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Leptomeningeal metastases in non-small-cell lung cancer
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Leptomeningeal metastasis is a complication of advanced non-small-cell lung cancer (NSCLC). Diagnosis and 
monitoring of leptomeningeal metastasis are challenging, and are based on neurological, radiographic, and 
cerebrospinal fluid findings. Substantial progress has been made in several key aspects of management of 
leptomeningeal metastasis, including improved characterisation of the genetic profiles, generation of clinically 
relevant animal models, advances in cerebrospinal fluid liquid biopsy with improved cytology and genotyping 
analysis, and the development of therapeutic agents with greater CNS penetration. This Review discusses cumulative 
data on multiple treatment modalities with a particular focus on recent advances in molecularly targeted therapies in 
subtypes of patients with leptomeningeal metastasis from NSCLC. Future research is needed to further understand 
the biology of leptomeningeal metastasis and the mechanisms of resistance to treatment.

Introduction
Leptomeningeal metastasis occurs when malignant cells 
spread to the leptomeninges (pia and arachnoid mater), 
subarachnoid space, and other cerebrospinal fluid (CSF) 
compartments.1,2 The leptomeningeal space is a so-called 
sanctuary site for tumour cells and therapeutic agents 
because of the transport restrictions created by the 
blood–brain barrier. Cancerous cells can reach the 
leptomeningeal space through the haematogenous route 
(by migrating to the vessels of the arachnoid or choroid 
plexus), via direct extension from brain metastases, via 
perivascular lymphatic dissemination, and via endoneural 
and perineural spread. The entry of therapeutic agents to 
the leptomeningeal space mostly depends on physico-
chemical features and pharma cological characteristics.3

Leptomeningeal metastasis occurs in 3–5% of patients 
with advanced non-small-cell lung cancer (NSCLC).4 

However, its incidence has increased in subgroups of 
patients with targetable mutations as a result of their 
improved outcomes from new molecular therapies. The 
prognosis of patients with leptomeningeal metastasis 
from NSCLC is poor but has improved, from a historical 
(preapproval of comtemporary systemic treatment) 
median survival of 1–3 months to 3–11 months with novel 
therapies.4–6 While chemotherapy and radiotherapy are 
mildly effective forms of treatment, molecularly targeted 
therapies and immunotherapy have shown antitumour 
activity for brain metastases and are promising treatment 
options, although information on their activity in 
leptomeningeal metastasis is scarce.

Drugs with improved ability to achieve therapeutic CSF 
concentrations need to be developed. The biology of 
lepto meningeal metastasis also needs to be better 
understood, especially the genetic characteristics of the 
tumour cells that can invade the leptomeningeal space. 
In this Review, we discuss recent advances and remaining 
challenges in the diagnosis and treatment of 
leptomeningeal metastasis in patients with NSCLC, 
particularly in patients with actionable mutations.

Blood–brain barrier
The blood–brain barrier protects the CNS from toxicity, 
but also prevents most therapeutic agents from accessing 

the brain parenchyma and leptomeningeal space. The 
selective permeability of the barrier is due to its distinct 
structure. The barrier is formed by a continuous layer of 
endothelial cells with tight junctions between them, and 
surrounded by pericytes and astrocytic perivascular end 
feet.7 The space between the CSF and the CSF-producing 
choroid plexus is known as the blood–CSF barrier, which 
has the same purpose as the blood–brain barrier, 
although it has no tight junctions and is more permeable, 
allowing CSF bulk flow.7 The barrier could be impaired 
by the presence of CNS metastases.

The entry of drugs into the CSF is the combined result 
of influx and efflux mechanisms (figure 1). The influx 
systems allow the entry of substances across the 
blood–brain barrier, such as adsorptive or cell-mediated 
transcytosis, carrier or receptor-mediated transport, and 
transcellular and paracellular pathways.8 The active efflux 
transport systems prevent the delivery of drugs to the 
CNS. P-glycoprotein and breast cancer resistance protein 
are export proteins located in the luminal membrane of 
the brain capillary endothelium, and they are the 
two most common hindrances to efficient drug transport 
into the brain and leptomeningeal space.9 Although 
various anticancer therapeutics, such as tyrosine kinase 
inhibitors and chemotherapeutic agents, are substrates 
of these efflux transporters, their entry into the CSF 
varies as a result of the opposing influx and efflux 
mechanisms. For example, despite being a substrate of 
efflux transporters, the permeability of osimertinib, a 
third-generation EGFR tyrosine kinase inhibitor, is 
sufficient to curb the efflux.10

Drug delivery to the CNS and leptomeningeal 
space
Therapeutic efficacy in leptomeningeal metastasis is 
determined by whether therapeutic drug concentrations 
can be achieved in the CSF at the same doses 
administered systemically. Drug concentrations in the 
CSF depend on the concentration of the free drug in 
plasma and the CSF penetration rate of the drug, which 
is the ratio of unbound CSF concentration to unbound 
plasma or blood concentration. The concentration of free 
drug in plasma can be modulated by changing the doses 
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and schedules of treatment. The ability of a drug to cross 
the blood–brain barrier can be substantially improved 
through chemical design as entry depends on certain 
physicochemical properties, including low molecular 
weight, low potential for active efflux, few rotatable 
bonds, small polar surface area, few hydrogen bond 
donors, and good lipid solubility.11 Table 1 shows the 
broad range of CSF to half maximal inhibitory 
concentration (IC50) therapeutic drug ratios observed 
within molecular agents of the same family (0·03 to >100), 
which explains some of the differences in their efficacy 
against leptomeningeal metastasis.

The development of the new EGFR tyrosine kinase 
inhibitor AZD3759 is a successful example of how drug 
design can improve the penetration of the blood–brain 
barrier. First-generation EGFR tyrosine kinase 
inhibitors, such as erlotinib and gefitinib, second-
generation afatinib, and third-generation osimertinib 
are all substrates of efflux transporters (primarily 
P-glycoprotein and breast cancer resistance protein).10 
Erlotinib has 11 rotatable bonds and gefitinib has ten 
such bonds; afatinib has two undesirable hydrogen bond 
donors.11 All these factors result in low penetration, 
particularly for gefitinib, which also correlate with the 
different effects these agents have in leptomeningeal 
metastasis. AZD3759 was chemically designed to 
facilitate blood–brain barrier access. It is not a substrate 
of the efflux transporters, is about 100% penetrative, and 
has a a CSF:IC50 of 126, all of which suggest optimal 
penetration of the CNS and a very high therapeutic 
ratio.11,27 Both preclinical and preliminary clinical studies 
suggest that AZD3759 is a promising agent for patients 

with EGFR mutations and leptomeningeal metastasis 
from NSCLC.

The discovery of lorlatinib, which targets anaplastic 
lymphoma kinase (ALK) and ROS1, is another research 
success. Crizotinib was the first ALK inhibitor to be 
approved by the US Food and Drug Administration; 
however, it has a very low CSF penetration of 0·26% and 
CSF:IC50 of 0·03,20 which explains the high frequency 
of CNS recurrences that are seen with crizotinib. To 
identify agents with better CNS penetration and potency 
as an ALK inhibitor, a strategy using structure-based drug 
design led to the development of lorlatinib. This drug is a 
highly potent macrocyclic inhibitor and a 
poor P-glycoprotein substrate, and has good passive 
permeability; thus, it has a CSF penetration of 31–96% 
and CSF:IC50 of >92·7 (table 1).24 Indeed, the preliminary 
results of an ongoing study (NCT01970865) showed that 
lorlatinib had activity, systemically and in the CNS in ALK-
positive or ROS1-positive lung cancers.25

Animal models and genetic characteristics
Intrathecal inoculation of NSCLC cells into the cisterna 
magna of mice is the most commonly used strategy 
to create models of leptomeningeal metastasis from 
NSCLC.28–31 Using EGFR-mutant PC-9 cells, Yang and 
colleagues29 tested the activity of AZD3579 in a mouse 
model of leptomeningeal metastasis. Compared with 
erlotinib, AZD3579 had better CNS penetration and 
resulted in longer survival. In a similar model using 
EGFR-mutant PC-9/ffluc cells, Nanjo and colleagues31 
showed that acquired resistance to gefitinib was 
characterised by an increased MET copy number with 
no Thr790Met mutation, and the resistant tumour 
responded to a combination of an EGFR tyrosine kinase 
inhibitor (gefitinib or osimertinib) and the MET inhibitor 
crizotinib.

Available evidence suggests differential expression of 
the EGFR Thr790Met mutation in CNS (including 
leptomeningeal metastasis) and extra-CNS lesions.31–33  
Thr790Met was identified less frequently in lepto-
meningeal metastasis specimens than in extracranial 
lesions in a study of 28 patients who underwent rebiopsy 
after they became resistant to gefitinib (8% vs 55%; 
p<0·01).31 In addition, analysis of multiple metastatic sites 
in patients with refractory EGFR-mutated NSCLC showed 
that the Thr790Met mutation was identified in most 
metastatic sites, except in brain lesions.32,33

A liquid biopsy of the CSF is a reliable method to 
determine the genetic characteristics of leptomeningeal 
metastasis because circulating tumour DNA from the 
CSF represents the genomic alterations of the CNS lesions 
more accurately than does circulating tumour DNA from 
plasma.34 Fan and colleagues35 compared primary tumours 
(mostly collected at diagnosis) with CSF liquid biopsies 
(collected after EGFR tyrosine kinase inhibitor treatment 
failure) from 11 patients with EGFR mutations and lepto-
meningeal metastasis from NSCLC. The pattern of EGFR-
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Figure 1: Transport mechanisms across the blood–brain barrier
P-gp=P-glycoprotein. BCRP=breast cancer resistance protein. 
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activating mutations was similar between the CSF and 
primary tumours. However, a Thr790Met mutation was 
not found in the CSF when patients developed 
leptomeningeal metastasis and were resistant to EGFR 
tyrosine kinase inhibitors, which supports previous 
observations.31–33 Recurrent CSF-specific genetic profiles 
related to cell cycle regulation and DNA damage response 
pathways were identified.35 Jiang and colleagues36 also 
showed a lower frequency of EGFR Thr790Met mutations 
and a higher frequency of MET amplification in the CSF 
than in plasma (EGFR Thr790Met mutations in only 21% 
of samples, and MET amplification in 39%).

The different roles of MET copy number gain and EGFR 
Thr790Met mutation in the development of resistance to 
EGFR tyrosine kinase inhibitors in leptomeningeal 
metastasis compared with other sites should be confirmed 
in future studies. Little is known about the roles of MET 
amplification and Thr790Met mutations in the 
development of leptomeningeal metastasis. MET copy 
number gains in leptomeningeal metastasis might reflect 
an increased invasion potential of MET-amplified cells 
compared with Thr790Met-mutated cells, because 
Thr790Met-mediated resistance has been associated with 
a better prognosis, suggesting a less virulent form of 
disease.37 If the role of MET amplification is confirmed, 
studies will be needed to identify the MET inhibitor with 
the best ability to penetrate the CSF.

Future studies are needed to elucidate the contribution 
and mechanisms of MET amplification, Thr790Met 
mutation, and other signalling pathways in the 
development of lepto meningeal metastasis and its 
resistance to EGFR-targeted therapy.

Clinical presentation and diagnosis
Patients with leptomeningeal metastasis from NSCLC 
have diverse symptoms and signs that reflect the 

neuroaxial involvement, with cerebral, cranial nerve, 
and spinal complaints. Typical neurological 
manifestations include headache or back pain, cranial 
nerve palsies, changed mental status, difficulty walking, 
seizures, focal neurological deficits, nausea, and 
vomiting.1 In addition, one of the most common, yet 
often subtle, presentations is worsening weakness 
beyond usual fatigue.38 Thus, high clinical vigilance and 
careful neurological assessment are needed to diagnose 
suspected cases.

Diagnosis of leptomeningeal metastasis is difficult, 
and relies on clinical, CSF, and radiographic findings. 
A positive CSF cytology remains the gold standard for 
the diagnosis of leptomeningeal metastasis, although 
repeated CSF sampling through lumbar puncture is 
usually necessary. The sensitivity of the initial lumbar 
puncture has been reported to be as low as 50%, which 
could increase to 75–85% with a second CSF analysis.2 
To improve sensitivity, at least 10 mL of CSF should be 
obtained and the analysis should be done quickly. 
A  meningeal biopsy is very rarely needed to establish 
a diagnosis.

A gadolinium-enhanced MRI of the brain and spine 
is the best imaging technique for the evaluation of 
leptomeningeal metastasis. MRI findings that suggest 
leptomeningeal metastasis are the pathological enhance-
ment of the leptomeninges of the brain, cranial nerves, 
and spinal cord, which appears as nodular, linear, 
arched, focal, or diffuse intensification.39 About 20–30% 
of patients with leptomeningeal metastasis have a 
normal or false-negative MRI.4 False-positive MRI 
findings can occur when MRIs are done after 
neurological procedures (including lumbar puncture); 
therefore, an MRI should be done prior to a lumbar 
puncture. In patients with metastatic NSCLC and typical 
clinical presentations of leptomeningeal metastasis, the 

Target MW Substrate for 
efflux transport

IC50* (main 
target)

CSF level CSF:IC50 Penetration (CSF/
plasma or CSF/blood)

Erlotinib EGFR 393 Yes 2 nM* 28·7 ng/mL (66·9 nM)12 33·5 2·8% to 3·3%12,13

Gefitinib EGFR 447 Yes 37 nM* 3·7 ng/mL (8·2 nM)12 0·22 1·13%12

Afatinib EGFR 486 Yes 0·4 nM* 1·4 ng/mL (2·9 nM);14 1 nM15 7·3 1·65%14

Osimertinib EGFR (Thr790Met) 500 Yes10 13 nM*† 7·51 nM16‡ ND*† 2·5%17 to 16%16‡

AZD3759 EGFR 460 No11 0·2 nM* 25·2 nM18 126 100%18

Crizotinib ALK, MET, ROS1 450 Yes 4·5 nM19 0·617 ng/mL (0·14 nM)20 0·03 0·26%20

Ceritinib ALK, ROS1, 558 Yes 0·15 nM19 ND ND 15%19

Alectinib ALK,
RET

483 No 1·9 nM19 2·69 nM21 1·4 63% to 94%22

Brigatinib ALK, ROS1, EGFR 529 Yes23§ 0·62 nM19 ND ND ND

Lorlatinib ALK, ROS1 406 Yes, but low 
tendency24

<0·07 nM19 2·64–125 ng/mL 
(6·5–308 nM)25

>92·7 31% to 96%19,25

Vemurafenib BRAF 490 Yes 31 nM* 0·47 ng/mL (0·96 nM)26 0·03 0·98%26

MW=molecular weight. IC50=half maximal inhibitory concentrations. ND=no data. *IC50
 values for EGFR inhibitors were from http://www.selleckchem.com (accessed July 1, 

2017). †The IC50 value of osimertinib was from a cell-based assay, whereas the IC50
 for the other EGFR inhibitors and vemurafenib were based on cell-free kinase assays. 

‡Osimertinib was administered at a dose of 160 mg once daily. §Also an inhibitor of P-glycoprotein and breast cancer resistance protein. 

Table 1: Physicochemical and pharmacological characteristics of selected molecularly targeted agents for leptomeningeal metastasis from NSCLC
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characteristic abnormal enhancement on MRI alone can 
lead to the diagnosis of leptomeningeal metastasis. The 
sensitivity of MRI with gadolinium for detecting 
leptomeningeal metastasis in solid tumours is about 
70–85%, and the specificity is about 75–90%.3,4,40,41 In a 
large retrospective analysis40 in which 334 (64%) of 
519 patients had advanced lung cancer, 35% were 
diagnosed with leptomeningeal metastasis by MRI 
alone, 22% by CSF cytology alone, and 42% by both.

Liquid biopsy with CSF
New approaches that might improve the diagnosis and 
characterisation of leptomeningeal metastasis in 
patients with NSCLC are being investigated. Ma and 
colleagues42 reported that tumour marker 
immunostaining fluorescence in situ hybridisation 
could enhance the detection and observation of tumour 
cells in the CSF. Several studies showed that the 
CellSearch technique with immunomagnetic selection, 
identification, and quantification of circulating tumour 
cells in the CSF, was more sensitive than conventional 
cytology and MRI for the diagnosis of leptomeningeal 
metastasis.41,43,44 Moreover, evaluation of CSF circulating 
tumour DNA has the potential to facilitate and 
supplement the diagnosis of leptomeningeal metastasis 
because of the low sensitivity of CSF cytology, particularly 
in cases that cannot be detected by conventional 
cytopathological analysis.34,45

A liquid biopsy of the CSF has been used successfully 
in studies involving patients with leptomeningeal 
metastasis from lung cancer. In the osimertinib cohort 
of the BLOOM study,16,46 leptomeningeal metastasis was 
confirmed by positive CSF cytology and EGFR-mutated 
DNA in the CSF. Among the first 21 patients treated, 
EGFR-sensitising mutations were detected in the CSF of 
all patients, whereas the EGFR Thr790Met mutation was 
detected in the CSF of two patients and in the plasma of 
six patients. During treatment, two patients showed CSF 
clearance and six patients had a substantial decrease in 
their EGFR-mutated DNA copies, which correlated with 
improved neurological function or MRI response.16 The 
updated results further confirmed that copies of EGFR-
mutated DNA substantially decreased with treatment.46 
In another study, EGFR-activating mutations were 
identified in the CSF of all four definitive cases of 
leptomeningeal metastasis, whereas Thr790Met 
mutations were only detected in the CSF from 50% of 
definitive cases.17 In a different study45 that investigated 
patients with EGFR mutations that were resistant to 
gefitinib, CSF cytology was positive in only two of seven 
cases, whereas EGFR-sensitising mutations were 
identified in all seven patients; moreover, Thr790Met 
mutations were not detected in any cases. In summary, 
CSF liquid biopsy could be a promising method for the 
diagnosis of leptomeningeal metastasis, the detection of 
genomic alterations, and the observation of treatment 
responses.

Treatment
Leptomeningeal metastasis is a serious complication of 
advanced disease and the aim of treatment is palliative, 
including amelioration of neurological symptoms, 
improvement of quality of life, and prolongation of 
survival. Although there is no standard treatment for 
this disease, a retrospective study47 suggests that patients 
who received contemporary systemic treatment 
(regimens containing a tyrosine kinase inhibitor, 
pemetrexed, or bevacizumab) had a decreased risk of 
death compared to those who did not receive modern 
systemic therapy (hazard ratio 0·24; p=0·007). The US 
National Comprehensive Cancer Network guidelines 
(version 1, 2017)48 for patients with solid tumours and 
leptomeningeal metastasis divide patients into two 
categories: good risk and poor risk. For patients in the 
good risk category (defined by acceptable performance 
status, no major neurological deficits, minimal systemic 
disease, and reasonable systemic treatment options if 
needed), intensive systemic treatment is recommended. 
Best supportive care is recommended for patients in the 
poor risk category, who are defined as having limited 
performance status, serious and major neurological 
deficits, widespread systemic disease with few treatment 
options, bulky CNS disease, and encephalopathy.4 This 
classification might not be relevant for patients with 
NSCLC and actionable mutations as some of the newest 
molecular therapies have shown very high blood–brain 
barrier penetration and promising antitumour activity. 
Such promising activity warrants the development of 
new guidelines for this group of patients.

Evaluation of responses
The Response Assessment in Neuro-Oncology working 
group on leptomeningeal metastasis has proposed three 
basic elements to determine response to treatment: a 
standardised neurological examination; a CSF cytology 
(in all cancers) or flow cytometry in haematological 
cancers; and radiographic assessment with complete 
contrast-enhanced neuro-axis MRI.39,49 However, these 
criteria still need further examination, validation, and 
adjustment. The neurological assessment covers ten 
domains including gait, strength, sensation, vision, eye 
movements, facial strength, hearing, swallowing, level of 
consciousness, and behaviour. In each domain, the 
patient is scored from 0 (normal) to 2 or 3 (loss of 
function). Based on the neurological evaluation, 
progression of disease is defined as a change of two or 
more levels in a given domain, or by a change to the 
highest level in any one domain. However, this functional 
assessment might not differentiate leptomeningeal 
metastasis-related neurological progression from 
deterioration that is caused by the progression of systemic 
disease, brain metastases, or treatment-related toxicity.39,49

The most challenging part of response evaluation is the 
neuroimaging assessment. This is either because 
substantial lesions in leptomeningeal metastasis are not 
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measurable; about 20–30% of patients have normal MRI 
findings; or radiographic assessment can be difficult 
because of the subtlety and complexity of MRI features, as 
well as variability among MRI techniques and the 
investigator. Measurable nodule disease is defined as 
nodules greater than 5 × 10 mm in orthogonal diameters. 
The Response Assessment in Neuro-Oncology working 
group on leptomeningeal metastasis has suggested 
a scoring system for radiological evaluation of lepto-
meningeal metastasis. Regions of the CNS (subarachnoid 
or ventricular nodules in the brain or spine, lepto-
meningeal enhancement, cranial nerve enhance ment, 
hydrocephalus, and spinal nerve root enhancement) are 
assessed for pathological contrast enhancement on the 
MRI at baseline and at follow-up. The MRI findings are 
described as present (abnormal), absent (normal), or non-
evaluable, with a focus on changes in size and extent but 
not on the intensity of enhancement. A composite score 
of a maximum of five radiological target lesions (either 
measurable or non-measurable) is used to show the 
overall radiographic response.39,49 A partial response is 
defined as 50% improvement, and progression of disease 
is characterised as 25% worsening of the composite score 
in comparison with baseline.

The most common method used to evaluate tumour 
response in patients with leptomeningeal metastasis 
from NSCLC has been CSF cytological clearance. Studies 
using a liquid biopsy from the CSF have shown 
promising results, particularly in cases with actionable 
genomic alterations.17,46 Nonetheless, the CSF method 
has low sensitivity, and a negative result could reflect 
changes in the fluid and not necessarily disease changes 
in the walls of the cavity and the meninges. Because of 
this reason, CSF cytology may be an unreliable method 
to assess response to therapy. Furthermore, there is no 
evidence to suggest that conversion to a negative CSF 
result could correlate with a prolonged progression-free 
survival. Thus, overall survival should be included as the 
primary endpoint in future studies because it remains 
the only objective measurement of efficacy.

Systemic and intrathecal chemotherapy
Systemic chemotherapy is the preferred treatment of 
choice for patients with leptomeningeal metastasis from 
NSCLC that have no actionable mutations because it has 
been reported to be an independent predictor of 
survival.4,50 A standard of care regimen has not been 
established, and the role of newer agents, such as 
bevacizumab and pemetrexed, is yet to be defined.51–53 
Both pemetrexed plus erlotinib and bevacizumab plus 
erlotinib combinations have been effective at treating 
leptomeningeal metastasis in patients with EGFR-
mutated NSCLC who are resistant to erlotinib.15,51

Although intrathecal chemotherapy is a fairly effective 
treatment for patients with leptomeningeal metastasis 
from NSCLC, the optimal agent, dosing, and schedule 
are yet to be defined. The most commonly used 

intrathecal chemotherapeutic agents are methotrexate, 
cytarabine, and thiotepa.4,52 Various intrathecal 
chemotherapy regimens have been compared and none 
of these regimens proved to be more effective than 
intrathecal methotrexate alone.3 Wu and colleagues53 did 
a pooled analysis of four prospective studies and 
five retrospective studies, which included patients with 
NSCLC treated with intrathecal chemotherapy alone 
(n=37) or in combination with other interventions, such 
as whole-brain radiotherapy, EGFR tyrosine kinase 
inhibitors, and systemic chemotherapy (n=552). In 
69 patients with specific individual information, 
68 (99%) were re-evaluable for response rates and 
50 (72%) were available for survival analysis. The 
cytological response to intrathecal chemotherapy was 
55% (49 people), the clinical response was 64% 
(58 people), and the radiographic response was 53% 
(32 people). The median survival time was 6·0 months 
for these patients from the start of treatment. In patients 
without individual information, the median survival 
duration was 3·0–4·3 months from the time of diagnosis 
of leptomeningeal metastasis.

Radiotherapy
The goal of local radiotherapy in the management of 
leptomeningeal metastasis is to ease symptoms, to 
reduce bulky or nodular disease, and to correct CSF flow. 
There is no consensus on whether whole-brain 
radiotherapy is a beneficial treatment for patients with 
leptomeningeal metastasis from NSCLC. A retrospective 
study50 showed that patients who received whole-brain 
radiotherapy lived longer than did patients who did 
not receive whole-brain radiotherapy (10·9 months vs 
2·4 months; p=0·002). By contrast, another retrospective 
review54 reported a poor median overall survival of 
3 months in patients with leptomeningeal metastasis 
from NSCLC (n=125), with no therapeutic benefit from 
whole-brain radiotherapy. Whole craniospinal radio-
therapy is rarely used because of its substantial toxicity 
and the scarcity of evidence to suggest survival benefits.3 
Furthermore, there is insufficient evidence to suggest 
that simultaneous use of tyrosine kinase inhibitors and 
CNS-directed radiotherapy is clinically beneficial to 
patients with EGFR mutations or ALK rearrangements.7

Targeted therapy for molecular subtypes of 
NSCLC
Molecularly targeted therapy has improved clinical 
outcomes for subgroups of patients with NSCLC. Among 
oncogenic drivers, activating EGFR mutations are found 
in 10–15% of white patients and these mutations can 
predict sensitivity to EGFR tyrosine kinase inhibitors. 
ALK rearrangements are another distinct molecular 
subtype seen in 3–5% of patients with NSCLC who can 
be effectively treated with ALK inhibitors when delivered 
systemically. Other genetic alterations, such as ROS1 
fusions and BRAF mutations, are other molecular 
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subtypes that could benefit from targeted therapy. 
However, no randomised trials have been conducted in 
patients with leptomeningeal metastasis associated with 
specific genomic alterations, and there is no standard 
regimen for its treatment.4,55

EGFR mutations
In a retrospective study,6 leptomeningeal metastasis was 
found to be more frequent in patients with EGFR 
mutations than in those with wild-type EGFR 
(9·4% vs 1·7%; p<0·001). The time from diagnosis 
of metastatic lung cancer to the development of 
leptomeningeal metastasis was 13·3 months. This study6 
also showed that treatment with EGFR tyrosine kinase 
inhibitors led to longer overall survival compared to 
those who received no tyrosine kinase inhibitor therapy 
(10·0 months vs 3·3 months; p<0·001). In addition, the 
combination of an EGFR tyrosine kinase inhibitor and 
whole-brain radiotherapy did not confer a further 
survival benefit. Moreover, the study found that ECOG 
performance status was a predictor of poor survival 
(<2 vs ≥2; hazard ratio 3·657; p<0·001).6 Another study56 
demonstrated a similar incidence of leptomeningeal 
metastasis (9%) in patients with NSCLC and EGFR 
mutations. These patients had a median survival of 
3·1 months. Patients with a performance status of 0–1 at 
the time of diagnosis of leptomeningeal metastasis lived 
longer than did patients with a performance status of 2 
or more.56 Another retrospective study50 also showed that 
treatment with EGFR tyrosine kinase inhibitors was 
an independent predictor of increased survival after 
diagnosis in 75 patients with EGFR-mutated NSCLC and 
lepto meningeal metastasis.

Erlotinib and gefitinib are first-generation EGFR 
tyrosine kinase inhibitors. The CSF concentration of 
erlotinib is higher than that of gefitinib (66·9 nM vs 
8·2 nM; p=0·0008) and the penetration of erlotinib is 
also higher than that of gefitinib (2·8% vs 1·13%; 
p<0·0001).12 A retrospective study57 has suggested that 
erlotinib might be more effective than gefitinib against 
leptomeningeal metastasis in 25 patients, as evidenced 
by the increased CSF cytological conversion rate of 
erlotinib compared to gefitinib (64·3% vs 9·1%; p=0·012).

Ota and colleagues13 reported that erlotinib (150 mg 
daily) is an effective treatment option for leptomeningeal 
metastasis, particularly in patients with EGFR mutations 
(table 2). The study included 20 patients with 
leptomeningeal metastasis from NSCLC that had been 
confirmed by positive CSF cytology, of which 17 had 
EGFR mutations and three had wild-type EGFR. 
Ten patients had previously received gefitinib. CSF 
samples were available for EGFR analysis in 17 patients, 
of which EGFR mutations were found in 14 patients, 
none of whom had Thr790Met mutations. The cytological 
clearance rate was 30% in all patients, 35% in patients 
with EGFR mutations, and 0% in patients with wild-type 
EGFR. Median overall survival was longer in the 

EGFR-mutated group than in the wild-type EGFR group 
(4·0 months vs 0·8 months; p<0·0001).

Several strategies have been developed to overcome 
pharmacological limitations and to improve the 
effectiveness of therapies against leptomeningeal 
metastasis, including dose escalation of EGFR tyrosine 
kinase inhibitors, development of a new generation of 
tyrosine kinase inhibitors that have an enhanced ability 
to cross the blood–brain barrier, and combination 
treatment.

In a retrospective study,60 high-dose erlotinib (200 mg 
or 300 mg every 2 days, or 300 mg or 450 mg every 3 days, 
or 600 mg every 4 days) was compared with the treatment 
with standard doses of erlotinib or gefitinib, or both, in 
patients with refractory leptomeningeal metastasis from 
EGFR-mutant NSCLC after they became resistant to 
standard-dose gefitinib or erlotinib. High-dose erlotinib 
was associated with radiographic responses in 30% of 
patients, and neurological improvement in 50%. 
Nevertheless, median survival time was similar between 
groups (high-dose 6·2 months vs standard-dose 
5·9 months; p=0·94).60 Another retrospective study56 
reported that a high-dose EGFR tyrosine kinase inhibitor 
did not prolong survival after a diagnosis of 
leptomeningeal metastasis (high-dose 2·4 months vs 
standard-dose 3·1 months; p=0·863).

Pulsatile high-dose erlotinib (median dose 1500 mg, 
weekly) was retrospectively studied58 in nine patients 
with EGFR-mutant NSCLC with refractory CNS 
metastases despite a prior standard dose of EGFR-tyrosine 
kinase inhibitors. Three patients had isolated 
leptomeningeal metastasis, one patient had isolated 
brain metastasis, and five patients had both. Radiological 
improvement was observed in six (67%) of nine patients 
(including two patients with isolated leptomeningeal 
metastasis), with a median overall survival of 12 months. 
The treatment was well tolerated with no severe (grade 3 
or more) toxicity noted.58 The CSF concentration 
following the pulsatile schedule was 130 nM, which is 
higher than the IC50 of erlotinib.63

The combination of erlotinib with pemetrexed plus 
cisplatin was retrospectively investigated59 in six patients 
with leptomeningeal metastasis from lung adeno-
carcinoma (diagnosed by MRI) after gefitinib was 
ineffective. Five patients had mutations in EGFR. A 
complete response was achieved in one patient, a partial 
response in two patients, and stable disease in two 
patients. The median survival time after combined 
treatment was 9 months.59 In two additional cases, 
combined treatment with bevacizumab and erlotinib was 
found to be effective against leptomeningeal metastasis 
in patients with EGFR-mutant NSCLC after erlotinib was 
ineffective.51

Jackman and colleagues61 did a phase 1 trial with 
high-dose gefitinib (alternate 2 weeks of high-dose 750 mg 
or 1000 mg daily then 2 weeks of 500 mg daily) in 
seven patients with leptomeningeal metastasis from 
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NSCLC. Six patients had EGFR Leu858Arg or exon 19 
deletion mutations, and one patient did not have enough 
tissue for the EGFR mutation test but did have a 
radiographic response to a previous EGFR inhibitor. The 

CSF concentrations of high-dose gefitinib were 15–143 nM 
compared with that of 8·2 nM at the conventional dose.12 
One patient who received 1000 mg gefitinib had grade 4 
toxic epidermal necrolysis. The median overall survival 

Study type Patients 
(n)

Patient population Regimen Clinical outcomes Study

Erlotinib Retrospective 9 Refractory CNS metastases from 
EGFR-mutated NSCLC after failure of standard 
dose of EGFR TKI; leptomeningeal metastasis 
only: n=3; BM only: n=1; both: n=5

Pulsatile high dose: 1500 mg 
weekly (median)

Radiological improvement in 6 of 9 patients; 
median overall survival: 12 months; toxicity: 
well tolerated; no grade ≥3 toxicity noted

Grommes 
et al 
(2011)58

Gefitinib or 
erlotinib

Retrospective 25 Leptomeningeal metastasis from 
EGFR-mutant NSCLC (n=17), wild-type or 
unknown NSCLC; 9 of 25 patients had 
received EGFR TKI before

Gefitinib: n=11; erlotinib: 
n=14

CSF cytologic negative conversion in 10 of 
25 patients; erlotinib had a better cytologic 
conversion rate than gefitinib: 64·3% vs 9·1%; 
p=0·012

Lee et al 
(2013)57

Erlotinib, 
pemetrexed, 
and cisplatin

Retrospective 6 Leptomeningeal metastasis (confirmed by 
MRI) from lung adenocarcinoma after 
previous gefitinib treatment (EGFR-mutant 
NSCLC in 5 patients)

Pemetrexed 500 mg/m², day 
1; cisplatin 30 mg, day 1–2; 
erlotinib 150 mg, day 3–21; 
chemotherapy: 4–6 cycles

Complete response in 1 patient, partial response 
in 2 patients, stable disease in 2 patients; median 
survival time after combined treatment: 
9 months

Yang et al 
(2015)59

Erlotinib Retrospective 35 Refractory leptomeningeal metastasis from 
EGFR-mutant NSCLC after resistance to 
standard doses of gefitinib or erlotinib

High dose (n=12) vs standard 
dose (n=23); high dose: 
200 mg or 300 mg every 
2 days, or 300 mg or 450 mg 
every 3 days, or 600 mg every 
4 days

After high-dose treatment: radiological 
improvement in 3 of 10 evaluable patients; 
improved neurological function in 6 of 
12 patients; in both groups: median overall 
survival: high-dose group 6·2 months vs standard 
dose 5·9 months (p=0·94)

Kawamura 
et al 
(2015)60

Gefitinib Phase 1 7 Leptomeningeal metastasis from NSCLC with 
EGFR Leu858Arg, or exon 19 deletion (n=6); 
one patient did not have enough tissue for 
EGFR testing but had a radiographical 
response to a previous EGFR inhibitor

High dose: alternate 2 weeks 
of high-dose 750 mg or 
1000 mg daily with 2 weeks 
of 500 mg daily

One case of dose-limiting toxicity at 1000 mg; 
median overall survival: 3·5 months; neurological 
progression-free survival: 2·3 months; CSF 
cytology clearance in 1 patient; improved 
neurological function in 4 patients

Jackman et 
al (2015)61

Getifitinib, 
erlotinib, 
afatinib

Retrospective 75 Patients with leptomeningeal metastasis 
from EGFR-mutant NSCLC; most patients had 
previously received EGFR TKIs

No regimen details available Both univariate and multivariate analysis showed 
that EGFR TKI and chemotherapy were 
independent predictors for prolonged survival

Liao et al 
(2015)50

Osimertinib Prospective 13 Thr790Met-positive NSCLC; 8 suspected 
cases of leptomeningeal metastasis and 
5 definitive cytologically confirmed cases; 
patients had previously received TKI

80 mg daily In 2 patients with Thr790Met in CNS and 
extra-CNS: sensitive mutation and Thr790Met 
disappeared in CSF; radiographic response and PS 
improvement; in 2 of 3 definitive patients 
(Thr790Met only found in extra-CNS site) and 
8 suspected cases: disease control of both CNS 
and extra-CNS; the median PFS was 7·2 months

Nanjo et al 
(2017)17

Erlotinib Phase 2 20 Cytologically confirmed leptomeningeal 
metastasis; 10 patients had previously 
received gefitinib

150 mg daily All: ORR 30%, median OS 3·1 months; 
EGFR-mutant: ORR 35%, median OS 4·0 months; 
wild-type EGFR: ORR 0%, median OS 0·8 months*

Ota et al 
(2017)13

Afatinib Prospective 11 EGFR Leu858Arg, or exon 19 deletion, or 
Gly719X; cytologically confirmed or 
radiographically confirmed leptomeningeal 
metastasis, PS 0–3; 9 patients had previously 
received gefitinib or erlotinib

40 mg daily All: ORR 27%, median OS 3·8 months, median PFS 
2·0 months; a partial response in 2 of 3 patients 
with uncommon Gly719X mutations

Tamiya et al 
(2017)14

Osimertinib Phase 1 32 EGFR Leu858Arg or exon 19 deletion; 
cytologically confirmed leptomeningeal 
metastasis; 21 patients were 
Thr790Met-unselected and 11 were 
Thr790Met-positive; all 32 patients had 
previously received TKI

High dose: 160 mg daily 23 of 32 patients had 12-week brain image and 
neurological assessments: 10 patients had 
radiological improvement; neurologically, 7 of 
8 symptomatic patients improved; 13 of 
15 asymptomatic patients stayed asymptomatic; 
mean decrease in EGFR-mutant DNA copies was 
57% in 22 patients who had pre-dose and CSF 
specimens from cycle 2, day 1

Yang et al 
(2016)46 and 
Yang et al 
(2017)16

AZD3759 Phase 1 18 EGFR Leu858Arg or exon 19 deletion; 
cytologically confirmed leptomeningeal 
metastasis; previously treated with an 
EGFR TKI

Dose expansion cohorts: 
200 mg (8 patients), or 
300 mg (10 patients) twice 
per day

MRI tests showed 5 of 18 patients responded to 
treatment and 9 of 18 patients had stable disease; 
3 patients no longer had tumour cells in CSF after 
two successive assessments 
7 of 10 patients had decreased EGFR copies in CSF 
at cycle 3, day 1

Ahn et al 
(2016)18 and 
Cho et al 
(2017)62

TKI=tyrosine kinase inhibitor. NSCLC=non-small-cell lung cancer. BM=brain metastases. CSF=cerebrospinal fluid. OS=overall survival. PFS=progression-free survival. ORR=objective response rate. PS=performance 
status. *ORR reflects the cytological clearance rates. 

Table 2: Selected studies (≥5 patients) that assessed EGFR TKIs in patients with leptomeningeal metastasis from non-small-cell lung cancer
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was 3·5 months and the median neurological progression-
free survival was 2·3 months. Neurological function 
improved in four patients and malignant cells were 
cleared from the CSF in one patient.

Afatinib is a second-generation EGFR tyrosine kinase 
inhibitor. Tamiya and colleagues14 showed the efficacy 
and CSF concentration of afatinib in 11 patients with 
EGFR-mutant NSCLC and leptomeningeal metastasis. 
Among them, nine patients had received erlotinib or 
gefitinib as prior therapy, three patients had uncommon 
EGFR mutations (Gly719X), and four patients had a 
performance status of 3. The median CSF penetration 
rate of afatinib was 1·65%, with a median CSF 
concentration of 1·4 ng/mL (2·9 nM), which is higher 
than the previously reported value of 1 nM.14,15 The 
proportion of patients achieving a response was 27·3%, 
with a median overall survival of 3·8 months and a 
median progression-free survival of 2 months. Notably, 
two of the three patients with Gly719X mutations showed 
a partial response to afatinib.14

Osimertinib, a third-generation EGFR tyrosine kinase 
inhibitor with impressive efficacy in controlling both 
systemic and CNS disease, is considered to be the standard 
of care for EGFR Thr790Met-mutant NSCLC,64 and is also 
being investigated as a therapy for leptomeningeal 
metastasis. Nanjo and colleagues17 examined the effects of 
a standard dose of osimertinib (80 mg daily) in a 
prospective pilot study including 13 patients with 
Thr790Met-positive NSLCLC after failure of standard dose 
of erlotinib, gefitinib, or afatinib. Five patients had 
cytologically confirmed leptomeningeal metastasis, and 
eight were possible cases. In two definitive cases with 
Thr790Met mutations in both CNS and extra-CNS lesions, 
osimertinib was quite effective. Malignant cells, sensitive 
(deletion  19 or Leu858Arg) mutations, and Thr790Met 
mutations were cleared in the CSF. Radiographic response, 
improved performance, and better neurological findings 
were also seen. In three definitive patients in whom the 
Thr790Met mutation was only found in an extra-CNS site, 
the malignant cells and sensitive mutations in the CSF 
stayed detectable despite osimertinib treatment, but 
disease was controlled in two patients. In eight possible 
cases, CNS improvement was achieved in six (75%) of 
eight patients and and extra-CNS improvement was seen 
in five (63%) of eight patients. The median progression-free 
survival for all 13 patients was 7·2 months and the CSF 
penetration of osimertinib was 2·5%. 

The preliminary results from the osimertinib 
cohort (32 patients) in the phase 1 BLOOM study 
(NCT02228369)16 suggested good activity of high-dose 
osimertinib (160 mg daily) in pretreated patients with 
leptomeningeal metastasis (CSF cytology positive) from 
EGFR-mutant NSCLC. Among 32 patients who had 
received treatment by Sep 24, 2016, 21 patients were 
Thr790Met-negative and 11 patients were Thr790Met-
positive. 23 (72%) of 32 patients underwent a 12-week 
brain MRI evaluation and ten patients showed 

an improvement via radiological tests. The same 
23 patients had a neurological assessment: seven of 
eight symptomatic patients had improved neurological 
function, and 13 of 15 asymptomatic patients stayed 
asymptomatic. In 22 patients who had pre-dose and 
cycle 2, day 1 CSF samples available, the mean reduction 
in the number of EGFR-mutant DNA copies was 57%. 
The toxicity profile was manageable.

AZD3759, which is a new generation EGFR tyrosine 
kinase inhibitor that can cross the blood–brain barrier, 
showed promising activity in an EGFR-mutant mouse 
model of leptomeningeal metastasis from NSCLC,29 and 
was also investigated in the phase 1 BLOOM study 
(NCT02228369).18,62 In the dose-escalation cohorts of 
the BLOOM study, five pretreated patients with 
leptomeningeal metastasis from EGFR-mutant NSCLC 
(positive CSF cytology) received AZD3759 at doses of 50, 
100, 200, or 300 mg twice a day.18 The penetration rate 
was excellent for both AZD3759 (1:1) and its metabolite, 
AZ’1168 (0·5:1). In one patient, CSF cytology clearance 
was confirmed and neurological and radiographic 
improvements were seen. In the expansion cohorts, 
AZD3759 was given at two doses (200 mg or 300 mg) 
twice a day to patients with leptomeningeal metastasis 
from EGFR-mutant NSCLC who had previously been 
treated with a tyrosine kinase inhibitor (18 people) or 
who had never received EGFR inhibitor treatment 
(four people).62 No dose-limiting toxicity was noted at 
either 200 mg or 300 mg. Its toxicity profile was similar 
to that of other EGFR tyrosine kinase inhibitors, which 
included mainly rash and diarrhoea. In terms of efficacy 
in the pretreated group (18 patients), five (28%) patients 
showed disease response and nine (50%) patients had 
stable disease, as assessed by MRI. 

Several EGFR tyrosine kinase inhibitors have showed 
variable activity against leptomeningeal metastasis due 
to EGFR-mutant NSCLC. CNS-specific toxicities have 
not been reported with EGFR tyrosine kinase inhibitors, 
including those newer agents with increased CNS 
penetration. The optimal dose, schedule, sequence, and 
choice of EGFR tyrosine kinase inhibitor are yet to be 
determined. A multicentre, prospective, observational, 
biomarker study is ongoing to identify the potential 
predictive biomarkers for leptomeningeal metastasis in 
advanced EGFR-mutant NSCLC and to establish suitable 
EGFR tyrosine kinase inhibitor-based treatment in such 
patients (NCT02803619).

ALK rearrangements or other genetic alterations
The incidence of CNS metastases is around 30–50% 
in patients with ALK-rearranged NSCLC, whereas 
leptomeningeal metastasis is found in about 5% of 
ALK-positive cases and usually presents as a late 
complication.4,65 Unlike the response from brain 
metastases to ALK inhibitors, which have been 
well documented, information on the treatment of 
ALK-positive leptomeningeal metastasis remains scarce.
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Crizotinib, which is a competitive ATP inhibitor 
against ALK/MET/ROS1, is the first US Food and Drug 
Administration-approved targeted agent for 
ALK-positive NSCLC. Despite the low penetration of 
crizotinib in the CNS, studies66,67 have shown that 
crizotinib has better CNS disease control than standard 
chemotherapy. Regardless, the CNS is a frequent relapse 
site for patients treated with crizotinib. Few reports exist 
for its activity against leptomeningeal metastasis. 
A Korean mini-case series68 of two patients showed that 
concurrent crizotinib and intrathecal methotrexate was 
efficacious in ALK-positive patients with leptomeningeal 
metastasis who were previously resistant to 
chemotherapy and brain radiotherapy. In both patients, 
malignant cells were cleared from the CSF and 
symptoms improved (table 3).

Ceritinib is a more potent second-generation 
ALK/ROS1 inhibitor than crizotinib with modest but 
improved CNS penetrance; it has excellent systemic and 
intracranial efficacy in patients with ALK rearrangements 
who were pretreated with crizotinib.75,76 Regarding its 
activity against leptomeningeal metastasis, pulse-dose 
crizotinib (500 mg daily) followed by a standard dose of 
ceritinib (750 mg daily) led to durable control of brain 
metastasis and leptomeningeal metastasis in a patient 
with ALK-positive NSCLC whose brain lesions were 
unsuccessfully treated with the standard dose of 
crizotinib and whole-brain radiotherapy.73 Another case 
report69 showed that ceritinib controlled brain metastases 

and leptomeningeal metastasis for more than 5 months 
in a patient with ALK-positive NSCLC who progressed 
with chemotherapy and subsequent crizotinib. The 
ongoing phase 2 ASCEND-7 (NCT02336451) study is 
further investigating ceritinib activity in patients 
with ALK-positive NSCLC and brain metastases or 
leptomeningeal metastasis, or both.

Alectinib, which is a second-generation ALK/RET 
inhibitor with excellent CNS penetration, has 
impressive systemic and CNS efficacy in patients with 
ALK-rearranged NSCLC both following crizotinib and as 
a front-line therapy.4,77,78 It is now approved by the US 
Food and Drug Administration for both indications. In a 
case series of patients with leptomeningeal metastasis 
and ALK-rearranged NSCLC, Gainor and colleagues70  
reported that conventional doses of alectinib produced 
radiological and neurological responses in three of 
four patients. A follow-up study72 showed that increased 
doses of alectinib (from 600 mg to 900 mg twice a day) 
led to radiological and neurological improvement for at 
least 3·5–6 months in two patients who were resistant to 
conventional doses. Ou and colleagues71 also reported a 
case of durable complete response (>15 months) that was 
confirmed by cytological clearance from the CSF and 
radiography in a patient with leptomeningeal metastasis 
from ALK-rearranged NSCLC. Patients with 
asymptomatic leptomeningeal metastasis were eligible 
for the ALEX (NCT02075840) study, but results for this 
subgroup have not been reported.

Patients 
(n)

Patient population Regimen Clinical outcomes Study

Crizotinib 2 South Korean patients with ALK-positive+ NSCLC and 
cytologically confirmed leptomeningeal metastasis after 
failing prior chemotherapy and brain radiotherapy

250 mg (twice per day) 
plus intrathecal 
methotrexate

Both patients had CSF cytology clearance and 
improved CNS diseases; PFS: 6 months and 
10 months

Ahn et al (2012)68

Ceritinib 1 A patient with ALK-positive NSCLC with BM and 
leptomeningeal metastasis who had become resistant to 
chemotherapy and crizotinib 

750 mg daily (dose 
reduction)

Radiological and neurological improvement for at 
least 5·5 months

Arrondeau et al 
(2014)69

Alectinib 4 Patients with ALK-positive NSCLC and leptomeningeal 
metastasis who had progressed on crizotinib, ceritinib, 
chemotherapy, WBRT, and SRS to brain

600 mg twice per day Radiological and neurological improvement in 3 of 
4 patients. The fourth patient had stable CNS 
disease for 4 months

Gainor et al (2015)70

Alectinib 1 A patient with ALK-positive NSCLC and cytologically 
confirmed leptomeningeal metastasis who had become 
resistant to crizotinib

600 mg twice per day 
then escalated to 
750 mg twice per day

Durable (>15 months) complete response 
(confirmed by CSF cytology clearance and 
radiographically)

Ou et al (2015)71

Alectinib 2 Patients with ALK-positive NSCLC and CNS disease who had 
progressed on crizotinib, ceritinib, or chemotherapy; WBRT 
or SRS to brain, followed by alectinib (600 mg twice per 
day) led to initial control, then relapse of leptomeningeal 
metastasis

Dose escalated to 
900 mg twice per day

Radiological and neurological improvement for at 
least 3·5 months to 6 months

Gainor et al (2016)72

Crizotinib 1 A patient with ALK-positive NSCLC and BM who progressed 
on both conventional dose crizotinib and WBRT

Pulse-dose crizotinib 
(500 mg daily) followed 
by ceritinib

Pulse crizotinib for 11 months resulted in control of 
BM; brain MRI brain showed progression of disease 
with BM and leptomeningeal metastasis; ceritinib 
750 mg daily (dose reduction) led to radiographic 
shrinkage of BM and leptomeningeal metastasis for 
at least 7 months

Dudnik et al (2016)73

Vemurafenib 1 A patient with BRAFV⁶⁰⁰-positive NSCLC who developed 
leptomeningeal metastasis after chemotherapy

960 mg twice per day, 
then dose reduced

Radiological response and neurological 
improvement; PFS: 8 months; OS: 10 months

Fernandes et al (2017)74

TKI=tyrosine kinase inhibitor. BM=brain metastases. OS=overall survival. PFS=progression-free survival. SRS=stereotactic radiosurgery. WBRT=whole-brain radiotherapy. 

Table 3: Case reports that assessed ALK TKIs and BRAF inhibitors in patients with leptomeningeal metastasis from non-small-cell lung cancer
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Brigatinib, which is a potent ALK/ROS/EGFR inhibitor, 
has shown impressive intracranial responses of 53–67% 
and a median intracranial progression-free survival of 
longer than a year in patients with ALK-positive 
NSCLC.4,79 Its activity in leptomeningeal metastasis 
remains to be determined; the phase 3 ALTA-1L study 
(NCT02737501) includes patients with asymptomatic 
leptomeningeal metastasis.

Lorlatinib, which is a next-generation ALK/ROS1 
inhibitor, was developed to minimise drug efflux 
mediated by P-glycoprotein to achieve high CNS 
concentrations and to overcome all known ALK-resistant 
mutations.19,24 Lorlatinib showed substantial systemic and 
intracranial responses in patients with ALK-positive 
(n=41) or ROS1-positive (n=12) patients with NSCLC.25 
Most patients in the study had brain metastases (72%) 
and had been unsuccessfully treated with one or more 
ALK tyrosine kinase inhibitors (87%). More insights 
on the activity of lorlatinib against leptomeningeal 
metastasis will probably be gained from several ongoing 
trials (NCT01970865, NCT01970865, NCT03052608, 
and NCT02927340). The potential anti-leptomeningeal 
metastasis activity of other novel ALK inhibitors, such as 
entrectinib and ensartinib, is also under investigation 
(NCT02568267 and NCT01625234).

Little is known about leptomeningeal metastasis from 
other molecular subtypes of NSCLC. ROS1 fusions were 
found in 0·6% of brain metastases80 and its incidence in 
leptomeningeal metastasis remains unknown. The 
effectiveness of ROS1-targeted inhibitors in ROS1-

positive leptomeningeal metastasis needs further 
investigation. The annual incidence of brain metastases 
and leptomeningeal metastasis in BRAFV600-positive 
NSCLC is unknown and the effects of BRAF tyrosine 
kinase inhibitors alone or in combination with BRAF 
and MEK inhibition need to be determined. Despite its 
low CSF penetration,26 a case report74 showed radio-
logical responses and neurological improvement with 
vemurafenib in a patient with BRAFV600-positive 
NSCLC who developed leptomeningeal metastasis after 
chemo therapy. Further studies are also needed to clarify 
the efficacy of HER2-targeted treatment and other 
therapeutic strategies for leptomeningeal metastasis 
from HER2-mutant NSCLC.

Immunotherapy
Immunotherapy, particularly inhibitors of the 
programmed death-1 (PD-1)/PD-ligand 1 pathways, 
has greatly modified NSCLC treatment. However, 
the PD-1/PD-L1 antibodies (eg, nivolumab and 
pembrolizumab) cannot easily penetrate the blood–brain 
barrier because of their high molecular weight 
(>140 000 Da), and act through the systemic activation of 
immune cells. The choroid plexus and CSF could provide 
access for peripheral immune cells and macromolecules 
to the CSF compartment and brain tissues.81 In addition, 
as with infections, tumour evasion and inflammation 
can compromise the blood–brain barrier and make it 
more permeable to immune cells and macromolecules.7 
Tumour-infiltrating lymphocytes and PD-L1 expression 

Figure 2: Recommendations for the diagnosis and treatment of leptomeningeal metastases in patients with EGFR-mutant or ALK-positive NSCLC
Modified from National Comprehensive Cancer Network guidelines (version 1, 2017).48 ALK=anaplastic lymphoma kinase. TKI=tyrosine kinase inhibitor. NSCLC=non-small-cell lung cancer.

EGFR-mutant or 
ALK-positive NSCLC

Signs and symptoms 
suggestive of
leptomeningeal metastases

• Physical examination 
(neurological evaluation)

• MRI of brain and spine
• CSF examination

CSF positive for tumour 
cells; or CSF liquid biopsy 
positive for EGFR mutations 
or ALK fusions; or positive 
radiological findings with 
supportive clinical findings

Workup Diagnosis

Treatment

Symptomatic patients with bulky disease
Radiotherapy to symptomatic or bulky sites

EGFR mutant

No prior EGFR TKI
• Erlotinib, afatinib, osimertinib (preferred)

Prior EGFR TKI
• If Thr790Met-positive: osimertinib
• If MET amplified: combined EGFR TKI and MET inhibitor
• If THr790Met-negative: osimertinib, high-dose erlotinib (including pulsatile schedule) 

or newer generation EGFR TKIs with high CNS penetration (eg, AZD3759)

• Intrathecal cytotoxic chemotherapy, systemic chemotherapy, or immunotherapy

ALK-positive

No prior ALK TKI
• Alectinib (preferred), ceritinib

Prior ALK TKI
• Alectinib, brigatinib, ceritinib
• Clinical trial with lorlatinib or other newer generation TKIs

• Intrathecal cytotoxic chemotherapy, systemic chemotherapy, or immunotherapy 

Progressive disease

Progressive disease
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have been seen in patients with NSCLC and brain 
metastases.82 Both tumour-infiltrating lymphocytes and 
PD-L1 expression could serve as potential predictive 
biomarkers for PD-1/PD-L1 inhibitors, although their 
expression in leptomeningeal metastasis is unknown. 
There are few data on the activity of PD-1/PD-L1 
inhibitors against leptomeningeal metastasis. Gion and 
colleagues83 reported neurological improvement after 
nivolumab treatment in a patient with NSCLC and 
symptomatic leptomeningeal meta stasis. Additionally, 
one partial response (>21 weeks) and one stable disease 
(10 weeks) were reported in two patients with NSCLC 
and both leptomeningeal metastasis and brain 
metastases after treatment with nivolumab.84 Although 
responses to pembrolizumab for patients with NSCLC 
and brain metastases have been reported,85 its activity in 
leptomeningeal metastasis is unknown and is being 
investigated in a phase 2 study (NCT03091478).

Conclusion
After substantial efforts in the characterisation of genetic 
profiles and the development of novel agents with better 
CNS penetration, promising advances have been made 
in the management of leptomeningeal metastasis from 
NSCLC, particularly with the EGFR-mutant and 
ALK-rearranged subtypes. In addition to conventional 
methods, CSF liquid biopsy could be a useful tool to 
diagnose and monitor leptomeningeal metastasis, 
to understand its unique biology, and to identify 
mechanisms of treatment resistance. Molecularly 
targeted therapy, chemotherapy, radio therapy, and 
supportive care are important elements in the 
management of most patients with leptomeningeal 
metastasis. However, studies are needed to investigate 
the activity of immunotherapy in the treatment of 
leptomeningeal metastasis. The National Compre -

hensive Cancer Network has developed guidelines48 for 
the diagnosis and treatment (based on risk status) of 
leptomeningeal metastasis from all malignancies, which 
is still useful in the management of patients with NSCLC 
without actionable molecular targets. Nevertheless, it is 
time to update these guidelines to include the latest 
developments in liquid biopsy and targeted therapy for 
molecular subtypes of NSCLC. We  propose specific 
diagnostic and treatment guidelines for the management 
of leptomeningeal metastasis in patients with 
EGFR-mutant or ALK-rearranged NSCLC (figure 2). 
In patients with specific actionable mutations or 
translocations, there is considerable evidence that 
tyrosine kinase inhibitors—particularly the more potent, 
new generations of compounds with greater CNS 
penetration—are effective either alone or in combination 
with other interventions in the management of 
leptomeningeal metastasis. This field is rapidly evolving 
and there are various ongoing prospective clinical trials 
investigating new diagnostic approaches, monitoring 
methods, and treatment strategies for this complication 
of NSCLC.
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