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Table S1. Clinical grading and molecular subtypes of GBM.
	Grading
	Circumscript
	Diffuse
	References

	
	WHO grade-I (G1)
	WHO grade-II (G2)
	WHO grade-III
(G3)
	WHO grade-IV
(G4)
	

	
	
	Low grade
	High grade
	

	Characteristics
	Benign, slow growing tumor
associated with 
long-term survival and
amenable to 
surgical resection

	Increased hypercellularity,
no vascular proliferation,
no mitosis and
no necrosis
	High rate of hypercellularity,
high rate of mitosis,
high rate of 
tumor recurrence,
no necrosis and
no vascular proliferation
	Very high rate of hypercellularity, mitosis, presence of vascular proliferation,
presence of necrosis and nuclear atypia
	1,2


	Types
	Pilocystic and
subependymal
astrocyotoma
	Astrocytoma (IDH-mutant) and
oligodendroglioma
(IDH-mutant and 1p/19q-codeleted)
	Anaplastic astrocytoma (IDH-mutant) and
anaplastic  oligodendroglioma
(IDH-mutant and 1p/19q-codeleted)
	GBM (IDH- wild-type),
GBM (IDH-mutant) and diffuse midline glioma (H3K2M mutant)

	

	Molecular subtypes of GBM

	GBM subtypes
	Proneuronal
	Mesenchymal
	Classical
	Neural
	3–6

	Neural cell type
	Oligodendrocyte
	Astroglial
	Murine astrocytes
	Neuron, oligodendrocytes
and astrocytes
	

	Markers
	SOX, DCX, DLL3, ASCL1, TCF4, PDGFRA, NKX2-2, OLIG2 PDGFRA
	CD44, MERTK
	NES, NOTCH3, JAG1, LFNG, SMO, GAS1, GLI2
	NEFL, GABRA1, SYT1 and SLC12A5
	

	Alteration/ mutations
	Alternation and
IDH1 point mutation
	Lower NF1 expression, NF1, PTEN co-mutation and high expression of TRADD, RELB,
TNFRSF1A
	Chromosome 7 amplification paired with chromosome 10 loss, high EGFR amplification, EGFR point or vIII mutation and lack of p53 mutation
	Neuron projection, axon and synaptic transmission
	





Table S2.  Circular RNA as a prognostic and diagnostic biomarkers for GBM.

	Circular RNA
	Sample
	Biomarker
	Expression 
	References

	circ_0067934
	Tissue

	Prognostic

	Upregulation
	7

	circ-SMO
	
	
	Upregulation
	8

	circ-SKA3
	
	
	Upregulation
	9

	circ-SERPINE2
	
	
	Upregulation
	10

	circ_0001588
	
	
	Upregulation
	11

	circ-LGMN
	
	
	Upregulation
	12

	circ-MTO1
	
	
	Downregulation
	13

	circ-ASAP1
	
	
	Upregulation
	14

	circ_0074027
	
	Predictive

	Upregulation
	15

	circ_0006168
	
	
	Downregulation
	16

	circ-ENTPD7
	
	Predictive
Prognostic

	Upregulation
	17

	circ_0029426
	
	
	Upregulation
	18

	circ-FLNA
	
	
	Upregulation
	19

	circ-NF1
	
	
	Upregulation
	20

	circ-EPB41L5
	
	
	Downregulation
	21

	circ-FBXW7
circ-FBXW7-185aa
	
	Prognostic
	Downregulation
	22

	circ_005019
circ_0000880
circ_0051680
circ_0006365
	Serum
	Prognostic
	Upregulation
	23

	circ-WDR62 
	Exosome
	Prognostic
	Upregulation
	24





Table S3. Circular RNA mediated GBM pathogenesis.

	Circular RNA
	Expression
	Function
	Mechanism
	Target
	References

	circ-NT5E
	Upregulation
	Sponging for miR-422a
	Inhibits apoptosis,
promote migration, invasion and proliferation
	SOX4/PI3KCA
	25

	circ-HIPK3
	Upregulation
	Sponging for miR-465
	Promote tumorigenesis, invasion and proliferation
	IGF2/PI3K/AKT
	26

	circ_0037655
	Upregulation
	Sponging for miR-214
	Induce invasion and viability
	PI3K
	27

	circ-SHKBP1
	Upregulation
	Sponging miR-544a/miR-37
	Increase angiogenesis
	PI3K/AKT
	28

	circ_0000215
	Upregulation
	Sponging miR-495-3p
	Suppression of apoptosis
	CXCR2/PI3K/AKT
	29

	circ_0000177
	Upregulation
	Sponging miR-638
	Promote proliferation and invasion
	Wnt
	30

	circ-TTBK2
	Upregulation
	Sponging miR-217
	Suppress apoptosis,
induce migration, invasion and proliferation
	MAPKs
	31

	circ_0043278
	Upregulation
	Sponged miR-638
	Induce invasion, migration and proliferation
	Wnt
	32

	circ-PIP5K1A
	Upregulation
	Sponging miR-515-5p
	Increase EMT, invasion, proliferation and
inhibit apoptosis
	TCF12 and PI3K/AKT
	33

	circ_0082374
	Upregulation
	Sponging miR-326
	Increase glycolysis, proliferation and metastasis
	Wnt/β-catenin
	34

	circ-PITX1
	Upregulated
	Sponging miR-379-5p
	Increase proliferation and
suppress apoptosis
	MAPKs
	35

	circ_0001730
	Upregulated
	Sponged miR-326
	Increase proliferation and migration
	Wnt/β-catenin
	36

	circ-ASAP1
	Upregulated
	Sponging miR-502-5p
	Inhibit apoptosis and
induce proliferation
	MAPKs
	14

	circ-ARF1
	Upregulated
	Sponging miR-342-3p
	Increase angiogenesis
	ERK
	37

	circ-MAPK4
	Upregulated
	Sponging miR-125a-3p
	Increase survival and reduce apoptosis
	MAPKs
	38

	circ-ATXN1
	Upregulated
	Sponging miR-526b-3p
	Induce angiogenesis
	-
	39

	circ_0046701
	Upregulated
	Sponging miR-142-3p
	Increase invasion and proliferation
	-
	40

	circ-PARP4
	Upregulated
	Sponging miR-125a-5p
	Induce metastasis, invasion and migration
	-
	41

	circ-UBAP2
	Upregulated
	Sponging miR-1205 and miR-382
	Reduce apoptosis,
induce proliferation, invasion and migration
	-
	42

	circ_0067934
	Upregulated
	-
	Induce metastasis and proliferation,
	PI3K/AKT
	43

	circ_0008344
	Upregulated
	-
	Reduce apoptosis,
induce proliferation, invasion and migration
	-
	44

	circ-EPB41L5
	Downregulated
	Sponging miR-19a
	Suppress invasion, proliferation and migration
	circ-EPB41L5/miR19a/EPB41L5/p-AKT
	21

	circ-SMARCA5
	Downregulated
	-
	Reduce angiogenesis
	-
	45

	circ-AKT3
	Downregulated
	-
	Reduce radio-resistance, tumorgenicity and proliferation
	PI3K/AKT
	46





Table S4. Long non-coding RNA as biomarkers in GBM.

	Long non-coding RNA
	Source
	Status
	Expression
	References

	ANRIL
	Serum
	Upregulated
	Tumor grading and prognosis
	47

	GAS5
	Serum 
	Upregulated
	Prognosis
	48

	HOTAIR
	Serum 
	Upregulated
	Prognosis
	49,50

	linC00565
	Serum 
	Upregulated
	Prognosis
	51

	linC00641
	Serum 
	Upregulated
	Prognosis
	51

	MIR210HG
	Serum
	Upregulated
	Diagnosis
	52

	SAMMSON
	Plasma
	Upregulated
	Diagnosis
	53





Table S5.  Long non-coding RNAs associated with GBM pathogenesis.


	Long non-coding RNA
	Expression
	miRNA
	Mechanism
	Target
	References

	ATB
	Upregulated
	miR-200a
	Proliferation, migration and invasion
	TGF-β2
	54

	ECONEXIN
	Upregulated
	miR-411-5p
	Proliferation
	TOP2A
	55

	FTX
	Upregulated
	miR-342-3p
	Proliferation and invasion
	AEG1
	56

	MIR155HG
	Upregulated
	miR-155-3p
miR-155-5p
	Proliferation
	PCDH7, PCDH9, Wnt/β-catenin
	57

	TP73-AS1
	Upregulated
	miR-142
	Proliferation and invasion
	HMGB1
	58

	TUG1
	Upregulated
	miR-144
	Angiogenesis
	HSF2, ZO-1, OCLN, CLDN5
	59

	HOXA11-AS
	Upregulated
	miR-214-3p

	Proliferation, invasion, migration and apoptosis
	EZHZ
	60

	CCAT1
	Upregulated
	miR-181b
miR-410
	Proliferation
	FGFR3, PDGFRA
	61


	HOTAIR
	Upregulated
	miR-148b-3p
miR-326
	Proliferation, invasion and migration
	ZO-1, OCLN, CLDN5, USF1
FGF1, PI3K/AKT, MEK1/2
	62

	MALAT1
	Upregulated
	miR140
miR-101
	Proliferation, chemosensitivity, BTB permeability, migration and autophagy
	Nuclear factor YA, STMN1, RAB5A, ATG4D
	63,64


	PVT1
	Upregulated
	miR-488-3p
miR-186
miR-190a-5p
	Proliferation, migration, invasion, angiogenesis,
cell cycle and apoptosis
	MEF2C, ATG7, Beclin1, EZH2, JAGGED1
	65


	UCA1
	Upregulated
	miR-122
miR-182
	Proliferation, migration, invasion and apoptosis
	iASPP
	66–68


	Xist
	Upregulated
	miR-137
miR-152
miR-429
miR-29c
	Proliferation, migration, invasion, apoptosis, angiogenesis and chemosensitivity
	RAC1, XCR7, ZO-2, FOXC1,
MGMT, SP1
	69–71


	H19
	Upregulated
	miR-140
miR-675
miR-29a
	Proliferation and
angiogenesis
	iASPP, CDK6,
VASH2
	72,73


	NEAT1
	Upregulated
	miR-181d-5p
miR-107
miR-449b-5p
let-7e
miR-132
	BTB permeability, proliferation, invasion, migration and apoptosis
	SOX5, CDK6,
c-MET, PI3K/AKT/mTOR, MEK/ERK, SOX-2 
	74,75


	EGFR-AS1
	Upregulated
	miR-133b
	Migration, invasion and apoptosis
	RACK-1
	76

	CCDC26
	Upregulated
	miR-203
	Proliferation and migration
	-
	77

	HOXA11-AS3
	Upregulated
	miR-140-5p
	Proliferation
	-
	78

	AB073614
	Upregulated
	-
	Proliferation, invasion, migration and apoptosis
	PI3K/AKT,
E-cadherin, Vimentin
	79

	CCAT2
	Upregulated
	-
	Proliferation, cell cycle progression and migration
	Wnt/β-catenin
	80

	CCND2-AS1
	Upregulated
	-
	Proliferation
	Wnt/β-catenin
	81

	FOXD3-AS1
	Upregulated
	-
	Proliferation, migration and invasion
	FOXD3
	82

	Linc-OIP5
	Upregulated
	-
	Proliferation and migration
	YAP, Notch
	83

	ZFAS1
	Upregulated
	-
	Proliferation, migration, invasion and disease prognosis
	Notch

	84

	ZEB1-AS1
	Upregulated
	-
	Proliferation, invasion, migration and apoptosis
	CycD1, CDK2 ZEB1, MMP2, MMP9, CDH2, Integrin-β1
	85

	CRNDE
	Upregulated
	-
	Proliferation, invasion, migration and apoptosis
	mTOR
	86,87


	HOTAIR
	Upregulated
	-
	Angiogenesis
Proliferation, invasion, migration and apoptosis
	BRD4, VEGF-A
	88


	HULC
	Upregulated
	-




	Proliferation invasion, migration, angiogenesis and adhesion
	Survivin, c-MYC, CycA/D1/E, p-Rb, Skp-1/2, CDK2/4, EZH2, Bcl-2/Bax, caspase-3/8
	89

	MALAT1
	Upregulated
	-
	Proliferation and apoptosis
	CCND1, MYC
	90

	UCA1
	Upregulated
	-
	Proliferation
	CycD1
	67

	HMMR-AS1
	Upregulated
	
	Tumor growth and radio-resistance 
	ATM, RAD51, BMI1
	91

	MVIH
	Upregulated
	-
	Proliferation, migration and invasion
	-
	92

	MIR210HG
	Upregulated
	-
	Proliferation
	-
	93

	FER1L4
	Upregulated
	-
	Proliferation, invasion and apoptosis
	-
	94

	POU3F3
	Upregulated
	-
	Proliferation and angiogenesis
	-
	95

	SPRY4-IT1
	Upregulated
	-
	Proliferation, invasion, migration and apoptosis
	-
	96

	PVT1
	Upregulated
	-
	Patient survival, chemotherapy and radiotherapy 
	-
	94

	HOXA11-AS3
	Upregulated
	-
	Proliferation
	-
	97

	NEAT1
	Upregulated
	-
	Proliferation, invasion and migration
	-
	98

	TP53TG1
	Upregulated
	-
	Proliferation, invasion, migration and apoptosis
	
	99

	CASC2 
	Downregulated
	miR-181a
miR-193-5p
miR-21
	Proliferation, chemoresistance, migration, invasion and apoptosis
	PTEN, mTOR
	100

	MALAT1
	Downregulated 
	miR-155
miR-203
	Proliferation, survival and
chemoresistance
	FBXW7, TS
	101


	MEG3
	Downregulated
	miR-19a
	Proliferation and apoptosis
	PTEN
	102

	TUSC7
	Downregulated
	miR-23b
	Proliferation, apoptosis and survival
	TUSC7
	103

	TUG1
	Downregulated
	miR-26a
	Proliferation and apoptosis
	PTEN
	104

	ADAMTS9-AS2
	Downregulated
	-
	Proliferation, migration, invasion and survival
	ADAMTS9, DNMT1
	

	CASC2
	Downregulated
	-
	Proliferation
	β-catenin, CycD1, 
c-MYC
	105

	H19
	Downregulated
	-
	Chemoresistance
	MDR, MRP, ABCG2
	106

	HOTTIP
	Downregulated
	-
	Proliferation and apoptosis
	BRE, CycA, CDK2, p53
	107

	lnc00462717
	Downregulated
	-
	Proliferation, migration and apoptosis
	MDM2
	108

	MALAT1
	Downregulated
	-
	Proliferation
	Ki-67, MMP2, MAPK
	109

	MDC1-AS
	Downregulated
	-
	Proliferation
	MDC1, CycB1/CDK2
	95

	TSLC1-AS1
	Downregulated
	-
	Proliferation, migration and invasion
	TSLC1
	110

	TUG1
	Downregulated
	-
	Proliferation and apoptosis
	BCL-2, CASP3, CASP9
	111





Table S6. microRNAs associated with GBM pathogenesis.

	microRNA
	Expression
	Targets
	Function
	References

	miR-21

	Upregulated

	TNFR,
caspase-3, 
caspase-9, APAF1
	Apoptosis
	          112

	
	
	Alter Bax/Bcl-2 ratio 
	Chemoresistance
	113

	
	
	IGFBP3, RECK, TIMP3, VEGF
	Migration and invasion 
	114–116

	
	
	Bmpr2/Btg2
	Angiogenesis
	117

	
	
	PTEN
	Immune suppression
	118,119

	miR-221/222

	Upregulated

	p27, p57
	Induce proliferation and 
reduce cell death
	120

	
	
	DNM3
	Chemoresistance
	121

	miR-221-3p/
miR-222-3p
	Upregulated

	FAT1,
PDCD10, PTEN/PUMA
	Clonogenicity, migration and invasion
	122

	miR-125b
	Upregulated
	3’-UTR of Bmf
	Tumor progression
	123

	miR-141-3p
	Upregulated
	p53
	Tumor progression and chemoresistance
	112

	miR-25
	Upregulated
	Increasing expression of CADM2

	Migration, invasiveness and tumor progression
	124

	miR-25
	Upregulated
	MDM2, NEFL
	Tumor progression
	125


	miR-210-3P
	Upregulated
	Alter mitochondrial membrane potential, improved function
	Tumor progression and EMT
	126

	miR-93

	Upregulated

	Integrin β8
	Tumor progression, migration, invasion and chemoresistance 
	127

	
	
	ITGB8
	Tumor progression and angiogenesis
	128

	miR-155-3p
	Upregulated
	PCDH7, SIX1
	Tumor progression immune evasion and chemoresistance
	129

	miR-155-5p
	Upregulated
	ACOT12
	Migration and invasion
	130

	miR-26a
	Upregulated
	AP-2α/Nanog 
	Tumor progression
	131

	miR-33a

	Upregulated

	PKA/Notch 
	Tumor progression
	132

	
	
	PDE8A, PDL1, PTEN, UVRAG
	Tumor progression and GSC self-renewal 
	133

	miR-300
	Upregulated
	LZTS2
	Tumor progression and GSC self-renewal 
	134

	miR-182 
	Upregulated
	BCL2L12, CYLD, HIF2A, MET, PCDH8, STAT3
	Tumor progression invasion and chemoresistance
	135,136


	miR-210-3p
	Upregulated
	HIF3A, ISCU
	Tumor progression, migration and chemoresistance
	137

	miR-10b
	Upregulated
	APAF1, BCL2L11, CDH1, CDKN1A, CDKN2A, CYLD, FOXO3, HOXD10, NOTCH1, PAX6, PTCH1, PTEN, TFAP2C, p53
	Tumor progression migration, invasion and EMT 
	138–142


	miR-10b-5p
	Upregulated
	TFAP2A
	Migration and invasion
	143

	miR-9
	Upregulated
	MYC, OCT4
	Angiogenesis
	144

	miR-1238
	Upregulated
	CAV-1
	Chemoresistance
	145

	miR-301a
	Upregulated
	TCEAL7
	Chemoresistance
	146

	miR-603
	Upregulated
	IGF1, IGF1R
	Radio-resistance
	147

	miR-27b-3p
	Upregulated
	MLL4/PRDM1 
	Stemness
	148

	miR-26a
	Upregulated
	PTEN
	Angiogenesis
	149

	miR-148a-3p
	Upregulated
	ERRFI1
	Angiogenesis
	150

	miR-148a
	Upregulated
	CADM1
	Migration and invasion
	151

	miR-182-5p
	Upregulated
	KLF2, KLF4
	Angiogenesis
	152

	miR-451
	Upregulated
	c-MYC
	Immune suppression
	153

	miR-10a
	Upregulated
	Rora
	Immune suppression
	119

	miR-92a
	Upregulated
	Prkar1a
	Immune suppression
	154

	miR-214-5p
	Upregulated
	CXCR5
	Immune suppression
	155

	miR-1246
	Upregulated
	TERF2IP/ DUSP3
	Immune suppression
	143

	
	
	FAK
	Migration and invasion
	143

	miR-7239-3p
	Upregulated
	Bmai-1
	Tumor progression
	156

	miR-29a
	Upregulated
	Hbp1
	Immune suppression
	154

	miR-1587
	Upregulated
	NCOR1
	Tumor progression
	157

	miR-301a
	Upregulated
	PTEN
	Tumor progression
	158

	miR-H6-3p
	Upregulated
	EPB41L1, SH3PXD2A
	Tumor progression
	159

	miR-134
	Downregulated
	PI3K/AKT
	Tumor progression, apoptosis and EMT
	160

	miR-34a

	Downregulated

	c-MET RTK, Notch-1, Notch-2, CDK6, CCND1, SIRT1
	Tumor progression
	161


	
	
	BCL2, CDK6, MET, MSI1, NOTCH1, NOTCH2, PDGFRA, RICTOR, SIRT1, SMAD4, WNT6, YY1
	Tumor progression and chemoresistance
	162–165


	miR-9

	Downregulated

	FOXG1, CAMTA1, CREB, FOXP2
	Tumor progression
	166

	
	
	JAK1, JAK2, JAK3, LDHA, MAPK14, MAPKAP3, NF1, PTCH1, S1PR1, SMC1A, SOX2, STMN1
	Tumor progression, migration, invasion, aerobic glycolysis, chemoresistance and EMT
	167–169

	miR-186
	Downregulated

	Inhibition of SMAD6
	Apoptosis
	170

	miR-142-3p
	Downregulated

	Inactivated Wnt/β-catenin, activated caspase-3 
	Tumor progression and migration
	         171

	miR-379-5p
	Downregulated
	MGST1 modulation 
	Migration, invasion and EMT
	172

	miR-665
	Downregulated
	Wnt/β-catenin inhibition
	Migration and invasion
	173

	miR-296
	Downregulated
	EAG1 
	Invasion and multidrug resistance
	174

	miR-320a
	Downregulated
	Aquaporin 4
	Invasion and migration 
	175

	miR-125b

	Downregulated

	MAZ, VEGF 
	Angiogenesis and tumor progression
	176,177

	
	
	Mitochondrial apoptosis
	Chemoresistance
	178

	miR-124-3p

	Downregulated

	PI3K/AKT/NF-κB 
	Tumor progression, invasion and migration 
	179

	
	
	AURKA, FOSL2, RHOG, SOS1
	Tumor progression, invasion and chemoresistance 
	180–182

	miR-128, 
miR-149
	Downregulated

	RAP1B
	Invasion and
chemoresistance 
	183

	miR-181a/b/c/d

	Downregulated

	RAP1B/CDC42, RhoA/N-cadherin
	Chemoresistance and tumor progression 
	184

	
	
	FBXO11, MGMT, RAP1B, SP1 
	Migration, invasion and chemoresistance
	184–186


	miR-195
	Downregulated

	CCNE1
	Chemoresistance
	187

	miR-524-5p
miR-324-5p

	Downregulated

	EZH2
	Tumor progression and chemoresistance
	152

	miR-137
	Downregulated

	RTVP-1
	GSC elf-renewal
	188

	miR-30a

	Downregulated

	AKT, BDNF
	GSC self-renewal 
	189

	
	
	BECN1
	Chemoresistance
	

	miR-30c
	-
	JAK–STAT 
	Neural differentiation
	190

	miR-29a

	Downregulated

	MDM2/4 
	Tumor progression, migration and invasion
	191

	
	
	CDC42, DNMT3A, DNMT3B, PDGFA, PDGFC, QKI-6, TRAF4
	Tumor progression migration and invasion
	192–195


	miR-101-3p
	Downregulated

	GSK3B, PTGS2, SOX9, TRIM44
	Tumor progression, invasion, migration, metastasis and chemoresistance
	196


	miR-128-3p
	Downregulated

	BMI1, E2F3, MET, PDGFRα, PTGS2
	Tumor progression, migration, invasion and chemoresistance
	197


	miR-142-3p
	Downregulated

	AKT1, HMGA2, IL6, MGMT, RAC1
	Tumor progression, migration, invasion, chemoresistance and immunosuppression
	198,199


	miR-146a-5p
	Downregulated

	NOTCH1, POU3F2, SMARCA5
	Tumor progression and stemness
	200,201

	miR-146b-5p
	Downregulated

	EGFR, MMP16, TRAF6
	Tumor progression, migration and invasion
	202–204

	miR-7
	Downregulated

	EGFR, FAK, IRS2, OGT, RAF1, SATB1, TBX2, YY1
	Tumor progression, migration, invasion, angiogenesis and EMT
	184,205,206

	miR-4524b-5p
	Downregulated
	ALDH1A3, PI3K/AKT/mTOR
	Radio-resistance and tumor progression
	207





Table S7. Extracellular vesicles as a biomarker for GBM diagnosis.

	EV Source
	Isolation method
	Biomarkers
	Status 
	Identification method
	References

	Blood

	Microfluidic chip
	IDH1
	Upregulated
	RT-qPCR and nested PCR
	208

	
	Ultracentrifugation

	TrkB
	Upregulated
	Western blotting
	209

	
	
	PTRF
	Upregulated
	RT-qPCR
	210

	
	
	INFγ, IL10, IL13, CD80, CD86, ICOSL
	Downregulated

	Cytokine assay and
ELISA
	211

	
	
	NLGN3, PTTG1, EGFR
	Upregulated
	Flow cytometry and RT-qPCR
	212

	
	
	FASN
	Upregulated
	RT-qPCR
	213

	
	
	IDH1(G395A), gDNA
	Upregulated
	PCR
	214

	
	
	miR-210
	Upregulated
	RT-qPCR
	215

	
	Dielectrophoresis
	GFAP,
TAU
	Upregulated
	DEP-immunofluorescence
	216

	
	Size exclusion
chromatography
	SDC1 
	Upregulated
	LC-MS/MS and
ELISA
	217

	
	ExoQuick

	RN-U6, 
miR-320,
miR-574-3P
	Upregulated
	Microfluidic TLDA and miRNA array
	218

	
	
	miR-29b
	Upregulated
	RT-qPCR
	219

	
	
	miR-301-a
	Upregulated
	RT-qPCR
	158

	
	
	RN-U6–1
	Upregulated
	Digital droplet PCR
	220

	
	
	LINC00470
	Upregulated
	RT-qPCR
	221

	
	ExoQuick-TC
	miR-21, miR-222, miR-124–3p
	Upregulated
	RT-qPCR
	222

	
	Total Exosome
Isolation reagent

	lnc-HOTAIR
	Upregulated
	RT-qPCR
	223

	
	
	circ-METRN
	Upregulated
	RT-qPCR
	224

	
	
	miR-454-3p
	Upregulated
	RT-qPCR
	225

	
	qEV (SEC + CD44 based
isolation)
	miR-15b-3p, miR-21-3p, miR155-5p, let-7a-5p
	Upregulated
	RT-qPCR
	226

	
	Ultracentrifugation
	RPL11, RPS12, TMSL3, B2M
	Downregulated

	RT-qPCR and microarray
	227

	
	ExoQuick
	miR-766-5p, miR-376b-5p
	Downregulated

	Small RNA sequencing
	

	
	Total Exosome
isolation reagent
	EGFRvIII, EGFR
	-
	Semi-nested PCR
	228

	CSF

	Ultracentrifugation

	miR-21,
	Upregulated
	RT-qPCR
	216

	
	
	EGFR, EGFRvIII
	Upregulated
	RT-qPCR
	229

	
	Filtration
	LGALS9
	-
	LC-MS
	230

	Blood, CSF

	Ultracentrifugation

	Mutant-IDH1
	Upregulated
	BEAMing and 
Digital droplet PCR
	231

	
	
	miR-21
	Upregulated
	RT-qPCR
	232

	
	
	PD-L1 DNA
	Upregulated
	Digital droplet PCR
	213

	Blood, CSF,
	Total exosome isolation reagent
	miR-182-5p
	Upregulated
	RT-qPCR
	233

	CUSA fluid

	Ultracentrifugation

	TCP1, CCT2, CCT5, CCT6A, CCT7
	-
	LC-MS/MS
	234

	
	
	miRNAs, piRNAs  
	-
	Small RNA sequencing
	235





Table S8. Clinical investigations of vaccines against GBM.

	Vaccine/combinations
	Combination
	Clinical trial identifier 
	Phase
	  Status

	EGFRvIII peptide 
	TMZ
	NCT00458601
	II
	Not recruiting

	EGFRvIII peptide 
	TMZ
	NCT01480479 
	III
	Completed

	EGFRvIII peptide 
	DI-TMZ
	NCT00643097
	II
	Completed

	CMV pp65 DC 
	DI-TMZ
	NCT00639639
	I
	Completed

	DCVax-L 
	-
	NCT00045968
	III
	Active, not recruiting

	CMV pp65 DC + 111In-labeled DC + Toxoid 
	Basiliximab
	NCT02366728
	II
	Completed

	HSPPC-96 
	TMZ
	NCT00905060
	II
	Completed

	ICT-107 (autologous DC pulsed with synthetic peptides mimicking GAAs)
	
	NCT01280552
	II
	Completed

	HSPPC-96 peptide 
	-
	NCT00293423
	II
	Completed

	HSPPC-96 peptide 
	TMZ, radiotherapy
	NCT02122822
	I
	Completed

	IDH1 peptide 
	-
	NCT02454634
	I
	Completed

	EGFRvIII peptide 
	Bevacizumab
	NCT01498328
	II
	Completed

	APVAC1 and APVAC2 (personalized peptide) + poly-ICLC and GM-CSF
	-
	NCT02149225
	I
	Completed

	Personalized neoantigen 
	-
	NCT02287428
	I
	Recruiting

	IMA-950 (peptide comprising multiple GAAs) and polyICLC  
	Varlilumab (immunostimulatory anti-CD27 antibody)
	NCT02924038
	I
	Ongoing study

	H3.3K27 M peptide + Td and poly-ICLC
	-
	NCT02960230
	I
	Completed

	AV-GBM-1 (autologous DC loaded with tumor associated antigens from a short-term cell culture of autologous tumor cells)
	-
	NCT03400917
	I
	Completed

	IGF-1 R/AS ODN
	-
	NCT02507583
	I
	Completed

	SVN53-67/M57-KLH peptide 
	TMZ
	NCT02455557
	II
	Active, not recruiting

	EO2401 peptide 
	-
	NCT04116658
	II
	Active, not recruiting

	pp65-shLAMP DC with GM-CSF
	-
	NCT02465268
	II
	Completed

	Tumor stem cell derived mRNA transfected DC
	-
	NCT00846456
	I/II
	Completed

	Tumor lysate-pulsed autologous DC 
	-
	NCT01006044
	II
	Completed


Table S9. Oncolytic virus in clinical trial for GBM treatment.

	Oncolytic virus
	Clinical trial identifier
	Origin
	Phase
	Status

	Δ-24-RGD
	NCT01582516
	Adenovirus
	I/II
	Completed

	MSC-Ad5-DNX-2401
	NCT03896568
	Adenovirus
	I
	Recruiting

	AloCELYVIR
	NCT04758533
	Adenovirus
	I/II
	Recruiting

	C134
	NCT03657576
	Herpesvirus
	I
	Active

	G207
	NCT04482933
	Herpesvirus
	II
	Not recruiting

	G207
	NCT00157703
	Herpesvirus
	I
	Completed

	Genetically engineered HSV-1
MVR-C5252 
	NCT05095441
	Herpesvirus
	I
	Not recruiting

	Genetically engineered HSV-1 M032
	NCT02062827
	Herpesvirus
	I
	Recruiting

	G207 infused through catheters
	NCT03911388
	Herpesvirus
	I
	Recruiting

	Oncolytic viral vector
rQNestin34.5v.2
	NCT03152318
	Herpesvirus
	I
	Recruiting

	DNX-2401
	NCT03896568
	Adenovirus
	I
	Recruiting

	DNX-2440
	NCT03714334
	Adenovirus
	I
	Recruiting

	DNX-2401
	NCT00805376
	Adenovirus
	I
	Completed

	DNX-2401
	NCT02197169
	Adenovirus
	I
	Completed

	H-1PV
	NCT01301430
	Parvovirus
	I/II
	Completed

	Recombinant nonpathogenic
polio-rhinovirus chimera
(PVSRIPO)
	NCT01491893
	Poliovirus
	I
	Active, not recruiting

	PVSRIPO
	NCT03043391
	
	I
	Active, not recruiting

	PVSRIPO
	NCT02986178
	
	II
	Active, not recruiting

	REOLYSIN
	NCT00528684
	Reovirus
	I
	Completed

	Pelareorep
	NCT02444546
	Reovirus
	I
	Active not recruiting

	Combination of modified 
TG6002 and 5-Flucytosine 
	NCT03294486
	Vaccinia
virus
	I/II
	Unknown

	Combination of M032 and Pembrolizumab 
	NCT05084430
	Herpes virus
	I/II
	Active

	Combination of NSC-CRAd-Survivin-pk7 and radiotherapy/TMZ
	NCT03072134
	Adenovirus
	I
	Completed

	Combination of DNX-2401 and Pembrolizumab
	NCT02798406
	Adenovirus
	II
	Completed
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