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Abstract

An ideal biomarker must meet several parameters to enable its successful adoption; however, the nature of glioma makes it
challenging to discover valuable biomarkers. While biomarkers require simplicity for clinical implementation, anatomical
features and the complexity of the brain make it challenging to perform histological examination. Therefore, compared to
biomarkers from general histological examination, liquid biomarkers for brain disease offer many more advantages in these
minimally invasive methods. Ideal biomarkers should have high sensitivity and specificity, especially in malignant tumors.
The heterogeneous nature of glioma makes it challenging to determine useful common biomarkers, and no liquid biomarker
has yet been adopted clinically. The low incidence of brain tumors also hinders research progress. To overcome these prob-
lems, clinical applications of new types of specimens, such as extracellular vesicles and comprehensive omics analysis, have
been developed, and some candidate liquid biomarkers have been identified. As against previous reviews, we focused on
and reviewed the sensitivity and specificity of each liquid biomarker for its clinical application. Perusing an ideal glioma
biomarker would help uncover the common underlying mechanism of glioma and develop new therapeutic targets. Further
multicenter studies based on these findings will help establish new treatment strategies in the future.
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Introduction

Gliomas account for 25% of all central nervous system
(CNS) tumors. Gliomas are the most common primary
brain tumors, and most patients with glioblastoma (GBM),
which account for about 60% of all types of glioma, die
within 2 years [1]. However, some clinical problems make
it difficult to overcome gliomas. One cause is the rarity of
brain tumors; approximately, only 24.7 per 100,000 peo-
ple suffer from CNS tumors annually [1]. Although a small
number of reports suggest the possibility of a predictive bio-
marker or mathematical model to be used before the onset of
glioma [2, 3], the gold-standard diagnosis of brain tumors
still remains to be imaging techniques such as computed
tomography (CT) and magnetic resonance imaging (MRI).
Since the rarity of gliomas raises the threshold for these
tests, nearly all patients were admitted to a specialized hos-
pital with some neurological symptoms and already had a
brain tumor of a specific size that was detected in CT or
MRI studies. Another problem is accurately diagnosing the
disease despite numerous imaging modalities. In the course
of the standard treatment of GBM with chemoradiotherapy,
some patients experienced tumor recurrence, and some
patients experienced pseudoprogression, which was caused
by an inflammatory response, edema, and radiation-induced
reaction [4]. These complicated clinical situations interfere
with clinical decisions. Therefore, studies on biomarkers for
gliomas have been conducted, some of which were based
on brain tissue specimens [5]. In contrast to other organs, a
biopsy of brain tumor tissue is more hazardous and invasive
because of the anatomical features surrounding the skull
and complicated brain structures, including vessels and fiber
fascicules [6]. Liquid biomarkers, such as those found in
blood and cerebrospinal fluid, have advantages in their mini-
mally invasive nature. In this review, we focused on liquid
biomarkers and categorized them into types of specimens:
blood, cerebrospinal fluid (CSF), urine, and others. Each cat-
egory was divided according to the type of candidate, such
as circulating tumor cells (CTCs), circulating tumor DNA
(ctDNA), micro RNA (miRNA), peptide, and extracellular
vesicles (EVs). The sensitivity and specificity of each bio-
marker were reviewed. We also discussed current problems
and future perspectives.

Liquid biomarkers
Blood

Blood consistently circulates throughout the body. Previ-
ous studies have identified blood as a promising specimen

for identifying marker candidates for many diseases,
including malignancies [7]. Similar studies have been per-
formed for gliomas, some of which have calculated the
sensitivity and specificity, which would directly contrib-
ute to the clinical value (Table 1). Previous studies have
reported the usefulness of CTC identification. The detec-
tion of CTCs is associated with prognosis in some types
of cancers [7], and the detection rate of CTCs in GBM
patients is the same regardless of recurrence [8]. Despite
the low rate of extracranial metastasis [9], 20—-40% of
patients who suffered from GBM had CTCs in their blood
specimens [10, 11]. CTCs overexpress some genes asso-
ciated with the mesenchymal phenotype [10, 12], which
is known to contribute to tumor dissemination [8, 12].
Other studies have revealed that the expression of some
genes, such as telomerase reverse transcriptase (TERT)
and epidermal growth factor receptor (EGFR), can help
detect CTCs [11, 13]. The combination of gene mutation
and fusion has been indicated as the utility for detecting
GBM from healthy controls (HC) [14]. Detection of CTCs,
which focuses on polyploidy of chromosome 8, would con-
tribute to distinguishing between radiation necrosis and
true glioma recurrence [15].

Previous studies have reported the utility of
plasma ctDNAs in blood samples. Methylation of the
O%-methylguaniate-DNA methyltransferase (MGMT) pro-
moter, one of the most important prognostic markers for
glioma patients, can be detected through ctDNA extrac-
tion [16]. Other studies have indicated the amplification
and mutation of ERBB2, MET, EGFR, and PTEN, which
are known to be specific genetic mutations in gliomas [17].
Another study focused on the malignant nature of GBM
demonstrated the utility of Ras association domain family 1
isoform A (RASSF1A) and death-associated protein kinase
(DAPK) in ctDNA from blood specimens [18]. RASSFI1A
was first isolated from other malignancies, such as lung and
breast cancers [19]. Further studies revealed its utility in
detecting primary malignant brain tumors by brain tumor
specimen analysis [20]. DAPK is associated with neuronal
cell death. Recent studies have indicated that its deregulation
causes abnormal neuronal loss in Alzheimer’s disease [21].

Some miRNAs have been identified as biomarkers of
GBM. miRNA is a type of non-coding small RNA that typi-
cally range from 18 to 22 base pairs [22]. Recent studies
have indicated that miRNAs regulate gene expression and
contribute to proliferation, differentiation, apoptosis, inva-
sion, and carcinogenesis [23-25]. Previous basic research
has revealed that some miRNAs are deregulated in glioma
tissues compared to normal brain tissues. The deregulation
of miRNAs contributes to immune suppression, which is
controlled by GBM [26]. The expression levels of some
miRNAs are sustained for over 6 months after surgery [26].
miR-128 is one of the major candidates as a biomarker of
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GBM; however, its biochemical effect remains unclear.
Some previous studies mentioned that this molecule is
downregulated in patients with glioma. Additional receiver-
operating characteristic (ROC) analysis revealed its utility
as a diagnostic marker to discriminate World Health Organi-
zation (WHO) grade 1 from other grades [27]. In contrast,
another study detected that this candidate molecule was
upregulated in GBM patients [26]. A study investigated
the clinical role of miRNAs as diagnostic biomarkers. The
expression levels of these miRNAs in blood samples were
significantly higher in GBM patients than in healthy individ-
uals. They were detected with high sensitivity and specific-
ity, showing an association with patient prognosis [28-30].
Serum miR-205 and miR-100 have also been identified as
valuable diagnostic and prognostic biomarkers, which are
downregulated in patients with glioma [31, 32]. In particu-
lar, miR-100 has been suggested as a diagnostic marker of
GBM in HC with sensitivity and specificity of 77.89 and
83.33%, respectively [32]. The serum level of miR-182,
which is upregulated in glioma patients, was also detected
as a valuable candidate prognostic biomarker and the deter-
mination of grading based on WHO classification [33, 34].
Other studies have investigated genome-wide serum miRNA
expression and identified multiple combinations of miRNAs
that could detect malignant astrocytoma with high sensitiv-
ity and specificity [35, 36], none of which have been used
in clinical practice.

Previous studies have identified peptides as candidate lig-
uid biomarkers for gliomas. Three serum proteins, BMP2,
HSP70, and CXCL10, identified from the data bank on
astrocytoma gene expression, could differentiate GBM from
HC with high sensitivity and specificity [37]. A compari-
son of blood samples from GBM patients and HC revealed
eight peptides, leucine-rich alpha-2-glycoprotein (LRG1),
complement component C9 (C9), C-reactive protein (CRP),
alpha-1-antichymotrypsin, apolipoprotein B-100, gelsolin
(GSN), Ig alpha-1 chain C region, and apolipoprotein A-1V,
which were detected as candidate biomarkers of GBM by
quantitative comparisons of the plasma proteasome [38].
Some of these molecules (LRG1, C9, and CRP) were posi-
tively correlated with tumor size, and GSN was negatively
correlated with PES and OS in the Kaplan—Meier curve anal-
ysis [38]. Upon further analysis of some of these biomarker
candidates, the expression level of LRG1 in GBM was found
to be higher than other diffuse gliomas [39], and GSN, which
is known as a calcium-adjusted actin filament protein and
negatively controlled by miR-654-5p and miR-450b-5p,
was found to suppress glioma cell proliferation and inva-
sion [40]. Filamin C (FLNC), which also contributes to actin
function, is expressed in glioma tissue in a grade-dependent
manner. The serum anti-FLNC autoantibody was detected
as a biomarker for early diagnosis of lower-grade glioma
(LGG) [41]. The association between cancers and changes in
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the coagulation system has been noted previously [42], and
similar findings have been reported in glioma. Cathepsin D,
a protease, showed high expression in the serum of patients
with HGG than in those with LGG [43]. The serum expres-
sion level of plasminogen activator inhibitor-1 (PAI-1), a
primary inhibitor of urokinase-type plasminogen activator
(PA) and tissue-type PA, is higher in HGG and is reduced by
treatment. Therefore, PAI-1 may contribute to preoperative
diagnostic markers and post-operative markers for glioma
recurrence [44]. Other studies have also focused on coagu-
lation, angiogenesis, and inflammation markers; none has
been associated with clinical outcomes [45]. Some studies
have investigated molecules associated with the hallmark of
tumors, such as proliferative activity. A high expression level
of osteopontin in serum specimens is associated with poor
prognosis [46]. Focusing on the invasive nature of glioma,
the expression level of tissue inhibitor of metalloprotein-
ase-1 in plasma specimens is associated with the diagno-
sis and prognosis of patients with glioma [46, 47]. Another
study indicated that YKL-40, a mesenchymal marker for
glioma, is higher in GBM patients than in HC and is asso-
ciated with the surgical resection rate and prognosis [48].
The serum expression level of YKL-40 was substantially
elevated in GBM patients compared to that in other glioma
patients [49]. Previous studies have revealed that YKL-40
is associated with cell proliferation, escape apoptosis, and
extracellular matrix remodeling [49], and could be used as
a diagnostic and surrogate biomarker. Another study inves-
tigated diagnostic serum biomarkers, including glial fibril-
lary acidic protein (GFAP). It concluded that none of the
investigated markers was suitable for histological diagnosis
[50]. Previous studies have investigated prognostic biomark-
ers for gliomas. Insulin-like growth factor binding protein 2
(IGFBP-2), a malignancy-associated protein, is associated
with the prognosis of patients with GBM. At 650 ng/mL, the
preoperative plasma concentration of IGFBP-2 can predict
the prognosis for 12 months or less with a sensitivity and
specificity of 62 and 80%, respectively [51].

EVs, which are composed of a hydrophilic aqueous core
and hydrophobic outer lipid bilayer, are associated with gli-
oma proliferation, migration, and invasion by transporting
intracellular materials [5, 52]. Recent studies have revealed
that some EVs can be used as biomarkers for gliomas. Some
genetic mutations specific for glioma, such as isocitrate
dehydrogenase 1 (IDH1) and EGFR variant III (EGFRVIII),
were successfully detected in blood samples [53, 54]. Some
of these studies revealed that genetic mutations of EGFR
variant [II (EGFRVII) from EV could help detect HGG from
HC at a sensitivity and specificity of 81.58 and 79.31% [55].
One characteristic of EVs is their high permeability. Basic
research has found that EVs from glioma cells cross the
intact blood-brain barrier (BBB) and could be detected in
the peripheral blood of xenograft models [56]. Another basic
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research revealed that the endothelial recycling endocytic
pathways, a type of transcytosis, contribute to EV translation
from the intact BBB [57].

Cerebrospinal fluid

CSF is produced continuously and is recycled as blood and
lymph fluid [58]. CSF is collected during lumbar puncture
and brain tumor surgery and can potentially provide evi-
dence for critical molecular biomarkers of brain tumors.
Tumor-associated biomarkers may be more prominent in
body fluids close to the disease site, as tumor cells usually
coexist with their microenvironment. In particular, the pres-
ence of the BBB in the brain may prevent the release of puta-
tive biomarkers into the systemic circulation, including the
blood [59]. Nevertheless, CSF is expected to be a significant
source for detecting brain tumor biomarkers due to its con-
tact with brain tissue and proximity to most tumor masses
[60]. The primary analysis of CSFs involves the circulation
of cell-free nucleic acids, including cell-free DNA and RNA.
This not only detects somatic mutations, insertions, dele-
tions, and copy number variations but also aids in evaluating
methylation statuses and regulatory nucleic acids, such as
miRNAs and long non-coding RNAs (IncRNAs). The analy-
sis of proteins and EVs also supports the evaluation of RNA
expression [61]. CSF is an ideal biofluid for ctDNA detec-
tion because of the low non-tumor background of circulating
cell-free DNA (cfDNA) and its anatomic proximity [62].
ctDNA derived from tumors in the CNS is more abundant
in the CSF than in plasma [63]. In this chapter, we focus on
the biomarkers in CSF reported in the literature, especially
ctDNA, microRNAs, and proteins. We also reviewed studies
that discussed the sensitivity and specificity of these candi-
date biomarkers (Table 2).

While ctDNA is highly specific and provides important
genomic information about tumors, ctDNA levels in plasma
are low and must be detected with high sensitivity [64].
Wang et al. [65] analyzed 29 cases of glioma and found that
the detection rate of ctDNA from CSF collected during sur-
gery for primary CNS malignancies was 74%. CSF-ctDNA
levels and detection rates in their study were significantly
higher when the tumor was in contact with the CSF space,
and in high-grade tumors; tumor size was not a statistically
significant factor. Miller et al. [66] evaluated the glioma
genome in CSF collected via lumbar puncture and found
that ctDNA was detected in 49.4% of the patients and was
associated with disease burden and adverse outcomes. In
the same report, a combination of mutations in IDH, TP53,
1p/19q co-deletion, and alterations in the gene encoding
alpha-thalassemia/mental-retardation-syndrome-X-linked
(ATRX), which define the LGG subtype, were consistent
between CSF and glioma. Further detailed genomic analy-
sis of gliomas in CSF revealed mutations within the TERT

promoter, the protein-coding region of TP53, the catalytic
domain of IDH]1, deletions of CDKN2A and CDKN2B,
amplification of the EGFR gene, and in-frame deletions
of EGFR-mutant III. In a recent report, multigene cancer
genome panel sequencing showed that mutations in the
ctDNA of CSF were highly consistent with those in tumor
DNA. In terms of tumor mutation burden (TMB), which has
shown promise as a biomarker for immune checkpoint inhib-
itor therapy in several types of cancer, ctDNA TMB in the
CSF was strongly correlated with tumor DNA TMB, espe-
cially for GBM [67]. Similar attempts have been made for
brainstem and cerebral hemispheric gliomas. Pan et al. [68]
analyzed 57 CSF-ctDNA samples and found nine medullary
and 23 diffuse intrinsic pontine gliomas (DIPG), H3F3A,
HIST1H3B, TP53, ATRX, PDGFRA, FAT1, PPMID,
IDH1, NF1, PIK3CA, ACVRI1, and other mutations, all of
which were detected in > 83% of cases. At least half of the
alterations were also detected in the CSF in 91.9% (34/37)
of cases. These findings suggest that deep sequencing of
ctDNA can help detect tumor-specific mutations in both cer-
ebral hemispheres and in brainstem gliomas.

In gliomas, changes in the biosynthesis and expression
of miRNAs play an important role in key signaling path-
ways associated with various tumor characteristics, such
as glioma development, invasion, and malignant transfor-
mation. In recent years, significant levels of miRNAs have
been found in CSF samples, making them valuable bio-
marker candidates [69]. Furthermore, given the presence
of the BBB, the expression and function of miRNAs can
more accurately reflect pathological conditions in the CSF
than in plasma [70]. Several miRNAs have been identified as
candidate biomarkers for differentiating gliomas from other
brain tumors. Teplyuk et al. [70] reported that miR-10b and
miR-21 levels were significantly increased in the CSF of
patients with GBM and brain metastases from breast and
lung cancer compared to tumors in remission and various
non-neoplastic diseases. Baraniskin et al. [71] compared
CSF samples from controls with several neurological dis-
eases (e.g., CNS lymphoma and cancerous brain metasta-
ses) and reported that miR-15b and miR-21 were highly
expressed in glioma patients and at a sensitivity of 90% and
specificity of 100%, patients were diagnosed with glioma.
Measuring the members of the miR-200 family that are aber-
rantly expressed in the CSF of patients with brain metastases
can discriminate GBM from metastatic brain tumors, and
quantifying seven miRNAs can be used to distinguish GBM
from metastatic brain tumors with high accuracy (91-99%).
In addition, Kopkova et al. [72] reported that the expression
levels of five miRNAs (miR-30e, miR-140, let-7b, mR-10a,
and miR-21-3p) could be combined to differentiate between
the brain and non-brain tumors as well as GBMs, low-grade
gliomas, meningiomas, and brain metastases in patients with
suspected brain tumors. Akers et al. [73] found that nine
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Table 2 Overview of cerebrospinal fluid biomarkers in glioma

Study Sample Candidate molecule

Type of biomarker Case number Sensitivity (%) Spec-
ificity

(%)

Baraniskin et al. (2012) CSF in the lumber miR-15b

[71] region

Baraniskin et al. (2012) CSF in the lumber miR-15b and miR-21

[71] region

Akers et al. (2013) [80] CSF by lumber/ven- miR-21 in EVs
tricle puncture or

cisternal aspiration

Akers et al. (2017) [73] CSF in the cistern
region

Combination of 9
miRNAs in EVs

Akers et al. (2017) [73] CSF in the lumber
region

Combination of 9
miRNAs in EVs

Schmid et al. (2021)
[78]

CSF in the lumber
region 1

chitinase-3-like protein Diagnostic

Diagnostic 10 glioma (3 astro- 94.9 90
cytoma grade 2, 2
astrocytoma grade 3,
5 GBM grade 4)
30 other CNS tumors
(23 PCNSL, 7 brain
metastasis)
10 various neurologic

disorders

10 glioma (3 astro- 100 90
cytoma grade 2, 2
astrocytoma grade 3,
5 GBM grade 4)
30 other CNS tumors
(23 PCNSL, 7 brain
metastasis)
10 various neurologic
disorders

13 GBM grade 4 87 93
13 non-oncologic

specimens (2 trauma,

8 subarachnoid hem-

orrhage, 2 normal

pressure hydrocepha-

lus, 2 arteriovenous

malformation)
10 GBM grade 4 67 80
12 non-oncologic

specimen
18 GBM grade 4 28 95
20 non-oncologic

specimen
55 GBM grade 4
40 HC

Diagnostic

Diagnostic

Diagnostic

Diagnostic

65.45 95

CNS central nervous system; CSF cerebrospinal fluid; EV extracellular vesicle; GBM glioblastoma; HC healthy control; miRNA microRNA;

PCNSL primary central nervous system lymphoma

miRNAs (miR-21, 218-5p, 193b-3p, 331-3p, 374a-5p, 548c-
3p, 520f-3p, 27b-3p, and 30b-3p) can help diagnose GBM,
and that their properties differ between CSF-derived from
cisterns, such as the brain and ventricles, and that from the
lumbar region. Interestingly, the combined expression levels
of miR-10b and miR-196b in the CSF of GBM patients were
prognostic factors. A meta-analysis demonstrated high sen-
sitivity (85%) and specificity (90%) of miRNAs for glioma
diagnosis, and further studies are expected in the future [74].

Tumor-specific protein biomarkers can be detected in the
CSF owing to the presence of proteins secreted or leaked
by tumor tissues or resulting from abnormal BBB func-
tion. The discovery of biomarkers is particularly urgent for
differentiating high-grade gliomas that require early thera-
peutic interventions. Khwaja et al. [75] found that Attractin
is a protein secreted in the CSF specific to patients with
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WHO grade 3 and 4 malignant gliomas and plays a role in
glioma migration. Sampath et al. [76] found that vascular
endothelial growth factor (VEGF), an important media-
tor of angiogenesis and malignant transformation of glial
tumors, was detected in 89% of cases of anaplastic astrocy-
toma and GBM and in only 27% of non-glioma cases such
as medulloblastoma, lymphoma, and metastatic tumors,
and was not detected in normal CSF samples. Furthermore,
VEGF expression levels were significantly higher in patients
with high-grade astrocytoma than in those without glioma,
suggesting its potential as a differential marker for malig-
nant gliomas. In their review of the literature on proteomic
screening of glioma-related protein biomarkers in CSF, Shen
et al. [77] identified 19 differentially expressed proteins and
found several important protein networks, including IL-6/
STAT-3 and four novel proteins of IL-6, galanin (GAL),
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HSPAS, and WNT4 in functional analysis. Recent reports
have shown that chitinase-3-like protein 1 (CHI3L1) and
GFAP are valuable GBM markers in both retrospective and
confirmatory prospective observational studies [78]. Further
advances in the proteomic analysis of CSF in brain tumors
will likely lead to the identification of biomarkers for diag-
nostic and therapeutic monitoring.

Despite recent advances, there has not been much detailed
validation of CSF-derived EVs as biomarkers; however,
many studies have shown that EVs can be found and iso-
lated from the CSF of patients with brain tumors [79] and
may help detect tumor-specific biomarkers in the brain.
Chen et al. [54] showed that EVs collected from the CSF
of glioma patients contained mutant IDH]1 transcripts and
that detection and quantification of mutant and wild-type
IDH1 RNA transcripts are possible. In a prospective study
[80], the expression level of miR-21 in EVs isolated from the
CSF of GBM patients was tenfold higher on average than in
controls, allowing for the diagnosis of GBM with a sensitiv-
ity and specificity of 87% and 93%, respectively. Figueroa
et al. [81] also demonstrated the detection of EGFRVIII in
CSF-derived EVs in GBM patients with EGFRvIII-positive
tissue. The detection rate of EGFRVIII positivity of CSF-
derived EVs in EGFRvIII-positive GBM patients was 61%
sensitivity and 98% specificity, and the high specificity ena-
bled the accurate determination of EGFRVIII tumor positiv-
ity status. Further detection of CSF-derived EVs is required
in the future.

Other liquid biomarkers

Previous studies have focused on urine as a promising lig-
uid biomarker for cancer [82]. VEGF, which contributes
to tumor growth, has been investigated as a predictive bio-
marker for the progression of some types of cancers. Previ-
ous studies have reported the utility of VEGF concentra-
tion in urine samples to predict tumor progression in GBM
patients [83]. In basic research using a xenograft GBM rat
model, some particular proteins were extracted from urine
before GBM was manifested in the rat brain by MRI stud-
ies [84]. These studies suggest that urine biomarkers could
help detect brain tumors in the early phase. Another study
revealed that the miRNAs extracted from EVs in urine sam-
ples reflected the pattern of miRNAs from patient-derived
organoids. The diagnostic model of miRNA expression pat-
tern, which was constructed from the GBM patient dataset,
could differentiate between patients and noncancer individu-
als with a sensitivity and specificity of 100 and 97%, respec-
tively, in an individual dataset [85].

Other fluid samples that may serve as liquid biomark-
ers include cystic fluid and saliva. Biomarkers in cyst flu-
ids have been investigated for some time but remain largely
unknown. In 1997, Jallo et al. [86] reported that Tenascin-C

is expressed in the cyst fluid of glioma samples and is highly
expressed in proportion to the grade. VEGF is an impor-
tant regulatory protein in angiogenesis, strongly expressed
in malignant gliomas, and highly expressed in cystic fluid
[87, 88]. In their evaluation of VEGF levels in the serum
and cyst fluid of 14 patients with primary brain tumors (six
GBMs, three low-grade gliomas, and one ependymoma),
Stockhammer et al. [89] reported that VEGF detected in
the cyst fluid of recurrent GBMs had the highest level, and
that serum VEGF levels did not differ from those in healthy
individuals, suggesting that VEGF may be produced by the
tumor in an immunoreactive manner and released into the
cyst fluid. L1 cell adhesion molecule (L1CAM), a member
of the immunoglobulin-like cell adhesion molecule family,
is present at high levels in the cyst fluid of GBM and meta-
static brain tumors and may be a potential biomarker [90].
In a recent study [91], GBM cyst fluid contained hormones
such as insulin-like growth factor 1, insulin, erythropoietin,
growth hormone, testosterone, estradiol, and triiodothyro-
nine. There was a correlation between cyst fluid concentra-
tions of growth hormone and testosterone and tumor volume
and a negative correlation between cyst fluid concentrations
of erythropoietin and survival rate. In the same study, pro-
teomic analysis of GBM cyst fluid revealed the presence
of SPARCLI1, IGF-BP2, osteopontin, FAM3C, TREM?2,
CD166, and prosaposin, which promote tumor cell prolifera-
tion, migration, and invasion; kininogen-1/bradykinin, which
promotes glioma cell migration; Clusterin, CD5L, HYOU1,
and prosaposin, which are involved in anti-apoptotic effects;
and hepatocyte growth factor activator. Despite the limited
number of studies on liquid biomarkers in saliva samples,
Garcia-Villaescusa [92] reported significant increases in
the metabolites leucine, valine, isoleucine, propionic acid,
alanine, acetic acid, ethanolamine, and sucrose compared
to those in the control group. With recent improvements in
biomarker retrieval technology, including next-generation
sequencing, body fluid samples, including cyst fluid and
saliva, can now be retrieved and evaluated in the future.

Perspective

The utility and possibilities of developing liquid biomark-
ers of glioma have been mentioned; however, this research
still has some limitations. First, the low detection rate of
biomarkers for glioma is difficult compared to other types
of cancers. In cfDNA analysis using multiple types of can-
cers, the detection rate of somatic mutations in GBM was
the lowest, with only approximately 50% at best [93-95].
Other cfDNA analyses of brain tumors have indicated simi-
lar detection rates of somatic mutations [17]. These previ-
ous studies suggested that the lower detection rate of liquid
markers is associated with physical obstacles such as the
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blood-brain barrier (BBB), which prevents candidates from
entering circulation [94].

Second, some previous papers mentioned chronological
changes in the values of candidate molecules and difficulties
in sample management [83]. Previous studies have indicated
the utility of ctDNA and cfDNA; these biomarkers have a
half-life of only a few minutes to hours [96]. Thus, these
short half-times are not in line with actual clinical practice.
The clinical timing of sample collection differs for each
study design, and it is challenging to aggregate the results
and compare the effectiveness of these biomarkers. The
detection rate of biomarkers also depends on the specimen
type. Some previous reports have indicated that the detection
rate of the same candidate markers differed according to the
type of sample [16].

Third, the detection rate of these liquid biomarkers
depends on the type of tumor and its grading. Diagnos-
ing tumors in the CNS is more diverse than cancer in other
organs [97], and discovering the common candidate marker
is difficult. Some studies have indicated that LGGs have
lower cell proliferation rates, lack necrotic tissue, and have
normal BBB, making it difficult to detect candidate liquid
biomarkers [96].

Finally, one of the biggest challenges associated with
gliomas is their heterogeneous nature. The ideal biomarker
has high sensitivity and specificity, especially in malignant
tumors, making it difficult to identify a common glioma bio-
marker. If we could define a common biomarker for glioma,
this candidate molecule would subserve the underlying
mechanism of glioma. In other words, this research strat-
egy can potentially be a new therapeutic target for gliomas.
Some of these candidate molecules were focused on tar-
geted therapy of GBM, such as chimeric antigen receptor
T-cell therapy [98], and further studies in this area can lead
to promising outcomes for discovering new treatments for
patients with gliomas.
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