastoma, SBM = solitary brain metastasis, SHAP = Shapley Additive Explanations, TBV = tumor burden volume, VOI = volume of interest.
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