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Circulating Tumor DNA in Cerebrospinal Fluid

Circulating Tumor DNA (ctDNA) in Cerebrospinal Fluid (CSF) is a highly promising biomarker
for diagnosing and monitoring central nervous system (CNS) tumors, including primary and metastatic
cancers. Tumor cells release DNA fragments into surrounding fluids like CSF, offering a non-invasive
means to assess tumor genetics, disease progression, and treatment response.

### Characteristics of ctDNA in CSF:
1. Source:

1. Released by CNS tumor cells into the CSF through apoptosis, necrosis, or active secretion.
2. More enriched in CSF compared to plasma for CNS tumors due to the proximity of CSF to the
tumor site and the blood-brain barrier limiting ctDNA in circulation.

2. Detection:

1. Techniques include:
1. Low-pass whole genome sequencing (LP-WGS): For detecting copy-number
alterations (CNAs).
2. Digital droplet PCR (ddPCR): For highly sensitive and specific detection of known
mutations.
3. Targeted Next-Generation Sequencing (NGS): To identify single-nucleotide
variations, indels, and structural variants.

3. Advantages:

1. Non-invasive compared to traditional biopsy.
2. Real-time monitoring of disease progression and treatment response.
3. Potential for detecting minimal residual disease (MRD) and early recurrence.

4. Challenges:

1. Requires lumbar puncture or intraoperative CSF sampling, which is less invasive than brain
biopsy but still procedural.
2. Sensitivity depends on tumor location, size, and ctDNA abundance.

### Applications in Clinical Practice:
###+# 1. Diagnosis:

1. Primary CNS Tumors: ctDNA in CSF can reveal genetic and epigenetic alterations
characteristic of specific CNS tumors, such as gliomas or medulloblastomas.
2. CNS Germ Cell Tumors (CNS-GCTs):
1. Germinomas and non-germinomatous GCTs (NGGCTs) can release detectable ctDNA.
2. Useful in marker-negative tumors where B-hCG or AFP is not elevated.
3. Metastatic Tumors: ctDNA can identify systemic cancer metastases to the CNS.
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###+# 2. Prognostic Marker:
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1. High levels of ctDNA correlate with tumor burden and worse outcomes in some studies.
2. Monitoring ctDNA dynamics during treatment helps predict progression-free survival (PFS) and
overall survival (0S).

###+# 3. Treatment Monitoring:

1. ctDNA clearance during therapy indicates effective treatment.
2. Persistence or reappearance of ctDNA may signal residual disease or relapse.

#### 4. Characterizing Tumor Evolution:

1. Detects mutations associated with therapy resistance.
2. Enables analysis of clonal evolution and tumor heterogeneity.

### Advantages Over Traditional Approaches:

Feature ctDNA in CSF Traditional Biopsy

Invasiveness Minimally invasive (lumbar puncture) |Highly invasive (craniotomy)

Tumor Heterogeneity E:gﬁg;\rses DNA from multiple tumor Biopsy often limited to sampled area
Longitudinal Monitoring |[Enables repeated sampling Impractical for repeated use

Early Detection Detects MRD and recurrence early Often detected late through imaging

### Challenges and Limitations:
1. Access to CSF:
1. Requires lumbar puncture, which is more invasive than plasma sampling.
2. Sensitivity:
1. Detection limits can vary based on tumor size, location, and ctDNA shedding rate.
3. Technical Challenges:

1. Requires advanced bioinformatics for analysis.
2. Lack of standardization in ctDNA detection protocols.

4., Cost:

1. Advanced sequencing techniques may be expensive and resource-intensive.

### Emerging Developments:
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1. Standardized Thresholds:

1. Studies have begun to establish ctDNA positivity thresholds (e.g., 26% in NGGCTs) for clinical
decision-making.

2. Integrative Biomarker Panels:

1. Combining ctDNA with traditional tumor markers (e.g., B-hCG, AFP) and imaging improves
diagnostic accuracy.

3. Personalized Medicine:
1. ctDNA analysis identifies actionable mutations for targeted therapies.
4. Non-CSF Liquid Biopsies:

1. Efforts to detect CNS tumor-derived ctDNA in plasma are ongoing, aiming to circumvent the
need for lumbar puncture.

### Conclusion:

Circulating tumor DNA in CSF is a transformative tool for diagnosing and managing CNS tumors,
offering insights into tumor genetics, treatment response, and recurrence. While challenges remain,
ongoing technological advancements and validation studies will likely integrate ctDNA into routine
clinical practice, particularly in CNS germ cell tumors and other brain cancers.
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