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Abstract: Brain tumors include those that originate within the brain (primary tumors) as well as those that arise from 
other cancers (metastatic tumors). The fragile nature of the brain poses a major challenge to access focal malignan-
cies, which certainly limits both diagnostics and therapeutic approaches. This limitation has been alleviated with the 
advent of liquid biopsy technologies. Liquid biopsy represents a highly convenient, fast and non-invasive method, 
which allows multiple sampling and dynamic pathological detection. Biomarkers derived from liquid biopsies can 
promptly reflect changes on the gene expression profiling of tumors. Biomarkers derived from tumor cells contain 
abundant genetic information, which may provide a strong basis for the diagnosis and the individualized treatment 
of brain tumor patients. A series of body fluids can be assessed for liquid biopsy, including peripheral blood, cerebro-
spinal fluid (CSF), urine or saliva. Interestingly, the sensitivity and specificity of biomarkers from the CSF of patients 
with brain tumors is typically higher than those detected in the peripheral blood and other sources. Hence, here we 
describe and properly discuss the clinical roles of distinct classes of CSF biomarkers, isolated from patients with 
brain tumors, such as circulating tumor DNA (ctDNA), microRNA (miRNA), proteins, and extracellular vesicles (EVs).
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Introduction

CSF is an important source of potential molecu-
lar biomarkers, mostly collected by lumbar pun- 
cture or surgery around the brain area. For in- 
stance, CSF contains various biomarkers, such 
as ctDNA, miRNA, proteins, and EVs, which are 
typically derived from brain tumor cells [1]. 
Usually, tumor cells co-exist with their microen-
vironment. Therefore, tumor-related markers 
can be more prominent in fluids nearby the site 
of the disease. CSF is usually considered an ex- 
tension of the extracellular compartment within 
the central nervous system (CNS) and, as such, 
a major route for brain tumors [2]. The biomark-
er content of patients with brain tumors is 
mostly low or even undetectable, since the 
blood-brain barrier has a major impact on the 
release of putative biomarkers into the system-
ic circulation. Nevertheless, CSF is a suitable 
repository of clinical biomarkers, and an in- 

creasing number of studies have reported that 
CSF-derived biomarkers are more abundant 
than those in the peripheral blood and other 
sources. For instance, ctDNAs derived from 
brain tumor cells are more abundantly present 
in the CSF than in the plasma [3]. In addition, 
CSF is a better source of circulating nucleic 
acids than the plasma from brain tumor patients 
[4]. One particular clinical study, composed by 
eight brain tumor patients, indicated that the 
detection of tumor-specific mutations in CSF 
ctDNA has higher sensitivity when comparing 
with plasma ctDNA (100% vs. 37.5%, respec-
tively) [5]. Although plasma is still a more com-
mon source for the quantitative isolation and 
detection of nucleic acids (possibly due to the 
negative impact of the blood brain barrier), CSF 
has been a more qualitative source of nucleic 
acids [5, 6]. Hence, CSF may provide a less in- 
vasive diagnosis and treatment monitoring of 
brain tumors patients [7]. Currently, liquid biop-
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sy techniques including Enzyme-linked Immu- 
nosorbent Assay (ELISA), Polymerase Chain 
Reaction (PCR), and Next-Generation Sequen- 
cing (NGS) have been standardized for the 
detection of potential CSF biomarkers. Based 
on these techniques, changes on the expres-
sion of ctDNA, miRNA, proteins, and EVs (Figure 
1) from brain tumor cells can be examined in 
the CSF and, more precisely, translated into the 
diagnosis and treatment, as well as monitoring 
recurrence and treatment response of brain 
tumors.

Cerebrospinal fluid biomarkers related to 
brain tumors

CtDNAs

CtDNA is referred to the DNA that comes from 
tumor cells and stably circulates in body fluids. 
Tumor-derived ctDNAs have been extracted 
from CSF samples of patients with brain 
tumors, and a series of genes mutations have 
been assessed [8]. Interestingly, one particular 
study has been demonstrated that CSF-derived 
ctDNAs can better reflect sequence mutations 
in driving genes when compared to plasma ctD-
NAs [9]. Two new ways have been utilized to 

extracted from 53 patients to study alterations 
in 341 cancer-associated genes by NGS, and 
somatic alterations were detected in more than 
half of the patients with primary and metastatic 
brain tumors, but not detected in patients with-
out brain tumors [11].

Gene mutations in IDH1, TP53, EGFR, PTEN, 
FGFR2, and ERBB2 (Table 1) have been detect-
ed in CSF-derived ctDNA of patients with glio-
blastoma (GBM) [3]. The genetic alterations 
including amplification of EGFR and deletions 
of CDKN2A/B have been also observed in CSF-
derived ctDNA from GBM patients by NGS 
(Table 1) [15]. Gene mutation analyses of other 
genes, such as IDH1/2, TP53, ATRX, TERT, 
H3F3A, and HIST1H3B, have been detected in 
CSF ctDNAs and equally contributed to the 
diagnosis and treatment of diffuse gliomas 
patients (Table 1) [6]. Similarly, the most fre-
quently genes mutations, such as H3F3A, 
HIST1H3B, TP53, ATRX, PDGFRA, FAT1, PPM1D, 
IDH1, NF1, PIK3CA, and ACVR1 (Table 1), have 
been detected in CSF ctDNA of brainstem glio-
ma patients [5]. Of note, it is appropriate to 
point out that H3F3A and HIST1H3B mutations 
were also detected in CSF-derived ctDNAs of 
diffuse midline glioma patients (Table 1) [16].

Figure 1. Molecular biomarkers, secreted by brain tumor cells, can enter into the 
cerebrospinal fluid (CSF). Therefore, CSF may contain increased levels of ctDNA, 
miRNA, proteins and EVs. Fortunately, CSF is easily obtained through lumbar 
puncture or surgery. Using liquid biopsy techniques, changes on the expression 
of ctDNA, miRNA, proteins and EVs from brain tumor cells can be examined in 
the CSF.

detect genetic mutations: 
droplet-digital PCR (ddPCR) 
and NGS [10-12]. One par-
ticular study has perfor- 
med ddPCR with targeted 
amplicon sequencing to 
search for mutations in 
CSF ctDNA of primary and 
metastatic brain tumor pa- 
tients [13]. A number of tu- 
mor gene mutations were 
detected in CSF-derived ct- 
DNAs from 7 patients with 
solid brain tumors, where 
6 had detectable tumor 
mutations in at least one 
of the following genes: 
NF2, AKT1, BRAF-V600, 
NRAS, KRAS, TP53, and 
EGFR (Table 1) [14]. Inte- 
restingly, gene mutations 
in RGS12, CASR, AQR, MT- 
MR4, and KDM6A were 
detected in CSF-derived ct- 
DNA from medulloblasto-
ma patients [8]. Moreover, 
CSF-derived ctDNAs were 



Clinical roles of detecting cerebrospinal fluid biomarkers in brain tumors

1381	 Am J Transl Res 2020;12(4):1379-1396

Table 1. CtDNAs characterized in CSF samples derived from patients with brain tumors
Brain Tumor Types Example Findings Clinical Roles Reference
primary tumors
    Gliomas IDH1, TP53, EGFR, PTEN, FGFR2, ERBB2 mutations diagnosis/therapy [3]

EGFR amplification diagnosis/therapy [15]
CDKN2A/B deletions diagnosis/therapy [15]
IDH1/2, TP53, ATRX, TERT, H3F3A, HIST1H3B mutations diagnosis/therapy [6]
H3F3A, HIST1H3B, TP53, ATRX, PDGFRA, FAT1, PPM1D, IDH1, NF1, PIK3CA, ACVR1 mutations diagnosis/therapy [5]
H3F3A, HIST1H3B mutations diagnosis/therapy [16]

    PCNSL MYD88 mutations diagnosis/therapy [17-19]
    Medulloblastoma RGS12, CASR, AQR, MTMR4, KDM6A mutations diagnosis/therapy [8]
    VS NF2 mutations diagnosis/therapy [14]
    Meningioma AKT1 mutations diagnosis/therapy [14]
Metastatic tumors
    SCNSL MYD88 mutations diagnosis/therapy [20]
    Melanoma BRAF-V600, NRAS mutations diagnosis/therapy [11, 14]
    Lung cancer EGFR mutations diagnosis/therapy [11, 14, 26]

KRAS mutations diagnosis/therapy [11]
    Breast cancer TP53, PIK3CA mutations diagnosis/therapy [27]
    Colon cancer KRAS, TP53 mutations diagnosis/therapy [14]
    Bladder cancer TP53, AKT2 mutations diagnosis/therapy [11]
    Ovarian cancer BRCA1, CDKN2B mutations diagnosis/therapy [11]
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Similarly, MYD88 mutation (Table 1) has been 
detected in CSF extracted from patients with 
primary central nervous system lymphoma 
(PCNSL) [17-19]. Gene mutation in MYD88 has 
also been detected in CSF-derived ctDNA of 
one patient with secondary central nervous 
system lymphoma (SCNSL) [20]. Another genes 
whose mutations have diagnostic potential, 
such as CD79B, were found in PCNSL patients 
[21]. However, no CD79B mutation has been 
detected in CSF so far. Interestingly, several 
studies have also shown that neither CD79B 
nor MYD88 mutations have been found in glio-
ma patients [22, 23]. Still, CD79B and MYD88 
mutations, which were detected in CSF-derived 
ctDNAs, may play an important role distinguish-
ing PCNSL from other brain tumors [24]. There- 
fore, MYD88 and CD79B could be potentially 
used as molecular signatures for lymphomas.

In patients with brain metastases derived from 
melanoma, BRAF-V600 and NRAS mutations 
(Table 1) have been monitored in CSF-derived 
ctDNAs [11, 14]. Since ctDNA is not suitable to 
track tumor evolution in the brain, it is unable 
to monitor brain metastasis due to melanoma 
[25]. Similarly, we may also find other genetic 
mutations in CSF-derived ctDNAs from patients 
with other types of brain metastases. For exam-
ple, EGFR [11, 26] and KRAS [11] mutations 
(Table 1) might be detected in CSF-derived ctD-
NAs in cases of brain metastasis due to prima-
ry lung cancer. TP53 and PIK3CA mutations 
(Table 1) were also detected in CSF-derived 
ctDNAs from HER2-positive brain metastasis 
originated from breast cancer [27]. In patients 
with brain metastases due to primary bladder 
cancer, TP53 and AKT2 mutations have been 
detected in CSF-derived ctDNAs. Moreover, 
BRCA1 and CDKN2B mutations (Table 1) were 
linked to brain metastases due to primary ovar-
ian cancer [11].

MiRNAs

MiRNAs are small non-coding RNAs (~22 nucle-
otides in length) that can be released from 
brain tumor cells [28]. Free miRNAs possibly 
result from tumor cell death or secretion of 
tumor cells, leading to the release of nucleic 
acids in the extracellular matrix. The main func-
tion of miRNAs includes the modulation of gene 
expression by mRNA silencing and/or degrada-
tion. Interestingly, a single miRNA may be able 
to target several mRNAs simultaneously (pleio-

tropic effects) [28, 29]. The association be- 
tween miRNAs and brain tumorigenesis was 
first introduced in 2005. Three years later, the 
presence of miRNAs in circulating body fluids 
from patients with brain tumor was finally de- 
tected [30]. In fact, miRNAs can be released 
into biological fluids such as plasma or CSF 
[31]. However, due to the existence of the 
blood-brain barrier, it has been hypothesized 
that miRNAs present in the CSF can better 
reflect the brain physiology and related pathol-
ogies more accurately than plasma miRNAs 
[32]. Several studies have demonstrated the 
causes and significance of extracting miRNAs 
from CSF [14, 32-34]. Still, due to the presence 
of RNA-degrading enzymes in the blood [35], 
the expression/secretion of miRNAs in the CSF 
appears to define, more accurately, the malig-
nant process of brain tumors [36].

Differences in brain miRNA profiles may depend 
on the source of the brain region [37], suggest-
ing that different types of brain tumors corre-
spond to distinct types and levels of miRNAs 
[38, 39]. Extracellular vesicles (EVs) are nano-
meter size membrane-closed particles that can 
contain a variety of miRNAs [40, 41]. The incor-
poration of miRNAs into EVs results in protec-
tion from degradation in the biofluid environ-
ment [42]. EVs can be isolated from CSF [43, 
44] and, apparently, this procedure can be 
more feasible that isolating and sequencing 
exosomal miRNAs from CSF [32, 33, 37]. 
Multiple CSF-related miRNAs have been found 
to be significantly associated with primary and 
metastatic brain tumors. Intriguingly, certain 
miRNAs may be upregulated in some brain 
tumors while downregulated in others, indicat-
ing that combinations of miRNA signatures can 
be useful to distinguish brain tumors. For 
instance, meningiomas and brain metastasis 
show elevated expression of miR-935, while 
miR-935 expression is absent in lymphomas 
and gliomas (Table 2) [45]. Similarly, miR-451 
and miR-711 are upregulated in meningiomas, 
gliomas, and medulloblastoma while downregu-
lated in lymphomas (Table 2) [45]. In particular, 
miR-125b and miR-223 are important diagnos-
tic biomarkers for GBM, medulloblastoma, and 
brain metastasis (Table 2) [45]. Therefore, dif-
ferential miRNA expression can be used as an 
unique approach for the minimally invasive 
diagnosis of GBM [33]. CSF-related miRNAs 
have also been extracted from 118 patients 
diagnosed with different types of brain tumors 
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Table 2. MiRNAs characterized in CSF samples derived from patients with brain tumors
Brain Tumor Types Example Findings Clinical Roles Reference
primary tumors

    Gliomas miR-451, miR-711 upregulated diagnosis/therapy response [45]

miR-125b, miR-223 upregulated diagnosis/therapy response [45]

miR-10b Upregulated diagnosis/therapy response/tumor relapse [32]

miR-21 upregulated diagnosis/therapy response/tumor relapse [32, 44, 90, 91]

miR-15b upregulated diagnosis/therapy response [33]

miR-21, miR-218, miR-193b, miR-331, miR-374a, miR-548c, miR-520f, miR-27b, miR-30b upregulated diagnosis/therapy response [43]

miR-151a upregulated therapy response [104]

    PCNSL miR-21, miR-19b, miR-92 upregulated diagnosis/therapy response [38, 46]

miR-451, miR-711 upregulated diagnosis/therapy response [45]

    Medulloblastoma miR-451, miR-711 upregulated diagnosis/therapy response [45]

miR-125b, miR-223 upregulated diagnosis/therapy response [45]

    Meningioma miR-451, miR-711, miR-935 upregulated diagnosis/therapy response [45]

Metastatic tumors

    SCNSL miR-30c upregulated diagnosis [47]

    Lung cancer miR-10b, miR-21, miR-200 upregulated diagnosis/therapy response/tumor relapse [32]

miR-125b, miR-223, miR-935 upregulated diagnosis/therapy response [45]

    Breast cancer miR-10b, miR-21, miR-200 upregulated diagnosis/therapy response/tumor relapse [32]

miR-125b, miR-223, miR-935 upregulated diagnosis/therapy response [45]
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and non-neoplastic neuropathologies [32]. As a 
result, miR-10b and miR-21 levels in the CSF 
were noticeably increased in GBM and brain 
metastasis patients when compared with tu- 
mors in remission and other non-neoplastic 
conditions (Table 2) [32]. In addition, miR-200 
levels (Table 2) were solely elevated in brain 
metastases, but not under other pathological 
conditions, which allows the discrimination be- 
tween GBM and metastatic brain tumors. Com- 
parative analysis of these particular miRNAs 
allowed the distinction of GBM and metastatic 
brain tumors from healthy controls, with an 
accuracy of 91-99% [32]. The levels of miR-15b 
were also significantly elevated in gliomas, sug-
gesting that the combined measurement of 
miR-15b and miR-21 levels could permit a more 
comprehensive diagnosis of gliomas than sole-
ly analyzing miR-21 yields (Table 2) [33]. In 
addition, a number of miRNAs, including miR-
21, miR-218, miR-193b, miR-331, miR-374a, 
miR-548c, miR-520f, miR-27b, and miR-30b 
were also detected in the CSF and closely relat-
ed to GBM differentiation (Table 2) [43].

The levels of miR-21 are largely overexpressed 
in gliomas but, importantly, they can be also 
overexpressed in PCNSL. Except for miR-21, 
other miRNAs like miR-19b and miR-92a can 
also be helpful in the diagnosis and monitoring 
of PCNSL [38]. One clinical study, composed  
by thirty-nine PCNSL patients, indicated that 
~97% sensitivity could be achieved in the diag-
nosis of PCNSL by combining with the CSF anal-
yses of miR-21, miR-19b, and miR-92 levels 
(Table 2) [46]. Interestingly, one particular 
study has indicated that miR-30c levels in CSF 
noticeably increased in SCNSL patients when 
compared with PCNSL (Table 2) [47].

Melanoma has a strong tendency to metasta-
size to the brain. CSF cytology is often used to 
search for melanoma-derived brain metasta-
ses. However, this procedure is not sensitive 
enough to diagnose this metastatic subtype 
[30]. Fortunately, it has been observed that the 
presence of three mRNA markers in the CSF-
MAGE-3, MART-1 and tyrosinase-may diagnose 
melanoma brain metastasis. The correlation 
between the detection of these melanoma-
associated RNAs in the CSF and the develop-
ment of CNS metastases, after 3 months, is 
significant [48]. Nevertheless, the clinical utility 
of miRNAs as CSF biomarkers has not been 
validated yet. Further research aiming the 

detection of miRNAs in the CSF of patients with 
melanoma-derived brain metastases is still 
warranted.

Proteins

Similar to nucleic acids detected in the CSF, 
certain protein biomarkers also appear to be 
more concentrated in this compartment than in 
the plasma. For instance, the levels of glial 
fibrillary acidic protein (GFAP) were quantita-
tively determined in the CSF of brain tumor 
patients. Hence, it was observed that GFAP lev-
els from GBM patients surpassed those from 
other brain tumors and cerebral lesions of dis-
tinct etiology (Table 3) [49]. Other proteins de- 
tected in the CSF, including Tenascin, Osteo- 
pontin (OPN), and Matrix metalloproteinases 
(MMPs), have also been elevated in glioma 
patients. Extracellular matrix (ECM) is a signifi-
cant component of this environment. Tenascin 
is present in the ECM and it is highly expressed 
during development in migratory cells. The lev-
els of tenascin in CSF are reported to increase 
in astrocytic tumors when compared to non-
astrocytic primary CNS tumors, metastases 
and non-malignant controls (Table 3) [50]. Te- 
nascin levels appear to increase proportionally 
to the grade of astrocytic tumors [50]. OPN is a 
crucial chemokine for macrophages, mediates 
the interaction between GBM tumor cells and 
the innate immune system [51]. In the CSF, the 
levels of OPN and its derivatives are markedly 
increased in glioma patients when compared to 
healthy patients and control patients affected 
by other brain tumors (Table 3) [52]. MMPs 
exist in both membrane-bound and secreted 
forms. Analysis of MMP-2 and MMP-9 levels in 
the CSF may be conducive to diagnose gliomas 
and even estimate tumor recurrence (Table 3) 
[53]. Due to its role in the metastasis and inva-
sion of brain tumors, extensive work has been 
pursued to develop MMP inhibitors for their 
treatment.

Growth factors and cytokines have also been 
identified as potential biomarkers present in 
the CSF of GBM patients. About 90% of patients 
with malignant gliomas present elevated vascu-
lar endothelial growth factor (VEGF) levels in 
the CSF (Table 3) [54]. Interestingly, related to 
CSF levels of cleaved OPN, VEGF and C-C motif 
chemokine ligand (CCL) 4 levels in the CSF 
were significantly increased in glioma patients 
when compared with non-tumors (Table 3) [55]. 
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In addition, one particular study has shown that 
CSF fibroblast growth factor (FGF) and VEGF 
levels in patients with high-grade glioma were 
apparently higher than patients with low-grade 
glioma (Table 3) [56]. A further study has indi-
cated that nerve growth factor (NGF) levels in 
the CSF elevate proportionally to the glioma 
grade (Table 3) [57]. The levels of 19 tumor-
related CSF proteins have been examined, and 
results demonstrated that GBM patients have 
significant increases in interleukin (IL)-6 levels 
compared with patients with low grade gliomas 
and normal subjects (Table 3) [58]. Similarly, 
CSF IL-8 levels were also markedly increased in 
astrocytic tumors patients when compared 
with healthy patients (Table 3) [59]. Altogether, 

these studies suggest that CSF proteins have a 
potential use as glioma biomarkers.

Several CSF-related protein biomarkers, such 
as CXCL13, IL-10, IL-6, B2M, sIL-2R, sCD27, 
ATIII, OPN, Neopterin, sTACI, sBCMA, APRIL, and 
BAFF, have a putative diagnostic value in lym-
phomas. The elevated CXC chemokine ligand 
(CXCL) 13 plus IL-10 was 99.3% specific for 
PCNSL and SCNSL, with a sensitivity signifi-
cantly greater than standard CSF tests (Table 
3) [60]. IL-10, IL-6, beta-2 microglobulin (B2M), 
and soluble IL-2 receptor (sIL-2R) levels in CSF 
from patients with CNS lymphoma were appar-
ently higher than non-lymphoma patients 
(Table 3) [61]. A specificity of 90% was also 

Table 3. Proteins characterized in CSF samples derived from patients with brain tumors
Brain Tumor Types Example Findings Clinical Roles Reference
primary tumors

    Gliomas GFAP high levels diagnosis/therapy response [49]

Tenascin high levels diagnosis/therapy response [50]

OPN high levels diagnosis/therapy response/tumor relapse [52]

MMP-2, MMP-9 high levels diagnosis/therapy/tumor relapse [53]

VEGF high levels diagnosis/therapy/therapy response [54-56]

CCL4 high levels diagnosis/therapy [55]

FGF high levels diagnosis [56]

NGF high levels diagnosis [57]

IL-6 high levels diagnosis/therapy/therapy response [58]

IL-8 high levels diagnosis/therapy [59]

    PCNSL CXCL13 high levels diagnosis [60]

IL-10 high levels diagnosis [60, 61]

IL-6, B2M high levels diagnosis [61]

sIL-2R high levels diagnosis [61, 62]

sCD27 high levels diagnosis [64]

ATIII high levels diagnosis/therapy response [65]

OPN high levels diagnosis [66]

Neopterin high levels diagnosis [67]

sTACI, sBCMA high levels diagnosis/therapy response [68]

APRIL, BAFF high levels diagnosis/therapy response/tumor relapse [69]

BAFF, TACI high levels diagnosis/therapy [70]

haemopexin, apolipoprotein A1, transferrin high levels diagnosis [71]

    Medulloblastoma PGD2S low levels diagnosis/therapy response/tumor relapse [106]

    VS ABCA3, KLF11 high levels tumor relapse [105]

BASP1, PRDX2 low levels tumor relapse [105]

    Meningioma EFEMP1 high levels diagnosis [74]

Metastatic tumors

    SCNSL CXCL13 high levels diagnosis [60]

IL-10 high levels diagnosis [60, 61]

IL-6, B2M, sIL-2R high levels diagnosis [61]

OPN high levels diagnosis [66]

haemopexin, apolipoprotein A1, transferrin high levels diagnosis [71]

    Melanoma CXCL10, IL-8 high levels diagnosis/therapy [72]

    Lung cancer CEA high levels diagnosis/therapy [73]

    Breast cancer CEA high levels diagnosis/therapy [73]
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found for increased sIL-2R in the CSF, which 
correlated with the proper diagnosis of patients 
initially suspected of having PCNSL (Table 3) 
[62]. CD27 is a receptor molecule that integra- 
tes the tumor necrosis factor receptor (TNFR) 
superfamily and, as such, it may regulate the 
activation of B cell and synthesis of immuno-
globulin [63]. A total of 42 CSF samples were 
collected from various types of brain tumor 
patients, and results indicated that the levels 
of Soluble CD27 (sCD27) were significantly 
higher in the PCNSL group when compared to 
controls with unrelated brain tumors (Table 3) 
[64]. Antithrombin III (ATIII) has been reported 
at significantly different levels in patients with 
CNS lymphoma and non-neoplastic patients. 
Indeed, ATIII concentrations in patients with 
CNS lymphoma were significantly higher than in 
control patients, and the elevation of ATIII was 
75% sensitive and 98% specific along this pop-
ulation study (Table 3) [65]. Osteopontin (OPN), 
a pro-inflammatory cytokine, is frequently asso-
ciated with the progression, metastatic spread 
and poor prognosis of various malignancies. 
One study has shown that the sensitivity and 
specificity of CSF OPN in a combined patient 
group of PCNSL and SCNSL was 87% and 86% 
higher than the control group, respectively 
(Table 3) [66]. Neopterin is part of the pteridin 
class of molecules, and it is considered a mark-
er for the activation of the immune system. CSF 
neopterin levels have been significantly higher 
in the patients with PCNSL than in those with 
other brain tumors. In this context, the sensitiv-
ity of this approach was 96% and the specificity 
was 93% for the diagnosis of PCNSL (Table 3) 
[67]. CSF soluble transmembrane activator and 
CAML-interactor (sTACI) and soluble B-cell mat-
uration antigen (sBCMA) levels were significant-
ly increased in PCNSL patients when compared 
with control groups (Table 3) [68]. Similarly, a 
proliferation-inducing ligand (APRIL) and B cell 
activating factor (BAFF) levels in CSF from 
patients with PCNSL were also apparently high-
er than other brain tumors (Table 3) [69]. In 
addition, one particularly study has shown that 
the sensitivity and specificity of CSF-derived 
BAFF and TACI as diagnostic markers for PCNSL 
were 100% (Table 3) [70]. Another three pro-
teins - haemopexin, apolipoprotein A1, and 
transferrin - were also detected at significantly 
increased levels in the CSF of CNS lymphoma 
patients (Table 3) [71].

CXCL10 and IL-8 chemokines are usually 
increased in the CSF of patients with melano-
ma-related brain metastasis (Table 3) [72]. 
Likely, carcino-embryonic antigen (CEA) has 
been measured in the CSF of patients with pri-
mary and metastatic brain tumors, suggesting 
that CEA levels in metastatic brain tumors are 
apparently higher than those in primary brain 
tumors (Table 3) [73]. EGF containing fibulin-
like extracellular matrix protein 1 (EFEMP1) 
was also identified in the CSF of patients with 
meningioma and some healthy controls. 
Surprisingly, EFEMP1 levels were significantly 
higher in the CSF samples of meningioma 
patients when compared to the controls (Table 
3) [74]. Prospective studies, including larger 
patient cohorts, will be further necessary to 
validate the diagnostic value of some attractive 
CSF protein biomarkers, for different types of 
brain tumors.

Extracellular vesicles

Extracellular vesicles (EVs) are membrane-
bound nanoparticles, released by various types 
of cells [75-77]. Most of them range in size from 
30 nm to 1000 nm [78, 79]. Based on the size, 
biogenesis, and biophysical characteristics, 
EVs can be classified as exosomes, microvesi-
cles and apoptotic bodies [80, 81]. These vesi-
cles are seminal to multiple biologic processes 
and, at the same time, capable of promoting 
tumor progression [82-84]. EVs, sometimes 
referred to as ‘exosomes’, carry an abundant 
array of lipids, DNAs, miRNAs, and proteins 
(Figure 2A), which can reflect their identity for 
analysis in liquid biopsy for brain tumors [85-
88]. As shown in Figure 2B, the secretion of 
extracellular vesicles from brain tumor cell is 
quite complicated. A number of studies have 
shown that EVs can be found and isolated from 
the CSF of brain tumor patients [43, 44, 75, 
89]. CSF-derived EVs provide a platform for 
detection of tumor specific biomarkers in the 
brain. For instance, the analysis of mutated 
IDH1 in CSF-derived EVs of patients with glioma 
may play a new role for the diagnosis [89]. 
Moreover, the levels of miR-21 in CSF-derived 
EVs of GBM patients were, in average, 10-fold 
higher than the levels in control subjects, and 
miR-21 in CSF-derived EVs yielded a diagnostic 
sensitivity and specificity of 87% and 93% for 
GBM, respectively [44]. Another study also indi-
cated that the miR-21 signature from CSF-
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derived EVs have a diagnostic significance for 
GBM patients [90]. Indeed, it plays an impor-
tant role not only in diagnosis but also in the 
prognosis and over the course of metastasis. 
The levels of exosomal miR-21 in the CSF from 
glioma patients were found significantly higher 
than in the controls. Furthermore, the levels of 
miR-21 may affect the expression of target 
genes. Therefore, miR-21 levels may have a 
predictive value in glioma recurrence and/or 
metastasis [91]. Epidermal growth factor recep-
tor variant III (EGFRvIII) was also detected in 
CSF-derived EVs from EGFRvIII tissue-positive 
and tissue-negative GBM patients. In this case, 

advantages including easy access and less 
trauma. CSF-derived biomarkers, such as ct- 
DNA, miRNA, proteins, and EVs, could be used 
for early diagnosis of brain tumors and, impor-
tantly, they could also indicate the type of brain 
tumor involved as well as the severity of the 
disease.

CSF-derived ctDNA has been a suitable tool for 
identifying genomic alterations of patients with 
primary and metastatic brain tumors. Many 
researchers have analyzed single and multiple 
genes present in CSF ctDNA, and they have dis-
covered that most of identified genetic altera-

Figure 2. Extracellular vesicles (EVs) are small membrane-bound nanopar-
ticles, released by all human cell types and tissues. A. Exosomes (nano-sized 
EVs) carry an abundant array of lipids, DNA, miRNA and proteins which reflect 
their identity for further analysis after liquid biopsy. B. Illustrative mechanism 
of EV secretion from brain tumor cells.

EGFRvIII in CSF-derived EVs 
yielded a diagnostic sensitiv-
ity and specificity of 61% 
and 98% for EGFRvIII-posi- 
tive GBM. Therefore, it looks 
feasible to direct mutation-
specific therapies for GBM 
[92].

Despite recent advances, in-
depth validation of CSF-de- 
rived EVs as biomarkers  
is still expected. For this, 
acquiring CSF-derived EV 
samples from brain tumor 
patients, in a larger large-
scale, is warranted but will 
certainly require a coordinat-
ed multi-institutional effort.

Clinical roles of CSF bio-
markers in brain tumors

Diagnosis

Some patients affected by 
brain tumors are eventually 
diagnosed at advanced sta- 
ges and, therefore, lack the 
best timing for a more effe- 
ctive treatment. Therefore, 
early diagnosis of brain tu- 
mors and a timely treatment 
are of great importance to 
improve the survival rate of 
the patients. Although brain 
biopsy is still the gold stan-
dard for diagnosing brain 
tumors, biomarkers obtain- 
ed from the CSF of brain 
tumor patients have unique 
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tions included point mutations, amplifications, 
and small deletions (Table 1) [3, 5, 6, 8, 11, 
14-20, 26, 27, 93-96]. More than 50%-75% of 
the brain tumor patients had somatic altera-
tions in the CSF ctDNA [3, 8, 11, 14]. Intere- 
stingly, brain tumors may be diagnosed by 
studying mutations in CSF ctDNA gene and, in 
addition, the respective tumor size can be cor-
related with level of mutation involved. In fact, 
one particular study has shown that the muta-
tion levels detected by ddPCR analysis, can be 
closely associated with the tumor size [3]. In 
conclusion, the study of gene mutations (and 
their levels) in CSF ctDNA from patients with 
brain tumors have a great significance for the 
diagnosis. Multiple miRNAs identified in CSF 
have also been found to be significantly associ-
ated with primary and metastatic brain tumors. 
Similarly, several studies have also suggested 
that the miRNA yields in the CSF could help dis-
tinguish different types of brain tumors and 
other CNS-related diseases (Table 2) [30, 32, 
33, 38, 43-47]. Protein markers can also play 
an important role in the diagnosis of brain 
tumors. A representative number of studies 
have demonstrated that the levels of CSF pro-
teins have a diagnostic value for brain tumor 
patients (Table 3) [49, 50, 52-62, 64-74]. In this 
context, EVs might also play an indirect but sup-
portive diagnostic role, due to its abundance of 
DNA, miRNA, and proteins.

Treatment

After diagnosing a brain tumor type, a treat-
ment plan should be followed according to the 
tumor characteristics. Currently, the strategies 
used for brain tumor therapy include neurosur-
gery, radiation and/or chemotherapy after sur-
gery. In the current era of molecular classifica-
tion of brain tumors, it sounds feasible that a 
preoperative knowledge of biomarkers with 
prognostic significance could help the surgical 
planning, intraoperative decision-making and 
dosage regimen.

CSF ctDNA provides a minimally invasive meth-
od to assess the genomic alterations of a brain 
tumor, in such a way that personalized treat- 
ment(s) might be established according to its 
molecular characteristics (Table 1) [3, 5, 6, 8, 
11, 14-20, 26, 27, 97, 98]. Analyses of CSF-
derived ctDNA from some lymphoma patients 
have indicated that the detection of tumor-spe-
cific mutations is conducive to the adoption of a 

targeted therapy [99]. The use of CSF miRNAs 
as biomarkers can also be extremely helpful to 
determine whether surgery should be per-
formed in patients with brain tumor [32]. In 
fact, even after a complete surgical resection 
under optimal conditions, a number of patients 
can still relapse and be refractory to re-treat-
ment. The relapsed tumor tends to evolve un- 
der treatment and may present different genet-
ic changes from the original primary tumor 
[100]. Unfortunately, there is no standard treat-
ment for the recurrent brain tumors. Still, some 
of treatment options may include temozolo-
mide (TMZ) rechallenge, lomustine, and antian-
giogenic therapy, with the addition of re-irradia-
tion and/or re-resection depending on the 
tumor location and general condition of the 
patient [101]. The prognosis of brain metasta-
ses is poor, and the development of effective 
treatment plans is constantly challenging. Still, 
CSF ctDNA has the potential to identify specific 
genomic alterations during brain metastasis 
that might facilitate the design of personalized 
treatments to target this advanced condition. 
For example, brain metastases originated from 
lung adenocarcinoma, containing EGFR muta-
tions detectable in the CSF, have responded 
well to treatment with EGFR-tyrosine kinase 
inhibitors [102]. Similarly, many researchers 
elaborated that CSF-derived proteins may be 
helpful in the management of brain tumors 
(Table 3) [53-55, 58, 59, 70, 72, 73]. Since 
CSF-derived EVs contain a large amount of 
genetic information related to brain tumor cells, 
they also have a potential value in targeted 
therapy [79].

Taken together, it has been assumed that the 
content of tumor biomarkers (i.e., ctDNA, 
miRNA, and proteins) in the CSF might correlate 
with brain tumor burden. Hence, after surgery 
or chemoradiotherapy, we could anticipate 
whether a selected regimen is correct or should 
be updated according to the biomarker pro- 
filing.

Monitoring recurrence and treatment re-
sponse

Post-treatment monitoring of patients with pri-
mary or metastatic brain tumors is a standard 
medical procedure. Shortly after chemo and/or 
radiotherapy, the appearance of an enlarged or 
newly enhanced lesion, called pseudoprogres-
sion, is frequently found [103]. Indeed, the 
tumor itself does not necessarily grow, and 
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might subside or stabilize without a modified 
treatment [103]. Due to the potential ocurrence 
of pseudoprogression, we cannot solely rely on 
imaging data to confirm or not tumor recur-
rence [38]. It is reasonable to consider that 
tumor recurrence may lead to an increase in 
the levels of tumor-derived biomarkers in the 
CSF, which could also distinguish recurrence 
from pseudoprogression. Afterwards, we may 
reduce unnecessary surgical procedures with 
imaging alterations according to the treatment 
outcome. MiRNA profiling could be used for 
monitoring recurrence and/or examining the 
efficacy of treatment (Table 2) [32, 38, 40, 
43-46, 90, 91, 104]. Upon tumor removal, 
miRNA levels decrease below the levels as pre-
viously established but, if tumor recurrence 
appears, miRNA levels may re-adjust. As an 
example, levels of exosome-derived miR-21 sig-
nificantly correlate with the recurrence or 

surgery typically correlate with vestibular 
schwannoma growth at early phases or upon 
recurrence (Table 3) [105]. Furthermore, levels 
of CSF prostaglandin D2 synthase (PGD2S) 
were obviously decreased in medulloblastoma 
patients and, therefore, could also be used to 
monitor response to treatment and tumor 
recurrence (Table 3) [106].

In summary, tumor biomarkers in the CSF can 
be used to distinguish pseudoprogression from 
recurrence. In that way, some patients without 
true tumor recurrence will refrain from unnec-
essary surgical procedures, such as re-resec-
tions or brain biopsies to confirm recurrence. 
Meanwhile, the levels of tumor biomarkers in 
CSF can vary according to the dosage and the 
type of drug applied, so that a better drug regi-
men can be established according to the yields 
of distinct tumor markers (Figure 3).

Figure 3. Changes on the expression of CSF-derived molecular biomarkers (i.e., 
ctDNA, miRNA, proteins and EVs) can be translated into the diagnosis, treat-
ment, monitoring recurrence and treatment response of brain tumors. EVs play 
indirect clinical roles, due to its abundance of DNA, miRNA, and proteins. After 
diagnosing a brain tumor type, a treatment plan should be followed up accord-
ing to the tumor characteristics. If the tumor recurs or responds poorly, we can 
re-operate on the patients or change the medication regimen.

metastasis of gliomas [91]. 
By testing whether CSF  
levels of specific miRNAs  
can reflect disease activity 
and/or treatment response, 
Teplyuk and colleagues fig-
ured out that both miR-10b 
and miR-200 levels in CSF 
increase during relapse 
and, contrarily, they can be 
reduced by improving erlo-
tinib dosage [32]. Similarly, 
the levels of CSF-derived 
exosomal miR-151a might 
predict the response to 
TMZ treatment in GBM 
patients [104]. A number of 
studies have shown that 
changes in levels of CSF-
derived proteins may also 
reflect whether the tumor 
has recurred and/or treat-
ment is effective (Table 3) 
[49, 50, 52-55, 58, 65, 68, 
69]. Remarkably, increased 
ATP-binding cassette sub-
family A member 3 (ABCA3) 
and Krueppel-like factor 11 
(KLF11) levels and decrea- 
sed brain acid soluble pro-
tein 1 (BASP1) and perox-
iredoxin-2 (PRDX2) levels in 
CSF acquired during ves-
tibular schwannoma (VS) 
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Conclusion

Since brain tumors cannot be readily accessed 
by biopsy for frequent analysis, liquid biopsy 
techniques have been increasingly considered 
as a safer and more accessible approach to 
monitor disease progression. As sequencing-
based technologies improve and related costs 
tend to be more manageable, the identification 
of “actionable” mutations have become even 
more important and accessible for medical 
assessment and therapeutics.

Biomarkers in the CSF of brain tumor patients 
can provide information on diagnosis, treat-
ment, monitoring recurrence and treatment 
response. Distinguishing different types of 
brain tumors as well as accessing the severity 
of these tumors are major milestones that the 
analysis of tumor biomarkers in CSF have been 
provided. As the need for tailored therapies 
increase, biomarker analyses are required to 
predict response to specific treatments and, 
therefore, support the development of more 
individualized therapies. In fact, patient-specif-
ic tumor biomarkers are the basis of individual-
ized treatment. Monitoring recurrence and 
treatment response is another important 
potential of the tumor biomarkers. The use of 
the tumor biomarkers in the CSF to distinguish 
pseudoprogression from recurrence will avoid 
unnecessary reoperations and biopsies. More- 
over, changes on the levels of certain brain 
tumor biomarkers can reflect the efficacy of a 
certain treatment, whether drug resistance 
reaction occurs and/or when to stop treatment, 
especially when side effects outweigh thera-
peutic benefits.

Nevertheless, the acquisition of tumor bio-
markers in CSF still has some shortcomings. 
The detection of tumor biomarkers in the CSF 
of brain tumor patients might be still challeng-
ing, possibly due limited concentration, sample 
size, sensitivity of gene mutation detection, 
improper extraction methods, lack of proper 
procedures for handling and storing samples, 
or even lack of standardized isolation proce-
dures. In fact, one particular study has shown 
that CSF ctDNA cannot be detected in every 
patient with brain tumor, and ctDNA was only 
detected in 74% of the CSF samples [8]. Due to 
technological difficulties in their detection and 
lack of standardization, CSF miRNAs are still 
challenging to precisely measure [107].

We can certainly identify that the biological 
value of CSF-derived miRNAs, proteins, and 
EVs from certain conditions, including vestibu-
lar schwannoma and metastatic brain tumors, 
still require further validation. But, most impor-
tantly, we believe that continuous efforts to 
explore and test relevant biomarkers in the CSF 
of brain tumors patients will be translated, in 
the near future, into clinically relevant tools to 
support the diagnosis, treatment, and monitor-
ing recurrence and treatment response of brain 
tumor and other CNS-related diseases.
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