
Background
Glioblastoma

§ Glioblastoma (GBM): grade IV glioma and most common and aggressive form of malignant 
brain tumors with poor treatment response1,2

§ Median overall survival: 14 months3
§ Tissue biopsies currently gold-standard technique for GBM diagnosis and prognosis4

§ invasive, cannot be repeated over the course of treatment, and have a 5-10% morbidity 
associated5-7

§ No approved circulating prognostic biomarkers for GBM8 à problem for long-term decisions 
Circulating Biomarkers

§ Liquid biopsies: non-invasive and repeatable7

§ Circulating biomarkers enable monitoring of tumor growth and response to treatment4
§ include circulating tumor cells, cell-free nucleic acids, proteins, and extracellular 

vesicles7

Prognostic Liquid Biopsy Biomarkers in Glioblastoma

Blood-Brain Barrier and GBM

Literature Review Table

§ Blood-brain barrier (BBB): protective barrier 
between blood vessels and the brain consisting of 
endothelial cells joined by tight junctions and 
other adjacent supporting cells2,9

§ function: regulate access and exchange of 
nutrients, vitamins, and other molecules into 
the brain7

§ GBM-induced hypoxia à proangiogenic and 
inflamed microenvironment à damaged tight 
junctions and leaky BBB2,7,10

§ However, intact BBB present in large parts of GBM 
à prevents efficient passage of therapeutics and 
limits detection of circulating biomarkers9,11

§ Intact BBB à low yield of ctDNA in plasma7
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§ Articles found via manual review using the PubMed and Google Scholar databases through 
search terms and sources referenced by other reviews

§ Search terms: “circulating”, “biomarker”, “plasma”, “cerebrospinal fluid”, “glioblastoma”, 
“prognosis”, “ctDNA”, “exosomes”, “miRNA”, “microvesicles”, “proteins”

Source n Type of Liquid Biopsy Biomarker Methods Findings

Miller et al. 201912 95 glioma patients 
(46 GBM)

CSF (lumbar puncture) ctDNA § QIAsymphony DSP Virus/Pathogen Midi Kit or 
QIAsymphony DSP Circulating DNA Kit

§ MSK-IMPACT

§ CSF-ctDNA positivity associated with tumor progression, tumor burden, and shorter survival 
and was an independent prognostic factor (all p < .001, GBM IDH WT median OS: 2.04 months v. 9.89 
months)

Juratli et al. 201813 38 GBM CSF (intraoperative 
collection)

ctDNA § Quick-ctDNA Serum and Plasma Kit 
§ Qiagen Multiplex Kit 
§ Bio-Rad QX200 TERT C228T_113 Assay

§ TERTp-VAF correlated with tumor volume (p < .01)
§ high TERTp-VAF associated with poor survival (p = .008)
§ TERTp-VAF was an independent prognostic factor for OS (p = .001)

Shnaper et al. 200914 33 GBM CSF (lumbar puncture) Proteins § enzyme-linked immunosorbent assay tests § high MIC-1/GDF15 levels associated with poor survival (p = .007)

Gállego et al. 20145 111 GBM Plasma Proteins § enzyme-linked immunosorbent assay tests (ELISA) § IGFBP-2 and GFAP levels correlated with tumor volume (IGFBP-2: p = .025, GFAP: p < .001)
§ high IGFBP-2 levels associated with increased risk of progression and death (PFS: p = 0.02, OS: p = 

.001, median OS: 12.8 months v. 29.4 months) 

Lin et al. 201315 305 glioma patients 
(145 GBM)

Plasma Proteins § RayBiotech protein antibody array 
§ enzyme-linked immunosorbent assay tests (ELISA)

§ IL-15, MCP-1, GDNF, IL-1R4/ST2 associated with poor prognosis and IGFBP-6, MIP-1δ, ICAM-3, 
IL-7, MIP-3β, and sgp130 associated with good prognosis (all p < .05)

§ score from 4-cytokine panel of IL-7, IL-1R4/ST2, sgp130, and MCP-1 was an independent 
prognostic factor of OS (p < .001)

§ high risk score in GBM associated with poor survival (p = .001) 

Manda et al. 20186 96 high-grade 
glioma patients (73 
GBM)

Serum Extracellular Vesicles 
(Exosomes)

§ total exosome isolation kit
§ RNeasy lipid tissue kit
§ RT-PCR

§ EGFRvIII expression in exosomes associated with poor survival (OS: p = .005)

Evans et al. 201616 16 GBM Plasma Extracellular Vesicles 
(Microvesicles)

§ serial centrifugation and stained for 
phosphatidylserine using Annexin V 

§ flow cytometry analysis

§ slope and trend in the number of Annexin V positive MV associated with recurrence and death 
(recurrence: p < .01, death: p < .01)

Lan et al. 201817 60 glioma patients 
(27 GBM)

Serum Exosomal miRNA § ExoQuick Precipitation Solution
§ micro BCA assay
§ mirVana miRNA isolation kit 
§ qRT-PCR

§ high exosomal miR-301a levels associated with poor survival (p < .01)
§ exosomal miR-301 levels were an independent prognostic factor for OS (p < .01)

Zhi et al. 201518 90 astrocytoma 
patients (24 GBM)

Serum miRNA § mirVana miRNA isolation kit
§ qRT-PCR

§ high miR-19a-3p, miR-106a-5p, and miR-181b-5p levels associated with poor survival (miR-19a-
3p: p = .023, miR-106a-5p: p < .0001, miR-181b-5p: p = .004)

§ combined 3-miRNAs panel was an independent prognostic factor associated with decreased 
survival (p = .018)

Hagemann et al. 
201919

45 GBM Plasma mRNA § high pure viral RNA kit 
§ qRT-PCR

§ high MACC1 transcript levels associated with poor survival (p = .008, median OS: 8.1 months v. 14.5 
months)

§ MACC1 levels associated with prognosis in conjunction with IDH mutation status and 
treatment regimen

§ Findings gathered from sources reveal numerous candidate 
circulating biomarkers that can help clinicians improve accuracy 
of outcome prediction and define more precise risk categories of 
GBM patients 

§ More studies with larger cohorts needed to validate findings and 
define clinical characteristics of biomarkers
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