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	Table S1. MRI scanning protocols of six centers

	Center A

	MRI Scanner
	SIEMENS MAGNETOM Trio Tim 3.0 Tesla

	Sequence
	T1WI
	T2WI
	FLAIR
	T1-C
	DSC-MRI

	Echo Time
	2.5 ms
	100 ms
	94 ms
	2.9 ms
	30 ms

	Repetition Time
	440 ms
	4900 ms
	8000 ms
	2100 ms
	1500 ms

	Slice Thickness
	5 mm
	5 mm
	5 mm
	1 mm
	5 mm

	Flip Angle
	90°
	150°
	150°
	10°
	60°

	Field of View
	230 ×230
	230 ×230
	230 ×230
	256 × 256
	240 × 240

	Matrix
	320×256
	320×320
	256 × 256
	256 × 256
	128 × 128

	

	Center B

	MRI Scanner
	GE SIGNA Discovery MR750 3.0 Tesla

	Sequence
	T1WI
	T2WI
	FLAIR
	T1-C
	DSC-MRI

	Echo Time
	24.3 ms
	94.7 ms
	162.9 ms
	24.3 ms
	19.1 ms

	Repetition Time
	1750 ms
	5579.4 ms
	8500 ms
	1750 ms
	1200 ms

	Slice Thickness
	6 mm
	6 mm
	6 mm
	6 mm
	6 mm

	Flip Angle
	111°
	142°
	111°
	111°
	60°

	Field of View
	240 × 240
	240 × 240
	240 × 240
	240 × 240
	240 × 240

	Matrix
	512 × 512
	512 × 512
	512 × 512
	512 × 512
	128 × 128


DSC-MRI, dynamic susceptibility contrast-MRI; FLAIR, fluid-attenuated inversion recovery; mm, millimeter; ms, millisecond; T1WI, T1-weighted imaging; T2WI, T2-weighted imaging; T1-C, T1-contrast-enhanced imaging.


	Table S1 (continued). MRI scanning protocols of six centers

	Center C

	MRI Scanner
	GE SIGNA Pioneer 3.0 Tesla

	Sequence
	T1WI
	T2WI
	FLAIR
	T1-C
	DSC-MRI

	Echo Time
	24.3 ms
	94.7 ms
	162.9 ms
	24.3 ms
	30 ms

	Repetition Time
	1750 ms
	5579.4 ms
	8500 ms
	1750 ms
	1500 ms

	Slice Thickness
	6 mm
	6 mm
	6 mm
	6 mm
	4 mm

	Flip Angle
	111°
	142°
	111°
	111°
	90°

	Field of View
	240 × 240
	240 × 240
	240 × 240
	240 × 240
	240 × 240

	Matrix
	512 × 512
	512 × 512
	512 × 512
	512 × 512
	128 × 128

	

	Center D (TCGA-GBM)

	MRI Scanner
	GE SIGNA Excite/SIGNA HDx/SIGNA HDxt/Genesis 1.5 or 3.0 Tesla

	Sequence
	T1WI
	T2WI
	FLAIR
	T1-C
	DSC-MRI

	Echo Time
	2.3~14 ms
	80~103.5 ms
	89~155.6 ms
	2.3~14 ms
	20.7~ 54 ms

	Repetition Time
	6.8~3062.6 ms
	3000~5003 ms
	8000~12000 ms
	6.8~3062.6 ms
	1000~2925 ms

	Slice Thickness
	1~5 mm
	1.5~5 mm
	2.5~5 mm
	1~5 mm
	3~6 mm

	Flip Angle
	90°
	20°/90°
	90°
	90°
	35°/90°

	Field of View
	240 × 240
	230 × 230/240 × 240/
260 × 260
	230 × 230/240 × 240
	240 × 240
	230 × 230/240 × 240


DSC-MRI, dynamic susceptibility contrast-MRI; FLAIR, fluid-attenuated inversion recovery; mm, millimeter; ms, millisecond; T1WI, T1-weighted imaging; T2WI, T2-weighted imaging; T1-C, T1-contrast-enhanced imaging.


	Table S1 (continued). MRI scanning protocols of six centers

	Center E (IvyGAP)

	MRI Scanner
	GE SIGNA Discovery MR750/SIGNA HDxt 1.5 or 3.0 Tesla

	Sequence
	T1WI
	T2WI
	FLAIR
	T1-C
	DSC-MRI

	Echo Time
	7.9~20 ms
	63.2~105.1 ms
	86.1~159.5 ms
	10~10.7 ms
	25~40 ms

	Repetition Time
	416.7~2797.3 ms
	2400~6383 ms
	8002~12002 ms
	500~2585.8 ms
	1500~2000 ms

	Slice Thickness
	5 mm
	1.8~5 mm
	2~6 mm
	2~6 mm
	4~7.5 mm

	Flip Angle
	90°
	90°
	90°
	90°
	60°

	Field of View
	240 × 240/260 × 260
	240 × 240/260 × 260
	240 × 240/250 × 250/
260 × 260/300 × 300
	240 × 240/260 × 260
	240 × 240/250 × 250/
260 × 260

	Matrix
	256 × 256/512 × 512
	256 × 256/512 × 512
	256 × 256/512 × 512
	256 × 256/512 × 512
	128 × 128

	
	
	
	
	
	

	Center F (UPENN-GBM)

	MRI Scanner
	SIEMENS MAGNETOM Trio Tim/Skyra/Espree/Verio/Vida 1.5 or 3.0 Tesla

	Sequence
	T1WI
	T2WI
	FLAIR
	T1-C
	DSC-MRI

	Echo Time
	2.46~9.72 ms
	65.6~106 ms
	99~141 ms
	2.46~9.72 ms
	45~51.4 ms

	Repetition Time
	600~2200 ms
	3600~6550 ms
	9200~10060 ms
	885~2200 ms
	1830~2000 ms

	Slice Thickness
	0.9~5 mm
	3~5 mm
	3~5 mm
	0.9~5 mm
	3~5 mm

	Flip Angle
	9~111°
	90~180°
	144~170°
	9~111°
	90°

	Field of View
	187 × 250
	195 × 240/200 × 240
	180 × 240
	187 × 250
	180 × 240/220 × 220


DSC-MRI, dynamic susceptibility contrast-MRI; FLAIR, fluid-attenuated inversion recovery; mm, millimeter; ms, millisecond; T1WI, T1-weighted imaging; T2WI, T2-weighted imaging; T1-C, T1-contrast-enhanced imaging.


	Table S2. Information on the primary antibodies used for immunofluorescence staining

	Primary Antibody Name
	Brand
	Catalog
	Dilution 

	CD31 Mouse Monoclonal Antibody
	Cell Signaling Technology
	3528S
	1:800

	αSMA Rabbit Monoclonal Antibody
	Cell Signaling Technology
	19245S
	1:500

	CD8α Mouse Monoclonal Antibody
	Cell Signaling Technology
	70306S
	1:200

	HIF1α Rabbit Monoclonal Antibody
	Abcam
	ab51608
	1:100




	Table S3. Collinearity diagnostics of variables

	Variables
	Normalized β Coefficient
	t
	Tolerance
	VIF

	Constant
	
	2.08
	
	

	ITH index
	0.06
	1.10
	0.73
	1.36

	rCBV in HAT
	0.001
	0.01
	0.15
	6.47

	rCBV in LAT
	0.17
	1.01
	0.10
	9.53

	rCBV in IPE
	-0.10
	-1.09
	0.35
	2.87

	MTT in LAT
	0.02
	1.99
	0.38
	2.61

	MTT in IPE
	-0.14
	-1.49
	0.34
	2.92

	HAT volume
	-0.49
	-2.76
	0.08
	11.42

	LAT volume
	0.38
	1.94
	0.07
	14.03

	IPE volume
	0.11
	0.75
	0.14
	7.07

	HAT fraction
	0.19
	1.45
	0.17
	5.93

	LAT fraction
	0.04
	0.26
	0.12
	9.35

	VPE fraction
	0.06
	0.29
	0.06
	15.89


Variables with VIF > 10 were considered to have severe collinearity with other variables, and further excluded before multivariable Cox analysis. ITH, intratumoral heterogeneity; rCBV, relative cerebral blood volume; MTT, mean transit time; HAT, high angiogenic tumor; LAT, low angiogenic tumor; IPE, infiltrative peripheral edema; VPE, vasogenic peripheral edema; VIF, variance inflation factor.

	[bookmark: _Hlk218187425]Table S4. Comparison of multivariable Cox regression models to predict overall survival in the training set

	[bookmark: _Hlk214877049]Model (Variable included)
	AIC value
	BIC value
	C-Index

	Log[h(t∣X)] = Log[h0(t)] + β1 × HRS + β2 × KPS
	3056.58
	3064.21
	0.77 (0.75, 0.79)

	Log[h(t∣X)] = Log[h0(t)] + β1 × HRS + β2 × GTR
	3201.22
	3208.85
	0.71 (0.68, 0.74)

	Log[h(t∣X)] = Log[h0(t)] + β1 × HRS + β2 × MGMT
	3191.04
	3198.67
	0.71 (0.68, 0.73)

	Log[h(t∣X)] = Log[h0(t)] + β1 × HRS + β2 × MGMT + β3 × GTR
	3183.71
	3195.14
	0.72 (0.70, 0.75)

	Log[h(t∣X)] = Log[h0(t)] + β1 × HRS + β2 × KPS + β3 × MGMT
	3046.86
	3058.99
	0.78 (0.76, 0.80)

	Log[h(t∣X)] = Log[h0(t)] + β1 × HRS + β2 × KPS + β3 × GTR
	3054.17
	3065.61
	0.78 (0.75, 0.80)

	Log[h(t∣X)] = Log[h0(t)] + β1 × HRS + β2 × KPS + β3 × MGMT + β4 × GTR*
	3043.70
	3058.95
	0.78 (0.76, 0.81)

	Log[h(t∣X)] = Log[h0(t)] + β1 × MGMT + β2 × KPS + β3 × GTR†
	3125.51
	3136.94
	0.73 (0.71, 0.76)


[bookmark: _Hlk218201462]Data in parentheses are 95% confidence intervals. AIC, Akaike information criterion; BIC, Bayesian information criterion; HRS, habitat risk score; MGMT, O6-methylguanine-DNA methyltransferase; GTR, gross total resection; KPS, Karnofsky performance status.
* Radio-clinical model.
† Clinical model.


	Table S5. Bootstrap-based internal validation of three models for predicting overall survival in the training set

	[bookmark: _Hlk218187511][bookmark: _Hlk218187489][bookmark: _Hlk215083880]HRS model
	Clinical model
	Radio-clinical model

	Survival Prediction
	Brier Score
	Survival Prediction
	Brier Score
	Survival Prediction
	Brier Score

	6-month OS
	0.16 (0.14, 0.18)
	6-month OS
	0.13 (0.11, 0.16)
	6-month OS
	0.12 (0.10, 0.14)

	12-month OS
	0.19 (0.17, 0.21)
	12-month OS
	0.17 (0.15, 0.19)
	12-month OS
	0.14 (0.12, 0.16)

	24-month OS
	0.12 (0.09, 0.14)
	24-month OS
	0.12 (0.09, 0.14)
	24-month OS
	0.10 (0.08, 0.12)

	C-index
	0.69 (0.67, 0.72)
	C-index
	0.72 (0.70, 0.74)
	C-index
	0.78 (0.76, 0.80)


Data in parentheses are 95% confidence intervals. HRS, habitat risk score.


	Table S6. Time-dependent discrimination measures of three models for predicting deaths up to 24 months in the training and external validation sets

	
	HRS model

	
	Time-dependent Sensitivity (%)
	Time-dependent Specificity (%)

	Time Point
	Training Set
	Spatial Validation Set
	Temporal Validation Set
	Training Set
	Spatial Validation Set
	Temporal Validation Set

	6 months
	83.9 (76.2, 91.6)
	90.9 (82.5, 99.4)
	94.7 (87.6, 100.0)
	62.3 (56.4, 68.2)
	78.4 (73.4, 83.5)
	43.1 (34.5, 51.6)

	12 months
	74.2 (67.6, 80.9)
	64.6 (54.3, 74.9)
	89.7 (82.4, 96.9)
	73.6 (67.1, 80.1)
	81.4 (76.0, 86.8)
	51.5 (41.6, 61.5)

	24 months
	69.0 (63.7, 74.4)
	44.7 (37.3, 52.2)
	74.0 (66.1, 82.0)
	79.3 (68.9, 89.8)
	81.1 (73.2, 88.9)
	54.3 (37.7, 70.8)

	
	Clinical model

	
	Time-dependent Sensitivity (%)
	Time-dependent Specificity (%)

	Time Point
	Training Set
	Spatial Validation Set
	Temporal Validation Set
	Training Set
	Spatial Validation Set
	Temporal Validation Set

	6 months
	72.4 (63.0, 81.8)
	60.0 (45.7, 74.3)
	79.0 (66.0, 92.0)
	79.2 (74.3, 84.2)
	82.0 (77.2, 86.7)
	79.2 (72.2, 86.2)

	12 months
	76.0 (69.5, 82.5)
	67.9 (58.0, 77.9)
	65.9 (54.6, 77.2)
	78.7 (72.6, 84.7)
	71.9 (65.6, 78.1)
	64.9 (55.4, 74.5)

	24 months
	55.8 (50.1, 61.6)
	52.8 (45.3, 60.4)
	60.3 (51.5, 69.1)
	91.4 (84.1, 98.6)
	83.2 (75.6, 90.7)
	94.3 (86.6, 100.0)

	
	Radio-clinical model

	
	Time-dependent Sensitivity (%)
	Time-dependent Specificity (%)

	Time Point
	Training Set
	Spatial Validation Set
	Temporal Validation Set
	Training Set
	Spatial Validation Set
	Temporal Validation Set

	6 months
	87.4 (80.4, 94.4)
	95.5 (89.3, 100.0)
	100.0 (100.0, 100.0)
	75.4 (70.1, 80.6)
	85.5 (81.2, 89.8)
	61.5 (53.2, 69.9)

	12 months
	86.8 (81.7, 92.0)
	75.4 (66.1, 84.7)
	89.6 (82.3, 96.9)
	77.5 (71.4, 83.7)
	81.4 (76.0, 86.8)
	52.6 (42.6, 62.5)

	24 months
	65.9 (60.4, 71.4)
	47.3 (39.8, 54.8)
	74.9 (67.1, 82.8)
	94.8 (89.1, 100.0)
	88.4 (82.0, 94.9)
	62.9 (46.8, 78.9)


Data in parentheses are 95% confidence intervals. HRS, habitat risk score.

	[bookmark: _Hlk218187591][bookmark: _Hlk215084057]Table S7. Calibration measures of three models in predicting overall survival up to 24 months in the training and external validation sets

	[bookmark: _Hlk215084071][bookmark: _Hlk214877205]
Training Set
	Spatial Validation Set
	Temporal Validation Set

	Models
	Survival Prediction
	Brier Score
	Models
	Survival Prediction
	Brier Score
	Models
	Survival Prediction
	Brier Score

	HRS model
	6-month OS
	0.16 (0.14, 0.18)
	HRS model
	6-month OS
	0.08 (0.07, 0.10)
	HRS model
	6-month OS
	0.17 (0.13, 0.21)

	
	12-month OS
	0.19 (0.17, 0.21)
	
	12-month OS
	0.16 (0.14, 0.19)
	
	12-month OS
	0.21 (0.17, 0.25)

	
	24-month OS
	0.12 (0.09, 0.14)
	
	24-month OS
	0.26 (0.23, 0.30)
	
	24-month OS
	0.16 (0.11, 0.21)

	Clinical model
	6-month OS
	0.14 (0.11, 0.16)
	Clinical model
	6-month OS
	0.10 (0.08, 0.12)
	Clinical model
	6-month OS
	0.11 (0.08, 0.14)

	
	12-month OS
	0.17 (0.15, 0.19)
	
	12-month OS
	0.18 (0.16, 0.19)
	
	12-month OS
	0.19 (0.17, 0.22)

	
	24-month OS
	0.12 (0.10, 0.14)
	
	24-month OS
	0.24 (0.20, 0.27)
	
	24-month OS
	0.14 (0.11, 0.19)

	Radio-clinical model
	6-month OS
	0.12 (0.10, 0.14)
	Radio-clinical model
	6-month OS
	0.07 (0.05, 0.09)
	Radio-clinical model
	6-month OS
	0.10 (0.07, 0.13)

	
	12-month OS
	0.14 (0.12, 0.16)
	
	12-month OS
	0.13 (0.11, 0.15)
	
	12-month OS
	0.18 (0.14, 0.22)

	
	24-month OS
	0.10 (0.08, 0.12)
	
	24-month OS
	0.22 (0.19, 0.26)
	
	24-month OS
	0.15 (0.10, 0.19)


Data in parentheses are 95% confidence intervals. HRS, habitat risk score; OS, overall survival.

	Table S8. Cox-based interaction analysis of radio-clinical risk score and therapeutic regimens for predicting overall survival in the training set

	Variables
	Regression Coefficient
	Hazard Ratio
	P Value

	Radio-clinical risk score
	0.85
	2.34 (2.03, 2.69)
	< .001

	Therapy Regimens
	
	
	

	Non-Stupp regimens*
	Reference
	Reference
	

	Stupp regimen
	-0.41
	0.66 (0.52, 0.84)
	< .001

	Radio-clinical risk score × Therapy Regimens
	-0.06
	0.94 (0.78, 1.14)
	.54


Data in parentheses are 95% confidence intervals.
*Non-Stupp regimens include chemoradiotherapy with non-Stupp regimens, chemotherapy or radiotherapy only, none or best supportive care, and not available.

	[bookmark: _Hlk218187856]Table S9. The top 20 differentially expressed genes between low-risk and high-risk groups

	[bookmark: _Hlk214877281]Gene Name
	Log2(FC)
	FDR

	Stathmin 2
	2.79
	< .001

	Synaptosomal-Associated Protein 25
	2.21
	< .001

	Brain Expressed X-Linked 1
	2.03
	< .001

	Neurofilament Light Chain
	1.95
	< .001

	Thymosin Beta 15A
	1.82
	< .001

	ELAV Like RNA Binding Protein 4
	1.70
	< .001

	G Protein Subunit Gamma 3
	1.64
	< .001

	Transgelin 3
	1.63
	< .001

	Neuronatin
	1.59
	< .001

	p21 (RAC1) Activated Kinase 3
	1.57
	< .001

	Reticulon 1
	1.56
	< .001

	Brain Expressed X-Linked 5
	1.54
	< .001

	LOC100507341
	1.52
	< .001

	Phospholipase A2 Group IIA
	-1.53
	< .001

	Retinoic Acid Receptor Responder 2
	-1.55
	< .001

	S100 Calcium Binding Protein A8
	-1.65
	< .001

	LOC100509105
	-1.65
	< .001

	C-C Motif Chemokine Ligand 2
	-1.66
	< .001

	Serum Amyloid A2
	-1.83
	< .001

	Serum Amyloid A1
	-2.23
	< .001


FDR, false discovery rate; FC, fold change.

	[bookmark: _Hlk218187937]Table S10. Pathways significantly enriched between low-risk and high-risk groups using gene set enrichment analysis

	[bookmark: _Hlk215084562][bookmark: _Hlk214877310]
Pathway Name
	NES
	FDR

	HALLMARK_E2F_TARGETS
	1.910607
	< .001

	HALLMARK_OXIDATIVE_PHOSPHORYLATION
	1.889825
	< .001

	HALLMARK_G2M_CHECKPOINT
	1.843784
	< .001

	HALLMARK_SPERMATOGENESIS
	1.829034
	< .001

	HALLMARK_PANCREAS_BETA_CELLS
	1.647693
	.002

	HALLMARK_MYC_TARGETS
	1.596057
	.003

	HALLMARK_MITOTIC_SPINDLE
	1.180995
	.004

	HALLMARK_FATTY_ACID_METABOLISM
	1.163099
	.01

	HALLMARK_PEROXISOME
	1.064961
	.02

	HALLMARK_DNA_REPAIR
	1.043856
	.03

	HALLMARK_APOPTOSIS
	-1.9074664
	< .001

	HALLMARK_COMPLEMENT
	-1.9270234
	< .001

	HALLMARK_EPITHELIAL_MESENCHYMAL_TRANSITION
	-1.9386686
	< .001

	HALLMARK_HYPOXIA
	-2.1764793
	< .001

	HALLMARK_ALLOGRAFT_REJECTION
	-2.4466
	< .001

	HALLMARK_IL6_JAK_STAT3_SIGNALING
	-2.4760618
	< .001

	HALLMARK_INFLAMMATORY_RESPONSE
	-2.5895388
	< .001

	HALLMARK_INTERFERON_ALPHA_RESPONSE
	-2.7160523
	< .001

	HALLMARK_INTERFERON_GAMMA_RESPONSE
	-2.836041
	< .001

	HALLMARK_TNFA_SIGNALING_VIA_NFKB
	-2.862573
	< .001


FDR, false discovery rate; NES, normalized enrichment score.

	[bookmark: _Hlk218188055]Table S11. Pathways significantly enriched between low-risk and high-risk groups using gene set variation analysis

	[bookmark: _Hlk214877380]Pathway Name
	Log2(FC)
	FDR

	HALLMARK_OXIDATIVE_PHOSPHORYLATION
	0.192338
	< .001

	HALLMARK_PANCREAS_BETA_CELLS
	0.133827
	< .001

	HALLMARK_E2F_TARGETS
	0.102606
	.03

	HALLMARK_SPERMATOGENESIS
	0.102563
	< .001

	HALLMARK_MYC_TARGETS
	0.101578
	.004

	HALLMARK_ESTROGEN_RESPONSE_EARLY
	-0.06934
	.001

	HALLMARK_TGF_BETA_SIGNALING
	-0.10494
	.002

	HALLMARK_P53_PATHWAY
	-0.11014
	< .001

	HALLMARK_COAGULATION
	-0.11686
	.0029

	HALLMARK_APOPTOSIS
	-0.1226
	< .001

	HALLMARK_COMPLEMENT
	-0.12789
	< .001

	HALLMARK_IL2_STAT5_SIGNALING
	-0.13393
	< .001

	HALLMARK_EPITHELIAL_MESENCHYMAL_TRANSITION
	-0.16406
	.001

	HALLMARK_HYPOXIA
	-0.1668
	< .001

	HALLMARK_ALLOGRAFT_REJECTION
	-0.17778
	< .001

	HALLMARK_INFLAMMATORY_RESPONSE
	-0.22339
	< .001

	HALLMARK_IL6_JAK_STAT3_SIGNALING
	-0.24747
	< .001

	HALLMARK_TNFA_SIGNALING_VIA_NFKB
	-0.25159
	< .001

	HALLMARK_INTERFERON_GAMMA_RESPONSE
	-0.27362
	< .001

	HALLMARK_INTERFERON_ALPHA_RESPONSE
	-0.33185
	< .001


FDR, false discovery rate; FC, fold change.

	[bookmark: _Hlk218188099]Table S12. The difference in immune cell infiltration between low-risk and high-risk groups

	
Immune Cell Name
	P value
	Immune Cell Name
	P Value

	B cell 
	.002
	Myeloid dendritic cell activated
	<.001

	B cell memory
	.79
	Neutrophil
	.76

	B cell naïve
	.79
	NK cell
	.71

	B cell plasma
	.03
	Plasmacytoid dendritic cell
	.29

	Cancer associated fibroblast
	.02
	T cell CD4 nonregulatory
	.98

	Class switched memory B cell
	.44
	T cell CD4 central memory
	.75

	Common lymphoid progenitor
	.53
	T cell CD4 effector memory
	.01

	Common myeloid progenitor
	.79
	T cell CD4 memory
	.12

	Endothelial cell
	.12
	T cell CD4 naive
	.09

	Eosinophil
	.42
	T cell CD4 Th1
	.22

	Granulocyte monocyte progenitor
	.02
	T cell CD4 Th2
	.12

	Hematopoietic stem cell
	.04
	T cell CD8
	.03

	Macrophage
	<.001
	T cell CD8 central memory
	.56

	Macrophage M1
	<.001
	T cell CD8 effector memory
	.99

	Macrophage M2
	.18
	T cell CD8 naive
	.39

	Mast cell
	.004
	T cell gamma delta
	.25

	Monocyte
	<.001
	T cell NK
	.002

	Myeloid dendritic cell
	.66
	T cell regulatory Tregs
	.28


CD, cluster differentiation; NK cell, natural killer cell; Th1, T helper 1 Cell; Th2, T helper 2 Cell; Tregs, regulatory T cells.
	[bookmark: _Hlk218188199]Table S13. Genes selected for tumor stemness analysis by in situ hybridization

	[bookmark: _Hlk214877291]Gene Symbol
	Entrez ID
	Name

	BIRC5
	332
	Baculoviral inhibitor of apoptosis repeat-containing 5

	CD44
	960
	Cluster of differentiation 44 molecule

	DANCR
	57291
	Differentiation antagonizing non-protein coding RNA

	EZH2
	2146
	Enhancer of zeste homolog 2

	HIF1A
	3091
	Hypoxia inducible factor 1, alpha subunit

	ID1
	3397
	Inhibitor of DNA binding 1, dominant negative helix-loop-helix protein

	ID2
	3398
	Inhibitor of DNA binding 2, dominant negative helix-loop-helix protein

	IGFBP2
	3485
	Insulin-like growth factor binding protein 2

	ITGA6
	3655
	Integrin, alpha 6

	MET
	4233
	Met proto-oncogene (hepatocyte growth factor receptor)

	MYC
	4609
	V-myc myelocytomatosis viral oncogene homolog 

	NOS2
	4843
	Nitric oxide synthase 2, inducible

	OLIG2
	10215
	Oligodendrocyte lineage transcription factor 2

	PDGFRA
	5156
	Platelet-derived growth factor receptor, alpha polypeptide

	PDPN
	10630
	Podoplanin

	PI3
	5266
	Peptidase inhibitor 3, skin-derived

	POSTN
	10631
	Periostin, osteoblast specific factor

	PROM1
	8842
	Prominin 1

	TGFBR2
	7048
	Transforming growth factor, beta receptor 2

	TNFAIP3
	7128
	Tumor necrosis factor, alpha-induced protein 3


























	[bookmark: _Hlk218188311][bookmark: _Hlk215084896]Table S14. The difference in expression energy of stemness-associated genes between low-risk and high-risk groups in leading-edge region

	[bookmark: _Hlk215084911]Stemness-Associated Genes
	Low-Risk Group
	High-Risk Group
	P Value

	BIRC5 
	0.69 (0.30, 2.38)
	1.95 (0.67, 4.93)
	.002

	CD44 
	4.07 (2.14, 10.52)
	9.16 (4.03, 17.55)
	<.001

	DANCR
	5.87 (1.19, 11.51)
	6.89 (3.13, 10.55)
	.13

	EZH2 
	5.64 (2.29, 10.17)
	10.62 (5.57, 22.46)
	<.001

	HIF1A 
	7.89 (2.34, 14.66)
	10.76 (6.36, 18.70)
	.03

	ID1 
	2.41 (1.21, 4.70)
	5.22 (3.22, 8.31)
	<.001

	ID2 
	14.10 (5.77, 22.51)
	21.78 (12.09, 34.58)
	.001

	IGFBP2
	16.29 (7.56, 30.04)
	27.66 (12.96, 44.65)
	.004

	ITGA6 
	2.10 (1.21, 4.28)
	4.11 (2.05, 6.15)
	.008

	MET 
	4.02 (0.98, 8.69)
	4.51 (1.48, 9.64)
	.42

	MYC
	18.07 (9.87, 28.47)
	31.54 (9.33, 49.21)
	.002

	NOS2 
	12.73 (2.16, 20.66)
	14.31 (8.13, 24.07)
	.055

	OLIG2 
	16.42 (2.85, 30.21)
	22.66 (13.75, 32.72)
	.006

	PDGFRA 
	6.78 (3.46, 11.04)
	9.87 (6.66, 19.97)
	<.001

	PDPN 
	0.28 (0.09, 0.97)
	0.68 (0.13, 1.64)
	.056

	PI3 
	2.15 (0.69, 4.22)
	4.79 (2.16, 9.56)
	<.001

	POSTN
	3.24 (0.65, 7.09)
	5.20 (2.67, 11.37)
	.005

	PROM1
	2.43 (0.88, 5.70)
	2.75 (1.75, 6.48)
	.10

	TGFBR2
	1.87 (0.94, 5.14)
	4.06 (2.20, 7.52)
	<.001

	TNFAIP3
	0.43 (0.09, 1.21)
	0.82 (0.35, 2.05)
	.001


[bookmark: _Hlk215084923]Data are medians, with interquartile ranges in parentheses.

	[bookmark: _Hlk218188366]Table S15. The difference in expression energy of stemness-associated genes between low-risk and high-risk groups in infiltrative tumor region

	Stemness-Associated Genes
	Low-Risk Group
	High-Risk Group
	P Value

	BIRC5 
	0.82 (0.08, 2.14)
	1.22 (0.14, 4.22)
	.04

	CD44 
	10.95 (1.59, 35.12)
	13.16 (3.65, 27.37)
	.57

	DANCR
	3.66 (0.65, 9.14)
	2.86 (1.29, 6.59)
	.52

	EZH2 
	5.68 (2.17, 14.42)
	10.88 (3.59, 23.92)
	.001

	HIF1A 
	10.78 (3.07, 25.35)
	15.34 (2.56, 30.89)
	.49

	ID1 
	3.29 (1.41, 9.71)
	5.57 (2.18, 14.38)
	.01

	ID2 
	7.99 (3.17, 17.63)
	11.42 (5.48, 18.98)
	.02

	IGFBP2
	21.03 (6.43, 44.53)
	17.02 (4.67, 42.66)
	.61

	ITGA6 
	2.56 (0.69, 5.98)
	5.24 (1.31, 10.32)
	.001

	MET 
	0.93 (0.26, 3.24)
	1.11 (0.23, 3.22)
	.62

	MYC
	13.08 (5.49, 26.29)
	12.11 (5.26, 24.55)
	.64

	NOS2 
	6.65 (1.84, 15.98)
	5.75 (2.74, 15.31)
	.63

	OLIG2 
	16.13 (8.42, 32.60)
	19.35 (10.07, 40.28)
	.08

	PDGFRA 
	8.37 (2.75, 19.01)
	9.99 (3.75, 20.07)
	.13

	PDPN 
	0.85 (0.08, 3.90)
	0.61 (0.10, 5.49)
	.92

	PI3 
	0.79 (0.10, 3.69)
	1.41 (0.50, 3.36)
	.007

	POSTN
	3.07 (0.78, 9.62)
	2.79 (1.18, 17.39)
	.38

	PROM1
	1.74 (0.68, 3.92)
	1.97 (0.75, 5.59)
	.23

	TGFBR2
	2.02 (0.50, 6.79)
	2.93 (0.90, 7.33)
	.18

	TNFAIP3
	0.43 (0.11, 2.06)
	0.69 (0.25, 1.90)
	.06


Data are medians, with interquartile ranges in parentheses.

	[bookmark: _Hlk218188428]Table S16. The difference in expression energy of stemness-associated genes between low-risk and high-risk groups in cellular tumor region

	Stemness-Associated Genes
	Low-Risk Group
	High-Risk Group
	P Value

	BIRC5 
	1.20 (0.41, 3.29)
	2.22 (0.78, 6.12)
	<.001

	CD44 
	22.28 (7.68, 35.29)
	14.57 (9.02, 30.73)
	.11

	DANCR
	2.93 (0.39, 7.53)
	2.17 (0.89, 4.51)
	.92

	EZH2 
	5.99 (2.32, 13.06)
	9.41 (4.03, 15.72)
	<.001

	HIF1A 
	16.55 (5.07, 27.88)
	12.64 (4.87, 24.56)
	.25

	ID1 
	7.51 (2.49, 17.63)
	8.51 (3.74, 17.43)
	.19

	ID2 
	14.47 (7.06, 24.31)
	13.22 (6.93, 24.20)
	.81

	IGFBP2
	20.63 (8.64, 32.75)
	17.02 (6.50, 28.96)
	.19

	ITGA6 
	2.10 (0.64, 4.79)
	3.14 (1.50, 6.52)
	<.001

	MET 
	0.52 (0.12, 1.51)
	0.32 (0.11, 0.95)
	.02

	MYC
	8.82 (3.03, 19.67)
	9.52 (4.48, 14.17)
	.89

	NOS2 
	4.99 (1.34, 9.24)
	2.29 (1.18, 6.14)
	.38

	OLIG2 
	16.81 (7.65, 24.79)
	13.85 (5.92, 22.87)
	.054

	PDGFRA 
	6.04 (1.44, 17.96)
	9.15 (4.01, 16.94)
	.006

	PDPN 
	1.31 (0.18, 6.17)
	0.64 (0.16, 7.95)
	.71

	PI3 
	0.92 (0.19, 3.56)
	0.56 (0.22, 1.72)
	.12

	POSTN
	4.91 (1.23, 14.33)
	5.70 (1.38, 14.11)
	.99

	PROM1
	1.30 (0.39, 3.19)
	2.62 (0.94, 4.67)
	<.001

	TGFBR2
	5.39 (1.69, 11.07)
	6.06 (2.65, 12.09)
	.055

	TNFAIP3
	1.33 (0.27, 4.97)
	0.99 (0.43, 2.59)
	.28


Data are medians, with interquartile ranges in parentheses.

	[bookmark: _Hlk218188482]Table S17. The difference in expression energy of stemness-associated genes between low-risk and high-risk groups in hypervascular region of cellular tumor

	Stemness-Associated Genes
	Low-Risk Group
	High-Risk Group
	P Value

	BIRC5 
	1.35 (0.48, 3.30)
	3.66 (1.55, 7.30)
	<.001

	CD44 
	24.78 (14.05, 35.82)
	20.21 (15.36, 29.08)
	.29

	DANCR
	2.41 (0.08, 7.24)
	2.37 (1.05, 4.63)
	.41

	EZH2 
	8.68 (4.11, 14.39)
	9.72 (4.69, 15.98)
	.49

	HIF1A 
	20.51 (11.29, 27.33)
	16.52 (9.09, 25.66)
	.19

	ID1 
	6.07 (1.39, 10.29)
	6.22 (3.39, 10.49)
	.08

	ID2 
	8.10 (5.44, 11.84)
	6.81 (3.97, 10.37)
	.046

	IGFBP2
	23.80 (15.17, 33.56)
	19.63 (10.72, 32.65)
	.18

	ITGA6 
	3.88 (1.75, 6.70)
	6.04 (3.09, 8.71)
	<.001

	MET 
	1.17 (0.35, 2.95)
	0.49 (0.25, 1.37)
	<.001

	MYC
	15.03 (6.24, 23.72)
	12.68 (5.92, 20.46)
	.27

	NOS2 
	6.57 (2.78, 10.89)
	4.25 (2.41, 7.95)
	.12

	OLIG2 
	10.46 (3.77, 17.80)
	8.83 (4.54, 18.18)
	.91

	PDGFRA 
	9.77 (2.96, 18.65)
	8.61 (4.86, 12.58)
	.78

	PDPN 
	4.64 (1.21, 9.79)
	4.35 (1.24, 8.43)
	.92

	PI3 
	2.87 (0.81, 6.52)
	3.27 (1.54, 5.84)
	.18

	POSTN
	8.50 (3.51, 15.94)
	8.00 (3.18, 19.56)
	.59

	PROM1
	1.72 (0.76, 3.57)
	2.29 (0.94, 4.39)
	.11

	TGFBR2
	5.21 (1.35, 9.14)
	5.06 (2.36, 8.72)
	.91

	TNFAIP3
	1.49 (0.27, 3.92)
	1.21 (0.49, 2.29)
	.44


Data are medians, with interquartile ranges in parentheses.

	[bookmark: _Hlk218188538]Table S18. The difference in expression energy of stemness-associated genes between low-risk and high-risk groups in perinecrotic region of cellular tumor

	Stemness-Associated Genes
	Low-Risk Group
	High-Risk Group
	P Value

	BIRC5 
	1.49 (0.62, 4.41)
	2.61 (1.05, 8.01)
	.002

	CD44 
	27.19 (2.48, 60.69)
	27.02 (15.64, 44.33)
	.55

	DANCR
	3.88 (0.99, 7.43)
	2.59 (1.23, 5.36)
	.32

	EZH2 
	7.16 (2.79, 16.21)
	11.89 (5.23, 24.94)
	<.001

	HIF1A 
	22.49 (10.67, 50.20)
	17.59 (8.09, 39.07)
	.09

	ID1 
	3.73 (1.11, 8.22)
	3.78 (1.56, 10.95)
	.13

	ID2 
	7.62 (2.75, 15.34)
	6.73 (2.42, 13.72)
	.32

	IGFBP2
	36.63 (17.10, 69.29)
	27.25 (13.69, 50.29)
	.06

	ITGA6 
	2.98 (1.16, 6.12)
	3.70 (1.29, 8.30)
	.11

	MET 
	1.25 (0.40, 3.87)
	0.51 (0.18, 2.03)
	<.001

	MYC
	16.28 (5.83, 35.84)
	16.21 (7.33, 27.86)
	.76

	NOS2 
	7.38 (2.64, 15.04)
	7.37 (3.79, 18.17)
	.43

	OLIG2 
	13.35 (4.77, 30.50)
	15.70 (6.47, 27.96)
	.19

	PDGFRA 
	7.59 (1.49, 20.35)
	10.66 (4.01, 22.15)
	.03

	PDPN 
	6.77 (2.11, 14.41)
	5.50 (2.57, 11.42)
	.39

	PI3 
	5.37 (1.49, 12.12)
	2.60 (1.56, 6.53)
	.08

	POSTN
	6.98 (1.77, 22.71)
	6.39 (3.15, 22.56)
	.45

	PROM1
	2.31 (0.46, 5.59)
	4.81 (1.27, 10.56)
	<.001

	TGFBR2
	2.84 (1.15, 5.74)
	2.65 (0.93, 5.24)
	.42

	TNFAIP3
	1.49 (0.29, 4.03)
	0.75 (0.36, 1.59)
	.02


Data are medians, with interquartile ranges in parentheses.

	[bookmark: _Hlk218188586]Table S19. The difference in expression energy of stemness-associated genes between low-risk and high-risk groups in necrosis of cellular tumor

	Stemness-Associated Genes
	Low-Risk Group
	High-Risk Group
	P Value

	BIRC5 
	0.66 (0.22, 1.85)
	1.16 (0.43, 3.03)
	.001

	CD44 
	15.49 (5.64, 27.45)
	12.24 (5.73, 24.75)
	.26

	DANCR
	2.17 (0.59, 5.57)
	1.45 (0.55, 4.24)
	.15

	EZH2 
	2.99 (0.90, 8.15)
	6.02 (1.89, 14.95)
	<.001

	HIF1A 
	9.21 (2.74, 17.35)
	8.40 (3.76, 21.36)
	.26

	ID1 
	3.66 (0.82, 11.11)
	6.21 (2.44, 13.92)
	<.001

	ID2 
	9.70 (2.68, 20.72)
	9.63 (3.75, 19.19)
	.54

	IGFBP2
	16.19 (6.23, 29.40)
	15.75 (7.38, 27.87)
	.81

	ITGA6 
	1.16 (0.38, 3.03)
	1.77 (0.64, 4.86)
	.005

	MET 
	0.87 (0.32, 1.96)
	0.54 (0.17, 1.46)
	.004

	MYC
	9.28 (2.38, 19.11)
	9.83 (4.06, 18.83)
	.35

	NOS2 
	3.19 (0.85, 7.62)
	2.17 (1.06, 5.44)
	.39

	OLIG2 
	4.02 (1.06, 12.78)
	6.84 (2.19, 18.47)
	.009

	PDGFRA 
	2.38 (0.39, 7.31)
	4.69 (2.10, 10.48)
	<.001

	PDPN 
	5.22 (1.74, 14.25)
	5.26 (1.59, 15.51)
	.89

	PI3 
	2.93 (0.81, 6.93)
	2.41 (1.04, 6.56)
	.39

	POSTN
	3.36 (1.07, 9.03)
	4.03 (1.61, 12.29)
	.02

	PROM1
	1.13 (0.24, 2.85)
	1.82 (0.61, 3.86)
	<.001

	TGFBR2
	3.55 (0.86, 8.71)
	4.73 (1.80, 8.75)
	.046

	TNFAIP3
	2.39 (0.59, 5.83)
	1.80 (0.81, 3.39)
	.10


Data are medians, with interquartile ranges in parentheses.
