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Some reports suggest the tide may  

be turning for this challenging disease.

Experimental Treatments for Leptomeningeal Metastases  
From Solid Malignancies

Solmaz Sahebjam, MD, Peter A. Forsyth, MD, Keiran S. Smalley, PhD, and Nam D. Tran, MD, PhD
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Background: Leptomeningeal metastasis is a consequence of advanced solid malignancies and has limited 
treatment options. It is possible that it is becoming more common as the leptomeninges act as a sanctuary site 
for recurrence from systemic cancer. 
Methods: Potential targeted and immunotherapy agents for the most common types of solid-tumor leptomen-
ingeal metastasis are reviewed, as are their dosing/delivery strategies and novel, immunological approaches. 
Results: Historically, patients with leptomeningeal metastasis have been excluded from clinical trials, and data 
on the management of leptomeningeal metastasis come from single case reports and retrospective analyses.
Conclusion: For the first time ever, published reports suggest the tide may be turning in this challenging disease.

Introduction
Leptomeningeal metastasis occurs in more than 5% 
of patients with advanced solid tumors.1 The most 
common solid malignancies leading to leptomen-
ingeal metastasis are adenocarcinomas of the breast  
(12%–35%), adenocarcinomas of the lung (10%–26%), 
and melanoma (5%–25%).1 Prognosis is poor for lepto-

meningeal metastasis: The median overall survival 
rate after diagnosis is approximately 2 to 3 months.1,2 
Improved imaging techniques have resulted in an in-
creased number of diagnosed cases of leptomeningeal 
metastasis. The advent of targeted drugs and immu-
notherapies — often with limited penetration into the 
central nervous system (CNS) — have improved the 
survival of patients with advanced solid malignancies. 
However, these advancements have led to an increased 
prevalence of CNS metastases and leptomeningeal me-
tastases over time. The leptomeningeal compartment 
has unique features that may allow it to function as a 
“sanctuary site” for recurrence from systemic cancer. 
Drugs with poor blood–cerebrospinal fluid (CSF) per-
meability undertreat the tumoral cells in the subarach-
noid space, which can subsequently escape the antitu-
moral effect and proliferate on the meninges.1

Treatment options for patients with leptomeningeal 
metastasis remain limited: Neither whole-brain radio-
therapy nor systemic or intrathecal chemotherapy 
significantly improves outcomes.1 In general, patients 
with leptomeningeal metastasis are excluded from clini-
cal trials because of their poor prognosis and to mini-
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mize results that are not reproducible. Thus, treatment data 
for leptomeningeal metastasis are limited to small case 
series, thereby limiting our ability to draw conclusions 
that will apply to patients with leptomeningeal metastasis.

Investigational treatment options (targeted and im-
munotherapies) that may be beneficial in patients with 
the most common types of leptomeningeal metastasis 
are discussed below and also appear in the Table.3-18

Targeted Therapies 
Melanoma
BRAF Inhibitors: Several case series and retrospec-
tive reviews have shown an intracranial benefit for 
patients with active brain metastases harboring BRAF 
V600 mutations treated with vemurafenib.4,5,19 An intra-
cranial response rate of 48.1% was reported by Gibney 
et al.19 However, the activity of vemurafenib in patients 
with leptomeningeal metastasis is less clear. In 2 patients 
with tumors harboring BRAF V600 mutations, treat-
ment with either vemurafenib alone or in sequence 
with whole-brain radiotherapy resulted in marked re-
sponses and the long-term stabilization of leptomen-
ingeal disease.4,5 Schäfer et al4 studied the drug in a 
person with leptomeningeal metastasis whose disease 
was unresponsive to whole-brain radiotherapy. Dos-
ing of vemurafenib was given at 960 mg twice per day. 
Twelve weeks after the initiation of vemurafenib, the 
patient had a complete resolution of clinical symp-
toms, achieved a cytological response in CSF, and 
had marked radiographic regression of the meninge-
al lesions on magnetic resonance imaging.4 However, 
analyses of the CSF concentration of vemurafenib in 
patients with brain metastases have revealed very low 
ratios of CSF:plasma concentration (0.98% ± 0.84%) and 
large rates of interindividual variability.20

Dabrafenib has demonstrated intracranial an-
titumor activity in patients with BRAF V600E or  
V600K–mutant melanoma brain metastases.21 In a 
phase 2 trial evaluating dabrafenib in patients with ac-
tive brain metastases from BRAF V600E or V600K–mu-
tant melanoma, the overall intracranial response rates 
(complete response + partial response) of 39.2% and 
6.7% were observed in those with no previous local 
treatment and BRAF V600E or V600K–mutant tumors, 
respectively.21 These results suggest that dabrafenib 
can functionally penetrate the disrupted blood–brain 
barrier within melanoma brain metastases.

Wilgenhof and Neyns3 reported a patient with 
leptomeningeal metastasis from BRAF V600E–mutant 
melanoma treated with dabrafenib 150 mg twice a day. 
Complete imaging and cytological response were ob-
served after 4 weeks of dabrafenib and continued at 
the time of report (15 weeks after the initiation of dab-
rafenib), suggesting that dabrafenib may have poten-
tial benefit in patients with leptomeningeal metastasis 
from BRAF V600E or V600K–mutant melanoma.3

Non–Small-Cell Lung Cancer
Epidermal Growth Factor Receptor–Tyrosine Ki-
nase Inhibitors: High-dose epidermal growth fac-
tor receptor–tyrosine kinase inhibitors. High-dose 
tyrosine kinase inhibitors (TKIs) have been used to 
treat leptomeningeal metastasis from EGFR-mutant  
non–small-cell lung cancer (NSCLC) based on the hy-
pothesis that higher concentrations in the CSF can be 
reached by using higher, systemic concentrations of 
TKI.6,22 Using standard doses of epidermal growth fac-
tor receptor (EGFR)–TKIs, CSF concentrations of the 
drug can be as low as 1% plasma levels below half maxi-
mal inhibitory concentration.6,22 Therefore, the CSF con-
centration of EGFR-TKIs achieved by standard daily dos-
ing may be insufficient for a therapeutic effect.

By contrast, the intermittent “pulsatile” administra-
tion of high-dose erlotinib (1500 mg once weekly) has 
been shown to be well tolerated and does achieve thera-
peutic drug levels in the CSF.22 With this regimen, concen-
trations of the drug in the CSF exceeded the half maximal 
inhibitory concentration for EGFR-mutant lung cancer 
cells in a patient with leptomeningeal metastasis.22

Grommes et al11 reported on a series of 9 patients 
with EGFR-mutant NSCLC who had developed CNS 
metastases despite conventional daily erlotinib therapy 
or other EGFR-TKIs. Eight patients had leptomeninge-

Table. — Targeted Therapies for Select Patients  
With Leptomeningeal Metastasis From Melanoma, NSCLC,  

or Breast Cancer

Study Tumor Type Targeted Therapy
Breast Cancer

Ferrario16 
Martens17 
Platini10 
Stemmler15 
Zagouri18

ERBB2 positive Intrathecal trastuzumab

Melanoma

Lee5

Schäfer4

BRAF mutant Vemurafenib

Wilgenhof3 Dabrafenib

NSCLC

Jackman6

Yuan14

EGFR mutant High-dose daily gefitinib

Cessot12

Grommes11

Kuiper13

Pulsatile high-dose erlotinib

Lin7 Dual targeting  
(afatinib/cetuximab)

Arrondeau8 ALK rearranged Ceritinib

Gainor9 Alectinib

NSCLC = non–small-cell lung cancer.
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al metastasis. Pulsatile erlotinib was administered as 
monotherapy to all patients at a median weekly dose of 
1500 mg (range, 900–1500 mg).11 Median time to CNS 
progression was 2.7 months (range, 0.8–14.5 months), 
and the median overall survival rate was 12 months.11

Several reports of patients with leptomeningeal 
metastasis from EGFR-mutant NSCLC have described 
similar responses with pulsatile high-dose erlotinib 
or daily high-dose gefitinib.6,12-14 These data suggest 
that high-dose EGFR-TKI therapy can be effective in 
achieving higher CSF concentrations of the drug and, 
therefore, may control leptomeningeal metastasis in a 
subset of patients with EGFR-mutant NSCLC.

Dual-targeting of epidermal growth factor 
receptor. Dual targeting of EGFR has been reported 
as a potential therapy for patients with leptomeningeal 
metastasis from EGFR-mutant NSCLC.23 A phase 1b tri-
al combining afatinib, a second-generation EGFR-TKI, 
and cetuximab observed an objective response rate of 
29% in individuals with advanced EGFR-mutant NSCLC 
with systemic disease progression after receiving ge-
fitinib or erlotinib.23 This result has raised the ques-
tion as to whether this strategy might be effective in 
controlling leptomeningeal metastasis in patients with 
EGFR-positive NSCLC.

Lin et al7 reported on 1 patient with exon 19 deleted 
NSCLC who developed leptomeningeal metastasis 
after 4 years of multiple treatments, including gefitinib 
and erlotinib. Treatment with 1 month of pulsatile er-
lotinib, at a dose of 1050 mg weekly, did not control 
leptomeningeal metastasis, but subsequent treatment 
with afatinib 40 mg daily and cetuximab 250 mg/m2 
biweekly resulted in clinical improvement as well as 
improvement seen on imaging.7 The improvement 
in leptomeningeal metastasis remained stable until 
the patient died from systemic disease progression 
4 months later.7 The authors suggest that dual-targeted 
therapy may still benefit patients with leptomeningeal 
metastasis from EGFR-positive NSCLC whose disease 
has progressed on a high-dose TKI.7

Tyrosine Kinase Inhibitors of Anaplastic 
Lymphoma Kinase in Lung Cancer: The CNS is a 
frequent site of relapse among patients with ALK-rear-
ranged NSCLC who have been treated with crizotinib.24 
The poor penetration of crizotinib to the brain (“phar-
macokinetic relapse”), rather than cellular resistance, has 
been suspected as the mechanism of treatment failure.24,25

Ceritinib is a potent inhibitor of anaplastic lym-
phoma kinase (ALK) that has shown significant benefit 
in ALK-rearranged NSCLC refractory to crizotinib ther-
apy.26 It also has activity in the CNS: Partial responses 
have been seen in brain metastases among crizotinib-
naive and crizotinib-refractory tumors, suggesting 
possible activity in patients with leptomeningeal me-
tastasis.26 Arrondeau et al8 reported on 1 patient with 
crizotinib-refractory leptomeningeal metastasis who 

was treated with daily ceritinib (initially 750 mg and 
then 600 mg). The patient achieved stable disease 
seen on imaging and durable clinical improvements 
that lasted for more than 6 months.8 However, ceri-
tinib has been shown to cross the blood–brain bar-
rier in rat models at a brain-to-blood exposure ratio 
(AUCinf) of 15%.27 Although its penetration into the 
CSF in patients with leptomeningeal metastasis is 
unknown, CSF concentration is likely higher due to 
a disrupted blood–CSF barrier in the setting of lepto-
meningeal metastasis. 

Alectinib is a second-generation TKI of ALK that 
has shown promising CNS activity in study patients 
with ALK-rearranged NSCLC. It is approximately 
5 times more potent than crizotinib against ALK, and 
it inhibits RET with similar potency to ALK.28 Preclini-
cal studies have suggested that alectinib is not a sub-
strate of P-glycoprotein, a key factor in the blood–brain 
barrier, and that it achieves high brain-to-plasma ra-
tios (range, 0.63–0.94) in intracranial tumor implanta-
tion murine models of EML4-ALK–positive NSCLC.28 
In a phase 2 study of alectinib in crizotinib-refractory 
ALK-rearranged NSCLC, a complete CNS response 
rate of 27% was observed.29 Alectinib also resulted 
in an overall CNS response rate of 57% in study pa-
tients with measurable CNS metastases.29 Alectinib 
has shown efficacy in symptomatic individuals who 
have crizotinib- or ceritinib-refractory leptomeningeal 
metastasis.9 In a case series by Gainor et al,9 alectinib  
600 mg twice daily resulted in significant clinical and 
radiographic improvements in 3 out of 4 of patients 
with crizotinib- or ceritinib-refractory leptomeningeal 
metastasis from ALK-rearranged NSCLCs. The fourth 
patient achieved stable disease for approximately 
4 months.9

PF-06463922 is an investigational agent with 
superior potency against all known clinically ac-
quired ALK mutations, including the highly resistant  
G1202R mutant, and is designed to minimize P-gly-
coprotein–mediated drug efflux and optimize pene-
tration of the CNS.30 It has shown significant regres-
sion of EML4-ALK–driven brain metastases in murine 
models, which led to prolonged rates of survival.30 
This drug is being investigated in a phase 1/2 trial.

Breast Cancer
Intrathecal Trastuzumab: ERBB2 (formerly known 
as HER2/neu)-positive breast cancers have a high af-
finity for CNS involvement.31 Better control of system-
ic ERBB2-positive breast cancer with agents such as 
trastuzumab has led to a higher prevalence of CNS and 
leptomeningeal metastases. Trastuzumab can be intra-
thecally administered, either alone or in combination 
with different chemotherapy agents (eg, methotrexate) 
and has shown promising results in participants with 
leptomeningeal metastasis from ERBB2-positive breast 
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cancer.10,15-18 Although this treatment regimen has not 
yet been reported in a clinical trial setting, numerous 
case reports have demonstrated its safety and efficacy 
in patients with ERBB2-positive breast cancer–asso-
ciated leptomeningeal metastasis.18 Systemic review 
and pooled analyses of 17 patients treated with intra-
thecal trastuzumab alone or in combination with che-
motherapy reported a median overall survival rate of 
13.5 months (compared with 5.9 months in historical 
cohorts) and a median CNS progression-free survival 
rate of 7.5 months.18 The continued administration 
of intrathecal trastuzumab beyond disease progres-
sion and switching intrathecal chemotherapy agents 
appeared to be safe and resulted in significant clini-
cal benefit (median CNS progression-free survival of 
9.4 months beyond progression).18 The recommended 
dosing schedule of intrathecal trastuzumab adminis-
tration is unknown, and different dosing ranges 
(eg, 20–100 mg weekly, 100–150 mg biweekly) have 
been used with no safety issues.18 In our experience, 
intrathecal trastuzumab is a safe and effective therapy 
for patients with ERBB2-positive breast cancer lepto-
meningeal metastasis, which can delay the need for 
whole-brain radiotherapy and provide clinical and 
cytological improvements as well as improvements 
seen on imaging.

Immunotherapies
Checkpoint Inhibitors
Antibodies against cytotoxic T-lymphocyte antigen 
4 (CTLA-4) and programmed cell death 1 (PD1) have 
significant activity in extracranial metastatic melanoma. 
Anti-PD1 and anti–programmed cell death ligand 1 
(PD-L1) antibodies have been approved for the treat-
ment of metastatic melanoma, NSCLC, and renal cell 
carcinoma and are showing promising results in sev-
eral other tumor types.

Two prospective, phase 2 trials have shown the ef-
ficacy of ipilimumab, an anti-CTLA-4 antibody, among 
patients with melanoma-associated brain metasta-
sis.32,33 In a phase 2 study by Margolin et al,33 ipilim-
umab monotherapy resulted in a CNS response rate 
of 16%; a median overall survival of 7 months was 
observed in those with symptomatic brain metasta-
ses.33 At present, multiple studies are investigating 
the efficacy of anti-PD-1/PD-L1 antibodies in patients 
with brain metastases (NCT02320058, NCT02374242, 
NCT02621515).

However, there are very limited data available in 
use of these antibodies in patients with leptomenin-
geal metastasis. In a case report by Bot et al,34 a patient 
with melanoma-associated leptomeningeal metastasis 
received whole-brain radiotherapy (5 times 4 Gy) fol-
lowed by 4 courses of ipilimumab 3 mg/kg every 
3 weeks. Complete clinical and radiological responses 
were observed; the patient survived for more than 

1.5 years.34 At this time, no report has been pub-
lished on the use of other immune checkpoint in-
hibitors in patients with leptomeningeal metastasis.  
Thus, future studies are required to assess the effica-
cy of these antibodies alone or in combination with 
other treatment strategies in patients with leptomen-
ingeal metastasis.

Intrathecal Interleukin 2 
Few data have been published on intrathecal inter-
leukin 2 (IL-2) therapy. One study reported on 42 par-
ticipants with melanoma-associated leptomeningeal 
metastasis who were treated with 1 to 5 doses of intra-
thecal IL-2 every week for 4 weeks, followed by weekly 
injections for 4 weeks, and then every other week.35 
The study patients continued to receive single-injection 
maintenance doses every 1 to 3 months. A median sur-
vival rate of 9.1 months (range, 0.7–86.2) was report-
ed, and 16% of study patients had an overall survival 
of more than 24 months.35 The authors reported that 
severe cases of increased intracranial pressure (an ad-
verse event of treatment) requiring frequent CSF re-
moval were observed.35 Although this single-institution 
study is encouraging, more data are needed to confirm 
the efficacy of this treatment strategy.

Intrathecal Tumor-Infiltrating Lymphocyte Therapy
Adoptive T-cell therapy using autologous tumor-infil-
trating lymphocytes (TILs) has emerged as a promis-
ing therapy for advanced solid tumors. TIL therapy has 
resulted in response rates of approximately 50% in pa-
tients with refractory melanoma.36 However, few data 
are available on the intrathecal administration of TILs 
in patients with leptomeningeal metastasis.37,38 Glitza 
et al37 have reported that intrathecal autologous TILs in 
combination with intrathecal IL-2 were safe and feasible 
in an individual with refractory leptomeningeal metas-
tasis from melanoma whose disease had progressed 
after monotherapy with intrathecal IL-2. This patient 
received 3 doses of intrathecal TILs (0.3 × 109 cells, 
1.0 × 109 cells, and 3.0 × 109 cells) 1 week apart; the 
TILs consisted of 96% CD8+ T cells.37 Injections of TILs 
were well tolerated. On days 1 and 4 after intrathecal 
TILs, intrathecal IL-2 (1.2 million U) was administered. 
Intrathecal IL-2 was associated with nausea, vomiting, 
headache, chills, and transient changes in mentation 
requiring the serial removal of CSF due to elevated in-
tracranial pressure. 37 The radiographic stabilization of 
leptomeningeal metastasis was observed after intrathe-
cal TIL therapy; however, the therapy did not control 
the parenchymal brain metastases, which progressed 
approximately 3 months following therapy.37

Conclusions
Leptomeningeal metastasis is a major medical compli-
cation of systemic cancer that has become more com-
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mon as major advances are made in cancer treatments. 
Paradoxically, our understanding of the mechanisms 
of the development and biology of leptomeningeal 
metastasis is poor. The incidence of leptomeningeal 
metastasis is likely to continue to increase due to im-
proved overall survival of patients with cancer and 
because of more effective systemic treatments with 
limited penetrance into the central nervous system. 
As such, effort should be made to develop novel mol-
ecules to improve central nervous system penetration 
and to optimize drug-delivery methods. Patients with 
leptomeningeal metastasis are generally excluded from 
clinical trials, thereby limiting the systematic assess-
ment of novel therapies in this subgroup of patients 
with poor prognoses. Retrospective analyses involv-
ing a heterogeneous group of patients can provide in-
formation on possible treatment options that may be 
used for the treatment of patients with leptomeningeal 
metastasis; however, no significant conclusions about 
safety and predicted responses can be drawn with the 
data currently available. Moving forward, every effort 
should be made to enroll patients with leptomeningeal 
metastasis into trials investigating novel agents with 
the potential to penetrate the blood–brain barrier. The 
issues of the relatively poor prognosis and the com-
plexity of assessing responses in this patient popula-
tion may be further addressed by designating specific 
cohorts for patients with leptomeningeal metastasis 
from tumor types of interest.

References 

 1. Le Rhun E, Taillibert S, Chamberlain MC. Carcinomatous meningitis: 
leptomeningeal metastases in solid tumors. Surg Neurol Int. 2013;4(suppl 4): 
S265-S288.
 2. Park JH, Kim YJ, Lee JO, et al. Clinical outcomes of leptomeningeal 
metastasis in patients with non-small cell lung cancer in the modern chemo-
therapy era. Lung Cancer. 2012;76(3):387-392.
 3. Wilgenhof S, Neyns B. Complete cytologic remission of V600E BRAF-
mutant melanoma-associated leptomeningeal carcinomatosis upon treatment 
with dabrafenib. J Clin Oncol. 2015;33(28):e109-e111.
 4. Schäfer N, Scheffler B, Stuplich M, et al. Vemurafenib for leptomen-
ingeal melanomatosis. J Clin Oncol. 2013;31(11):e173-e174.
 5. Lee JM, Mehta UN, Dsouza LH, et al. Long-term stabilization of 
leptomeningeal disease with whole-brain radiation therapy in a patient with 
metastatic melanoma treated with vemurafenib: a case report. Melanoma Res. 
2013;23(2):175-178.
 6. Jackman DM, Holmes AJ, Lindeman N, et al. Response and re-
sistance in a non-small-cell lung cancer patient with an epidermal growth 
factor receptor mutation and leptomeningeal metastases treated with high-
dose gefitinib. J Clin Oncol. 2006;24(27):4517-4520.
 7. Lin CH, Lin MT, Kuo WY, et al. Afatinib combined with cetuximab for 
lung adenocarcinoma with leptomeningeal carcinomatosis. Lung Cancer. 
2014;85(3):479-480.
 8. Arrondeau J, Ammari S, Besse B, et al. LDK378 compassionate use 
for treating carcinomatous meningitis in an ALK translocated non-small-cell 
lung cancer. J Thorac Oncol. 2014;9(8):e62-e63.
 9. Gainor JF, Sherman CA, Willoughby K, et al. Alectinib salvages 
CNS relapses in ALK-positive lung cancer patients previously treated with 
crizotinib and ceritinib. J Thorac Oncol. 2015;10(2):232-236.
 10. Platini C, Long J, Walter S. Meningeal carcinomatosis from breast 
cancer treated with intrathecal trastuzumab. Lancet Oncol. 2006;7(9):778-780.
 11. Grommes C, Oxnard GR, Kris MG, et al. Pulsatile high-dose weekly 
erlotinib for CNS metastases from EGFR mutant non-smallcell lung cancer. 
Neuro Oncol. 2011;13(12):1364-1369.
 12. Cessot A, Blanchet B, Goldwasser F. Erlotinib treatment of meningeal 
carcinomatosis in lung cancer: more is better. Ann Oncol. 2014;25(10):2093-2094.
 13. Kuiper JL, Smit EF. High-dose, pulsatile erlotinib in two NSCLC 

patients with leptomeningeal metastases--one with a remarkable thoracic 
response as well. Lung Cancer. 2013;80(1):102-105.
 14. Yuan Y, Tan C, Li M, et al. Activity of pemetrexed and high-dose 
gefitinib in an EGFR-mutated lung adenocarcinoma with brain and lepto-
meningeal metastasis after response to gefitinib. World J Surg Oncol. 
2012;10:235.
 15. Stemmler HJ, Mengele K, Schmitt M, et al. Intrathecal trastuzumab and 
methotrexate for meningeal carcinomatosis in HER2-overexpressing metastatic 
breast cancer: a case report. Anticancer Drugs. 2008;19(8):832-836.
 16. Ferrario C, Davidson A, Bouganim N, et al. Intrathecal trastuzumab 
and thiotepa for leptomeningeal spread of breast cancer. Ann Oncol. 
2009;20(4):792-795.
 17. Martens J, Venuturumilli P, Corbets L, et al. Rapid clinical and radio-
graphic improvement after intrathecal trastuzumab and methotrexate in 
a patient with HER-2 positive leptomeningeal metastases. Acta Oncol. 
2013;52(1):175-178.
 18. Zagouri F, Sergentanis TN, Bartsch R, et al. Intrathecal adminis-
tration of trastuzumab for the treatment of meningeal carcinomatosis in 
HER2-positive metastatic breast cancer: a systematic review and pooled 
analysis. Breast Cancer Res Treat. 2013;139(1):13-22.
 19. Gibney GT, Gauthier G, Ayas C, et al. Treatment patterns and outcomes 
in BRAF V600E-mutant melanoma patients with brain metastases receiving 
vemurafenib in the real-world setting. Cancer Med. 2015;4(8):1205-1213.
 20 Sakji-Dupré L, Le Rhun E, Templier C, et al. Cerebrospinal fluid 
concentrations of vemurafenib in patients treated for brain metastatic 
BRAF-V600 mutated melanoma. Melanoma Res. 2015;25(4):302-305.
 21. Long GV, Trefzer U, Davies MA, et al. Dabrafenib in patients with 
Val600Glu or Val600Lys BRAF-mutant melanoma metastatic to the brain 
(BREAK-MB): a multicentre, open-label, phase 2 trial. Lancet Oncol. 
2012;13(11):1087-1095.
 22. Clarke JL, Pao W, Wu N, et al. High dose weekly erlotinib achieves 
therapeutic concentrations in CSF and is effective in leptomeningeal 
metastases from epidermal growth factor receptor mutant lung cancer. 
J Neurooncol. 2010;99(2):283-286.
 23. Janjigian YY, Smit EF, Groen HJ, et al. Dual inhibition of EGFR with 
afatinib and cetuximab in kinase inhibitor-resistant EGFR-mutant lung cancer 
with and without T790M mutations. Cancer Discov. 2014;4(9):1036-1045.
 24. Gainor JF, Ou SH, Logan J, et al. The central nervous system as a 
sanctuary site in ALK-positive non-small-cell lung cancer. J Thorac Oncol. 
2013;8(12):1570-1573.
 25. Dziadziuszko R, Jassem J. Beneath the blood brain barrier: the chal-
lenge of diagnosis and management of central nervous system involvement 
in ALK-positive lung cancer. J Thorac Oncol. 2013;8(12):1465-1466.
 26. Shaw AT, Kim DW, Mehra R, et al. Ceritinib in ALK-rearranged 
non-small-cell lung cancer. N Engl J Med. 2014;370(13):1189-1197.
 27. Ceritinib [package insert]. Novartis Pharmaceuticals: East Hanover, 
NJ; 2016.
 28. Kodama T, Hasegawa M, Takanashi K, et al. Antitumor activity of 
the selective ALK inhibitor alectinib in models of intracranial metastases. 
Cancer Chemother Pharmacol. 2014;74(5):1023-1028.
 29. Ou SI, Ahn JS, De Petris L, et al. Alectinib in crizotinib-refractory 
ALK-rearranged non-small-cell lung cancer: a phase II global study. J Clin 
Oncol. 2016;34(7)661-668.
 30. Zou HY, Friboulet L, Kodack DP, et al. PF-06463922, an ALK/ROS1 
inhibitor, overcomes resistance to first and second generation ALK inhibitors 
in preclinical models. Cancer Cell. 2015;28(1):70-81.
 31. Bendell JC, Domchek SM, Burstein HJ, et al. Central nervous system 
metastases in women who receive trastuzumab-based therapy for metastatic 
breast carcinoma. Cancer. 2003; 97(12): 2972-2977.
 32. Di Giacomo AM, Ascierto PA, Pilla L, et al. Ipilimumab and fote-
mustine in patients with advanced melanoma (NIBIT-M1): an open-label, 
single-arm phase 2 trial. Lancet Oncol. 2012;13(9):879-886.
 33. Margolin K, Ernstoff MS, Hamid O, et al. Ipilimumab in patients with 
melanoma and brain metastases: an open-label, phase 2 trial. Lancet Oncol. 
2012;13(5):459-465.
 34. Bot I, Blank CU, Brandsma D. Clinical and radiological response of 
leptomeningeal melanoma after whole brain radiotherapy and ipilimumab. 
J Neurol. 2012;259(9):1976-1978.
 35. Glitza IC, Rohlfs M, Bassett R, et al. Therapeutic outcomes of intra-
thecal interleukin-2 in metastatic melanoma patients with leptomeningeal 
disease (LMD). Neuro Oncol. 2015;17:v107-112. 
 36. Zikich D, Schachter J, Besser MJ. Predictors of tumor-infiltrating 
lymphocyte efficacy in melanoma. Immunotherapy. 2016;8(1):35-43.
 37. Glitza IC, Haymaker C, Bernatchez C, et al. Intrathecal adminis-
tration of tumor-infiltrating lymphocytes is well tolerated in a patient with 
leptomeningeal disease from metastatic melanoma: a case report. Cancer 
Immunol Res. 2015;3(11):1201-1206.
 38. Clemons-Miller AR, Chatta GS, Hutchins L, et al. Intrathecal cytotoxic 
T-cell immunotherapy for metastatic leptomeningeal melanoma. Clin Cancer 
Res. 2001;7:917s-924s.


	_GoBack

