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Abstract. Brain cancer is the most aggressive intracranial disease: once diagnosed, 70% of
patients will not survive. Early and accurate diagnosis is essential to improving the survival
rate of diagnosed patients. Currently, imaging scans and pathological biopsies are mainly relied
on to confirm the diagnosis of brain tumors. However, imaging scans do not confirm the
diagnosis or tumor grade, nor do assess response and monitor treatment effect. Similarly,
pathological biopsies are highly invasive and difficult to repeat. To address these limitations,
the field has proposed the use of cerebrospinal fluid (CSF) as a liquid biopsy method to detect
circulating tumor DNA (ctDNA). This review focuses on how liquid biopsy of CSF ctDNA
can facilitate and complement the clinical care of patients with brain tumors. Relevant reviews
in the past five years show that ctDNA is highly expressed and its content in CSF is higher
than that in plasma. By sequencing the ctDNA of CSF, the diagnosis and prognosis
information of brain tumors can be obtained, the best treatment method can be selected, the
treatment response can be monitored, and the tumor evolution can be tracked. Because ctDNA
detection is still in the research stage and lacks standardized technology, its effectiveness and
practicality require further investigation before they can be used in clinical practice.
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1. Introduction

Early and correct diagnosis and monitoring of brain tumors are essential for assessing disease
evolution determining the best approach to treatment, and increasing the survival rate of diagnosed
patients. Conventional MRI scans can help doctors examine brain tumors. However, this method
depends on the experience of doctors, and the error rate is relatively high. In addition, the feature
points on MRI scans are not well defined [1, 2]. Therefore, to accurately identify normal or abnormal
features of MRI scans, it is not reliable to rely on the evaluation of medical professionals [3, 4].
Doctors are unable to prescribe drugs accurately based on an inaccurate diagnosis, and as a result the
patient’s chances of survival are reduced [5]. The diagnosis was confirmed by pathological
confirmation of a biopsy or surgical resection. However, obtaining pathological specimens from tumor
types affecting the CNS can be challenging because brain tumor resection or biopsy may place
patients at risk for intracranial swelling in and around the tumor mass and possibly affecting
neurological functions. Furthermore, the heterogeneity of the whole tumour is usually not predicted by
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pathological biopsy and may not truly reflect the real time activity of the tumor. For early diagnosis of
tumor dynamics, the identification of tumor specific biomarkers is of great clinical significance.
However, the existing brain tumor biopsy as a diagnostic standard is high-risk, time-consuming, and
expensive. Therefore, it is urgent to use less invasive, faster and more accurate methods to monitor
tumor evolution. Liquid biopsies can be obtained multiple times noninvasively during treatment and
are easily repeated. This article reviews the clinical application of liquid biopsy in brain tumors. In this
review, the author focused on CSF ctDNA as a tool for diagnosis and prognosis of brain tumors and
monitoring tumor evolution.

2. Methodology

PubMed is one of the most authoritative free abstract medical literature databases in the world. This
article referred to PubMed literature on the early diagnosis of brain tumors in the last five years, and
the search keywords included brain tumors, early diagnosis, liquid biopsy, and cerebrospinal fluid.
Considering the accuracy of reference sources and ensuring the timeliness of research, the authors
selected review and experimental literature from 2018 to 2022. Due to editorial limitations, 23 literary
texts were selected for critical analysis.

3. Circulating tumor DNA in the cerebrospinal fluid
ctDNA is rarely detected in the plasma of patients with central nervous system diseases because of the
blood-brain barrier [6]. Central nervous system tumors are directly exposed to cerebrospinal fluid
(CSF). CSF is produced by the choroid plexus and circulates with the brain and spinal cord [7]. Thus,
CSF ctDNA has been applied to the study of brain tumors as a specific biomarkers [8, 9]. Gene
mutations and molecular changes of CSF DNA have been detected in patients with brain tumors. This
fact has been confirmed by several studies [10-15]. With the development of high through put
sequencing technology, gene mutations and copy number variations of CSF ctDNA have been
identified [16-24]. These investigations used lumbar punctures to acquire DNA methylation, cell-free
DNA, and CSF ctDNA.

As shown in Figure 1, CSF ctNDA as a liquid biopsy approach can effectively outline the entire
brain tumor genetic profile, and tumor characteristics can be determined to support all stages of brain
tumors therapy. These stages include diagnosis, monitoring of tumor response, identification of early

recurrence, etc.
CSF ctDNA as a liquid biopsy for CNS malignancies Escudero ef al.

Liquid biopsies for CNS tumours Applications of CSF ctDNA

CSF Plasma Facilitating diagnosis
and prognosis

Patient monitoring to assess
' response to treatment

Early detection of relapse

CSF is a better source _
of ctDNA than plasma in Guiding the selection of the

CNS-restricted malignancies optimal therapeutic approach

Figure 1. Liquid biopsies of brain malignancies [25, 26].
The use of CSF for liquid biopsy is superior to plasma in patients with brain cancer, and analysis of
the application of CSF ctDNA may provide value for clinical nursing of such patients.
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4. cfDNA and ctDNA Biology

The concept of cell-free circulating DNA (cfDNA) is a concept that needs to be understood before
studying cell-free circulating tumor DNA (ctDNA). CfDNA is usually composed of DNA
double-stranded fragments with less than 200 base pairs. These fragments are released into serum or
other body fluids, mainly from inflammatory processes or cell apoptosis and necrosis [27]. Circulating
tumor DNA (ctDNA) which is a DNA fragment, is released into the blood stream by apoptotic or
necrotic tumor cells. It carries the basic genetic information of tumor cells and information after gene
mutation. Therefore, ctDNA biopsy can provide more information than conventional biopsy.

As much as 90% of the circulating cfDNA, or as little as 0.01%, is said to be made up of ctDNA
[28-30]. CtDNA (its half-life is usually less than 1.5 hours) provides real-time and dynamic
information about tumor evolution. This information is provided through point mutations, copy
number variations (CNVs), chromosome rearrangements and DNA methylation patterns [31, 32].
Single base pair substitutions are the predominant specific mutations in these tumors [33]. ctDNA
differs from normal cfDNA largely in the presence of specific mutations in tumor DNA but not in
normal DNA.

5. CSF ctNDA as a diagnostic tool and monitoring tumor evolution

With the development of neuroimaging techniques and clinical evaluation, ctNDA in cerebrospinal
fluid can determine the tumors mutation spectrum. The real-time dynamic monitoring of ctDNA can
also be further used to study the mechanism of drug resistance [34, 35]. The genome and epigenome
of primary brain cancer have been comprehensively studied, and CSF ctDNA has been applied in
clinical diagnosis [36-39].

According to the anatomical location of the tumor, patients with diffuse midline glioma have a
higher risk of tissue biopsy. Detection of tumor-specific mutations in cerebrospinal fluid ctDNA of
patients with brain cancer is expected to become an effective tool for early diagnosis, which has also
been confirmed by relevant studies [40, 41]. By analyzing IDH, ATRX, TP53, PIK3CA, pTERT
mutations, H3F3A, and HIST1 H3B mutation status in CSF ctDNA, molecular diagnosis and
prognostic evaluation of gliomas can be performed, such as when TERT promoter mutations increase
the frequency of variant alleles and shorten the overall survival of patients [40, 42]. A longitudinal
analysis of cerebrospinal fluid ctDNA from glioma patients revealed mutational changes. The
evolution of the glioma genome was also shown in this analysis [43]. When the patient’s CNS was
infiltrated by B-cell malignant tumors, the dynamic changes of CSF ctDNA were expected to be a
powerful monitoring tool to reproduce the evolution of tumors [44].

6. Discussion

Although lumbar puncture CSF removal is less invasive than pathological biopsy, CSF fluid biopsy
may not be suitable for these patients. These patients are wrapped in the brain parenchyma and have
nothing to do with cerebrospinal fluid. For patients with large tumors, obstructed CSF flow, or
elevated intracranial pressure, lumbar puncture may result in herniation of the brain and is also not
suitable for CSF liquid biopsy. These pose challenges to the applicability of CSF, but ctDNA still
shows significant clinical and research potential in multiple types of brain cancer. Future research
should concentrate on transferring these biomarkers from in vitro and animal studies to clinical trials
as liquid biopsy technology advances in order to better address the majority of concerns when dealing
with brain tumors.

7. Conclusion

The use of CSF ctNDA as a liquid biopsy is a less invasive and easily repeatable technique that can
give useful information about the tumor burden and response to therapy. Additionally, CSF ctDNA can
accurately define the genetic profile of whole brain malignancies. CtDNA analysis is a useful adjunct
to tumor biopsies for confirming the diagnosis, finding mutations, tracking tumor progression, and
assessing the efficacy of treatment. As oncology moves toward precision medicine, ctDNA studies
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provide a path to achieving this goal by adequately evaluating treatment responses and allowing
geneticists and oncologists to select individual treatments for the patient based on the genetic profile.
At present, ctDNA detection is still in the research stage, so it is necessary to establish standardized
management and operation programs to implement ctDNA analysis in clinical practice. Therefore, in
order to verify the effectiveness and practicability of ctDNA analysis in clinical practice, future
research needs more patients to participate in larger research.
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