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Summary

Leptomeningeal metastases (LMM) consist of diffuse involvement of the leptomeninges by infiltrating cancer cells.
In solid tumors, the most frequent primary sites are lung and breast cancers, two tumors where the incidence of
LMM is apparently increasing. Careful neurological examination is required to demonstrate multifocal involvement
of the central nervous system (CNS), cranial nerves, and spinal roots, which constitute the clinical hallmark of the
disease. Cerebro-spinal fluid (CSF) analysis is almost always abnormal but only a positive cytology or demon-
stration of intrathecal synthesis of tumor markers is diagnostic. T1-weighted gadolinium-enhanced sequence of the
entire neuraxis (brain and spine) plays an important role in supporting the diagnosis, demonstrating the involved
sites and guiding treatment. Radionuclide CSF flow studies detect CSF compartmentalization and are useful for
treatment planning. Standard therapy relies mainly on focal irradiation and intrathecal or systemic chemotherapy.
Studies using other therapeutic approaches such as new biological or cytotoxic compounds are ongoing. The overall
prognosis remains grim and quality of life should remain the priority when deciding which treatment option to

apply. However, a sub-group of patients, tentatively defined here, may benefit from an aggressive treatment.

Introduction

Leptomeningeal metastases (LMM) result from diffuse
infiltration of the leptomeninges by malignant cells
originating from an extra-meningeal primary tumor site.
Meningeal dissemination is an important issue in neuro-
oncology because its incidence is increasing and because
the clinical consequences are severe. Over the last dec-
ades, important advances have been made in earlier
diagnosis of the disease but they have not been accom-
panied by substantial therapeutic progress. This review
focuses on LMM originating from solid systemic tumors
excluding leptomeningeal dissemination of hematologi-
cal malignancies or primary brain tumors.

Epidemiology

The incidence of LMM in patients with solid tumors
ranges from 4 to 15% [1-8]. In the Memorial Sloan
Kettering Cancer Center experience, an 8% incidence of
LMM was reported in 2375 patients with cancer, on
postmortem analysis.

Although any cancer can seed the leptomeninges, the
main culprits are breast and lung cancers, head and neck
cancers, melanoma and gastric cancer (Tables 1 and 2).
In some tumors, particularly breast or small-cell lung
cancer, the incidence of LMM is increasing and several
hypotheses have been put forward to explain this
finding. Firstly increased survival and better systemic
control of the cancer allow the late expression of LMM.

Secondly, the meninges are a sanctuary for many cyto-
toxic agents that have difficulty crossing the intact
blood—CSF barrier. In this setting, subarachnoid tumor
cells are not adequately treated and may proliferate, as
previously observed in acute leukemias. Combination of
these factors probably explains the considerable rise in
actuarial incidence of LMM in SCLC over time, from
0.5% at diagnosis to 25% after 3 years of survival and
the observation that isolated meningeal involvement is
no longer an exceptional site of relapse after chemo-
therapy for breast cancers, particularly when taxanes or
trastuzumab are used, both of which diffuse poorly in
the CSF [15-18]. Thirdly, the increased rate of pre-
mortem diagnosis, relying on higher awareness and
neuroimaging studies, especially Gd-enhanced MRI of
the entire neuraxis, also improves identification of this
disease [15]. Occasionally, LMM may even be detected
on MRI when the patient is asymptomatic and the CSF
analysis is not contributive. Nevertheless, the incidence
of LMM remains higher in some post-mortem series
compared to clinical ones (e.g. 25% vs. 11% in the
National Cancer Institute study of small-cell lung can-
cer), possibly because LMM generally occurs late in the
course of systemic cancer when non-specific neurologi-
cal symptoms such as confusion do not necessarily lead
to extensive investigations [15]. In addition, LMM are
often associated with other central nervous system
(CNS) metastases, particularly in the brain (33-75%) or
dura (16-37%), which may dominate the clinical pic-
ture[1,5,16,19]. In about 20% of cases, meningeal
involvement is the first metastatic site [1].
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Table 1. Distribution of LMM by type of cancer [1-6]

Type of cancer %
Breast carcinoma 12-34
Lung carcinoma 10-26
Melanoma 17-25
Gastrointestinal tract cancer 4-14
ACUP (Adenocarcinoma 1-7

of unknown Primary)

Others:

Prostate

Head and neck
Squamous cell carcinoma
Thyroid cancer

Rectal cancer

Carcinoid tumor
Rhabdomyosarcoma

Not estimated

Table 2. Frequency of leptomeningeal metastatic involvement by type
of cancer

Type of cancer Frequency of

secondary LMM (%)

Melanoma 22-46 [9,10]
Small-cell lung cancer 10-25[11,12]
Breast carcinoma 5[13]

Head and neck tumors 1 [14]
Non-small-cell lung cancer 1[14]

Pathogenesis and pathology
Pathogenesis

Cancer cells may invade the meninges through different
pathways, depending on histological type of the primary
tumor [16,20,21]:

Hematogenous spread

Hematogenous spread to the arachnoids itself via the
arterial circulation, is probably the commonest route of
extension, but seems less common in solid that in
hematological malignancies [20,21]. Also, seeding of the
leptomeninges via retrograde venous pathways along
the valveless Batson’s venous plexus has been incrimi-
nated in prostate cancers but this hypothesis remains
speculative [22,23].

Spread via the endoneural/perineural and perivascular
lymphatics route

Vertebral and paravertebral metastases (particularly
from breast and lung cancers) as well as head and neck
cancers may spread along “‘peripheral or cranial nerve”
[21] via the endoneural/perineural route or along the
lymphatics or veins [20], then through the dural and
arachnoidal sleeves of nerve roots (spinal roots, cranial
nerves) into the subarachnoid space.

Direct spread from the CNS

Direct spread from metastases located in the CNS
parenchyma and making contact with the meninges has
been described. These tumors may breach into the
subarachnoid or ventricular spaces and diffuse widely in

the CSF, although a peritumoral fibrotic reaction often
circumscribes this type of dissemination [24].

Choroid plexus metastases and subependymal
metastases may also cause CSF dissemination [1].

latrogenic spread

During invasive procedures or neurosurgery, tumor
spread to the leptomeninges through an ependymal or
dural breach is a potential complication [25-27].

Once malignant cells enter the CSF, they disseminate
by extension along the meningeal surface and by CSF
flow to distant parts of the CNS where they settle and
grow, forming secondary Ileptomeningeal deposits.
While a diffuse covering of the leptomeninges is partic-
ularly frequent in hematological malignancies, plaque-
like deposits with invasion of the Virchow—Robin spaces
and nodular formations are more characteristics of solid
tumors. The areas of predilection for circulating cell
settlement are characterized by a slow CSF flow and a
marked gravity, including basilar cisterns, posterior
fossa and cauda equina [24].

Subsequently metastatic nodules may also invade
subpial CNS parenchyma or peripheral nerves (spinal
roots or cranial nerves).

Pathology

Macroscopy

Gross inspection of brain, spinal cord and spinal roots
may be normal. Most often the leptomeninges present
abnormalities such as thickening and fibrosis that may
be either diffuse or localized in one or several distinct
area(s), particularly areas of relative CSF flow stasis, as
stated above [28,29].

Histological findings

There is a diffuse or multifocal infiltration of arachnoid
membranes by cancer cells, filling the subarachnoidal
and Virchow—Robin spaces, sometimes invading the
underlying neuraxis, vessels and nerve surfaces. Cranial
and spinal nerve demyelination and axonal degeneration
are sometime observed without any tumor infiltration.
Microscopic examination may also reveal infarction of
infiltrated areas [5,29,30]. A pure encephalitic variant is
characterized by massive invasion of the Virchow—Robin
spaces, without infiltration of the sub-arachnoidal spaces
of the brain surface [31].

Pathophysiology of signs and symptoms
Several mechanisms, often combined, are incriminated:
Hydrocephalus and increased intracranial pressure

Tumor infiltration of the base of the brain, sylvian fis-
sures, and arachnoid villi as well as reactive fibrosis and
inflammatory response may block CSF outflow and lead
to hydrocephalus and increased intracranial pressure.
However, when the disease is located near the sagittal
sinus, intracranial pressure may be elevated in the ab-
sence of overt hydrocephalus [32].



Compression and invasion

Focal neurological symptoms and signs, and increased
intracranial pressure may result from compression or
invasion of the brain and spinal cord, as well as cranial
and peripheral nerve roots [16].

Ischemia

Invasion, compression or spasm of blood vessels that
are located on the brain convexity or in the Virchow—
Robin spaces interfere with the blood supply and oxy-
genation of neurons and may produce transient attacks,
strokes, and probably also a more diffuse encephalop-
athy correlated to a decrease in cerebral blood flow [33].

Metabolic competition

Some patients develop a diffuse encephalopathy of un-
known origin and it has been suggested that tumor cells
and neurons could be in competition for metabolites
such as glucose leading to relative deprivation of the
underlying neurons [34].

Blood—cerebrospinal fluid barrier disruption

A disruption of the blood—CSF barrier is rarely the
consequence of a direct invasion of the plexus choroids
and is more commonly due to the development of a
tumoral angiogenesis consisting of leaky fenestrated
neovessels which develop as soon as the tumor reaches
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a threshold diameter (nodules) or thickness (layers) [29].
The blood—CSF barrier is abnormal at this level, as
illustrated by contrast enhancement of the metastatic
meninges on MR scans. Nevertheless, breakdown of the
blood—CSF barrier in LMM is only partial since only a
minority of patients responds well to systemic water-
soluble chemotherapy, even when other extra-meningeal
systemic metastases are sensitive to this regimen.

Diagnosis

Early diagnosis of LMM is crucial because response to
treatment and survival are correlated with performance
status, neurological disability, and subarachnoid tumor
burden.

Clinical features

Random and asymmetric distribution of symptoms and
signs reflects the multifocal nature of the disease that
may involve the entire neuraxis, in various combina-
tions, brain, spinal cord, cranial nerves and spinal roots
[1,4,5,9]. Signs suggestive of leptomeningeal irritation,
such as nuchal rigidity or pain on straight leg rising
occur in only 15% of patients. The key feature is
therefore the discovery of multifocal signs, often without
associated symptoms such as radicular pain and head-
aches (Tables 3-5), demonstrating a more widespread
disease diffusion than previously suggested.

Table 3. Most frequent cerebral symptoms and signs in patients with LMM from solid tumors

Symptom Initially (%) At any time (%) Sign Initially (%) At any time (%)
Headache 38 40 Papilledema 12 12
Mental change 25 30 Abnormal mental state 50 50
Nausea and vomiting 12 20 Seizures 14 15
Gait difficulty 46 68 Extensor plantar(s) 50 66

Data combined from Olson et al. [1], and Wasserstrom et al [5].

Total > 100% because many patients had more than one symptom or sign.

Table 4. Most frequent cranial nerve symptoms and signs in patients with LMM from solid tumors

Symptom Initially (%) At any time (%) SIGN Initially (%) At any time (%)
Visual loss 8 12 Ocular muscle paresis 30 38
Diplopia 8 20 Trigeminal neuropathy 12 14
Hearing loss 6 9 Facial weakness 25 26
Dysphagia 2 4 Hearing loss 20 20

Data combined from Olson et al. [1], and Wasserstrom et al [5].

Table 5. Most frequent spinal symptoms and signs in patients with LMM from solid tumors

Symptom Initially (%) At any time (%) Sign Initially (%) At any time (%)
Pain 25 40 Nuchal rigidity 16 17

Back 18 50 Reflex absence/decrease 60 76

Radicular 12 25 Dermatomal sensory loss 50 50

Paresthesias 10 42 Lower motor neuron weakness 78 78

Weakness 22 50

Data combined from Olson et al. [1], and Wasserstrom et al [5].



88

Brain involvement often causes mental change,
headaches, seizures, and gait disturbance [28]. Clinical
presentation may be confusing when it simulates psy-
chiatric disorder or is related to a metabolic disorder
such as diabetes insipidus (breast carcinoma)
[5,16,35,36]. Uncommon clinical findings include central
hypoventilation [37] and pure encephalitic form, which
is characterized by confusion, seizures, and focal neu-
rological signs contrasting with normal MRI [31,38].

The most frequently affected cranial nerves are the
oculomotor nerves followed by the facial, optic, and
auditory nerves. Spinal root involvement produces back
and radicular pain, which are often associated with lower
motor neuron weakness and dermatomal sensory loss.
Loss of one or several deep tendon reflexes is found at
diagnosis in up to 70% of patients and constitutes an
excellent sign to demonstrate multifocal involvement.

CSF examination

The most informative diagnostic procedure in LMM
assessment is lumbar puncture. CSF is usually abnormal
regardless of the results of CSF cytology. Fewer than
5% of patients present a normal opening pressure, cell
count, protein and glucose rates and a negative CSF
cytology [5,39]

Specific and non-specific tests are reported in Table 6,
and commented below. As a consequence of CSF flow
obstruction, CSF pressure is elevated in at least 50% of
patients [16]. CSF protein concentration is elevated in
about 80% of cases. In the absence of infection, hypo-
glycorrhachia (absolute level of less than 40 mg/dl) is
highly suggestive of LMM and is present in 25-40% of
cases [16]. It is important to note that abnormal protein
or glucose levels are sometimes found only in the lumbar
space while the ventricular levels remain normal.

The discovery of malignant cells in the CSF is the key
diagnostic feature. Unfortunately, the initial cytology is

Table 6. CSF laboratory exams with some specificity during LMM

(falsely) negative in up to 40-50% of patients with
pathologically proven LMM [19]. Repeated sampling
enhances the diagnostic yield (from 50 to 90% between
first and third spinal tap) justifying the recommendation
to perform at least three lumbar punctures over several
days if the initial cytology is negative [5,19]. Diagnostic
yield also improves with CSF sample volume (10 cc at
least) and with immediate processing of the samples in
the laboratory. The sampling site is also important for
cytological examination with frequent “positive” lum-
bar CSF accompanied by “ negative” ventricular fluid,
while the opposite is rare [40,41]. The yield of cytological
assessment increases when meningeal involvement is
diffuse or when the sampling site is closer to the main
focus of disease [19].

Because the sensitivity of cytology analysis is imperfect,
considerable efforts have been made to develop addi-
tional laboratory tests (Table 6). Overall, these tests can
be very useful in some tumor types but they have often
been disappointing in terms of specificity or sensitivity,
and several of them have not reached wide clinical use.

Non-specific markers such as f-glucuronidase or lactic
acid dehydrogenase (LDH) isoenzymes may be sugges-
tive of LMM (for example, a LDHj5 greater than 10% of
the total LDH in CSF) but they do not permit a formal
diagnosis, even after careful attempts to exclude infec-
tion or other non-neoplastic causes of CSF inflammation
[52, 53]. In fact, non-specific tests are mainly useful for
therapeutic follow-up. Caution must be observed when
ventricular CSF is examined because of the discrepancies
between the composition of ventricular and lumbar CSF,
including cytology and CSF markers.

Neuroimaging
Brain and spinal MR

MR of the brain and spine with a T1-weighted gado-
lintum-enhanced sequence is the standard and most

Routine

Cytologic examination
Biochemical markers [42, 43]
CEA

AFP

p HCG

melanin

CA 125

CA15-3

5 HIAA

PSA

Biomolecular techniques
Flow cytometry [44—46]

DNA single cell cytometry [47]
FISH (interphase cytogenetics) [48]
RT-PCR markers [49]:

MAGE, MART-1, tyrosinase
Immunocytochemical analysis [50,51]
protéine S-100
HMB45
TTF 1

Positive

>1% of serum rate
>1% of serum rate
>1% of serum rate
Presence in the CSF
>1% of serum rate
>1% of serum rate
High elevation / usual CSF rate
>1% of serum rate

Aneuploid cells
Hyperdiploid cells +++
Presence of CEA on cells surface

Numerical or structural aberrations in interphase nucleus
Positive in melanoma cells of the CSF
Positive in melanoma cells of the CSF
Positive in melanoma cells of the CSF

If primary cancer unknown: orientates towards lung and
thyroid carcinoma




sensitive radiological technique when LMM is suspected
[54, 55]. The superiority of MRI over CT is well estab-
lished with 1.5-2 times higher specificity and sensitivity
[56-70]. It is important to perform MRI before CSF
examination because a spinal tap alone can probably be
followed by long lasting (weeks to months) diffuse
meningeal enhancement. The rate of false negative MRI
is about 30% and could be further diminished by the use
of a higher amount of gadolinium [71]. In solid tumors,
the yield of contrast-enhanced MRI to detect LMM is
higher that in hematological malignancies because bulky
disease is more frequent [72].

The characteristic aspects of LMM on MRI are
indicated on Table 7. Particularly suggestive are con-
trast-enhancement of the meninges (Figure 1) and sulci,
ventricular ependyma, basilar cisterns, tentorium, cau-
da equina (Figure 2) and hydrocephalus. Although
MRI is not specific, it may be sufficient to establish the
diagnosis, even if CSF cytology is negative, when it
shows multifocal contrast enhancing subarachnoid
nodules in a patient whose primary cancer is identified,
known for its propensity to seed the meninges, and
often disseminated or associated with other CNS
metastases [72,75]. When the primary cancer is un-
known and when CSF cytology is negative, MRI alone
is not sufficient to establish the diagnosis that requires
histological confirmation. The differential diagnosis
including infectious and inflammatory causes of sub-
acute/chronic meningitis may provide similar images to
LMM on MRI [76]. In patients without malignant cells
in the CSF, careful confrontation between oncological
data, neurological findings, MRI and other laboratory
tests are therefore needed to make a reliable diagnosis
of LMM [73,74].

CSF flow studies

Today two methods using either radionuclides (indium
111-DTPA [diethylene triamine pentaacetic acid]) or
MR are performed for the assessment of CSF circula-
tion and its potential compartmentalization [9,56,70,77—
82]. Formal comparison has not been made between
these procedures. Flow blocks are observed in at least
30-40% of patients with LMM and are predominantly
located at skull-base or next to filum terminale.

Table 7. MR scans findings with LMM [73,74]

Intradural enhancing nodules in spinal canal (Figure 2)
Enhancement and enlargement of cranial nerves
Superficial linear sulcal, cisternal or dural enhancement
Irregular tentorial enhancement

Irregular ependymal enhancement

Cisternal or sulcal obliteration

Hydrocephalus

Subarachnoid-enhancing nodules (Figure 1)
Intraventricular-enhancing nodules

Multiple small nodular superficial brain nodules

Spinal linear enhancement (Figure 1)

Spinal cord enlargement

Asymmetry of the roots

89
Other imaging studies

Anecdotal cases of LMM detected by 18-FDG PET and
11C-Methionine PET scans have been reported in lung and
breast cancer patients. Cerebral angiography is very rarely
indicated when patients with LMM present acute symp-
toms suggesting a stroke [5,30,83]. Irregular narrowing of
arteries at the base of the brain, due to either spasms of pial
vessels or tumoral infiltration of their walls may sometimes
be observed, but these images are not specific.

Meningeal biopsy

A meningeal biopsy is considered when the diagnosis
remains uncertain and other causes of chronic menin-
gitis have been excluded (see below) [84]. The biopsy
should target a symptomatic and/or contrast enhancing
area on MRI. Cisterns at the base of the brain and
leptomeninges of the cauda equina are often chosen for
this procedure [16].

q.0thk/1.6=p

ILW = 1847 L

Figure 1. Sagittal T1-weighted MR with Gadolinium showing a spinal
linear and nodular enhancement.
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Figure 2. Sagittal Tl-weighted MR with Gadolinium showing
“bulky” contrast enhancing nodules in the cauda equina area.

Differential diagnosis

In patients with a known progressive primary cancer,
the diagnosis of LMM is usually easy. Difficulties occur
when CSF cytology is negative and when the primary
tumor is not known or if its responsibility can be
questioned (for example the primary tumor appears to
be completely cured and has no propensity to metasta-
size to leptomeninges). In these cases, other etiologies of
subacute and chronic meningitis must be ruled out [85].
Typically, patients with infections have more meningeal
symptoms and signs than fixed neurological findings
while the situation is reversed in LMM. Finally, when a
meningeal tumor reveals the disease but the systemic
work up cannot identify a systemic tumor, a primary
meningeal glioma, PNET or PCNSL should be excluded
as well as other rare causes of meningeal tumors such as
isolated primary meningeal melanomas or rhabdomyo-
sarcomas of the leptomeninges [33,86—89].

Treatment options
In LMM from solid tumors, the therapeutic goals re-

main palliative, combining symptomatic and specific
treatments.

Symptomatic treatment

Pain relief is required for headaches, back and radic-
ular pain, using analgesics of increasing efficacy from
paracetamol to opioids. In addition neuropathic pain
often requires amitriptyline, clonazepam or antiepilep-
tic drugs (such as gabapentin, carbamazepine and
lamotrigine). Focal irradiation of symptomatic sites is
often quite efficient in relieving pain. Seizures are
managed with AEDs, but prophylactic administration
of AEDs is not recommended in patients who have
never had seizures.

Headaches related to edema or increased intracranial
pressure can sometimes be handled with steroids, even if
the contribution of steroids in LMM is modest as
compared to brain metastases. In cases of hydrocepha-
lus secondary to CSF blockade, a course of steroids
during whole brain or skull-base radiotherapy is some-
times appropriate but shunting is often required in this
situation. Repeated lumbar punctures in the absence of
threatening associated brain metastases are often a good
way to relieve headache.

Surgery

The main surgical treatments of LMM are ventriculo-
peritoneal shunting for hydrocephalus and placement of
an intraventricular (rarely lumbar) Ommaya reservoir
implanted subcutaneously in the scalp and connected to
the ventricle via an outlet catheter for intrathecal che-
motherapy. When both shunts are needed, an on-off
valve may be placed but this implies that the patient can
tolerate having the shunt turned off for a few hours after
drug administration [73].

Complications of ventriculoperitoneal shunting in-
clude peritoneal dissemination of the tumor and infec-
tion but the main risk is poor efficacy because the shunts
often dysfunction and clog in LMM, requiring repeated
replacements.

When an Ommaya reservoir is placed, it is important
to check the correct placement of the catheter by CT-
scan before drug administration [90-92]. Hemorrhage at
the time of placement occurs in less than 1% of patients
but infection mainly due to Staphylococcus epidermidis
complicates about 5-10% of the procedures [91-93].
The intraventricular device can sometimes be kept in
place when antibiotics administered by intravenous and
intraventricular routes are rapidly successful [93-96].
But, in our experience, removal is often necessary,
possibly followed by replacement of the reservoir [97].
An unusual complication in patients with increased
intracranial pressure, is CSF track along the catheter,
resulting in subgaleal collections of CSF, which may
become infected and require revision or replacement
with a ventriculoperitoneal shunt [29].

Radiotherapy

Irradiation of the entire neuraxis is too toxic in these
patients who have generally already received multi-agent
chemotherapies and are prone to severe bone marrow
toxicity. Focal radiotherapy (RT) of symptomatic areas



and of bulky disease observed on MRI is therefore the
standard procedure, combined with chemotherapy.
Irradiation ensures that tumors located in areas which
are not reached by intrathecal chemotherapy (e.g., deep
inside of bulky regions) also receive adequate therapy
[98]. RT is generally administered at a dose of 30 Gy
delivered in 10 fractions over 2 weeks. It provides
effective relief of pain and stabilizes neurological
symptoms but rarely leads to significant recovery
(demyelination and axonal injury may persist in the
absence of infiltrating cancer cells), hence the need for
early treatment [99]. Thus, even in the absence of mac-
roscopic discase on MRI, lumbar-sacral irradiation is
indicated in case of symptomatic involvement of the
cauda equina (low back pain, legs weakness, sphincter
dysfunction) and skull-base RT is used in patients with
cranial neuropathies [16]. Radiotherapy is also indicated
to relieve CSF blocks which reduce the efficacy and in-
crease the toxicity of intrathecal chemotherapy [1-7].
According to Posner and coll., whole brain radiotherapy
should be delayed until hydrocephalus or focal seizures
appear.

Other types of RT consist of intra-CSF administra-
tion of radioactive nuclides [100-102] or radiolabeled
monoclonal antibodies but these procedures remain
experimental [103-105].

Chemotherapy

Chemotherapy is the only modality allowing simulta-
neous treatment of the entire neuraxis [106—108]. It can
be administered intrathecally and/or systemically.

Intrathecal chemotherapy

The normal blood-brain and blood—CSF barriers limit
the penetration into the CNS of most systemically
administered anticancer agents. Consequently, CSF
exposure to most cytotoxic agents is less than 10% of
the plasma concentration. In LMM, the blood—CSF
barrier is compromised but its breakdown is not com-
plete and varies from one region to the other.

The goal of intrathecal chemotherapy is therefore to
bypass the blood—CSF barrier, maximizing drug expo-
sure in the CSF while reducing systemic toxicity. With
this approach, a higher drug concentration can be
achieved using a smaller dose, because the distribution
volume of CSF is lower than that of the plasma (140 vs.
3500 ml) [109]. Furthermore, the half-life of most cyto-
toxic agents is longer in the CSF than in plasma, leading
to prolonged CSF drug exposure that is particularly
useful for cell-cycle specific agents such as methotrexate
and cytarabine. Many areas of LMM are a few cells thick
and the diffusion capacity of the drug (1-2 mm) is
therefore appropriate for treating the tumor and even the
most superficial part of the CNS parenchyma [103,110].

Intrathecal treatment can be delivered by repeated
spinal punctures. Position affects ventricular drug levels
after intralumbar administration and patients should
remain flat for at least 1 h following treatment [111].

Intrathecal administration of the drug in the right
lateral ventricle via an Ommaya reservoir is preferred
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because this procedure is painless and has several
pharmacokinetic advantages over repeated LP including
a better drug distribution in the entire subarachnoid
ventricular spaces [112-114] and the possibility of
delivering frequent small doses of drug to reduce “high
concentration peak’ and therefore the total cumulative
drug dose as well as neurotoxicity .

Furthermore, injection in an Ommaya reservoir pro-
vides a certainty that the drug has not been given in the
epidural space and can be used when the platelet count
is > 20,000 cell/mm’® while severe thrombocytopenia
causes a significant risk of epidural or subdural hema-
toma after lumbar puncture.

Another method of intrathecal drug delivery which is
seldom used is a lumbar catheter that is connected to a
subcutaneously implanted reservoir.

Drugs available for intrathecal treatment

Methotrexate is usually the first line agent followed by
cytarabine and thiotepa. Unfortunately, these drugs are
not effective against some of the most frequent solid
cancers associated with LMM, particularly melanoma
and lung cancer.

Methotrexate

Therapeutic CSF concentrations, at 1 uM or more
during 48-72 h, are obtained with a 12 mg dose in
adults and children older than 2 [3,112,105-107]. Usu-
ally, the drug is initially administered on a twice-weekly
schedule for 3-4 weeks, followed by a decrease in fre-
quency over a total treatment time of 3—6 months. The
exact duration of treatment has not been established,
but some patients may benefit from prolonged treat-
ment. Alternative schedules have been proposed such
as the administration of intraventricular Methotrexate
at 2 mg for 5 consecutive days every 2 weeks [100,
118,119]. Methotrexate is eliminated from the CSF to
systemic circulation by CSF resorption. For that reason,
predisposing factors that interfere with CSF resorption
and increase toxicity should be searched for.

Folinic acid should be given orally or IV, 10 mg every
six hours during 48 h, 24 h after methotrexate admin-
istration, in order to reduce systemic myelosuppression
and mucositis. Leucovorin does not cross the blood—
brain barrier in sufficient amounts to interfere with the
central effects of methotrexate or its efficacy.

An accidental overdose of intrathecal methotrexate
may result in significant morbidity or death. Standard
recommendations include immediate drainage of CSF
via lumbar puncture, ventriculostomy with ventriculo-
lumbar perfusion, systemic steroids and systemic leu-
covorin administration. A potentially useful antidote,
the Carboxypeptidase-G2 (CPDG?2) has been reported.
Pharmacokinetic studies showed a 400-fold decrease in
CSF methotrexate concentrations within 5 min of
CPDG2 administration [120].

Cytosine arabinoside (Cytarabine, Ara-C)
This drug is initially delivered at a dosage of 50 mg
twice weekly and tapered in a similar way to that of
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methotrexate. The half-life of Ara-C is much longer in
the CSF that in serum because of the low levels of intra-
CSF cytidine deaminase. The rapid deamination
observed in the systemic circulation causes minimal
systemic toxicities. A ‘Concentration X Time’ schedule
has also been reported [121].

DepoCyt®

DepoCyt® is a liposome-encapsulated cytarabine for-
mulation, which can be administered intrathecally once
every 2 weeks. To date, it is approved by FDA only for
leptomeningeal lymphoma. In solid tumors, a random-
ized trial comparing IT DepoCyt® to IT methotrexate
found that Depocyt® increased time to neurologic pro-
gression (58 days vs. 30 days, P =0.007) but did not
affect survival. The number of patients’ visits to the
hospital was reduced by 75% in the DepoCyt® arm
[122]. An additional phase III study is ongoing in solid
tumor-LMM comparing DepoCyt® to methotrexate. In
previous studies, the main side effect of DepoCyt® was
arachnoiditis whose incidence was reduced by concom-
itant administration of oral dexamethasone (4 mg
BID x 5 days). Pathologists should be informed of the
administration of DepoCyt® because drug particles may
be confused with erythrocytes.

Thiotepa

Thiotepa, an alkylating agent, is a second-line agent for
breast cancer patients who do not respond to or cannot
tolerate IT methotrexate. Occasionally, Thiotepa is
delivered by the intrathecal route (10 mg twice a week),
but there is no real pharmacological advantage to sup-
port this modality as compared to systemic adminis-
tration. The efficacy and toxicity of intrathecal Thiotepa
has been prospectively compared to intrathecal metho-
trexate in a randomized trial without statistically sig-
nificant differences, although patients on the Thiotepa
arm experienced fewer neurological toxicities [123].

Systemic chemotherapy

In contrast with lymphoproliferative neoplasms the
benefit of intra-CSF chemotherapy in LMM from solid
tumors remains modest. These disappointing results are
due to several factors, including intrinsic chemoresis-
tance, limited choice of drugs and the poor accessibility
of bulky nodules to local treatment [124].

Furthermore, most patients suffering from LMM
have active systemic disease which is a main cause of
death [125]. Assuming that only patients with controlled
systemic disease have prolonged off-therapy response of
LMM [125-128], it is logical to use systemic chemo-
therapy in order to treat simultancously systemic disease
and LMM. Some authors consider that systemic therapy
may even obviate the need for intrathecal therapy
[125,126,128-130].

Siegal and coll reviewed intrathecal vs. systemic che-
motherapy in LMM from solid tumors [125-131]. They
concluded that adding intraventricular chemotherapy to
combined radiotherapy and systemic chemotherapy in
LMM from solid tumors (mainly breast cancers) did not
change the overall response rate to treatment, either the

median survival or the long-term survival rate, but sig-
nificantly increased the rate of acute, sub-acute and
delayed neurotoxicity. Conversely, systemic treatment is
not always useful since another prospective study in
LMM from non-small-cell lung cancer patients found
that adding systemic chemotherapy to combined radio-
therapy and intraventricular chemotherapy did not im-
prove survival, a possible consequence of the low
chemosensitivity of that type of cancer [132]. The choice
of the most appropriate drug should be based not only
on the chemosensitivity profile of the primary tumor
and secondary (acquired) resistance but also upon the
ability of this drug to reach efficient concentration in the
CSF because of its chemical properties (lipophilic, low
protein-binding, low molecular weight agents) or the
possibility of administering high doses without unac-
ceptable toxicity.

For example, it is possible to reach therapeutic intra-
CSF levels with high dose IV methotrexate (higher than
3 g/m?) or cytarabine (e.g. 3 g/m? every 12 h) [133,134].
Myelosuppression is the dose limiting factor of these
treatment schedules [135].

Unfortunately, the use of these agents through a
systemic route remains limited by their narrow spectrum
of activity in most solid tumors. Hormonal agents such
as tamoxifen, letrozole, anastrozole and megestrol have
occasionally been useful in breast cancer-LMM
[136,137].

New therapeutic approaches

Chemotherapy

Systemic chemotherapy. The challenge is to find new
agents with proven efficacy in solid tumors which can
reach adequate concentration in the CSF. Temozolo-
mide, an alkylating agent that produces therapeutic CSF
concentration when administered per os at conventional
dosage, could be a candidate since it exhibits a wide
range of activity against solid human tumors, including
melanomas [138].  High-dose etoposide has been
administered (1 g/m?> for 3 days, every 4 weeks) in
LMM from small-cell lung carcinoma with three com-
plete responses in five treated patients [139]. This inter-
esting preliminary result deserves further studies.

Intrathecal chemotherapy. Many efforts have been made
to test new intrathecal treatments such as Diaziquone
(AZQ) [140], mafosfamide [141], nimustine hydrochlo-
ride (ACNU) [142], 4-hydroperoxycyclophosphamide
(4-HC), 6-Mercaptopurine(6-MP) [120,143-146], and
Gemcitabine [147]. Unfortunately, none of these agents
has shown clear evidence of activity.

In addition to Depocyt®, intrathecal administration
of Methotrexate encapsulated in liposomes is being
developed, but careful evaluation of its potential toxicity
will be needed. Intrathecal instillation of a microcrys-
talline preparation of Busulfan (Spartaject) is also being
studied in clinical trials against a large panel of tumors
after having demonstrated its activity against chronic
myelogenous leukaemia [148]. A microcrystalline for-
mulation of temozolomide has also been developed and
tested for intrathecal use in preclinical models of LMM.



Topotecan is a topoisomerase I inhibitor that shows
anti-tumor activity against a wide variety of adult and
childhood solid tumors. Experimental studies have
shown that intraventricular administration of 1/100th of
the systemic dose of topotecan could provide a 450-fold
greater CSF exposure. A phase I study of intrathecal
topotecan in patients with LMM has shown a response
in 3 out of 13 patients suffering from LMM of primary
brain tumors. Arachnoiditis was the dose-limiting tox-
icity. The efficacy of Topotecan in LMM originating
from systemic solid cancer is currently unknown [149].

Biological response modifiers

New approaches such as viral-mediated gene therapy
[150-152], signal transduction inhibitors [153—157],
agents targeting angiogenesis (angiostatin) [157] or
vascular cell adhesion molecules [158] are currently un-
der investigation.

A major difficulty with biological response modifiers
remains the poor CSF penetration after systemic admin-
istration as illustrated for Trastuzumab [159] (humanized
monoclonal antibody targeting c-erb B2) and for SU5416
(inhibitor of the tyrosine kinase activity of the VEGF
receptor) [160,161]. Attempts are therefore being made to
develop these therapies for intrathecal use.

Clinical trials using "*'I coupled to monoclonal anti-
bodies against tumor antigenes directly injected into the
CSF have been performed in solid tumors including
melanoma, ovarian and breast primaries with rare
occasional long-term clinical responses (7—26 months)
[104,162—166]. The limits of this approach include the
difficulty in creating specific monoclonal antibodies to-
wards individual tumors, a limited effect on tumor cells
at some distance from the bound cell, and the systemic
toxicity of the released radiolabeled compound. Intra-
CSF immunotoxins, coupling monoclonal antibodies or
biological ligands, such as epidermal growth factor and
transferred to a protein toxin have been studied in pre-
clinical models [138,166-169] and in a pilot study
including eight patients. A greater than 50% reduction
of tumor cell counts in the lumbar CSF was observed in
four patients, but seven of eight progressed. Side effects
were transient and manageable with steroids and CSF
drainage [170].

Toxicity and complications of treatments

Most series describe a global complication rate of 70%
with severe complications in 15-20% of cases, and
treatment-related deaths in about 5% of patients
[94,122,129,171]. Neurological complications are classi-
fied according to their time of occurrence (acute, sub-
acute and delayed) and to the type of treatment
(intrathecal or systemic chemotherapy) as illustrated in
Table 8.

Prognosis

A combination of focal radiotherapy and chemotherapy
(intrathecal or systemic) constitutes the standard treat-
ment of LMM although no prospective randomized trial
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comparing radiotherapy plus chemotherapy (intrathecal
or systemic) to single modality treatment has been re-
ported [4,172,173]. The type of the primary cancer is a
major prognostic factor. For example, in a series of 90
LMM patients who received focal irradiation and
intraventricular Methotrexate, 61% of breast cancer
patients showed a neurological improvement or stabil-
ization within a range of 2-20 months. Median survival
in this group was 7.2 months and 15% of patients were
alive at 1 year. In contrast, only 39 and 18% of the
“lung carcinoma and melanoma group” respectively
improved or remained stable within a range of 1-
12 months with a median survival of 34 months and a
0% survival rate at 1 year [5].

Other studies have reported similar results with
comparable  treatment  schedules [125,173-178].
According to these reports, it appears also that median
survival of LMM from breast cancer can reach at least
6 months, which is superior to the observed survival in
untreated patients which is approximately 10 weeks.
Nevertheless, other series did not replicate such opti-
mistic median survival [125].

Apart from tumor type, performance and neurologi-
cal status, the bulk of CSF disease as well as the extent
of systemic cancer also influence outcome in patients
with LMM [131]. Fixed neurological deficits such as
cranial nerves palsies, radicular weakness or paraplegia
usually do not improve with treatment while encephal-
opathies may improve, particularly if the underlying
causes such as hydrocephalus or seizures can be suc-
cessfully treated by symptomatic measures. A bulky
metastatic status of the CNS (parenchymal metastases,
bulky leptomeningeal disease) and persistent blockade
of the CSF flow after radiotherapy predict poor survival
[72,125,179-181]. Impaired CSF flow dynamics is a poor
prognostic factor, not only because it leads to inade-
quate drug distribution but probably also because it
reflects meningeal tumor burden and correlates with
extensive disease and worse prognosis. Finally, as pre-
viously stated, the status of systemic disease in patients
with LMM is a predictive factor of clinical response of
LMM.

Guidelines

At the end of this review, tentative guidelines can be
proposed. Several factors should be considered in
decision-making including performance status, neuro-
logical findings (clinical, MRI, CSF flow dynamic) and
evaluation of the primary tumor (nature and systemic
dissemination).

Not all patients necessarily warrant aggressive treat-
ment. Based on the analysis of prognostic factors, many
patients are poor candidates for heavy therapy. Severe
fixed neurological deficits rarely improve and therapy
can result in significant neurological toxicities. These
patients deserve optimal supportive care management
with anti-emetics, narcotics and radiotherapy for
symptomatic disease. Intraventricular chemotherapy
should be avoided and may possibly be replaced by
systemic chemotherapy in patients with bulky sub-
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Table 8. Neurologic toxicities and complications of treatments for LMM [94,122,129,171]

Nature Timing Agents Clinical and Pathological Treatment and course
radiological findings findings
Aseptic meningitis Several hours Any IT agent Mimics bacterial Oral anti-pyretics,
after injection meningitis anti-emetics and
steroids
CSF: pleocytosis, Reversible within
T protein 1-3 days
Further treatment
possible
Acute Within 24-48 h IT MTX or Ara C, Seizures, confusion, Usually totally
encephalopathy after treatment IV HD MTX disorientation and reversible
lethargy
Myelopathy Within 48 h IT MTX, Ara-C, Myelopathy Demyelination Poor prognosis with
to months Thiotepa CSF: T protein persistent paraparesis
MR: spinal cord (60%)
swelling, Tsignal
on T,WI,
Subacute 5-6 days after HD IV MTX Stroke-like syndrome Reversible within 48-72 h
encephalopathy treatment
CSF and MR: normal Further treatment
possible
Acute cerebellar 2-5 days after HD IV Ara C Encephalopathy Diffuse loss of Recovery
syndrome treatment (>3 g/m? immediately followed Purkinje cells after treatment
by cerebellar +/—- WM discontinuation
syndrome demyelination

Other: seizures,
encephalopathy,
myelopathy,

Delayed
leucoencephalopathy

Months to years
after treatment

Typically combined
RT + IV/IT CT

MR: cerebellar atrophy,
reversible and diffuse
leukoencephalopathy

Subcortical-frontal
syndrome

CSF: T protein

MR: cerebral atrophy,
diffuse WM Tsignal
on FLAIR and T,WI,
ventricular dilatation

Disseminated foci
of demyelination,
axonal loss

But may be permanent

Abbreviations: CSF: cerebrospinal fluid; CT: chemotherapy; T: elevated; H: hours; HD: high doses; IT: intrathecal; IV: intravenous; MR:
magnetic resonance; MTX: Methotrexate; RT: radiotherapy; ToWI: T, weighted-images; WM: white matter.

arachnoid nodules or concomitant parenchymal brain
metastases.

In the absence of severe fixed deficits, breast cancer
patients should be vigorously treated with radiotherapy,
intrathecal and systemic chemotherapy because of their
well-known potential for possible prolonged response to
treatment. The indication of such a heavy treatment is
more controversial for melanoma, non-small-cell lung
cancers and other adenocarcinomas affecting the lep-
tomeninges [137,182].

Because most LMM patients who respond to treat-
ment die of systemic disease, the combination of
radiotherapy, intrathecal chemotherapy, systemic che-
motherapy (including new agents) and their optimal
schedule should be prospectively re-evaluated in clinical
trials. Overall, a too often nihilistic approach should be
avoided in LMM favoring a more dynamic strategy
mainly based on clinical research and trials.

Acknowledgements

Authors would like to acknowledge Professor Jerzy
Hildebrand for his attentive reading of this manuscript
and his precious recommendations.

References

1. Olson ME, Chernik NL, Posner JB: Infiltration of the leptom-
eninges by systemic cancer. A clinical and pathologic study. Arch
Neurol 30: 122-137, 1974

2. Little JR, Dale AJ, Okazaki H: Meningeal carcinomatosis.
Clinical manifestations. Arch Neurol 30: 138-143, 1974

3. Shapiro WR, Posner JB, Ushio Y, Chemik NL, Young DF:
Treatment of meningeal neoplasms. Cancer Treat Rep 61: 733—
743, 1977

4. Theodore WH, Gendelman S: Meningeal carcinomatosis. Arch
Neurol 38: 696-699, 1981

5. Wasserstrom WR, Glass JP, Posner JB: Diagnosis and treatment
of leptomeningeal metastases from solid tumors: experience with
90 patients. Cancer 49: 759-772, 1982

6. Kaplan JG, DeSouza TG, Farkash A, Shafran B, Pack D,
Rehman F, Fuks J, Portenoy R: Leptomeningeal metastases:
comparison of clinical features and laboratory data of solid
tumors, lymphomas and leukemias. J Neurooncol 9: 225-229,
1990

7. Chamberlain MC, Corey-Bloom J: Leptomeningeal metastases:
111indium-DTPA CSF flow studies. Neurology 41: 1765-1769,
1991

8. Posner JB, Chernik NL: Intracranial metastases from systemic
cancer. Adv Neurol 19: 579-592, 1978

9. Takakura K, Sano K, Hojo S: Metastatic tumors of the central
nervous system. 1982



10.

11.

12.

13.

14.

16.

17.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

de la Monte SM, Moore GW, Hutchins GM: Patterned
distribution of metastases from malignant melanoma in humans.
Cancer Res 43: 3427-3433, 1983

Aisner J, Aisner SC, Ostrow S, Govindan S, Mummert K,
Wiernik P: Meningeal carcinomatosis from small cell carcinoma
of the lung. Consequence of improved survival. Acta Cytol 23:
292-299, 1979

Aroney RS, Dalley DN, Chan WK, Bell DR, Levi JA:
Meningeal carcinomatosis in small cell carcinoma of the lung.
Am J Med 71: 26-32, 1981

Yap HY, Yap BS, Tashima CK, DiStefano A, Blumenschein
GR: Meningeal carcinomatosis in breast cancer. Cancer 42: 283—
286, 1978

Jeyapalan SA, Batchelor TT: Diagnostic evaluation of neuro-
logic metastases. Cancer Invest 18: 381-394, 2000

Rosen ST, Aisner J, Makuch RW, Matthews MJ, Thde DC,
Whitacre M, Glatstein EJ, Wiernik PH, Lichter AS, Bunn PA,
Jr.: Carcinomatous leptomeningitis in small cell lung cancer: a
clinicopathologic review of the National Cancer Institute expe-
rience. Medicine (Baltimore) 61: 45-53, 1982

Posner JB: Leptomeningeal Metastases, in Neurologic Compli-
cations of Cancer. FA Davis, Philadelphia, 1995, pp 143-171
Bendell JC, Domchek SM, Burstein HJ, Harris L, Younger J,
Kuter I, Bunnell C, Rue M, Gelman R, Winer E: Central
nervous system metastases in women who receive trastuzumab-
based therapy for metastatic breast carcinoma. Cancer 97: 2972—
2977, 2003

Crivellari D, Pagani O, Veronesi A, Lombardi D, Nole F,
Thurlimann B, Hess D, Borner M, Bauer J, Martinelli G,
Graffeo R, Sessa C, Goldhirsch A: High incidence of central
nervous system involvement in patients with metastatic or locally
advanced breast cancer treated with epirubicin and docetaxel.
Ann Oncol 12: 353-356, 2001

Glass JP, Melamed M, Chernik NL, Posner JB: Malignant cells
in cerebrospinal fluid (CSF): the meaning of a positive CSF
cytology. Neurology 29: 1369-1375, 1979

Gonzalez-Vitale JC, Garcia-Bunuel R: Meningeal carcinomato-
sis. Cancer 37: 2906-2911, 1976

Kokkoris CP: Leptomeningeal carcinomatosis. How does cancer
reach the pia-arachnoid? Cancer 51: 154-160, 1983

Bubendorf L, Schopfer A, Wagner U, Sauter G, Moch H, Willi
N, Gasser TC, Mihatsch MJ: Metastatic patterns of prostate
cancer: an autopsy study of 1,589 patients. Hum Pathol 31: 578—
583, 2000

Geldof AA: Models for cancer skeletal metastasis: a reappraisal
of Batson’s plexus. Anticancer Res 17: 1535-1539, 1997

Boyle R, Thomas M, Adams JH: Diffuse involvement of the
leptomeninges by tumour—a clinical and pathological study of 63
cases. Postgrad Med J 56: 149-158, 1980

Koch D: Spinal metastases of cerebral glioma. Case report.
Neurosurg Rev 19: 201-203, 1996

Norris LK, Grossman SA, Olivi A: Neoplastic meningitis
following surgical resection of isolated cerebellar metastasis: a
potentially preventable complication. J Neurooncol 32: 215-223,
1997

van der Ree TC, Dippel DW, Avezaat CJ, Sillevis Smitt PA,
Vecht CJ, van den Bent MJ: Leptomeningeal metastasis after
surgical resection of brain metastases. J Neurol Neurosurg
Psychiatry 66: 225-227, 1999

Hoang-Xuan K, Napolitano M, Cornu P, Delattre J-Y: Métas-
tases cérébrales et leptoméningées des cancers solides. Encycl
Meéd Chir (Elsevier, Paris), Neurologie: 17-225-A-210, 1999
Wasserstrom WR: Leptomeningeal metastases, In: Wiley RG
(ed) Neurological Complications of Cancer. Dekker, New York,
1995, pp 45-71

Klein P, Haley EC, Wooten GF, VandenBerg SR: Focal cerebral
infarctions associated with perivascular tumor infiltrates in
carcinomatous leptomeningeal metastases. Arch Neurol 46:
1149-1152, 1989

Madow L, Alpers BJ: Encephalitic form of metastatic carci-
noma. AMA Arch Neurol Psychiatry 65: 161-173, 1951

32.

33.

34.

35.

36.

37.

38.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

S1.

52.

95

Hansen K, Gjerris F, Sorensen PS: Absence of hydrocephalus in
spite of impaired cerebrospinal fluid absorption and severe
intracranial hypertension. Acta Neurochir (Wien) 86: 93-97, 1987
Siegal T, Mildworf B, Stein D, Melamed E: Leptomeningeal
metastases: reduction in regional cerebral blood flow and
cognitive impairment. Ann Neurol 17: 100-102, 1985

Hiesiger EM, Picco-Del Bo A, Lipschutz LE, Basler GA, Thaler
HT, Posner JB, Shapiro WR: Experimental meningeal carcino-
matosis selectively depresses local cerebral glucose utilization in
rat brain. Neurology 39: 90-95, 1989

Yap HY, Tashima CK, Blumenschein GR, Eckles N: Diabetes
insipidus and breast cancer. Arch Intern Med 139: 1009-1011,
1979

Houck WA, Olson KB, Horton J: Clinical features of tumor
metastasis to the pituitary. Cancer 26: 656-659, 1970

Marcus FS, Dandolos EM, Friedman MA: Meningeal carcino-
matosis in breast cancer presenting as central hypoventilation: a
case report with a brief review of the literature. Cancer 47: 982—
984, 1981

Miller JW, Klass DW, Mokri B, Okazaki H: Triphasic waves in
cerebral carcinomatosis. Another nonmetabolic cause. Arch
Neurol 43: 1191-1193, 1986

Reuler JB, Meier D: Leptomeningeal carcinomatosis with
normal CSF features. Arch Intern Med 139: 237-238, 1979
Gajjar A, Fouladi M, Walter AW, Thompson SJ, Reardon DA,
Merchant TE, Jenkins JJ, Liu A, Boyett JM, Kun LE, Heideman
RL: Comparison of lumbar and shunt cerebrospinal fluid
specimens for cytologic detection of leptomeningeal disease in
pediatric patients with brain tumors. J Clin Oncol 17: 18251828,
1999

Murray JJ, Greco FA, Wolff SN, Hainsworth JD: Neoplastic
meningitis. Marked variations of cerebrospinal fluid composition
in the absence of extradural block. Am J Med 75: 289-294, 1983
Klee GG, Tallman RD, Goellner JR, Yanagihara T: Elevation of
carcinoembryonic antigen in cerebrospinal fluid among patients
with meningeal carcinomatosis. Mayo Clin Proc 61: 9-13, 1986
Malkin M, Posner JB: Perspectives and commentaries: cerebro-
spinal fluid tumor markers for the diagnosis and management of
leptomeningeal metastases. Eur J Cancer Clin Oncol 22: 387—
392, 1986

Cibas ES, Malkin MG, Posner JB, Melamed MR: Detection of
DNA abnormalities by flow cytometry in cells from cerebrospi-
nal fluid. Am J Clin Pathol 88: 570-577, 1987

Biesterfeld S, Bernhard B, Bamborschke S, Bocking A: DNA
single cell cytometry in lymphocytic pleocytosis of the cerebro-
spinal fluid. Acta Neuropathol (Berl) 86: 428-432, 1993

Dux R, Kindler-Rohrborn A, Annas M, Faustmann P, Lennartz
K, Zimmermann CW: A standardized protocol for flow cyto-
metric analysis of cells isolated from cerebrospinal fluid. J
Neurol Sci 121: 74-78, 1994

Granberg-Ohman IF, Andersson BI, Gupta SK, Lying-Tunell
UM: Chromosome analysis in meningeal carcinomatosis. Acta
Neurol Scand 60: 255-259, 1979

Twinstra A: Leptomeningeal metastases from solid tumors.
EANO V Educational book: 111-115, 2002

Hoon DS, Kuo CT, Wascher RA, Fournier P, Wang HJ, O’Day
SJ: Molecular detection of metastatic melanoma cells in
cerebrospinal fluid in melanoma patients. J Invest Dermatol
117: 375-378, 2001

Tosaka M, Tamura M, Oriuchi N, Horikoshi M, Joshita T,
Sugawara K, Kobayashi S, Kohga H, Yoshida T, Sasaki T:
Cerebrospinal fluid immunocytochemical analysis and neuroi-
maging in the diagnosis of primary leptomeningeal melanoma.
Case report. J Neurosurg 94: 528-532, 2001

Srodon M, Westra WH: Immunohistochemical staining for
thyroid transcription factor-1: a helpful aid in discerning primary
site of tumor origin in patients with brain metastases. Hum
Pathol 33: 642-645, 2002

Schold SC, Wasserstrom WR, Fleisher M, Schwartz MK, Posner
JB: Cerebrospinal fluid biochemical markers of central nervous
system metastases. Ann Neurol 8: 597-604, 1980



96

53.

54.

55.

56.

57.

58.

59.

60.

6l.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Fleisher M, Wasserstrom WR, Schold SC, Schwartz MK, Posner
JB: Lactic dehydrogenase isoenzymes in the cerebrospinal fluid
of patients with systemic cancer. Cancer 47: 2654-2659, 1981
Singh SK, Agris JM, Leeds NE, Ginsberg LE: Intracranial
leptomeningeal metastases: comparison of depiction at FLAIR
and contrast-enhanced MR imaging. Radiology 217: 50-53, 2000
Singh SK, Leeds NE, Ginsberg LE: MR imaging of leptomen-
ingeal metastases: comparison of three sequences. AINR Am J
Neuroradiol 23: 817-821, 2002

Chamberlain MC, Sandy AD, Press GA: Leptomeningeal
metastasis: a comparison of gadolinium-enhanced MR and
contrast-enhanced CT of the brain. Neurology 40: 435-438, 1990
Jaeckle KA, Krol G, Posner JB: Evolution of computed
tomographic abnormalities in leptomeningeal metastases. Ann
Neurol 17: 85-89, 1985

Lee YY, Glass JP, Geoffray A, Wallace S: Cranial computed
tomographic abnormalities in leptomeningeal metastasis. AJR
Am J Roentgenol 143: 1035-1039, 1984

Ascherl GF, Jr., Hilal SK, Brisman R: Computed tomography of
disseminated meningeal and ependymal malignant neoplasms.
Neurology 31: 567-574, 1981

Sze G, Soletsky S, Bronen R, Krol G: MR imaging of the cranial
meninges with emphasis on contrast enhancement and meningeal
carcinomatosis. AJR Am J Roentgenol 153: 1039-1049, 1989
Mason WP, Yeh SD, DeAngelis LM: 111Indium-diethylenetri-
amine pentaacetic acid cerebrospinal fluid flow studies predict
distribution of intrathecally administered chemotherapy and
outcome in patients with leptomeningeal metastases. Neurology
50: 438-444, 1998

Kim KS, Ho SU, Weinberg PE, Lee C: Spinal leptomeningeal
infiltration by systemic cancer: myelographic features. AJR AmJ
Roentgenol 139: 361-365, 1982

Krol G, Sze G, Malkin M, Walker R: MR of cranial and spinal
meningeal carcinomatosis: comparison with CT and myelogra-
phy. AJR Am J Roentgenol 151: 583-588, 1988

Kramer ED, Rafto S, Packer RJ, Zimmerman RA: Comparison
of myelography with CT follow-up versus gadolinium MRI for
subarachnoid metastatic disease in children. Neurology 41: 46—
50, 1991

Sze G, Abramson A, Krol G, Liu D, Amster J, Zimmerman RD,
Deck MD: Gadolinium-DTPA in the evaluation of intradural
extramedullary spinal disease. AJR Am J Roentgenol 150: 911—
921, 1988

Lim V, Sobel DF, Zyroff J: Spinal cord pial metastases: MR
imaging with gadopentetate dimeglumine. AJR Am J Roentge-
nol 155: 1077-1084, 1990

Pedersen AG, Paulson OB, Gyldensted C: Metrizamide myelog-
raphy in patients with small cell carcinoma of the lung suspected
of meningeal carcinomatosis. J Neurooncol 3: 85-89, 1985
Wiener MD, Boyko OB, Friedman HS, Hockenberger B, Oakes
W1J: False-positive spinal MR findings for subarachnoid spread
of primary CNS tumor in postoperative pediatric patients.
AJNR Am J Neuroradiol 11: 1100-1103, 1990

Rippe DJ, Boyko OB, Friedman HS, Oakes W1J, Schold SC, Jr.,
DeLong GR, Meisler WJ: Gd-DTPA-enhanced MR imaging of
leptomeningeal spread of primary intracranial CNS tumor in
children. AJNR Am J Neuroradiol 11: 329-332, 1990
Chamberlain MC: Comparative spine imaging in leptomeningeal
metastases. J Neurooncol 23: 233-238, 1995

Yousem DM, Patrone PM, Grossman RI: Leptomeningeal
metastases: MR evaluation. J Comput Assist Tomogr 14: 255—
261, 1990

Freilich RJ, Krol G, DeAngelis LM: Neuroimaging and
cerebrospinal fluid cytology in the diagnosis of leptomeningeal
metastasis. Ann Neurol 38: 51-57, 1995

DeAngelis LM: Current diagnosis and treatment of leptomen-
ingeal metastasis. J] Neurooncol 38: 245-252, 1998
Chamberlain MC: Neoplastic meningitis: a guide to diagnosis
and treatment. Curr Opin Neurol 13: 641-648, 2000

Rodesch G, Van Bogaert P, Mavroudakis N, Parizel PM, Martin
JJ, Segebarth C, Van Vyve M, Baleriaux D, Hildebrand J:

76.

71.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

9s.

96.

97.

98.

99.

100.

101.

Neuroradiologic findings in leptomeningeal carcinomatosis: the
value interest of gadolinium-enhanced MRI. Neuroradiology 32:
26-32, 1990

Gorson KC, Ropper AH, Muriello MA, Blair R: Prospective
evaluation of MRI lumbosacral nerve root enhancement in acute
Guillain-Barre syndrome. Neurology 47: 813-817, 1996

Joseph VB, Raghuram L, Korah IP, Chacko AG: MR ventric-
ulography for the study of CSF flow. AJNR Am J Neuroradiol
24: 373-381, 2003

Larson SM, Johnston GS, Ommaya AK, Jones AE, Di Chiro G:
The radionuclide ventriculogram. Jama 224: 853-857, 1973

Di Chiro G, Hammock M, Bleyer A: Spinal descent of
cerebrospinal fluid in man. Neurology 26: 1-8, 1976

Lyons MK, Meyer FB: Cerebrospinal fluid physiology and the
management of increased intracranial pressure. Mayo Clin Proc
65: 684-707, 1990

Chamberlain MC: Pediatric leptomeningeal metastasis: 1111n-
DTPA cerebrospinal fluid flow studies. J Child Neurol 9: 150—
154, 1994

Chamberlain MC: Spinal 111Indium-DTPA CSF flow studies in
leptomeningeal metastasis. J Neurooncol 25: 135-141, 1995
Latchaw RE, Gabrielsen TO, Seeger GF: Cerebral angiography
in meningeal sarcomatosis and carcinomatosis. Neuroradiology
8: 131-139, 1974

Cheng TM, O’Neill BP, Scheithauer BW, Piepgras DG: Chronic
meningitis: the role of meningeal or cortical biopsy. Neurosur-
gery 34: 590-595; discussion 596, 1994

Pradat PF, Delattre J-Y: Méningites chroniques. Encycl Méd
Chir (Elsevier, Paris), Neurologie: 17-160-C-130, 113p, 1995
Aichner F, Schuler G: Primary leptomeningeal melanoma.
Diagnosis by ultrastructural cytology of cerebrospinal fluid
and cranial computed tomography. Cancer 50: 1751-1756, 1982
Savitz MH, Anderson PJ: Primary melanoma of the leptome-
ninges: a review. Mt Sinai J Med 41: 774-791, 1974

Silbert SW, Smith KR, Jr., Horenstein S: Primary leptomeningeal
melanoma: an ultrastructural study. Cancer 41: 519-527, 1978
Smith MT, Armbrustmacher VW, Violett TW: Diffuse menin-
geal rhabdomyosarcoma. Cancer 47: 2081-2086, 1981
Machado M, Saleman M, Kaplan RS, Montgomery E:
Expanded role of the cerebrospinal fluid reservoir in neuroon-
cology: indications, causes of revision, and complications.
Neurosurgery 17: 600603, 1985

Obbens EA, Leavens ME, Beal JW, Lee YY: Ommaya reservoirs
in 387 cancer patients: a 15-year experience. Neurology 35: 1274—
1278, 1985

Sundaresan N, Suite ND: Optimal use of the Ommaya reservoir in
clinical oncology. Oncology (Huntingt) 3: 15-22; discussion 23, 1989
Siegal T: Toxicity of treatment for neoplastic meningitis. Curr
Oncol Rep 5: 41-49, 2003

Chamberlain M: Leptomeningeal metastases: a review of eval-
uation and treatment. J Neurooncol 37: 271-284, 1998
Dinndorf PA, Bleyer WA: Management of infectious complica-
tions of intraventricular reservoirs in cancer patientsq: low
incidence and successful treatment without reservoir removal.
Cancer Drug Deliv 4: 105-117, 1987

Siegal T, Pfeffer MR, Steiner I: Antibiotic therapy for infected
Ommaya reservoir systems. Neurosurgery 22: 97-100, 1988
Trump DL, Grossman SA, Thompson G, Murray K: CSF
infections complicating the management of neoplastic meningi-
tis. Clinical features and results of therapy. Arch Intern Med 142:
583-586, 1982

Blasberg RG, Patlak C, Fenstermacher JD: Intrathecal chemo-
therapy: brain tissue profiles after ventriculocisternal perfusion. J
Pharmacol Exp Ther 195: 73-83, 1975

Novak LJ: Radiotherapy of the central nervous system in acute
leukemia. Am J Pediatr Hematol Oncol 11: 87-92, 1989
D’Angio GJ, French LA, Stadlan EM, Kieffer SA: Intrathecal
radioisotopes for the treatment of brain tumors. Clin Neurosurg
15: 288-300, 1968

Doge H, Hliscs R: Intrathecal therapy with 198Au-colloid for
meningosis prophylaxis. Eur J Nucl Med 9: 125-128, 1984



102.

103.

104.

105.

106.

107.

108.

109.

110.

I11.

112.

113.

114.

115.

116.

117.

118.

119.

Metz O, Stoll W, Plenert W: Meningosis prophylaxis with
intrathecal 198Au-colloid and methotrexate in childhood acute
lymphocytic leukemia. Cancer 49: 224-228, 1982

Benjamin JC, Moss T, Moseley RP, Maxwell R, Coakham HB:
Cerebral distribution of immunoconjugate after treatment for
neoplastic meningitis using an intrathecal radiolabeled mono-
clonal antibody. Neurosurgery 25: 253-258, 1989

Moseley RP, Davies AG, Richardson RB, Zalutsky M, Carrell S,
Fabre J, Slack N, Bullimore J, Pizer B, Papanastassiou V, et al.:
Intrathecal administration of 1311 radiolabelled monoclonal
antibody as a treatment for neoplastic meningitis. Br J Cancer
62: 637642, 1990

Kramer K, Cheung NK, Humm JL, Dantis E, Finn R, Yeh SJ,
Antunes NL, Dunkel 1J, Souwedaine M, Larson SM: Targeted
radioimmunotherapy for leptomeningeal cancer using (131)I-
3F8. Med Pediatr Oncol 35: 716-718, 2000

Bleyer WA, Poplack DG, Simon RM: “Concentration x time”
methotrexate via a subcutaneous reservoir: a less toxic regimen
for intraventricular chemotherapy of central nervous system
neoplasms. Blood 51: 835-842, 1978

Bleyer WA, Drake J, Chabner B: Neurotoxicity and elevated
cerebrospinal fluid methotrexate concentration in meningeal
leukemia. N Engl J Med 289: 770-773, 1973

Price R, Jamieson P: The central nervous system in chidhood
leukemia. Sub-acute leukoencephalopathy. Cancer 35: 306-318,
1975

Poplack D, Bleyer WA, Horowitz M: Pharmacology of antineo-
plastic agents in cerebrospinal fluid. 1980

Burch PA, Grossman SA, Reinhard CS: Spinal cord penetration
of intrathecally administered cytarabine and methotrexate: a
quantitative autoradiographic study. J Natl Cancer Inst 80:
1211-1216, 1988

Blaney S, Poplack D, Godwin K, McCully C, Murphy RF, Balis
F: The effect of body position on ventricular cerebrospinal fluid
methotrexate following intralumbar administration. J Clin Oncol
13: 177-179, 1995

Shapiro WR, Young DF, Mehta BM: Methotrexate: distribution
in cerebrospinal fluid after intravenous, ventricular and lumbar
injections. N Engl J Med 293: 161-166, 1975

Chamberlain MC, Khatibi S, Kim JC, Howell SB, Chatelut E,
Kim S: Treatment of leptomeningeal metastasis with intraven-
tricular administration of depot cytarabine (DTC 101). A phase I
study. Arch Neurol 50: 261-264, 1993

Kim S, Chatelut E, Kim JC, Howell SB, Cates C, Kormanik PA,
Chamberlain MC: Extended CSF cytarabine exposure following
intrathecal administration of DTC 101. J Clin Oncol 11: 2186—
2193, 1993

Ettinger L, Chervinsky D, Freeman A, Creaven PJ: Pharmaco-
kinetics of methotrexate following intravenous and intraventric-
ular administration in acute lymphocitic leukemia and non-
Hodgkin’s lymphoma. Cancer 50: 1676-1682, 1982

Trump DL, Grossman SA, Thompson G, Murray K, Wharam
M: Treatment of neoplastic meningitis with intraventricular
thiotepa and methotrexate. Cancer Treat Rep 66: 1549-1551,
1982

Strother DR, Glynn-Barnhart A, Kovnar E, Gregory RE,
Murphy SB: Variability in the disposition of intraventricular
methotrexate: a proposal for rational dosing. J Clin Oncol 7:
1741-1747, 1989

Moser AM, Adamson PC, Gillespie AJ, Poplack DGB, Balis
FM: Intraventricular Concentration times time (CxT) metho-
trexate and cytarabine for patients with recurrent meningeal
leukemia and lymphoma. Cancer 85: 511-556, 1999

Petit T, Dufour P, Korganov AS, Maloisel F, Oberling F:
Continuous intrathecal perfusion of methotrexate for carcino-
matous meningitis with pharmacokinetic studies: two case
studies. Clin Oncol 9: 189-190, 1997

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

97

Adamson PC, Balis FM, Arndt CA, Holcenberg JS, Narang PK,
Murphy RF, Gillespie AJ, Poplack DG: Intrathecal 6-mercap-
topurine: preclinical pharmacology, phase I/II trial, and phar-
macokinetic study. Cancer Res 51: 6079-6083, 1991

Zimm S, Collins JM, Miser J, Chatterji D, Poplack D: Cytosine
arabinoside cerebrospinal fluid kinetics. Clin Pharmacol Therap
35: 826830, 1984

Glantz MJ, Jaeckle KA, Chamberlain MC, Phuphanich S, Recht
L, Swinnen LJ, Maria B, LaFollette S, Schumann GB, Cole BF,
Howell SB: A randomized controlled trial comparing intrathecal
sustained-release cytarabine (DepoCyt) to intrathecal metho-
trexate in patients with neoplastic meningitis from solid tumors.
Clin Cancer Research 5: 3394-3402, 1999

Grossman SA, Finkelstein DM, Ruckdeschel JC, Trump DL,
Moynihan T, Ettinger DS: Randomized prospective comparison
of intraventricular methotrexate and thiotepa in patients with
previously untreated neoplastic meningitis. Eastern Cooperative
Oncology Group. J Clin Oncol 11: 561-569, 1993

Mellett LB: Physicochemical considerations and pharmacoki-
netic behavior in delivery of drugs to the central nervous system.
Cancer Treat Rep 61: 527-531, 1977

Siegal T, Lossos A, Pfeffer MR: Leptomeningeal metastases:
analysis of 31 patients with sustained off-therapy response
following combined-modality therapy. Neurology 44: 1463—
1469, 1994

Boogerd W, Hart AA, van der Sande JJ, Engelsman E:
Meningeal carcinomatosis in breast cancer.

Prognostic factors and influence of treatment. Cancer 67: 1685~
1695, 1991

Grant R, Naylor B, Greenberg HS, Junck L: Clinical outcome in
aggressively treated meningeal carcinomatosis. Arch Neurol 51:
457-461, 1994

Fizazi K, Asselain B, Vincent-Salomon A, Jouve M, Dieras V,
Palangie T, Beuzeboc P, Dorval T, Pouillart P: Meningeal
carcinomatosis in patients with breast carcinoma. Clinical
features, prognostic factors, and results of a high-dose intrathe-
cal methotrexate regimen. Cancer 77: 1315-1323, 1996
Bokstein F, Lossos A, Siegal T: Leptomeningeal metastases from
solid tumors: a comparison of two prospective series treated with
and without intra-cerebrospinal fluid chemotherapy. Cancer 82:
1756-1763, 1998

Bokstein F, Lossos A, Siegal T: Leptomeningeal metastases in
solid tumors: exclusion of intra-CSF chemotherapy does not
affect treatment outcome. Comparison of two prospective series.
Neurology 48(Suppl 2):A35, 1997

Siegal T: Leptomeningeal metastases: rationale for systemic
chemotherapy or what is the role of intra-CSF-chemotherapy?
J Neurooncol 38: 151-157, 1998

Chamberlain MC, Kormanik P: Carcinoma meningitis second-
ary to non-small cell lung cancer: combined modality therapy.
Arch Neurol 55: 506-512, 1998

Donehower R, Karp J, Burke P: Pharmacology and toxicity of
high-dose cytarabine by 72-hour continuous infusion. Cancer
Treat Rep 70: 1059-1065, 1986

Morra E, Lazzarino M, Brusamolino E, Pagnucco G, Castagn-
ola C, Bernasconi P, Orlandi E, Corso A, Santagostino A,
Bernasconi C: The role of systemic high-dose cytarabine in the
treatment of central nervous system leukemia. Clinical results in
46 patients. Cancer 72: 439-445, 1993

Slevin ML, Piall EM, Aherne GW, Harvey VJ, Johnston A,
Lister TA: Effect of dose and schedule on pharmacokinetics of
high-dose cytosine arabinoside in plasma and cerebrospinal fluid.
J Clin Oncol 1: 546-551, 1983

Ozdogan M, Samur M, Bozcuk HS, Sagtas E, Yildiz M, Artac M,
Savas B: Durable remission of leptomeningeal metastasis of breast
cancer with letrozole: a case report and implications of biomarkers
on treatment selection. Jpn J Clin Oncol 33: 229-231, 2003



98

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

Boogerd W, Dorresteijn LD, van Der Sande JJ, de Gast GC,
Bruning PF: Response of leptomeningeal metastases from breast
cancer to hormonal therapy. Neurology 55: 117-119, 2000
Zovickian J, Youle RJ: Efficacy of intrathecal immunotoxin
therapy in an animal model of leptomeningeal neoplasia. J
Neurosurg 68: 767-774, 1988

Friedman HS: Temozolomide in early stages of newly diagnosed
malignant glioma and neoplastic meningitis. Semin Oncol 27:
35-40, 2000

Berg SL, Balis FM, Zimm S, Murphy RF, Holcenberg J, Sato J,
Reaman G, Steinherz P, Gillespie A, Doherty K, et al.: Phase I/II
trial and pharmacokinetics of intrathecal diaziquone in refrac-
tory meningeal malignancies. J Clin Oncol 10: 143-148, 1992
Blaney S, Balis F, Murphy RF, Arndt CA, Gillepsie A, Poplack
DG: A phase I study of intrathecal mafosfamide (MF) in
patients with refractory meningeal malignancies. (Abstract 274).
Proc Am Soc Clin Oncol 11: 113, 1992

Levin VA, Chamberlain M, Silver P, Rodriguez L, Prados M:
Phase I/II study of intraventricular and intrathecal ACNU for
leptomeningeal neoplasia. Cancer Chemother Pharmacol 23:
301-307, 1989

List J, Moser RP, Steuer M, Loudon WG, Blacklock JB, Grimm
EA: Cytokine responses to intraventricular injection of interleu-
kin 2 into patients with leptomeningeal carcinomatosis: rapid
induction of tumor necrosis factor alpha, interleukin 1 beta,
interleukin 6, gamma-interferon, and soluble interleukin 2
receptor (Mr 55,000 protein). Cancer Res 52: 1123-1128, 1992
Balis FM, Poplack DG: Central nervous system pharmacology of
antileukemic drugs. Am J Pediatr Hematol Oncol 11: 74-86, 1989
Strong JM, Collins JM, Lester C, Poplack DG: Pharmacokinet-
ics of intraventricular and intravenous N,N’,N”-triethylenethi-
ophosphoramide (thiotepa) in rhesus monkeys and humans.
Cancer Res 46: 6101-6104, 1986

Witham TF, Fukui MB, Meltzer CC, Burns R, Kondziolka D,
Bozik ME: Survival of patients with high grade glioma treated
with intrathecal thiotriethylenephosphoramide for ependymal or
leptomeningeal gliomatosis. Cancer 86: 1347-1353, 1999

Chen YM, Chen MC, Tsai CM, Perng RP: Intrathecal gemcitabine
chemotherapy for non-small cell lung cancer patients with menin-
geal carcinomatosis—a case report. Lung Cancer 40: 99-101, 2003
Cokgor 1, Friedman AH, Friedman HS: Current options for the
treatment of neoplastic meningitis. J] Neurooncol 60: 79-88, 2002
Blaney SM, Heideman R, Berg S, Adamson P, Gillespie A,
Geyer JR, Packer R, Matthay K, Jaeckle K, Cole D, Kuttesch N,
Poplack DG, Balis FM: Phase I clinical trial of intrathecal
topotecan in patients with neoplastic meningitis. J Clin Oncol 21:
143-147, 2003

Oldfield EH, Ram Z, Chiang Y, Blaese RM: Intrathecal gene
therapy for the treatment of leptomeningeal carcinomatosis. GTI
0108. A phase I/II study. Hum Gene Ther 6: 55-85, 1995
Rosenfeld MR, Bergman I, Schramm L, Griffin JA, Kaplitt MG,
Meneses PI: Adeno-associated viral vector gene transfer into
leptomeningeal xenografts. J Neurooncol 34: 139-144, 1997
Viola JJ, Ram Z, Walbridge S, Oshiro EM, Trapnell B, Tao-
Cheng JH, Oldfield EH: Adenovirally mediated gene transfer
into experimental solid brain tumors and leptomeningeal cancer
cells. J Neurosurg 82: 70-76, 1995

Brown MT, Coleman RE, Friedman AH, Friedman HS,
McLendon RE, Reiman R, Felsberg CJ, Tien RD, Bigner SH,
Zalutsky MR, Zhao XG, Wikstrand CJ, Pegram CN, Herndon
JEn, Vick NA, Paleologos N, Frederiks RK, Schold SCJ, Bigner
DD: Intrathecal 131 I-labeled antitenascin monoclonal antibody
81C6 treatment of patients with leptomeningeal neoplasms or
primary brain tumor resection cavities with subarachnoid
communication: phase I trial results. Clin Cancer Res 2: 963—
972, 1996

Cokgor I, Akabani G, Friedman HS, Friedman AH, Zatusky
MR, Zehngebot LM, Provenzale JM, Guy CD, Wikstrand CJ:
Long term response in a patient with neoplastic meningitis
secondary to melnoma treated with (131) I-radiolabeled anti-

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

chondroitin proteoglycan sulfate Mel-14 F(ab’) (2): a case study.
Cancer 91: 1809-1813, 2001

Archer GE, Sampson JH, Lorimer IA, McLendon RE, Kuan
CT, Friedman AH, Friedman HS, Pastan IH, Bigner DD:
Regional treatment of epidermal growth factor receptor vIII-
expressing neoplastic meningitis with a single-chain immunotox-
in, MR-I. Clin Cancer Research 5: 2646-2652, 1999

Bigner DD, Archer GE, McLendon RE, Friedman HS, Fuchs
HE, Pai LH, Herndon JEn, Pastan IH: Efficacy of compart-
mental administration of immunotoxin LMB-1 (B3-LysPE38) in
a rat model of carcinomatous meningitis. Clin Cancer Res 1:
1545-1555, 1995

Reijneveld JC, Taphoorn MJ, Kerckhaert OA, Drixler TA,
Boogerd W, Voest EE: Angiostatin prolongs the survival of
mice with leptomeningeal metastases. Eur J Clin Invest 33: 76—
81, 2003

Brandsma D, Reijneveld JC, Taphoorn MJ, de Boer HC, Gebbink
MF, Ulfman LH, Zwaginga JJ, Voest EE: Vascular cell adhesion
molecule-1 is a key adhesion molecule in melanoma cell adhesion
to the leptomeninges. Lab Invest 82: 1493-1502, 2002

Laufman LR, Forsthoefel KF: Use of intrathecal trastuzumab in
a patient with carcinomatous meningitis. Clin Breast Cancer 2:
235, 2001

Robins HI, Liu G, Hayes L, Mehta M: Trastuzumab for breast
cancer-related carcinomatous meningitis. Clin Breast Cancer 2:
316, 2002

Renbarger J, Aleksic A, McGuffey L, Dauser R, Berg S, Blaney
S: Plasma and cerebrospinal fluid pharmacokinetics of SU5416
after intravenous administration in nonhuman primates. Cancer
Chemother Pharmacol 53: 39-42, 2004

Lashfford LS, Davies AG, Richardson RB, Bourne SP, Bulli-
more JA, Eckert H, Kemshead JT, Coakham HB: A pilot study
of 1311 monoclonal antibodies in the therapy of leptomeningeal
tumors. Cancer 61: 857-868, 1988

Moseley RP, Benjamin JC, Ashpole RD, Sulli #132;van NM,
Bullimore JA, Coakham HB, Kemshead JT: Carcinomatous
meningitis: antibody-guided therapy with 1-131 HMFGI. J
Neurol Neurosurg Psychiatry 54: 260-265, 1991

Hisanaga M, Kawai S, Maekawa M, Hattori Y, Kotoh K:
[Neoplastic aneurysms due to cerebral metastasis of choriocar-
cinoma. Report of two cases]. Neurol Med Chir (Tokyo) 28:
398-403, 1988

Kemshead JT, Papanastassiou V, Coakham HB, Pizer BL:
Monoclonal antibodies in the treatment of central nervous
system malignancies. Eur J Cancer 28: 511-513, 1992
Myklebust AT, Godal A, Fodstad O: Targeted therapy with
immunotoxins in a nude rat model for leptomeningeal growth of
human small cell lung cancer. Cancer Res 54: 2146-2150, 1994
Johnson VG, Wrobel C, Wilson D, Zovickian J, Greenfield L,
Oldfield EH, Youle R: Improved tumor-specific immunotoxins
in the treatment of CNS and leptomeningeal neoplasia. J
Neurosurg 70: 240-248, 1989

Hall WA, Fodstad O: Immunotoxins and central nervous system
neoplasia. J Neurosurg 76: 1-12, 1992

Youle RJ: Immunotoxins for central nervous system malignancy.
Semin Cancer Biol 7: 65-70, 1996

Laske DW, Muraszko KM, Oldfield EH, de Vroom HL, Sung C,
Dedrick RL, Simon TR, Colandrea J, Copeland C, Katz D,
Greenfield L, Groves ES, Houston LL, Youle RJ: Intraventric-
ular immunotoxin therapy for leptomeningeal neoplasia. Neu-
rosurgery 41: 1039-1049; discussion 1049-1051, 1997

Glantz MJ, LaFollette S, Jaeckle K: Randomized trial of a slow-
release versus a standard formulation of cytarabine for the
intrathecal treatment of lymphomatous meningitis. J Clin Oncol
17: 3110-3116, 1999

Liaw CC, Ng KT, Huang JS, Wang CH, Kiu MC, Lai GM:
Meningeal carcinomatosis from solid tumors: clinical analysis of
42 cases. J Formos Med Assoc 91: 299-303, 1992

Ongerboer de Visser BW, Somers R, Nooyen WH, van Heerde
P, Hart AA, McVie JG: Intraventricular methotrexate therapy of



174.

175.

176.

177.

178.

leptomeningeal metastasis from breast carcinoma. Neurology 33:
1565-1572, 1983

Yap HY, Yap BS, Rasmussen S, Levens ME, Hortobagyi GN,
Blumenschein GR: Treatment for meningeal carcinomatosis in
breast cancer. Cancer 50: 219-222, 1982

Sause WT, Crowley J, Eyre HJ, Rivkin SE, Pugh RP, Quagliana
JM, Taylor SA, Molnar B: Whole brain irradiation and
intrathecal methotrexate in the treatment of solid tumor lepto-
meningeal metastases—a Southwest Oncology Group study. J
Neurooncol 6: 107-112, 1988

Schabet M, Kloeter I, Adam T, Heidemann E, Wietholter H:
Diagnosis and treatment of meningeal carcinomatosis in ten
patients with breast cancer. Eur Neurol 25: 403411, 1986
Pfeffer MR, Wygoda M, Siegal T: Leptomeningeal metastases—
treatment results in 98 consecutive patients. Isr J Med Sci 24:
611-618, 1988

Nakagawa H, Murasawa A, Kubo S, Nakajima S, Nakajima Y,
Izumoto S, Hayakawa T: Diagnosis and treatment of patients
with meningeal carcinomatosis. J Neurooncol 13: 8§1-89, 1992

179.

180.

181.

182.

99

Chamberlain MC, Kormanik PA: Prognostic significance of
111indium-DTPA CSF flow studies in leptomeningeal metasta-
ses. Neurology 46: 1674-1677, 1996

Chamberlain MC, Kormanik PA: Prognostic significance of
coexistent bulky metastatic central nervous system disease in
patients with leptomeningeal metastases. Arch Neurol 54: 1364
1368, 1997

Grossman SA, Trump DL, Chen DC, Thompson G, Camargo
EE: Cerebrospinal fluid flow abnormalities in patients with
neoplastic meningitis. An evaluation using 11lindium-DTPA
ventriculography. Am J Med 73: 641-647, 1982

Grant R, Naylor B, Junck L, Greenberg HS: Clinical outcome in
aggressively treated meningeal gliomatosis. Neurology 42: 252—
254, 1992

Address for offprints: Pr Jean-Yves Delattre, Fédération de Neurologie,
Batiment Mazarin, Groupe hospitalier Pitié-Salpétriere, 47-83 bd de
I’'Hopital, 75013 Paris, France; Tel.: +33-1-4216-0385; Fax: +33-1-
4216-0418; E-mail: jean-yves.delattre(@psl.ap-hop-paris.fr



