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Abstract

Meningeal metastases (LM) are a common complication of malignant tumors that progress rapidly and have a poor prognosis.

Meningeal metastasis may be a combination of intracellular and extracellular factors. The linkage between the C3 signaling

pathway and the EGFR ligand regulatory protein pathway may be one of the reasons why NSCLC patients with EGFR

mutations are prone to brain/meningeal metastasis. Cerebrospinal fluid cytology is the gold standard for diagnosing meningeal

metastases. There are various clinical treatment options, including chemotherapy, radiation therapy, immunotherapy, targeted

therapy, and so on. The incidence rate of meningeal metastatic carcinoma is increasing year by year. This article reviews the

research progress in pathogenesis, diagnosis and treatment of meningeal metastatic carcinoma of lung cancer.
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Introduction and Epidemiology 

Meningeal metastasis (LM), also known as meningeal cancer or cancerous meningitis, is a 

diffuse, multifocal, and localized infiltration of malignant tumor cells in the meninges, 

subarachnoid space, and cerebrospinal fluid chambers. It can occur in all malignant tumors 

and cause serious consequences.Although any systematic cancer has the risk of meningeal 

metastasis, most of the meningeal metastasis of solid malignant tumors comes from primary 

breast cancer and lung cancer. The incidence of LM in non small cell lung cancer (NSCLC) is 

about 3%~5%, of which 84% -96% are adenocarcinoma, about 1/3 LM is combined with brain 

parenchyma metastasis [2], about 5-8% of solid tumors and 5% -15% of blood malignancies 

have leptomeningeal metastasis, Studies have shown that its incidence is constantly 

increasing [1-5].The diagnosis of meningeal metastasis requires the discovery of malignant 

tumor cells in cerebrospinal fluid (CSF) or changes in meningeal signal on MRI with clear 

symptoms.The driver gene positive NSCLC is more prone to LM than the wild-type [6]. Due 

to the presence of the blood-brain barrier, the prognosis of LM patients is poor. If left 

untreated, the survival time is only 6-8 weeks [7]. With the breakthrough progress of targeted 

drug therapy and immunotherapy, the overall survival of NSCLC patients with targeted gene 

mutations has improved, and the incidence of meningeal metastasis in corresponding EGFR 

and other mutation subgroups has increased. Non small cell lung cancer (NSCLC) patients, 

especially those with epidermal growth factor receptor (EGFR) mutations,The likelihood of 

developing LM is more than three times that of EGFR wild-type tumor patients.A retrospective 

study by Li et al. revealed that the incidence of leptomeningeal metastasis was 3.4% among 



5387 lung cancer patients, with EGFR mutations occurring more than 5 times more frequently 

than EGFR negative patients (9.4% vs. 1.7%) [8-11]. 

 

Pathophysiology 

The pathophysiology of meningeal metastasis involves a multifactorial process in which tumor 

cells spread from the primary site. Crossing the vascular system and entering the 

cerebrospinal fluid site for seeding, due to the abundant vascular system, fibroblasts,  

infiltrating immune cells, and extracellular matrix ecosystem in the pia mater [12-13], the 

progression of metastatic diseases in this area may be a combination of intracellular (such as 

gene expression, metabolism, glycosylation) and extracellular (such as brain 

microenvironment) factors. The pia mater wraps around the brain and spinal cord, and 

contains cerebrospinal fluid. Due to the presence of numerous anastomotic branches 

between cerebral blood vessels and the vertebral artery and venous plexus supplying the 

brain, as well as anastomotic branches between pulmonary blood vessels and vertebral veins, 

lung cancer cells can directly pass through the heart and carotid arteries to the brain without 

being filtered by pulmonary capillaries, leading to blood metastasis [14].At present, the main 

pathways for tumor cell metastasis to the meninges include direct invasion of adjacent lesions 

such as brain parenchyma, dura mater, and skull; Lymphatic diffusion around nerves and 

blood vessels; The specific mechanism of hematogenous dissemination is not yet fully 

understood, but studies have shown that tumor cells play an important role in reshaping the 

microenvironment, with matrix derived factor-1 α The two factors, vascular endothelial 

growth factor and vascular endothelial growth factor, respectively promote the entry of tumor 

cells into the central nervous system and increase the blood supply to metastatic tumors [15-

17]. In addition, tumor cells that metastasize to the meninges will exhibit extensive genomic 

differences from primary tumor cells, leading to different responses to treatment. Once LM 

occurs, tumor growth can lead to neurological dysfunction, inflammation, and hydrocephalus 

in the brain. The obstruction of the blood-brain barrier (BBB) by drugs can create conditions 

for the proliferation of tumor cells, resulting in death events and adverse consequences for 

LMC patients [18-19]. 

 

Pathogenesis 

Due to the presence of the blood-brain barrier, it is important for tumor cells with meningeal 

metastasis to obtain the growth factors and nutrients needed for growth in unsuitable 

cerebrospinal fluid. CSF (with full English name and abbreviation) is mainly composed of Na+, 

HCO3-, and a small amount of K+, Mg++, Ca++, with low protein, glucose, and cytokine 

content.A study has found that cancer cells host interactions, in which malignant cells 

overcome the epithelial barrier and actively enrich cerebrospinal fluid with plasma derived 

components [20]. The most crucial one is the Complement protein C3.Pial meningeal 

metastatic cancer cells grow in cerebrospinal fluid by secreting C3. C3 disrupts the blood CSF 

barrier through its receptor C3aR on the choroid plexus, allowing for the selection of plasma 

components, including growth factors such as double regulatory proteins, and other 

substances, to enter CSF and promote cancer cell growth [21-23].The C3 signal transduction 

pathway may allow EGFR ligand regulatory proteins to enter CSF [24]. 9% to 10% of NSCLC 

patients with EGFR mutations will progress to LM at initial diagnosis or during treatment with 



tyrosine kinase inhibitors (TKIs) [25-26]. A multicenter real-world study of tumor DNA from 

cerebrospinal fluid in the NSCLC genome map of CNS metastasis showed that the detection 

rate of EGFR mutations in cerebrospinal fluid was significantly higher than in plasma [27]. The 

linkage between the C3 signaling pathway and the EGFR ligand regulatory protein pathway 

may be one of the reasons why NSCLC patients with EGFR mutations are prone to 

brain/meningeal metastasis. 

 

Clinical diagnosis 

The diagnosis of LM is mainly based on a comprehensive evaluation of neurological 

symptoms, imaging evidence, and cerebrospinal fluid data. Cerebrospinal fluid cytology 

examination remains the gold standard for LM diagnosis: sensitivity is 75% -90%, specificity is 

100%; The detection rate for repeated three tests is greater than 90% [28]. However, due to 

the relative difficulty in accessing LMC tissues, the lack of cells in CSF during the sampling 

process, and the rapid death of patients, the development of diagnostic techniques for LMC 

patients is facing numerous challenges [29-30].The recent research results combining liquid 

biopsy methods with next-generation sequencing techniques have made it possible to 

analyze circulating tumor cells, circulating tumor DNA (ctDNA), and cell free RNA derived 

from CSF [31].Other diagnostic techniques include meningeal biopsy, CSF liquid biopsy, CSF 

circulating tumor cells (CTC), and CSF biomarkers. CtDNA refers to extracellular DNA released 

by cancer cells through various mechanisms, such as active secretion and/or passive release 

during cancer cell death.In 2015, Pan and colleagues reported the first use of next-generation 

sequencing technology to analyze ctDNA derived from CSF in LMC.In 2015, De Mattos Arruda 

and his colleagues confirmed that CSF derived ctDNA captured the mutation landscape of 

various central nervous system tumors, including LMC, with higher sensitivity compared to 

plasma derived ctDNA [33-34].Cerebrospinal fluid analysis has great potential for the 

diagnosis of LMC, the genetic and epigenetic characteristics of the disease, and the 

determination of treatment resistance mechanisms.Multiple ctDNA analyses targeting non-

small cell lung cancer are used to detect driving genes in cerebrospinal fluid and assist in the 

treatment of patients [35-37].The 2021 WCLC conference reported that Professor Wu Yilong's 

team used ctDNA testing in cerebrospinal fluid to guide targeted treatment for patients with 

meningeal metastases and achieved good results.Therefore, dynamic monitoring of 

cerebrospinal fluid ctDNA to identify the unique gene profile of brain metastases can better 

predict intracranial tumor remission in NSCLC patients with brain metastases [38].  

 

Clinical treatment 

NCCN has released comprehensive guidelines to stratify patients with central nervous system 

cancer and determine which patients should receive active treatment [39]. The treatment 

principle for LMC patients is to improve neurological function, prolong survival, and prevent 

further neurological deterioration. Therefore, multidisciplinary consultation is crucial for 

individual treatment [40]. LMC has traditionally been treated with whole brain radiotherapy 

(WBRT), central nervous system penetrating systemic therapy, and palliative therapy. Due to 

the limited ability of most systemic chemotherapy drugs to pass through the blood-brain 

barrier, they are usually combined with radiotherapy to slow down neurological decline, 

stabilize quality of life, and slightly prolong survival.The current main treatment methods 



include molecular targeted therapy, systemic chemotherapy, intrathecal infusion 

chemotherapy, local radiotherapy, immunotherapy, etc. [41]. There is currently no standard 

treatment plan for leptomeningeal metastasis. In clinical studies, patients with leptomeningeal 

metastasis mainly receive whole brain radiotherapy (WRBT), chemotherapy, and targeted 

therapy (TKI).According to multiple research findings, the treatment of EGFR mutated 

leptomeningeal metastasis should be prioritized with low efficacy and high toxicity targeted 

drugs, especially TKI therapy for patients with poor physical fitness.Suitable treatment plans 

should be tailored according to individual patient conditions [42-44]. 

 

Radiotherapy 

Retrospective studies have shown that radiotherapy cannot prolong the overall survival (OS) 

of LMC patients, but it can significantly alleviate symptoms and may improve drug penetration 

by interfering with the blood-brain barrier (BBB), thereby improving the quality of life of 

symptomatic disease patients [45-48].The scope of radiotherapy is determined by the degree 

of influence on the neural axis, with local radiotherapy being given priority. Whole brain 

radiation therapy (WBRT) is more commonly used for the treatment of meningeal metastases, 

especially in cases with brain metastases (BMs), combined with systemic drug therapy and 

other treatments. Focused skull base radiation therapy can treat different types of cranial 

nerve lesions. In order to avoid the risk of harmful neurocognitive effects associated with 

WBRT, stereotactic radiotherapy (SRS) has increasingly been used as an alternative to WBRT 

[59-50].Patients who have improved their symptoms through radiation therapy only appear 

when the radiation dose is low and the symptom duration is short, while those with longer 

symptom duration have almost no benefits [51-52]. 

 

Chemotherapy/intrathecal chemotherapy 

In theory, tumor cell brain metastasis can partially disrupt the blood-brain barrier, which is 

beneficial for the penetration of chemotherapy drugs. However, in clinical practice, the effect 

of conventional chemotherapy drugs is not ideal [53]. Studies have shown that the entry of 

drugs into cerebrospinal fluid is the result of a combined effect of the mechanisms of inflow 

and outflow from the blood-brain barrier. The inflow mechanism includes absorption 

endocytosis, receptor mediated transport, carrier mediated transport, intercellular 

hydrophilicity pathway, and intercellular lipophilicity pathway, while the outflow mechanism 

is mediated by P-gp, BRCP, etc. [54-55].Pemetrexed is an anti folate synthetic anti-tumor 

drug.A retrospective analysis suggested that the median OS for patients who used 

pemetrexed after LM was 13.7 months vs. 4.0 months for those who did not use it (P=0.008). 

Multivariate analysis showed that the use of pemetrexed after LM was associated with better 

survival (HR=3.1, 95% CI: 1.5-6.3; P=0.002) [56]. 

Intrathecal injection (IT) chemotherapy is the direct delivery of cytotoxic drugs to the site 

of ventricular disease and tumor cells present throughout the cerebrospinal fluid.Bypassing 

the blood-brain barrier can also reduce the dosage of chemotherapy, reduce the likelihood 

of systemic toxic side effects, and allow sufficient drug concentration to be administered 

throughout the cerebrospinal fluid in the case of diffuse metastasis [57-58]. The two main 

routes of intrathecal chemotherapy include lumbar puncture (LP) or through ventricular 

reservoir (translation requires verification and calibration) (such as Ommaya sac).The 



advantages associated with the use of Ommaya capsules include better distribution in the 

cerebrospinal fluid chamber, avoidance of repeated LPs, and easier administration.The half-

life of intrathecal administration is short, and the drug concentration drops to sub therapeutic 

levels within a few hours and is completely eliminated within 1-2 days.Methotrexate (MTX), 

Ara C, and thio TEPA are three commonly used drugs for intrathecal treatment of LM patients 

[59]. Other commonly used drugs include Topotecan and Ara C sustained-release liposomes, 

so the number of available drugs is limited compared to those that can be administered 

systemic. In addition, some new drugs such as targeted drugs and temozolomide are also 

actively trying intrathecal injection.For LM patients with high tumor cell load in CSF, 

intramuscular administration of Ommaya is superior to lumbar puncture administration. 

However, in a study targeting meningeal metastasis, compared to methotrexate, intrathecal 

injection of methotrexate did not show an increase in survival rate [60].Add recently published  

literature on partial intrathecal infusion (IT) chemotherapy, such as pemetrexed (effective rate, 

PFS, etc.) 

 

Immunotherapy 

At present, immune checkpoint inhibitors (ICIs) are the first-line standard treatment for locally 

advanced/metastatic NSCLC [61]. Due to the fact that most clinical trials have largely excluded 

patients with LM, there is limited data on ICIs for treating LM. LMC patients have a relatively 

weak response to immunotherapy, partly due to limited delivery of systemic drugs to the 

central nervous system. The molecular weights of pembrolizumab, nivolumab, and 

ipilimumab are all ≥ 145 kDa (thousand daltons), which makes penetrating the blood-brain 

barrier and blood-brain spinal fluid barrier challenging [62].Anti PD1, anti PD-L1, and anti 

CTLA-4 drugs have all been shown to be effective against NSCLC and melanoma brain 

metastasis, but there is no data indicating significant benefits for NSCLC patients [63-

64].Hendriks et al. retrospectively analyzed 19 patients with NSCLC meningeal metastasis 

treated with ICIs. Some non-small cell lung cancer patients with LM did benefit from ICI 

treatment, especially those with good prognosis in NCCN LM who achieved longer survival 

[65]. A phase II study evaluated the combined use of nivolumab and ipilimumab in 18 patients 

with LMC, reporting an OS of 44% at 3 months [66].Immunosuppressants have potential 

mechanisms for treating brain metastases through both local and systemic effects, and further 

research is needed on the efficacy of ICIs in treating LM. Multiple phase II trials are currently 

underway, and results describing the efficacy of PD-1 inhibitors pembrolizumab and 

nivolumab are highly anticipated (NCT02886525, NCT04729348).Meanwhile, research 

involving PD-L1 inhibitors Durvalumab and Avelumab has begun [67]. With the development 

of various clinical studies in the field of non-small cell lung cancer, the overall trend of 

immunotherapy is gradually moving from the back line to the front line, and from single drug 

to more and more combination models. 

 

Targeted therapy 

LM can be classified into EGFR sensitive mutation NSCLC meningeal metastasis, ALK gene 

fusion NSCLC meningeal metastasis, ROS-1 fusion NSCLC meningeal metastasis, etc. based 

on its sensitive driving genes [68-69].China is a major country in lung cancer, and the EGFR 

mutation rate in Asian populations is higher than that in European and American populations. 



Therefore, the focus of targeted drugs in China is on EGFR sensitive mutations. With the 

widespread application of TKIs, the survival period of LM in NSCLC patients with driver gene 

positivity is significantly prolonged.EGFR TKIs are small molecule like agents, however, their 

penetration rate into cerebrospinal fluid is still relatively low. Therefore, the intracranial 

treatment effect of the first generation EGFR TKIs is not ideal, mainly due to pharmacokinetic 

failure. Recent studies have reported that the relief effect of the second generation Dakotinib 

on the intracranial is similar to that of the third generation [68, 70].However, third-generation 

TKIs have shown different therapeutic effects. Oxetinib is the third-generation oral EGFR-TKI, 

which effectively and selectively inhibits EGFR-TKI sensitization and EGFR T790M resistance 

mutations.Pre clinical and Phase I/II clinical studies have shown that ositinib has higher brain 

permeability than first and second generation treatments, and ositinib achieved  a first-line 

PFS of 18.9 months in the FLAURA study.Oxetinib is superior to the first and second 

generation in treating NSCLC with EGFR mutations for meningeal metastasis.Saboundji et al. 

retrospectively analyzed 20 NSCLC-LM patients treated with ositinib, of which 13 had EGFR-

T790M resistance mutations. The total median OS and PFS of the 20 LM patients were 18.0 

months and 17.2 months, respectively. Therefore, regardless of the presence of T790M 

resistance mutations, ositinib had significant therapeutic effects on LM patients [71-72].In 

2022, ASCO reported CNS data for two third-generation EGFR TKIs: a study of amitinib and 

a study of fumetinib.The research results show that the clinical efficacy of third-generation 

EGFR TKIs in treating CNS metastasis is superior to that of the first generation. In addition, a 

retrospective study of multiple combinations of amitinib and anti angiogenic drug 

bevacizumab in the treatment of EGFR mutated meningeal metastasis NSCLC has confirmed 

that amitinib or bevacizumab/ami combination chemotherapy regimens have significant 

therapeutic effects on EGFR mutated positive meningeal metastasis patients.The median 

treatment time for the combination of amitinib and bevacizumab was 11 months, with a 

median PS score of 4 before treatment and 1 after combination therapy [73].Other new TKIs 

with high brain penetration rates are being developed, which are expected to improve the 

efficacy of patients with brain and meningeal metastases. Further clinical research data is 

expected. For the LM of NSCLC caused by mutations in the ALK gene, the new generation 

ALK inhibitor alectinib showed significant CSF penetration and activity in NM [74].ASCEND-7 

studies have shown that Seretinib treatment for ALK+NSCLC brain and/or meningeal 

metastases can produce clinically significant high and sustained intracranial and extracranial 

remission [75].Another study suggests that loratinib can successfully treat ALK positive NSCLC 

patients with meningeal metastasis, and the small molecule macrocyclic amide structure of 

loratinib may be its advantage in crossing the blood-brain barrier (BBB) [76-77]. 

 

Summary  

LM is a catastrophic result of the spread of systemic cancer.The current treatment options are 

mainly palliative treatment, which cannot significantly prolong the survival of patients. The 

mechanism of meningeal metastasis is not yet clear, but tumor cells may play an important 

role in reshaping the microenvironment. Cerebrospinal fluid genetic testing plays a 

preliminary role in identifying driving genes and predicting intracranial remission. In the future, 

the third-generation TKI combined chemotherapy regimen has shown initial efficacy for 

patients with meningeal metastasis. Currently, multiple studies are being conducted, 



especially the combination of TKIs with other treatment methods. We look forward to more 

relevant data being released. 

 

[1] Ahn MJ, Chiu CH, Cheng Y, et al. Osimertinib for patients with leptomeningeal metastases 

associated with EGFR T790M positive advanced NSCLC: the AURA leptomeningeal metastases 

analysis [J]J Thorac Oncol, 2020, 15 (4): 637-648 

[2] Nosaki K, Yamanaka T, Hamada A, et al. Erlotinib for non-small cell lung cancer with 

leptomeningeal metastases: a phase II study (LOGIK1101) [J]Oncologist, 2020, 25 (12): e1869-

e1878 

[3] Beauchesne PIntretical chemotherapy for treatment of leptomeningeal dissection of 

meteorological tutorsLancet Oncol2010; 11 (9): 871-9. [PubMed: 20598636]  

[4] Groves MD. Leptomeningeal diseaseNeurosurg Clin N Am2011;22 (1): 67-78, vii [PubMed: 

21109151] 

[5] Le Rhun E, Tailibert S, Chamberlain MC. Carcinomatous meninitis: leptomeningeal 

metastases in solid tuitionSurg Neurol Int2013; 4 (Supply 4): S265-88 [PubMed: 23717798]  

[6] Miyawaki T, Kenmotsu H, Yabe M, et al. Challenge with previously administered adult 

growth factor receptor tyrosine kinase inhibitors in EGFR mutated non-small cell lung cancer 

with leptomeningeal metastasis [J]Investigational New Drugs, 2021 

[7] Yin K, Li Y S, Zheng M M, et al. A molecular graded diagnostic assessment (molGPA) model 

specific for estimating survival in lung cancer patients with leptomeningeal metastases [J]Lung 

Cancer, 2019  

[8] Yang J, Sang W K, Dong W K, et al. Osimertinib in patients with episode growth factor 

receptor mutation positive non-small cell lung cancer and leptomeningeal metastases: The 

BLOOM study [J]American Society of Clinical Oncology, 2020 (6) 

[9] Li YS, Jiang BY, Yang JJ, et al. Leptomeningeal metastases in patients with NSCLC with 

EGFRmutationsJ Thorac Oncol2016;11 (11): 1962-9. [PubMed: 27539328]  

[10] Clarke JL, Perez HR, Jacks LM, et al. Leptomeningeal metastases in the MRI eraNeurology 

2010; 74 (18): 1449-54. [PubMed: 20439847] 

[11] Li YS, Jiang BY, Yang JJ, Tu HY, Zhou Q, Guo WB, Yan HH, Wu YL Leptomeningeal 

Metastases in Patients with NSCLC with EGFR Mutations J Thorac Oncol2016 Nov; 11 (11): 

1962-1969. doi: 10.1016/j.jtho.2016.06.029Epub 2016 Aug 15PMID: 27539328  

[12] HpbA, Ajr A, Ug A, et al. Leptomeningeal Carcinomatosis: Molecular Landscape, Current 

Management, and Emerging Therapy - ScienceDirect [J]Neurosurgery Clinic of North America, 

2020, 31 (4): 613-625 

[13] Spector R, Robert snodgrass S, Johanson CEA balanced view of the cerebral fluid 

composition and functions: focus on adult humans Exp Neurol2015;273:57-68. [PuMed: 

26247808] [2] Adrienne, Boire, Yilong, et al. Complex Component 3 Adapts the 

Cerebrorespiratory Fluid for Leptomeningial Metastasis [J]Cell, 2017 

[14] MD Groves, Hess K R, Puduvalli V K, et al. Biomarkers of disease: cerebral fluid vascular 

endothelial growth factor (VEGF) and normal cell derived factor (SDF) -1 levels in patients 

with neoplastic meningitis (NM) due to breast cancer, lung cancer, and malaria [J]Journal of 

Neuro Oncology, 2009, 94 (2): 229-234 

[15] Herrlinger U, Wiendl H, Renninger M, et al. Vascular endothelial growth factor (VEGF) in 

leptomeningeal metastasis: diagnostic and predictive valueBr J Cancer2004; 91 (2): 219-24. 



[PubMed: 15213721]  

[16] Reijneveled JC, Brandsma D, Boogerd W, et al. CSF levels of angiogenisis related proteins 

in patients with leptomeningeal metastasesNeurology 2005; 65 (7): 1120-2. [PubMed: 

16217072] 

[17] Wang N, Bertalan MS, Brastianos PK. Leptomeningeal metastasis from systemic cancer: 

review and update on managementCancer2018; 124 (1): 21-35 [PubMed: 29165794]  

[18] Suki D, Abouassi H, Patel AJ, et al. Comparative risk of leptomeningeal disease after 

recovery or stereoactive radiosurgery for solid tuber metastasis to the posterior fossaJ 

Neurosurg2008; 108 (2): 248-57. [PubMed: 18240919] 

[19] Suki D, Hatiboglu MA, Patel AJ, et al. Comparative risk of leptomeningeal dissertation of 

cancer after surgery or stereoactive radiosurgery for a single superior solid tuber 

metathesisNeurosurgery 2009; 64 (4): 664-74. [PubMed: 19197219] 

[20] Smalley I, Law V, Wyatt C, et al. Proteological Analysis of CSF from Patients with 

leptomeningeal Melanoma Metastases Identifies Signatures Associated with Disease 

Progression and Therapeutic Resistance [J]Clinical Cancer Research, 2020, 26 (9): 

clinicares.2840.2019 

[21] Boire A, Zou YOS03.3 Complex component 3 adapts the cerebrovascular fluid for 

leptomeningeal metastasis [J] Neuro Oncology, 2017, 19 (suppl_3): iii5 iii5  

[22] Snodgrass, Robert S, Spector, et al. A balanced view of the cerebral fluid composition 

and functions: Focus on adult humans [J]Experimental Neurology, 2015  

[23] Wang N, Bertalan MS, Brastianos PK. Leptomeningeal metastasis from systemic cancer: 

review and update on managementCancer2018; 124 (1): 21-35 

[24] Boire A, Zou YOS03.3 Complex component 3 adapts the cerebrovascular fluid for 

leptomeningeal metastasis [J] Neuro Oncology, 2017, 19 (suppl_3): iii5 iii5  

[25] Snodgrass, Robert S, Spector, et al. A balanced view of the cerebral fluid composition 

and functions: Focus on adult humans [J]Experimental Neurology, 2015  

[26] Cheng H, Perez Soler R. Leptomeningeal metastases in non-small cell lung cancer 

[J]Lancet Oncol, 2018, 19 (1): e43-e55 

[27] Mu YP, et al. 2022 ASCO Abstract 9087  

[28] Chunhua M A, Yuan L V, Jiang R, et al. Novel method for the detection and quantification 

of malignant cells in the CSF of patients with leptomeningeal metastasis of lung cancer 

[J]Oncology Letters, 2015 

[29] Tellez Gabriel M, Ory B, Lamoureux F, et al. Tumour heterogeneity: the key advantages 

of single cell analysisInt J Mol Sci2016; 17 (12): 2142 

[30] Lawson DA, Kessenbrock K, Davis RT, et al. Tumour heterogeneity and metastasis at single 

cell resolutionNat Cell Biol2018; 20 (12): 1349-60. [PubMed: 30482943]  

[31] Pentsova E, Lin XCerebrospinal fluid circulating tutor cells: a novel tool to diagnose 

leptomeningeal metastases from epiphyteal tutors [J] Neuro oncology, 2017 (suppl_3): 1248 

[32] Lawson DA, Kessenbrock K, Davis RT, et al. Tumour heterogeneity and metastasis at single 

cell resolutionNat Cell Biol2018; 20 (12): 1349-60  

[33] Pan W, Gu W, Nagpal S, et al. Brain tuber mutations detected in cerebral spinal fluidClin 

Chem2015; 61 (3): 514-22 

[34] De Mattos Aruda L, Mayor R, Ng CKY, et al. Cerebrospinal fluid derived circulating tuition 

DNA better reports the genetic alterations of brain tuition than plasmaNat Commun2015;6: 



8839 

[35] Li YS, Jiang BY, Yang JJ, et al. Unique genetic profiles from cerebral fluid cell free DNA in 

leptomeningeal metastases of EGFR mutant non-small cell lung cancer: a new medium of 

liquid biopsyAnn Oncol2018; 29 (4): 945-52. [PubMed: 29346604]  

[36] Zheng MM, Li YS, Jiang BY, et al. Clinical utility of cerebral fluid cell free DNA as liquid 

biopsy for leptomeningeal metastases in ALK rearranging NSCLCJ Thorac Oncol2019;14 (5): 

924-32. [PubMed: 30659989] 

[37] Song Y, Liu P, Huang Y, et al. Osimertinib quantitative and gene variation analyses in 

cerebrovascular fluid and plasma of a non-small cell lung cancer patient with leptomeningeal 

metastasesCurr Cancer Drug Targets2019; 19 (8): 666-73. [PubMed: 30332963] 

[38] Zheng MM, Li YS, Tu HY, Sun H, Yin K, Jiang BY, Yang JJ, Zhang XC, Zhou Q, Xu CR, Wang 

Z, Chen HJ, Zhou DX, Wu YSubsequent treatments beyond progression on osimertinib in 

EGFR mutated NSCLC and leptomeningeal metastasesBMC Med. 2022 May 30; 20 (1): 197. 

doi: 10.1186/s12916-02387-0PMID: 35644609; PMCID: PMC9150343 

GrossmanSA, SpenceANCCN clinical practice guidelines for cardiovascular/lymphomatous 

meninitis Oncology 1999; 13 (11A): 144-52  

[40] Khosla AA, Saxena S, Ozair A, Venus VA, Peereboom DM, Ahluwalia MS. New Therapeutic 

Approaches in Neoplastic MeningitisCancers (Basel) 2022 Dec 25; 15 (1): 119. doi: 

10.3390/cancers150119PMID: 36612116; PMCID: PMC9817816 

[41] Groves MD. Leptomeningeal disease Neurosurg Clin N Am2011;22 (1): 67-78, vii 

Jiang BY, Li YS, Guo WB, Zhang XC, Chen ZH, Su J, Zhong WZ, Yang XN, Yang JJ, Shao Y, [42] 

Huang B, Liu Yuh, Zhou Q, Tu HY, Chen HJ, Wang Z, Xu CR, Wang BC, Wu SY, Gao CY, Zhang 

X, Wu YLDetection of Driver and Resistance Mutations in Linear Metastases of NSCLC by Next 

Generation Sequencing of Cerebrosal Fluid Circulating Tumor Cells Clin Cancer Res. 2017 Sep 

15; 23 (18): 5480-5488. doi: 10.1158/1078-10432.CCR-17-0047Epub 2017 Jun 12PMID: 

28606923 

[43] Wu X, Xing P, Shi M, Guo W, Zhao F, Zhu H, Xiao J, Wan J, Li J. Cerebrospinal Fluid Cell 

Free DNA-Based Detection of High Level of Genomic Facility Is Associated With Poor 

Prognosis in NSCLC Patients With leptomeningeal MetastasesFront Oncol 2022 Apr 28;12: 

664420. doi: 10.3389/fonc.2022.664420PMID: 35574310; PMCID: PMC9097599 

[44] Zheng MM, Li YS, Jiang BY, Tu HY, Tang WF, Yang JJ, Zhang XC, Ye JY, Yan HH, Su J, Zhou 

Q, Zhong WZ, Yang XN, Guo WB, Chuai S, Zhang Z, Chen HJ, Wang Z, Liu C, Wu YLClinical 

Utility of Cerebrospinal Fluid Cell Free DNA as Liquid Biopsy for Leptomeningel Metastases in 

ALK Rearranged NSCLC J Thorac OncolMay 2019; 14 (5): 924-932. doi: 

10.1016/j.jtho.2019.01.007Epub 2019 Jan 17PMID: 30659989 

[45] Minniti G, Lanzetta G, Capone L, et al. Leptomeningeal disease and brain control after 

postnatal stereotypical radiology with or without ambiguity for desired brain 

metastasesJournal for ImmunoTherapy of Cancer 2021;9: E003730 

[46] Morris PG, Reiner AS, Szenberg OR, Clarke JL, Panageas KS, Perez HR, Kris MG, Chan TA, 

DeAngelis LM, Omuro AM. Lemomeningeal metastasis from non-small cell lung cancer: 

survival and the impact of the whole brain radiationJ Thorac Oncol2012 Feb; 7 (2):  382-5. doi: 

10.1097/JTO.0b013e3182398e4f. PMID: 22089116 

[47] Shi S, Sandhu N, Jin MC, et al. Stereotactic radiology for expected brain metastases: single 

institutional experience of over 500 vacancies Int J Radio Oncol Biol Phys 2020;106:764-71 



[48] Yan W, Liu Y, Li J, Han A, Kong L, Yu J, Zhu H. Whole brain radiation therapy does not 

improve the overall survival of EGFR mutant NSCLC patients with leptomeningeal metastasis 

Radiant Oncol2019 Sep 14; 14 (1): 168. doi: 10.1186/s13014-019-1376-z. PMID: 

31521171;PMCID: PMC6744654 

[49] Luminiczky K, Szatm á ri T, S á fr á ny G. Ionizing Radiation Induced Immune and 

Inflammatory Reactions in the BrainFront Immunol May 5, 2017;8: 517. doi: 

10.3389/fimmu.2017.00517PMID: 28529513; PMCID: PMC5418235 

[50] Navarria P, Pessina F, Clerici E, et al. Surgery followed by Hypocompetitive radiosurgery 

on the tuber bed in oligometastatic patients with large brain metastasesResults of a phase 2 

study Int J Radio Oncol Biol Phys 2019;105:1095-105 

[51] Pan Z, Yang G, He H, et al. Current radiation and internal methodology for treating 

leptomeningeal metastasis from solid tutors with adverse diagnostic factors: a prospective 

and single arm studyInt J Cancer2016; 139 (8): 1864-72 

[52] Zhen J, Wen L, Lai M, Zhou Z, Shan C, Li S, Lin T, Wu J, Wang W, Xu S, Liu D, Lu M, Zhu 

D, Chen L, Cai L, Zhou C. Whole brain radiation (WBRT) for leptomeningeal metastasis from 

NSCLC in the era of targeted therapy: a retrospective studyRadiant Oncol2020 Jul 31; 15 (1): 

185. doi: 10.1186/s13014-020-01627-y. PMID: 32736566;PMCID: PMC7393872 

[53] El Shafie R A, B ö hm, Karina, Weber D, et al. Palliative Radiotherapy for Leptometric 

Carcinomatosis - Analysis of Output, Prognostic Factors, and Symptom Response [J]Frontiers 

in Oncology, 2019, 8  

[54] Haiying Cheng, Roman Perez SolerLeptomeningeal metastases in non-small cell lung 

cancerLancet Oncol 2018;19: E43-55 

[55] Weiss N, Miller F, Cazaubon S, et al. The blood rain barrier in brain homeostasis and 

neurological disorders [J] Biochim Biophysis Acta, 2009, 1788 (4): 842-857 

[56] Choi M, Keam B, Ock CY, et al. Pemetrexed in the Treatment of Lemomeningeal 

Metastasis in Patients With EGFR mutton Lung Cancer [J]Clin Lung Cancer, 2019, 20 (4): e442-

e451 

[57] Groves MD. Leptomeningeal diseaseNeurosurg Clin N Am. 2011 Jan;22 (1): 67-78, vii Doi: 

10.1016/j.nec.2010.08.006PMID: 21109151  

[58] Chamberlain MC. Radiosotope CSF flow studies in leptomeningeal metastasesJ 

Neuroncol1998 Jun Jul; 38 (2-3): 135-40. doi: 10.1023/a: 1005982826121PMID: 9696363 

[59] Le Rhun E, Weller M, Brandsma D, et al. EANO-ESMO Clinical Practice Guidelines for 

diagnosis, treatment, and follow-up of patients with leptomeningeal metastasis from solid 

tuition [J]Ann Oncol, 2017, 28 (suppl_4): iv84 iv99 

[60] Le Rhun E, Tailibert S, Zairi F, Kotecki N, Devos P, Mailliez A, Servent V, Vanlemmens L, 

Vennin P, Boulanger T, Baranzelli MC, Andr é C, Marliot G, Cazin JL, Dubois F, Assaker R, 

Bonnerre J, Chamberlain MC. A retrospective case series of 103 consecutive patients with 

leptomeningeal metastasis and breast cancerJ Neuroncol2013 May; 113 (1): 83-92. doi: 

10.1007/s11060-013-1092-8Epub 2013 Mar 1PMID: 23456656 

[61] Pierre T, Giaj Levra N, Toffart A-C, Alongi F, Moro Sibilot D and Gobbini E (2022) 

Immunotherapy in NSCLC Patients With Brain and Leptomeningeal MetastasesFrontOncol 12: 

787080. doi: 10.3389/fonc.2022.787080 

[62] Cohen JV, Kluger HM. Systemic immunity for the treatment of brain metastases Front 

Oncol2016;6: 49 



[63] Rounis K, Skribek M, Makrakis D, De Petris L, Agelaki S, Ekman S, Tsakonas G. Correlation 

of Clinical Parameters with Intrarial Outcomes in Non Small Cell Lung Cancer Patients with 

Brain Metastases Treaded with Pd-1/Pd-L1 Inhibitors as MonotherapyCancers (Basel) March 

29, 2021; 13 (7): 1562. doi: 10.3390/cancers13071562PMID: 33805335; PMCID: PMC8036699  

[64] Gauvain C, Vaul é on E, Chouaid C, Le Rhun E, Jabot L, Scherreel A, Venus F, Cortot AB, 

Monnet I. Intracerebra efficacy and tolerance of nivolumab in non-small cell lung cancer 

patients with brain metastasesLung Cancer 2018 Feb;116:62-66. doi: 

10.1016/j.lungcan.2017.12.008Epub 2017 Dec 14Erratum in: Lung Cancer 2019 Oct;136:159. 

PMID: 29413052 

[65] Ferguson SD, Bindal S, Bassett RL Jr., et al. Predictors of survival in metabolic melanoma 

patients with leptomeningeal disease (LMD)J Neuroncol2019; 142 (3): 499-509 

[66] Brastianos PK, Strickland MR, Lee EQ, Wang N, Cohen JV, Chukwueke U, Forst DA, Eichler 

A, Overloyer B, Lin NU, Chen WY, Bardia A, Juric D, Dagogo Jack I, White MD, Dietrich J, 

Nayyar N, Kim AE, Alvarez Breckenridge C, Mahar M, Mora JL, Nahed BV, Jones PS, Shih HA, 

Gerstner ER, Gibbie Hurder A, Carter SL, Oh K, Cahill DP, Sullivan RJPhase II study of 

ipilimumab and nivolumab in leptomeningeal cardiovascular disease Nat Commun2021 Oct 

12;12 (1): 5954. doi: 10.1038/s41467-021-25859-y. PMID: 34642329;PMCID: PMC8511104 

[67] Khosla, A.A; Saxena, S; Ozair, A; Venus, V.A;Peereboom, D.M;Ahluwalia, M.S. Novel 

Therapeutic Approaches in Neoplastic Meningitis Cancers 2023, 15, 119 

https://doi.org/10.3390/cancers15010119  

[68] Xu Yufen, et al. "The role of EGFR-TKI for leptomeningeal metastases from non-small cell 

lung cancer." SpringerPlus 51 (2016): 1244 

[69] Mizusaki S, Otsubo K, Ninomiya T, et al. Remarkable response to dacomitinib in a patient 

with leptomeningeal cancer due to EGFR Mutant non small cell lung cancer [J]Thoracic Cancer, 

2020  

[70] Zheng M M, Li Y S, Sun H, et al. Osimertinib Leads the Way Towards Improving Outcomes 

of EGFR Mutant NSCLC With Leptomeningel Metastases [J]Journal of Thoracic Oncology, 

2021, 16 (2): e12-e14 

[71] Yang J, Sang W K, Dong W K, et al. Osimertinib in patients with episode growth factor 

receiver mutation positive non-small cell lung cancer and leptomeningeal metastases: The 

BLOOM study [J]American Society of Clinical Oncology, 2020 (6) 

[72] Saboundji K, Australian JB, P é rol M, et al. Efficiency of Osimertinib in EG F R-M Utted N 

on S mall Cell Lung Cancer w ith Leptomeningeal Metastases Pretreated with EGFR Tyrosine 

Kinase Inhibitors [J]Target Oncol, 2018, 13 (4): 501-507 

[73] Chen GY, et al. 2022 ASCO, Abstract 9101 

[74] Gadget SM, Gandhi L, Riely GJ, Chiappori AA, West HL, Azada MC, Morcos PN, Lee RM, 

Garcia L, Yu L, Boisserie F, Di Laurenzio L, Golding S, Sato J, Yokoyama S, Tanaka T, Ou 

SHSafety and activity of alectinib against systemic disease and brain metastases in patients 

with cryotinib resistant ALK rearranging non-small cell lung cancer (AF-002JG): results from 

the dose-binding port of a phase 1/2 studyLancet Oncol 2014 Sep; 15 (10): 1119-28. doi: 

10.1016/S1470-2045 (14) 70362-6Epub 2014 Aug 18PMID: 25153538 

[75] Chow LQM, Barlesi F, Bertino EM, et al. ASCEND-7: Efficiency and Safety of Certinib 

Treatment in Patients With ALK-Positive Non Small Cell Lung Cancer Metastatic to the Brain 

and/or LettersClin Cancer Res. 2022;Clincanres. 1838.2021. doi: 10.1158/1078-10432. CCR-

https://doi.org/10.3390/cancers15010119


21-1838 

[76] Sun MG, Kim IY, Kim YJ, Jung TY, Moon KS, Jung S, Oh IJ, Kim YC, Choi YD. Lorlatinib 

Therapy for Rapid and Dramatic Control of Brain and Spinal Leptomeningel Metastases from 

ALK-Positive Lung AdenocarcinomaBrain Tumor Res Treatment 2021 Oct; 9 (2): 100-105. doi: 

10.14791/btrt.2021.9.e19PMID: 34725992; PMCID: PMC8561218 

[77] Gafer H, de Waard Q, Competer A, van den Heuvel M. Rapid regression of neurological 

symptoms in patients with metastasized ALK+lung cancer who are treated with loratinib: a 

report of two casesBMJ Case Rep. 2019 Jul 24; 12 (7): e227299. doi: 10.1136/bcr-2018-

227299PMID: 31345828; PMCID: PMC6663151 

 

 


