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Objective: The objective of this research is to investigate the clinical application
value of cerebrospinal fluid (CSF) cytology and circulating tumor DNA
(ctDNA) in lung adenocarcinoma (LUAD) meningeal metastasis-meningeal
carcinomatosis (MC), and to further explore the possible molecular mechanisms
and drug treatment targets of LUAD meningeal metastasis by next-generation
sequencing (NGS).

Methods: We retrospectively analyzed LUAD with MC in 52 patients. CSF cytology
was carried out using the slide centrifugation precipitation method and May-
Grawald-Giemsa (MGG) staining. Tumor tissue, plasma and CSF ctDNA of some
MC patients were detected by NGS.

Results: Of the 52 MC patients, 46 (88.46%) were positive for CSF cytology and
34 (65.38%) were positive for imaging, with statistically significant differences in
diagnostic positivity (P < 0.05). In 32 of these patients, CSF cytology, cerebrospinal
fluid ctDNA, plasma ctDNA and MRI examination were performed simultaneously,
and the positive rates were 84.38, 100, 56.25, and 62.50% respectively, the
difference was statistically significant (P < 0.001). Analysis of the NGS profiles
of tumor tissues, plasma and CSF of 12 MC patients: the mutated gene with
the highest detection rate was epidermal growth factor receptor (EGFR) and the
detection rate were 100, 58.33, and 100% respectively in tumor tissues, plasma
and CSF, and there were 6 cases of concordance between plasma and tissue EGFR
mutation sites, with a concordance rate of 50.00%, and 12 cases of concordance
between CSF and tissue EGFR mutation sites, with a concordance rate of 100%.
In addition, mutations not found in tissue or plasma were detected in CSF: FH
mutation, SETD2 mutation, WT1 mutation, CDKN2A mutation, CDKN2B mutation,
and multiple copy number variants (CNV), with the most detected being CDKN2A
mutation and MET amplification.

Conclusion: CSF cytology is more sensitive than traditional imaging in the
diagnosis of meningeal carcinomatosis and has significant advantages in the
early screening and diagnosis of MC patients. CSF ctDNA can be used as a
complementary diagnostic method to negative results of CSF cytology and MRI,
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and CSF ctDNA can be used as an important method for liquid biopsy of patients
with MC, which has important clinical significance in revealing the possible
molecular mechanisms and drug treatment targets of meningeal metastasis

of LUAD.
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1. Introduction

Meningeal carcinomatosis (MC), also known as neoplastic
meningitis (NM), refers to conditions in which a malignant tumor
diffusely spreads to the leptomeninges, cerebrospinal fluid (CSF),
and the subarachnoid space (1). MC is one of the most life-
threatening types of brain metastasis with high morbidity and
mortality as well as poor prognosis (2). Early diagnosis and prompt
treatments are of great importance for improving the quality of life
of MC patients. Currently, the diagnosis of MC is mainly based on
observation of clinical symptoms and neuroimaging examinations.
Given the complex, non-specific clinical manifestations and low
imaging diagnostic sensitivity, MC can be misdiagnosed or missed,
which delays early treatment. Detecting neoplastic cells in the CSF
is the gold standard for diagnosing MC (3). Although repeated
testing might improve the sensitivity of CSF cytology, ~25-30%
of MC patients cannot be diagnosed by this method (4). Studies
have shown that better diagnosis of MC can be achieved by
CSF circulating tumor DNA (CSF c¢tDNA) detection, which more
accurately recapitulates the genomic landscape of MC and might
provide more insights regarding the molecular mechanism of
tumorigenesis (5, 6).

Lung cancer is the cancer with the highest incidence and
mortality in the world at present (7), and the 5-year survival rate
of which is <20% (8). Lung cancer is the most common malignant
tumor causing MC, and 3-5% of non-small cell lung cancer
patients will develop MC (9, 10). Lung adenocarcinoma (LUAD)
is a common histological subtype of non-small cell lung cancer,
accounting for about 40% of lung malignant tumors (11). Some MC
patients were initially diagnosed in the Department of Neurology
with initial symptoms in the nerve system. In this study, 12 patients
were first diagnosed with headache, dizziness and/or nausea and
vomiting in the Department of Neurology. Lumbar puncture
was performed and increased intracranial pressure was detected.
Abnormal cells were found in CSF cytology at the first examination.
This study retrospectively analyzed the clinical, CSF cytological and
imaging characteristics of MC patients with lung adenocarcinoma
(LUAD) in our hospital. We compared the positive diagnosis rate
of CSF cytology, traditional imaging-based method, plasma and
CSF ctDNA detection, as well as integrated the next-generation

Abbreviations: CSF, cerebrospinal fluid; ctDNA, circulating tumor DNA; MC,
meningeal carcinomatosis; NM, neoplastic meningitis; NGS, next-generation
sequencing; LUAD, lung adenocarcinoma; MGG, May-Gruwald-Giemsa;
CNV, copy number variation; NSCLC, non-small cell lung cancer; MRI,
magnetic resonance imaging; EGFR, epidermal growth factor receptor; HLA,

human leukocyte antigen; TERT, telomerase reverse transcriptase.
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sequencing (NGS) data from patient-derived tumor tissue, plasma
and CSF. To further explore the early diagnosis methods and
the possible pathogenesis of molecular mechanism of MC, and to
provide a certain theoretical basis for drug treatment targets.

2. Subjects and methods
2.1. Subjects objects

Written informed consent was obtained from all patients
or their legal guardians. The study protocol was approved
by the Ethics Committee of the Affiliated Hospital of Hebei
University, Hebei, China (protocol code HDFY-LL-2022-051). The
MC patients with LUAD were enrolled from the affiliated Hospital
of Hebei University from July 2019 to January 2022. The general
data including sex, age, clinical manifestations, neuroimaging,
CSF cytology, CSF examination were analyzed to examine the
genetic characteristics of tumor tissue, CSF and plasma. Inclusion
criteria were as follows (12, 13): (1) One or more of the following
nervous system symptoms and physical signs: headache, nausea,
vomiting, any kind of seizure, disturbance of consciousness,
cranial nerve involvement (diplopia, hearing loss, vision loss,
facial nerve palsy, etc), spinal symptoms (paraplegia, defecation
disorders), etc. (2) LUAD was confirmed by histopathology.
(3) Typical positive imaging morphological signs on magnetic
resonance imaging (MRI): meningeal thickening or pia linear
or cord-like enhancement. (4) Positive cytological examination
results of CSF: detection of neoplastic cells features such as
different size with irregular-shape, big nucleus with malignant
signs such as lobulated state and malformed buds, increasing
chromatin with basophilic coarse particles, mitotic activity with
aberrant mitosis. (1, 2) items and (3) or (4) items were required
for enrollment.

2.2. Method

2.2.1. Examination method of CSF cytology

The Thermo Shandon Cytospin 4 cell centrifugal smear
machine (Thermo Fisher Scientific, U. K.) was used to collect
the cells by slide centrifugation precipitation method. 0.5ml of
fresh CSF was centrifuged at 650 RPM for 5min. The CSF cells
were centrifuged and precipitated on the slide and dried at room
temperature. After May-Griiwald-Giemsa (MGG) staining, the
morphology of the cells was observed under the light microscope
and the cells were classified and counted.
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12 patients with MC performed
CSF cytology - - tumor tissues ctDNA
32 patients with MC performed CSF
l ctDNA and plasma ctDNA - - -
52 palients 20 patients with MC without
with MC tumor tissues ctDNA
T 20 patients with MC performed CSF
ctDNA or plasma ctDNA or neither
MR Examination
FIGURE 1
Study schema.

2.2.2. CSF ctDNA, plasma ctDNA and tissue gene
detection by NGS
2.2.2.1. DNA extraction and library construction

The collected samples and the corresponding negative control
samples were centrifuged at room temperature, and the treated
specimens were stored in pre-labeled freezing tubes in a —80°C
refrigerator. The DNA was extracted with a MagMaxTM cell-free
DNA isolation kit (Thermo Fisher) from the collected samples and
was randomly sheared into 150-220 bp fragments using the Covaris
system (Covaris). A total of 100 ng to 1.5 pug of sheared DNA
prepared for amplification was purified with Agencourt AMPure
XP SPRI beads (Beckman Coulter). The DNA was blunted with
5'-phosphorylated ends using the NEB Quick Blunting Kit and
ligated to truncated PE P7 adaptors and barcoded P5 adaptors
using NEBNext Quick Ligation Module (New England Biolabs).
After cleanup with Agencourt AMPure XP SPRI beads and nick
fill-in with Bst polymerase Large Fragment (New England Biolabs),
the DNA fragments with adaptors were amplified and purified
with the library amplification kit (KAPA Library Amplification Kit)
according to the manufacturer’s protocol.

2.2.2.2. Probe enrichment

0J DNA capture probe hybridization with library, add closed
primers, hybridization solution and capture probe to genomic
library to hybridize overnight; 0 Washing and recovery of capture
library products, use Wash Buffer to wash the hybridization
products after capture to reduce the background of non-specific
hybridization; O Binding of capture library with streptavidin
magnetic beads, mix the activated streptavidin magnetic beads with
hybridization products Mix the activated streptavidin beads with
the hybridization product and incubate overnight; J Wash the
bead capture library to remove the non-specific binding library.

2.2.2.3. On-board sequencing

Prepare sequencing reagents according to the Hiseq 4000 User
Guide, and put the flow cell with cluster on the machine (Hiseq
4000, Ilumina). The paired-end program was selected for double-
end sequencing, using the 520 panel as a tumor-associated gene
capture probe. The sequencing process is controlled by Illumina’s
data collection software, and real-time data analysis is performed.

2.2.2.4. Sequencing data analysis

Using the human genome data hgl9 as a reference analysis
to compare the detected data, further screening and analysis
of single nucleotide variants and copy number variant types,
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filtering mismatches and low quality sequences. The tumor-specific
mutations were screened based on further comparison results from
the thousand genomes database, dbSNP database, etc. The study
schema as shown in Figure 1.

2.3. Statistical analysis

SPSS 25 (Statistical Package for the Social Sciences, version 25.0,
IBM, New York, USA) was applied to the statistical analysis of the
data: the observed values of the measurement data were tested for
normality and chi-square test, and those with normal distribution
were expressed as (mean =+ standard deviation), those with
non-normal distribution were expressed as (median, interquartile
spacing), and the count data were expressed as rate (%), the chi-
square test was used to compare the differences between groups of
count data, and the Q-test was used to compare multiple rates of
the collocation design, and P < 0.05 was considered a statistically
significant difference.

3. Results
3.1. General data

General data of 52 patients with MC (Table 1).

3.2. Sensitivity comparison of CSF cytology
and MRI positive rate

Twenty eight cases were positive for both examinations, 18
cases were tested positive for CSF cytology and negative for
MRI, while six cases were tested positive for MRI but negative
in CSF cytology analysis. The positive rate of CSF cytology was
88.46% (46/52), which is significantly higher than MRI positive rate
(65.38%, 34/52, P < 0.05) (Table 2).

3.3. Sensitivity comparison of CSF cytology,
CSF ctDNA, plasma ctDNA and head MRI

Thirty two patients underwent CSFE cytology, CSF ctDNA,
plasma ctDNA and head MRI simultaneously, 27 were tested
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TABLE 1 General data of 52 patients with MC.

10.3389/fneur.2023.1076310

TABLE 2 Comparison of positive rate of CSF cytology and head MRI of 52
patients with MC.

The Percentage
number (VA] Detection Number of Total Positive
of cases method positive number of rate (%)
(n) cases (n) cases (n)
Sex Male 22 4230 CSF cytology 46 52 88.46
Female 30 57.70 Head MRI 34 52 65.38
Clinical Headache, nausea and 45 86.54 X2 5.04
manifestation vomiting
p 0.023
Dizziness 19 36.54
Cognitive impairment 9 17.31 TABLE 3 Comparison of positive rate of CSF cytology, CSF ctDNA, plasma
Conscious disturbance 6 11.54 ctDNA and head MRI of 32 patients with MC.
Blurred vision 5 9.62 Detection Number of Total Positive
HH 0,
Psychological and 2 3.85 method é)aC;Selgl\(/ﬁ) néjargebse{n())f rate (A)
behavioral abnormalities
Fever 2 385 CSF cytology 27 32 84.38
Epileptic seizure 2 3.85 CSF ctDNA 32 32 100
Abducent paralysis P 3.85 Plasma ctDNA 18 32 56.25
Numbness and paralysis 1 1.92 Head MRI 20 32 62.50
of limbs
Q 30.55
Neck stiffness 40 76.92
p 0.000
Head MRI Meningeal enhancement 12 23.08
Brain parenchyma 8 15.38
tastasi o .
metastasis positive for CSF cytology (84.38%, 27/32), all 32 patients were tested
Meningeal enhancement 22 42.31 positive for CSF ctDNA (100%; 32/32), 18 were tested positive
mﬁ‘a:;ll: parenchyma for plasma ctDNA (56.25%, 18/32), 20 were tested positive for
MRI (62.50%, 20/32). The positive rates of all four methods were
No abnormal change 10 19.23 statistically significant (P < 0.001) (Table 3).
Cerebrospinal | Intracranial pressure
fluid
Normal (80180 7 13.46 3.4. Next generation sequencing
mmH,0)
:f;: Sg; (>180 - 8654 Next generation sequencing of tumor tissue, plasma and CSF
2
were carried out in total of 12 patients. The most frequently
White blood cell count mutated gene was found to be EGFR, with a positive diagnostic
0~5 x 10°/L 17 32.69 rate of 100% in both CSF and tumor tissue, and a rate of 58.33%
=5 % 10/L 35 6731 in patient plasma. The same EGFR mutation variant was found
Protei in paired plasma and tumor tissue samples of 6 patients (6/12);
rotein
analysis of the corresponding mutations in the CSF ctDNA NGS
<044 g/l 3 44.23 data revealed good concordance with tumor samples, the same
0.44~1.3 g/L 29 55.77 EGFR site mutation was identified in all twelve paired of CSF
Glucose and tumor tissue samples. Moreover, many unique mutations were
only found in CSF samples, but not in the tumor tissue and
1.4~2.3 mmol/L 35 67.31 . . . .
plasma samples, which includes FH mutation, SETD2 mutation,
>2.3 mmol/L 17 32.69 WT1 mutation, CDKN2A mutation, CDKN2B mutation. CNV was
Cytology also seen. The most frequently found mutation were CDKN2A
Activated 38 7308 mutation and MET amplification (Table 4).
monocytosis
Lymphocyte response 34 65.38 1 1
o 4. Discussion
Ne‘_mI'OPhﬂ response ! 192 Malignant tumors can be life-threatening. Because of the
mainly . . . . .
continuous improvement of diagnostic techniques and the
Monocyte response 17 32.69

mainly
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prolongation of the survival time in cancer patients, the incidence
of MC increased year by year. MC can occur in almost all malignant
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TABLE 4 Results of pathological tissue ctDNA, plasma ctDNA and CSF

ctDNA of 12 patients with MC.

No. Pathological Plasma ctDNA  CSF ctDNA
tissue ctDNA
NoO1 EGFR 19del, Negative EGFR 19del
PIK3CA

N02 | EGFRL858R EGFR L858R EGFR L858R,
SETD2

N03 | EGFRL858R,TP53 | EGEFR L858R, TP53 EGFR L858R, TP53

N04 | EGFRL858R RBI EGFR L858R,
CDKN2A CDKN2B

N05 | EGFRL858R EGFR L858R, TP53 EGFR L858R, TP53

N06 | EGFRL858R,TP53 | EGEFR L858R, TP53 EGER L858R, TP53

N07 | EGFRL858R Negative EGFR L858R,
CDKN2A, FH,
TP53, WT1

No08 EGFR 19del Negative EGFR 19del,
CDKN2A CDKN2B
TP53

N09 | EGFRL858R EGFRT790M EGFR L858R

N10 | EGFRL858R EGFR L858R, EGFR L858R

PIK3CA
NI1 | EGFRL858R Negative EGFR L858R, TP53
N12 | EGFR 19del, TP53 EGFR 19del EGFR 19del, TP53

tumors. The cancer types with highest MC incidence rate are
melanoma (23%) lung cancer (9-25%) and breast cancer (5%) (14).
A total of 52 patients with MC were analyzed in this study, all of
which derived from LUAD.

Meningeal cancer is more common in middle-aged and more
elderly people, with either acute or subacute onset (15). Most
patients have clinical manifestations like cranial hypertension
symptoms, headache, nausea and vomiting. With the progress
of the disease, the cerebral hemispheres and cranial nerves
are gradually involved, which leads to cognitive disorders,
mental abnormalities, personality changes, seizures, diplopia,
extraocular muscle paralysis and other symptoms (14, 16). Most
of the 52 patients involved in this study was middle-aged to
elderly people and had subacute onset, mainly presented with
cranial hypertension, cranial nerve involvement, and cognitive
impairment, which were consistent with literature reports (15).
However, many MC patients also presented with atypical clinical
manifestations, such as meningitis, cerebrovascular disease, sinus
thrombosis, or peripheral nerve injury. In this study, there were
two cases with meningitis, one case each with cerebral infarction,
venous sinus thrombosis and peripheral nerve injury.

The typical features of meningeal enhancement in MC are as
follows: diffuse or multiple thickening of pia with enhancement;
or local nodular enhancement of the pia mater. The imaging
characteristics of the patients in this study were typical, and the
meninges appeared to be normal by plain scan, suggesting that
the sensitivity of MRI scan in the diagnosis of MC was low,
which may be related to the fact that cancer cells mainly invaded
along the meninges and distributed diffusely, and there was no
obvious contrast between the diseased tissues and the adjacent CSF.
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Contrast-enhanced cranial MRI is the first choice for evaluating
patients with suspected cancerous meningitis, but some studies
have shown that the incidence of false negative results is still
as high as 30% (17). The sensitivity of cranial enhanced MRI
in this study was 65.38%, which is consistent with the results
of previous studies (18). In this study, 67.31% of the cases had
increased white blood cell count in cerebrospinal fluid, 55.77% had
increased protein, and 67.31% had decreased glucose, suggesting
an inflammatory environment in the meninges. And 65.38% of
the cases were characterized by mainly lymphocyte response, while
73.08% showed activated monocytes Increased, supporting that
increased activated mononuclear cell number is one of the CSF
characteristics of central nervous system cancers.

Due to the lack of specificity of MC clinical manifestations
and low sensitivity of neuroimaging, it is more likely to cause
misdiagnosis and missed diagnosis, which brings difficulties to
the early diagnosis and treatment of patients with MC (5). In
2021, the Consensus of Chinese MC Experts recommended CSF
cytology as the first choice for MC diagnosis, considering that itis a
simple and low-cost examination method, with higher sensitivity
and specificity than neuroimaging and clinical symptom-based
methods (19). ctDNA has emerged as a promising blood-based
biomarker for monitoring disease status of patients with advanced
cancers. One group reported that the sensitivity of CSF cytology
of the first lumbar puncture is 50-60%, but repetitive collection
can increase the sensitivity to 80% (3). The results suggested that
46 cases were positive, with a sensitivity of 88.46%. Tumor cells
were found for the first time in all 46 patients, which was higher
than earlier research from the literature, which may be associated
with the short time from sample collection to examination and
the detection method (20). The results of this study showed that
CSF cytology was more sensitive than traditional imaging-based
diagnosis methods, which was consistent with previous studies (5)
(The introduction and related examination results of a typical case
are attached in this article, as shown in Figure 2).

However, CSF cytology has its own limitations and might
results in false negative results. Liquid biopsy method overcomes
many limitations of the traditional tissue biopsy, such as tumor
heterogeneity, invasive operation risk, sample preparation error,
etc., and therefore has great potential in tumor diagnosis and
screening (21-23). CtDNA is the circulating DNA released into
body fluids from cancer cells undergoing apoptosis or necrosis, in
which the genetic alterations could be detected by pcr-based or
NGS based methods (24, 25). Plasma tumor-derived ctDNA has
been used to detect a variety of different types of tumors, however,
plasma ctDNA detection is not very effective in patients with brain
metastases (6, 26, 27). Cancer cells that spread to the meninges are
in direct contact with the CSE, and the ctDNA fragments released
can enter the CSF directly. However, due to the existence of the
blood-brain barrier, it is hard for the ctDNA in the CSF to enter the
blood (28). Therefore, CSF ctDNA has the potential to be utilized
as an important marker for MC diagnosis. In this study, all four
diagnostic methods (CSF cytology, CSF ctDNA, plasma ctDNA and
head MRI) were carried out in 32 patients, and with the highest
positive rate in CSF ctDNA analysis (100%). The difference was
statistically significant (P < 0.05), suggesting that the sensitivity of
CSF was higher than that of peripheral blood, which was consistent
with previous findings (7). CSF cytology is more sensitive than
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FIGURE 2

Typical case shows: patient, male, 66 years old, left lung mass (A)
visible at chest CT, lung cancer tissue HE staining (B), positive
expression of cytokeratin 7 (CK7) in cell membrane of lung cancer
tissue (C), positive expression of thyroid transcription factor-1
(TTF-1) in cell nucleus of lung cancer tissue (D); 1 year later, the
patient developed headache, nausea and vomiting, no pivot
meningeal enhancement was seen in the head MRI enhancement
(E), CSF cytology showed a large number of tumor cells (F)
[(B-D):200x; (F):1000x].

traditional imaging approaches for MC diagnosis. CSF ctDNA
analysis can be considered as a supplementary method to confirm
negative results from CSF cytology and MRI analysis.

CtDNA carries a plethora of tumor gene mutations and other
information. Multiple studies have shown that ctDNA in peripheral
blood can reflect the same gene mutational landscape in solid
tumor tissues, and is an important monitoring index for evaluation
of treatment effect, clinical follow-up and identification of drug
resistance mechanisms (29). For patients with brain tumors or
brain metastases, the level of ctDNA in CSF is higher than that
in their peripheral blood (21, 30). CtDNA examination in CSF
not only contributes to the diagnosis of MC, but also helps to
further understand the gene mutation characteristics of intracranial
metastases, as well as helps to uncover the mechanisms for
meningeal metastasis and to identify novel therapeutic targets. Next
generation sequencing carried out in tissue, plasma, CSF of a total
of 12 patients. All 12 patients carried EGFR mutation. Analysis
of the corresponding mutations in the ctDNA NGS data revealed
good concordance with tumor sample, the same mutation variant
of EGFR was found in all paired CSF and tumor tissue samples.
Moreover, many unique mutations were only found in CSF tissue
samples, including FH mutation, SETD2 mutation, WT1 mutation,
CDKN2A mutation, CDKN2B mutation, and CNV, among which
the most frequently found mutation were CDKN2A mutation and
MET amplification.
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Cell cycle-dependent kinase inhibitor gene (CDKN2A) is a
tumor suppressor gene that encodes two cell cycle suppressor
proteins, pl6!™NK% and p14ARF to regulate cell cycle (31).
Homozygous loss of CDKN2A, promoter methylation or gene
point mutation can lead to loss of pl6 and pl4 expression,
which is closely related to tumor prognosis (32). Studies have
reported that CDKN2A methylation is an independent indicator
of poor prognosis in patients with non-small cell lung cancer
(NSCLC) (33). Other studies have shown that lung cancer patients
with EGFR mutation combined with CDKN2A deletion mutation
have poor response to EGFR-TKI drugs (34). In this study,
CDKN2A mutation was detected in the CSF of patient 4, 7,
and 8, but not in the tissue or plasma in those patients. Those
patients had unsatisfied response to EGFR tyrosine kinase inhibitor
Osimertinib, which might be associated with the CDKN2A
mutation detected in the CSF. CNV are one of the major genomic
variations, which are reproducible from cell to cell. Ni et al. (35)
found that the CNV combinations of certain gene loci (such as c-
Myc, TERT, HLA) may lead to specific gene expression, resulting in
selective advantage in metastasis. MET amplification was the most
frequently detected CNV in our study. MET is a proto-oncogene
commonly found in lung cancer patients. MET amplification
is associated with poor prognosis of NSCLC patients. Okuda
et al. (36) analyzed pathological sections of 213 NSCLC patients
and found that increased MET copy number was an important
indicator for poor prognosis of NSCLC patients after surgery.
Cappuzzo et al. (37) showed that the prognosis of NSCLC patients
with MET amplification may be related to their average gene
copy number. When MET binds to its ligand human hepatocyte
growth factor (HGF) in NSCLC, it can activate a variety of
intracellular signaling pathways, such as PI3K-AKT, RAS-MAPK,
and STAT3 pathways (38, 39), affecting the proliferation, survival,
apoptosis, invasion, migration and angiogenesis of NSCLC cells
(40). Both CDKN2A abnormalities and MET amplification are
associated with the disease progression and poor prognosis of lung
cancer patients. However, it remains unclear whether CDKN2A
abnormalities and MET amplification are involved in the process
of brain metastasis of LUAD and how it affects the prognosis
of meningeal cancer patients. Further studies on specific gene
mutations and CNVs in patients with lung cancer brain metastases
might provide more insights on the molecular mechanism of lung
cancer brain metastases.

In conclusion, the value of ctDNA detection in CSF of patients
with meningeal carcinoma provides more clinical benefits than
that in patient plasma, which more comprehensively reflect the
mutational burden of intracranial tumor tissue. If implemented
well, performed at high quality, it can be a reliable, robust and
accurate test which is of great significance for revealing the
molecular mechanisms of meningeal metastasis.

Data availability statement

The data presented in the study are deposited in the
Baidu Netdisk, here’s the link: https://pan.baidu.com/s/1s
AOX620339Y0w3ERYuYWXg?pwd=stf9, accession number: stf9.
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