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	[bookmark: _Hlk127631063]Table S1 Database-specific search strategies

	Database
	Search Strategy

	Medline 
	(“CSF” OR “cerebrospinal fluid” OR “liquid biops* ” OR "Liquid Biopsy "[MeSH])  AND (“glioblastoma*” OR “GBM” OR “glioma” OR “brain tumo*” OR “brain metastas*” OR “PCNSL” OR “primary central nervous system lymphoma*” OR “Glioblastoma"[MeSH] OR “Brain Neoplasms”[MeSH] OR “Central Nervous System Neoplasms”[MeSH]) AND (“mass spectrometry” OR “ELISA” OR “2D electrophoresis” OR “2D gel electrophoresis” OR “two-dimensional difference gel electrophoresis” OR “2D-DIGE” OR “proteo*” OR “genomic*” OR “proteogenomic*” OR “circulating tumor DNA” OR “ctDNA” OR “circulating RNA” OR “microRNA” OR “miRNA” OR “small nuclear RNA” OR “snRNA” OR “circular RNA” OR “circRNA” OR “small nucleolar RNA” OR “snoRNA” OR “exosome*” OR “microvesicle” OR “Genomics”[MeSH] OR “Proteomics”[MeSH] OR “Exosomes”[MeSH] OR “Mass Spectrometry”[MeSH] OR “Proteogenomics”[MeSH] OR “Circulating Tumor DNA”[MeSH] OR “Enzyme-Linked Immunosorbent Assay”[MeSH] OR “Electrophoresis, Gel, Two-Dimensional”[MeSH])

	SCOPUS 
	( TITLE-ABS-KEY (  CSF OR (cerebrospinal fluid) OR (liquid biops* )) )  AND ( TITLE-ABS-KEY ( GBM OR glioma* OR (brain tumor) OR glioblastoma* ) )  AND ( TITLE-ABS-KEY ((mass spectrometr*) OR proteom* OR genom* OR proteogenom* OR (circulating tumor DNA) OR ctDNA OR (circulating RNA) OR microRNA OR miRNA OR (small nuclear RNA) OR snRNA OR (circular RNA) OR circRNA OR (small nucleolar RNA) OR snoRNA OR exosome* OR microvesicle* OR (extracellular vesicl*) OR (2D electrophoresis) OR (2D gel electrophoresis) OR (next generation sequencing) OR (NGS) OR (two-dimensional difference gel electrophoresis) OR (2D-DIGE) OR (ELISA) ))

	Biosis 
	1.	TS = (CSF OR (cerebrospinal fluid) OR (liquid biops*))	
2.	TS = (GBM OR glioma* OR (brain tumor) OR glioblastoma* )	
3.	TS = ((mass spectrometr*) OR proteom* OR genom* OR proteogenom* OR (circulating tumor DNA) OR ctDNA OR (circulating RNA) OR microRNA OR miRNA OR (small nuclear RNA) OR snRNA OR (circular RNA) OR circRNA OR (small nucleolar RNA) OR snoRNA OR exosome* OR microvesicle* OR (extracellular vesicl*) OR (2D electrophoresis) OR (2D gel electrophoresis) OR (next generation sequencing) OR (NGS) OR (two-dimensional difference gel electrophoresis) OR (2D-DIGE) OR (ELISA) )
4.           1 AND 2 AND 3



	[bookmark: _Hlk127630580][bookmark: _Hlk128320299]Table S3. Biomarker cell-of-origin determination using spatial localization

	Study
	Marker
	Cell-of-origin

	Wachowiak 2018144
	L1CAM
	GBM, BrM

	Zheng 200382
	N-myc
	Pilocytic astrocytomas, 
anaplastic oligodendrogliomas

	Shan 201595
	GPNMB; not APOC2 or VSIG4
	PCNSL

	Kuusisto 2015, Roy 200880,83
	ATIII
	PCNSL, surrounding vasculature

	Kadoch 201485
	C3
	Lymphoma-associated macrophages /microglia

	Li 2011145
	NGF
	Grade III-IV astrocytoma

	Zhou 2010146
	DKK1
	Glioma

	Ohnishi 2009147
	Gelosin
	Normal brain, astrocytoma

	Smith 200845
	MMP-9, NGAL
	GBM, primitive neuroectodermal tumor

	Khwaja 2006148
	Attractin
	Grade IV astrocytoma

	Drusco 2015127
	miR-451, -711, -223, -125b
	GBM, BrM, PCNSL



	Table S6. CSF Biomarkers of Malignancy

	Biomarker
	Evidence

	BBB disruption signature
protein
	Malignancy
· BBB disruption occurs in 58-70% of PCNSL, 56% of SCNSL patients and 60% of glioma patient, compared to 13% in tumor-free patients.49,70
· 55 protein signature enriching for BBB disruption processes discriminated between CNS malignancy and controls.67
· CSF proteome in GBM, PCNSL and BrM patients was conserved due to BBB disruption and leakage of plasma protein.68
· proteomic meta-analysis. Pathway analysis of 188 malignancy-associated protein revealed functional convergence on plasma-leakage-related processes (Fig 4; e.g., APOB). 
Clinical Correlates
· GBM patients with higher QAlb estimates had significantly worse overall survival rates compared to those with lower QAlb estimates.68
· BrM patients with elevated blood coagulation proteins in CSF had significantly worse survival outcomes.67

	14-3-3 family
protein
	Malignancy
· proteomic meta-analysis. 
· YWHAE upregulated in PCNSL (p = 0.0028, N = 2 studies, n = 39 patients), BrM (p = 0.0077, N = 2 studies, n = 109 patients) and GBM (p = 0.0051, N = 2 studies, n = 77 patients) (Fig 3B, Table S5).
· YWHAZ upregulated in PCNSL (p = 0.0068, N = 3 studies, n = 56 patients), BrM (p = 0.00037, N = 2 studies, n = 109 patients) and GBM (p = 0.062, N = 2 studies, n = 77 patients) (Fig 3B, Table S5).

	C3
protein
	GBM
· Overexpressed in CSF of GBM compared to LGG.106
CNSL
· Elevated in CNSL CSF after intraventricular rituximab treatment.85
Malignancy
· CSF C3 over-expressed in newly diagnosed (n = 31) and recurrent (n = 26) CNSL, and BrM (n = 13), compared to non-malignancy CSF samples (n = 6 MS, n = 5 encephalitis, n = 3 transverse myelitis; p = 0.05).85
· proteomic meta-analysis. Upregulated in PCNSL (p = 0.021, N = 3 studies, n = 78 patients), BrM (p = 0.0096, N = 2 studies, n = 109 patients) and GBM (p = 0.00034, N = 3 studies, n = 84 patients) (Fig 3B, Table S5).
Clinical Correlates
· Higher levels were associated with adverse CNSL prognosis.85

	miR-21
miRNA
	PCNSL
· Elevated in CSF of PCNSL (n = 23) compared to neuroinflammatory disorders (MS-dominant; n = 10, p < 0.001).5
· Elevated in CSF of PCNSL (n = 30) compared to non-malignant cerebral lesions (benign brain neoplasms and diverse neurological disorders; n = 23, p = 0.0174).149
· CSF miR-21 in PCNSL patients was elevated 3.4-fold (p = 0.05; n = 9 PNCLS, n = 10 non-malignant disease).112
· AUROCs of 0.76 – 0.94,5,112,149 and 95.7% sensitivity and 83.3% specificity.5
Glioma and BrM
· CSF miR-21 elevated in glioma (n = 10) and brain and leptomeningeal metastases (n = 7) compared to controls with neurological disorders (n = 10).113
· Elevated in CSF of GBM (n = 19) and brain (n = 44) and leptomeningeal (n = 30) metastases (lung and breast primaries).96
· Elevated in CSF in GBM (n = 105) vs. non-oncologic controls (n = 93).69
· Trended towards  CSF enrichment in GBM (logFC = 1.14, p = 0.12, n = 73) but not LGG (logFC = 1.00, p = 0.27, n = 22) vs. hydrocephalus controls (n = 40).114
· CSF miR-21 was elevated in BrM (logFC = 4.22, p < 0.001, n = 25).114
HGG-derived EVs
· miR-21 was 10-fold enriched in CSF-derived EVs from GBM (n = 13) compared to non-oncologic patients (n = 13, p < 0.001).115
· 0.25 miR-21copies/EV cut-off in prospective cohort distinguished GBM vs. non-oncologic patients with 87% sensitivity, 93% specificity and 0.91 AUROC.115
· miR-21 in CSF exosomes were elevated in glioma (HGG > LGG, n = 70) following surgery compared to brain trauma patients (n = 25); had diagnostic AUROC of 0.926 (95% CI: 0.865-0.985).58
Clinical Correlates
· Relative abundance of miR-21 in CSF EV/exosomes was significantly decreased after surgical resection of glioma tumors.58,115
· In PCNSL patients, CSF miR-21 decline was associated with tumor remission following methotrexate-based chemotherapy (p = 0.006).97



	Table S7. CSF biomarkers of non-malignant state. 

	Biomarker
	Evidence

	Neuronal and ECM signatures
protein 
	· Proteins involved in neuronal and glial processes, and ECM processes are downregulated in GBM, BrM and PCNSL, relative to NPH patients.67
· Proteomic meta-analysis: Neuronal (e.g., CNTN2) and extracellular matrix (ECM1) processes are down-regulated in CNS malignancy (Table S5)

	CST3
protein
	· CST3 detected in the CSF of healthy and neuroinflammatory conditions, but absent in CNS malignancy.116
· CSF CST3 downregulated in neurodegenerative conditions, including Alzheimer’s disease, dementia with Lewy body and atrophic form of general paresis.117,118
· Proteomic meta-analysis: CST3 is consistently downregulated in BrM (p = 0.032, N = 2 studies, n = 109 patients), GBM (p = 0.067, N = 3 studies, n = 84 patients) and CNSL (p = 0.085, N = 3 studies, n = 56 patients) (Table S5).



	Table S8. CSF biomarkers of glioma

	Biomarker
	Evidence

	VEGF
protein 
	HGG
· CSF VEGF detected by ELISA in 89% of  HGG (n = 27; anaplastic astrocytoma and GBM), 27% of non-astrocytoma tumors (n = 37; including medulloblastoma, lymphoma and BrM) and 0% of normal CSF samples (n = 14); corresponds to 89% sensitivity and 80% specificity for HGG.64
· CSF VEGF elevated in HGG (n = 3, anaplastic astrocytoma and recurrent GBM) compared to autoimmune and demyelinating disease (n = 12; p = 0.029).63
· CSF VEGF elevated in newly diagnosed HGG (17.6 ng/mL, n = 19) compared to LGGs (7.2 ng/mL, n = 7) and hydrocephalus (8.3 ng/mL, n = 10).65
· VEGF significantly higher (p = 0.003, ANOVA) in CSF of HGG (2860 ± 975 pg/mL, n = 6), compared to LGG (182.6 ± 37.1 pg/mL, n = 8) and controls (47.4 ± 0.4 pg/mL, n = 5).46
· Angiogenic capacity of CSF from HGG was elevated; Using a chick chorioallantois membrane test, HGG CSF generated higher microvascular density than LGG and controls (13.23 ± 0.6 vessels/9000μm2 vs. 9.3 ± 0.3 and 7.92 ± 0.2, respectively).46
· Proteomic meta-analysis. VEGF was significantly enriched in CSF from GBM (p = 0.027, N = 2 studies, n = 25 patients) but not PCNSL or BrM patients (Table S5). 
LGG
· No significant difference in CSF VEGF between LGG and controls.46
· CSF VEGF not detected in the CSF of newly-diagnosed supratentorial LGGs (grade 2, n = 7).150

	GFAP
protein
	Glioma
· GFAP was elevated (>25 ng/mL) in the CSF of 43.3% of glial tumors (13/30 cases) compared to 15.8% (9/57) of non-glial intracranial tumors, 21.2% (7/33) of non-neoplastic intracranial diseases, and 0% (0/8) of control cases. In GBM patients, GFAP was elevated in 66.7% of cases (8/12).121
· GFAP detected in the CSF of GBM patients profiled by shotgun proteomics.67,68
· GFAP levels in lumbar CSF have a sensitivity of 25.45% (at set specificity level of 95%) to discriminate GBM from control samples.68
· Proteomic meta-analysis. CSF GFAP was significantly upregulated in GBM (p = 0.00075, N = 2 studies, n = 77 patients), but not CNSL (p = 0.49, N = 2, n = 39) or BrM (p = 0.37, N = 2, n = 109) (Fig 3B-C, Table S5).
Brain Injury
· GFAP levels rise immediately following surgical resection of glial tumors.121,122
· GFAP is released into CSF following brain injury.123

	miR-1246
miRNA
	GBM
· CSF miR-1246 significantly enriched in GBM (n = 11) vs. LGG (n = 24).102
· Exosomal miR-1246 was 1.96-fold higher in CSF of glioma patients (n = 5) compared to healthy donors (n = 7).59
· CSF-derived exosomal miR-1246 was elevated in GBM patients (n = 10) compared to controls (n = 8).35
Clinical Correlates
· CSF miR-1246 declined in 63% (7/11) of GBM patients post-resection.102
· [bookmark: _Hlk128053604]Post-operative CSF-derived exosomal miR-1246 declined 84.9% in non-recurrent gliomas (n = 5, p = 0.05), but increased in recurrent gliomas (n = 6, p < 0.05). Post-operative miR-1246 levels were quantified every 3 months until recurrence was detected for an average period of 288 days.59

	D-2HG
metabolite
	IDH-mutant gliomas
· D-2HG enriched 17-fold in CSF of patients with IDH-mut (7.439 µmol/L, n = 16) vs. IDH-wt (0.427 µmol/L, n = 68) gliomas.66
· CSF D-2HG enriched in IDH-mut (n = 6) vs. -wt (n = 42) (p = 0.0011).87
· CSF D-2HG discriminated between IDH-mut and -wt in HGG, but not LGG. Possibly due to small sample of IDH-mut patients in LGG group (n = 3).66
· D-2HG levels were enriched in CSF, but not plasma or urine, of IDH-mut vs. -wt (p = 0.029).14
· D-2HG distinguished IDH-mut gliomas (n = 13) from IDH-wt GBM (n = 7), BrM (n = 12) and non-oncologic controls (n = 8) with AUROC of 0.888 (95% CI: 0.729-1.000).151
· CSF D-2HG >0.085 µmol/L cut-off was 63% sensitive and 62% specific for IDH-mut gliomas, with a corresponding AUROC of 0.701 (95% CI: 0.530-0.871).  
· CSF D-2HG >0.69 µmol/L achieved an 84% sensitivity and 90% specificity for IDH-mut gliomas, with AUROC of 0.934 (95% CI: 0.896-0.980, p < 0.0001).66
Clinical Correlates
· D-2HG levels were correlated with IDH-mutant tumor volume.87



	Table S9. CSF biomarkers of CNSL 

	Biomarker
	Evidence

	CECR1
protein 
	· CECR1 mutations are more prevalent in DLBCL than Burkitt lymphoma.129
· Adenosine deaminase (ADA) activity was elevated in CSF of tuberculous meningitis and CNSL, but not viral/bacterial meningitis or cerebrovascular disease; however, lack of distinction between ADA1 and ADA2 (CECR1) hampers interpretation.128
· proteomic meta-analysis. CECR1 was the top upregulated protein in CSF of CNSL patients (p = 0.00017, N = 3 studies, n = 56 patients; Fig 3C, Table S5). There were no differences in CSF CECR1 levels in BrM (p = 0.62, N = 2, n = 109) or GBM (p = 0.59, N = 2, n = 77) compared to controls. 

	CD14
protein
	· proteomic meta-analysis. soluble form of CD14 is consistently upregulated in the CSF of CNSL (p = 0.0051, N = 3 studies, n = 78 patients), but not GBM (p = 0.62, N = 3 studies, p = 84 patients) or BrM (p = 0.36, N = 2 studies, n = 109 patients) 

	CXCL13
protein
	Diagnosis
· CSF CXCL13 was significantly enriched in prospective cohort of CNSL patients (n = 17) compared to patients with lesions of other origin (n = 155).94
· In study of 44 CNSL and 44 controls (21 BrM, 14 HGG, 9 tumefactive demyelinating lesions), CSF CXCL13 was significantly enriched in the CNSL.134
· CXCL13 concentrations >80 pg/mL were highly sensitive (90.7%) and specific (90.1%) for CNSL.94
· CXCL13 concentrations >90 pg/mL achieved a 69.9% sensitivity and 92.7% specificity for CNSL (n = 53 newly diagnosed PCNSL/SCNSL and 30 recurrent PCNSL/SCNSL), against a background of neuro-inflammatory/infection (n = 71), other primary brain tumors (n = 8), metastatic brain tumors (n = 12), and neoplasms/infections outside of the brain (n = 46).135
· CSF CXCL13 had an AUROC of 0.832 (95% CI: 0.737-0.904) and concentration >106 pg/mL were 76.74% sensitive and 90.91% specific for CNSL.134
Clinical Correlates
· [bookmark: _Hlk128057454]CSF CXCL13 correlated with clinical course and therapy response.94
· [bookmark: _Hlk128057461]High expression of CXCL13 was associated with poor survival outcomes in CNSL patients.135

	IL-10
protein
	Diagnosis
· IL10 detected in 6/10 (60%) of CSF from CNSL patients and undetectable in CSF from patient with inflammatory demyelinating diseases [MS (0/11), neuromyelitis optica spectrum disorder (0/8), tumefactive demyelinating lesions (1/8)] and glioma (0/8)]; this corresponded to 60% sensitivity and 97% specificity at a detection limit of 2.0 pg/mL.136
· CSF IL10 concentrations >16.15 pg/mL discriminated all CNS lymphomas (n = 83; newly diagnosed and recurrent PCNSL and SCNSL) from inflammatory and malignant neurologic disease with a 65.4% sensitivity and 92.6% specificity.135
· IL10 mRNA and protein is directly expressed by CNSL.135
· [bookmark: _Hlk128058105]IL10 was enriched in the CNSL CSF and had a diagnostic AUROC of 0.792 (95% CI: 0.692-0.872); Concentrations >21.77 pg/mL were 62.79% sensitive and 95.45% specific for CNSL (n = 44) vs. non-CNSL patients (21 BrM, 14 HGG, 9 tumefactive demyelinating lesions).134 
· In PCNSL patients (n = 79), IL10 concentrations >4 pg/mL distinguished newly-diagnosed PCNSL from other neurological diseases with a 88.6% sensitivity and 88.9% specificity.100
· In newly-diagnosed PCNSL cohort (n = 22), an IL10 cut-off of 8.2 pg/mL achieved 95.5% sensitivity and 96.1% specificity for PCNSL discrimination against a background of neuroinflammatory, neuro-infectious and demyelinating diseases.101
· [bookmark: _Hlk128058095]Cut-off of 3 pg/mL discriminated CNSL (14/19 PCNSL) with an AUROC of 0.974, 94.7% sensitivity and 100% specificity.137
· A cut-off of 9.5 pg/mL had a 71% sensitivity and 100% specificity for PCNSL (n = 26).98
· IL10 was downregulated in CSF of Grade III-IV astrocytomas (0.9 ± 1.2 pg/mL, n = 16) compared to controls (3.5 ± 1.2 pg/mL, n = 28, p = 0.01).138
Clinical Correlates
· IL10 concentrations correlate with response to methotrexate and rituximab treatment.98,100,135
· In PCNSL patients with complete or partial remission, detectable IL10 at the end of treatment had negative association with progression-free survival (1-year PFS = 15%, 95% CI: 2.5-38%).98,100,101

	miR-30c
miRNA
	SCNSL
· CSF miR-30c was significantly elevated in SCNSL (n = 14) compared to PCNSL (n = 55) using microRNA array and RT-PCR.32
· miR-30c differentiated between SCNSL and PCNSL with an AUROC of 0.86, and 90.6% sensitivity and 85.5% specificity.32
· miR-30c levels in CSF of the control group demonstrated no difference to PCNSL but were lower than in SCNSL (p = 0.0078).32
· miR-30c-5p was found to be downregulated in the CSF of GBM patients compared to controls (-1.21 logFC, p < 0.00001).114

	Neopterin
metabolite
	Diagnosis
· CSF neopterin was elevated (p < 0.001) in PCNSL (41.8 nmol/L, n = 55) vs. all other groups (3.8-5.1 nmol/L; n = 55 GBM, glioma, and BrM; n = 13 pseudotumoral inflammatory lesions; n = 29 non-tumefactive inflammatory CNS disorders).140
· In patients with a space-occupying lesion, CSF neopterin levels >10 nmol/L had a sensitivity of 96%, a specificity of 93%, a positive predictive value of 84%, and a negative predictive value of 98% for PCNSL.140
· CSF neopterin cut-off of 19.77 ng/mL achieved a sensitivity of 95.2%, a specificity of 84.1%, a positive predictive value of 74.1%, and a negative predictive value of 97.4% for the diagnosis of PCNSL (n = 21) vs. non-CNSL brain tumors (n = 44) and inflammatory diseases (n = 34).92
· Neopterin CSF levels were significantly elevated in viral meningoencephalitis (p < 0.001, n = 107) and bacterial meningitis (p < 0.001, n = 15) compared to acquired immune diseases and healthy controls.141
Clinical Correlates
· CSF neopterin was correlated with changes in tumor size on MRI.92



Supplemental Notes
Supplemental Note 1. EGFRvIII amplicons were detected in CSF but not plasma of GBM patients12 and similarly lung BrM-associated EGFR mutations were detected in 57.1% of CSF samples versus 23.8% (5/21 patients) in peripheral blood samples.11 In PCNSL, while the fractional abundance of MYD88 mutations were higher in CSF (16.55%) than plasma (6.35%), the percentage of patients with discernable MYD88 mutations in CSF or plasma was identical (10/12 patients; 83.3%).26  In glioma, IDH1 mutation detection rates were higher in CSF (63.2%) than serum (25.0%).14 In a cohort of patients with diffuse intrinsic pontine gliomas, 68 frequently-mutated genes were sequenced, and mutations were detected in 100% of CSF samples compared to 38% of plasma samples.152 Similarly, whole-exome sequencing of PCNSL and SCNSL samples identified mutations in 81.8% of CSF compared to 37.5% of plasma.153 These observations extend to methylated DNA as well, as seen with higher rates of methylated MGMT promoter detection in CSF (26/40; 65%) than serum (19/51; 37.3%) obtained from glioma patients.154 Another study found that MGMT, p16INK4a, TIMP-3 and THBS1 genes in malignant glioma patients were hypermethylated in 61.1-78.8% of CSF samples compared to 59.1-78.8% of serum samples.155  
Supplemental Note 2. VEGF and bFGF proteins were significantly higher in HGG patients compared to LGG or hydrocephalus patients in CSF but not serum.65 This CSF-specific enrichment pattern was also observed for MIC-1/GDF15 levels in GBM,156 exosomal miR-21 in glioma patients58 and DKK-1 in glioma patients.146 In one study CSF miRNA-21 concentrations were correlated with serum concentrations in PCNSL patients (R2 = 0.708, p < 0.001),97 however it is possible that this correlation arose due to BBB disruption. A similar analysis examining the correlation between CSF and serum exosomal miR-151a in GBM patients found no such association, possible relating to differences in exosome concentration or size, relative to other biomarkers. These studies favor the use of CSF over plasma for protein and miRNA biomarker applications in CNS malignancies. 
Supplemental Note 3. Genetic alterations and methylation profiles in CSF collected from lumbar and ventricular/cisternal sites in glioma patients are highly concordant.13,157 However, ctDNA concentrations vary significantly between peritumoral (ventricular, cisternal) and lumbar CSF samples.157  Using lumbar CSF from newly diagnosed glioma patients, only 16/37 samples had enough DNA (at least 10 ng) to perform NGS. In contrast, peritumoral CSF samples consistently contained enough ctDNA to perform reliable NGS analysis. The authors of this study estimated NGS is expected to be informative in <20% of patients if lumbar CSF is used,157 which is consistent with earlier reports of massively parallel sequencing only detecting cfDNA in CSF if tumors were directly adjacent to the CSF reservoir.24 However, this limitation was overcome using a multi-step ddPCR protocol (sequential analysis of IDHR132H mutation, pTERT mutations, EGFR amplification and CDKN2A homozygous deletion) that achieved 91.3% diagnostic concordance with histo-molecular classifications from glioma tissue analyses. Therefore, mutation detection is most sensitive using peritumoral CSF samples, however reliable mutational profiling at the lumbar site can be achieved by using highly sensitive and optimized and targeted assays (e.g., ddPCR).  

