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Abstract
Cerebrospinal fluid (CSF) may be the best hope for minimally invasive diagnosis and treatment monitoring of 
central nervous system (CNS) malignancies. Discovery/validation of cell-free nucleic acid and protein biomarkers 
has the potential to revolutionize CNS cancer care, paving the way for presurgical evaluation, earlier detection of 
recurrence, and the selection of targeted therapies. While detection of mutations, changes in RNA and miRNA ex-
pression, epigenetic alterations, and elevations of protein levels have been detected in the CSF of patients with 
CNS tumors, most of these biomarkers remain unvalidated. In this review, we focus on the molecular changes that 
have been identified in a variety of CNS tumors and profile the approaches used to detect these alterations in clin-
ical samples. We further emphasize the importance of systemic collection of CSF and the establishment of stand-
ardized collection protocols that will lead to better cross-study biomarker validation and hopefully FDA-approved 
clinical markers.
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Primary malignant brain tumors of the central nervous 
system (CNS) are diagnosed in more than 23 000 people 
per year and have a dismal 5-year survival of 33%.1 Tissue 
sampling remains the gold standard for tumor diagnosis, 
but even stereotactic biopsies can carry a risk of up to 4–7% 
for major morbidity.2–4 Non-invasive monitoring by MRI or 
other advanced imaging technologies may aid in the diag-
nosis and monitoring of CNS tumor progression, but ra-
diographic findings often do not depict tumor-associated 
changes in real time. In addition, pseudoprogression, 
where the tumor volume increase is not due to tumor 
growth but rather inflammation, can mimic the radio-
graphic appearance of disease progression.5,6 In addi-
tion, drugs like bevacizumab may cause pseudoresponse, 

where imaging findings suggest tumor response but there 
has been no appreciable tumoricidal activity.7 Furthermore, 
there is no existing technology that can give insights into 
the molecular evolution that happens in response to thera-
peutic interventions.

The detection of cell-free circulating nucleic acids, in-
cluding circulating free (cf)DNA and cfRNA, and proteins in 
cerebrospinal fluid (CSF) has the potential to revolutionize 
detection and clinical care for CNS tumors. Often called 
“liquid biopsy,” many of these tests utilize CSF to detect 
mutations or differentially methylated regions by next gen-
eration sequencing (NGS) or protein elevations by mass 
spectrometry or enzyme-linked immunosorbent assay 
(ELISA). The ability to obtain multiple samples at various 
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time points may not only allow for initial cancer detection 
and prognostication, but also aid monitoring of treatment re-
sponse and tumor evolution. Recent studies have elucidated 
the diverse heterogeneous molecular landscape of CNS tu-
mors.8,9 Whereas a single biopsy is only representative of the 
genetic, epigenetic, and protein expression changes for one 
region and at one time point, a liquid biopsy may represent 
a snapshot of the tumor as a whole during the progression.10

Unlike other solid tumors, the use of liquid biopsy for 
diagnosing and monitoring CNS tumors has proven more 
challenging.11 The blood–brain barrier limits transport of 
nucleic acids and proteins into system circulation, dras-
tically decreasing the concentration of cfDNA and tumor-
associated proteins in patient sera. Liquid biopsies using 
CSF, however, have shown tremendous promise because 
the fluid interacts directly with the primary tumor11–13 (Fig. 
1). In this review, we discuss the process of selecting candi-
date biomarkers, describe encouraging genetic, epigenetic, 
and protein candidates that may be amenable for liquid 
biopsy using CSF, and briefly discuss future directions for 
liquid biopsy assays in the management of patients with 
CNS tumors.

Selection of Candidate Biomarkers

The clinical utility of liquid biopsy is rooted in the thoughtful 
selection of candidate biomarkers. A useful biomarker will 
be distinctly present in samples collected from cancer pa-
tients or at levels that exceed the background level ob-
served in healthy individuals. While the ideal biomarker 
would demonstrate 100% sensitivity to detect patients with 

cancer and 100% specificity to exclude patients without 
cancer, practical selection of candidates requires trade-offs 
between perfect sensitivity and specificity that depend on 
the type of biomarker. For each of the biomarker types (mu-
tations, gene expression, differential cytosine methylation, 
and protein expression), we will briefly review the biology 
of the biomarker, describe how the biomarker is detected, 
and provide examples that have shown promise.

Mutations in cfDNA

Cancer is fundamentally a genetic disease.14 Research over 
the past two decades has shown that roughly 200 genes, 
when mutated, can drive tumor formation.15 A  typical 
tumor contains 2 to 8 of these “driver gene” mutations, 
along with a range of “passenger” mutations that confer 
no selective advantage.14 Depending on the tumor type, a 
given cancer may have between 8 and 200 or more pas-
senger mutations.

The advent of massively parallel NGS and the accom-
panying bioinformatic tools allows for hundreds of millions 
of DNA strands to be sequenced simultaneously at high 
coverage.16 Targeted sequencing libraries may be prepared 
using PCR primers that amplify loci around common onco-
gene (eg, KRAS, BRAF, β-catenin) and tumor suppressor (eg, 
TP53, APC, Rb) mutations.17–19 Alternatively, whole genome 
sequencing libraries may be prepared and subsequently di-
luted to assess for mutations,20 enriched for specific genomic 
loci,21,22 or simply sequenced. Regardless of the technology 
used to prepare sequencing libraries, the overall goal is the 
same: detection of rare mutations found in cfDNA.
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Fig. 1 Tumors of the central nervous system interact with cerebrospinal fluid, allowing for the detection of DNA mutations, cytosine methylation 
alterations, and changes in protein and RNA expression.
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Circulating free DNA was originally described in healthy 
individuals and has evolved into a remarkable diagnostic 
modality. While the exact cellular origins of cfDNA are un-
known, cfDNA containing mutations in prototypical onco-
genes and tumor suppressor genes is thought to derive 
from the tumor itself and is generally around 150–160 bp 
in length, containing exons, introns, and mitochondrial 
DNA.23 In addition, the relatively short half-life of less than 
90 minutes makes it an ideal candidate for interrogating 
the dynamic changes of the tumor.24 One challenge in 
using cfDNA-based strategies for CNS tumors is the rela-
tive paucity of tumor-derived DNA in circulation.11,25 There 
appears to be greater than 10-fold enrichment in the quan-
tity of tumor-derived DNA in the CSF (CSF-tDNA) compared 
with the plasma.12,26 One of the first studies by Pan et al 
utilized droplet digital PCR (ddPCR) and targeted amplicon 
sequencing to detect cancer mutations in cfDNA of CSF 
of primary and metastatic brain tumor patients.27 They 
first identified putative mutations through whole-exome 
sequencing of normal and primary brain tumor DNA, then 
interrogated the CSF samples from these patients for the 
same mutations. Tumor mutations were detected in 6 of 7 
patients, including single nucleotide variants in NF2, AKT1, 
BRAF, NRAS, KRAS, and EGFR at mutant allele fractions 
(MAFs) ranging from 0.3% to 49.2% by ddPCR.27 In addi-
tion, the ratio of CSF to plasma mutant concentration of 
cfDNA correlated with burden of CNS disease.

A study by Wang et  al assayed the CSF of 35 pa-
tients with CNS tumors for cfDNA mutations, including 
6 medulloblastomas and 29 World Health Organization 
(WHO) grades I–IV gliomas.12 Similar to the study by Pan 
et al, the investigators utilized either targeted sequencing 
or whole-exome sequencing to identify mutations in TP53, 
IDH1, TERT, NF2, PIK3R1, PTCH1, and PTEN. The presence 
of these mutations was then assessed in the CSF of the 
same patient using a targeted sequencing approach that 
aimed to detect mutations with allele fractions as low as 
0.01%.11,12,19 Seventy-four percent of the 35 CSF samples 
had detectable mutations with an average mutant allele 
fraction of 12.2%, ranging 0.1–77%. High-grade lesions 
(WHO grades III–IV) were more likely to have detectable 
mutations in CSF than low-grade lesions, and the levels 
of the mutations were also higher in high-grade lesions. 
However, tumor size did not appear to predict mutation de-
tection or level. In a larger study of matched tumor, CSF, 
and blood from 57 patients, Pan et al detected at least one 
tumor-specific mutation in 82.5% of CSF-tDNA samples.27 
In addition, the mutations detected in the CSF were highly 
concordant with the mutations detected in the primary 
tumor. Similar studies have supported the findings de-
scribed by these groups and provide hope that the need 
for biopsy may be obviated for deep-seated tumors and tu-
mors in eloquent areas, especially the brainstem, as tech-
nologies improve.25,28–31

The detection of tumor-derived DNA in CSF does de-
pend in part on the location of the tumors. CSF-tDNA was 
unable to be detected in many supratentorial brain tumor 
cases unless it abutted the CSF space. In contrast, brain-
stem tumors are close to the CSF reservoir. In a recent 
study, Pan C et al reported that alterations were identified 
in the CSF circulating tumor (ct)DNA of 97.3% of brainstem 
glioma cases. Tumors encapsulated within the CSF, such as 

meningiomas and craniopharyngiomas may be attractive 
targets to develop CSF-based liquid biopsy approaches. 
This is particularly germane to craniopharyngiomas, 
where a subset harbor canonical BRAF V600E mutations 
and have demonstrated response to BRAF inhibition in 
early clinical trials.32 A CSF test that could obviate a biopsy 
could be very helpful, as the risk of surgical intervention on 
these tumors is not insignificant.33

The utility of CSF-tDNA as a marker of treatment re-
sponse has also been explored. De Mattos-Arruda et  al 
analyzed CSF-tDNA at various time points in 6 patients with 
primary or metastatic CNS tumors who also received radio-
graphic follow-up.25 Levels of mutant CSF-tDNA decreased 
after surgical resection and radiographic-confirmed re-
sponse to chemotherapy, whereas they increased with 
increased radiographic progression. They also found that 
patients with metastatic disease limited to the brain had 
positive levels of CSF-tDNA but nondetectable levels of 
ctDNA in the plasma. This suggests that CSF-tDNA could 
be used to identify new mutations that occur exclusively in 
brain metastases that are not found in the primary cancer. 
Other studies have similarly shown levels of CSF-tDNA 
mirror the clinical course and may predict recurrence be-
fore radiographic evidence.30,34,35 It may also be possible to 
ascertain sensitivity to adjuvant therapy using mutations 
detected in CSF-tDNA. In a study of 20 non–small cell lung 
cancer patients with CNS metastases, Yang et al identified 
2 patients with a mutation of epidermal growth factor re-
ceptor (EGFR) not detected in the primary lung tissue.36 
Both patients showed response to tyrosine kinase inhibitor 
treatment.

The largest study to date includes 85 patients who un-
derwent lumbar puncture postsurgery, radiation, and at 
least one systemic chemotherapy because they showed 
neurological signs or symptoms of progression.37 Using a 
capture-based NGS approach, Miller et al identified one or 
more mutations in cfDNA in the CSF of 49.4% of patients. 
Radiographic findings, including tumor progression, 
tumor burden, and spread of tumor towards the ventric-
ular system or subarachnoid space were associated with 
higher levels of mutation.37 Importantly, Miller et al found 
that tumor evolution could be tracked through sequential 
biopsies of CSF. As the time between initial CSF draw and 
subsequent CSF collection increased, a greater diversity 
of mutations was observed, especially in those genes that 
code for growth factor signaling pathways. For example, 
in a patient with initial EGFR amplification and an EGFR 
missense mutation, subsequent CSF sampling showed 
amplification and mutation of platelet-derived growth 
factor receptor alpha (PDGFRA) and no alterations of 
EGFR. These findings mirror studies of sequential tumor bi-
opsies in patients with glioma that show only 33–73% con-
cordance of mutations over time.38–43 While more studies 
are clearly needed, a growing body of literature supports 
the use of CSF-tDNA for the diagnosis and monitoring of 
CNS tumors throughout the treatment course.

While most of the DNA based assays have focused on 
detection of somatic point mutations or small insertions/
deletions, many targeted therapeutics are directed towards 
amplifications in genes such as EGFR.44 There are technolo-
gies, such as “personalized analysis of rearranged ends 
(PARE)” or whole genome sequencing, that are capable 
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of detecting chromosomal rearrangements in a very sen-
sitive fashion but large scale studies on CSF-tDNA are still 
lacking.45,46 Initial data from Mouliere et  al suggest that 
shallow whole genome sequencing at a coverage of <0.4x 
was able to detect somatic copy number alterations, in-
cluding EGFR amplification, in the CSF of 5/13 patients with 
gliomas.47 These data suggest that additional investigation 
is warranted.

Expression Changes in cfRNA

Circulating RNAs may also show promise as an alterna-
tive detection modality to cfDNA but are likely to be more 
challenging than methods that utilize cfDNA. Circulating 
free RNA consists of circulating messenger RNA (mRNA) 
and micro RNA (miRNA), likely bound to extracellular 
vesicles like exosomes.48–50 While mRNA codes for pro-
teins, miRNAs are small noncoding nucleotides that target 
a heterogeneous population of mRNAs for degradation or 
translation inhibition (Fig. 2). In addition to their transient 
nature that is dependent upon cellular gene expression re-
quirements, cfRNAs are likely less stable due to their single 
stranded topology and the presence of nucleases in bodily 
fluids. One benefit to RNA-based approaches is the ability 

to detect fusion genes, such as the KIAA:BRAF fusion in 
pilocytic astrocytomas, which recently has been targeted 
in therapeutic clinical trials.51

The first step of nearly all cfRNA-related protocols in-
volves reverse transcription of an RNA molecule to 
cDNA.52 Presumably, each copy of an RNA molecule is con-
verted into a molecule of cDNA, meaning that the number 
of cDNA transcripts reflects the expression of a given gene. 
Multiple analysis methods can then be used to ascertain 
the expression level of one or more target genes, including 
real-time (RT) PCR, ddPCR, microarray, or RNA sequencing 
(RNA-Seq). RT-PCR and ddPCR use fluorescence-based 
detection of amplification products through the use of a 
DNA-binding dye or hybridization probe. RT-PCR requires 
a standard curve defined by known input quantities of 
RNA or DNA in order to quantify RNA expression, whereas 
ddPCR is able to count the absolute number of template 
molecules by amplifying between 1 and 5 templates per 
droplet.52 Both techniques are efficient, low-cost, and 
straightforward but are limited to analyzing 1–2 genes at 
a time. Microarrays and RNA-Seq, by contrast, allow for 
the analysis of hundreds to thousands of genes at a time. 
Microarray chips have a defined set of oligonucleotides 
precoated to a platform and allow for comparative analysis 
between 2 samples.52 RNA-Seq can be performed with or 
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Fig. 2 MiRNAs regulate the expression of numerous cancer-related genes, and alterations in their levels in CSF have been detected in multiple 
CNS tumor types.
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without enrichment for specific targets in order to better 
understand the global RNA profile of a sample, but it re-
quires time-intensive and costly library preparation and 
NGS.52

MiRNAs are the predominant species of cfRNA that have 
been studied in patients with CNS tumors. One of the first 
studies, by Baraniskin et al, identified miRNAs character-
istic of primary diffuse large B-cell lymphoma of the CNS 
in CSF fluid.53 A subsequent study of gliomas by the same 
group identified characteristic overexpression of miR-15b 
and miR-21.54 The combination of these 2 markers were 
able to differentiate patients with primary CNS lymphomas, 
brain metastases, or leptomeningeal carcinomas. The CSF 
of patients with glioblastoma (GBM) has also shown en-
richment for miR-10b and miR-21.55 Circulating miRNAs 
may also allow clinicians to differentiate between primary 
CNS malignancies and tumors that have metastasized 
to the brain.53–57 MiR-15b and miR-21 may be specific for 
gliomas, while the triad of miR-19, miR-21, and miR-92a 
may be diagnostic for primary CNS lymphoma.53,54 In con-
trast, miRNA-200 variants have shown specificity for epi-
thelial metastases to the brain.55

Methylation Changes in cfDNA

Epigenetic dysregulation is a hallmark of cancer.58 While 
tumor cells are globally hypomethylated compared 
with normal tissue, regulatory regions called cytosine-
phosphate-guanine (CpG) islands and CpG shores show 

varying degrees of hypermethylation, especially when 
located near promoters or other regulatory elements of 
tumor suppressor genes. This increase in cytosine meth-
ylation creates regions of heterochromatin, where DNA is 
more tightly bound to histones and therefore inaccessible 
for transcription. The functional result of hypermethylation 
is a decrease in the protein-level expression of genes, in-
cluding tumor suppressor genes (Fig. 3).58,59

The most commonly used method to differentiate 
between methylated and unmethylated CpG sites util-
ized bisulfite treatment.60 Bisulfite treatment converts 
unmethylated but not methylated cytosine in DNA to 
uracil. Upon subsequent PCR amplification, the uracil is 
replaced by thymidine. Methylation-specific PCR uses 2 
different sets of primers—one that binds solely to methyl-
ated sequences, and one that binds solely to unmethylated 
sequences—to quantify the level of DNA methylation but 
is primarily limited to one genomic locus.61 NGS libraries 
prepared by a panel of DNA strand-specific PCR primers18 
or use of microarrays62 allows for many loci to be inter-
rogated in parallel. In either case, the ratio of the signal 
arising from methylated versus unmethylated cytosines 
provides an estimate of CpG methylation.

In gliomas, the most well-known epigenetic altera-
tion is promoter hypermethylation of the repair gene 
that encodes O6-methylguanine-DNA methyltransferase 
(MGMT).63 Epigenetic inactivation of the MGMT gene as 
a result of promoter hypermethylation prevents DNA re-
pair of damage caused by alkylating agents and is used 
as a positive predictor of response to temozolomide 
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treatment.64,65 Balaña et al undertook one of the first inves-
tigations of cfDNA promoter methylation in patients with 
GBM.66 While this study was conducted using serum, the 
authors detected promoter hypermethylation of MGMT, 
p16, death-associated protein kinase, and Ras association 
domain family 1 isoform A  (RASSF1A) in 39.3%, 53.6%, 
34.3%, and 50% of samples, respectively. In addition, the 
methylation status of the cfDNA was highly concordant 
with that of the primary tumor. Liu et al reported close to 
perfect specificity in detecting aberrant promoter methyla-
tion patterns of MGMT, p16, TIMP-3, and THBS1 in matched 
tumor and CSF samples of patients with malignant 
glioma.67 Hypermethylation of MGMT and THBS1 in CSF 
were independent prognostic factors for progression-free 
survival. Subsequent reports have supported initial find-
ings by Balaña et al and Liu et al, with sensitivities ranging 
from ~60% to 70%,68 and have identified other putative 
hypermethylation candidates such as TERT in both CSF 
and serum.69,70 Depending on the nature of the mutation, 
it may be possible to simultaneously investigate mutations 
in cfDNA and aberrant promoter methylation in a panel of 
genes in the same assay, potentially increasing the sensi-
tivity above that of one type of biomarker alone.18

Alterations in Circulating Protein Levels

Interrogating protein levels has become an increasingly ac-
tive area of research, both for biomarker identification as 
well as discovery of new treatment approaches. CNS tu-
mors may secrete or shed proteins into the CSF, making 
them detectable by techniques such as mass spectrometry 
and ELISA. Most whole-protein mass spectrometry anal-
ysis requires that proteins in solution be ionized into the 
gas phase and accelerated through a magnetic field for 
analysis of their time-of-flight. The time-of-flight for the 
various fragments of a protein constitute a molecular fin-
gerprint that allows sophisticated software coupled with 
an ever-growing body of databases to identify and quantify 
the proteins present in the clinical sample.71 Mass spec-
trometry therefore has the benefit of being able to detect 
a nearly unlimited number of different proteins from the 
same clinical specimen but requires technical know-how 
and is more costly than routine laboratory techniques like 
ELISA. ELISAs utilize antibodies to known protein targets, 
along with a standard curve, to quantify the amount of a 
given protein in solution.72 ELISAs are relatively inexpen-
sive and straightforward to perform in a clinical laboratory 
but are limited to the identification of a few proteins from 
a given sample.

The identification of specific protein markers for CNS 
cancers is more challenging than for cfDNA or cfRNA 
changes. Elevations in the levels of proteins may be 
caused by disease or as a consequence of inflammation 
or unrelated illness. The most significant examples of spe-
cific CSF proteins that have impacted the care of CNS can-
cers are those related to intracranial malignant germ cell 
tumors.73 Germ cell tumors arise from aberrant migration 
and differential of various germ cell layers during embry-
ogenesis. Intracranial germ cell tumors arise in the pineal 
and suprasellar regions and constitute about 3% of pe-
diatric brain tumors. The exact constellation of proteins 

representative of a germ cell tumor depends on the germ 
cell of origin. For example, intracranial malignant germ 
cell tumors express beta human chorionic gonadotropin 
(bHCG) and alpha-fetoprotein (AFP),74 and the levels of 
both proteins have been shown to be markedly elevated in 
the CSF.75 Both bHCG and AFP have been used to diagnose 
malignant germ cell tumors, monitor response to treat-
ment, and predict recurrence. While less specific, placental 
alkaline phosphatase and lactate dehydrogenase have also 
shown clinical utility.76

Researchers have also screened the CSF of glioma pa-
tients for potential protein biomarkers. In an extensive 
meta-analysis of the literature, Shen et  al identified 19 
proteins, including B2M, CA2, CA12, CALD1, DDAH1, 
MYCN, PPIA, SPP1, VEGFB, ALB, MAPT, SERPINA3, and 
SPARCL1, that were upregulated in the CSF of patients 
with confirmed gliomas.77 Khwaja et al were able to rep-
licate many of these proteins in their analysis of 60 sam-
ples from WHO grades II–IV astrocytomas, metastatic brain 
tumors, inflammatory samples, and normal controls. Of 
the 103 potential tumor-specific markers, 20 were specific 
to high-grade astrocytomas. Similar to Shen et al, Khwaja 
and colleagues identified B2M, SPARCL1, and VEGFB.78 
Vascular endothelial growth factor (VEGF) was further as-
sessed in a study by Sampath et al where they assayed the 
CSF from 27 patients with high-grade gliomas, 39 patients 
with nonastrocytic CNS tumors, and 14 patients with no 
known CNS tumors. VEGF showed a sensitivity of 89% and 
a specificity of 100% for malignant astrocytoma samples 
and was significantly higher in high-grade astrocytomas 
than in nonastrocytic tumors.79 Four peptides have also 
been shown to distinguish GBM from controls: alpha-
1-antichymotrypsin, osteopontin, transthretin, and the 
N-terminal residue of albumin were elevated in the CSF of 
GBM patients.80

Proteomic analysis may also be useful for diagnosing 
and monitoring medulloblastoma, the most common ma-
lignant brain tumor in children. Aiming to identify novel 
biomarkers in the CSF of children with diagnoses of 
medulloblastoma, Rajagopal et al compared the CSF pro-
teome of 33 of these children against 25 age-matched con-
trols.81 Unlike other studies that have noted elevations of 
proteins in the CSF, the level of prostaglandin D2 synthase 
was 6-fold less in the CSF of tumor samples compared 
with normal.

Limitations of Biomarkers

Cell-free nucleic acids and proteins have significant po-
tential as biomarkers for CNS cancers. Historically, how-
ever, few biomarkers, especially proteins, discovered in 
the laboratory setting ever make it to clinical practice.82 
Understanding the limitations behind biomarker discovery 
and validation can help inform good research practices and 
lead to the more efficient identification of these markers.

Probably the main barrier to FDA approval of biomarkers 
for CNS cancers is the low level of reproducibility between 
similar studies. Techniques for DNA, RNA, and protein iso-
lation differ between labs, and these technical differences 
can lead to drastically different qualities of preparation. For 
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example, isolation of cell-free nucleic acids from biolog-
ical specimens must be carried out within hours of their 
collection in order to minimize the degradation caused 
by nucleases. Similar requirements are true for proteins. 
In addition, biological specimens must be properly stored 
and undergo no to minimal freeze-thaw cycles in order to 
prevent molecular degradation. Teunissen et al have sug-
gested a protocol to standardize collection and banking of 
CSF samples,83 but this has not been universally adopted.

Technical limitations also hamper identification of rare 
mutations and methylation changes in cell-free nucleic 
acids. While technologies like duplex sequencing and mo-
lecular barcode–assisted NGS18–20,84 have increased the 
signal-to-noise ratio of detecting mutations and methyl-
ation changes at low frequencies, inefficiencies in library 
preparation and errors generated by enzymes early in the 
library preparation steps obscure subtle elevations in mu-
tations and methylation. Emerging technologies that are 
able to reduce this noise by sequencing both strands of a 
template DNA molecule may help increase the power of 
these technologies, but their techniques have not been 
widely adopted by most clinical laboratories.18,20,84

Conclusion

The collection of CSF is critical for the identification of 
biomarkers for CNS tumors. Due to the relative rarity of 
samples compared with other cancer types, it is important 

for investigators to bank specimens for current and future 
research. Low sample numbers in biomarker identifica-
tion studies limit the statistical power to detect differences 
between malignant disease, benign disease, and normal 
controls, resulting in a lack of validation among studies. 
Standardized sample collection procedures and studies 
coordinated across institutions will help alleviate some of 
these limitations.

Compared with surgical biopsy, CSF collection is mini-
mally invasive and may provide a picture of the genetic, 
epigenetic, and proteomic state of a heterogeneous CNS 
tumor. In addition to being useful for primary diagnosis, 
following the levels of biomarkers after surgery, radia-
tion, and/or chemotherapeutic treatment may forecast 
response to treatment and predict recurrence before im-
aging modalities.

In the future, other biofluids like blood may play a 
role in the diagnosis and management of CNS tumors. 
However, the presence of the blood–brain barrier will 
likely limit the number and type of biomarkers identified 
in the blood compared with the CSF. Based on the CNS 
biomarkers identified so far, patients with diagnoses of 
medulloblastomas and high-grade gliomas may be the 
best population to study. These tumors will likely show the 
most dramatic changes in mutation number, CpG methyla-
tion status, and protein expression compared with normal 
controls, providing more statistical power to studies with a 
limited number of samples (Table 1). Studies with CSF col-
lected at multiple time points are essential for biomarker 
identification. Ideally, CSF should be collected presurgery 

  
Table 1 Benefits and considerations for various biomarkers used for the detection of CNS tumors in CSF

Biomarker Assay Common Targets Benefits Considerations

cfDNA  
Mutations

•  ddPCR 
• NGS

• AKT1 
• BRAF 
• EGFR 
• IDH1 
• KRAS 
• NF2 
• NRAS 
• PIK3R1 
• PRCH1 
• PTEN 
• TERT 
• TP53

•  Short half-life enables  
recurrence monitoring 

•  Both driver and passenger  
mutations can be used 

•  Specific mutations may be  
sensitive to adjuvant therapy  

•  Early stage tumors are challenging to 
detect 

•   Requires whole-exome sequencing or a 
large targeted panel due to diversity of 
mutations

cfRNA  
Expression

•  Real-time PCR 
• ddPCR 
• Microarray 
• RNA-Seq

• miR-10b 
• miR-15b 
• miR-19 
• miR-21 
• miR-92a 
• miR-200 family

•  miRNAs may target  
biologically relevant  
pathways

•  Contamination with genomic DNA can 
hamper interpretation of results 

•  May be limited to assessing a few targets 
at a time

cfDNA Methyl-
ation

•  Methylation- 
specific PCR 

•  Microarray 
•  NGS

•  MGMT 
•  p16 
•  RASSF1A 
•  TERT 
•  THBS1 
•  TIMP-3

•  Changes may precede  
mutations 

•  Hypermethylation often 
occurs in tumor suppressor 
genes

•  Challenging to assay for hypomethylation 
•  Design of primers and probes is  

challenging due to low genome  
complexity after bisulfite conversion

Protein  
Concentration

•  ELISA 
•  Mass  

spectrometry

•  AFP 
•  B2M 
•  bHCG 
•  SPARCL1 
•  VEGF

•  Inexpensive and  
straightforward to implement 
clinically 

•  Represents functional 
changes at the protein level

•  Low specificity due to confounding  
variables like inflammation and chronic 
disease 
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or intraoperatively before tumor resection, as the bio-
marker concentration will be at its highest level. Collection 
within a few days of surgery will help establish a baseline 
against which to predict recurrence. When patients return 
for radiographic follow-up, a separate CSF sample should 
be taken to understand whether a predicted biomarker can 
pre-date radiographic recurrence or even possibly inform 
clinicians about tumor evolution that suggests a benefit to 
using a targeted chemotherapeutic agent. A growing da-
tabase of these studies conducted in a systemic manner 
will hopefully lead to a more effective approach to the di-
agnosis and monitoring of CNS tumors compared with 
repeated biopsy and surgery alone. Routine CSF sam-
pling is already a part of standard of care for some CNS tu-
mors, like medulloblastoma and primary CNS lymphoma. 
Expanding CSF-based diagnostics is a logical extension of 
existing practices but one that will require well-conducted 
prospective collaborative studies.
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