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LEARNING OBJECTIVES

After completing this course, the reader will be able to:
1. Compare the use of i.t. therapy and systemic therapies for patients with neoplastic meningitis.

2. Describe new drugs showing promise for neoplastic meningitis.

@ This article is available for continuing medical education credit at CME.TheOncologist.com.

ABSTRACT
Neoplastic meningitis is a result of the spread of ma- space and their dissemination within the cerebrospi-
lignant cells to the leptomeninges and subarachnoid nal fluid. This event occurs in 4%—15 % of all patients
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with solid tumors and represents an important prog-
nostic factor for poor survival. Neoplastic meningitis
should be diagnosed in the early stages of disease to
prevent important neurological deficits and to pro-
vide the most appropriate treatment. Despite new di-
agnostic approaches developed in recent years, such
as positron emission tomography-computed tomog-
raphy and new biological markers, the combination
of magnetic resonance imaging without and with gad-
olinium enhancement and cytology still has the great-
est diagnostic sensitivity.

Solid Tumor Neoplastic Meningitis

Recently, no new randomized studies comparing intra-
thecal (i.t.) with systemic treatment have been performed,
yet there have been a few small phase II studies and case
reports about new molecularly targeted substances whose
successful i.t. or systemic application has been reported.
Trastuzumab, gefitinib, and sorafenib are examples of pos-
sible future treatments for neoplastic meningitis, in order to
better individualize therapy thus allowing better outcomes.

In this review, we analyze the most recent and inter-
esting developments on diagnostic and therapeutic ap-
proaches. The Oncologist 2011;16:1175-1188

INTRODUCTION

Neoplastic meningitis (NM) results from the spread of ma-
lignant cells to the leptomeninges and subarachnoid space
and their dissemination within the cerebrospinal fluid
(CSF) compartment. NM is a frequent complication of sys-
temic cancer and occurs in 4%—15% of all patients with
solid tumors. Although NM has been described in nearly all
types of solid tumors, the most common solid tumors caus-
ing NM are breast cancer (43%), lung cancer (31%), and
melanoma (6%) [1]. NM secondary to breast cancer tends
to be the most prevalent because of the overall number of
women with the disease and because of better systemic con-
trol of the disease. Malignant cells may reach the subarach-
noid space through the blood (venous or arterial), by
growing along nerve and vascular sheaths, by migration
from a tumor adjacent to CSF (30%—40% of patients with
NM have coexistent parenchymal brain metastases), or by
iatrogenic spread of tumor cells following resection of brain
or cerebellar metastasis [2, 3].

In the last few years, it was discovered that the molecu-
lar factors implicated in NM development are numerous,
including, in particular, metalloproteinases, activated in-
tegrin « 35, vascular endothelial growth factor (VEGF),
and epidermal growth factor receptor (EGFR)-2 protein [4].
Moreover, NM has become an increasingly common diag-
nosis, most likely because of the prolonged survival of pa-
tients with metastatic disease and because of better
diagnostic methods. Furthermore, NM resulting from tu-
mors that were previously rarely associated with NM, such
as prostate cancer, ovarian cancer, gastric cancer, cervical
cancer, and endometrial cancer, appear to be increasing.

Treatment of NM aims to extend survival and stabilize
or improve neurological symptoms, especially if it is diag-
nosed early. Therapy is not standardized, and includes sur-
gery, radiation, local intrathecal (i.t.) or systemic
chemotherapy, as well as available supportive measures.
However, despite aggressive treatment, the median survival
duration for patients with NM is in the range of 2—6 months

and toxicity appears considerable [4]; hence, there is a need
to achieve earlier diagnosis and to find new treatments.

DIAGNOSTIC APPROACHES
The diagnosis of NM is based on clinical symptoms and
signs, imaging evidence, and CSF analysis.

Clinical Examination

NM can involve the entire neuraxis, and therefore most pa-
tients present with pleomorphic and multifocal neurologi-
cal symptoms according to the site involved (Table 1):
cerebral (15%), cranial nerve (35%), or spinal (60%).

The most common manifestations of cerebral dysfunc-
tion are headache (66%), mental changes, nausea/vomiting,
and incoordination; diplopia (36%), visual loss and hearing
loss are the most common symptoms of cranial nerve dys-
function; spinal signs and symptoms include lower motor
neuron weakness (46%), segmental sensory loss, and radic-
ular and back/neck pain [5]. Of note, NM symptoms must
be differentiated from meningitis resulting from other dis-
eases such as sarcoidosis and tuberculosis; however, up to
25% of patients with NM can be diagnosed by clinical ex-
amination alone [2], although it is unthinkable to start ther-
apy on the basis of clinical examination alone.

Diagnostic Imaging

Magnetic resonance imaging (MRI) without and with gad-
olinium enhancement (Gd-MRI) of the entire central ner-
vous system (CNS) is the radiological method of choice
when NM is suspected, showing a higher sensitivity and
specificity than contrast-enhanced computed tomography
[6]. Combined T1-weighted and fat suppression T2-
weighted sequences constitute the standard examination
(Fig. 1). Important features for diagnosis of NM on Gd-
MRI include focal or diffuse leptomeningeal enhancement,
enhancement of intradural spinal nerves, and tumor nod-
ules. These alterations are not pathognomonic because sim-
ilar findings can be observed in several diseases; in fact, the
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Table 1. Common symptoms and signs of neoplastic
meningitis

Site Symptoms and signs

Cerebral (15%) Headache (66%)
Mental changes

Nausea and vomiting

Incoordination
Cranial nerve Diplopia (36%)
(35%) Visual and hearing loss
Spinal (60%) Lower motor neuron weakness (46%)

Segmental sensory loss
Back pain

Figure 1. A 27-year-old female patient with rhabdomyosar-
coma and cytologically confirmed neoplastic meningitis.
Sagittal T1-weighted image after contrast medium i.v. admin-
istration showing marked leptomeningeal enhancement of the
conus and of cauda equina (white arrows).

differential diagnosis for meningeal enhancement must be
made from granulomatous infiltration, inflammation (rheu-
matoid arthritis), infection, subarachnoid hemorrhage, in-
tracranial hypotension, and chemical meningitis.

In two studies [7, 8] analyzing 137 patients with NM from
a primary solid tumor or hematalogic malignancy, Gd-MRI
sensitivity and specificity were both about 75%; in particular,
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Freilich et al. [7] showed that Gd-MRI was abnormal in ~90%
of patients with both a solid tumor and positive CSF. In an-
other study, Gd-MRI showed an ~30% incidence of false-
negative results [6], and so negative imaging does not exclude
the diagnosis of NM in a patient with typical signs and symp-
toms. Positive Gd-MRI alone may be sufficient to establish an
NM diagnosis and, in particular, Gd-MRI may be useful when
the CSF is negative or if a lumbar puncture cannot be per-
formed and the suspicion of NM remains high [8].

To our knowledge, there are no retrospective or pro-
spective studies on the accuracy of '*F-fluorodeoxyglucose
positron emission tomography—computed tomography
(FDG-PET-CT) for NM diagnosis, probably because of
resolution issues; only two papers describe one case of lep-
tomeningeal carcinomatosis from lung cancer [9] and an-
other case of meningeal metastases from neuroblastoma
[10] detected using FDG-PET-CT. Likely, this imaging
modality may play an important role in the detection of un-
expected NM at an unusual site from certain cancers.

Results of radioisotope studies, using either ' 'indium-di-
ethylenetriamine penta-acetic acid or **Tc macroaggregated
albumin, can be used to evaluate CSF flow dynamics and
pathways before giving i.t. drugs [11, 12] in patients with a
good performance status (PS), negative Gd-MRI, and pos-
itive CSF. In fact, this investigation, although not always
readily available to practitioners, could be important be-
cause ~60% of patients with NM have either normal neu-
roradiological examinations or CSF flow blocks [13];
moreover, involved-field radiotherapy (RT) to the site of
CSF flow obstruction restores flow in 30%—-50% of pa-
tients, and when followed by intra-CSF chemotherapy
leads to a longer survival duration than in patients who have
persistent CSF blocks [14].

CSF Analysis

CSF analysis could represent a valid method for diagnosis be-
cause the demonstration of tumor cells in the CSF is diagnostic
for NM and anyone suspected of having NM should have a
lumbar puncture (LP) performed if it is not otherwise contra-
indicated. CSF cytology is tumor positive on the first LP in
~50% of cases [15], increasing to about 90% with a second
LP, but little benefit is obtained from additional LPs [16].
However, CSF cytology can remain falsely negative in 14% of
patients even after three samples. CSF should also be per-
formed as closely to the site of clinically evident disease as
possible. Chamberlain et al. [17], in a series of 60 patients with
NM, showed that ventricular and lumbar puncture were dis-
cordant in 30% of cases; in fact, in the presence of spinal signs
or symptoms, the lumbar CSF cytology was more likely to be
positive than the ventricular, and conversely, in the presence of
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cranial signs or symptoms, the ventricular CSF cytology was
more likely to be positive.

In a recent retrospective study, Clarke et al. [1] per-
formed a comparison between CSF cytology and MRI in
patients with NM from solid tumors. They showed that neu-
roimaging was positive for NM in 88% of cases and CSF
was positive in 85% of those tested. In patients with both
MRI of at least one segment and CSF analysis, both diag-
nostic tests were positive for NM in 55% of solid tumor pa-
tients, cytology alone was positive in 28% of patients,
whereas neuroimaging alone was positive in 17% of pa-
tients. These results demonstrate that MRI and CSF cytol-
ogy can be complementary for the NM diagnosis.

When cytology is not diagnostic, measurement of the
opening pressure, cell count, and measurement of CSF protein
and glucose can be helpful for the diagnosis, although these
parameters are very nonspecific; a completely normal routine
CSF examination almost excludes NM, and an opening pres-
sure >15 cm H,0, elevated WBC, glucose <60 mg/dL, or
protein >50 mg/dL can be suggestive of NM. In an effort to
improve the sensitivity of CSF diagnostic immunocytochem-
istry, flow cytometry, polymerase chain reaction (PCR), and
cytogenetic analysis were developed, although results have
been less successful [18, 19]. In addition, numerous nonspe-
cific markers, such as lactate dehydrogenase, or specific mark-
ers, such as a-fetoprotein, may be useful for monitoring the
course of disease; in particular, VEGF was shown to be a sen-
sitive and specific marker for diagnosis and prognosis [20, 21].
Recently, it was shown Dickkopf-3, a secreted tumor suppres-
sor, may be a useful biologic marker for both the diagnosis and
treatment response evaluation of NM, although its specificity
is limited by similar CSF levels in patients with viral menin-
gitis [22].

Response Evaluation

The low sensitivity of CSF cytology and the high incidence of
false-negative results with Gd-MRI make it difficult to assess
response to treatment [6, 7], leading to a lack of standardized
evaluation criteria. In cases of nodular or bulky NM and when
the diagnosis of NM is established by Gd-MRI, a subsequent
Gd-MRI can be performed to evaluate the effectiveness of
treatment using the Response Evaluation Criteria in Solid Tu-
mors or World Health Organization (WHO) criteria [23, 24].
In cases with a negative Gd-MRI, patients may be scored as
responders if their CSF cytology is converted from positive to
negative at all sites (i.e., ventricle and/or lumbar sac) previ-
ously shown to be positive, and they remain neurologically
stable or their neurological condition improves. In cases with
negative CSF at the beginning of treatment, neurological im-
provement during therapy may be regarded as a sign of re-
sponse [25]. Moreover, various studies have shown poor

Solid Tumor Neoplastic Meningitis

Table 2. Negative prognostic factors in NM

Type of tumor Lung cancer [31]
Malignant melanoma [31]
Clinical status Cranial nerve palsy [30]
KPS score =60 [29]
ECOG PS 3-4 [30]

Age >55 yrs [30]

Radiology MRI-proven NM [29]
Persisting CSF block [29]
Biochemistry Raised CSF protein [29, 30]

Diminished CSF glucose [30]

Abbreviations: CSF, cerebrospinal fluid; ECOG PS,
Eastern Cooperative Oncology Group performance status;
KPS, Karnofsky performance status; MRI, magnetic
resonance imaging; NM, neoplastic meningitis.

correlation between cytology and neurological examination
during treatment, demonstrating that clinical response and sur-
vival are independent of cytologic improvement; also, many
patients show neurological deterioration with negative cytol-
ogy, thus neurological assessment may be a better predictor of
treatment efficacy [26].

Recently, numerous biochemical markers have been eval-
uated and their use can be helpful to assess response to treat-
ment when followed serially. In particular, a-fetoprotein and
B-human chorionic gonadotropin from testicular cancer or
prostate-specific antigen in prostate cancer when elevated in
CSF can be used to evaluate the effectiveness of treatment.
PCR and fluorescence in situ hybridization to detect genetic
alterations may be additional diagnostic information but their
sensitivity in NM from solid tumors is still low.

TREATMENT AND PROGNOSTIC FACTORS

Treatment of NM is intended to improve or stabilize the neu-
rological status as well as to extend survival. Most untreated
patients with NM from solid tumors have a poor prognosis and
die within 3—6 weeks, and progressive neurologic dysfunction
is the most frequent cause of death. With treatment, the median
survival time can be increased to 4—6 months [27], with a lon-
ger survival duration in a few cases.

The evaluation of “poor” and “good” risk is important to
identify patients who may benefit from aggressive treat-
ment or supportive care alone (Table 2). Waki et al. [28]
retrospectively analyzed data from 85 patients with cyto-
logically proven NM from various solid tumors; a univari-
ate analysis identified breast cancer, a good PS, time to
development of NM, and treatment with i.t. chemotherapy
as being associated with a good prognosis. A multivariate
analysis identified poor PS (hazard ratio [HR], 1.72) and
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MRI-proven NM (HR, 1.82) as being associated with a poor
prognosis. A prior study [29] showed that a Karnofsky KPS
score =60 had a negative prognostic significance and inde-
pendently predicted survival in patients with NM who were
considered for i.t. chemotherapy.

In arecent study, Gauthier and colleagues [30] analyzed
91 patients with NM from breast cancer treated with i.t.
methotrexate (MTX) and a multivariate analysis demon-
strated a poor PS score (WHO-Eastern Cooperative Oncol-
ogy Group PS score, 3—4), number of prior chemotherapy
regimens (more than three), a negative hormone receptor
status, age>> 55 years, and high Cyfra 21-1 levels to be as-
sociated with poor survival.

Other negative prognostic factors in NM with respect to
treatment outcome may include raised CSF protein, dimin-
ished CSF glucose, cranial nerve palsy, progressive sys-
temic disease, and persistent CSF block [2]. Regarding the
primary tumor, lung cancer and malignant melanoma seem
to have a more negative prognosis [31].

Radiotherapy

Focal RT is performed in the treatment of bulky disease (in-
tra-CSF chemotherapy is limited by diffusion to 2-3 mm
penetration into tumor nodules) and in patients with CSF
flow blocks. In addition, local RT should also be adminis-
tered to symptomatic areas with a short palliative schedule
such as 20 Gy in five fractions or 30 Gy in 10 fractions [25].
In patients with evidence of CSF flow obstruction, irradia-
tion of the blockage before administration of i.t. drugs has
been shown to result in better survival outcomes, with suc-
cessful relief of CSF block by RT reported in ~50% of
cases [12, 13]. Another use of RT is in the treatment of
cauda equina syndrome and cranial neuropathies from NM,
whereas craniospinal irradiation is rarely used because of
significant systemic toxicity and leukoencephalopathy.

Standard i.t. Chemotherapy

Intrathecal chemotherapy has been the mainstay treatment
for patients with NM even though the extent of its benefit
has not been proven in randomized controlled trials [25]
and some retrospective studies showed discordant evidence
[32, 33]. Intrathecal treatment offers local therapy with
minimum systemic toxicity, and avoiding the blood—brain
barrier, drugs are distributed throughout the entire sub-
arachnoid space; although high drug concentrations can be
achieved in the CSF, i.t. treatment is not effective for bulky
disease in the meninges because intra-CSF agents penetrate
only 2-3 mm into such lesions [34]. Chemotherapy admin-
istration can be undertaken either i.t. via a lumbar puncture
or via an intraventricular device with a catheter into the lat-
eral ventricle by Ommaya reservoir.
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MTX and free and liposomal cytarabine are the i.t. drugs
most commonly used against solid tumor NM. Unlike the
other two drugs, liposomal cytarabine (DepoCyte®; Enzon
Pharmaceuticals, Bridgewater, NJ) maintains a continuous
and homogeneous cytotoxic drug concentration in the sub-
arachnoid space over 2 weeks following the administration
of a 50-mg dose. However, in the few randomized trials, the
data were discordant when comparing treatments. In partic-
ular, Glantz et al. [35] compared i.t. lyposomal cytarabine
with i.t. MTX; in the first phase (induction), patients re-
ceived either liposomal cytarabine, 50 mg once every 2
weeks, or MTX, 10 mg twice a week. Patients who attained
aresponse at the end of the induction phase were eligible to
enter the consolidation phase; in that phase, liposomal cyt-
arabine was administered every 2 weeks for 1 month and
then every 4 weeks for 2 months, whereas MTX was given
every week for 1 month and then every 2 weeks for 2
months. Sixty-one patients were randomized, and after the
induction phase responses occurred in 26% of liposomal
cytarabine—treated and 20% of MTX-treated patients (p =
.76). Median survival times were 105 days in the liposomal
cytarabine arm and 78 days in the MTX arm (p = .15). In-
terestingly, patients in the liposomal cytarabine group ex-
perienced a greater median time to neurological
progression (58 days versus 30 days; p = .007). Chemical
meningitis of any grade was common and occurred with
slightly greater frequency in the liposomal cytarabine group
than in the MTX group (23% versus 19% of cycles; p =
.57). Only the frequencies of sensory/motor dysfunction
and of visual impairment differed appreciably between
treatment groups (p < .05).

In another randomized study [36], the authors compared
i.t. liposomal cytarabine with MTX or nonliposomal cytar-
abine in the treatment of solid tumor NM, analyzing 103 pa-
tients. They demonstrated that liposomal cytarabine was
noninferior to MTX (HR, 0.94, 95% confidence interval,
0.58-1.53), although the incidences of serious adverse
events were 86% in the liposomal cytarabine group and
77% in the control group. Previously, Cole et al. [37], in a
controlled trial, demonstrated an advantage with liposomal
cytarabine over MTX in terms of time to neurological pro-
gression, survival time, and quality of life in the treatment
of solid tumor NM. The median times to neurological pro-
gression were 30 days for the MTX group and 58 days for
the liposomal cytarabine group (p = .007); the median
overall survival (OS) periods were 78 days and 105 days for
the MTX group and liposomal cytarabine group, respec-
tively (p = .15). An adverse event of grade =3 occurred in
67% of the patients randomized to receive MTX and 77% of
the patients randomized to received liposomal cytarabine,



1180 Solid Tumor Neoplastic Meningitis
Table 3. Intrathecal experimental drugs
Induction i.t. n of
dose and Primitive patients
Drug frequency tumor Study enrolled Efficacy Main toxicity
Topotecan [40] 0.4 mg twice per Breast,  Phase I 62 21% CSF clearance; 54% 32% chemical
wk for 6 wks brain, MRI improved or meningitis
lung unchanged; 45%
clinically improved or
stable; TTP, 7 wks, OS,
15 wks
Etoposide [42] 0.5 mg daily for Breast,  PhaseIl 27 26% cytologic response; 15% arachnoiditis;
5 days per wk  brain, 0S, 10 wks 37% chronic fatigue
for 8 wks lung
Busulfan [43] 13 mg twice per Brain Phase [ 23 64% CSF clearance and No significant
wk for 2 wks and II stable MRI toxicity
Gemcitabine [44] 5-10 mg twice  Breast Phase I 10 30% stable MRI 10% transverse
per wk or myelitis; 10%
weekly for 6 somnolence
wks
5-Fluoro-2'-deoxyuridine 0.5-1 mg/day  Breast,  Phase I 25 50.4% cytologic Bacterial meningitis
[45] brain, response; 20% MRI and s.c. fluid
lung response; OS, 225 days  retention
a-interferon [49] 1 X 10°IU three Breast, PhaseIl 16 31% cytologic response; 18% severe
times per wk brain, OS, 18 wks arachnoiditis; 45%
every other wk  lung sever chronic
for 4 wks fatigue
Interleukin-2 [50] 1.2 X 10°TU Melanoma Phase II 46 26% cytologic response; Chill, fever,
daily for 5 days OS, 3.8 mos intracranial pressure
Trastuzumab [48] 20-60 mg Breast, PhaseIl 16 62.5% cytologic or No significant
weekly or every brain radiological or clinical  toxicity
other wk response
Temozolomide [52] NA NA Preclinical NA 0S8, 142% higher 5% focal
study demyelination
Abbreviations: CSF, cerebrospinal fluid; MRI, magnetic resonance imaging; NA, not available; OS, overall survival; TTP:
time to progression.

although the liposomal cytarabine regimen provided a sig-
nificantly greater quality of life.

More recently, in a nonrandomized prospective trial
[38], 25 patients with NM from breast cancer were treated
with i.t. liposomal cytarabine. After five i.t. administra-
tions, clinical stabilization or improvement was observed in
56.5% or patients, a CSF response was observed in 36% of
patients, and the median OS duration was 7 months.

The safety and efficacy of i.t. liposomal cytarabine in 16
patients with NM from various solid tumors also were an-
alyzed by Gil-Bazo et al. [39], demonstrating an improve-
ment in all neurological symptoms in five patients and a
median time to neurological progression of 14 days (range,
0-170 days). The most frequently reported adverse effect
was headache (37.5%).

Boogerd et al. [25] randomized patients with NM from
breast cancer to receive appropriate systemic therapy and, if
necessary, RT with or without i.t. MTX. An intention-to-
treat analysis showed neurological improvement or stabili-

zation in 59% of the i.t. and in 67% of the non-i.t. group,
with a median times to progression of 23 weeks in the i.t.
arm and 24 weeks in the other arm. Interestingly, the me-
dian survival duration was 18.3 weeks for i.t. patients and
30.3 weeks for non-i.t. patients (p = 0.32). Neurological
complications occurred in 47% and 6% (p = .0072) of pa-
tients in the i.t. group and non-i.t. group, respectively. The
most frequent complications with i.t. MTX were aseptic
and infectious meningitis (13%), early and late leukoen-
cephalopathy (24%), and fatal encephalopathy (6%).

New Intrathecal Drugs

In the last few years, various experimental i.t. drugs have
been reported upon from small clinical trials, a few case re-
ports, and preclinical studies (Table 3).

Topotecan
Topotecan is a topoisomerase-I inhibitor used for the sys-
temic treatment of some types of solid tumors. In a phase 1
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trial, 0.4 mg of i.t. topotecan was proven to be safe in 23
patients with NM, and six of those patients had evidence of
benefit manifested as prolonged disease stabilization or re-
sponse. In a subsequent nonrandomized and single-arm
phase II trial, Groves et al. [40] tested i.t. topotecan in 62
patients with NM. Patients with breast cancer, primary
brain tumors, and lung cancer made up 74% of the enrolled
patients. During the induction phase, patients received 0.4
mg of i.t. topotecan twice weekly for a total of 6 weeks. If
patients had no evidence of progressive NM, they received
consolidation therapy with topotecan weekly for six doses;
in patients who still showed no evidence of progression,
maintenance therapy was administered (twice monthly for
4 months and then monthly thereafter). Forty patients
(65%) completed the 6-week induction period. The CSF
was cleared of malignant cells in 13 of 62 patients (21%) at
6 weeks. Gd-MRI improved in 10% of patients and re-
mained unchanged in 44%. Clinically, 16% of patients im-
proved and 29% remained stable. The median time to
progression (TTP) was 7 weeks and the median OS time
was 15 weeks. The most common side effect was chemical
meningitis in 32% of patients (grade 3, 5%), whereas an-
other 32% of patients experienced no drug side effects.

Walker and colleagues [41] treated four patients with
NM originating from a variety of primary solid tumors.
Five months and 10 months were the minimum and maxi-
mum lengths of treatment; nausea and fatigue were the most
important adverse events.

In our experience, we treated one patient with NM from
rhabdomyosarcoma with i.t. topotecan, and progression of
the neurological symptoms occurred 1 month after the treat-
ment as a result of progressive disease.

Etoposide

Etoposide is a topoisomerase-II inhibitor, and in clinical
practice is active against numerous types of solid cancers
such as ovarian and lung cancers. Chamberlain et al. [42]
treated 27 patients with NM (85% from solid tumors) with
i.t. etoposide. They received 0.5 mg of etoposide by intra-
ventricular injection every day for five consecutive days per
week every other week for a total of 8 weeks. Patients who
were clinically stable or improved received 0.5 mg of eto-
poside every day for a total of five consecutive days every 4
weeks until disease progression. A cytological response
was attained by 26% of the patients, with a median time to
neurologic disease progression of 20 weeks. Among all pa-
tients, the median OS duration was 10 weeks. The differ-
ence in efficacy in lymphoma compared with solid tumors
was not found to be statistically significant. The most com-
mon toxicities were arachnoiditis (15%) and chronic fa-
tigue (37%).
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Busulfan

Busulfan is an alkylating agent that has been used in the
treatment of chronic myelogenous leukemia and in high-
dose chemotherapy schedules; it was shown to have effi-
cacy in preclinical studies using medulloblastoma,
ependymoma, and malignant glioma xenografts. Gururan-
gan et al. [43] conducted a phase I study analyzing a water-
soluble formulation of busulfan in 23 pediatric patients with
solid tumor NM. The final i.t. dose recommended for fur-
ther phase II studies was 13 mg twice weekly for 2 weeks.
Patients with an objective response or stable disease were
allowed to continue therapy until disease progression. All
patients completed the first 2 weeks of therapy and were
evaluable for response. Nine patients had stable disease and
14 patients had progressive disease after the first 2 weeks of
treatment. The seven patients treated with 13 mg of i.t.
busulfan did not experience any significant toxicity.

Gemcitabine

Gemcitabine is a deoxycytidine analog that inhibits DNA
polymerase and ribonucleotide reductase. It has clinical ac-
tivity against a wide variety of cancers. A phase I trial by
Bernardi and colleagues [44] investigated 10 patients with
acute lymphoblastic leukemia and solid tumor (60%) NM.
Patients received i.t. gemcitabine, with a dose range of 5-10
mg weekly or twice weekly. Five patients completed the in-
duction phase (6 weeks of therapy) without any objective
responses; three patients had stable disease. Two patients
experienced dose-limiting neurological adverse events: one
treated at the 5-mg twice-weekly dose level developed
transverse myelitis and another patient treated at the 10-mg
twice-weekly dose level developed somnolence. Thus, i.t.
gemcitabine was associated with significant neurotoxicity
and its use is not recommended.

5-Fluoro-2'-deoxyuridine

The role of continuous i.t. 5-fluoro-2'-deoxyuridine
(FdUrd) against solid tumor NM was investigated by Na-
kagawa et al. [45] in a phase I study. They treated 25 pa-
tients with 0.5—-1 g per day of i.t. FdUrd. Four patients had a
complete cytologic response and nine patients had a partial
reduction in CSF cell count after 1 month of the infusion.
Two months after the treatment, a Gd-MRI response was
observed in only five patients. The survival time was 225
days. Bacterial meningitis and s.c. fluid retention were the
most common toxicities.

Trastuzumab

Trastuzumab is a humanized monoclonal antibody that
binds to human epidermal growth factor receptor (HER)-2,
which is overexpressed in some breast cancers, gastric can-
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cers, glioblastoma, and medulloblastoma. A few case re-
ports demonstrated that i.t. trastuzumab alone or in
combination with thiotepa or MTX and/or systemic chemo-
therapy was effective and safe against NM from HER-2*
breast cancers. They used i.t. trastuzumab at a dosage of
20-50 mg weekly or every 3 weeks [46, 47], obtaining a
good response. Noteworthy is the fact that a patient was
alive 21 months after the first injection of i.t. trastuzumab
[47]. Allison et al. [48] analyzed i.t. trastuzumab in 16 pa-
tients with NM from breast cancer, glioblastoma, and me-
dulloblastoma. The patients were treated with 20—60 mg
per dose of i.t. trastuzumab either weekly or every other
week for four treatments. Patients who were neurologically
and radiographically stable or improved after four treat-
ments continued on every-other-week therapy until neuro-
logic progression. Two of the four patients with breast
cancer and the patient with medulloblastoma responded
clinically and cytologically 4, 14, and 6 weeks, respec-
tively, after initiating treatment. Seven of the 11 patients
with glioblastoma responded (two cytologically, two radio-
graphically, and all seven clinically), with response dura-
tions in the range of 4—12 weeks. The treatment was well
tolerated with no adverse events related to trastuzumab.

a-Interferon

a-interferon («-IFN) is an attractive agent for use in NM
because of its modest efficacy against a variety of cancers
and its biologic properties, including immunomodulatory
activity, antiproliferative activity, and inhibition of angio-
genesis. Chamberlain et al. [49] performed a phase I1 trial to
establish the toxicity of intra-CSF a-IFN and to determine
its antitumoral activity in the treatment of NM. They treated
22 patients, and 16 (73%) of these had NM from solid tu-
mors. Patients received 1 X 10° IU a-IFN by intravenous
(i.v.) injection every other day for a total of three doses per
week for 4 weeks (induction period). Patients who were
clinically stable or improved or who had negative CSF cy-
tology received 1 X 10° IU a-IFN with the same schedule
for a total of 4 weeks (consolidation period). Patients who
were clinically stable or improved with negative CSF cy-
tology continued to receive 1 X 10° IU a-IFN every other
day for a total of three doses per week once a month for 4
months (maintenance period). About one third of the pa-
tients with solid tumor NM treated with a-IFN attained a
cytologic response at the conclusion of the induction phase.
The duration of response was in the range of 8—40 weeks.
Overall, the median survival duration was 18 weeks. Nine
percent of the patients had grade >2 arachnoiditis, and
grade >2 chronic fatigue was seen in 45% of patients.
There was no evidence of hematologic toxicity.
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Interleukin-2

Papadopoulos et al. [50] analyzed the efficacy and safety of
interleukin (IL)-2 in the treatment of NM from melanoma.
They treated 46 patients with 1.2 X 10° U IL-2 every day
for 5 days, then three times a week via an Ommaya reser-
voir until response. There were 12 responses, defined as
negative CSF cytology of 4 weeks duration. The median
survival time was 3.8 months and the median survival du-
ration of patients with a response was 11.5 months. Signif-
icant toxicities were chills, fever, and signs of elevated
intracranial pressure.

Intrathecal Gene Therapy

Intrathecal gene therapy may be an interesting treatment for
patients with NM from solid tumors, although no prospec-
tive studies have been performed so far. Heiss et al. [51] re-
ported a case of a patient with NM secondary to malignant
melanoma treated with this method. That patient received
intraventricular delivery of NIH3T3 producer cells express-
ing the thymidine kinase (HSV-TkI) gene via a retroviral
vector followed by i.v. ganciclovir. The patient survived 9
months after treatment; side effects included acute hyper-
pyrexia, which was medically manageable.

Temozolomide and Pemetrexed

Intrathecal microcrystalline temozolomide and pemetrexed
for the treatment of NM were analyzed in preclinical studies
in rats.

Temozolomide is an oral methylating agent with activ-
ity against malignant glioma and melanoma. The standard
formulation of temozolomide prevents its use as an i.t. drug,
and to overcome this problem Sampson and colleagues [52]
developed a microcrystalline formulation with enhanced
solubility. They demonstrated that i.t. microcrystalline
temozolomide in rats with NM led to a >142% longer me-
dian survival time. The toxicity directly attributable to i.t.
administration was limited to small patchy areas of focal
demyelination involving <5% of the spinal cord long
tracks. Notably, some of the rats had no evidence of residual
tumor on histological examination after treatment.

Pemetrexed is an antifolate antimetabolite showing cy-
totoxicity in a variety of tumors, including mesothelioma,
non-small cell lung cancer (NSCLC), and breast cancer.
Unfortunately, its concentration in CSF is very low after
systemic administration. Thus, Sun et al. [53] studied the
safety and pharmacokinetics of i.t. administration of pem-
etrexed in rats. They showed that 1-mg/kg dose of i.t. pem-
etrexed administered twice a week for 2 weeks was safe and
capable of delivering a therapeutically durable concentra-
tion in rats. Thus, calculating the corresponding value in hu-
mans, the optimal starting dose for human studies could be
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Table 4. Relevant systemic chemotherapies
n of
Primitive patients
Drug Dosage tumor Study enrolled Efficacy Main toxicity
Methotrexate 8 g/m® over 4 hours  Breast, brain, Phase IT 16 81% cytologic and 6% transient creatinine
[56] every 2 wks lymphoma clinical response; elevation
0S8, 13.8 mos
Methotrexate ~ 200-1,500 mg/m> Breast, lung, Phasel 13 0% cytologic and 6% grade 3 neutropenia and
[57] followed by a 23-hour bone clinical response  thrombocytopenia
infusion of 800—6,000
mg/m?
Temozolomide 100 mg/m? daily, wk Breast, lung, Phase II 19 TTP, 28 days; 5% grade 4 lymphopenia
[61] on—wk off melanoma 10% cytologic or
radiological
response
Temozolomide 75 mg/m? daily for 6 Breast, lung Phase II 10 20% cytologic or  20% grade 3 nausea
[62] wks radiological
stability
Topotecan and Topotecan, 1.2 mg/m?> Breast, lung Phase IT 7 28% radiological ~ 82% grade 3—4 leukopenia
ifosfamide per day on days response; TTP, and neutropenia; 45% grade
[24] 1-3 + ifosfamide, 1.5 51 + days; OS, 3—4 thrombopenia
g/m? per day on days 218 + days
1-2 every 3 wks
Abbreviations: OS, overall survival; TTP, time to progression.

5-10 mg. On the basis of the data presented in these studies,
a phase I trial of i.t. pemetrexed or microcrystalline temo-
zolomide should be undertaken.

Systemic Therapies
Although most chemotherapeutic agents when given sys-
temically have poor CSF penetration, various studies show
that the blood—brain barrier in NM is permeable for i.v.
drugs [54, 55]. Furthermore, NM from solid tumors is thick
and well vascularized, and thus could be better penetrated
by systemically administered drugs than by intra-CSF
agents, which penetrate only 2-3 mm into such lesions, and
efficacy will not be affected by CSF flow obstruction. How-
ever, systemic chemotherapy can be limited by systemic
toxicity and the difficulty of using an effective treatment for
NM as well as for the underlying disease that caused the
meningeal spread.

As with i.t. treatment, the few clinical studies and case
reports also show discordant data regarding systemic ther-
apies against solid tumor NM (Tables 4 and 5).

MTX

High doses of MTX have favorable CSF penetration, ob-
taining cytotoxic concentrations, but the use of this agent
can be limited by systemic toxicity. Moreover, MTX is not
typically part of the standard regimens used to treat many of
the underlying primary tumors, making its incorporation
into systemic treatment difficult. On the other hand, in pa-
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tients with MTX-sensitive cancers, such as breast cancer,
its use may be effective.

Glantz et al. [56] treated 16 patients with solid tumor
NM with high-dose i.v. MTX (8 g/m? over 4 hours) and leu-
covorin rescue. Toxicity, response, and survival were ret-
rospectively compared with a reference group of 15 patients
treated with standard i.t. MTX (12 mg, two doses per week
for 4 weeks). Cytologic and clinical responses were seen in
81% of patients treated with i.v. MTX. The rates of cyto-
logic and clinical response seen in the control group were
60% and 47%, respectively. The median survival time in
the i.v. MTX group was 13.8 months, versus 2.3 months in
the i.t. MTX group (p = .003). Toxicities observed during
i.v. MTX were minimal, and no important hematologic tox-
icities were seen. Among the patients in the control group,
one developed reservoir-associated meningitis and another
patient developed grade 2 stomatitis and grade 4 neutrope-
nia with sepsis.

In contrast, in another study [57] of patients with NM
from solid tumors, no patient had an objective response in
the CSF following high-dose i.v. MTX despite cytotoxic
CSF MTX levels—the mean plasma clearance of MTX was
84 + 41 mL/min per m? and the mean half-life of CSF MTX
was 8.7 = 3.4 hours. In that study, 13 patients with NM
from breast cancer, lung cancer, and osteosarcoma were
treated with MTX at loading doses of 200—1,500 mg/m?,
followed by a 23-hour infusion of 800—6,000 mg/m?. All
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Efficacy Main toxicity

TTP, 9 mos; OS, 10 mos Grade 2 anemia

Complete radiological response
and clinical improvement;
TTP, 9 mos

Complete radiological
response; TTP, 4 mos

No significant toxicity

No significant toxicity

Minimal skin and
gastrointestinal
toxicity

Clinical improvement;
TTP, 10 mos

Radiological response, clinical
stability; TTP, 11 wks

Partial radiological response;
TTP, 10 wks

No significant toxicity

No significant toxicity
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Table 5. Relevant case reports using systemic drugs
Drug Dosage and frequency Primary tumor
Cisplatinand  Cisplatin, 75 mg/m?, + Ethmoid sinus
temozolomide  temozolomide, intestinal type
[65] 150 mg/m?, for 5 days adenocarcinoma

every 21 days

Capecitabine 2,500 mg/m? twice a day ~ Breast
[68] for 2 wks every 21 days
Gefitinib [73] 250 mg/day Lung
Erlotinib [74] 600 mg every 4 days Lung
Trastuzumab 2 mg/kg weekly Breast
[78]
Sorafenib [81] 800 mg/day Kidney
Abbreviations: OS, overall survival; TTP, time to progression.

toxicities were grade =2, except grade 3 hematologic tox-
icity.

Temozolomide

Temozolomide has shown high penetration across the
blood—brain barrier and a peak CSF concentration at 2.5
hours reaching 20% of the plasma concentration, demon-
strating activity against primary brain tumors and brain me-
tastases from breast cancer, melanoma, and NSCLC [58 -
60]. In a recent phase II study, 19 patients with NM from
breast cancer, NSCLC, and melanoma were treated with te-
mozolomide (100 mg/m?” daily) every other week, obtain-
ing a response rate of 16% and a median TTP of 28 days,
with a good safety profile [61]. In a pilot phase II trial, Da-
vis et al. [62] treated 10 patients with NM from solid tumors
with temozolomide at 75 mg/m? daily for six continuous
weeks, followed by a 4-week break. The treatment was
extremely well tolerated and 20% of the patients obtained
stable disease but progressed once treatment was discontin-
ued. In another phase II study [63], eight patients with NM
from breast cancer received irinotecan at 125 mg/m?i.v. ev-
ery 14 days with temozolomide at 100 mg/m? orally on days
1-7 and days 15-21, obtaining a median TTP of 4.5 weeks
(range, 4—10 weeks).

There are two case reports [64] of a beneficial contribu-
tion of i.t. liposomal cytarabine combined with dose-dense
temozolomide in patients with NM from breast cancer. In-
trathecal liposomal Ara-C every 2—4 weeks was combined
with temozolomide, 100 mg/m” on days 1-5 every week,
improving neurological symptoms and with survival times
of 10 months and 17 months after diagnosis of NM. Re-

cently, we reported a case of a patient with NM from eth-
moid sinus intestinal-type adenocarcinoma treated with
cisplatin and temozolomide, in which prolonged reduction
and stabilization of the lesion was obtained and the clinical
condition of the patient improved [65]. Temozolomide was
administered for five consecutive days at a single dose of
150 mg/m? and cisplatin was given i.v. as a 60-minute in-
fusion at a dose of 75 mg/m?” every 21 days. After two cy-
cles, he had a partial reduction in the lesion on Gd-MRI, the
TTP was 9 months, and OS time was 10 months. The patient
showed no significant toxicity. Also, the same treatment
was used in a patient with NM from melanoma, obtaining a
survival duration >1 year [66].

Temozolomide was also effective against NM from oligo-
dendroglioma with a 1p/19q deletion. That patient received
temozolomide at 150 mg/m? for 5 days every 4 weeks,
showing marked clinical recovery and durable radiological
remission [67].

Capecitabine

Capecitabine is an oral fluoropyrimidine enzymatically
converted to 5-fluorouracil at the tumor site. It is used in the
treatment of breast and colon cancer. Although a few stud-
ies demonstrated that capecitabine and its metabolites cross
the blood-brain barrier in very limited quantities, various
case reports showed good efficacy with capecitabine in
treating NM from solid tumors. In particular, Giglio et al.
[68] described four patients with NM from breast cancer
treated with 2,000-2,500 mg/m2 twice a day for 2 weeks
every 21 days, obtaining a prolonged response. Also, Tham
etal. [69] reported a case of a long-term clinical response of
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3.7 years in a patient with NM from breast cancer treated
with capecitabine after whole-brain radiation. Another case
report described a good response to capecitabine in a patient
with NM from lung cancer [70].

Topotecan and Ifosfamide

Topotecan is a topoisomerase-I inhibitor and ifosfamide is
an alkylating agent. They are both known to achieve high
drug concentrations in the CSF and there is synergism be-
tween the two drugs. Moreover, both drugs are active
against a variety of tumors. Kiewe et al. [24] analyzed this
combination in patients with central nervous system in-
volvement of solid tumors. In particular, they studied seven
patients with NM from breast cancer and small-cell lung
cancer treated with topotecan at a dose of 1.2 mg/m? per day
over 30 minutes i.v. on days 1-3 and ifosfamide at a dose of
1.5 g/m? per day over 2 hours i.v. on days 1 and 2 every 3
weeks. NM response on Gd-MRI was found in two patients;
three cases were not evaluated for response. The median
TTP and OS time were 51+ and 218+ days, respectively.
Elevated toxicity was observed: grade 3—4 leukopenia and
neutropenia in at least one cycle was seen in 82% of pa-
tients, grade 3—4 thrombopenia and anemia were seen in
45% of patients.

Targeted Therapy

In the last few years, many new biological drugs have been
developed against different types of solid neoplasms. To
date, regarding the treatment of NM, no prospective or ret-
rospective studies exist, but a few case reports have been
described (Table 5).

Gefitinib is an oral tyrosine kinase inhibitor of EGFR
with anticancer activity in patients with NSCLC with
EGFR mutations. Several case reports have shown re-
sponses in patients with NM from NSCLC [71, 72]. Note-
worthy, Sakai and colleagues [73] reported a good response
in a patient with NM from NSCLC with an EGFR mutation
in exon 19, administrating gefitinib at 250 mg/day. Cancer
relapse was not observed 4 months after initiation of the
drug.

Erlotinib is another tyrosine kinase inhibitor of EGFR
used to treat NSCLC patients. It was reported [74] that
erlotinib, at a dose of 600 mg orally every 4 days, improved
the clinical condition of a patient with NM previously
treated with erlotinib at 150 mg daily and subsequently with
carboplatin, paclitaxel, and bevacizumab. The patient re-
mained on treatment for a total duration of 10 months, with
minimal skin and gastrointestinal toxicities. Likely, in-
creasing the dose of orally administered erlotinib increased
the CSF penetration and concentration.

Regarding NM from breast cancer, the efficacy of i.v.
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trastuzumab is in doubt. Trastuzumab is a large molecular
and is easily blocked by the intact blood brain—barrier or
partly impaired in meningeal carcinomatosis [75]. A few
case reports demonstrated poor efficacy for trastuzumab
against NM from HER-2/neu™ breast cancer [76], likely be-
cause of its low CSF concentration. In fact, the CSF level of
trastuzumab was 300-fold lower than the serum level in an-
other patient treated with i.v. trastuzumab [77]. On the other
hand, Baculi et al. [78] reported good efficacy in a patient
with NM from breast cancer treated with i.v. trastuzumab
after whole-brain RT. Its penetration likely could be facili-
tated by RT. Stemmler et al. [79] measured trastuzumab
levels in the serum and CSF of patients with brain metasta-
ses and concomitant NM before and after RT, showing that
trastuzumab levels were higher after RT (226 ng/mL and
356 ng/mL before and after RT, respectively). In another
patient, the combination of i.v. trastuzumab and oral cape-
citabine was used, leading to an improvement in the clinical
condition and a remarkable reduction in the NM, although
the response could be a result of capecitabine alone [80].

Sorafenib and sunitinib are two oral inhibitors of ty-
rosine kinase receptors showing efficacy against a few
types of cancers, especially renal cancer. In a patient with
NM from renal cancer [81], sorafenib treatment demon-
strated modest activity. In fact, 10 days after the initiation of
sorafenib therapy Gd-MRI showed partial remission that
remained stable during the next 10 weeks of treatment. This
case shows that sorafenib can achieve a rapid and prolonged
tumor response. In contrast, sunitinib was tested in a patient
with NM from renal cancer after RT without obtaining any
signs of effectiveness against NM [82].

CONCLUSIONS

NM continues to be a devastating end-stage complication
of solid tumors, and with improvements in treatment of
systemic disease the incidence of NM is likely to in-
crease.

Recently, new diagnostic approaches have been devel-
oped, allowing for earlier and more specific diagnoses of
NM, although the goal is still far. Therefore, the combina-
tion of MRI and cytology to date still remains the approach
with the greatest diagnostic sensitivity. In the last few years,
the role of FDG-PET-CT is emerging and could be used in
specific cases.

Specific or nonspecific markers in the CSF or in plasma
could be developed and used either for better diagnosis or
for monitoring the course of disease. For example, a-feto-
protein from testicular cancer and VEGF from various neo-
plasms when elevated in CSF can be used for diagnosis and
to evaluate the effectiveness of treatment.

Regarding therapy for NM, no new randomized studies
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have been performed in recent years. Oral temozolomide
and capecitabine have shown interesting results against NM
from breast and lung cancer. The concept of combining i.t.
and systemic drugs is growing. For instance, i.t. liposomal
cytarabine is being employed in combination with capecit-
abine [83] and temozolomide [84]. In a few cases, new mo-
lecular drugs have been shown to be effective and safe
against NM from solid tumors: the effectiveness of oral ge-
fitinib against NM from NSCLC with mutated EGFR and
i.t. trastuzumab for breast cancer with overexpressed
HER-2 are examples. Thus, it is likely that, in future years,
we will increasingly need to study the molecular character-
istics of the tumor to deliver more individualized drug treat-
ment.

In conclusion, because only 30% of patients with NM

Solid Tumor Neoplastic Meningitis

from solid tumors die solely as a result of NM, systemic
treatment, especially new molecular drugs, against both
NM and the primary tumor could be more effective and bet-
ter tolerated than only i.t. treatment in patients with respon-
sive systemic disease, especially, in cases with nodular
NM. However, further randomized studies are needed to as-
sess the best treatment.
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