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REVIEWS AND CONTEMPORARY UPDATES—

Background: Leptomeningeal disease (LMD) is a complication that results from solid tumor metastasis. Prognosis is extremely
poor. As therapeutic options for solid tumors improve, the rate of LMD continues to increase. Until recently, treatment has been
limited to radiation therapy, intrathecal chemotherapy, and systemic chemotherapy, with an overall survival of 2-3 months.
Targeted molecular therapy and immunotherapies are promising new options for increasing overall survival and clinical
improvement; however, optimal clinical management remains unknown.

Methods: In this review, we discuss targeted molecular therapy and immunotherapy treatment options for LMD resulting from
primary lung, breast, and melanoma tumors. In addition, we summarize dosing strategies, overall survival, clinical outcomes, and
novel approaches to treatment.

Results: Our review indicates a deficiency in the current literature. Presently, intrathecal trastuzumab administration may be an
effective option for patients with HER2-positive breast cancer. BRAF inhibitors and cytotoxic T lymphocyte-associated antigen-4
targets have shown promising results in LMD resulting from melanoma. Finally, tyrosine kinase inhibitors may increase overall
survival in epidermal growth factor receptor (EGFR)-mutant non-small cell lung cancer. Pulsatile drug administration or dual
therapy may be benéeficial for patients who progress to LMD while being treated with EGFR targets for their primary malignancy.
Conclusion: Targeted molecular therapy and immunotherapy in LMD may provide favorable treatment options. Current
literature is lacking in safety, efficacy, and overall response rates from the use of targeted therapy. Research is needed to draw

significant conclusions about the most appropriate therapy for patients with LMD.
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INTRODUCTION

Leptomeningeal disease (LMD) is a deadly complication
of solid tumors and has a poor prognosis. Although the
incidence of LMD is 5%-8% in patients with any malignant
disease, the occurrence inevitably denotes a poor outcome,
with a median survival rate of a few months.'*

LMD is diagnosed in approximately 5% of patients with
solid tumors.® The most common primary cancers are
melanoma, lung, and breast, with adenocarcinoma being
the most frequent histology seen in LMD. Malignant
melanoma has the highest rate of spread to the meninges
(20%),° followed by lung and then breast cancer (11% and
5%, respectively)®”; however, the higher incidence of breast
cancer leads to a greater proportion of LMD cases.

Malignant cells may spread via hematogenous spread
(through venous or arterial flow), perineural migration along
peripheral nerves, or via direct invasion from adjacent
tumors.” Once in the cerebrospinal fluid (CSF), the
malignant cells can be transported to any location of the
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neurospinal axis and result in meningeal seeding, with
preference for the basilar cisterns and the cauda equina.®'°
The incidence of leptomeningeal metastasis is increasing
from all primary tumor types, likely because of improved
technology that enhances detection, better cancer thera-
pies that lead to longer survival, and the ability of the CSF
space to restrict penetration of pharmaceutical agents."

Therapy for LMD may include a combination of radiation
therapy and intrathecal and systemic chemotherapy to
improve symptoms and prolong survival, albeit by marginal
time frames of 2-3 months.%'2'3 The treatment of LMD has
proven to be difficult; systemic cytotoxic therapy is not
effective because of its inability to cross the blood-brain
barrier in adequate concentrations, while intrathecal tumors
can damage the CSF, thus diminishing the efficacy of
intrathecal chemotherapy. Whole-brain radiotherapy and
methotrexate have been shown to have limited advantage in
the treatment of LMD.'*'®
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Treatment focus is shifting to the use of targeted
molecular therapy and immunotherapies for the treatment
of malignancy. As treatments improve for patients with
targetable molecular mutations, these patients are living
longer, and thus higher rates of LMD are being reported in
this population.’® For non-small cell lung cancer (NSCLC)
with leptomeningeal metastasis, current therapies target
epidermal growth factor receptor (EGFR) mutations and
anaplastic lymphoma kinase (ALK) rearrangement via
tyrosine kinase inhibitors (TKIs) in select patients. In breast
cancer, HER2 (also known as HER2/neu, ERBB2, and
CD340) malignant cells have a high affinity for the central
nervous system (CNS).'” Targeting this receptor via
intrathecal injection has shown promising results with
respect to overall survival.'®'82% Additionally, research from
2011 and 2013 indicates that LMD originating from
melanoma cells harboring a BRAF V600E mutation may
benefit from targeted therapies.?'?2

The target mutation must be present for the patient to
benefit from molecular therapy. Because mutation presence
and prevalence vary between cancer types and popula-
tions, specimen testing is important. For instance, only
approximately 10%-15% of NSCLC specimens from patients
in the United States and Western Europe have an EGFR
mutation, while 30%-50% of specimens from Asia harbor
this somatic mutation.?®2* ALK rearrangement is present in
approximately 4%-5% of NSCLC patients.?® The estimated
range of tumors that overexpress HER2 is 18%-25%.%°
Additionally, tumors with BRAF V600E mutations compose
33%-55% of melanoma.?”2°

This review discusses targeted molecular therapy and
immunotherapy treatment options for LMD resulting from
lung, breast, and melanoma solid tumors.

METHODS

In February 2017, we conducted a comprehensive search
using PubMed/MEDLINE, Embase, and Cochrane Library.
We included all studies in which molecular therapy or
immunotherapy was used to treat patients with LMD
metastasized from solid tumors originating from melanoma,
lung cancer, or breast cancer. Tumor types consisted of
HER2-positive breast cancer, the BRAF V600E mutation in
melanoma, or the EGFR mutation or ALK rearrangement in
lung cancer. Therapies that targeted vascular endothelial
growth factor (VEGF) and cytotoxic T lymphocyte-associat-
ed antigen-4 (CTLA-4) receptor were also included in this
study.

Case reports, clinical series, and randomized controlled
trials were included. Search criteria were limited to English
studies conducted in human subjects from 2006 to the
present. All studies were searched using various combina-
tions of the following medical subject heading terms:
leptomeningeal disease, leptomeningeal cancer, treatment,
immunotherapy, immuno*, and molecular target*. Titles
and abstracts of all papers gathered in the electronic search
were inspected for inclusion. References were also manu-
ally searched for any studies that did not populate via the
electronic search. The first author (K.H.T.) cross-referenced
poster and conference abstracts, letters to the editor, and
other articles that did not meet inclusion criteria for
relevance. Assessment for study eligibility was unblinded.
Data extraction included the following: study design, age of

Volume 17, Number 4, Winter 2017

Thomas, KH

Citations identified by
literature search: 1,215 =
Duplicates:
= PubMed/MEDLINE: 1,047 —>
. 183
= Cochrane Library: 7
* Embase: 161
Manual searching:
<
72

Citations identified:

> Citations excluded for
irrelevance: 1,022
\/
Titles passed screening:
82 Abstracts excluded: 51

= Duplicates: 3

Animal study: 1

Pediatric subjects: 4

Full text not available: 6
Not disease of interest: 12
Not treatment of interest: 9
Exclusion because of

\ % methodology: 5

= |Ineligible study date: 11

Y

Abstracts passed screening:
31

Fulltext articles excluded: 4

> = Leptomeningeal disease
mixed with brain metastasis: 1

= Not treatment of interest: 3

\

Full-text articles included
in review: 27
= Breast cancer: 7
* Melanoma: 5
= Lung cancer: 15

Figure. QUOROM diagram of study selection. QUOROM,
quality of reporting of metaanalyses.

subject, previous radiotherapy treatment, overall survival,
side effects, therapy duration, molecular target, therapy
used, and outcomes.

RESULTS

The initial search of the relevant databases (PubMed,
Embase, Cochrane Library) in February 2017 found 1,215
and 72 studies of interest via electronic and manual
searching, respectively. Of these, 82 titles passed screening
and were forwarded for abstract review. After abstract
review, 31 articles were included for full-text review. Of
these remaining articles, exclusions were made on the basis
of chemotherapy being the sole treatment (2), the addition
of a vaccination to standard therapy (1), and brain
metastasis being the malignancy treated (1). The remaining
27 studies were included in the literature review. The
primary tumor was breast in 7 studies, melanoma in 5
studies, and NSCLC in 15 studies (Figure).

Breast Cancer

Seven of the 27 studies included in this review examined
the effects of immunotherapy on LMD originating from
breast cancer (Table 1). Six studies were case re-
ports,> 18193082 and one was a prospective, multicenter
pilot study.®® In all 6 of the case reports, patients had HER2-
positive disease, and intrathecal trastuzumab in varying
doses and combinations was used in the treatment. Two
cases reported the effect of 20 mg of intrathecal trastuzu-
mab in combination with either 12 mg of methotrexate given
every 3-6 days'® or 6 mg of methotrexate given initially twice
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per week and then weekly.'® The combination of intrathecal
trastuzumab and thiotepa administered in 3-week cycles
was the treatment in one case report,30 and intrathecal
trastuzumab in combination with paclitaxel weekly was used
in another case.'® Escalating doses of intrathecal trastuzu-
mab were examined at weekly®' and 3-week intervals.®? The
pilot study targeted VEGF with bevacizumab with the aim of
increasing etoposide penetration into the CSF.?

The average age of the women who were the subjects of
the case reports was 48.7 years, and the participants in the
pilot study had a median age of 55 years, with a range of 30-
65 years. In the case reports, intrathecal trastuzumab was
administered as second-, third-, or sixth-line therapy in
16.7%, 67%, and 16.7% of patients, respectively, and all
patients presented with refractory disease. In the pilot study,
50% of patients had previously received radiotherapy,®® and
2 of the 6 (33.3%) patients in the case reports had
previously received radiotherapy.3%:32

Intrathecal trastuzumab was generally well tolerated;
83.3% of patients in the case reports had no significant
side effects and tolerated trastuzumab well.'> 8198132 The
patient in one case reported grade 3 anemia and neutro-
penia.®® Among the case report patients, significant clinical
and/or radiographic improvement was reported for 5
patients,'®193932 gnd stabilization occurred in 1 patient.'®
The average overall survival after initiation of therapy in the
case reports was 10.73 months (range, 1.3 months to >2
years). The pilot study reported a median overall survival of
4.7 months (range, 0.3-9 months) after treatment with
bevacizumab.*®

Melanoma

Five of the 27 studies included in this review examined the
effects of immunotherapy on LMD originating from melano-
ma (Table 2). Four studies were case reports®'3*3® and the
fifth was a retrospective study with 39 patients.®” Malignant
cells with the BRAF V600E mutation were the focus in 3
cases,?'®*3%® the CTLA-4 receptor was the target in the
fourth case,®® and the retrospective study included both
molecular moieties.®” Vemurafenib was the treatment of
choice in one case,?' vemurafenib plus dabrafenib and
trametinib in another case,®® dabrafenib alone in one
case,* and ipilimumab alone in another.® Geukes Foppen
et al used BRAF inhibitors and CTLA-4 treatments,
consisting of ipilimumab in 10 patients and varying
treatments and combinations of vemurafenib or dabrafenib
with or without trametinib in 14 patients.3”

The average age of patients who were the subjects of
case reports was 58.5 years, and the median age of patients
in the retrospective study was 52.9 years. All of the studies
incorporated radiotherapy into the treatment.3* Whole-brain
radiotherapy was administered to the patients in 3 of the
case reports.?'35%¢ Both BRAF inhibitors and the CTLA-4
receptor targets were well tolerated in the studies that
reported side effects.2'3436 The majority of complaints were
diarrhea, local injection site reactions, and dermatitis. The
patient in one case reported grade 1 keratosis pilaris.®*

Significant clinical improvement was reported in all
studies.?'3*%7 |n the 2 case reports that used vemurafenib
as therapy, both patients demonstrated significant improve-
ment in clinical symptoms and long-term stabilization of
LMD, with survival times >18 months.?'3¢ Average overall
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survival after initiation of therapy in all 4 of the case reports
surpassed the expected overall survival, ranging from >15
months to >19 months. All 4 patients who were the subjects
of the case studies were alive when the cases were written;
no data are available for how long the patients survived
thereafter. Geukes Foppen et al found that the median
survival of patients treated with a BRAF inhibitor and CTLA-4
target was 21.7 weeks, with a range of 2-235 weeks.®” The
14 patients who were treated with BRAF inhibitors had a
median survival rate of 24.9 weeks (range, 3-62 weeks). Of
those, patients who had radiotherapy survived 25 weeks,
while those who did not lived 16 weeks. Median survival of
the 10 patients whose treatment included a CTLA-4 target
was 15.8 weeks (range, 2-235 weeks). Of those, patients
who had radiotherapy survived 47 weeks, while those who
did not survived 6 weeks. Four patients were treated with
radiotherapy only, and their median survival was 4.3 weeks
(range, 2-16 weeks).*”

Non-Small Cell Lung Cancer

Fifteen®®%2 of the 27 studies included in this review
examined the effects of targeted therapy on LMD originating
from NSCLC (Table 3): 8 case reports, 3941434752 3 phase 1
open-label trial,*® a phase 3 randomized controlled trial,>" 4
retrospective clinical studies,*®*248%0 and a prospective
clinical study.*® The number of subjects included in the
clinical studies varied from 7-203 patients. Thirteen studies
used EGFR-TKI therapies, 3444752 and treatment with ALK
inhibitors was the focus of 2 studies.*>**¢ Gefitinib was given
in 3 studies: the phase 1 open-label trial studied the effect of
high-dose daily gefitinib®®; the phase 3 randomized con-
trolled trial examined gefitinib vs gemcitabine plus cisplat-
in®"; and in one case report, pemetrexed in combination
with high-dose gefitinib was administered.>® Eight studies
used erlotinib in varying doses and schedules, as well as in
combination with other therapies.39-434749:50 p|satile erlo-
tinib was administered in 4 studies.*’***” High-dose
erlotinib was used in one study.*' Erlotinib was also used
in combination with bevacizumab®® or after the use of
gefitinib.>° Another-first generation EGFR-TKI, icotinib, was
used in a study involving 21 subjects.*® Lin et al studied the
effect of dual targeting using cetuximab (an EGFR mono-
clonal antibody) and the second-generation EGFR-TKI
afatinib.** Alectinib was used in one case report focusing
on ALK inhibitors,*® while ceritinib was used in another case
report.*®

The mean age of the patients who were the subjects of
the case reports was 51.6 years, the median age of the 7
patients enrolled in the phase | open-label trial was 51 years
(range, 46-72 years), and the ages of patients enrolled in the
clinical studies ranged from 50-61 years. Side effects of
EGFR-TKI and ALK inhibitors were tolerated well across all
studies. One episode of toxic epidermal necrolysis was
reported for a patient receiving gefitinib at a dose of 1,000
mg.®® One patient experienced grade 4 neutropenia and
thrombocytopenia during the first cycle of pemetrexed at
the standard dosage of 500 mg; however, the patient was
able to complete 5 more cycles with the addition of
granulocyte colony-stimulating factor and a 20% reduction
in pemetrexed.>® The most common side effects reported
were diarrhea, rash, and nausea.
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In one patient, pulsatile administration of erlotinib led to
increased levels of the drug in the CSF when compared to
standard dosing.*” Jackman et al demonstrated that high-
dose daily gefitinib led to no radiologically documented
remissions; however, neurologic symptoms improved for 4
patients.®® One patient cleared the CSF of malignant cells,
while 2 patients demonstrated a decrease in the presence of
NSCLC cells on CSF analysis. The median overall survival
for these patients was 3.5 months (range, 1.6-5.1 months).38
With regard to EGFR inhibitors, the case reports demon-
strated an average overall survival of 26 months**47%2;
however, overall survival was not documented in 2 cases
that reported on 3 patients.*’*® Both case reports that
examined ALK inhibitors reported that subjects were alive at
the time of publication®®*®; the patient whose LMD was
treated with ceritinib was alive for >5.5 months.*® Averaging
the median overall survival reported for the clinical studies
yields 9.22 months, with a wide range of 15 days to 42
months.*042480 Clinical trials that used gefitinib and
gefitinib vs gemcitabine plus cisplatin reported a median
overall survival of 3.5 months and 2.2 months, respective-
ly.385" Clinical studies that used erlotinib showed an overall
survival of 9 months (range, 3-12 months).*%4249:50 Finally,
Gong et al demonstrated that the use of icotinib in LMD
resulted in a median overall survival of 10.1 months.*®

DISCUSSION

The best management of LMD from solid tumors has not
been established. Current available treatment with immu-
notherapy and molecular target has increased overall
survival, but outcomes remain bleak.

Breast Cancer

The current review demonstrates that intrathecal trastu-
zumab and bevacizumab are generally well-tolerated
treatments that prolong the lives of patients with LMD from
breast cancer. Interestingly, our review demonstrated that
the use of intrathecal trastuzumab resulted in an overall
survival of 10.73 months, a marked improvement when
compared to the 5.9 months reported among a group of
controls, combinations of surgery, whole-brain radiothera-
py, and local or systemic chemotherapy (or a combination
of both).5® Although this discrepancy is striking, it is
important to note that the 10.73-month result was calculated
from case reports and must be interpreted carefully.
Analysis of randomized controlled trials would be ideal;
however, patients with LMD are frequently excluded from
participating in clinical trials because of their poor progno-
sis.'® Consequently, our review was limited to case reports
and one small clinical study.

Nevertheless, this review supports intrathecal trastuzu-
mab as a treatment with a favorable toxicity profile. This
finding is in line with other studies that demonstrate that
monoclonal antibodies are well tolerated in both humans
and animals.?®%*%% Recommended dosing with intrathecal
trastuzumab, however, has not been established. Previous
studies demonstrate that 20-100 mg weekly or 100-150 mg
biweekly is a safe dose to use without any major
toxicities.?*> Results from our review are in line with these
findings, as all but one study administered treatment within
this range and demonstrated tolerable safety profiles. One
study demonstrated that intrathecal trastuzumab at a dose
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of 150 mg administered at intervals of 3 weeks is an effective
and well-tolerated treatment.32

Intrathecal trastuzumab has been used as a monotherapy
or in combination with various treatments (methotrexate or
thiotepa) with significant improvement in clinical symptoms
in 4 of the 5 case reports.'>193031 Of the case reports
included in this review, the longest overall survival (>24
months) was achieved when combination therapy consist-
ing of 50 mg of intrathecal trastuzumab and 12 mg of
intrathecal thiotepa was administered in repeated 3-week
cycles.®® Combining intrathecal monoclonal antibodies
(such as trastuzumab and bevacizumab) in conjunction
with chemotherapy regimens may prolong survival rates,
but research in a clinical trials setting is needed.

The addition of radiotherapy may also play a beneficial
role in prolonging overall survival. Previous treatment with
radiotherapy has been hypothesized to impair the blood-
brain barrier, thus allowing molecules that are normally
prevented from accessing the CSF to enter and target
malignant cells.®®5” Although other studies have reported
that patients treated with radiotherapy prior to intrathecal
trastuzumab have a longer overall survival attributable to the
mechanism previously discussed, our analysis does not
support those findings. Of the 2 patients in case reports who
had previous radiotherapy,®®32 one patient (reported by
Ferrario et al) had an overall survival greater than the
average reported in historic controls.5®%8 The clinical study
conducted by Wu et al examining the effect of bevacizumab
combined with etoposide and cisplatin reported previous
radiotherapy use in 50% of subjects without recording
individual overall survival rates.®® Consequently, we cannot
infer if previous radiotherapy augmented the therapy in
question. More data are needed to draw conclusions and
make recommendations.

Melanoma

LMD from melanoma metastasis has been notoriously
difficult to treat. Evidence supports that host cells (such as
macrophages) in the CSF protect the melanoma cells from
BRAF inhibitors. Additionally, cells that metastasize to the
leptomeninges have been hypothesized to be genetically
different from other metastases.>*° The literature supports
this theory because malignant cells in the CSF have higher
AKT signaling®'*®2 and more extensive genomic variations
compared to cells in the primary tumor site.®

The discovery in 2002 that approximately half of all
melanoma cells held a mutation in the serine/threonine
kinase BRAF resulted in the development of BRAF kinase
inhibitors such as vemurafenib and dabrafenib.®'626* Since
that discovery, very few studies examining the effectiveness
of BRAF inhibitors on LMD have been generated. In the
current review, we found that treatment with dabrafenib and/
or vemurafenib led to improvement in clinical symptoms
and overall survival.2!%®

Multiple studies are currently investigating the effect of
immune checkpoint inhibitors, such as anti-CTLA-4, pro-
grammed cell death 1 (PD-1), and anti-programmed cell
death ligand 1 (PD-L1) antibodies in the setting of brain
metastasis.®® The literature on such therapy in LMD is
sparse, with only 2 case reports published on the effect of
ipilimumab in melanoma-associated LMD.3*3” Qur review
supports the potential benefit of ipilimumab in treating LMD.
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Both studies that investigated this therapy showed signifi-
cant improvement in clinical symptoms. One study reported
complete clinical and radiologic response, with the patient
living 1.5 years after treatment.®® It is important to note that
the patient received whole-brain radiotherapy before initia-
tion of ipilimumab without magnetic resonance imaging
between treatment modalities. Therefore, we cannot say
that treatment with ipilimumab alone caused this remarkable
response; the effect of whole-brain radiotherapy should be
considered. Nevertheless, these results are intriguing, and
research should be conducted on ipilimumab and whole-
brain radiotherapy. As of early 2017, no report has been
published on the use of anti-PD-1/PD-L1 antibodies in this
circumstance; thus, research in this area is also needed.

Disease progression can occur in patients treated with
molecular-targeted therapy. A 2012 study by Simeone et al
established progression to leptomeningeal metastasis while
the patient was receiving dabrafenib.®® The patient died
several days after the discovery of LMD. This outcome lends
support to the idea that acquired resistance to BRAF
inhibition may occur during treatment. Upregulation of the
tyrosine kinase effectors, activation of alternative genes, or
transformations in the downstream gene for methyl ethyl
ketone (MEK) have been demonstrated to lead to thera-
peutic resistance.®”®® Whether current therapy should be
stopped or new agents added when confirmed LMD occurs
in a patient with melanoma is unclear. A study conducted by
Kim et al demonstrated that continuing the BRAF inhibitor
may be beneficial.*® It has also been proposed that the
therapy be continued, with the addition of an MEK inhibitor
or anti-CTLA-4 antibody. ¢ In light of emerging mechanisms
of resistance and the discovery of new therapies, post-
progression treatment should also be the focus of future
research.

Non-Small Cell Lung Cancer

Our review showed that erlotinib, gefitinib, and icotinib
may have CNS activity in LMD. These TKls target EGFR
mutations. This mutation can occur in 7%-76% of patients
with NSCLC depending on the geographic region or
individual country surveyed.®® Patients with this mutation
have been shown to have a better clinical course than those
without the EGFR mutation.”®

The discovery of EGFR mutations has proven to be a
positive advancement in the treatment of LMD secondary to
NSCLC because these patients show elevated response
rates to TKIs, leading to improved progression-free survival
rates.”’ Nevertheless, CSF concentrations of EGFR-TKI are
<1% of plasma concentrations, thus leading to CNS
disease progression in approximately 25%-28% of EGFR-
positive patients.”>”® As previously stated, adaptive molec-
ular mutations may contribute to disease progression.
Additionally, the pharmacokinetics of TKls in the CSF may
also play a contributing role in LMD.” This review
demonstrates that disease progression while on erlotinib
may be treated successfully with pulsatile erlotinib, with
reported survival ranging from 2.9 months to continued
survival past the study report (>25.4 months).***” Addi-
tionally, pulsatile dosing of erlotinib at a rate of 1,500 mg
once weekly has been shown to reach therapeutic levels
within the CSF.*” Early trials showed that pulsatile dosing
can result in large enough concentrations of erlotinib in the
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CSF to potentially avert drug resistance.”* Furthermore,
dual targeting of EGFR has shown promising results for
patients who develop LMD while on a TKI.**%° Treatment
with afatinib 40 mg and cetuximab 250 mg biweekly
resulted in clinical and radiographic improvement.** Other
studies reported the benefit of combined therapy. Erlotinib
in combination with pemetrexed cisplatin may be effective
in treatment in those who have failed gefitinib,*® and
bevacizumab plus erlotinib has been shown to reduce
radiographic abnormalities and control symptoms.3° Bev-
acizumab is a VEGF inhibitor that has been shown to
reduce tumor vasculature remodeling and enhance drug
delivery in xenografts.®® Although not directly studied in
vivo or in LMD, bevacizumab may exert the same effect and
be useful in leptomeningeal metastasis.

None of the studies in this review used third-generation
TKIs; however, these therapies showed promising results in
an abstract presented at the 2016 World Conference on
Lung Cancer because of their increased CNS permeability
and ability to reach high concentrations in the CSF.”®

ALK gene translocation occurs in approximately 4%-5% of
NSCLC.?® Targeting this rearrangement offers another
molecular target for the treatment of NSCLC. One patient
with crizotinib-resistant LMD had clinical and radiographic
improvements when treated with ceritinib.*® Alectinib, a
second-generation ALK-TKI that is 5 times as potent as
crizotinib, was shown to generate a significant clinical and
radiographic improvement in 3 of 4 patients who had
previously failed crizotinib or ceritinib.*® Future studies may
focus on a highly potent ALK/ROS1 inhibitor that has shown
substantial regression of ALK-propelled brain metastasis in
animal models.”®

Our review also demonstrates no significant benefit to
whole-brain radiotherapy in respect to overall survival for
patients with LMD treated with a TKI. The literature supports
this finding; unlike in patients with EGFR-positive brain
metastasis from NSCLC, whole-brain radiotherapy shows
no significant increase in overall survival in patients with
EGFR-positive LMD.?"”

Questions remain as to which population would benefit
from high-dose vs pulsatile EGFR treatment. Furthermore,
ideal scheduling and dosing of these immunotherapies
remain unknown. Extensive research in this area is
warranted.

CONCLUSION

This review demonstrates that new treatment approaches
are critical to improve morbidity and mortality in LMD
resulting from solid tumors. The incidence of LMD is likely to
continue to increase in light of improved systemic control of
primary solid tumor sites secondary to poor therapeutic
penetration of the CNS.

Presently, no definite treatment tactic has been proposed
for the treatment of leptomeningeal spread in patients with
primary solid tumors. The use of targeted molecular therapy
and immunotherapy in LMD may provide a promising
treatment avenue. It is important to note that not all patients
are eligible for molecular therapy; if the mutation is not
present, the therapy is futile. Thus, molecular testing must
be performed to understand the patient’s therapeutic
options.
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Our review indicates that intrathecal trastuzumab admin-
istration seems to represent a safe and effective option for
the treatment of patients with HER2-positive breast cancer.
BRAF inhibitors and CTLA-4 targets have shown promising
results in leptomeningeal metastasis from melanoma. Last,
the use of high-dose TKIs may increase overall survival in
EGFR-mutant NSCLC, and patients who progress to LMD
on EGFR targets may benefit from targeting malignant cells
with pulsatile drug administration or dual therapy.

Questions about optimal therapy, dosing, scheduling,
and treatment plan remain unanswered. Patients with LMD
are generally excluded from clinical trials because of their
poor prognosis. Consequently, most of the information
about LMD is from case reports and retrospective clinical
studies, and significant conclusions about safety, efficacy,
and overall response rates cannot be drawn from the
contemporary literature. Ideally, future studies should focus
on randomized clinical trials of new therapies for patients
with LMD.
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