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INTRODUCTION

Leptomeningeal metastases are an increasingly important complication
of systemic malignancy. Historically, leptomeningeal dissemination was
detected in the setting of widespread systemic tumor progression and heralded
the terminal phase of a patient's tumor. However, as current solid tumor
therapies have improved, it is becoming more common to encounter isolated
leptomeningeal progression in a patient with a quiescent systemic tumor.
Furthermore, as cancer patients are surviving longer, the incidence of
leptomeningeal metastases appears to be increasing, particularly in solid
tumor types not previously associated with leptomeningeal spread such as
ovarian and colorectal cancer. Therefore, it is critical to have a complete
understanding of the disease process and therapeutic options in order to
optimize the management of patients with leptomeningeal tumor. Select
patients who are managed aggressively can have prolonged survival with
preservation of neurologic function and quality of life.

Optimal management of leptomeningeal metastasis requires a multi-
disciplinary approach. This book draws on the expertise of neurosurgeons,
medical oncologists, neurologists, neuro-oncologists, pediatric oncologists
and radiation oncologists. As a result, this book provides an excellent
overview of this disease process from the anatomy and physiology of the
cerebrospinal fluid compartment to the scope and impact of this complication
in specific malignancies. Current treatment options, both symptomatic and
therapeutic, as well as new approaches to treatment are carefully reviewed.
As it is clear that better therapies are desperately needed for this patient
population, therapies in development and future research directions are the
focus of the last chapter.
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Chapter 1

ANATOMY AND PHYSIOLOGY OF THE
LEPTOMENINGES AND CSF SPACE

Neil Barshes, MD,1 Alexis Demopoulos, MD,2 Herbert H. Engelhard, MD, PhD1

lThe University of Illinois at Chicago, Chicago, IL 60612;2Memorial Sloan-Kettering Cancer
Center, 1275 York Avenue, New York, NY 10021

Abstract: The arachnoid membrane and pia mater are the two membranous layers
that comprise the leptomeninges. Cerebrospinal fluid is made within the
ventricular system by cells of the choroid plexus and ependyma. This
chapter describes in detail the normal anatomic structure and physiologic
interactions of the cerebrospinal fluid and leptomeningeal space that are
critical to our understanding and treatment of leptomeningeal metastases.

Key words: Arachnoid; pia mater; leptomeninges; cerebrospinal fluid.

1. INTRODUCTION

The term leptomeninges refers to the inner two of the three membranous
layers which envelop the brain: the arachnoid membrane and the pia mater.
The prefix lepto-, denoting "fine" or "thin" in Greek, contrasts the
properties of these two layers from the "thick" or /?ac/rymeningeal layer
called the dura mater.1

Whereas the dura mater and pia mater have been described since the time
of the Egyptians some 3000 years ago, the arachnoid mater was not clearly
distinguished as a separate layer until the work of the Dutch anatomist
Gerardus Blaes in 1666.2 The term arachnoid was applied by the Dutch
anatomist Frederick Ruysch (1638-1731), the name roughly meaning
"spider-like" and referring to the web-like structure of this layer.3 Axel Key
and Gustaf Retzius4 made a landmark contribution to the anatomy of these
layers with their 1875 publication Studien in der Anatomie des Nervensystem
und des Bindegewebes. The understanding of these layers has progressed
even further with the development of electron microscopy and other modern
research techniques.
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2. EMBRYOLOGY OF THE LEPTOMENINGES

The leptomeninges are formed from both mesenchymal and neural crest
cells, which surround the neural tube during development5'6'7. This formation
begins at the 22 to 24 day stage of development, as the neural folds are
beginning to fuse dorsally to form a tube-like structure. At this time, a thin
monolayer of cells derived from the neural crest surrounds the developing
neural tube. Between gestational days 24 and 40, mesenchymal cells migrate
inward to surround first the developing spinal cord and soon after the
developing brain. By gestational day 40 these cells are recognizable as a
layer referred to as the meninx primitiva, or primary meninx.5

Two components form this primary meninx: a thin inner
ectomesenchyme, which combines with the neural crest elements to form the
endomeninx; and an external layer of ordinary mesenchyme which forms the
ectomeninx. 8'5'7'6 The endomeninx will form the leptomeninges while the
ectomeninx will form the dura mater5'8. Between days 34-48 the inner
endomeninx becomes more loosely arranged while the outer ectomeninx
becomes more compact.5

Between gestational days 45-55 the loosely arranged endomeninx
surrounds and envelops the blood vessels which are forming on the surface
of the developing brain and spinal cord.5'9 By this stage of development the
denticulate ligaments are well-formed. Cavitations within the ectomeninx
also appear at this stage, initiating the development of the subarachnoid
space. By gestational day 50 these spaces enlarge to form cisterns, and dural
sinuses begin to develop in the ectomeninx layer.5 The production of
cerebrospinal fluid (CSF) by the tela choroidea is initiated in the fifth week
of gestational development.10 The pia and dura may be recognized as
separate layers at approximately day 50. The arachnoid layer may not be
recognizable as a separate layer until late fetal life or early postnatal life.7

2.1 Gross anatomy of the cerebral and spinal
leptomeninges

The cerebral leptomeninges are anchored to the skull via their attachment
to the dura mater.11'5 A number of CSF cisterns in the subarachnoid space
have been described.11'1'12 A summary of important features of these cisterns
is listed in Table 1.



1. Anatomy and Physiology

Table 1: Major CSF cisterns and contents [adapted from ' ]
Cistern
Superior
cerebellopontine
Inferior
cerebellopontine
prepontine cistern
ci sterna magna
Interpeduncular
cistern

crural cistern
chiasmatic cistern
carotid cistern

Sylvian
lamina terminalis
cistern

Quadrigeminal
cistern

ambient cistern

Arteries
AICA

vertebral, PICA

basilar, AICA, SCA
PICA, PSA, choroidal
bifurcation of basilar,
PCA, SCA, choroidal,
thalamogeniculate
AChorA, MedPostChorA
ACA
ICA, AChorA and
PCommA, proximal
opthalmic
MCA
ACA, ACommA,
Heubner's, hypothalamic,
fronto-orbital
post pericallosal, SCA
(3rd portion)

PCA, SCA, quadrigeminal

Cranial Nerves
V, VII-VIII

IX-XII

VI
—
Ill

-
II and chiasm

-

IV

IV

Other
—

choroid plexus,
olivary eminence
-
roots of C1,C2
mammillary body,
medial cms cerebri

~
hypophyseal stalk

insular gyri

lateral cms cerebri
Abbreviations: Al /A2= lst/2nd segment of Anterior Cerebral Artery; ACA= Anterior Cerebral
Artery; AChorA= Anterior Choroidal Artery; ACommA= Anterior Communicating Artery;
ACommV= Anterior Communicating Vein; AICA= Anterior Inferior Cerebellar Artery; ICA=
Internal Carotid Artery; MCA= Middle Cerebral Artery; MCV= Middle Cerebral Vein;
MedPostChorA= Medial Posterior Choroidal Vein; Pl-P3= 1st through 3rd segments of
Posterior Cerebral Artery; PCA= Posterior Cerebral Artery; PCommA= Posterior
Communicating Artery; PICA= Posterior Inferior Cerebellar Artery; PSA= Posterior Spinal
Artery; SCA= Superior Cerebral Artery.

The arrangement of the layers of the spinal leptomeninges differs
significantly from that of the cerebral leptomeninges because of the presence
of an actual epidural space in the spine. The epidural space is found caudal
to the attachment of the dura to the foramen magnum13 and contains the
epidural veins, lymphatics, and adipose tissue.5

Attachment of the pia to the arachnoid in the spine is not accomplished
by the random arrangement of arachnoid trabeculae, as in the cranium.
Rather, there is a regular arrangement of septae. The longitudinal midline
dorsal septum is one of these septae. It is a condensation of arachnoid,
which extends from the dorsal midline arachnoid, encloses the mid-dorsal
vein, and attaches to the subadjacent pia. In cases where the middorsal vein
is tortuous, the midline dorsal septum is tortuous as well, following the vein
in its contours. This midline dorsal septum extends from mid-cervical levels
to upper lumbar levels; rostral and caudal to these levels the septum becomes
progressively more fenestrated until it is no longer recognizable.14
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The dorsolateral septae are paired attachments of arachnoid which
extend from the dorsal root entry zone, envelop the dorsal rootlets and then
follow the rootlets laterally. This attachment continues into the root sleeve,
where it may distinguish the dorsal rootlets from the ventral rootlets, the
latter having no arachnoid covering. The dorsolateral septae are most
obvious at thoracic and low cervical levels.14

Midway between the dorsal root entry zone and the ventral roots exists a
lateral condensation of pia mater referred to as the dentate or denticulate
ligament {dentate meaning "sawlike" in Greek). The pial cells of the dentate
ligament surround thick collagen bundles. These bundles blend with the
subpial collagen surrounding the spinal cord medially while laterally, the
dentate attaches to the collagenous dura.15 The dentate ligaments occur at
regular intervals and generally extend rostrally from the entry of the vertebral
artery into the subarachnoid space to the caudal T12/L1 area.14

The pial covering of the anterior spinal artery forms an irregular
longitudinal band referred to as the linea spendens. This condensation of pia
mater does not attach to the arachnoid.13'14 The conus medullaris gives rise to
a thin ligamentous extension of pia covered by arachnoid cells. This
extension is referred to as the filum terminale internum (or simply filum
terminale). A segment of the filum terminale attaches and passes through the
caudal-most segment of dura, which in turn is attached to the coccyx; after
passing through the dura it is referred to as the filum terminale externum.lhh5

2.2 The fine structure of the arachnoid membrane
Ultramicroscopic examination of the arachnoid has revealed two

components making up this layer: an outer layer, often referred to as the
arachnoid barrier cell layer, and an inner layer, often referred to as the
arachnoid trabeculae (Fig. 1).
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arachnoid layers
trebeculae

blood vessel

Figure 1. The fine structure of the arachnoid membrane.

The arachnoid barrier cell layer is a layer of two to three tiers of flattened
cells. These cells have a large, oval- to spindle-shaped nucleus, multiple
cytoplasmic processes, scant mitochondria, small rough endoplasmic
reticulum and a poorly developed Gogli apparatus.5'16'17 These cells are
located under the dural border cell layer of the dura mater. A basement
membrane underlies the arachnoid barrier cell layer and separates this layer
from the underlying subarachnoid space.5
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The presence of junctional complexes is an important characteristic of
the arachnoid barrier cell layer. Numerous zonulae occludens (tight
junctions), zonulae adherens, and macula adherens (desmosomes) are found
interconnecting cells of this layer. These connections function as the
meningeal barrier, which excludes proteins and other large molecules from
diffusing from the blood to the CSF in the subarachnoid space.5'18'17 The
function of this barrier may be demonstrated by the intravascular
introduction of dyes: the dye will stain the dura but not the underlying
meningeal layers, the CSF, or the brain parenchyma.17

Occasional intercellular connections (viz. desmosomes) also exist
between the cells of the arachnoid barrier cell layer in the cranium and the
overlying dura. In contrast, intercellular connections between the cells of the
dural layers are infrequent. The lack of these intercellular junctions may
explain why extravasated blood collects then not in a "potential" subdural
space as implied by many textbooks, but in reality, in an intradural location
(i.e. between fine layers of the dura).5 A final interconnection of note exists
between the cells of the arachnoid barrier cell layer and the underlying
arachnoid trabecular cells. The trabecular cells penetrate the basement
membrane to attach to the arachnoid barrier cell via desmosomes.5 The
subarachnoid trabeculae cells are found below the arachnoid barrier cell
layer traversing the subarachnoid space as thin, web-like chordae. The
arachnoid trabeculae cells are more loosely arranged and more flat in
appearance than the arachnoid barrier cells. The cells of the trabecular layer
also have smaller nuclei, abundant mitochondria, and well-developed Golgi
apparatuses and rough endoplasmic reticulum16. Extracellular collagen fibrils
are found outside of the cells in this layer.17

As mentioned previously, tight junctions are often present in the
intercellular connection between cells of the arachnoid barrier and trabecular
layers.5'18. Gap junctions often connect cells within the arachnoid trabecular
layer. The extensive gap junctions allow the arachnoid cells to function
together to allow the passage of small molecules from cell to cell.18

2.3 The fine structure of the pia mater
The cells of the pia mater are modified fibroblasts similar to the cells of

the arachnoid membrane. Their morphology is often undistinguishable from
that of the arachnoid cells.18'19 The pial layer varies in thickness from one to
three cells thick.17 In the cauda equina the pia may be fenestrated20 leaving
the basement membrane of the underlying glial limitans of the parenchyma
exposed to the subarachnoid space.18
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Two layers of the spinal pia were distinguished by Key and Retzius
(1875); this distinction has only rarely been referred to by subsequent
authors. The outer component has been called the epipial6 or intermediate
leptomeningeal layer15 which is a vascular layer present only in the spinal
cord. It covers the collagenous core of the denticulate ligament laterally and
composes the linea splendens anteriorly.6 The intimal layer of pia is an
avascular layer found in both the spinal cord (as the inner component) and
the brain. In contrast to the overlying epipial layer, it is adherent to the brain
and spinal cord throughout all its contours. Blood vessels pierce the intimal
pia as they pass into the brain or spinal cord.15'6 It has been proposed that the
vascular epipial layer represents the contribution of mesenchyme to the pia
while the avascular intimal layer represents the contribution of the neural
crest.6

A subpial space of variable thickness exists between the pia and the
basement membrane of the glial limitans (outer glial layer of the brain and
spinal cord). This space contains collagen fibrils.19 Pial cells are often joined
to arachnoid trabecular cells with desmosomes.5

2.4 Blood vessels in the subarachnoid space
Blood vessels in the subarachnoid space travel along the outer surface of

this space, often suspended from the overlying trabecular layer by chordae
composed of arachnoid trabecula cells.20 It had been previously thought that
the pia mater follows the arteries and arterioles for some short distance as
they descend into the brain parenchyma. The perivascular space between the
descending vessel and the pia, often referred to as the Virchow-Robin space,
was thought to communicate with the subarachnoid space. Scanning electron
microscopy, however, has revealed that the pia actually surrounds the vessel
as it travels through the subarachnoid space but does not accompany the
vessel as it descends into the brain parenchyma. Instead, the pia surrounding
the vessel spreads out over the pia which is covering the surface of the brain,
effectively occluding the perivascular space from the subarachnoid space20

(Fig. 2). Thus the Virchow-Robin space communicates with the brain
extracellular space rather than the subarachnoid space.

A layer of smooth muscle and extracellular matrix separates the pia from
the endothelial cells.18 Similar to the arachnoid cells of the barrier layer, the
endothelial cells are interconnected by tight junctions.17
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pia
smooth muscle
endothelial cell

* blood vessel lumen

Figure 2. Blood vessels in the subarachnoid space.

2.5 Ependyma
Ependymal cells are found as a monolayer which lines the third and

fourth ventricles and the central canal of the spinal cord. Their cell
morphology varies, ranging from squamous to cuboid to columnar. Another
characteristic is their many cilia. These cilia are associated with a basal body
and microtubules with the "9+2" arrangement typical of cilia elsewhere. The
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nucleus of the cell is oval and regular with an eccentric nucleolus.
Organelles such as Golgi and mitochondria are often found in the apical
portion of the cell. Ependymal cells are interconnected with fascia
adherentes (extensive forms of zonulae adherentes) and gap junctions [19].

The primary function of the ependyma may be movement of the CSF
caused by beating of the cilia. These cells may also be responsible for
trapping foreign cells or microorganisms, and in regenerating ependymal
cells. Ependymal cells in the third ventricle may be involved in signaling or
transporting molecules to the adenohypophysis.18

2.6 Tanycytes and macrophages
Tanycytes are found in clusters in the walls of the third ventricle and

cerebral aqueduct, in the floor of the fourth ventricle, and in the cervical
spinal canal. Clusters of tanycytes are often associated with
circumventricular organs, namely the median eminence, the area postrema,
the subcommissural organ, and the pineal gland.18

In contrast to the ependymal cells, tanycytes have many microvilli and
few cilia. Their nuclei are denser and more elongated than those of the
ependymal cells. These cells have three portions: 1) a somatic portion, 2) a
neck portion, and 3) a tail portion. The somatic portion is the segment of the
cell which rests in the ependymal layer; this section has many lateral
cytoplasmic processes. The neck is the portion of the cell which extends into
the periventricular neuropil to contact blood vessels. The tail portion
features processes with end-feet which course through the hypothalamus to
contact fenestrated blood vessels or pial surfaces.21 The connection that the
tanycyte makes between the ventricle and the capillary has led some to
conjecture that the tanycyte functions in the transport of hypophysiotropic
hormones. However the research supporting this may be inconclusive.

Fixed macrophages are also present in the arachnoid border layer - these
cells are sometimes referred to as Kolmer or epiplexus cells when associated
with the choroid plexus. They contain many membrane-bound inclusions
and variable vacuoles; they lack cytoplasmic processes.18

2.7 Choroid plexus
The term choroid plexus is most commonly used to refer to the

ependymal-derived epithelium which lines the roof of the third and fourth
ventricles and the lateral walls of the lateral ventricles. Originally, however,
the term choroid plexus referred only to the vasculature underlying this
epithelium, while the term tela choroidea was used to refer to the choroid
plexus vasculature and the overlying epithelium together.18 Development of
the choroid plexus begins as pia. Blood vessels invade the wall of the
ventricles, creating folds covered by pseudostratified columnar epithelium.
These folds lobulate and eventually the cells become cuboidal-to-squamous
in morphology.
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The cells feature pale, round central nuclei and apical mitochondria. The
luminal surface is lined with both irregular, tightly-packed microvilli and
irregular cilia with a "9+2" arrangement of microfilaments. Choroid
epithelial cells are joined together with "leaky" tight junctions similar to
those found in the gallbladder. Underneath the superficial monolayer of
choroidal cells, occasional immature cells can be found. These cells have
been shown to take up tritiated thymidine. In primates, renewal of the entire
monolayer of choroid has been estimated to occur every one to three years.19

The underlying vasculature of the choroid plexus is notable for its
fenestrated, thin-walled, relatively large-diameter capillaries. The arterial
supply to the choroid plexus of the lateral ventricles is supplied via the
anterior and posterior choroidal arteries; the anterior is a segment directly
derived from the internal carotid while the posterior is a branch of the
posterior cerebral artery. The choroid plexus of the third ventricle is supplied
by choroidal branches of the posterior cerebral artery, while the choroid
plexus of the fourth ventricle is supplied by the posterior inferior cerebellar
artery with possible supplementation from the anterior inferior cerebellar
artery and the internal auditory artery. The thalamostriate and internal
cerebral veins drain the majority of the blood from the choroid plexus of the
lateral and third ventricles; most of the blood from the choroid plexus of the
fourth ventricle is drained by the basal vein of Rosenthal.22 The choroid
plexus has a rich autonomic innervation supplied by the cervical sympathetic
chain and the vagus.21

2.8 Arachnoid villi and granulations
Arachnoid granulations were first illustrated by Vesalius who observed

their imprint on the inner surface of the skull. Pacchioni described the
structures, but mistakenly thought that they were lymph nodes which
irrigated the meninges. Faivre is accredited with correctly proposing that the
granulations serve to drain CSF.2

These leptomeningeal structures are often thought of as one-way valves
from the CSF compartment to the venous compartment. They are commonly
called arachnoid villi when microscopic or arachnoid granulations when
macroscopic. The name Pacchionian granulation has been used to refer to
large, elaborate arachnoid granulations in horses and in man.23

Harvey Cushing, in his 1901 Mutter lecture, proposed that the arachnoid
villi functioned as one-way valves similar to the valves in the lymphatic
system (i.e. an "open" system). At the same time, L.H. Weed, a researcher in
the Hunterian labs, found no structures which resembled valves upon light
microscopic examination of the villi. He found only an intact membrane
covering the villi, and proposed that transcellular transportation occurred via
pinocytosis (i.e. a "closed" system).24
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The advent of electron microscopy led to re-examination of the
functional anatomy of the arachnoid villi and helped establish the fact that
micropinocytosis does indeed contribute to the unidirectional flow of
CSF.25'26 The presence of unidirectional valves has been found in monkeys
and there is some evidence that widened intercellular gaps contribute to the
unidirectional flow of CSF in humans as well.27 However, the question of
whether the system is "open" or "closed" (or a combination) remains to be
answered definitively.

2.9 The cerebral spinal fluid space
The CSF circulates between the ventricles within the brain and a series of

cisterns and spaces outside the brain and spinal cord. While the ventricles
are lined with ependymal cells, the cisterns and spaces outside the brain are
lined with arachnoid and pial cells.

The paired lateral ventricles are often divided into five sections. From
anterior to posterior these sections are: 1) the anterior (frontal) horn, 2) the
body, 3) the atrium (trigone), 4) the posterior (occipital) horn, and 5) the
inferior (temporal) horn. As stated above, the medial walls of the lateral
ventricles are lined with choroid plexus. Interestingly, while the central
nervous system contains approximately 130 mL of CSF, only some 18 mL
are contained in the lateral ventricles.

The third ventricle, only a few milliliters in volume, is a midline cavity
whose roof is lined with choroid plexus. The interthalamic adhesion is a
solid structure which traverses the cavity. Numerous recesses are present in
the third ventricle. Among them are the optic, infundibular, pineal, and
suprapineal recess.1'11

The fourth ventricle is located between the cerebellum, the pons, and the
medulla. It is shaped like a rhomboid with paired lateral recesses found at its
widest portion. The inferior half of the roof of the fourth ventricle, referred
to as the inferior medullary velum, is lined with choroid plexus11'1

A number of CSF cisterns in the subarachnoid space have been
described.1'11'12

3. PRODUCTION AND COMPOSITION OF
THE CEREBROSPINAL FLUID

A major advance in localizing the site of CSF production was made by
Dandy in 1919 when he completed a crucial experiment by stenosing both
foramina of Monroe and performing a unilateral choroid plexectomy in a
single dog. After the observing that the ventricle without choroid plexus
collapsed, while the opposite ventricle expanded greatly, it was initially
thought that the sole source of CSF was localized to the choroid plexus [29].
Currently it is believed that while the choroid plexus is an important site of
CSF production, other significant sources exist. They include the ependyma
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and the brain parenchyma.21 Indeed, it has been estimated that approximately
30% of CSF is produced by the ependyma.28

The CSF is not simply a protein-free dialysate of the plasma, but rather a
true secretion requiring energy for its production. The secretion of CSF is
dependent upon the active transport of sodium which is performed by a
choroid epithelial sodium-potassium activated ATPase. The in vivo inhibition
of choroid plexus fluid formation by ouabain, an inhibitor of this ATPase,
supports the idea that CSF is a secretion. This ATPase and other transport
enzymes are responsible for the transport of other ions and micronutrients
into the CSF. Small amounts of protein are transported into the CSF mainly
by pinocytosis. The fact that the CSF is isosmotic in comparison to the
plasma suggests that water freely equilibrates between the two fluid
compartments.21 The composition of CSF compared to that of plasma is
presented in Table 2.

Table 2: Normal Composition of Cerebrospinal Fluid and Serum (adapted
from21)

Osmolarity (mOsm/L)
Water content (%)
Sodium (mEq/L)
Potassium (mEq/L)
Chloride (mEq/L)
Bicarbonate (mEq/L)
Phosphorus (mg/dL)
Calcium (mEq/L)
Magnesium (mEq/L)
Iron (g/dL)
Urea (mmol/dL)
Creatinine (mg/dL)
Uric acid (mg/dL)
CO2 tension (mmHg)
PH
Oxygen (mmHg)
Glucose (mg/dL)
Lactate (mEq/L)
Pyruvate (mEq/L)
Lactaterpyruvate ratio
Proteins (gm/dL)

CSF

295
99
138
2.8
119
22.0
1.6
2.1
2.3
1.5
4.7
1.2
0.25
47.0
7.33
43.0
60.0
1.6
0.08
26.0
0.035

Serum
(arterial)

295
93
138
4.5
102
24.0
4.0
4.8
1.7
15.0
5.4
1.8
5.50
41.0
7.41
104.0
90.0
1.0
0.11
17.6
7.0
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3,1 Pulsatile movement and circulation of the CSF
Until Cushing's paper The Third Circulation in 1925, most had ascribed

to the idea that CSF moved with an "ebb and flow" movement, an idea begun
by Magendie 100 years before.28 Modern radiological techniques confirmed
the notion that the CSF does indeed circulate.29'30'31 CSF formed in the
lateral ventricles flows into the third ventricle via the paired interventricular
foramina of Monroe. The fluid then flows from the third ventricle to the
fourth ventricle via the cerebral aqueduct (Aqueduct of Sylvius) then out of
the fourth ventricle and into the cisterna magna via the paired lateral
apertures (foramina of Luschka) and the unpaired median aperture (the
foramen of Magendie).1

Many different routes are possible once the CSF fluid has reached the
cisterna magna. The fluid may travel: (1) superiorly toward the cerebellar
hemispheres to the ambient cistern; (2) anterosuperiorly toward the
interpeduncular and interchiasmatic cisterns; (2) anteriorly toward the
premedullary, prepontine, and cerebellopontine cisterns; or (4) inferiorly
toward the spinal subarachnoid space. CSF in the spinal subarachnoid space
posterior to the spinal cord and dentate ligaments is directed in the caudal
direction. The fluid may reach as far caudal as the lumbar thecal sac before
it circulates anteriorly to the ventral spinal subarachnoid space. The overall
direction of fluid ventral to the spinal cord is in the cephalad direction;
therefore, returning the CSF to the basilar cisterns.28

Several mechanisms have been proposed to account for the circulation of
the CSF. Perhaps the smallest contribution is from the outpouring of new
CSF and the ciliary beating of the ventricular ependyma. The pressure
gradient across the arachnoid villi also contributes to the bulk flow of CSF
via the creation of a pressure gradient. The mean CSF pressure in the brain is
150 mm saline while the pressure in the superior sagittal sinus is 90 mm
saline.28 The flow of CSF is also propagated by the cardiac cycle. The
pulsation of the arterial system transmits pulsations to the brain parenchyma,
the choroid plexus, and the large arteries at the skull base.31 The volumetric
displacement of the CSF increases with low diastolic pressure and low
systolic pressure.

The amplitude of the CSF pulsations is also affected by: 1) the
respiratory cycle, 2) the resistance to outflow created by the arachnoid villi,
3) the mean intracranial pressure, and 4) the compliance of the cranial and
spinal cord cavities.22'31 Pulsations of 10-30 mm H2O and 20-30 mm H2O in
amplitude are seen at particular points in the respiratory and cardiac cycles,
respectively, with isovolumetric measurements in the lumbar CSF.22 The
amplitude of pulsations decreases as one proceeds caudally along the
neuraxis; i.e., the amplitude of pulsations in the cisterna magna is 50 mm
H2O while that of the lumbar fluid is 30 mm H2O.21
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The pulsation of the third ventricle was initially thought to represent a
"CSF pump", i.e., that the expansion of the brain parenchyma during systole
was thought to compress the third ventricle, forcing CSF out via through the
cerebral aqueduct with each heart beat. However, more recent radiographic
studies in humans have shown that pulsations throughout the neuraxis lead to
the "pumping" of CSF and that various areas of the brain and spinal cord
provide varying contributions to the pumping activity. Duboulay et al
showed that an average of 0.1 mL CSF was displaced from the third ventricle
during each systole; in comparison to 1.0 mL in the basal cisterns and 0.64
mL in the cisterna magna.29

3.2 CSF absorption
The majority of the CSF produced appears to be absorbed across the

arachnoid villi and into the venous circulation. Other routes of absorption
exist, however, including the ependyma, the leptomeninges, and the
lymphatics of the spine.28 The driving forces for absorption of CSF have
been attributed to the gradients in both hydrostatic and colloid osmotic
pressures, which exist between the protein-free CSF in the arachnoid villi
and the venous spaces. However, if the absorption of CSF does indeed occur
across an intact membrane {i.e. a "closed" system ~ see above) the
contribution of colloid osmotic pressure in the net flow of CSF across the
villi would be less likely.28

3.3 CSF function
As one of its functions, the CSF does act to support and cushion elements

of the central nervous system (CNS). Considering the difference in specific
gravity between the brain and the cerebrospinal fluid (1.040 from the brain
vs. 1.007 for the CSF), the CSF acts to lessen the apparent weight of the
brain to approximately 4% of its mass.11

Yet consistent with the complex mechanisms for its circulation,
formation and absorption, the function of CSF appears to be more complex
than simply that of acting as a "cushion" to protect the brain. The CSF
appears have a function at least partially analogous to that of the lymphatics
in other organs ~ namely, removing fat-soluble and toxic substances from
the brain's extracellular fluid (ECF). Many fat-insoluble molecules are also
removed from the brain ECF by the circulation of the CSF including urea,
albumin, homovanillic acid, and norepinephrine.28

The "internal milieu" of the brain (i.e. the brain's ECF) may be regulated
to a large part by the CSF. This regulation occurs by exclusion of large and
polar molecules from the CSF and also by modification of the CSF by
capillary-glial complexes, epithelia, and neurons themselves.21 Finally, the
CSF may function as a mechanism of intracerebral transport for biogenic
amines which initiate the secretion of pituitary hormone release factors.
Tanyctes appear to have a role in this function.28
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LEPTOMENINGEAL NEOPLASIA:
EPIDEMIOLOGY, CLINICAL
PRESENTATION, CSF ANALYSIS AND
DIAGNOSTIC IMAGING

Roelien H. Enting, M.D.
University Hospital Groningen, The Netherlands

Abstract: The incidence of leptomeningeal metastasis over the past several
decades has increased among solid tumor patients and decerased in
patients with hematologic malignancies. Improvements in systemic
therapies are likely responsible for both changes; solid tumor patients
are living longer and, threfore, are at higher risk to develop
leptomeningeal tumors while patients with hematologic malignancy
have benefitted from more aggressive central nervous system
prophylaxis. Regardless, both types of patients present with
symptoms referrable to multiple levels of the central nervous system
and a careful dignostic approach incorporating cerebrospinal fluid
studies and appropriate neuroimaging is critical.

Key words: Leptomeningeal metastases; clinical features; diagnosis; CSF cytology;
neuroimaging

1. INTRODUCTION

Historically, leptomeningeal metastases (LM) were often diagnosed at
autopsy; however, autopsy results vary widely depending on institution
and whether or not the spinal cord was examined.1 Among 2375 autopsies
of patients with cancer, leptomeningeal metastases occurred in 8%, and in
3% tumor was limited to the leptomeninges. The highest rates of LM
without other central nervous system (CNS) metastases were seen in acute
lymphocytic leukemia, non-Hodgkin's lymphoma, breast cancer,
melanoma, acute myelogenous leukemia, lung, and gastrointestinal cancer
(listed in decreasing order of frequency).1 Cancer patients with
neurological signs at multiple levels of the neuraxis, or with neurological
symptoms attributable to the leptomeningeal space, e.g., an isolated
cranial neuropathy, should be suspected to have leptomeningeal
metastases.2'3'4 Since these symptoms might also be explained by
epidural, dural or parenchymatous metastases, or non-cancer related
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causes, the work-up should begin with neuroimaging.3 The first choice is a
magnetic resonance image (MRI); the combination of non-enhanced
FLAIR and contrast-enhanced Tl -weighted image has proved to be
optimal.5'6 The next step should be a lumbar puncture in order to examine
the cerebrospinal fluid for pathologic cells. The sensitivity of cytology is
far from optimal, but the specificity is estimated to be greater than
95%.7'8'9 Patients may be diagnosed with LM when one of the following
criteria is met: 1) a positive cerebrospinal fluid cytology; 2) a positive LM
biopsy, 3) a positive MRI in a patient with a clinical syndrome compatible
with the diagnosis, or 4) abnormal CSF biochemical markers consistent
with LM.10 Since different definitions of LM have been used in the
literature, it may be difficult to evaluate the sensitivity and specificity of
the various procedures used to diagnose LM.

2. STAGING AND CLASSIFICATION

LM may arise at any time during the course of cancer. In up to 30% of
patients, LM is the first presentation of cancer.7'11"14 However, the majority
of patients will have widespread disease when LM is diagnosed.14"17 In a
report from a cytopathology laboratory, LM was the initial presentation of
cancer in 11% of 200 specimens in which malignant cells were identified.
Among patients with LM as their first presentation, the distribution of the
underlying neoplasms was as follows; 2% of patients with leukemia or
lymphoma, 18% of patients with lung cancer, 8% of patients with
melanoma, 71% of patients with unknown primary, and 50% of patients
with primary brain tumors. No patient with breast cancer presented with
LM.7 A small subset of patients with a known history of cancer develop
LM as an isolated site of recurrence without evidence of simultaneous
systemic relapse.1'10'14'18"21 LM was seen in conjunction with other CNS
metastases (brain parenchymal, dural or epidural), in-one third of patients
in a clinical series, and two-thirds of patients in an autopsy study.1'3

Classifications have been developed for the extent of LM in leukemia,
lymphoma, and medulloblastoma, but different research groups use
different criteria.22"28 In the pediatric literature, controversy exists
regarding the significance of blasts detected in CSF without pleocytosis.
Therefore, CNS status in leukemic patients is usually categorized as one
of the following; CNS-1, nontraumatic puncture without leukemic blasts
after cytocentrifugation; CNS-2, nontraumatic puncture, <5 WBC/|jL with
identifiable blasts; CNS-3, nontraumatic puncture, >5 WBC/|iL with
identifiable blasts; TLP+, traumatic puncture with blasts; TLP-, traumatic
puncture without blasts.22'23 The threshold to diagnose CNS involvement
in acute myelogenous leukemia (AML) also differs between research
groups. To some, any blast cells in the CSF is sufficient for the diagnosis,
whereas others use a threshold of 5 or 10 WBC/|il. Furthermore, some
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consider the presence of cranial neuropathy as sufficient for the diagnosis
of LM.24 The criteria for LM in non-Hodgkin's lymphoma is blasts in the
CSF, or the presence of a cranial neuropathy.25'27"29 The criteria for LM in
medulloblastoma are shown in Table 1.

Table 1. Chang classification of tumor and metastasis stage for medulloblastoma
M stage
MO No gross subarachnoid or hematogenous metastasis
Ml Microscopic tumor cells found in CSF
M2 Gross nodular seeding in cerebellum, cerebral subarachnoid space, or in third or

fourth ventricle
M3 Gross nodular seeding in spinal subarachnoid space
M4 Extraneuraxial metastasis

3. INCIDENCE

The observed incidence of LM from solid tumors appears to be
increasing for a variety of reasons. First, cytologic methods of diagnosis
have improved. Second, as patients with cancer continue to live longer,
this complication has more time to develop. Third, improvements in
imaging may contribute to the increasing incidence.30 On the other hand,
intrathecal prophylaxis has caused LM to become less common in patients
with leukemia and non-Hodgkin's lymphoma.1'3 Therefore, the data
concerning the incidence of LM will be considered separately for solid
tumors, hematological malignancies, or primary CNS tumors.

4. SOLID TUMORS

In patients autopsied between 1970-1976 at Memorial Sloan-Kettering
Cancer Center, LM was seen as the sole intracranial metastasis in 5% of
patients with melanoma, 3% of patients with breast cancer, 1% of patients
with lung cancer, gastrointestinal cancer or sarcoma.31'32 Current
epidemiologic studies suggest that 3-8% of solid tumor patients will
develop LM during the course of their illness.33'35 In particular, patients
with breast cancer, melanoma and small cell lung cancer are at high risk
of LM dissemination. In a series of 122 patients with advanced
melanoma, 11% of patients had clinical signs of LM, and in a subset of
patients who underwent autopsy, 52% had meningeal infiltration often
with concomitant brain metastases.32 LM was documented in 11% of 526
patients with small cell lung cancer treated at the National Cancer Institute
between 1969 and 1980; the probability of developing LM increased with
survival from 0.5% at diagnosis to 25% at three years. LM was seen in
26% of autopsies.14
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5. HEMATOLOGICAL MALIGNANCIES

Approximately 10-30% of patients with acute leukemia will have LM
dissemination at diagnosis; children, particularly those younger than two
years and patients with AML are at highest risk.36"39 However, aggressive
combined modality treatment with disease-specific CNS prophylaxis has
dramatically decreased the risk of LM relapse to less than 5%.22 A notable
exception is acute promyelocytic leukemia where the rate of LM relapse
has increased since the incorporation of all trans-retinoic acid in routine
maintenance therapy.4041 LM dissemination is rarely seen in patients with
CLL, CML or multiple myeloma.42'43'44

The risk of LM ranges between 5% and 30% in all NHL subtypes, with
a cumulative risk of LM at four years of 17%. Overall, LM is observed in
<3% of indolent lymphomas, 5% of aggressive lymphomas (diffuse large
B-cell and peripheral T-cell lymphomas) and 24% of Burkitt's and
lymphoblastic lymphomas.43'46'47'52'53 The analysis of risk factors for LM in
NHL is limited by differences in the definition criteria and retrospective
nature of reported studies. Nevertheless, several variables including
advanced disease, increased serum levels of lactate dehydrogenase, certain
extranodal sites of disease, and highly aggressive lymphoma histologies
have been associated with an increased risk for CNS recurrence in NHL.

Nearly 5% of patients with large B-cell lymphoma develop LM, with
an actuarial risk at one year after diagnosis of 4.5%. This risk can be
reduced to <2% if patients are treated with chemotherapy that includes
intrathecal and systemic HD-MTX.48'49'50 In 20% of cases, LM recurrence
is concurrent with early systemic progression but, in 30% of cases, it
precedes systemic progression by up to six months and isolated LM
recurrence has been observed in 5% of patients with aggressive
lymphomas treated without intrathecal chemotherapy. While testicular
lymphoma has been noted to have a high rate of CNS relapse, most
patients have isolated parenchymal brain relapse or parenchymal brain
relapse with LM.51

6. PRIMARY CENTRAL NERVOUS SYSTEM
TUMORS

Leptomeningeal dissemination of primary CNS tumors is relatively
rare, but is clinically relevant for patients with medulloblastoma, primary
CNS lymphomas and germ cell tumors. Twenty-five (50%) of patients
with medulloblastoma will have evidence of LM dissemination at
diagnosis; this is a critical factor in determining appropriate therapy and
overall prognosis.57'58'59 Approximately 25-30% of patients with primary
central nervous system lymphoma (PCNSL) have LM dissemination at
diagnosis. This should suggest the need for IT therapy and may portend a
poor outcome.54 Fewer than 10% of other primary CNS tumors, such as
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glioma56 and ependymoma55, may seed the CSF space resulting in dropped
metastases and discontiguous neurologic signs or symptoms. Of note,
neuroimaging may be more sensitive than CSF cytology in the detection
of dropped metastases from glioma or ependymoma.56

7. CLINICAL FEATURES

Patients typically present with multi-focal symptoms and signs related
to different levels of the neuraxis (Table 2).1'360'63 Frequent cerebral signs
or symptoms include headache, change in mental status, nausea and
vomiting, or seizures. Common spinal complaints, e.g. weakness,
paresthesias in one or more extremities, back pain, radicular pain, and
bladder or bowel dysfunction; associated findings include asymmetries of
deep tendon reflexes, nuchal rigidity or pain on straight leg raising. The
most common cranial nerve complaints are diplopia, facial numbness,
hearing loss, and loss of visual acuity.(3)

Table 2. A summary of symptoms and / or signs of LM (n=799)

Reference 2 19 15 14 64 3 49 65 16 66 12 33 67 10 11 34
N 50 25 33 60 105 90 38 44 90 63 34 35 126 32 45 19
Cancer type S, H S S S H S H S, H H S,H S S S S S, H S

Ccerebral
Headache
Altered
mental status
Dizziness
Nausea or
vomiting
Seizures
Ataxic gait

Cranial
nerves
III, IV, VI
VII
VIII
II
V
XII

Spinal
Lower motor
weakness
Paresthesias
Radicular pain
Back / neck
Pain
Bowel / bladder
dysfunction

40
38
24

14
12

8
10
78

46
42
30
14
12
8
40

22

10
12
18

2

64
52
48

24
32

8
ns
52

44
24
24
ns
ns
ns
28

28

ns
ns
16

20

ns
39
54

ns
12

3
36
ns

39
30
3
ns
18
ns
ns

34

ns
ns
ns

ns

68
10
60

2
3

0
3
18

7
10
2
3
2
3
67

57

10
ns
18

20

ns
31
29

ns
16

3
5
50

26
14
5
4
8
ns
ns

22

ns
ns
20

7

50
33
17

2
11

6
13
56

20
17
10
6
6
6
82

38

34
21
26

13

ns
29
21

ns
18

8
ns
60

47
21
ns
ns
ns
ns
ns

29

8
ns
2

ns

ns
48
23

7
16

9
25
ns

ns
ns
ns
ns
ns
ns
ns

36

20
ns
32

4

ns
23
42

ns
ns

3
ns
36

19
18
1
1
8
4
44

ns

ns
ns
ns

ns

ns
32
63

ns
ns

14
22
49

ns
ns
ns
ns
ns
ns
ns

38

ns
ns
76

19

ns
65
15

ns
21

12
ns
ns

41
26
59
44
6
15
ns

9

41
9
47

9

ns
ns
6

ns
ns

9
9
31

29
ns
ns
ns
ns
ns
ns

9

ns
ns
ns

ns

ns
51
26

ns
34

18
20
ns

29
10
7
19
6
5
ns

34

ns
ns
37

ns

ns
32
3

ns
ns

ns
16
28

22
6
ns
ns
ns
ns
25

Ns

ns
ns
ns

ns

36
ns
ns

ns
ns

ns
ns
44

ns
ns
ns
ns
ns
ns
47

ns

ns
ns
ns

ns

ns
79
53

ns
ns

26
16
ns

33
7
13
0
0
0
ns

37

ns
ns
ns

16
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8. CSF ANALYSIS
CSF analysis is the gold standard for the diagnosis of LM. Most

authors agree that in the absence of large posterior fossa lesions, lesions
completely obstructing the flow of CSF, or lesions causing severe mass
effect and evidence of herniation, no contraindication exists to performing
a lumbar puncture.61 The CSF is abnormal in nearly all patients, but many
abnormalities are non-specific (Table 3). 2>3>12'15'19'49'65"67

Table 3. CSF findings initial lumbar puncture (n=491)
Reference
Cancer type
N =
Elevated
pressure
Elevated cells
Elevated protein
Decreased
glucose
Positive
cytology
Normal

2
S,H
47
57%

57%
74%
40%

45%

0%

15
S
28
36%

68%
86%
64%

86%

ns

3
S
90
50%

57%
81%
31%

54%

3%

49
H
34
ns

94%
85%
Ns

79%

ns

19
S
25
ns

ns
68%
44%

92%

ns

65
S,H
44
70%

ns
80%
55%

75%

ns

66
S, H
63
ns

74%
61%
47%

71%

ns

12
S
34
26%

94%
85%
38%

94%

0%

67
S
126
ns

79%
86%
56%

75%

0%
S, solid cancer; H, hematological malignancies; ns, not stated

CSF biochemical markers including lactate dehydrogenase-5 (LDH-
5), carcinoembryonic antigen (CEA), (32-microglobulin, soluble CD27, or
(3-glucuronidase are non-specific but may be used to support the diagnosis
of LM. In contrast, CSF cytology is highly specific; false-positive results
are rare and both intra and inter observer variation is minimal.7'68 The
major drawback of CSF cytology is the low sensitivity.3'8 The initial CSF
is positive in 45 to 94% and this rate may increase to more than 80%
when the procedure is repeated (Table ^ M A I C I W W M M U S J ^ ^ I

Table 4. CSF pathology in repeated lumbar punctures (% positive findings) (N=874)

Ref.

15
66
19
76
34
12
34
2
8
82
33
67
70
16
71
10
11
3

Definition of LM

positive cytology
positive cytology
positive cytology
positive cytology
positive cytology
positive cytology
Histologically proven
Histologically proven
Histologically proven
Histologically proven
Histologically proven
Histologically proven
Positive cytology/exclusion
Histologically proven/exclusion
Positive cytology or MRI
Positive cytology or exclusion
Histologically proven/exclusion
Positive cytology/exclusion

Cancer
type
S
S,H
S
S
S
S
S
S,H
S, H,P
S, H
S
S
S
H
S, H
S
S, H
S

Initial
CSF
85%
71%
92%
91%
89%
94%
ns
45%
ns
63%
91%
75%
59%
ns
57%
66%
67%
54%

2nd
CSF
ns
92%
100%
98%
100%
ns
ns
64%
ns
78%
97%
92%
71%
81%
72%
78%
ns
84%

3rd
CSF
ns
ns

100%

ns
ns
72%
ns
88%
nd
94%
79%
85%
74%
81%
ns
86%

All CSF
samples
100%
100%

100%
59%
75%
59%
88%

nd
90%

nd
nd
84%
87%
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S, solid cancer; H, hematological malignancy; P, primary brain tumor; ns, not stated; nd,
not done;

Four hypothesized sources of false-negative results were examined in
39 untreated patients prospectively: volume error, site error, handling
error, and sampling frequency error. The false-negative rate for 7.0 mL
samples was estimated at 10%, and for 10.5 mL samples at 3%.
Significantly larger than expected false-negative rates were observed
when CSF was obtained from a location remote from the site of clinical or
radiological disease (i.e., lumbar fluid in the setting of cranial signs or
symptoms, or ventricular fluid in the setting of spinal signs or symptoms).
The false-negative error rate after a 48-hour delay in processing was 36%.
From this study it was concluded that the initial diagnosis of LM is
established most reliably when a volume of 10.5 mL is processed, with
CSF obtained near the site of clinical or radiological disease, when
processing is not delayed (and therefore not at night, or over the
weekend). The question of how many samplings are necessary is a much
debated issue, but in general, very high yields are obtained after two
samplings, and little additional benefit was gained by subsequent
sampling.9 The shedding of malignant cells into the CSF most likely
occurs intermittently; therefore, a single CSF specimen, no matter how
large, expeditiously handled, or appropriately obtained from a
symptomatic site, may fail to capture malignant cells.9 It has been found
that within 90 minutes, 90% of cells are lysed when CSF is kept at room
temperature.72

Newer laboratory techniques utilizing monoclonal antibodies, flow
cytometry, polymerase chain reaction for clonal immunoglobulin gene
rearrangement, fluorescent in situ hybridization (FISH) for aberrant
numbers of chromosome copies, and immunohistochemical techniques are
available for diagnosis, and may be helpful in patients strongly suspected
of having LM.62'73 Flow cytometry allows detection of an abnormal
population in samples with little cellularity that otherwise might have
been not detected when morphologic examination alone was used. Flow
cytometry appears especially useful for the diagnosis of lymphoma or
leukemia in CSF which may be difficult because of the presence of
normal or reactive lymphocytes, or by scant cells in the sample. The major
drawback is that approximately 5% of samples cannot be analyzed
because of too few cells.74 Among 21 samples that revealed
lymphomatous involvement of the CSF, 57% were diagnosed by both
cytology and flow cytometry, and 43% by flow cytometry alone
suggesting an improved sensitivity.41

Immunohistochemical analysis of the first sample of CSF using tumor
specific monoclonal antibodies showed very few patients where the
immunohistochemical analysis was positive when the cytology was
negative, but the converse was often observed. Therefore, this technique is
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not useful as a screening test, but may be helpful when cytology fails in a
patient who is strongly suspected of having LM.75"77 Preliminary reports
have suggested that special techniques may increase the yield of
immunohistochemistry.78 Polymerase chain reaction (PCR)-based
monitoring allows detection of small numbers of malignant cells not
detectable with conventional techniques. PCR may be useful for early
detection of CNS relapse in ALL or lymphoma or for negative cytology
samples.79"81 However, sensitivity and specificity of these techniques have
not yet been thoroughly studied.

9. DIAGNOSTIC IMAGING

Contrast-enhanced MRI reveals abnormalities in up to 80% of patients
with LM, but the specificity of abnormal MRI findings is not
optimal.5'6'71'88"91 Neuroimaging findings are more likely to be abnormal
in patients with solid tumors (90-100%) than in those with hematological
malignancies (40-55%).88'89

MRI findings often yield complimentary CSF cytology and diagnostic
information (Table 5). As LP may result in meningeal enhancement,
patients suspected of LM should undergo neuroimaging prior to LP. MRI
scans that show clear leptomeningeal or subependymal enhancement in
either the brain (indicated by enhancement extending into the sulci of the
cerebral hemispheres or into the folia of the cerebellum), spinal cord, or
cauda equina can be considered diagnostic of LM in the appropriate
clinical context. Scans with dural enhancement (focal or diffuse
enhancement over the convexity of the brain surface but not extending
into sulci), superficial cerebral lesions in close proximity to the
subarachnoid space or within sulci, enhancement of cranial nerves, or
communicating hydrocephalus should suggest the possibility of LM.88

Alternatively, the categories of 'positive' and 'suggestive' are taken
together.71 An MRI fluid-attenuated inversion-recovery (FLAIR) image
demonstrating abnormally high signal intensity in the cisterns, ventricles,
sulci, or any pial surface is also consistent with the diagnosis of LM. A
comparison of available MRI found that unenhanced FLAIR images had a
sensitivity of 12%, contrast-enhanced FLAIR images had a sensitivity of
41%, and contrast-enhanced Tl-weighted images had a sensitivity of
59%; the combined overall sensitivity is 65%.56

Table 5, MRI vs CSF cytology findings

Study
Ref.
59
71
89

% Patients
with LM based
on CSF, MRI or both

32%
77%
73%

Positive
CSF cytology
35%
19%
43%

Positive
MRI
26%
26%
25%

Both
positive
38%
55%
32%
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A gadolinium enhanced MRI is positive in approximately half of
patients with LMD. In one series, 57% were positive at multiple levels;
the cervical spine was involved in 38%, the thoracic spine in 54% and the
lumbar spine in 89%. The enhancement pattern was diffuse in 53%,
nodular in 37% and combined in 10%. The MRI was positive in 49% of
patients without symptoms suggestive of spinal involvement, and in 84%
of patients with spinal signs or symptoms. In the latter group, 42% had
MRI abnormalities only at the clinically suspected level, and the
remaining patients had abnormalities at additional levels as well. The high
rate of involvement of the lower spinal column may justify an enhanced-
only MRI study of the lumbar spine as an efficient screen for LM in the
high risk patient with negative cytology and no localized findings.92

In summary, cancer patients with LM dissemination present with
signs or symptoms that may be attributed to multiple levels of the
neuraxis. A contrast-enhanced MRI of the symptomatic level is the first
step to exclude parenchymatous, dural, skull base or epidural metastases
and to look for radiographic evidence of LM. A contrast-enhanced MRI of
the lumbar spine may also be a useful screening procedure. The next step
is a lumbar puncture for CSF cytology. A large CSF volume, preferably
10 mL, should be rapidly processed by the pathology laboratory. If
cytology is negative, a second sample should be taken. The sensitivity of
the procedure may be increased by using additional techniques, including
flow cytometry, or immunohistochemistry. Additional lumbar punctures,
or alternatively, a cisternal puncture may be considered to improve
diagnostic yield.
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LEPTOMENINGEALMETASTASES FROM
SOLID TUMORS (MENINGEAL
CARCINOMATOSIS)

Michiko Kimura Bruno, M.D., Jeffrey Raizer, M.D.
Northwestern University, 710 North Lake Shore Drive, Chicago, III.

Abstract: Leptomeningeal metastases (LM) are increasingly recognized as a
devastating complication of solid tumors. Improved treatment of primary
malignancy and advances in diagnostic imaging have led to an apparent
increase in the number of patients diagnosed with LM. Unfortunately,
therapeutic options remain limited. Radiotherapy is used to treat bulky
tumor and provide symptomatic relief. Intrathecal chemotherapy benefits
a selected subset of patients. The challenge to the future is to delineate the
molecular mechanisms underlying LM and to develop novel therapeutic or
prophylactic modalities to combat LM.

Key Words: Leptomeningeal metastases; breast cancer; lung cancer; solid tumors;
intrathecal chemotherapy

1. INTRODUCTION

Leptomeningeal metastases (LM) from solid tumors remain a difficult
complication for oncologists and neurologists due to the high incidence of
neurological morbidity and mortality. Early detection of LM is important for
both prognostic and therapeutic reasons. LM was first recognized by
Eberth35 and felt to be a rare complication of solid tumors; recently, its
incidence appears to be increasing.33'55'90 One reason for this increase is that
most chemotherapeutic agents or regimens for systemic malignancies do not
penetrate the blood-brain barrier (BBB) to any significant degree; therefore,
malignant cells within the nervous system may proliferate despite patients
having a systemic response or remission of their cancer.12'40 Secondly,
awareness of this complication and the ability of magnetic resonance
imaging (MRI) to diagnose LM have also lead to earlier diagnosis and
contributed to the increased incidence.
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EPIDEMIOLOGY

The incidence of LM among all cancer patients is as high as 8%. 51'90

However, no recent studies have re-evaluated the overall incidence. Autopsy
data show that 19% of all cancer patients develop LM, 40% of whom had a
negative cerebrospinal fluid (CSF) cytology prior to death.51'91

LM from solid tumors typically occurs with advanced stage disease when
patients have diffuse systemic metastases. Twenty percent of patients have
isolated LM while approximately 30% of patients with LM have concomitant
brain or epidural metastases.85'134 In large cancer centers, LM was found to
be the initial manifestation of cancer in 6-21% of patients.9'85'134

Any solid tumor can metastasize to the leptomeninges; however,
melanoma, lung, and breast cancer have the highest predilection for the
leptomeninges. Cancers that are less likely to metastasize to the
leptomeninges include squamous cell cancers of the head and neck, ovarian
cancer and thyroid cancer (Table 1).

Table I: Frequency of LM by solid tumor type
85,134

Cancer

Breast

Lung:

Small-Cell

Non-small cell

Melanoma

GU

GI

Head/Neck

Unknown primary

Other

Frequency

51.0%

7.1 %

17.0%

13.0%

4.8 %

1.6%

1.6%

2.4 %

1.6%

The incidence of LM in patients with small cell lung cancer is between
9-25%.3'5'8'99 The incidence appears to increase with length of survival from
0.5% at cancer diagnosis to 25% after three years." Aroney et al reported
that 42 % of patients who relapsed after initial treatment did so in the
leptomeninges; this being the only site of relapse in 27 %.5 For patients with
small cell lung cancer and limited stage disease, prophylactic cranial
radiotherapy (RT) is recommended to prevent brain metastases;6 however,
this does not prevent leptomeningeal spread.6'8 Although the exact incidence
of LM among patients with non-small cell lung cancer has not been reported,
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it is estimated that LM from non-small cell lung cancer comprises 10 to 19 %
ofallLM.9'85134

The incidence of LM from breast cancer is between 2-8 % and is usually
associated with concurrent brain or epidural metastasis.51'60'122'137 Patients
who are estrogen-receptor negative have a higher incidence of LM.34

The incidence of LM from melanoma is about 23%.4 The exact
incidence in genitourinary (GU) cancers (renal, bladder and prostate) is not
reported but 6 % of all LM patients have GU malignancies, and the incidence
rate may be increasing.12'32'74'115'134 Gastrointestinal (GI) cancers were once
believed to be a major cause of LM but are now rarely encountered.38 LM
from gynecological cancers (ovarian, cervical, and fallopian tube
adenocarcinoma) and head and neck cancers are also seen.1'7'95'128 Rare solid
tumors that metastasize to the leptomeninges include thyroid cancer,10

retinoblastoma,55 neuroblastoma,65 neuroendocrine tumors,36 carcinoid,79

sarcoma,62'134 and squamous cell of the skin or larynx.11'120'140

3. PATHOPHYSIOLOGY

There are multiple mechanisms by which tumor cells can disseminate
into the subarachnoid spaces. Once the tumor cells gain access to the CSF,
there is direct communication with the entire subarachnoid space. Tumor
cells are carried by bulk flow, with most deposits occurring at the base of the
skull or spine.

Tumor cells can hematogenously spread to involve the brain parenchyma
or choroid plexus. Once implanted they may rupture seeding the
leptomeninges with micrometastases. However, not all patients have
concomitant CNS or choroid plexus metastases suggesting that there must be
other mechanisms. Detailed pathological review has failed to demonstrate
tumor cells within the lumen of the leptomeningeal arterial vasculature;
therefore, hematogenous spread through leptomeningeal arteries is unlikely.65

In leukemia, malignant cells enter the subarachnoid space via thin-walled
microscopic veins in the arachnoid membrane and seed the meninges.92

Malignant cells also extend into the Virchow-Robin space. Similar
mechanisms may also hold true for solid tumors.

Direct extension is a second mechanism by which invasion into the
subarachnoid space occurs. This can occur by paravertebral spread along the
cranial or spinal nerve roots, invasion of the perineural spaces by the primary
focus, cervical lymph nodes communicating directly with the subarachnoid
space, and tumor growth into the subdural space. Extension from Batson's
plexus and perivenous spread from bone marrow metastases has also been
proposed.55 Posterior fossa craniotomies for resection of cerebellar
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metastases appear to be a risk factor for the development of LM, likely from
the proximity of the lesion to the CSF spaces.83'129

4. CLINICAL MANIFESTATION

Multifocal neurologic signs and symptoms are the hallmark of LM.
Symptoms can be divided into CNS, cranial neuropathies or spinal/radicular
(Table 2). The mechanisms in which LM cause neurological signs and
symptoms include obstruction of CSF flow or drainage with resultant
increased intracranial pressure (ICP), meningeal irritation, or focal signs
from local invasion or irritation of the brain, cranial nerves, spinal cord or
spinal nerves. LM can cause cerebral infarction from a cerebral
vasculopathy; changes in brain metabolism and reduction in cerebral blood
flow may cause a diffuse encephalopathy.62' 106 Isolated neurologic
symptoms occur in 30-53 % of patients with LM,9'61'85'131'135'137 with CNS85

and spinal/radicular61 the most common. Multifocal involvement is seen in
40-80 % of cases.9'61'85'131'135137 In one study, a combination of two sites
was seen in 47 % of cases (CNS 29 %, CNS and spinal/radicular 10%, and
spinal/radicular 8%) and involvement of all levels was seen in 13% of
patients.137 Historically, it has been said that signs are much more significant
than symptoms;85 for example, a patient may complain of headache, but on
examination has facial weakness, dorsiflexor weakness and an absent deep
tendon reflex.

Table 2. Symptoms and signs of Leptomeningeal Metastases
9, 85, 135, 137

Symptoms

CNS

Headache

MS change

Nausea/vomiting

Gait

Episodic LOC

Dizziness

Cranial nerve

Diplopia

Visual loss

Dysarthria/dysphagia

Hearing loss

%

28-50

25-34

12-34

46

6-18

2

8-20

8

2-7

6

Signs

Altered mental status

Upper motor neuron weakness

II

Papilledema

Optic atrophy

III, IV, VI

%

27-50

9-26

12

2

24-30



3. Current Treatment of Leptomeningeal Metastases 35

Table 2. (Continued)

Spinal/radicular

Neck/back pain

Radicular pain

Paresthesia

Weakness

Bowel/bladder

18

12

10-25

22-34

2-18

V

VII

VIII

IX,X

XI

XII

Weakness

Reflex asymmetry

Sensory loss

Straight leg raise

Decreased rectal tone

Nuchal rigidity

6-12

10-25

7-20

8-13

3

2-8

78

60

50

12

5

13-16

4.1 Central nervous system signs and symptoms
Headache is seen in approximately 50 % of patients with LM and is often

associated with nausea, vomiting or lightheadedness. Meningismus and
nuchal rigidity are seen in about 15 % of patients. Other common symptoms
include an alteration in mental status and gait disturbances. Episodic loss of
consciousness may be due to seizures from cortical irritation or plateau
waves when there is elevated ICP, even in the absence of significant
hydrocephalus. Less frequent presentations include focal neurological
deficits, diabetes insipidus, cerebral salt wasting, cerebral infarction, non-
convulsive status epilepticus, central hypoventilation and psychiatric
manifestations.20'69'87'118'136

4.2 Cranial neuropathies
Patients may complain of diplopia, numbness, visual loss, hearing loss or

vertigo.137 Less commonly, they can have decreased taste, dysarthria,
swallowing difficulty, hoarseness or glossopharyngeal neuralgia.111 LM from
solid tumors more commonly affects the oculomotor nerves, whereas the
facial nerves are more affected in hematological malignancies.137

Nevertheless, isolated peripheral facial nerve palsy in cancer patients should
not be dismissed as Bell's palsy, especially if it does not spontaneously
resolve. The differential diagnosis of cranial neuropathies in cancer patients
include base of skull metastasis, soft tissue invasion, infiltration of extra
cranial nerve structures, or infection.
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4.3 Spinal signs and symptoms
More than 50 % of patients with LM have spinal symptoms. The cauda

equina is a common site of nodular formation. Pain is a common complaint
and is the presenting symptom in as many as 76% of patients.87 Pain is
usually in the lower back, worse in a supine position and occurs in the
morning. Patients can have segmental or diffuse lower extremity weakness,
radicular pain, paresthesias, generalized or focal sensory loss, leg cramps,
and bowel or bladder dysfunction. Loss of deep tendon reflexes can be
found in 70% patients, although cancer patients frequently have this finding
from previous chemotherapy.135'137 Occasionally, patients with cauda equina
LM present with flaccid paraparesis mimicking epidural cord compression.
An unusual presentation mimicking the Miller-Fisher variant of Guillain-
Barre syndrome has been reported.56

5. DIAGNOSIS

5.1 Cerebrospinal fluid (CSF)
Examination of the CSF for malignant cells is the gold standard for the

diagnosis of LM; however, with the advent of MRI the diagnoses can often
be made non-invasively. Unfortunately, the sensitivity of cytology on the
initial CSF is only about 50 %; however, less than 5% of patients have a
completely normal CSF profile Table 3).51'85'90'135

Table 3: CSF Findings in Leptomeningeal Metastases
4 8 , 5 5 , 6 1 , 135

Positive cytology

Elevated pressure

Elevated protein

Low glucose

Elevated WBC

Completely normal profile

Initial

45-75 %

44-50 %

73-86 %

20-56 %

51-79%

2-5 %

Subsequent

90%

64%

80%

37%

65%

1 %

The low initial sensitivity of cytologic examination may be attributed to
the fact that tumor cells adhere to the meninges with few free-floating cells
resulting in negative cytology. Increasing the CSF volume (10-20 cc),
examining the specimen as soon as possible, and performing serial lumbar
punctures (LP) may increase the diagnostic yield. If the specimen is
delivered within minutes it may be examined without fixation, but routinely
it is fixed in an equal volume of fixate. A recent review suggests that two
LPs may be sufficient to achieve a sensitivity of 90 %.48
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The CSF cytology results may vary if the sample is obtained from
Ommaya reservoir as opposed to LP.55'90 The sensitivity may be dependent
upon the localization of clinical symptoms. When only cranial signs or
symptoms are present, the ventricular CSF is nearly three times more likely to
be positive than lumbar, whereas when only spinal signs or symptoms were
present, the lumbar CSF is nearly three times more likely to be positive than
the ventricular CSF.27 CSF is also more likely to be positive when LM is more
disseminated than when it is focal.51 Cisternal puncture is an alternative way
to collect CSF and may be positive even when the fluid is negative.97 This is
done by a lateral cervical puncture at the C2 level under fluoroscopic
visualization. It may be more likely to yield a positive cytology when cranial
signs and symptoms present. When CSF remains negative, other
abnormalities of the CSF may aid in the diagnosis of LM.

Elevated CSF pressure is seen in approximately 50 % of patients with
LM. Obstruction of the arachnoid granulations by malignant cells is the
likely cause of increased pressure which can ultimately lead to
hydrocephalus. However, there are other etiologies that can elevate CSF
pressure in cancer patients including cerebral sinus thrombosis,94 or an
increase in systemic venous pressure due to compression or obstruction of
superior vena cava or jugular vein.

The white blood cell count is elevated in approximately 50% of patients.
Red blood cells or xanthochromia can be seen from bleeding due to LM,
especially with melanoma.90 Elevated CSF protein is seen in approximately
70-85% of patients with LM but is a non-specific finding. Low glucose is
seen in 40% of patients with LM; it is a relatively specific finding for this
condition, especially when less than 10. Tuberculous and bacterial
meningitis can have a low glucose and need to be excluded. A normal CSF
glucose level in a diabetic patient may indicate hypoglycorrhachia. The
mechanism of hypoglycorrhachia is unclear but may be due to diminished
carrier-mediated transport of glucose across the BBB or glucose metabolism
by malignant and reactive cells.90

Used in the appropriate clinical setting, certain biochemical markers in the
CSF can aid in the diagnosis of LM. Metastases outside the leptomeninges, such
as parenchyma brain metastases, do not usually elevate these markers.133 They
can also be helpful in monitoring disease activity or response to treatment.103

Unfortunately, the sensitivity of these markers is generally low, the normal
values for certain markers are unknown, and some are investigational.

Specific markers include carcinoembryonic antigen (CEA) found in
adenocarcinomas of the lung, breast, colon and bladder cancer,39' 103' 133

alpha-fetoprotein (AFP) found in teratocarcinoma, yolk sac tumor,
endodermal sinus tumor and embryonal carcinoma, and beta-human
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chorionic gonadotropin (b-HCG) found in choriocarcinoma, embryonal
carcinoma and germ-cell tumors. [133] Five- hydroxyindole acetic acid (5-
HIAA) is a substance found in normal CSF, but if grossly elevated may be
helpful in making the diagnosis of carcinoid.79 Other specific markers
include prostate specific antigen (PSA) in prostate cancer,74 alkaline
phosphatase level and CA 19-9 in lung cancer,66'102 CA 125 in ovarian
cancer,90 CA 15-3 in breast cancer, 90 and gastrin releasing peptide in small
cell carcinoma.21

In order to interpret the results of these markers in CSF, serum levels
should be obtained simultaneously because high serum levels can diffuse into
the CSF. In the case of CEA, levels greater than 1 % of serum CEA in the
spinal fluid suggests LM.103

Nonspecific markers include beta-glucuronidase,39' 103' 126' 127' 133 LDH
isoenzyme-5,39' 126' 127 beta 2-microglobulin,126' 127 myelin basic protein,107

ferritin,140 an epithelial glycoprotein HMFG1 antigen,76 and tumor necrosis
factor-alpha81. These nonspecific markers can be elevated in CNS processes
other than LM including bacterial meningitis and stroke, but in combination
may increase diagnostic accuracy of LM.127. Recently, vascular endothelial
growth factor (VEGF), a potent promoter of tumor angiogenesis, was found
to be significantly elevated in patients with LM but not in the CSF of patients
in the control group.113 Certain matrix metalloproteinase (MMP) profiles
have been shown to correlate with LM compared to patients with brain
metastases, primary brain tumors, and controls; patients with LM have
activation of MMP-2 and -9.42 Elevation of cathepsin B and H and decreased
cystatin C in CSF was found in the CSF of patients with LM but not in
controls, suggesting that this may be another diagnostic marker.78 In general,
levels of all of these markers are lower in ventricular than in lumbar fluid.103

Newer techniques may assist the diagnosis of LM from solid tumors. In
flow cytometry, molecular markers and chromosomal analysis may detect
abnormalities suggesting tumor cells. Polymerase chain reaction (PCR)
analysis of known genetic alterations may increase the diagnostic yield of
CSF studies.29' 44'117 Florescence in situ hybridization (FISH) detects the
chromosomal aberrations in the interphase nucleus.130'132 One study tested
the aneusomy of chromosome 1, which is frequently involved in
carcinogenesis of solid tumors, and found a better correlation with neurologic
status and accurate diagnosis of LM.132

5.2 Computed tomography scan (CT) and magnetic
resonance imaging (MRI)

MRI has dramatically increased the diagnostic yield of LM.41 The
sensitivity of MRI is approximately 75% with a specificity of 77 %.31'114
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Linear or nodular enhancement can be seen on the surface of the cerebrum or
within the cerebellar folia, basal cisterns, cranial or spinal nerves and nerve
roots after administration of gadolinium. Diffuse leptomeningeal
enhancement can be seen, but is not as sensitive as focal dural enhancement
which may be reactive from base of skull metastasis or from intracranial
hypotension, typically after LP.96 Therefore, contrast enhanced MRI should
be performed before LP. Other processes that may mimic LM include
neurosarcoidosis,2 chronic meningitis or Guillain-Barre syndrome.52

Fluid-attenuated inversion recovery (FLAIR) sequences are somewhat
less sensitive than T\ gadolinium images, but may detect small abnormalities
as bright signals within the subarachnoid space often missed with
gadolinium.109 Contrast-enhanced FLAIR may further improve the
sensitivity.71 A comparison of these three techniques suggests that contrast
enhanced Tl images remain the most accurate with a sensitivity of 59% and
specificity of 93%, compared to unenhanced FLAIR of 12% and 93%,
enhanced FLAIR of 41% and 88%, respectively. Using all three sequences
the sensitivity is 65%.no

CT is not as sensitive as MRI, although nodular enhancement may be
seen in some cases. In one study, CT with contrast was normal in 40 %, and
LM was mistaken for parenchymal disease in 24 %, making the sensitivity
less than one-third.31

Although a nonspecific finding, hydrocephalus seen on CT or MRI of the
brain should raise the suspicion of LM.

5.3 Cerebrospinal fluid flow study
Patients with LM can have abnormal CSF flow dynamics without

evidence of hydrocephalus or any other abnormality on neurologic imaging.
Radioisotope ventriculography can evaluate CSF flow dynamics by
measuring the distribution of the isotope throughout the subarachnoid space
by gamma counter. Fifty to seventy percent of patients have evidence of
CSF flow disturbance demonstrated on indium or technecium
ventriculography.22'47'53 Common sites of abnormal flow were ventricular
outlet obstructions, spinal canal, and over the cortical convexities. Flow
abnormality correlates with prognosis.47'53 Patients with abnormal flow who
were treated with intrathecal (IT) chemotherapy experienced significant drug
toxicity and had a significantly lower survival. Patients whose flow was
restored to normal after focal radiation had a better outcome. Mason et al.
measured the ventricular methotrexate levels in these patients, and showed
that patients with a partial spinal block who achieved a therapeutic level still
had a poor prognosis.70 They suggested that inadequate drug distribution is
not the sole cause of chemotherapeutic failure; impaired flow may be an
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indirect measure of tumor burden within the subarachnoid space which is
associated with more extensive disease and a worse prognosis.

5.4 Other diagnostic tests
The sensitivity of CT myelography for detecting LM is about 26 % 135

and similar to an MRI of the spine.22 Small nodules seen along nerve roots
can suggest the diagnosis of LM. Given the noninvasive nature of MRI, CT
myelography does not have a primary role in the diagnosis of LM.

Electrophysiological tests are nonspecific but may help assist the
diagnosis in some cases. For example, electroencephalography (EEG) may
be able to differentiate seizure activity versus pressure waves. Nerve
conduction study/electromyography may be able to differentiate root disease
versus peripheral neuropathy and the finding of polyradiculopathy on
EMG/NCS in a cancer patient is suggestive of LM. The diagnosis may also
to be established by leptomeningeal biopsy.9'90

6. TREATMENT (Table 4)

Table 4. Current Treatments for Leptomeningeal Metastases

Chemotherapy

Radiation therapy

Symptomatic

Intrathecal

Methotrexate 10-15 mg

Cytarabine 50-100 mg

Liposomal cytarabine 50 mg

Thiotepa 12 mg

Systemic High dose Methotrexate

3000 cGy

Ventriculoperitoneal shunt

Pain management

Anticonvulsants if a patient has seizure

6.1 Chemotherapy (intravenous and intrathecal)
IT administration of chemotherapeutic agents is the standard of care for

LM. Limited agents are commercially available, but these include
methotrexate (MTX), cytosine arabinoside in the standard or liposomal
preparation (Ara-C), and thiotepa. Unfortunately, these agents have limited
tumoricidal activity against most solid tumors. For example, MTX and
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thiotepa have some tumoricidal activity against breast cancer, and thiotepa
against melanoma, but none of these agents have intrinsic activity against
lung cancer.33 Nevertheless, this route has traditionally been the best way to
deliver effective treatment with minimal toxicity to the entire neuraxis.
Studies evaluating the efficacy of this modality have varied results. One
study with breast cancer patients treated with radiation therapy and IT MTX
showed an 80 % response rate with a median survival of 24 weeks and a 1-
year survival rate of 25 %.86 However, overall response rates are between 0-
76 % with a median survival of 7 to 24 weeks and a 1- year survival rate of 0
to 21 %, raising the question of how efficacious these treatments are.9'18'26'37'
45, 54, 59, 86, 89, 90, 112, 123, 135 104, 139

Administration of IT chemotherapy via Ommaya reservoir is superior to
LP because it is less painful and can be done safely, even in patients with low
platelets, and drug distribution throughout the subarachnoid space is superior
to LP.104 Up to 10% of chemotherapeutic agents administered through LP
can escape the CSF space and end up in the epidural space, even when there
is good CSF return after the placement of a needle.67 As there is discordance
between lumbar and ventricular CSF, periodic LPs to monitor response are
required. As CSF volume reaches the adult level by age four and is relatively
constant regardless of body habitus, a flat dose of all IT chemotherapy can be
given.

MTX is an anti-metabolite and is the most widely used agent. The
standard dose is 10-15 mg which reliably exceeds and remains greater than 1
uM, the therapeutic level, for at least 48 hours.16 Initially MTX is given twice
a week so therapeutic CSF levels are maintained almost continuously. There
is no consensus as to how long this biweekly dose is maintained nor how
long IT MTX should be continued. However, after six to eight treatments or
when the CSF clears, this can be changed to weekly, and then monthly
administration for at least three to six months and perhaps indefinitely
depending on CSF cytology and symptoms. This type of therapy is well
tolerated. MTX is reabsorbed into the bloodstream by bulk flow and
transport via the choroid plexus from CSF to systemic circulation and
metabolized systemically.90 Most of the systemic toxicity of IT MTX is a
result of this reabsorption; white matter changes are seen on MRI and can
lead to long term neurotoxicity (primarily impaired memory). In patients
treated with IT MTX, oral leucovorin (folinic acid) can be given twice a day
on the day of treatment and for the following three days to prevent mucositis
and myelosuppression. Leucovorin does not cross the BBB to interfere with
the effect of MTX.73

Ara-C, a synthetic pyrimidine nucleoside analog, is an alternative agent
but unfortunately is inactive in most solid tumors. Therefore, it is generally
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restricted to patients with hematological malignancies. A dose of 50 to 100
mg is given twice a week. Alternatively, 30 mg daily for three days can
result in therapeutic concentrations for more than 72 hours. The half-life of
Ara-C is very short in the serum but much longer in CSF because the enzyme
cytidine deaminase is lower in the CSF. Recently, a sustained-release
formulation of cytarabine (DepoCyt) for IT administration has been approved
for LM from hematologic malignancies. This formulation can maintain
cytotoxic concentrations of the drug for more than 14 days after a single 50
mg injection. While a survival advantage was not seen when compared to IT
MTX, the time to neurological progression was slightly longer.50 The major
side effect is arachnoiditis and patients require the use of Decadron 4 mg
twice a day for five days.

Thiotepa is a lipid-soluble alkylating agent with a broad spectrum of
activity against solid tumors. It can be administrated as 10 mg twice weekly.
It is rapidly absorbed from CSF into the systemic circulation within an hour,
therefore its efficacy has been questioned. In a randomized prospective
study comparing IT thiotepa to IT MTX, the overall survival was similar but
patients on thiotepa had fewer toxicities.54 Intrathecal thiotepa is
myelosuppressive and should be avoided in patients with limited bone
marrow reserve.55 The use of combination IT chemotherapy has not
demonstrated superiority over a single IT agent.45'59) 112'123

The role of systemic IV chemotherapy is has been evaluated. Siegel et
al. demonstrated that 31 patients who completed an aggressive combined
modality treatment remained stable off therapy for at least six months; they
also questioned the utility of IT therapy in treating these patients.108 The
authors further conducted a prospective trial comparing radiotherapy, IT
chemotherapy and systemic therapy (group 1) to radiotherapy and systemic
chemotherapy (group 2). The exclusion of IT chemotherapy did not change
the overall response to treatment but significantly reduced treatment-related
side effects.17 Glantz et al. demonstrated that high-dose IV MTX achieved
prolonged cytotoxic serum and CSF MTX concentrations, and the cytologic
clearance rate and median survival were superior to the IT MTX group.49

There are several advantages of systemic chemotherapy over IT
treatment. Most patients with LM have concomitant systemic disease and
the status of systemic disease is an important prognostic factor. In these
patients, it is important to treat both the systemic and leptomeningeal disease.
Secondly, IT chemotherapeutic agents do not reach the core of bulky tumor
as they only penetrate a few millimeters into a tumor nodule with
leptomeningeal coating.33 In bulky LM, there is neovascular formation and
these new vessels do not have a BBB to prevent systemic agents from
reaching the core of the tumor. This is important given that the number of IT
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agents is so limited. Recent reports of LM from breast and prostate cancer
responding to systemic hormonal therapy and trastuzumab reinforce the
principle that treatments need to be directed at the primary tumor.7'19'68'74

There are also reports of responses to systemic agents such as Xeloda for LM
from breast cancer and 5-fluourouracil and gemcitabine for LM from renal
carcinoma.46'98'1213

6.2 Radiation therapy
The primary role for radiation therapy is to treat symptomatic areas of

bulky tumor or regions of CSF blockade; symptomatic sites, nodular disease
or areas of CSF obstruction should be radiated. Response to radiation is
related to the sensitivity or resistance of the primary tumor; it is palliative,
but can dramatically improve signs and symptoms, especially pain.

For patients with LM, malignant cells circulate within the subarachnoid
space. In order for radiation therapy to eradicate LM, the entire neuraxis
must be treated. This often is not feasible: 1) The myelosuppressive effects
of this treatment may prevent further systemic therapies. 2) Since the cells
are circulating, it is not likely that the treatment will "kill' all the cells.
Nonetheless, there are reports of patients who derived a short-lived benefit
with craniospinal irradiation.57

Newer IT agents are actively being sought to treat LM.
Chemotherapeutic agents such as mafosphamide, 4-
hydroperoxycyclophosphamide, topotecan, 5-fluoro-2'deoxyuridine,
interferon, busulfan and temozolomide have been investigated for IT
administration.14'15'28'43'80'100 Immunotherapy (interferon, interleukin-2, and
immunotoxin), radiolabeled monoclonal antibodies targeted to specific tumor
antigens, and gene therapy introducing "suicide" genes are some of the novel
approaches currently under investigation.13'30'58'76'134

Patients with LM often develop communicating hydrocephalus.
Placement of ventriculoperitoneal (VP) shunt can give marked and
immediate relief of symptoms and although palliative, may be the most
effective intervention in the treatment of LM. Even without a
radiographically evident hydrocephalus on neuroimaging, patients can still
have increased ICP and symptoms can be relieved by this procedure. There
is a theoretical concern of tumor seeding the peritoneal cavity, but this
concern is probably clinically irrelevant. [90] IT chemotherapy after shunting
is a difficult management issue and may increase the reliance on systemic
therapy. It is possible to place a VP shunt with an "on-off' valve and turn
the shunt off for several hours after IT administration of chemotherapy.
Patients must be able to tolerate having the shunt off for a few hours.
Unfortunately, the drug may not circulate as effectively as the CSF flow
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dynamics are significantly altered in these patients. Additionally,
transependymal resorption of chemotherapeutic agents may increase the
neurotoxicity of IT chemotherapies. Therefore, if IT chemotherapy is
considered, LP may be an alternative route allowing the drug to enter and
contact the spinal leptomeninges, the basal cisterns, and finally the ventricles
and exit via the shunt.2

6.3 Complications
Patients with LM are subjected to the general side effects of radiation

therapy and systemic chemotherapy specific to each agent. Complications
from Ommaya placement occur in 2-9 % of patients and include
perioperative complications, inappropriate placement, migration of the
catheter tip from the ventricle into the adjacent brain tissue, infections or
intracranial hemorrhage.25'84'101'124 To ensure proper placement, a CT scan
should be done prior to placing the Ommaya reservoir. About 5 % of
reservoirs become infected at some time during therapy. The most common
organisms are Staphylococcus epidermis and Propionibacterium acnes.25' 124

Most of the infections are asymptomatic, but at times patients develop
symptoms of meningitis. IV or intra-Ommaya antibiotics can effectively
sterilize the subarachnoid space in most cases.25'101> 116 If the infection cannot
be cleared with medical management, the reservoir must be removed. A new
reservoir can be inserted once the infection resolves and treatment can
continue.116'124

Side effects related to injection of chemotherapy are rare. Up to 5% of
patients will develop a chemical meningitis following IT chemotherapy; the
risk may be higher with DepoCyt therapy where all patients require
corticosteroids for 72 hours after treatment. Seizures and unexplained death
have been reported as acute side effects.84' 125 Delayed side effects include
white matter necrosis around the catheter tract, introduction of infection from
aseptic technique, leukoencephalopathy, and myelosuppression.
Leukoencephalopathy occurs in 3-5% of cases and is associated with a
previous history of radiation and MTX, and reduced clearance secondary to
CSF flow abnormality.25' 84' 86' 101 Mild memory problems and gait
disturbance, even without evident white matter changes, are common and
may respond to placement of a VP shunt.119

7. PROGNOSIS

The prognosis of LM from solid tumor remains poor. The median
survival is four to six weeks without treatment. Treatment can stabilize the
neurological symptoms and prolong survival for a few months but less than
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10% of patients are alive after one year. Breast cancer has the best
prognosis; about 15% of patients survive more than a year.120'75 Prognosis
remains poor in patients with lung cancer and melanoma.26 In these patients,
some clinicians question the usefulness of vigorous treatment and favor
palliative care once the diagnosis is made. There are some conflicting data in
regards to prognostic factors, but in general, patients with breast cancer
(especially if progesterone positive), a better performance status (Karnofsky
performance scale > 60), controlled systemic cancer, absence of bulky
disease, normal CSF protein, absence of cerebral involvement and a
chemosensitive primary, benefit the most from aggressive treatment.9'18'23'24'
34, 55, 89

8. CLINICAL GUIDELINES

When a patient with solid tumor presents with multiple neurological
symptoms or signs, LM needs to be ruled out. In addition, LM should be
considered in a patient with incidental finding of hydrocephalus. MRI with
and without gadolinium of the involved area is the test of choice; if positive,
the whole neuro-axis should be evaluated. If MRI is negative, the CSF needs
to be examined. Repeat examination of CSF, including cisternal puncture
may be necessary to make the diagnosis of LM. Occasionally, treatment
decisions are based on clinical findings despite a negative work up.

After the diagnosis of LM is established, a VP shunt should be placed if
hydrocephalus is present. Radiation therapy is then given to symptomatic
sites, nodular lesions, or areas of CSF blockage. If the patient has breast
cancer, and good prognostic factors, an Ommaya device can be placed and IT
MTX can be considered. Alternatively, it is reasonable to treat the LM and
concomitant systemic disease with systemic chemotherapy; agents used
should have activity against the primary tumor with CSF penetration. If the
patient has a poor prognosis, symptomatic therapy and palliative care should
be the focus.
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LEPTOMENINGEAL METASTASES FROM
LEUKEMIAS AND LYMPHOMAS
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New York, NY 10021

Abstract: Leptomeningeal dissemination of lymphoma and leukemia differs from
that of solid tumors in a number of clinically important aspects. Specific
histologic variants of lymphoma and leukemia have such a high incidence
of cerebrospinal fluid (CSF) dissemination that assessing CSF cytology at
diagnosis is crucial and prophylactic therapy of the CSF compartment is
required. Furthermore, while the overall prognosis for patients with
leptomeningeal metastases from leukemia and lymphoma is similar to
solid tumors, selected patients have excellent response to therapy and
attain durable remission. Therefore, aggressive treatment is warranted.

Key words: Leukemia; lymphoma; acute lymphoblastic leukemia; AIDS;
prophylaxis.

1. INTRODUCTION

While leptomeningeal metastases (LM) are estimated to occur in
approximately 5% of all patients with cancer, the incidence of LM from
leukemias and lymphomas may be underestimated in most series.1 This may
be due to the greater prevalence of solid tumors compared to hematologic
malignancies. Also, in contrast to patients with solid tumors, those with LM
from leukemias and lymphomas often present without evidence of systemic
disease or during periods of remission. In a review of 63 cases, Kaplan et al.
found that LM from solid tumors occurred in patients with advanced
systemic disease in 90% of the cases, as compared to patients with leukemia
and lymphoma whose LM occurred without systemic disease in 18 and 13%,
respectively, or during remission in 35 and 27%, respectively.2

LM may also be the initial presentation of leukemia or lymphoma. LM
from leukemias and lymphomas typically have a different clinical
presentation than LM from solid tumors. Although the clinical presentation is
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extremely variable, LM from hematologic malignancies present with a
greater incidence of cranial nerve palsies. In a study of 45 patients with LM,
van Oostenbrugge found that patients with solid tumor LM presented mostly
with spinal or radicular symptoms (53%) whereas patients with hematologic
LM presented more frequently with cranial nerve dysfunction (53%); 67%
displayed multifocal neurologic symptoms.3

The diagnostic approach to LM from leukemias and lymphomas is not
significantly different from that of solid tumors and includes both
radiographic imaging of the neuroaxis and cerebrospinal fluid (CSF)
examination. Therapeutic options are also similar and include cranial-spinal
irradiation, systemic chemotherapy, and intrathecal (IT) chemotherapy.
Prognosis may be better than for solid tumor patients. Prophylactic treatment
using intrathecal chemotherapy with or without cranial radiation may be
beneficial in extending the survival in certain patients with hematologic
malignancies.

Staging Lumbar Puncture Recommended
Any acute leukemia
Pediatric non-Hodgkin's lymphoma
Testicular lymphoma
Lymphoma involving the orbit or paranasal sinuses
High grade non-Hodgkin's lymphoma

- lymphoblastic lymphoma
- diffuse large B-cell lymphoma

CNS Prophylaxis* Recommended
Acute Lymphocytic Leukemia
Burkitt's lymphoma
Diffuse large B-cell lymphoma (International prognostic index grade
IV)
Lymphoma of the orbit or paranasal sinuses
Testicular lymphoma (controversial)
T-cell lymphoma (pediatrics)

* intrathecal methotrexate with or without cranial radiation

2. LYMPHOMA

The malignant lymphomas are neoplastic transformations of cells within
the lymphatic system. Hodgkin's and non-Hodgkin's lymphoma (NHL) have
distinct biological and clinical behaviors. Although both malignancies are
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sensitive to radiation therapy and chemotherapy, NHL is a more aggressive
cancer with a cure rate less than 25%.4

Whereas LM are rarely reported in Hodgkin's lymphoma.5'6 they occur in
5-10% of NHL patients. The occurrence of central nervous system (CNS)
disease in NHL usually predicts a poor clinical outcome. This section will
focus upon the incidence and risk factors for LM in NHL as well as the
clinical presentation, treatment, and outcome of the disease.

2A Incidence
The incidence of NHL has risen over the past several decades and

currently accounts for approximately 50% of all cases of leukemias and
lymphomas.4 The incidence of CNS involvement in NHL, as reported in the
literature, is variable and closely associated with certain clinical risk factors
for the disease (see below). Patients with NHL are not at uniform risk of
developing CNS disease. CNS disease from NHL more often involves the
leptomeninges than the parenchyma. In a review of a multiple series of NHL
and CNS disease, Bishop et ah reported that CNS disease occurs in the
leptomeninges and dura in 65% of cases, in the brain parenchyma in 26%,
and in both the leptomeninges and parenchyma in 9% (see Table I).7

Table I. Sites of CNS Involvement in Large-Cell Lymphoma

Studv

Bollen 1997 65
Keldsen 1996
Bashir 1991 14
Wolf 1985 44
Johnson 1984
Levitt 1980 52
Herman 1979
Litaml979 31
Young 197920
Law 1975

Total No.
ofPts.

21
27
11
23
29
44
50
26
16
20

Leptomeningeal
No. of
Pts.(%)

(32) 27
9 (33)
(79) 3
(52) 20
23 (79)
(85) 8
40 (80)
(84) 4
(80) 2
16 (80)

Parenchvmal
No. of
Pts. (%)

(42) 17
15 (56)
(21) 0
(45) 1
3 (10)
(15) 0
9 (18)
(13) 1
(10) 2
1 (5)

Both sites
No. of
Pts. (%)

(26)
3 ( l i ;
(0)
(2)
3 (io;
(0)
1 (2)
(3)
(10)
3 (is;

Total 352 229 (65) 92 (26) 31 (9)

The occurrence of LM in NHL may be seen at the time of initial diagnosis,
at relapse, or at any time during the course of the systemic disease. In a
review by Recht et ah of 156 patients with NHL at Memorial Sloan-
Kettering Cancer Center, CNS disease was present at initial diagnosis in
27%, at relapse in 26%, and during the course of progressive systemic
disease in 47%.8 In a more recent retrospective review by Bollen et ah of
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532 patients with NHL, only 11 patients presented with CNS disease and 55
patients developed CNS disease at relapse.9 Bishop et ah found six among
23 patients with primary mediastinal thymic large B-cell lymphoma
(PMLCL) who developed CNS disease.7 The investigators selected this
subset of patients from those with NHL because it has a high propensity for
extranodal involvement of disease, a factor which has been reported as a
reliable predictor of CNS disease. Two of the 23 patients (9%) presented
with CNS disease at diagnosis; four patients (27%) developed CNS disease at
relapse. Only one of the six patients had parenchymal disease without
suggestion of LM.

2.2 Risk factors
Since the overall incidence of CNS disease is not sufficiently high enough

to warrant CNS prophylaxis in all patients with NHL, it is important to
identify those patients at an increased risk. Patients with identifiable risk
factors for CNS disease may benefit from CNS prophylactic treatment.
Various factors have been identified for the risk of CNS disease in NHL.
These risk factors include: 1) lymphoma grade and stage, 2) extent of
extranodal disease, 3) young age and, 4) elevated serum lactate
dehydrogenase (LDH) levels. The relative importance of any of these
individual risk factors has not been clearly identified in the literature.

Most series reveal an increased incidence of LM in NHL in patients with a
high-grade lymphoma (Stage 4B) and a diffuse, lymphoblastic histology. In a
review of 602 patients where there was an overall incidence of LM of 6.3%,
Ersboll found that the highest frequency of LM was in the lymphoblastic
histologic subtype (23%), compared to follicular small cleaved and mixed
cell (1.6%), diffuse small cleaved cell (2.4%), and large cell immunoblastic
(4.5%).10 Litman also found an increased risk of CNS disease in patients
with a diffuse histology (16 %) compared to those with nodular types (3%) in
a series of 292 patients with NHL and an overall rate of CNS disease of
11%.H

The risk of CNS disease is also clearly related to the lymphoma grade,
with the higher grade lymphomas carrying an increased risk of disease.
Bollen et ah reported the association between CNS disease and lymphoma
grade as follows: high-grade (39%), intermediate grade (22%), and low-
grade (7%).9 In a multivariate analysis, high and intermediate grade NHL and
advanced stage were independent risk factors for CNS disease. There were
no cases of low-grade lymphoma in the 51 of 833 patients with CNS disease
in the review by Liang et al.12 In the Memorial Sloan-Kettering analysis,
67% of the cases with CNS involvement of lymphoma were stage IV at the
time of diagnosis.8
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Several investigators have found an increased risk of CNS disease in NHL
in patients with extranodal involvement of the lymphoma in sites such as
sinus or orbit, bone marrow, blood, gastrointestinal tract, and testes. Liang
found an increased incidence of CNS involvement in patients with
lymphoma involving the orbit (43%), testes (40%), peripheral blood (33%),
bone (29%), nasal/paranasal sinuses (23%), and bone marrow (20%).13'12 In
a recent prospective analysis, van Besien et al. confirmed the importance of
the previously stated risk factors in predicting rates of CNS recurrence;
however, in a multivariate analysis, these investigators found that only
involvement of more than one extranodal site and an increased LDH were
independent predictors of CNS recurrence.14 The Kaplan-Meier estimate of
CNS recurrence at one year in 93 out of 605 patients with these two risk
factors was 17.4% compared to 2.8% in the remaining 512 patients. The
authors concluded that this data suggests that the risk of CNS recurrence is
determined by disease extent and proliferation rather than by any particular
disease location. Unlike previous retrospective studies, this review was a
prospective analysis and included only those patients with large-cell and
immunoblastic lymphoma whose CNS disease was the initial site of
recurrence rather than presenting after systemic relapse. The authors noted
the significance of this fact to be that in the latter group, CNS recurrence is
an expression of end-stage disease and is not, therefore, predicted by the
same risk factors.

2.3 Clinical presentation and diagnosis
The clinical presentation of LM in patients with NHL is similar to that seen

in patients with LM from solid tumors. However, patients with hematologic
malignancies present with a higher frequency of cranial nerve signs as initial
manifestations of LM.3 Since LM involve the entire neuroaxis, their clinical
symptoms and signs are typically divided into three general groups: 1)
cerebral hemispheres, 2) cranial nerves and, 3) spinal cord and nerve roots.
The most frequent presenting symptoms/signs are mental status change and
headache followed by cranial nerve palsy and focal weakness or numbness.

The diagnosis of LM in NHL includes the clinical evaluation for the
above-mentioned features as well as the radiographic appearance on
neuroimaging studies and examination of CSF from lumbar puncture. The
appearance of LM on gadolinium-enhanced magnetic resonance imaging
(MRI) in the patient with lymphoma is similar to that in the patient with LM
from a solid malignancy (Fig.l). Cranial imaging may show sulcal,
ependymal, or cisternal enhancement in addition to subarachnoid nodules
and communicating hydrocephalus. Tumor may also be seen infiltrating
cranial nerves, either as enhancement or enlargement of the nerve. A spine
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MRI may show intradural enhancing nodules as well as linear enhancement,
enlargement, or asymmetry of nerve roots. Abnormal neuroimaging findings
are found in approximately 40-50% of patients with LM from hematologic
malignancies, slightly lower than in solid tumor patients.15'16'17

All patients suspected of LM should undergo lumbar puncture. In addition
to the routine analysis of CSF for chemistry (total protein and glucose levels)
and cytology, the CSF of patients suspected of lymphomatous meningitis
may be analyzed for the presence of tumor markers including B2

microglobulin and LDH isoenzymes, clonality of cells utilizing flow
cytometry, and the presence of tumor-derived DNA by polymerase chain
reaction (PCR) technique.18 Initial CSF cytology is frequently more sensitive
in patients with LM from solid tumors than in those with LM from
hematologic malignancies. However, repeat lumbar punctures more
frequently increase the diagnostic accuracy of cytologic examination in
patients with hematologic malignancies; three lumbar punctures are usually
sufficient to establish a diagnosis of LM in 90% of patients.

When lymphocytes present in the CSF cannot be identified as malignant,
the demonstration of monoclonality, or B-cell origin using immunotyping of
lymphocytes, may confirm the diagnosis of malignant tumor in the CSF.
Most NHLs are of B-cell origin; reactive lymphocytes are more frequently T-
cell. However, NHL often induces a secondary reactive T-cell infiltration.
An elevated level of beta-2 microglobulin in the CSF compared to the serum
level has been shown to be associated with LM at initial diagnosis in patients
with lymphoma or leukemia.19 PCR examination of the CSF for tumor-
derived DNA from the lymphoma cell of either B-cell or T-cell origin has a
greater sensitivity for tumor detection compared to routine cytology.

2.4 Treatment and survival
Currently, the goal of treatment of LM is palliative which often improves

or delays progression of neurologic symptoms and signs. The reported median
survival after CNS recurrence in NHL ranges between two and six months.
The treatment of LM from NHL includes craniospinal irradiation, traditional
systemic chemotherapy, intrathecal chemotherapy, and high-dose
chemotherapy with hematopoietic stem cell rescue. The reported median
patient survival after the development of LM, from both solid and
hematologic cancers, is six months.20 Since most CNS disease in NHL occurs
in the setting of advanced or relapsed systemic disease, control of local or
systemic lymphoma is critical.

Several investigators have suggested that those patients with NHL
identified as high risk for CNS disease should receive intrathecal prophylaxis
with either methotrexate or cytosine arabinoside. However, there has not
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been a prospective review to demonstrate that patients at such risk might
have a prolonged median survival with prophylactic treatment. Moreover,
these retrospective studies have shown that patients who did receive either
radiation therapy or intrathecal chemotherapy had only improvement or
stabilization of their neurologic symptoms. In a Dutch study, Paulus reported
that more than 80% of patients with LM from NHL showed clinical
improvement in their symptoms after treatment with either intrathecal
chemotherapy or radiation therapy; however, the median survival was 3 1/2
months, with a six-month survival of 32%.21 Van Besien et al. reported that
only one of six patients with intermediate grade lymphoma responded to
intrathecal treatment, and the median survival of patients treated with
intrathecal therapy was only 42 days.14 In this review, radiation therapy
resulted in immediate although transient responses in six of nine patients. In
a review of 31 patients with LM from lymphoma, Yoshida et al. found that
prophylactic treatment was successful only in those patients with
systemically well-controlled disease and, therefore, control of systemic
lymphoma is of great importance.22

Radiotherapy treatment of LM should be directed to regions of bulky or
symptomatic disease as seen on neuroimaging studies.23 Although
radiotherapy may stabilize or delay progression of neurologic symptoms, it
does not prolong survival. Macgrath et al. retrospectively examined the
outcome of 41 patients with NHL and CNS disease all of whom received
systemic therapy and intrathecal chemotherapy.23 He found that there was no
difference in the rate of CNS relapse or survival in those patients who
received radiation from those who did not receive radiation. However, an
increase in neurologic toxicity was noted in those patients who received
radiation.

Treatment of LM in NHL with radiation therapy, standard chemotherapy,
and intrathecal therapy is palliative. High-dose chemotherapy with
autologous bone marrow transplantation is superior to standard-dose therapy
and can be curative in patients with recurrent NHL. In a prospective study of
215 patients with systemic relapses of NHL, Philip et al. reported a five-year
event-free survival rate for patients who received chemotherapy and
transplantation as 46% compared to 12% for those patients who received
chemotherapy without transplantation.24 The role of high-dose chemotherapy
and bone marrow transplantation for patients with NHL and secondary CNS
disease is not known. The European Bone Marrow Transplant Lymphoma
Registry data suggest the possibility for this treatment approach in patients
with NHL and CNS disease.25 This retrospective review of 62 patients with
NHL and CNS relapse demonstrated that the five-year progression-free
survival (PFS) was 42% in the 45 patients who underwent high-dose
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chemotherapy and bone marrow transplant after clearing of their CNS
disease by standard pre-transplant regimens. The PFS was only 9% in the
remaining 17 patients with residual CNS disease at the time of bone marrow
transplant. Moreover, patients who received radiotherapy and intrathecal
chemotherapy had better outcomes than those who did not. In a more recent
review by Alvarnas et al, similar results were found.13 They reported on 15
patients with NHL and CNS disease (two with primary CNS lymphoma, 13
with metastatic CNS disease). Prior to bone marrow transplant, all patients
received intrathecal chemotherapy, 13 received CNS radiotherapy, and 14
received systemic chemotherapy. The actuarial five-year event-free survival
was 46%, and overall survival was 41%. These studies suggest that high-
dose chemotherapy and bone marrow transplantation can extend survival
times in patients with CNS involvement from NHL if patients are cleared of
their CNS disease prior to transplantation.

3. LYMPHOMA IN THE ACQUIRED IMMUNE
DEFICIENCY SYNDROME PATIENT

The incidence of NHL in the Acquired Immune Deficiency Syndrome
(AIDS) population has been increasing.26 AIDS-related NHL is commonly
associated with a high-grade histology as well as a high incidence of
extranodal involvement. In particular, both meningeal disease and
parenchymal CNS disease have been reported as common sites of extranodal
disease. The incidence of LM in AIDS-related NHL has been reported as
35% and is frequently associated with predominantly high-grade lymphomas
such as immunoblastic and small noncleaved lymphomas.27

The clinical presentation of LM in AIDS patients is similar to that in
immunocompetent patients. The diagnosis of CNS disease also includes
neuroimaging studies and CSF analysis. However, unlike immunocompetent
patients, there is a strong association between AIDS-related NHL and the
presence of Epstein-Barr virus (EBV) DNA in the CSF from these patients.
Epstein-Barr virus DNA is present in the CSF in approximately 70-80% of
AIDS-related NHL and in virtually 100% of cases of AIDS-related primary
CNS lymphoma (PCNSL).28'29'30 Therefore, all AIDS patients with NHL
suspected of CNS disease should have their CSF analyzed for the presence of
EBV DNA using PCR. The presence of EBV-DNA in the CSF is a strong
predictor of LM in AIDS-related NHL. Some investigators have suggested
that as the result of this association, those AIDS patients with NHL and
positive PCR's for EBV in their CSF should receive prophylactic intrathecal
chemotherapy for LM.27
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The treatment and response rates for LM in AIDS-related NHL are similar
to that in immunocompetent patients. Standard treatment regimens include
systemic chemotherapy with the addition of craniospinal radiation and
intrathecal chemotherapy. Most reviews have shown that this treatment is
only palliative with survival times not dissimilar from LM in
immunocompetent patients with NHL. In a recent review, Desai et ah
propose that some patients with AIDS-related NHL and LM are potentially
curable[30]. They report on seven patients with AIDS-related NHL and LM
who received standard systemic chemotherapy, whole brain radiotherapy,
and intrathecal therapy. Four of these seven patients survived more than one
year.

PCNSL is a common malignancy in AIDS patients, with an incidence of
10% in this patient population. It is the most common brain tumor seen in
AIDS patients.27 Although the incidence of PCNSL has risen three-fold in
the past two to three decades, there has been a strong decline in the incidence
of AIDS-related PCNSL since the introduction of highly active antiretroviral
therapy (HAART). This can be attributed to control of the viral infection and
relative reconstitution of the immune system with HAART. As in
immunocompetent patients, AIDS-related PCNSL frequently invades the
leptomeninges. Previously, palliative whole-brain radiotherapy was the only
treatment offered to these patients.31 However, patients with a good
performance status may be able to tolerate combined modality therapy and
have an improved outcome.32'33

4. LEUKEMIA

4.1 Pediatric acute lymphoblastic leukemia
With modern therapy, the event-free survival of pediatric patients with

ALL is approximately 80%.34 Prior to the inclusion of prophylactic therapy
for CNS disease in the treatment of children with ALL, the major obstacle to
cure was relapse of disease in the CNS. Meningeal relapse is a poor
prognostic indicator of survival because it is typically followed by bone
marrow relapse.35 With new advances in the treatment of children with ALL,
including CNS prophylaxis, the incidence of CNS relapse is now 5-10%.36

An increased awareness of the neurologic toxicities of CNS irradiation in the
pediatric patient has also led to a growing emphasis on prophylactic
chemotherapy-based treatment regimens.

Various risk factors for the development of CNS disease in pediatric ALL
have been identified. These risk factors include: 1) No CNS prophylaxis at
the time of disease presentation, 2) an elevated white blood cell count, 3) the
presence of blast cells in the cytospin preparation of the CSF, 4) an elevated
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serum LDH, 5) an elevated serum alkaline phosphatase, 6) a high
proliferative index, 7) extramedullary disease, 8) age less than one year and,
9) the ALL sub-groups T-cell ALL and pro-B ALL. These risk factors have
been used by clinicians to stratify children with ALL into low, intermediate,
and high-risk groups for the development of CNS disease. Smith et ah, and
the Cancer Therapy Evaluation Program of the National Cancer Institute,
reviewed outcome data from pediatric patients in ALL clinical trials in order
to define a uniform approach to risk classification.37 They identified a
standard-risk category composed of those patients with B-precursor ALL
(age one to nine years), and white blood count less than 50,000/microL at
diagnosis. The remaining patients were classified as high-risk ALL. The
four-year event-free survival rate for the standard risk group was 80% versus
65% for the high-risk group.

The diagnosis of LM in patients with ALL is based upon CSF analysis and
neuroimaging studies. The diagnosis requires the appearance of lymphoblasts
in the CSF. Most investigators have established a standard of diagnosis
which uses both the cell count and the presence of blast cells in the CSF. A
cell count greater than five mononuclear cells per mm3 CSF, as well as the
identification of lymphoblasts in the cytospin preparation, are regarded as
absolute criteria for the diagnosis of CNS disease.38 In some cases, the CSF
diagnosis may be difficult to establish. In others, the CSF may contain a
high number of blast cells, but have a cell count less than 5 mm3. In a
multivariate analysis, Mahmoud et ah found that the presence of blast cells in
the CSF in patients with less than five leukocytes per microliter was an
independent risk factor of CNS relapse. In addition, these patients had a five-
year probability of survival-free relapses confined to the CNS, lower than in
patients whose CSF did not contain blast cells.39 Another diagnostic
difficulty may occur when the CSF sample contains blood. In this situation,
the ratio of serum to CSF lymphoblasts should be considered.

Children with ALL most often have clinically silent leptomeningeal
disease diagnosed by lumbar puncture. When symptoms do occur, they are
identical to other patients with leptomeningeal lymphoma and include
headache, nausea, cranial nerve palsies, radicular pain and weakness. In a
review of 83 children with ALL, Ritchey et al found that 75% of the patients
were asymptomatic at the time of diagnosis of CNS disease.36

Approximately 10 % of children with ALL will develop leukostasis (white
blood count greater than 100,000/microL). The leukostasis is due to an
impedance of blood flow secondary to intravascular clumping of white blood
cells. Children with leukostasis have an increased risk of CNS disease and
will often present with mental status changes and cranial nerve palsies.
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Since CNS relapse in children with ALL predisposes the patient to bone
marrow relapse and a poor clinical outcome, treatment of LM in these
patients is primarily prophylactic. Studies of children with ALL and CNS
relapse treated in the 1970's and 1980's report remission rates of 25-50%,35'40

in comparison to those in more recent years of 70-80%.36 This improvement
in clinical outcome is largely due to the utilization of more intensive
chemotherapy regimens. These treatment regimens include high-dose
systemic chemotherapy with agents that penetrate the blood-brain barrier as
well as intrathecal chemotherapy. CNS radiotherapy is often deferred to both
minimize bone marrow toxicity, which may interfere with successful
chemotherapy administration, and diminish neurotoxicity. The treatment
approach is different for patients identified as low or intermediate risk
compared to those identified as high-risk patients (see below). However,
regardless of the patient's risk identification, treatment should be initiated at
the time of diagnosis since most CNS relapse occurs within two years from
the time of diagnosis.

Some of the earliest clinical trials were performed by the Berlin-Frankfurt-
Munster Study Group and involved over 3500 patients since 1981.40 They
demonstrated that intensive systemic chemotherapy, in combination with
intrathecal chemotherapy without CNS radiation, can prevent CNS disease in
pediatric patients with ALL. In an initial trial, 279 children with ALL
identified as low and intermediate risk were randomized to receive either
cranial radiation (18 Gy) and intrathecal (IT) methotrexate or systemic
methotrexate and IT methotrexate without radiotherapy. The investigators
found a higher number of CNS relapses in the group of patients who did not
receive cranial radiation in comparison to those who did (19 vs 3 patients).
However, 16 of the 19 patients with CNS disease were in the intermediate
risk group. Therefore, the replacement of cranial radiation with systemic
methotrexate was only effective in the low-risk group of patients. Other
investigators have reported similar results in treating low-risk patients with
IT chemotherapy and standard systemic chemotherapy alone.41'42

In order to obtain similar treatment outcomes in the intermediate-risk
patient, investigators have found that the avoidance of CNS radiotherapy
requires an extended use of IT chemotherapy throughout induction,
consolidation, and maintenance in combination with more intensive systemic
chemotherapy. The Children's Cancer Group designed a prospective
randomized trial to determine if IT methotrexate administered during
induction, consolidation, and maintenance could provide prophylaxis from
CNS disease equivalent to that of cranial radiation in children with ALL
identified as intermediate-risk.42 In this prospective randomized trial of
1,388 patients, the investigators found that the event-free survival rates for



64 Chapter 4

patients who received either cranial radiation or IT methotrexate in
combination with systemic chemotherapy were 68 and 64%, respectively.
Moreover, patients who received more intensive systemic chemotherapy had
a 94% CNS relapse-free survival rate with either cranial radiotherapy or IT
methotrexate, while patients who received standard systemic chemotherapy
had 90% and 80% rates for radiotherapy and IT methotrexate, respectively.

Patients who are identified as high-risk for CNS relapse have a poor initial
or delayed response to treatment, or have T-cell ALL requiring cranial
radiation in addition to intensified systemic chemotherapy and IT
chemotherapy.43'44 Survival rates are improved in high-risk ALL children
who have a slow response to initial systemic chemotherapy and who receive
augmented post-induction chemotherapy rather than standard therapy.45

4.2 Adult acute lymphoblastic leukemia
Approximately 80% of patients with adult acute lymphoblastic leukemia

(ALL) can achieve remissions with current treatment regimens. However, the
cure rate remains low at 20-30%.46'47 Extramedullary disease is common in
adult patients with ALL and the CNS is a frequent location. At the time of
diagnosis of ALL, LM are seen in 6% of adult patients with a range of 1-
10%. The rate of relapse into the CNS is higher at approximately 30%.46'47

As in pediatric patients with ALL, CNS relapse is frequently followed by
bone marrow relapse and confers poor survival rates. The use of CNS
prophylactic treatment can lower this incidence of CNS relapse and offer a
better prognosis. It is generally recommended in all patients with ALL.

In an extensive review of the literature of the treatment of adult patients
with ALL, Cortes found that approximately 60-70% of all adult patients with
ALL have poor prognostic features47. These patients have a cure rate of 20-
25% compared to 60-70% for those patients without such features. These
poor prognostic features include advanced age, a high leukocyte count, a
non-T-cell immunophenotype, Ph-positive genotype, and a longer time to
achieve a complete remission. Patients with these risk factors may benefit
from allogeneic bone marrow transplantation during first remission, in
contrast to low risk patients who benefit from bone marrow transplant only at
relapses.

In a retrospective literature review of 4000 adult patients with ALL,
Gokbuget summarized the various prophylactic treatment approaches and
their respective rates of CNS relapse.48 These results demonstrated that the
early administration of IT methotrexate in combination with CNS radiation,
along with the continuation of IT treatment throughout maintenance therapy,
is essential in order to provide the lowest rate of CNS relapse. In this review,
the most significant risk factor for CNS relapse was the lack of CNS
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prophylaxis at the time of diagnosis. The neurologic toxicities of CNS
radiation are not as severe in the adult ALL patient as in the pediatric ALL
patient. The primary concern in the adult patient is bone marrow suppression
and its consequences in combination with induction chemotherapy. There is a
risk of leukoencephalopathy when radiation is used in combination with
methotrexate. In trials with delayed radiation in adults, the risk of CNS
relapse was 20% in comparison to 11% when radiation was used early.

Although bone marrow transplant is the most effective treatment in adult
ALL patients who have sustained a CNS relapse, it is primarily directed
towards the prevention of further bone marrow disease and, therefore,
additional CNS treatment is also required. In a study of 198 patients with
ALL treated with bone marrow transplant, the rate of CNS relapse was 52%
in those patients without IT prophylaxis in contrast to 17% in patients who
received IT methotrexate after transplant.49

5. CHRONIC LEUKEMIAS

Chronic lymphocytic leukemia (CLL) is the most common form of
leukemia representing approximately 30% of all leukemias.50 Chronic
myelogenous leukemia (CML) accounts for 7-15% of leukemias in adults.50

Both leukemias have an initial chronic phase which transforms into an
accelerated and blastic phase. The prognosis of patients in the blastic phase is
poor with low response rates to treatment and a median survival of only two
to three months.51 Leptomeningeal disease in both CLL and CML is
extremely rare and, when it does occur, presents during the blastic phase of
the disease. In a literature review of LM in CLL, Morrison found only 21
cases through 1998.52 Patients have presenting symptoms similar to those of
LM in the acute leukemias. These include headache, mental status change,
and cranial nerve palsies. The diagnosis is made by the presence of leukemic
cells in the CSF. Treatment regimens used are IT methotrexate and adjuvant
CNS radiation, or CNS radiation alone. The majority of patients will have a
treatment response if therapy is administered promptly at the time of
diagnosis. However, survival rates are poor and prolonged remission is rare.

6. CONCLUSIONS

LM from hematologic malignancies are relatively similar to those from
solid tumors in their clinical presentation, diagnosis, and poor prognostic
indication of survival. Unlike solid tumors, LM from lymphoma and
leukemia often are the initial presentation of cancer or occur during disease
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remission. At the present time, combined modality treatment of LM from
hematologic malignancies with systemic and IT chemotherapy, cranial
radiation, and bone marrow transplantation does not extend overall survival.
However, when CNS prophylactic treatment is initiated early in patients
identified as high risk for CNS disease, the rate of CNS relapse may be
reduced and the development of neurologic symptoms delayed.
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LEPTOMENINGEAL METASTASIS OF
PRIMARY CENTRAL NERVOUS SYSTEM (CNS)
NEOPLASMS

Herbert H. Engelhard, M.D., Ph.D. and Luke A. Corsten, M.D.
The University of Illinois at Chicago, Chicago, Illinois

Abstract: Leptomeningeal dissemination of primary CNS tumors varies widely by
histologic subtype. In certain tumors including medulloblastoma,
ependymoma, germ cell tumors, and primary CNS lymphoma, seeding of
the cerebrospinal fluid space is a critical factor in determining stage,
prognosis and appropriate therapy. Other tumor types, such as glioma,
may have radiographic evidence of leptomeningeal metastases without
clear impact on prognosis or therapy.

KeyWords: Medulloblastoma; ependymoma; glioma; primary CNS lymphoma;
leptomeningeal metastases

1. INTRODUCTION

As discussed in previous chapters, many types of malignant tumors
originating outside the central nervous system (CNS) are known to
metastasize to the leptomeninges, including lymphomas, leukemias, and
carcinomas from various primary sites. The spread of primary CNS
neoplasms through the leptomeningeal space may be a fairly frequent
occurrence, but has not been thoroughly studied, especially in adults. In
1837, Ollivier reported the autopsy findings of a patient with a cerebellar
tumor that had spread throughout the leptomeningeal space of the cisterna
magna, referring to it as "sarcomatous meningitis".1 This likely represents
the first reported case of a primary CNS tumor with leptomeningeal
metastasis (LM).

The propensity of medulloblastomas to spread via cerebrospinal fluid
(CSF) pathways was known in the mid- to late 1800's, and was well
described in the early 1900's by Cushing.2 While the classification of
primary CNS tumors is extensive,3 a medulloblastoma is an embryonal tumor
of the posterior fossa and in a category that is distinct from the gliomas, the



72 Chapter 5

major sub-categories of which include astrocytoma, oligodendroglioma and
ependymoma.2"5

Dissemination of high-grade glioma cells through the leptomeningeal
space can be termed "leptomeningeal gliomatosis".6 Primary diffuse
leptomeningeal gliomatosis (PDLG) is an extremely rare disease entity which
shares features with LM from CNS neoplasms. Patients usually present with
non-focal symptoms, such as headache or seizures, then experience a
progressive, downhill clinical course.7'8 Alterations of mental status,
papilledema, hydrocephalus, meningismus, cranial nerve palsies and
symptoms and signs from spinal involvement may also be seen. With this
disease, no distinct primary tumor (or source for the seeding) can be found,
even at autopsy. While magnetic resonance imaging (MRI) may show
meningeal enhancement with gadolinium, CSF cytology is usually negative.

In patients with PDLG, biopsy of an enhancing area of the meninges may
lead to diagnosis.9 Treatment is usually not very effective, although a
complete remission in one case has been reported with the use of cortico-
spinal radiation, multidrug systemic chemotherapy, ventricular and lumbar
shunting, and intrathecal methotrexate.9 In PDLG, malignant cells are
presumed to arise from ectopic rests of glial tissue outside the pial plane of
the CNS with resultant dissemination along the leptomeninges.7'8 Varying
lineages of glial cells may be involved, and the disease may occur anywhere
within the leptomeningeal space.7 PDLG has even been reported to be a
cause of "sudden death".10 As imaging of the neuroaxis improves, smaller
primary sites may be detected and the diagnosis of PDLG may become even
more rare.

The meninges themselves (leptomeninges and pachymeninges) can give
rise to both malignant and benign tumors (such as meningiomas).3 The
propensity for even benign meningiomas to spread along the dura (and thus
the need to resect infiltrated dura along with tumor removal) is well known.
Primary leptomeningeal lymphoma is a rare primary tumor of the
leptomeninges.11 In this chapter, several topics will be reviewed including: 1)
the possible mechanisms of leptomeningeal spread from CNS tumors, 2) the
spectrum of CNS tumors found to lead to LM, both in children and adults, 3)
the incidence of LM from CNS tumors, 4) the clinical presentation and
diagnostic evaluation of these patients and, 5) treatment options, follow-up
measures and prognosis.

2. MECHANISMS OF METASTASIS

In the literature, three different pathways have been suggested through
which cells from a CNS tumor might gain access to the leptomeningeal
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space.12"15 First, a tumor might be in direct contact with the CSF pathways, as
in the case of a medulloblastoma or intraventricular tumor. In this situation,
tumor cells could be "shed" directly into the CSF. Second, tumor cells might
invade the leptomeningeal space by moving through and or displacing normal
brain parenchyma, then eroding through the pia mater or ependyma, i.e. direct
extension. This is currently believed to be the most likely mechanism through
which tumors gain access to the leptomeningeal space. Proximity to the CSF
pathways would then be a "risk factor" for the occurrence of such erosion,
and dissemination. Nishio et al performed an autopsy study of 26 patients
with different types of brain tumors and found that focal ependymal defects
were often present, especially in patients with hydrocephalus.16 A third
possibility is that tumor cells might be directly "inoculated" into the CSF at
the time of a surgical procedure, such as a craniotomy or CSF shunt.

Many years ago, support for the "surgical inoculation" theory was found
in studies which examined the proportion of preoperative versus postoperative
CSF samples with positive cytology in patients undergoing surgery for
medulloblastoma.12 More recently, Elliott and colleagues did a retrospective
review of 51 patients with malignant glioma studying both surgical entry into
the ventricle, and proximity of the tumor to the ventricular system, on CSF
tumor dissemination and survival. Neither dissemination nor survival were
found to be influenced either by ventricular entry during surgery or proximity
of the tumor to the ventricular system. Survival rate was significantly
decreased, however, once CSF tumor dissemination had occurred.17 LM can
occur even in the absence of surgical intervention. In current neurosurgical
practice, while it is recognized that entering various CSF compartments could
potentially lead to seeding, it is not felt that such maneuvers have a clinically
significant negative impact.

Little data is available which directly pertains to the molecular
mechanisms through which CNS tumors might gain access to, and
disseminate through, the leptomeningeal space. Most of the current
understanding is based on extrapolation from in vitro and in vivo studies of
cultured glioblastoma cells. Malignant glioma cells are believed to be highly
mobile,18'19'20 in addition to being able to proliferate rapidly. They can secrete
a variety of proteases including urokinase (also called urokinase-type
plasminogen activator, or u-PA), matrix metalloproteinases, and/or
lysosomal cysteine peptidases called cathepsins.21'22'23'24'25 Such proteases
facilitate the processes of migration and invasion by causing breakdown of
the extracellular matrix and other physiologic microstructures within the
CNS. Evidence also suggests that altered expression of certain membrane
adhesion molecules (such as CD44 or cadherins) correlates with a tumor's
ability to invade pial, arachnoid, ependymal, or even endothelial
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barriers.26'12'28'29 Such phenotypic characteristics are likely to be important
prerequisites for the metastatic process.

3. CNS TUMOR TYPES LEADING TO LM:
CHILDREN AND ADULTS

The high tendency for several types of childhood brain tumors to
metastasize to the leptomeninges has long been recognized. In addition to
medulloblastoma, these tumors include ependymoma, germinoma,
pineoblastoma and other primitive neuroectodermal tumors
(PNETs).2'4'15'30'31'32'33 The leptomeningeal spread of pediatric posterior fossa
tumors has been especially well-documented.15'30'32'34'35'37 The known
propensity of these tumors to lead to "drop metastases", i.e. metastases to the
spinal subarachnoid space, has resulted in standard protocols for CSF
analysis, staging of the entire neuraxis with gadolinium enhanced MRI, and
the administration of cranio-spinal irradiation. Leptomeningeal spread has
been reported to occur with other pediatric brain tumors, including juvenile
pilocytic astrocytomas, brainstem and other gliomas, and tumors of the
choroid plexus.14'15'32'26'38'48 CNS tumors that have been found to produce LM
both in children and adults are listed in Table 1. It should be noted that in
Table 1, no particular order has been assigned and many of the tumor types
listed are from single case reports, or very small series.

Table 1. Primary CNS Tumors Reported to Produce Leptomeningeal Metastases
Children
Medulloblastoma
Ependymoma (benign and malignant)
Germ cell tumors
Pineoblastoma
Primitive neuroectodermal tumor (PNET)
Juvenile pilocytic astrocytoma
Brainstem glioma
Pleomorphic xanthoastrocytoma
High-grade glioma (other)
Choroid plexus papilloma/carcinoma
Ganglioglioma
Polar spongioblastoma
Spinal cord astrocytoma

Adults
Glioblastoma
Grade III astrocytoma
Germ cell tumors
Ependymoma
PNET
Oligodendroglioma
Low-grade glioma
Craniopharyngioma
Malignant (and clear cell) meningioma
Primary cerebral fibrosarcoma
Pituitary adenoma
Pineoblastoma
PNET
Central neurocytoma
Dermoid/epidermoid
Primary CNS lymphoma
Meningeal hemangiopericytoma
Primary diffuse leptomeningeal

gliomatosis
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For adults, review of the literature reveals reports of LM from both low
and high grade primary CNS tumors of varying cell lineages.5'46'49'50'68 While
the adult list is similar to that for children, the predominant histologies
responsible for LM in adults are generally of higher grade, a reflection of the
more frequent occurrence of these types of tumors in adults. More benign
tumors more often have a longer interval between their initial diagnosis and
the diagnosis of LM. Recurrent tumors and malignant tumors are generally
more likely to be associated with LM. Spinal cord tumors have also been
reported to lead to LM, including intracranial seeding, both in children and
adults.13'69"72

4. INCIDENCE OF LM FROM CNS TUMORS

In series of children with brain tumors, the incidence of LM has ranged
from 19% to 36%.15'30'32' With respect to specific tumor types, in 1983
Tomita and McLone reported that five out of five patients with cerebellar
medulloblastoma had neoplastic cells present in the CSF or arachnoid of the
cisterna magna at the time of craniotomy before manipulation of the tumor.37

A more detailed study was then undertaken in which 31 children with
medulloblastoma were studied by myelography and CSF cytology, one
month after surgery, and prior to the administration of irradiation. Three
patients (9.6%) showed results that were positive for spinal subarachnoid
seeding.34 The incidence of leptomeningeal metastasis in patients with
medulloblastoma is known to vary with the age of the patient, with younger
patients having a higher incidence of LM at time of diagnosis. The
likelihood of LM is also known to vary with stage of the disease, e.g. initial
diagnosis vs. tumor recurrence. In studying children with low-grade gliomas,
Civitello et al found LM in one of 56 cerebellar tumors, one of 34 cerebral
tumors, one of 21 chiasmatic tumors, 0 of 14 diencephalic tumors, and three
of 12 spinal cord tumors.40 The incidence of LM in children with brainstem
gliomas has been reported to range from 4 to 33%.46'62 Ependymomas, germ
cell tumors and choroid plexus carcinomas are also known to frequently
produce spinal seeding and/or "drop" metastases.4'15'30'32'72

For adults, Awad et al. reported a LM incidence of 7% in a series of 191
patients with supratentorial malignant gliomas.50 Erlich and Davis found that
25% of 25 patients with glioblastoma had spinal LM as discerned at
autopsy.73 In another autopsy study of glioblastoma patients, Onda and
colleagues found that 14 of 51 patients (27%) had dissemination of tumor
cells into the CSF.74 Clinical symptoms were found to be related to how
extensive the seeding was. Wai-Kwan et al reported an incidence of 23% of
LM in patients with malignant glioma as proven by autopsy.67 In a study by
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Elliott et al., CSF dissemination could be radiographically documented in
35% of patients with malignant gliomas.17 Schild et al reported
leptomeningeal seeding in 10% of patients with benign ependymoma, and
41% in patients with malignant ependymoma.33 In addition to tumor type
and grade, the incidence of LM in adults may depend upon additional factors
such as age and the extent of tumor spread at time of diagnosis.

In a recent study of 9672 patients of all ages having primary tumors of
the brain or spinal cord, 11.5% had involvement of the cranial meninges and
2.2% had involvement of the CSF or spinal meninges. This study was based
on patients collected through tumor registries; the diagnosis of meningeal
and/or CSF involvement was made by clinical symptomatology and/or
diagnostic imaging.75 In contrast to studies cited above, Nishio and
colleagues reported finding evidence for leptomeningeal seeding of the
ventricular surface and/or subarachnoid space in 76.9% of the patients they
studied.16 Patients had a variety of primary CNS tumors, and were studied in
detail at the time of autopsy. Malignant tumors showed tumor seeding more
often than benign ones. In all of the cases in which seeding occurred, the
primary tumor was found to extend directly into the CSF. The distribution of
the tumor metastases correlated with CSF flow and the site of focal
ependymal defects. Nishio et al. attributed their higher incidence to the fact
that their patients were scrutinized more closely by detailed autopsy.

The fact that there is such a wide range of reported incidence rates, both
in children and adults, is a product of the fact that the patients studied, and
methods used, have varied from study to study. Analysis of patients for the
occurrence of LM on clinical grounds is also clouded by the sometimes rapid
progression of the primary tumor, with patients succumbing to the disease
before the diagnosis of dissemination can be made. Therefore, uncertainty
currently exists, as to the true incidence of LM.

5. DIAGNOSIS OF LM IN BRAIN TUMOR
PATIENTS

The diagnosis of LM in general can be difficult to make, since patients
may initially have vague complaints and minimal neurologic findings. LM
may go on to mimic other disorders, such as tuberculosis or fungal
meningitis, CNS sarcoidosis or pseudotumor cerebri.10'31'76 As mentioned in
the introduction of this chapter, lymphomatous meningitis and PDLG,
primary neoplastic diseases of the leptomeninges, would present a similar
picture. The diagnosis of LM for brain tumor patients can also be hampered
by the vagueness of the symptoms that may be present, especially since the
CNS is already involved with tumor. Occasionally, patients with primary
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brain tumors exhibit features of LM at the time of their initial
presentation.31'77 Multiple cranial nerve lesions as the initial manifestation of
glioblastoma, for instance, is only rarely seen.77

Usually, for patients known to have a malignant brain tumor, there is
little relevance to making the additional diagnosis of LM. This situation may
change as treatment of the primary site improves. In patients for whom the
diagnosis of LM has been important, such as pediatric medulloblastoma and
ependymoma patients, more clinical research efforts have been focused.

Symptoms and signs of LM may be secondary to CSF obstruction and
hydrocephalus (headache), cranial nerve involvement, involvement of the
region of the fourth ventricle (intractable vomiting), irritation/compression of
spinal nerve roots or spinal cord, or irritation of the cerebral cortex
(seizures).5'38'39'46'52'53'56'70'77 The key to the diagnosis of LM in a CNS tumor
patient often lies in detecting symptoms and signs related to nervous system
involvement in a new location. A typical scenario would be a patient with a
supratentorial tumor presenting with new lower cranial nerve findings, or a
cervical or lumbar radiculopathy. The extent of meningeal spread may be
quite advanced by the time the diagnosis of LM is made. Table 2 shows a
list of symptoms and signs that are possible in patients with LM; however,
these findings may also be seen in patients with primary CNS tumors without
LM.

Table 2. Possible Symptoms and Signs of Patients with Leptomeningeal Metastases
Cranial Headache

Seizure
Mental status changes
Diplopia
Other cranial nerve palsies
Weakness
Intractable vomiting
Hypothalamic dysfunction
Back pain
Myelopathy
Incontinence

Nausea
Nuchal rigidity
Papilledema
Dysphagia

Radiculopathy
Paralysis

Spinal

Diagnostic studies such as MRI or computerized tomography (CT), with
and without contrast media, are usually indicated at intervals for any patient
with a known primary CNS tumor. Findings indicative or suspicious for LM
include enhancement along the pial and/or ependymal (periventricular)
surface (especially in a nodular pattern), obliteration of sulci or other
structures normally containing CSF (such as the basal cisterns), and/or the
occurrence of hydrocephalus. While Tl imaging is standard, T2 imaging may
also be helpful. It is anticipated that in the future, with the availability of
clinical MRI units having even higher field strengths, even smaller metastatic
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deposits will be detected. Additional techniques, such as diffusion tensor
imaging are also becoming available and may prove to be of value.

The need for detailed imaging of the entire neuraxis, usually by MRI
with and without gadolinium administration, depends on the patient's age,
tumor type, clinical presentation and relevance of any positive findings.
Proximity of the primary tumor to the ventricular system, other CSF
pathways, or the pial surface of the brain or spinal cord would arouse
suspicion for potential leptomeningeal seeding. Screening MRI scans of the
entire spine are routinely performed for children with medulloblastoma,
supratentorial PNET, ependymoma and germinoma. No such standards exist
for adult patients with malignant gliomas. The reason for this seems to be
the relatively low incidence of metastases and uncertain clinical significance
of detecting LM in this population.

As mentioned above, leptomeningeal dissemination may cause
hydrocephalus, and treatment (usually with a ventriculoperitoneal [VP]
shunt) may be needed. It has been hypothesized that communicating and/or
noncommunicating hydrocephalus could be caused in LM patients by: 1)
mechanical obstruction of CSF pathways, 2) blockage of the sites of
resorption of spinal fluid by tumor cells, either over the cerebral convexities
or in the spinal subarachnoid space, 3) alteration of CSF viscosity due to
increased protein content, and/or 4) increased fibrinogen in the CSF with
conversion into fibrin (and fibrosis) at the basal cisterns and/or Pachionian
granulations.70 VP shunt placement may risk further spread of tumor cells,
but this may be unavoidable since increased intracranial pressure from
hydrocephalus may be fatal.

As with the clinical presentation of LM in general, CSF findings in
patients with LM may be negative, or mimic those of other diseases.
Standard CSF values in patients with LM from primary CNS tumors may be
normal, or may show elevated protein, decreased glucose, increased cell
number and/or positive malignant cells.76 If the cell count is elevated, an
increase in polymorphonuclear leukocytes may be seen. CSF cultures for
fungus, and all other organisms would be expected to be negative.
Performing a lumbar puncture in a patient with an intracranial mass lesion
can certainly be hazardous; ventricular CSF may be available if the patient is
requiring a VP shunt for hydrocephalus.

CSF cytology may be negative in patients with LM from CNS tumors,
especially early in the clinical course.31 In adults, studies attempting to
correlate preoperative or postoperative CSF analysis with tumor diagnosis or
degree of malignancy have not shown any reliable means for identifying
those at risk for LM,12'81 Balhuizen et al found positive preoperative CSF
cytology in 13.9% of their glioma patients, although there was no correlation
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for risk of postoperative LM.12 Sampling of CSF by lumbar puncture to
document the presence or absence of malignant cells at the onset of treatment
has been found to be of value in children. Positive CSF cytology has been
shown to correlate with increased risk of gross LM and poorer overall
prognosis. Negative CSF cytology, however, does not assure the absence of
subsequent LM either in children or adults.15'30

6. TREATMENT AND PROGNOSIS FOR LM IN
BRAIN TUMOR PATIENTS

Once the presence of LM from a brain tumor has been identified, options
may include radiation therapy, systemic chemotherapy, and/or intra-thecal
chemotherapy. Another option, especially for patients with leptomeningeal
gliomatosis, is supportive care.6 Choice of treatment depends on which
treatments have already been administered, and the age and clinical status of
the patient. Steroids, usually dexamethasone, may be given, or the dose
increased to ameliorate symptoms. Patients who develop hydrocephalus may
need a ventricular shunt.

Surgical intervention may be indicated at the site of tumor spread if a
mass is present and prognosis is reasonable. Cases of drop metastases from
CNS tumors (such as juvenile pilocytic astrocytomas and malignant
meningiomas) have been treated with local surgical resection, especially
when an isolated intra-dural metastasis has been present.14'36'39'48'58'79

Surgical resection has also been combined with spinal irradiation.
Stereotactic radiosurgery has long been used to provide a precise high-
intensity boost of radiation in selected patients with recurrent intracranial
tumors. With the development of new devices having the capability of
performing radiosurgery of the spine (such as the CyberKnife™), this
technology might also be attempted for selected patients with drop
metastases.

Since the occurrence of LM in children with medulloblastomas,
supratentorial PNETs, posterior fossa ependymomas, brainstem gliomas and
germ cell tumors has been fairly well-defined, protocols for treatment with
cranio-spinal radiation and/or chemotherapy have been
developed.4'12'15'32'35'43'46'80 The toxicities that are encountered may be quite
significant. Often in the very young, every effort is made to attempt to avoid
radiation therapy. Cranio-spinal radiation and/or chemotherapy have also
been used to treat LM for more benign childhood tumors.4'36'39'40'44'45'47'79

Controversies still exist concerning the indications for, and timing of,
chemotherapy and radiation therapy in the pediatric age group. Follow-up
measures for children with LM may include serial CSF analyses for
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cytology, and serial imaging studies, usually MRI with and without
gadolinium administration.

In adults with malignant CNS tumors, the occurrence of LM despite
chemotherapy and/or radiation has usually been addressed with additional
radiation treatments and/or chemotherapy.46'49'59'67 For LM from malignant
glioma (intracranial or spinal), intrathecal chemotherapy with methotrexate,
cytosine arabinoside (ara-C), thiotriethylenephosphoramide (thio-TEPA),
neocarzinostatin or ACNU has also been tried.6'53'62'69'82 Of these choices,
thio-TEPA may be the most promising.82 The potential toxic effect of
intrathecal methotrexate administration is well known.83 Adults are followed
clinically for LM with serial neurologic examinations and MR imaging. For
ventricular size, CT scanning is usually faster and less expensive than MRI.
Follow-up CSF analysis is less likely to be of benefit in the adult population,
and as mentioned above, lumbar puncture entails a risk of transtentorial
herniation in the presence of supratentorial mass effect.

The prognosis for children with LM is variable, and depends upon the
patient's tumor type, age, and extent of the tumor's spread at the time of
diagnosis. Disease may progress despite neuraxis radiotherapy and intensive
chemotherapy, and systemic metastases may occur.31 In looking at pediatric
patients with either medulloblastoma or PNET, Allen et al found the median
survival for patients with LM at the time of diagnosis to be 12 months.30 In a
series review of 319 patients, Packer et al, found the median survival for
patients, including all tumor types, to be six months.15 Once there was
evidence of relapse following treatment for LM, the median survival dropped
to four months. When considering patients with the diagnosis of PNET,
those with LM at the time of diagnosis fared worse than those without LM at
the time of diagnosis, with an approximate five-year survival of 21% versus
54%.15. Civitello et al found the median survival for children diagnosed with
low-grade gliomas and LM (combining all locations) to be only 25 months.40

In looking at 14 patients with brainstem glioma and LM, Mantravadi et al
found the five-year survival to be 28%.62

Unfortunately, the vast majority of adult patients with LM from primary
CNS neoplasms have more aggressive tumor types and the prognosis is
usually quite poor. Like children, prognosis may depend upon the type of the
primary tumor, the age of the patient, and the extent of the tumor's spread.
Wai-Kwan et al found that for patients with high-grade gliomas, the median
survival for those with LM at the time of diagnosis was 49 weeks.67 Awad
et al reviewed 12 patients with high-grade glioma and LM at the time of
diagnosis and found the average length of survival to be three months.50

Better treatments for LM, including LM from CNS tumors, are certainly
needed.6'84 The possibility of using immunotherapy for treating patients with
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LM has always been attractive.84 Coakham and Kemshead have reported on
their experience with intrathecal administration of radiolabeled monoclonal
antibodies.85 Of note is the fact that the best results were obtained in patients
with PNET, where 53% of evaluable cases had responses or stable disease.
Nakagawa et al reported treating LM patients, including three having brain as
the primary site, with continuous ventriculolumbar perfusion chemotherapy
with some encouraging results.86 In their study, radioiodinated
ventriculography was performed to confirm the absence of obstruction to
CSF flow and intracranial pressure was carefully monitored.86 Considering
the difficulty in achieving therapeutic drug levels throughout the CSF space,
further attempts at ventriculolumbar perfusion would seem to be warranted,
especially if less toxic therapeutic agents can be identified.

7. CONCLUSIONS

While reported relatively infrequently, LM from primary CNS tumors is
a recognized and fairly well-described disease entity. Many primary CNS
tumors, both malignant and benign, can lead to LM. In adults, the most
common tumor to lead to LM is a high-grade glioma. Several types of
pediatric brain tumors are well known to seed the neuraxis, especially
medulloblastoma, ependymoma, PNET, brainstem glioma and germinoma.

While currently the incidence of LM can only be estimated, it seems that
the more closely one looks, the more likely one is to find LM. Thus in the
future, with improved, higher field strength MRI, it is likely that the
diagnosis of LM will be made earlier and more often. Treatment for LM
usually includes radiation therapy, and chemotherapy; selected surgical
procedures may also be needed. Prognosis, while varying especially
according to age and tumor type, is generally poor even with aggressive
treatment.

Ventriculolumbar perfusion therapy and intrathecal administration of
radiolabeled monoclonal antibodies have been used experimentally in
patients with some intriguing results. Further information about the basic
science of CNS tumor cell proliferation and metastasis is needed, and novel
approaches to this disease should continue to be conceived, funded and
tested.
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Abstract: The treatment and prophylaxis of leptomeningeal leukemia and lymphoma
in children has dramatically improved disease control and long-term
survival. However, the treatment of other leptomeningeal cancers has been
less successful and the neurologic morbidity associated with central nervous
system-directed therapy has a significant long-term impact on quality of life.
Further research is critical to identify new therapeutic strategies for children
with or at high risk for leptomeningeal cancer.
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prophylactic intrathecal therapy; medulloblastoma

1. INTRODUCTION

Leptomeningeal dissemination of pediatric tumors occurs most frequently
in children who have leukemia or a primary central nervous system (CNS)
tumor; however, it may also be observed in a variety of other solid tumors of
childhood. The initial recognition that the CNS serves as a sanctuary site,
protected from the effects of most systemically administered chemotherapy,
occurred more than 30 years ago in children with acute lymphoblastic
leukemia.1'2 The high incidence of CNS leukemic relapse following the
introduction of effective systemic combination chemotherapy for bone marrow
disease highlighted the limitations imposed by the blood-brain barrier. The
incorporation of specific CNS-targeted therapeutic strategies, including
radiation therapy and intrathecal drug delivery, into the frontline treatment of
childhood leukemia resulted in a great advance in the prevention and treatment
of leptomeningeal leukemia in this patient. Unfortunately, although
tremendous strides have been made in the treatment and prevention of
leptomeningeal leukemia, this success has not yet been realized in either the
treatment or the prevention of most other leptomeningeal cancers of childhood.
In this chapter, we will summarize the current status of the recognition,
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diagnosis, and management of childhood cancers that have a predilection for
leptomeningeal dissemination.

2. CLINICAL PRESENTATION OF CHILDREN
WITH LEPTOMENINGEAL METASTASES

The signs and symptoms of leptomeningeal dissemination are highly
variable depending upon the extent and location of the disease. Although
symptoms may be focal, it is important to remember that leptomeningeal
metastases affect the entire neuraxis, necessitating evaluation and treatment of
the brain and spinal cord. Children with an underlying primary CNS or solid
tumor are more likely to have leptomeningeal dissemination in association
with advanced systemic or bulky CNS disease than children with underlying
leukemias or lymphomas. As a result, there are myriad signs and symptoms,
related to either the primary tumor or to leptomeningeal spread of the tumor,
that may be present at initial diagnosis. In contrast, some children with
leptomeningeal metastases may be relatively asymptomatic at initial diagnosis,
particularly if the diagnosis occurs in association with periodic surveillance
laboratory (e.g., cerebrospinal fluid (CSF) cytology) or neuroimaging studies.

Signs and symptoms of leptomeningeal dissemination are dependent on the
site(s) of neuraxis involvement.3'9 The most common signs and symptoms are
a result of increased intracranial pressure and include headache, nausea, and
vomiting. Cranial nerve involvement may result in double vision, loss of
hearing, loss of vision, or facial numbness and weakness. Signs and symptoms
due to spinal cord involvement may include weakness, sensory loss, pain,
numbness, ataxia, or paraparesis. With leptomeningeal disease progression,
children may develop confusion, memory loss, dementia, seizures, or mental
status changes.

3. DIAGNOSIS OF LEPTOMENINGEAL
METASTASES IN CHILDHOOD CANCER

The diagnosis of leptomeningeal metastases is primarily based on results
of CSF and neuroimaging studies. Evaluation of the CSF remains the single
most important diagnostic tool in patients with an underlying leukemia or
lymphoma. With the routine use of gadolinium-enhanced magnetic resonance
imaging (MRI), neuroradiographic studies have played an increasingly
important role in the diagnosis of leptomeningeal metastases in patients with
underlying CNS or solid tumors.
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3.1 Cerebrospinal fluid studies
Essential elements in the laboratory evaluation of CSF include cell count,

cytology and determination of CSF protein and glucose concentrations. There
is no single CSF biochemical marker or CSF laboratory test that is diagnostic
of leptomeningeal tumor spread. In children with underlying CNS or solid
tumors, the presence of malignant cells in the CSF is diagnostic of
leptomeningeal metastases. However, a negative CSF cytology result does
not preclude the diagnosis of leptomeningeal metastases. Studies in adults
with leptomeningeal disease have demonstrated that initial CSF cytology
samples are positive in only 55-70% of patients but, with repeated CSF
sampling, the incidence of positive cytology increases to 80-92%.4>10 Thus,
serial examination of CSF, including sampling from alternate sites (e.g.
ventricular or cisternal) may be required for the detection of malignant cells.
However, despite repeated CSF sampling some children will have persistently
negative CSF cytology. In such patients, the presence of appropriate
neuroimaging abnormalities is adequate for the diagnosis of leptomeningeal
metastasis.11

There is some controversy about the objective definition of overt CNS
leukemia. Traditionally, the diagnosis of CNS leukemia required the presence
of greater than 5 CSF leukocytes/|iL plus the presence of lymphoblasts on a
CSF cytospin. However, several retrospective studies have demonstrated that
the presence of any CSF lymphoblasts placed patients at higher risk of
subsequent leptomeningeal relapse even if there were fewer than 5
leukocytes/|nL;12'13 other studies, however, failed to confirm these findings.14

Therefore, in an attempt to clarify the significance of positive CSF cytology
despite a low CSF leukocyte count, some current frontline chemotherapy trials
have developed a separate treatment stratum, CNS-2 (Table 1) in which
children who have fewer than 5 leukocytes/]uL and lymphoblasts receive a
more intensive CNS-directed therapy than patients with fewer than 5
leukocytes/|nL and no lymphoblasts; however, it is less intensive in those with
greater than 5 leukocytes/JIL and lymphoblasts.

Table 1. Classification of CNS Disease Status in Patients with Leukemia Based on CSF
Findings at Initial Diagnosis

Status CSF Findings

CNS-1 No lymphoblasts

CNS-2 < 5 WBCs/uL with definable blasts on cytocentrifuge examination

CNS-3 >5 WBCs/uL with blast cells (or cranial nerve palsy)
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In some cases of CNS leukemia or lymphoma, it may be difficult to
confirm the diagnosis because lymphocytes in the CSF are not always readily
identifiable as malignant by the cytopathologist. In such instances, abnormal
CSF cytogenetic or flow cytometry results may further support the diagnosis.
In children who have germ cell tumors, elevations in tumor markers such as oc-
fetoprotein (AFP) or the (3-subunit of human chorionic gonadotropin (HCG)
may support the diagnosis of leptomeningeal metastases. Elevations in AFP
are more common in the non-germinomatous germ cell tumors, whereas
elevations in P-HCG are more common in choriocarcinomas and
some germinomas.15 When evaluating tumor marker levels, it is important to
simultaneously assess serum and CSF in order to ascertain whether or not an
elevated marker is the result of passive diffusion into the CSF or secondary to
leptomeningeal dissemination.16

Other non-specific abnormalities that are frequently found in the CSF of
patients with leptomeningeal metastases include an elevated opening pressure,
a decrease in glucose concentration, and an increase in protein concentration.
Since some children with primary CNS tumors have indwelling
ventriculoperitoneal shunts, it is important to remember that the lumbar CSF
protein level may be increased in the absence of leptomeningeal metastases
due to shunt-induced alterations in CSF flow. In addition, in children with
leptomeningeal metastases who have indwelling Ommaya reservoirs, CSF
studies for staging and diagnosis must include an evaluation of both ventricular
and lumbar CSF spaces since lumbar CSF cytology is frequently positive in
the presence of negative ventricular CSF cytology.17

3.2 Neuroimaging studies
Neuroimaging studies are extremely useful in defining the extent of

leptomeningeal disease in children who have underlying primary CNS or solid
tumors. Neuroimaging studies also facilitate the identification of areas of
bulky disease and the assessment of CSF flow dynamics. In children with
CNS leukemia, neuroimaging studies of the brain and/or spinal cord are
sometimes obtained if there are focal neurological symptoms (e.g. cranial
nerve palsies, visual problems, or localized pain). Furthermore, it is not
unreasonable to obtain a baseline head MRI at the initial diagnosis of CNS
leukemia or lymphoma.

As with CSF cytology, negative imaging studies do not preclude a
diagnosis of leptomeningeal metastases. It has been suggested that if there is a
strong clinical suspicion of neoplastic meningitis in the presence of negative
cytology and neuroimaging studies, that obtaining a high-dose gadolinium-
enhanced MRI may increase the diagnostic yield.18
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3.3 CSF flow studies
Nuclear medicine CSF flow studies (111indium-diethylenetriamine

pentaacetic acid (DTPA) or technetium Tc"-DTPA) should be performed in
children with non-leukemic leptomeningeal metastases prior to the
administration of intrathecal chemotherapy. CSF flow studies provide a
dynamic evaluation of the functional anatomy of the various CSF
compartments and can detect flow abnormalities that may not be apparent on
conventional neuroradiographic imaging.5'^ Obstruction of the normal
circulation of CSF flow by tumor may lead to either decreased drug efficacy
due to inadequate distribution throughout the neuraxis or increased toxicity
because of high local drug concentrations.

Abnormalities in CSF flow, observed in approximately one-third of adults
with leptomeningeal metastases, appear to adversely affect the response to
treatment and overall prognosis.19'20 Prospective studies correlating the
results of CSF flow studies and response to treatment or prognosis have not
been performed in children. However, the overall incidence of abnormalities
in CSF flow in children with leptomeningeal metastases at diagnosis appears to
be lower than in adults. This probably reflects the fact that the initial diagnosis
of leptomeningeal dissemination in many children is temporally associated
with surveillance MRIs or CSF cytology studies, i.e. at a time when patients
may be relatively less symptomatic or even asymptomatic.

4. CHILDHOOD TUMORS WITH A
PREDILECTION FOR LEPTOMENINGEAL
DISSEMINATION

4.1 Leukemias/Lymphoma
Prior to the institution of prophylactic, or "pre-symptomatic" CNS therapy,

CNS leukemia occurred in more than 50% of children with acute
lymphoblastic leukemia (ALL) and was a major cause of treatment failure in
patients who achieved bone marrow remission.1'2 However, with the
incorporation of effective CNS prophylaxis into frontline treatment,
leptomeningeal leukemia is now a relatively uncommon event occurring in
fewer than 10% of patients.21 Standard pre-symptomatic therapy for all
children with leukemia includes intrathecal chemotherapy with methotrexate
administered as a single agent or in combination with cytarabine and
dexamethasone. Children who are at high risk of CNS recurrence may also
receive prophylactic cranial radiation.
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4.1.1 Treatment
In the past, the long-term outcome for children with an isolated CNS

relapse was dismal because a bone marrow relapse invariably followed.
However, current treatment approaches that include intrathecal chemotherapy
plus intensive systemic chemotherapy, followed by delayed consolidation with
craniospinal irradiation (CSI), and maintenance therapy with intrathecal and
systemic chemotherapy, have dramatically improved the long-term outlook for
children with an initial isolated CNS relapse who have not previously received
CSI. Results of a recent Pediatric Oncology Group (POG) study evaluating the
efficacy of delaying radiation therapy for six months after an isolated CNS
relapse demonstrated a 4-year event free survival of 71% ± 5% for all patients,
an event free survival of 83% ± 5.3% for children whose relapse occurred
more than 18 months after initial diagnosis and 46.2 ± 10.2% for those with a
first complete remission of less than 18 months.22'23 The rationale for
delaying CSI in patients with an overt CNS relapse is to allow delivery of early
intensive systemic chemotherapy in an attempt to prevent a subsequent bone
marrow relapse. Current clinical trials for children with an isolated CNS
relapse are evaluating the feasibility of delaying radiation for 12 months as
well as delivering cranial radiation only, rather than CSI, if the initial relapse is
greater than 18 months after initial diagnosis.

The long-term prognosis is poor for children who experience a CNS
leukemic relapse after definitive irradiation to the neuraxis. Although the
optimal treatment regimen for a second or greater CNS relapse has not been
defined, both systemic and CNS-directed therapy is required. In general,
treatment decisions should be guided by prior systemic and CNS-directed
therapy. CNS-directed treatment approaches for such patients include
intrathecal administration of standard agents via an Ommaya reservoir or
administration of new intrathecal agents undergoing evaluation in the phase I
or phase II setting.

Intrathecal chemotherapy using a "concentration times time" ("CxT")
approach via an indwelling ventricular access device has been successful in
inducing CNS remissions even in patients who have a CNS recurrence while
receiving standard dose intralumbar therapy. The "C x T" schedule consists of
repeated intraventricular administration of low-dose chemotherapy
(methotrexate alternated with cytarabine) over a relatively short period of time.
This delivery schedule increases the duration of CSF exposure to cytotoxic
drug concentrations, which is critical for cell-cycle specific agents such as
methotrexate and cytarabine. It may also lessen the incidence of neurotoxicity
by avoiding high peak drug concentrations and deliver of a lower cumulative
drug dose over time.24



6. Leptomeningeal Cancer in the Pediatric Patient 93

Development of sustained release agents for intrathecal administration
represents an extension of the "CxT" approach. A sustained release
formulation of liposomal cytarabine (DepoCyt™), recently approved by the
Food and Drug Administration for treatment of lymphomatous meningitis in
adults, has a terminal half-life that is 40-fold greater than the standard
intrathecal cytarabine (141 h vs 3.4 h).25>26 A Phase I trial of liposomal
cytarabine in children with refractory or recurrent leptomeningeal cancers is
nearing completion.27 Future studies will define the role of this agent in the
treatment of childhood CNS leukemia.

The role of bone marrow transplantation in the treatment of a CNS
leukemic relapse is not known and there are inadequate patient numbers to
compare this approach prospectively to other traditional approaches.
Nevertheless, there are anecdotal reports indicating that transplant can induce
prolonged disease- free survival in some patients with a history of CNS
disease. However, such patients are at increased risk of treatment-related
toxicity, especially CNS complications.28

Although leptomeningeal dissemination of lymphoma is unusual at initial
presentation, it appears to be more common in patients who have bone marrow
disease.29 Similar to leukemias, lymphomatous meningitis will eventually
occur in a high proportion of patients if presymptomatic therapy is not
incorporated into front-line treatment. In addition to leptomeningeal spread,
CNS involvement from lymphoma can also include cranial nerve infiltration,
parenchymal CNS disease, paraspinal tumor or a combination of these.29 CNS
involvement appears to be most common in patients with
African Burkitt's lymphoma.29 The approach to the treatment of children with
recurrent or refractory leptomeningeal lymphoma is similar to that for children
who have CNS leukemia.

5. PRIMARY CNS TUMORS

Leptomeningeal dissemination may occur in a wide variety of childhood
brain tumors including medulloblastoma, supratentorial primitive
neuroectodermal tumor (PNET), atypical teratoid/rhabdoid tumor (ATRT),
glioma, ependymoma and germ cell tumors.3'15'30"38 Dissemination may be
present at initial diagnosis, occur in combination with local disease progression
or relapse, or occur as an isolated event. Younger children appear to be at
higher risk for leptomeningeal spread. The reported incidence of
leptomeningeal dissemination for a given histologic tumor subtype often varies
widely from series to series. In the past, staging of the entire neuraxis was not
routinely performed. However, the widespread availability of gadolinium-
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enhanced MRIs has facilitated routine neuraxis staging for the majority of
children with a newly diagnosed CNS tumor. Other factors that may influence
the variability between reports is underlying referral patterns to various
children's hospitals or treatment centers.

5.1 Medulloblastoma (Infratentorial Primitive
Neuroectodermal Tumors)

Medulloblastoma has a great propensity for leptomeningeal dissemination
relative to other pediatric CNS tumors. Leptomeningeal metastases are present
at diagnosis in up to 27-43% of infants and young children with
medulloblastoma, compared with an incidence of less than 20-25% in older
children with similar histologic diagnosis.15 The reported incidence of
leptomeningeal spread is greater than 90% in patients with medulloblastoma
who come to autopsy.15'39'40

Because of the predilection for leptomeningeal dissemination, CSI is an
integral component of therapy for all children with newly diagnosed
medulloblastoma who are over three years of age. Results of recent pediatric
cooperative group studies, including a trial that compared conventional dose
radiation (36 Gy to the neuraxis and 54 Gy to the posterior fossa) versus
reduced dose radiation (25 Gy to the neuraxis and 54 Gy to the posterior fossa
suggest that post-surgical treatment with reduced-dose CSI therapy and
adjuvant chemotherapy does not adversely impact event-free survival and may
improve neuropsychological outcome in patients who do not have overt
leptomeningeal disease.41"43

CSI followed by adjuvant chemotherapy is also a successful treatment
strategy for the majority of children who have leptomeningeal metastases at
initial diagnosis.44 However, children who experience a leptomeningeal
relapse during or after completion of standard therapy have a dismal prognosis.
Leptomeningeal medulloblastoma is usually rapidly progressive and there is no
known curative therapy. Some children have experienced transient benefit
after palliative treatment with oral etoposide45'46 or treatment with
investigational intrathecal agents such as mafosfamide or topotecan.27 There
is currently a Phase II Children's Oncology Group study to evaluate the
response rate and progression-free survival for children with leptomeningeal
medulloblastoma treated with intrathecal topotecan.

The optimal treatment for children <3 years with PNET/medulloblastoma
remains unknown since CSI in young children and infants is associated with an
unacceptably high incidence of neuropsychologic and neuroendocrine
sequelae. Recent treatment strategies for this age group have focused on the
delivery of post-operative chemotherapy in an attempt to delay the need for
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neuraxis radiation. Unfortunately, these efforts have had a limited impact
since most infants have either a local or disseminated disease recurrence within
six to nine months of initial diagnosis.47"5^ Infants who progress while
receiving their initial chemotherapy can be salvaged with CSI. However, all
infants treated in this fashion have a substantial decline or loss in cognitive
function and most experience neuroendocrine problems.51 Therefore, in an
attempt to control leptomeningeal disease without the morbidity associated
with neuraxis irradiation to the developing CNS, the Pediatric Brain Tumor
Consortium is currently evaluating a treatment strategy that utilizes up-front
systemic chemotherapy plus intrathecal chemotherapy and the early
introduction of limited-field conformal radiation therapy.

5.2 Supratentorial PNETs
Supratentorial PNETs occur predominately in the cerebral hemispheres.

The incidence of leptomeningeal dissemination for supratentorial PNETs
varies markedly between series. However, it appears that the overall incidence
at initial presentation is lower in children with medulloblastoma, ranging from
5 - 10%. Nevertheless, CSI is recommended as a component of the initial
treatment for children with supratentorial PNETs because the eventual
occurrence of leptomeningeal spread may be as high as 70%.15

5.3 Ependymomas
The reported incidence of leptomeningeal dissemination in children with

ependymomas ranges from 3% - 22%. 15>52 Until recently, there was ongoing
debate about the need for prophylactic CSI in the absence of leptomeningeal
dissemination. At the present time, most investigators limit the use of CSI in
ependymoma to children with objective evidence of leptomeningeal spread.52

In a recent retrospective series neither evidence for dissemination at
presentation nor the detection of anaplastic histological features were
associated with a significantly worse outcome.52 Age of the patient at
diagnosis, and extent of surgical resection, appear to be the most important
prognostic factors in the initial treatment of this disease.15'52

5.4 Gliomas
Low-grade gliomas have an approximately 3%-4% incidence of

leptomeningeal spread;34 while higher grade supratentorial and brainstem
gliomas have a higher incidence of spread, ranging from 20-45% across
various retrospective series.33'35'53'54 Disseminated disease due to pilocytic or
other low grade astrocytomas does not necessarily preclude long-term survival
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since such tumors rarely show malignant degeneration;55 long-term survival
has been reported following treatment with CSI.54'56"60 In contrast, the
median survival after the diagnosis of leptomeningeal dissemination from
anaplastic gliomas is three to four months. 35>38

Diffuse leptomeningeal gliomatosis, a condition characterized by glioma
in the leptomeninges without a primary mass lesion in the CNS,61 is rare in
adults and extremely rare in children. The diagnosis is often difficult to
distinguish from subacute meningitis of multiple infectious or non-infectious
etiologies 62>63. Clinically, patients may present with a prodromal phase of
generalized malaise followed by rapid neurologic deterioration.64 In general,
the prognosis for children with leptomeningeal gliomatosis is dismal, although
some patients may experience transient benefit from radiation and
chemotherapy. 61'65

5.5 Pineal-area tumors
Pineal masses, uncommon in pediatric patients, may include

pineoblastomas, germ cell tumors, and astrocytomas. The overall incidence of
leptomeningeal spread for children with non-astrocytic pineal-area tumors,
including pineoblastoma and germinoma, is approximately 10% at initial
diagnosis.15'66 CSI is the standard therapy for non-germinomatous germ cell
tumors (embryonal carcinoma, endodermal sinus tumor, or choriocarcinoma),
pineoblastomas, and germinomas with evidence of leptomeningeal
dissemination. The role of chemotherapy on the long-term outcome of patients
with pineal-area tumors is not clear because of their relative rarity. However,
there are chemotherapy regimens, including platinum plus etoposide, or
cyclophosphamide, that may facilitate delivery of reduced dose CSI for
children with CNS germ cell tumors, including those with leptomeningeal
spread at initial diagnosis.67'68

5.6 Choroid plexus tumors
Choroid plexus tumors, including choroid plexus carcinoma and choroid

plexus papilloma, account for 1-3% of all pediatric brain tumors; generally
present during the first two years life.69"71 Extensive disease, including
leptomeningeal metastases, has been reported in up to 70% of infants with
choroid plexus carcinoma. Multi-modality therapy with surgery,
chemotherapy, and radiation has been effective for some patients. The
efficacy of adjuvant therapy in terms of both chemotherapy and radiotherapy
remains unclear due to limited data.69 However, it appears that CSI is a
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required component of therapy for patients with metastatic disease or a 
subtotal resection. 69 

5.7 Meningioma 
Although meningiomas are a common primary CNS tumor in adults, they 

are rare in children representing less than 2% of all pediatric CNS tum0rs.7~ 
Unfortunately, the prognosis in children is comparatively poor due to rapid 
growth, malignant change, and likely r e c ~ r r e n c e . ~ ~ - ~ ~  Although meningiomas 
primarily present with bulky disease, leptomeningeal metastases can 
occur.78779 Clear-cell meningioma, a rare and more aggressive subtype,80 
appears to have a particular propensity for diffuse leptomeningeal seeding.81 

SOLID TUMORS 

Leptomeningeal metastases may also occur in a variety of childhood solid 
tumors including retin0blastoma,8~ n e u r ~ b l a s t o r n a , ~ ~ - ~ ~  rhabdomyosarcoma,87 
melanoma,88,89 and Ewing's ~ a r c o m a . ~ O > ~ ~  These metastases occur most 
commonly when advanced systemic disease is present, either at the time of 
initial diagnosis or when the primary tumor has recurred. 

6.1 Rhabdomyosarcoma 
Rhabdomyosarcoma can invade the base of the skull and extend 

intracranially with subsequent leptomeningeal metastases. The four anatomic 
sites with the potential for leptomeningeal spread are the nasopharynxlnasal 
cavity, the middle ear, the paranasal sinuses, and the infratemporal 
fossalpterygopalatine space.92 These sites comprise approximately 15% of all 
rhabdomyosarcomas. In the past, treatment for rhabdomyosarcoma involving 
these sites included whole brain radiotherapy. However, over the past several 
decades, radiation ports have gradually been refined to eliminate the need for 
cranial radiotherapy.g2 Current practice for lesions at high risk for 
leptomeningeal spread is radiation therapy to refined ports with 1.5 cm 
margins around the gross tumor volume. 

6.2 Retinoblastoma 
Leptomeningeal spread of retinoblastoma is believed to occur via direct 

propagation from the retina along the optic nerve to the chiasm and 
leptomeninges.93 It may also occur via extension from the choroid into the 
meningeal spaces,g4 or along the central retinal vessels to the subarachnoid 
space. 95 The prognosis for patients with meningeal metastases is invariably 
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poor regardless of the chemotherapy regimeqS2 death from metastatic disease 
occurs an average of five to six months from onset. 96 

6.3 Neuroblastoma 
Parenchymal andlor leptomeningeal dissemination in children with 

metastatic neuroblastoma is relatively uncommon, occurring in approximately 
5% of children with Stage IV d i s e a ~ e . * 3 - ~ ~ > ~ ~  In fact, the CNS may be the first 
or only site of progressive disease.83 Recent retrospective reviews suggest that 
as treatment for the underlying systemic neuroblastoma improves, the 
incidence of CNS neuroblastoma may be increasing.97 Clinically, 
leptomeningeal dissemination of neuroblastoma is progressive. 

6.4 Ewing's Sarcoma 
Although leptomeningeal dissemination has been reported in children who 

have Ewing's sarcoma, it is uncommon occurring in less than 3% of 
patients.90,98 Leptomeningeal metastases are generally observed in children 
who have advanced systemic disease rather than as an isolated event. 91798 
Prophylactic treatment of the CNS with cranial radiation and/or intrathecal 
therapy is not warranted due to the low overall incidence of CNS spread; 
historically, CNS prophylaxis has not prevented subsequent leptomeningeal 
spread. s7 

6.5 Melanoma 
Melanoma is one of the most common leptomeningeal cancers in adults; 

however, it is infrequently observed in children since melanoma comprises less 
than 1% of childhood c a n c e r ~ . ~ ~ 3 ~ 9  Leptomeningeal dissemination of 
melanoma most commonly occurs in children who have advanced systemic 
disease, especially underlying CNS parenchymal metastases. Children who 
have large congenital nevi rarely present with primary leptomeningeal 
melanoma.88~99 Both primary leptomeningeal melanoma and metastatic 
leptomeningeal melanoma are rapidly progressive entities for which there is no 
known effective therapy. In contrast, neurocutaneous melanosis (NCM), a rare 
phacomatosis characterized by the presence of large non-malignant 
melanocytic nevi in combination with an excess of melanotic cells in the 
leptomeninges may be asymptomatic for prolonged periods or have neurologic 
symptoms with or without associated malignant transformation. The prognosis 
for patients with neurologic symptoms is generally poor, even in the absence 
of malignant involvement. 88~100-102 
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7. TREATMENT OF LEPTOMENINGEAL 
METASTASES 

The optimal treatment for tumors with a predilection for leptomeningeal 
metastases is preventative or presymptomatic therapy. This approach has been 
successfully employed for the vast majority of children with leukemias or 
lymphomas and, to a somewhat lesser extent, for medulloblastoma or 
supratentorial PNET through utilization of CNS-targeted treatment approaches 
with intrathecal chemotherapy or CSI. CNS-directed treatment approaches 
have also been increasingly successful in the treatment of initial isolated CNS 
leukemic relapses as well for some CNS tumors with leptomeningeal 
metastases at diagnosis, including medulloblastoma and low- grade gliomas. 
Unfortunately, for the majority of children who have refractory CNS leukemia, 
leptomeningeal medulloblastoma after neuraxis radiation, or leptomeningeal 
metastases from most other underlying solid or CNS tumors, the outlook is 
dismal with rapid progression over a period of weeks to months. The 
remainder of this section will focus on treatment considerations for these latter 
patients with high-risk, poor prognosis disease. 

The initial evaluation of a child with high risk, poor prognosis 
leptomeningeal metastases requires a thorough initial assessment of symptoms 
or neurologic deficits that may be palliated that may be preserved with early 
therapeutic intervention(s). Examples of such signs and symptoms include 
headache, pain, cranial nerve palsies, visual loss, weakness, or loss of 
neurologic function. Treatment with analgesics, steroids, andlor focal 
radiation therapy to areas of bulk disease should be considered. Patients with 
acute loss of function are more likely to be completely or partially restored 
with a therapeutic intervention than those with sub-acute or chronic deficits. 
Interventions for acute or rapidly progressive lesions must occur as 
expeditiously as possible in order to maximize improved or restored function. 

The extent of leptomeningeal metastases, as well as the status of the 
primary underlying malignancy, must also be defined. This information, 
coupled with an assessment of the performance status and rate of disease 
progression, serves as a guide in evaluating whether or not the patient is a 
candidate for enrollment in ongoing clinical trials. In general, children who 
have advanced disease and a poor performance status are offered symptomatic 
or palliative therapy; children who have an adequate performance status and 
less advanced disease should be considered as potential candidates for ongoing 
phase I or phase I1 clinical trials. 

The decision to treat with a systemic or intrathecal agent should be guided 
in part by a knowledge of the extent of the leptomeningeal metastases. 
Children with extensive and "bulky" leptomeningeal disease are less likely to 
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benefit from an intrathecal approach than children with positive cytology or 
minimal leptomeningeal enhancement, due to the limited tissue penetration (- 
3-4 mm) of intrathecally administered chemotherapy.1°3 In addition, as 
previously discussed, extensive leptomeningeal disease may also cause 
alterations in CSF flow (e.g. obstruction) that may preclude intrathecal drug 
admini~tration.'~~ For such patients, it may therefore be preferable to pursue 
systemic chemotherapy, preferably with an agent that penetrates the blood- 
CSF barrier. 

Agents for intrathecal administration that are currently being evaluated in 
phase I and phase I1 clinical trials include topotecan, a topoisomerase I poison; 
mafosfamide, a pre-activated analog of cyclophosphamide; liposomal 
cytarabine, a sustained release formulation of cytarabine, and busulfan, an 
alkylating agent. The role of these agents in the treatment of leptomeningeal 
metastases in childhood cancer has not yet been defined. 

7.1 Treatment sequelae 
The nervous system is exquisitely sensitive to the potential adverse 

sequelae of CNS-directed therapy. For example, intrathecal therapy may be 
associated with acute, sub-acute or chronic toxicities including paralysis and 
leukoencephalopathy.105~106 Likewise, radiation therapy may be associated 
with significant adverse effects including neuroendocrine deficits, 
neuropsychological deficits, leukoencephalopathy, and second 
malignan~ies.~07-114 In addition to the toxicities associated with each specific 
agent or modality of therapy, there are many other variables that may affect the 
incidence and toxicities associated with CNS-directed therapy. These include 
the age at the time of therapy, concomitantly administered systemic therapies 
(e.g. methotrexate), and cumulative dose of specific therapeutic agents.1 

8. CONCLUSION 

Leptomeningeal cancer remains a challenging problem for pediatric 
oncologists. Despite considerable progress in the treatment and prevention of 
leptomeningeal cancer due to leukemias and lymphomas, the long-term 
outcome for children with leptomeningeal disease due to brain tumors and 
other solid tumors remains poor. In addition, there are significant toxicities 
associated with CNS-directed therapy in those children who are ultimately 
cured. Further research is clearly needed to identify new agents and treatment 
strategies for children with, or at high risk of developing leptomeningeal 
metastases. These efforts must be focused not only at the identification of 
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effective treatments or treatment strategies, but also at the identification of 
approaches that are associated with minimal potential for neurotoxicity. 
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Abstract: Nonsurgical modalities remain the keystone to treatment and control of 
leptomeningeal tumor. However, neurosurgical consultation is often 
required for placement of Ommaya reservoirs and ventriculoperitoneal 
shunts. In this chapter, the utility of these devices, as well as their common 
complications will be presented. The aim will be to familiarize non-surgical 
providers with the indications for and complications associated with these 
neurosurgical procedures as a component of the adjuvant treatment of 
leptomeningeal disease. 

Keywords: Intraventricular chemotherapy; Ommaya reservoir; ventriculo-peritonea1 
shunt; leptomeningeal disease; hydrocephalus. 

1. INTRODUCTION 

Chemotherapy and radiation are the standard treatments for 
leptomeningeal disease. Intrathecal (IT) chemotherapy alone, or in 
combination with systemic chemotherapy1 including methotrexate, cytarabine2 
(Ara-C), and thiotepa3, are used to treat patients with lymphoma, leukemia, 
and metastatic solid tumors, such as breast carcinoma. More recently, IT, 
targeted radioimmunotherapy, such as '31~-3~84,  has been explored for 
leptomeningeal tumors that are GD2-positive. 

Leptomeningeal disease, by definition, is disseminated along the spinal 
axis and is not resectable (Fig.1). 
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Figure I. Leptomeningeal Disease: Contrast-enhanced T1 MRI (A,B), axial images 
demonstrating leptomeningeal enhancement in a patient who underwent Ommaya reservoir 
placement for intrathecal chemotherapy. 

Due to the lack of discreet, bulky tumor, neurosurgeons have a limited 
role in treating this disseminated disease. Their involvement usually is 
requested when oncologists are considering the placement of a ventricular 
access device. These devices are designed to enhance IT drug delivery and to 
more efficiently and precisely monitor treatment efficacy. Access to the 
cerebrospinal fluid (CSF) for delivery of chemotherapy can be achieved either 
by performing repeated spinal taps, or by placement of a permanent catheter 
into the intraventricular space. These catheters are connected to low-profile, 
subcutaneous reservoirs which may be easily accessed transcutaneously with 
small bore needles (Fig. 2). 
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Figure 2. Ommaya reservoir: Low-profile subcutaneous reservoir connected to intraventricular 
catheters allow easy access to CSF for intermittent chemotherapy infusions. Figure 2 images 
courtesy of Integra L V e S c i e e  Corporation 

The first such reservoir was utilized in 1963 and has since borne the name 
of its innovator, Dr. A.K. Omrnaya.* Ommaya reservoirs have several 
advantages over repeated spinal taps. For the patient, an obvious advantage is 
the increased convenience and comfort of accessing an Ommaya reservoir 
when compared with repeated lumbar spinal taps. For the oncologist, whose 
goal is effective drug delivery, intraventricular delivery of chemotherapy has 
a better volume of distribution than lumbar puncture. A further advantage is 
the ease with which hydrocephalus, a condition that develops in 
approximately 10% of patients with leptomeningeal disease, can be managed 
once an Ommaya reservoir has been placed6. 

1.1 Techniques for catheter placement 
The precise placement of intraventricular catheters is of paramount 

importance when considering the surgical nuances of implanting Ommaya 
reservoirs. Proper catheter placement is important to avoid damaging eloquent 
cortex or subcortical structures along the catheter's trajectory. In addition, 
proper targeting of the catheter so that its tip is within the ventricle is crucial 
to avoid administering toxic chemotherapy directly into brain parenchyma. 
Inadvertent administration of chemotherapy into brain parenchyma can cause 
mild to severe leukoencephalopathy, the destruction of the myelin sheaths 
which cover nerve fibers. Ideally, the ventricular catheter is placed so that all 
of the catheter outlet holes, typically extending two centimeters from the 
catheter tip, are within the ventricular compartment. This goal is readily 
achieved by placing the catheter tip at the ipsilateral foramen of Monro. In 
addition to ensuring that all of the outlet holes are within the CSF space, 
catheter tip placement at the foramen of Monro also lessens the likelihood of 
the catheter tip becoming entangled in the choroid plexus or septa1 veins 
causing hemorrhage at initial surgery or revision. Intraoperative confirmation 
of the catheter tip position can be achieved using a variety of techniques, 
including pneumoencephalography, frame-based or frameless stereotaxy7, 
andlor e n d o ~ c o ~ ~ . ~ ' ~  Postoperative CT confirmation is routinely obtained 
prior to chemotherapy delivery. If safe delivery of chemotherapy remains a 
concern due to equivocal CT confirmation, radioactive tracer studies can be 
performed, followed by whole brain scintography at various time-points (up 
to 24 hours) to document safe tracer distribution throughout the CSF, but 
excluding brain parenchyma. 
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The surgical technique for Ommaya reservoir placement utilizing either 
pneumoencephalography or frameless stereotaxy will be briefly described. 
For either method, a horseshoe shaped incision is centered 10 crns from the 
nasion and 3 crns from the midline (mid-pupillary line) on the right (non- 
dominant) side. A burr hole is created using a craniotome. A subgaleal pocket 
is created using blunt dissection posterior to the incision and the Ommaya 
reservoir is inserted. The dura is coagulated using bipolar cautery and opened 
with an 1 1 blade. 

When using pneumoencephalography, the ventricular catheter is initially 
placed using the Ghajar guide (Neurodynamics, New York, NY) or free-hand 
based on anatomic landmarks. The catheter tip is typically placed 5.5 crns 
from the inner table of the skull. Approximately 10 mls of CSF are drained 
and sent for cytology. Air is then injected into the catheter under continuous 
fluoroscopy until both the ipsilateral lateral ventricle and third ventricle are 
air-filled (Fig. 3A, 3B). 
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Figure 3. Fluoroscopic Ornmaya placement: Intraoperative AAJ (A: top panel), and lateral (B: 
bottom panel), fluoroscopic images demonstrating air-filled right lateral ventricle (a). The 
catheter tip (b) can be seen approaching the Foramen of Monroe (c). 

A vascular clip is placed at the proximal end of the ventricular catheter, 
and the catheter is manually manipulated until the tip is placed at the 
ipsilateral foramen of Monro, typically 5.8 crns from the inner table of the 
skull. Catheter lengths greater than 6 crns usually suggest improper catheter 
positioning often in the contralateral caudate nucleus, basilar cisterns, or even 
contralateral Sylvian fissure. Fluoroscopy can help redirect the catheter into 
the proper trajectory in real time. Having placed the catheter at the desired 
target, the catheter is cut and secured to a right angle connector on the 
Ommaya reservoir with a 2-0 silk tie. The right angle connector is then 
secured to the skull through a drill hole in the posterior aspect of the burr hole 
with a 2-0 silk stitch. The wound is irrigated with antibiotic solution and 
closed in two layers. 
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For frameless stereotaxy, i.e., without intraoperative fluoroscopy, patients 
undergo pre-operative CT scans with fiducial markers. Once in the operating 
room, they are placed into a rigid frame using skull pins, followed by 
registration to the stereotactic system. The opening of the skull and dura is 
identical to the prior technique. However, the placement of the catheter is then 
directed using the ventricular catheter probe to the indicated depth by aligning 
the trajectory in two planes using the trajectory mode and guidance views on 
the stereotactic system (Fig. 4). Once positioned correctly, the catheter and 
reservoir are secured as described above. Either method should ensure 
catheter placement at the foramen of Monro. Our preferred method remains 
intraoperative pneumoencephalography, which allows one to achieve a real 
time intraoperative image that also demonstrates patency of the ventricular 
catheter. 

Figure 4. Frameless Stereotaxy for Ommaya Placement: Intraoperative Stealth Station screen 
demonstrating real-time three-dimensional view of the catheter trajectory necessary to place the 
tip at the Foramen of Monroe 
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1.2 Hydrocephalus 
At Memorial Sloan-Kettering Cancer Center (MSKCC), approximately 

10% of patients referred for placement of Ommaya reservoirs have or develop 
hydrocephalus.6 This is typically communicating hydrocephalus, resulting 
from occlusion of the arachnoid granulations necessary for CSF resorption 
into the venous system or from basilar carcinomatous meningitis. On rare 
occasions patients will develop a non-communicating hydrocephalus 
secondary to an obstructing lesion at the foramen of Monro, Sylvian aqueduct, 
or fourth ventricle. When obstruction occurs of either communicating or non- 
communicating variants, the ventricles will normally dilate making the 
diagnosis evident. However, a small percentage of patients will have non- 
compliant, small or "slit" ventricles which result in markedly elevated 
intracranial pressure without radiographically-apparent hydrocephalus. 
Patients with elevated intracranial pressure often present with severe 
headaches, emesis, and altered levels of consciousness in addition to focal 
neurologic deficits. 

Acute hydrocephalus in patients with leptomeningeal disease is an urgent 
situation requiring a ventriculoperitoneal shunt (Fig. 5). 
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Figure 5. Hydrocephalus and Leptomeningeal Disease: Non-contrast CT showing ventricular 
dilation in a patient undergoing Ornmaya reservoir placement for leptomeningeal disease. 

Patients who develop hydrocephalus and already have had an Ommaya 
reservoir placed have the advantage of being able to have a neurosurgeon 
connect a shunt valve and peritoneal catheter sequentially to their reservoir, 
thereby avoiding a second intracranial surgery. Conversely, for patients with 
hydrocephalus who later require IT chemotherapy for treatment of 
leptomeningeal disease, the option of turning up a programmable valve on a 
ventriculoperitoneal shunt to allow CSF drug delivery and then turning the 
valve back to the original setting to permit CSF drainage is invaluable. On- 
off valves were used for many to years to achieve this purpose, but they were 
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relatively cumbersome to use and unreliable. Over the past five years at 
MSKCC, we have utilized the Codman-Hakim programmable valve (Johnson 
and Johnson, Raynham, MA), which uses a magnet to control the resistance in 
the valve (Fig. 6). 

Figure 6. Conversion of an Ornmaya Reservoir to Ventriculoperitoneal Shunt: Placement of 
Ornrnaya catheter with convertible reservoir (A), allows easy conversion to a 
Ventriculoperitoneal shunt (B), while still allowing intermittent chemotherapy infusions. 
Figure 6b image courtesy of Zntegra Life Sciences Corporation 

During drug delivery, the valve is placed to the highest setting and then 
reset after four hours. A plain radiograph of the skull will show that the valve 
has been reset. The valve can be reset repeatedly without damaging the 
mechanism. One patient has been treated for leptomeningeal disease from 
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metastatic breast carcinoma every other week for two years without 
encountering any difficulties with the valve. 

Of practical note for oncologists and neurologists, it should be 
emphasized that when instilling chemotherapy, it is necessary to withdraw 
CSF equal to the amount to be instilled. Difficulty in obtaining CSF can be 
secondary to slit or small ventricles. This difficulty can be remedied by 
placing the patient in Trendelenburg position and waiting for CSF to 
accumulate. It is also worth mentioning endoscopic third ventriculostomies. 
Their recent increase in popularity has made it more likely that well-informed 
patients will inquire about the possibility of having the procedure done in lieu 
of one requiring permanent hardware. While third ventriculostomy has gained 
acceptance for the treatment of many types of hydrocephalus, it is not an 
option in patients with leptomeningeal tumor both because it is ineffective in 
treating communicating hydrocephalus and does not address the need for a 
chemotherapy delivery system. 

COMPLICATIONS 

Risks of Ommaya catheter placement include hemorrhage, poor 
positioning and the sequelae of intraparenchymal chemotherapy toxicity, 
malfunction and infe~tion.~ The rate of intraventricular hemorrhage in 
published series is between 1 to 2.8%.2,4,5,6 Hemorrhages in the cancer 
population may be related to hematologic abnormalities, such as 
thrombocytopenia or disseminated intravascular coagulopathy related to the 
primary cancer or treatment related effects. These risks may be long-standing 
and occur up to a month after placement, making the coordination of 
chemotherapy regimens and their expected platelet or white blood cell count 
nadirs to avoid surgery of utmost importance. For minor abnormalities that 
are correctable, such as thrombocytopenia, the persistent need for transfusion 
to keep platelets elevated is a relative contraindication as is need for full 
anticoagulation. 

Despite repeated reservoir punctures for chemotherapy delivery, the 
development of bacterial meningitis is relatively uncommon after Ommaya 
placement. Quoted infection rates vary between 1.9 to 9% typically secondary 
to gram-positive organisms. 6,10,11,12,13,14 The most common organism is 
Staphylococcus epidermidis. Most infections can be treated without removing 
the catheter using a combination of systemic and intrathecal antibiotics, 
however, persistently positive cultures necessitate hardware removal. Wound 
dehiscence with exposed hardware most commonly occurs when the Ommaya 
reservoir is positioned within the incision. Our preference is to use an 
Ommaya with a right angle connector that allows the reservoir to be 
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positioned posterior to the incision. After placement of over 200 catheters, we 
have not had any complications involving hardware exposure. 

Intraventricular administration of chemotherapy from poorly positioned 
catheters may result in chemical meningitis in up to 50% of patients 
undergoing therapy, regardless of the drug administered. Chemical meningitis 
is heralded by low-grade fever, headache, nausea, vomiting, meningismus and 
photophobia. CSF cytology typically shows a sterile pleocytosis. Symptoms 
are often short-lived with the administration of low-dose oral steroids. 

Leukoencephalopathy secondary to chemotherapy can occur months to 
years after the administration of the intraventricular drug.'' Symptoms cover 
the spectrum of neurologic findings, from the subtle: mental status changes, 
field deficits and peripheral neuropathies, to the extreme: focal seizures and 
progression to coma and death. Neuropathologic findings of 
leukoencephalopathy are similarly diverse in their severity and distribution 
although in most, the white matter is affected by severe myelin pallor, edema 
and prominent macrophage infiltrates. Radiographically, mild chemotherapy- 
induced leukoencephalopathy shows no contrast enhancement, but rather 
mild-to-moderate diffuse high signal in deep white matter which usually 
resolves. In more severe cases, initial T2-weighted images may show discreet 
areas of high signal which may spread and coalesce to involve the entire white 
matter. Small irregular low-signal foci on T2-weighted images can be seen 
within the high-signal  lesion^.'^ 

CONCLUSIONS 

The treatment of leptomeningeal tumor by multiple modalities is 
evolving. Neurosurgical intervention is usually limited to placement of 
ventricular access devices or ventricular shunts. Placement of Ommaya 
reservoirs is often an integral part of providing effective concentrations of 
chemotherapeutics to otherwise unresectable metastatic disease within the 
central nervous system. While precise reservoir placement has become very 
reliable using modem navigational techniques, limiting the most serious side 
effects of leukoencephalopathy, other side effects such as hemorrhage and 
infection especially in the myelosuppressed and immunosuppressed patient 
populations, must be seriously weighted against the benefits of beginning IT 
chemotherapy. 



REFERENCES 
Chapter 7 

1. Pels H, Schmidt-Wolf IG, Glasmacher A, et al. Primary central nervous system lymphoma: 
results of a pilot and phase I1 study of systemic and intraventricular chemotherapy with 
deferred radiotherapy. J Clin Oncol2003; 21:4489-95. 
2. Esteva FJ, Soh, LT, Holmes FA, et al. Phase IS trial and pharmacokinetic evaluation of 
cytosine arabinoside for leptomeningeal metastases from breast cancer. Cancer Chemother 
Pharmacol 2000; 46:382-6. 
3. Witham TF, Fukui MB, Meltzer CC, et al. Survival of patients with high grade glioma 
treated with intrathecal thio triethylenephosphoramide for ependymal or leptomeningeal 
gliomatosis. Cancer 1999; 86: 1347-53. 
4. Kramer K, Cheung NK, Humm JL, et al. Targeted radioimmunotherapy for leptomeningeal 
cancer using (13 1)1-3F8. Med Pediatr Oncol2000; 35:716-8. 
5. Witorsch P, Williams TW Jr, Ommaya AK, Utz JP. Intraventricular administration of 
amphotericin B. Use of subcutaneous reservoir in four patients with mycotic meningitis. 
JAMA 1965; 194:699-702. 
6. Sandberg DI, Bilsky MH, Souweidane MM, Bzdil J, Gutin PH. Ommaya reservoirs for the 
treatment of leptomeningeal metastases. Neurosurgery 2000; 47:49-54. 
7. Greenfield JP, Schwartz TH. Frameless stereotaxy for Ommaya Reservoirs. Neurosurgery 
2004 [Submitted for publication]. 
8. Al-Anazi A, Bernstein M. Modified stereotactic insertion of the Ommaya reservoir. 
Technical note. J Neurosurg 2000; 92: 1050-2. 
9. Cheshire WP, Ehle AL. Hemiparkinsonism as a complication of an Ommaya reservoir. Case 
report. J. Neurosurg 1990; 73:774-6. 
10. Galicich JH, Guido LJ. Ommaya device in carcinomatous and leukemic meningitis: 
surgical experience in 45 cases. Surg Clin North Am 1974; 54:915-22. 
11. Lishner M, Perrin RG, Feld R, et al. Complications associated with Ommaya reservoirs in 
patients with cancer. The Princess Margaret Hospital experience and a review of the literature.. 
Arch Intern Med 1990; 150:173-6. 
12. Obbens EA, Leavens ME, Beal JW, Lee YY. Ommaya reservoirs in 387 cancer patients: a 
15-year experience. Neurology 1985; 35: 1274-8. 
13. Mehta BM, Glass JP, Shapiro WR. Serum and cerebrospinal fluid distribution of 5- 
methyltetrahydrofolate after intravenous calcium leucovorin and intra-Ommaya methotrexate 
administration in patients with meningeal carcinomatosis. Cancer Res 1983; 43:435-8. 
14. Shapiro WR, Young DF, Mehta MB. Methotrexate: distribution in cerebrospinal fluid 
after intravenous, ventricular and lumbar injections. N Engl J Med 1975; ;293: 161-6. 
15. Lemann W, Wiley RG, Posner JB. Leukoencephalopathy complicating intraventricular 
catheters: clinical, radiographic and pathologic study of 10 cases. J Neuroonc 1988; 6:67-74. 
16. Oka M, Terae S, Kobayashi R, et al. MRI in methotrexate-related leukoencephalopathy: 
Disseminated necrotizing leukoencephalopathy in comparison with mild leukoencephalopathy. 
Neuroradiology 2003; 45:493-7. 



7.  Surgical In tewention 

FIGURE LEGENDS 

Figure I .  Leptomeningeal Disease: Contrast-enhanced T1 MRI (A,B), axial images 
demonstrating leptomeningeal enhancement in a patient who underwent Ommaya reservoir 
placement for intrathecal chemotherapy. 

Figure 2. Ommaya reservoir: Low-profile subcutaneous reservoir connected to intraventricular 
catheters allow easy access to CSF for intermittent chemotherapy infusions. Figure 2 images 
courtesy of Integra Lifesciences Corporation 

Figure 3. Fluoroscopic Ommaya placement: Intraoperative A/P (A), and lateral (B), 
fluoroscopic images demonstrating air-filled right lateral ventricle (a). The catheter tip (b) can 
be seen approaching the Foramen of Monroe (c). 

Figure 4. Frameless Stereotaxy for Ommaya Placement: Intraoperative Stealth Station screen 
demonstrating real-time three-dimensional view of the catheter trajectory necessary to place the 
tip at the Foramen of Monroe 

Figure 5. Hydrocephalus and Leptomeningeal Disease: Non-contrast CT showing ventricular 
dilation in a patient undergoing Ommaya reservoir placement for leptomeningeal disease. 

Figure 6. Conversion of an Ommaya Reservoir to Ventriculoperitoneal Shunt: Placement of 
Ommaya catheter with convertible reservoir (A), allows easy conversion to a 
Ventriculoperitoneal shunt (B), while still allowing intermittent chemotherapy infusions. 
Figure 6b image courtesy of Integra Life Sciences Corporation 
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CURRENT TREATMENT OF LEPTOMENINGEAL 
METASTASES: SYSTEMIC CHEMOTHERAPY, 
INTRATHECAL CHEMOTHERAPY AND 
SYMPTOM MANAGEMENT 

Stacey L. Berg, M.D., Marc C. Chamberlain, M.D. 
Norris Cancer Center, University of Southern California, Los Angeles, Ca. 90089 

Abstract: Treatment of leptomeningeal metastases is multifaceted and includes 
symptomatic therapy, intrathecal and systemic chemotherapy, and 
radiotherapy. As the majority of patients have widespread incurable 
systemic tumor, treatment is predominantly palliative; however, some 
patients with leukemia, lymphoma or breast cancer may have prolonged 
remissions and the possibility of cure. 

Keywords: Intrathecal chemotherapy; systemic chemotherapy; CSF flow; breast 
cancer; methotrexate, cytarabine; thiotepa. 

1. INTRODUCTION 

Many common cancers, including leukemia, carcinomas of the lung, breast, 
gastrointestinal tract, and brain tumors metastasize to the leptomeninges.1-20 
Because the cerebrospinal fluid (CSF) flows between the pia mater and the 
arachnoid in the subarachnoid space, tumor involving one part of the 
leptomeninges spreads easily throughout the n e u r a ~ i s . ' ~ ' ~ ~  Thus, leptomeningeal 
metastasis is usually considered a diffuse disease of the central nervous system 
(CNS) even when measurable disease appears to be limited. 

The diffuse nature of leptomeningeal carcinomatosis implies that thera 
must be directed to the entire CNS if tumor control is the desired outcome. 2 f J :  

Treatment of neoplastic meningitis is therefore multimodal and encompasses the 
entire neuraxis including the ventricular system, base of brain cisterns and the 
spinal subarachnoid (Table 1) (Table 2) (Fig. 1). 
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Table 1: Leptomeningeal Metastases: Treatment Modalities 

Modality 
Corticosteroids 

Radiotherapy 
and sites of CSF 

Limited-field 
Craniospinal 

Chemotherapy 
Regional 

~ntimetabolites 
Alkylating agents 

Systemic 
High dose IV: Methotrexate, 
cytarabine, thio-TEPA 
Surgery 

Omrnaya reservoir 
CSF diversion 

Immunotherapy 
Regional 

Comments 
Temporary symptom relief in patients with bulky 
intraparenchymal metastasis resulting in raised 
intracranial pressure 

Bulky lesions (symptomatic andlor seen on imaging) 

flow obstruction 

Treats entire neuraxis 
Pharmacokinetic advantages 

Improved drug distribution 

Investigational 

Table-2: Standard therapy for leptomeningeal metastasis 

Radiotherapy to sites of symptomatic and bulky disease and to sites of CSF flow 
obstruction 
Intra-CSF chemotherapy (one of the following; may be used sequentially in patients 
failing prior therapy) 

- Methotrexate 
- Cytarabine 
- Thio-TEPA 

Concurrent systemic treatment of primary tumor 
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Figure 1 : TREATMENT ALGORITHM OF NEOPLASTIC MENINGITIS 
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Figure 1 : TREATMENT ALGORITHM OF NEOPLASTIC MENININGITIS (Continued) 

DEPOCYT 9 
CLINICAL OR CYTOLOGIC RELAPSE 

I 

SUPPORTIVE CARE 

I 

CLINICAL OR CYTOLOGIC RELAPSE 

SUPPORTIVE CARE 
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CLINICAL OR CYTOLOGIC RELAPSE 

SUPPORTIVE CARE INTERFERON 

Treatment often consists of involved-field radiotherapy, systemic 
chemotherapy and intrathecal chemotherapy. Because meningeal 
dissemination most often occurs in the setting of advanced systemic tumor (in 
approximately 70% of all patients with neoplastic meningitis), survival after a 
diagnosis of meningeal carcinomatosis is usually less than six months and is 
in part dependent upon primary tumor histology (Table 3). 23,27 Thus, 
treatment is usually considered palliative rather than c ~ r a t i v e . ~ ~ " ~  The 
exception is in childhood CNS leukemia, where durable remissions may be 
obtained in patients who present with CNS disease at diagnosis or who have 
CNS relapse after initial therapy. 23-26334 In addition, adult patients with breast 
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cancer or lymphoma have median survivals averaging 7-10 months, 
suggesting that there is a subset of patients with neoplastic meningitis who 
have meaningful palliation following treatment. 23327 

Table 3: Leptomeningeal metastases: survival 
Median Survival (months) 

Not treated 1 .O 
Treated non-responding 2.0 
Primary tumor histology institutional 

data based on selected patients 
Melanoma 4.0 
Non-small cell lung 6.0 
AIDS-related lymphoma 6.0 
Breast 7.5 
Non-AIDS-related lymphoma 

Corticosteroids may be helpful in reducing symptoms of increased 
intracranial pressure although these effects are temporary. Chemotherapy may 
reduce symptoms when disease is treated early or if pain is the dominant 
symptom. Radiotherapy (Chapter 9) is useful in targeting bulky disease 
(subarachnoid or intraparenchymal) defined neuroradiographically, treating 
symptomatic regions of involvement (e.g., lumbar spine irradiation in patients 
with cauda equina syndrome) and treating sites of CSF flow obstruction 
demonstrated by either MRI or radioisotope CSF flow studies. Early 
recognition of neoplastic meningitis and timely treatment are important if 
neurologic symptoms and signs are to be reversed. In general, once neurologic 
deficits are established, treatment has limited impact on reversing signs 
resulting from neoplastic meningitis. 

2. TREATMENT 

Patients can present with a variety of symptoms, which may be 
topographically nonspecific (vomiting, headache), focal (cranial nerve palsy, 
paraparesis) or multifocal (encephalopathy in conjunction with cranial nerve 
dysfunction).23,27 Any of these pleomorphic clinical manifestations warrant 
consideration of meningeal disease in patients with cancer. In general, patients 
present with neurologic symptoms and signs referable to three CNS domains: 
the cerebral hemispheres, cranial nerves or spinal cordnerve roots.I6 
Headache, nausea and vomiting, or mental status changes suggest cerebral 
hemisphere involvement, whereas diplopia, facial weakness, dysphagia and 
hearing loss are suggestive of cranial nerve involvement. Spinal cord or nerve 
root involvement may cause back pain only, radiculopathy, myelopathy or 
paraparesis.'6,23,27 Because these signs and symptoms can be vague or diffuse, 
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clinicians must remember to consider leptomeningeal carcinomatosis in the 
differential diagnosis of a wide variety of clinical presentations in the cancer 
patient. In addition, the diagnosis is not always evident in CSF cytology or 
radiographic studies. Approximately 50% of patients with pathologically 
proven neoplastic meningitis have consistently negative antemortem CSF 
cytology35, and not all patients with leptomeningeal metastasis have 
neuroradiographic findings consistent with neoplastic meningitis.23127,36,37 
Thus, there is a substantial but infrequently recognized subset of patients with 
neoplastic meningitis who have both negative CSF cytology and negative or 
uninformative neuroradiographic studies. Therefore, a diagnosis of 
leptomeningeal carcinomatosis may be made in three clinical contexts: (1) in 
patients with positive CSF cytology regardless of clinical syndrome or results 
of neuroimaging; (2) in patients with positive neuroimaging studies (either 
brain or spine) consistent with leptomeningeal metastasis regardless of 
clinical syndrome or CSF cytology; and (3) in patients with known cancer and 
a clinical syndrome consistent with neoplastic meningitis in whom CSF 
cytology and neuraxis neuroimaging is negative.27 

Once a diagnosis of leptomeningeal carcinomatosis is made, deciding 
whom to treat is a difficult problem.28-32 Performance status and extent of 
systemic cancer influence outcome in patients with neoplastic meningitis. An 
additional consideration is the extent of the disease in the C N S . ~ ~ , ~ ~ - ~ ~  The 
presence of epidural spinal cord compression, parenchymal brain metastases, 
or bulky subarachnoid nodules may identify patients who are poor candidates 
for intrathecal chemotherapy. Blockage of CSF flow, as demonstrated by 
radionuclide ventriculography, suggests cancerous adhesions even in patients 
with normal neuroradiography and failure of radiotherapy to restore normal 
CSF flow may be a poor prognostic sign.31142 Based on these prognostic 
variables, a majority of adult patients may not be candidates for aggressive 
neoplastic meningitis-directed therapy. 

An additional difficulty is that, because progression of systemic cancer 
accounts for 50-60% of deaths in patients with neoplastic meningitis and 
treatment-related complications for another 1-5% of deaths, it is difficult to 
assess response rates or duration of responses for those patients with truly 
progressive neoplastic meningitis.28"1'33'43'44 When treatment is initiated, the 
response to treatment is primarily measured by clearing of CSF cytology and 
secondarily by clinical improvement of neurologic signs and 
symptoms. 23,27,33,45 Thus, both selection of appropriate therapy and evaluation 
of response to that therapy can be difficult. In the following sections we 
outline approaches to systemic therapy, intrathecal therapy, and other 
measures for symptom control. 
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3. SYSTEMIC THERAPY 

Systemic chemotherapeutic treatment of neoplastic meningitis often fails 
due to poor CSF penetration of nearly all chemotherapeutic agents and the 
difficulty in achieving significant intra-CSF drug exposures 46"7 (Table 4). 
Exceptions are seen with systemic high-dose intravenous methotrexate, 
cytarabine and thio-TEPA, all of which produce cytotoxic CSF levels and 
have successfully been used to treat neoplastic meningitis. Notwithstanding 
the theoretical limitations of systemic chemotherapy in the treatment of 
patients with neoplastic meningitis, several authors contend that this approach 
may be sufficient and obviate the need for intra-CSF chemotherapy. A 
provocative study by Siegal suggests that a subset of patients with neoplastic 
meningitis, predominantly patients with lymphoma or breast cancer, may 
respond to standard dose systemic chemotherapy without the inclusion of 
intra-CSF therapy.58 Similar conclusions were reached by Boogerd and Fizazi, 
suggesting the importance of systemic chemotherapy in treating patients with 
neoplastic meningitis.59'60 

Table 4. CNS penetration of chemotherapy drugs commonly used for systemic treatment of 
leptomeningeal tumor 

Drug 
Antimetabolites 

Methotrexate 
Mercaptopurine 
Cytarabine 

Alkylating Agents 
Thiotepa 

Antimetabolites 
Topotecan 
Irinotecan/SN-3 8 

Miscellaneous 
Prednisolone 
Dexamethasone 
L-Asparaginase 

CSF: Plasma Ratio (%) 

Systemic therapy provides several potential advantages in the treatment of 
leptomeningeal cancer. Intravenous administration allows a uniform 
distribution of drugs throughout the CNS and penetration of drug into the 
brain parenchyma and areas of bulky tumor. Furthermore, continuous 
intravenous infusion permits maintenance of cytotoxic CNS drug 
concentrations for a relatively prolonged period. As mentioned, however, 
most chemotherapeutic agents penetrate poorly into the CNS, and must be 
used in high doses to achieve therapeutic CNS concentrations. This high dose 
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or prolonged infusion approach often results in severe systemic toxicity. The 
agents most commonly administered systemically for the treatment of 
meningeal disease are discussed below. 

3.1 Methotrexate 
Intravenously administered methotrexate is occasionally used in a 

prophylactic manner, particularly in strategies designed to decrease the risk of 
CNS relapse of leukemia (CNS prophylaxis or CNS preventive therapy) or 
when treating primary CNS lymphoma in patients without evidence of 
lymphomatous meningitis. In addition, systemic methotrexate may be 
effective in the treatment of overt CNS leukemia or lymphoma.46 In one report 
comparing patients with recurrent primary CNS lymphoma complicated by 
lymphomatous meningitis, there was no difference in survival between 
treatment with high-dose methotrexate or intra-CSF methotrexate. Rather the 
differences between the groups related to toxicity (high-dose methotrexate 
was complicated by mucositis and renal insufficiency) and costs (high-dose 
methotrexate is expensive and usually requires patient h~s~italization).~' 

Although the CSF:plasma ratio for methotrexate is only 3%,48 cytotoxic 
methotrexate concentrations can be attained in the CSF using very high 
intravenous doses (3-8mg/m2). Such high-dose methotrexate regimens must 
include both intense hydration and alkalinization of urine, and leucovorin 
rescue.62 Because methotrexate is eliminated by the kidney, adequacy of renal 
function should be confirmed prior to therapy, and serum creatinine and 
methotrexate concentrations should be monitored during therapy. If 
methotrexate clearance is delayed, the intravenous fluid and leucovorin doses 
should be increased accordingly.62 It is important to note, however, that 
leucovorin rescue may be ineffective when methotrexate concentrations 
exceed  moll^.^^ In addition, because methotrexate is nephrotoxic, 
delayed methotrexate clearance may result in impaired renal function, with a 
further decrease in methotrexate ~learance.~' Acute renal failure with severely 
delayed methotrexate excretion is an emergency. In this situation, intravenous 
administration of carboxypeptidase-G2, an enzyme that cleaves methotrexate 
and results in a greater than ten-fold reduction of serum methotrexate 
concentrations within minutes of administration, may be ~ons idered .~~ 
Information about the availability of carboxypeptidase for emergency use can 
be obtained from the National Cancer Institute. 

Toxicity after high-dose methotrexate occurs frequently even when renal 
function is adequate and proper hydration and leucovorin rescue are 
administered. Moderate to severe mucositis is common. Myelosuppression, 
hepatic toxicity, and desquamating dermatitis of the hands and feet can also 
occur. High-dose systemic methotrexate, especially when given in association 
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with cranial radiation, has also been linked with neurotoxicity, manifesting as 
either an acute encephalopathy, which is rare, or a more common late 
leukoencephalopathy. 64365 

3.2 Cytarabine 
The nucleoside analog cytarabine (ara-C, cytosine arabinoside) may also 

be useful when administered systemically for the treatment of meningeal 
cancer, particularly leukemic or lymphomatous meningitis. No data is 
available, however, regarding the utility of high-dose cytarabine in the 
treatment of carcinomatous meningitis. The CSF penetration of cytarabine is 
approximately 2 0 % . ~ ~ , ~ ~  Several approaches for systemic cytarabine 
administration have been utilized. A regimen of 3 dm2 administered every 12 
hours demonstrated activity in patients with meningeal le~kemia,4~, and a 72 
hour continuous intravenous infusion of doses 2 4  g/m2 achieved cytotoxic 
CSF cytarabine  concentration^.^^ High-dose systemic cytarabine 
administration is associated with significant toxicity, with severe 
myelosuppression nearly universal. In addition, cerebellar dysfunction occurs 
in approximately 20% of patients receiving of 3 g/m2 of cytarabine every 12 
hours, especially patients older than 60 years, and requires discontinuation of 
therapy.51 Nausea, vomiting, and mucositis are also common at these high 
doses. 

3.3 Thiotepa 
Thiotepa is a lipid-soluble alkylating agent that effectively crosses the 

blood-brain barrier. Furthermore, TEPA, an active metabolite of thiotepa, also 
penetrates into the CSF. 52,53 Thus, systemic administration of this agent 
achieves high concentrations of both parent drug and active metabolite in the 
CSF. Systemic thiotepa showed some activity against medulloblastoma in a 
pediatric phase I1 trial. 53 However, thiotepa causes severe bone marrow 
toxicity which has limited the usefulness of this agent outside the setting of 
dose intensive chemotherapy with stem cell rescue and cytokine support. In 
children with recurrent primary brain tumors, the presence of neoplastic 
meningitis has increasingly been recognized as a contraindication to dose 
intensive chemotherapy, as observed survival in such patients has been no 
better with high dose than conventional dose chemotherapy. 

3.4 6-Mercaptopurine 
The CSF penetration of 6-mercaptopurine is approximately 25%. 

Prolonged infusion of this drug at dose rates of 50 mg/m2/hr achieves 
cytotoxic concentrations (>1 pM) in the CSF.~' The common toxicities 
include reversible hepatotoxicity, myelosuppression, and muco~ i t i s .~~  Despite 
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the relatively favorable pharmacokinetics, however, the overall activity of 
intravenous mercaptopurine against meningeal spread of solid tumors has 
been disappointing, and this approach is rarely used.68 

3.5 Topoisomerase I inhibitors 
Topotecan, a topoisomerase I inhibitor, achieves an AUCcsfAUCplasma ratio 

of 30% after intravenous admini~tration.~~ In CNS tumors, topotecan 
administered as a 24-hour continuous infusion was not a~tive.~'  Other studies 
of systemic topotecan in either primary brain tumors or in CNS metastasis 
from non-CNS primary tumors have shown modest activity at best. 71-73 The 
usefulness of intravenous topotecan against leptomeningeal carcinomatosis 
has not been confirmed to date. 

3.6 Irinotecan 
Irinotecan (CPT-11) is a prodrug of the active topoisomerase I inhibitor 

SN-38 that requires hepatic activation. Irinotecan itself penetrates reasonably 
well into the CSF, with an AUC,,f:AUCpl,s, of about 14%. However, the 
active compound SN-38 is not detectable in CSF after intravenous irinotecan 
admini~tration.~~ Three reports of irinotecan in adults with gliomas suggest 
limited activity for recurrent gliomas; however, none of these studies 
specifically treated patients with meningeal gliomatosis.75'77 A phase I1 study 
of irinotecan in pediatric solid tumors, including tumors with leptomeningeal 
dissemination, is now underway in the Children's Oncology Group. This trial 
should help to define the usefulness of irinotecan in the treatment of 
leptomeningeal cancers. 

4. CORTICOSTEROIDS 

Prednisone (the orally administered prodrug of prednisolone) and 
dexamethasone, agents commonly used in the treatment of acute 
lyrnphoblastic leukemia, both penetrate into the CNS producing CSF 
concentrations that are equal to the plasma concentrations of free drug. 
However, dexamethasone is less protein bound than prednisone at equipotent 
doses. Therefore, dexamethasone can be considered to penetrate better into 
the CSF.~' Patients receiving dexamethasone rather than prednisone for CNS 
preventive therapy of leukemia have a significantly lower rate of CNS 
relapse.79 In some settings the infectious complications in patients receiving 
dexamethasone exceed those in patients receiving prednisone in an otherwise 
comparable chemotherapy regimen.'' Thus, the substitution of dexamethasone 
for prednisone in leukemia therapy is not universal. 

Dexamethasone is often used as a supportive care agent for the treatment 
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of either chemotherapy induced nausea or edema associated with intracranial 
tumors. In addition, oral dexamethasone is useful to mitigate the symptoms of 
intrathecal (IT) chemotherapy-induced chemical meningitis. Two recent trials 
have demonstrated that chemical meningitis is common following intrathecal 
chemotherapy irrespective of the agent used and is easily managed by oral 
de~ame thasone .~~ '~~  

4.1 L-asparaginase 
L-asparaginase is an enzyme that hydrolyzes L-asparagine, an amino acid 

essential for lyrnphoblasts but not for normal cells. L-asparaginase does not 
penetrate into the CSF but may still be useful in the treatment of meningeal 
le~kemia.~'  Following systemic administration of this agent, plasma levels of 
L-asparagine are depleted for a prolonged period.82383 Although the enzyme is 
not detectable in CSF, CSF L-asparagine levels are also depleted for a variable 
amount of time following systemic adminis t ra t i~n .~~ '~~  

5. INTRATHECAL THERAPY 

Intrathecal chemotherapy is a form of regional therapy directed 
specifically against leptomeningeal cancer. IT administration of relatively 
small drug doses produces very high CSF drug concentration usually with 

86 minimal systemic toxicity. This pharmacokinetic advantage, however, is 
counterbalanced by limitations that must also be considered. For example, 
diffusion of drug from the CSF into the brain parenchyma or tumor nodules is 
limited to within a few millimeters of the CSF space.87 Thus, bulky 
leptomeningeal nodules may not be treated effectively with intrathecally- 
administered agents. In addition, drug distribution throughout the CSF 
compartment, especially after intralumbar dosing, may be uneven because of 
the slow circulation of CSF and the rapid diffusion of most intrathecally 
administered drugs out of the CSF. For example, drug exposure in the 
ventricular CSF following an intralumbar dose of methotrexate is only one- 
tenth of that achieved after an equivalent intraventricular dose.48 There are 
also technical difficulties with IT drug administration. CSF flow is sometimes 
abnormal as a result of blockage by tumor.88 In this situation, there is the 
concern that IT drug administration may result in unexpected toxicity if drug 
is not distributed throughout the CSF space. In addition, intralumbar injection 
is inconvenient and may be painful. Furthermore, approximately 10 % of 
intralumbar injections are estimated be ineffective because of leakage of the 
drug into the epidural space or surrounding tissues.42 

Although systemic toxicity is uncommon after IT administration of 
anticancer agents, neurologic toxicity is common. In addition, inadvertent IT 
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administration of some commonly used anticancer drugs (e.g. vincristine) is 
usually lethal, and IT overdose of other drugs (e.g. methotrexate) can also be 
fatal or life threatening. 

A further disadvantage of the IT approach is the limited number of drugs 
that have been developed for IT use (Table 5). Methotrexate, cytarabine, 
hydrocortisone, and thiotepa are the only agents commonly used for direct 
intra-CSF administrati~n.~~'~~~~~~~~ A number of investigational agents are 
being explored including mafosfamide and 4-hydroperoxy-cyclophosphamide 
(derivatives of cyclophosphamide), busulfan, topotecan, diaziquinone, 
interferon, monoclonal antibodies, gene therapy and interleukin-2. 44,89-100 

However, these agents are available only in an experimental protocol setting. 

Table-5. Drugs administered by the intrathecal route 
Standard agents Investigational Agents 
Methotrexate Busulfan 
Cytarabine Mafosfamide 
Hydrocortisone Topotecan 
Thiotepa Diaziquinone 
DepoCyt 4-Hydroperoxy-cyclophosphamide 

Imrnunotherapy 
Interferon 
Monoclonal antibody (with or without radioactive ligand) 
Interleukin-2 
Gene therapy 

Some commonly used IT drug doses and schedules are listed in Tables 6 
and 7. It is imperative that IT therapy only be administered by individuals 
familiar with the doses, schedules, and toxicities of each agent. 

Table 6. Bolus intrathecal chemotherapy regimens 
Induction Consolidation 

Drug (4 weeks) (4 weeks) Maintenance 
MTXa 10-15mgtwice 10-15mgweekly 10-15 mg monthly 

weekly 
c yt 25-100 mg twice 25-100 mg weekly 25-100 mg monthly 

weekly 
Depocyt 50 mg QOW 50 mg QOW 50 mg monthly 
Thiotepa 10 mg twice 10 mg weekly 10 mg monthly 

weekly 
Interferon 1 x1 o6 thrice 1x10~ weekly 1x10~ monthly 

weekly 

QOW = every other week 



8. Systemic and Intrathecal Chemotherapy 

Table-7. CxT intrathecal chemotherapy regimen 
Drug Induction Consolidation Maintenance 
MTX 2 mglday for 3-5 2 mglday for 3-5 days 2 mglday for 

days, QOW x 4 QOWx2 3-5days monthly 
Cytarabine 15-25 mgldayx3 15-25 mgldayx3 days 15-25 mgldx3days 

days, weekly x 4 QOWx2 monthly 
Thiotepa 1 0mgldayx3days IOmgldayx3 days 1 Omgldayx3days 

weekly x 4 QOWx2 monthly 

QOW = every other week 
There is no CxT regimen available for Depocyt or Interferon 

At present, there is no compelling data to suggest an improved response 
when using multiple agents versus single agent intra-CSF drug therapy. Two 
randomized trials in adults with carcinomatous meningitis demonstrated no 
survival advantage when comparing single agent (methotrexate) to polyagent 
(methotrexate, cytarabine and hydrocortisone) IT 
Furthermore, these trials suggested that polyagent IT therapy is associated 
with increased toxicity and less well tolerated by patients. 

Because of the inconvenience and technical difficulties associated with 
lumbar puncture, many North American neuro-oncologists treat patients with 
neoplastic meningitis by the intraventricular route utilizing an intraventricular 
catheter and subgaleal reservoir (Ommaya reservoir). A variety of drug 
schedules exist and most commonly drug is administered in a bolus manner, 
typically twice a ~ e e k . ~ ~ - ' ~ ' ~ ~ ' ~ ~ * ~ ~  Alternatively, placement of an 
intraventricular catheter permits the use of a concentration times time (C x T) 
approach based on pharmacokinetic principles.10"'07 

Few studies have compared differing intra-CSF drug schedules or drug 
doses in the treatment of leptomeningeal metastasis.' Pharmacokinetic studies 
of intra-CSF drug administration in neoplastic meningitis demonstrate 
sustained cytotoxic lumbar and ventricular chemotherapeutic drug levels 
following administration by the ventricular route; however, similar studies 
following drug administration by the lumbar route are highly inconsistent 
with respect to achievement of cytotoxic ventricular chemotherapeutic drug 
levels.48 Notwithstanding the pharmacokinetic advantages of intraventricular 
CSF drug administration as compared to intralumbar CSF drug 
administration, there are no studies proving that this method of administration 
results in improved patient survival when compared to intralumbar drug 
administration. 

Despite the lack of conclusive evidence, many neuro-oncologists utilize a 
CxT method of drug delivery by the ventricular route in the hope that it will 
result in a lower frequency of neurotoxicity, improved tumor cell killing due 
to prolonged drug exposure, and better palliation and patient survival. 
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Whether to give intra-CSF chemotherapy concurrently with radiotherapy is 
problematic. The only published prospective randomized trials of neoplastic 
meningitis permitted both concurrent radiotherapy and intra-CSF 
chemotherapy, but this approach may result in an increased risk of delayed 
neurotoxicity as discussed 

~om~licat ions of intra-CSF drug therapy are not uncommon and may 
profoundly affect patients with neoplastic meningitis (Table 8).lo8,109 

Table 8. Complications: intraventricular chemotherapy 

Meningitis 
Asepticlchemical 
Bacterial (catheter infection) 
Myelosuppression 
Transfusion-requiring 
Unidirectional catheter obstruction 
Catheter misplacement 
Reservoir exposure 
chemotherapy-related leukoencephalopathy 
Chemotherapy-related myelopathy 

Patients 
62 
52 
9 
21 
6 
5 
2 
2 
2 
1 

11 10 cycles of intraventricular chemotherapy (median 10) 
4400 Ornmaya punctures (median 46) 

The placement of intraventricular catheters and subgaleal reservoirs are 
well known and fortunately infrequent. Misplacement of the catheter tip may 
be identified on post-operative plain skull films, CT or MRI and radionuclide 
ventriculography. Clinically significant hemorrhage is distinctly uncommon 
in occurrence primarily because of meticulous attention to pre-operative 
coagulation parameters. Infection is unfortunately a difficult problem seen at 
the time of intraventricular catheter placement or as a consequence of its use 
and occurs in up to 8% of patients. In both circumstances, skin flora, 
primarily Staphylococcus epidermidis, contaminates the system and results in 
iatrogenic bacterial meningitis. These infections may often be treated 
successfully with a combination of systemic and intraventricular antibiotics, 
thus preserving the intraventricular system and thereby avoiding Ommaya 
system removal and ultimately a re-operation. Infrequently, patients with 
intraventricular catheter and subgaleal reservoirs develop pressure necrosis of 
the skin overlying the reservoir, resulting in reservoir exposure and 
necessitating removal and, if clinically appropriate, replacement. Overall, 
serious complications requiring surgery are infrequent (6%) and most often 
secondary to catheter infections, Ornmaya reservoir exposure or initial 
catheter m i ~ ~ l a c e m e n t . ' ~ ~ " ~ ~  

The most common complication of intraventricular catheter use relates to 
the toxicity of administering drugs directly into the CNS. The majority of 
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these complications are inflammatory and transient in nature and are best 
characterized as aseptic chemical meningitis with fever, headache, nausea, 
vomiting, meningismus, photophobia and occasionally dehydration. This 
complication is usually easily managed in the outpatient setting with oral 
antipyretics, antiemetics and steroids. Direct neurotoxicity rarely occurs as a 
manifestation of intra-CSF drug administration which may result in either a 
chemotherapy-related leukoencephalopathy or myelopathy. 65,110,111 These 
complications may be idiosyncratic or in some instances related to total intra- 
CSF drug dose and delayed drug clearance. In patients with prolonged 
survival, the incidence of treatment-related delayed neurotoxicity manifested 
primarily as a leukoencephalopathy is considerably higher and may approach 
30%. This delayed neurotoxicity, defined by either neuroradiographical or 
clinical criteria, reflects the combined effects of both radiotherapy and intra- 
CSF chemotherapy and appears to be an unavoidable consequence of 
treatment. The majority of patients treated with partial or whole brain 
radiotherapy develop neuroradiographic evidence of leukoencephalopathy, 
which fortunately is clinically apparent in only a minority. Administering 
intra-CSF methotrexate prior to the application of cranial irradiation may 
mitigate delayed neurotoxicity. The issue of timing of radiotherapy v is -h is  
methotrexate administration is more problematic in patients with neoplastic 
meningitis, as radiotherapy is most often utilized initially to treat symptomatic 
or bulky intracranial disease. 

6. STANDARD AGENTS 

6.1 Methotrexate 
Methotrexate has been the mainstay of IT chemotherapy for over 40 

years. 16-19,23,27,29,30,32,43 It is used for CNS preventive therapy in nearly all 
patients with acute le~kemia."~. In addition, it is the drug most commonly 
used for CNS reinduction therapy in meningeal relapse of le~kemia."~-"~ 
Because it is successful against leukemia, and there is a large body of 
experience with its IT administration, methotrexate is sometimes also used as 
"standard" therapy for the treatment of meningeal spread of solid tumors. 
However, the response rate of solid tumors to methotrexate is low in this 
setting (approximately 20%). 29,32 

Methotrexate is detectable in plasma for relatively long periods after IT 
dosing, but at low  concentration^.^^ Although systemic toxicity is not usually 
a problem after an IT dose, some protocols call for administration of a single 
low oral Leucovorin dose after IT methotrexate. In contrast to systemic 
toxicity, acute or delayed neurotoxicity is relatively common after IT 
methotrexate. Chemical arachnoiditis, with headache, photophobia, back pain, 



136 Chapter 8 

meningismus, fever, nausea, vomiting, and CSF pleocytosis, often occurs 
(50% in a prospective This transient aseptic meningitis has an 
onset on day 1-2, peaks by day 2-3 and resolves by day 5. Transient or 
permanent weakness or paraplegia may occur following intralumbar 
administration of methotrexate. This toxicity is fortunately rare and may be 
related to delayed clearance of methotrexate from the CSF."~~"'~"~ Late 
neurotoxicity in the form of leukoencephalopathy may also occur, usually in 
patients who have received intravenous methotrexate and cranial irradiation in 
addition to IT methotre~ate."~'"~~"~ 

IT methotrexate overdoses can be fatal. Immediate treatment includes 
ventriculolumbar perfusion to attempt to reduce methotrexate concentrations 
in the CNS, administration of systemic corticosteroids, and administration of 
systemic leuc~vorin."~ In the nonhuman primate model, IT administration of 
carboxypeptidase-G2 immediately decreases CSF methotrexate 
concentrations very rapidly and prevents toxicity after experimental IT 
methotrexate o~erdose."~ The role of carboxypeptidase-G2 in the treatment 
of IT methotrexate overdose in humans is unknown. 

IT methotrexate therapy is often given through an Ommaya reservoir in 
patients with refractory meningeal disease. Administration through a reservoir 
produces more even drug distribution throughout the CSF compared with 
intralumbar administration and appears to prolong the duration of remission in 
CNS leukemia. 48~'0'~'18 Use of the Ommaya reservoir also permits the 
administration of frequent small doses of methotrexate instead of single large 
doses. C x T therapy produces cytotoxic concentrations for a prolonged 
period while avoiding high peak drug levels. This combination may result in 
greater efficacy with less toxicity. lo' In this regimen, methotrexate may be 
administered as 2 mg per day for 3 - 5 consecutive days every other week for 
4 treatment weeks (total 8 weeks), followed by administration at a decreased 
frequency in consolidation and maintenance phases. 

Unlike systemically administered anticancer agents, IT drugs are usually 
given at a fixed dose, rather than body-surface area based dosing, in older 
children and adults. The reason for this is that, in contrast to body surface 
area, the CSF volume approaches adult size by the age of approximately three 
years. Therefore, the dose for IT methotrexate is based on patient age, with a 
constant dose administered to all patients over three years of age. For 
methotrexate, this dosing scheme both reduces toxicity in older patients and 
improves outcome in younger patients.'19, Because of these seminal 
observations, most other IT agents are also dosed based on age rather than 
body size. 

6.2 Cytarabine 



8. Systemic and Intrathecal Chemotherapy 137 

Like methotrexate, cytarabine can be administered intrathecally to 
produce high CSF cytarabine concentrations with minimal systemic toxicity. 
Cytarabine may be given by the intralumbar route or via an Ommaya 
reservoir on a C x T schedule that has the same advantages as C x T 
methotrexate administration. 102-107 In addition, cytarabine is often combined 
with methotrexate andlor hydrocortisone for IT administration in children 
with leukemic meningitis; this is the only standard regimen for combination 
IT therapy. IT administration of cytarabine, like methotrexate, may produce 
arachnoiditis or, rarely, other forms of neurotoxicity such as seizures and 
paraplegia.'20 Leukoencephalopathy and other chronic neurotoxicities, 
however, have not been described commonly with IT cytarabine. 

6.3 Liposomal Cytarabine 
A liposomal encapsulated form of cytarabine ( ~ e ~ o ~ y t ~ ~ )  has been 

shown to be an active agent with potential advantages compared to free 
cytarabine or methotrexate. 28,29,32,122 These advantages include once every 
two-week drug administration whether the intraventricular or intralumbar 
route is used. Two randomized trials in adults compared liposomal cytarabine 
to methotrexate (in patients with carcinomatous meningitis) or free cytarabine 
(in patients with lymphomatous In both trials, the response 
rate was better, the time to neurologic disease progression was delayed, and 
death due to neoplastic meningitis was reduced in the liposomal cytarabine 
cohort. No difference in survival between the treatment arms was seen in 
either trial, but quality of life was improved in the liposomal cytarabine 
cohort. Because of the convenience of once every two weeks administration 
in addition to the modest merits mentioned above, liposomal cytarabine is 
increasingly being considered as first-line therapy for either carcinomatous or 
lymphomatous meningitis. Insufficient data exists regarding liposomal 
cytarabine's effectiveness for leukemic meningitis, though an on-going Phase 
1 trial in pediatric neoplastic meningitis may generate some conclusions. 
Importantly, because of a high incidence of chemical meningitis when this 
agent is administered without corticosteroids, oral dexamethasone at a dose of 
2 - 4 mg by mouth twice per day for 5 days should be utilized whenever 
liposomal cytarabine is administered regardless of delivery route. 

6.4 Thiotepa 
IT administration of thiotepa, in contrast to systemic administration of the 

same agent, is well tolerated although it may be associated with 
myelosuppression.31 The active metabolite TEPA, however, is not detected in 
CSF after IT administration. In addition, because the drug is highly lipid 
soluble unlike most other intrathecally administered agents, thiotepa diffuses 
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rapidly out of the CSF."~ Thus, the usual pharmacokinetic advantages of IT 
drug administration may be less prominent for thiotepa than for some other 
drugs. Nonetheless, IT thiotepa has been shown in one of four randomized 
trials in adults with neoplastic meningitis to be as effective as methotrexate. 
Thiotepa may also be administered on a C x T schedule. No survival benefit 
has been demonstrated when comparing thiotepa to methotrexate in the 
treatment of neoplastic meningitis in adult carcinomatous meningitis.31 

INVESTIGATIONAL AGENTS 

7.1 Mafosfamide 
Mafosfamide is a preactivated derivative of cyclophosphamide that does 

not require hepatic metabolism to have antitumor activity. This agent has 
demonstrated activity in phase I trials against meningeal leukemia and 
leptomeningeal dissemination of brain tumors. 92199 It is currently undergoing 
further study in an adult Phase 1 trial and in the Pediatric Brain Tumor 
Consortium to determine its efficacy in adult carcinomatous meningitis and in 
preventing leptomeningeal recurrence of primary brain tumors in infants, 
respectively.93 

7.2 Topotecan 
IT administration of the topoisomerase I poison topotecan was studied in 

a recent phase I trial in children.lZ3 Arachnoiditis was the dose-limiting 
toxicity, and the maximum tolerated dose was 0.4 mg. Several patients with 
leptomeningeal spread of solid tumors demonstrated responses or prolonged 
stable disease. A phase I1 trial of IT topotecan in children with neoplastic 
meningitis is in progress in the Children's Oncology Group as is a Phase 1 
trial in adults with carcinomatous meningitis. 

7.3 Monoclonal antibodies 
Monoclonal antibody therapy directed at meningeal metastasis is a 

relatively new approach that theoretically has the advantage of selectively 
targeting malignant cells that express specific antigens while sparing normal 
tissues that do not share these epitopes. Most studies have utilized 1311 linked 
to an antibody of interest (so- called radioimmunoconjugates) in the particular 
tumor being studied. Toxicity, particularly systemic myelosuppression, and 
the need to have an appropriate antibody limit this approach at present 
although it remains under exploration.91~94~98"00 
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8. SYMPTOMATIC THERAPY 

A variety of medical therapies are utilized in the care of patients with 
leptomeningeal metastasis irrespective of whether the patient is offered 
aggressive neoplastic meningitis-directed therapy. A minority of patients will 
manifest seizures as a consequence of neoplastic meningitis and the use of 
non-sedating anticonvulsant drugs is appropriate for this group of patients. 
Patients with difficult to control pain may be managed with narcotics or, in 
the instance of neuropathic pain, either anticonvulsant drug or tricyclic 
antidepressant drug therapy. Depression is a very common symptom in 
patients with cancer and is often neglected or not recognized. Early 
recognition and initiation of antidepressants in symptomatic patients is 
recognized to improve quality of life and benefit both patients and families. In 
addition, antidepressants, especially tricyclic agents, are also useful for 
chronic insomnia. Corticosteroids are most useful to control vasogenic edema 
secondary to parenchymal brain or epidural metastases but have very limited 
use in the management of neoplastic meningitis-related neurologic symptoms. 
Steroids may be useful in patients with raised intracranial pressure or in 
patients with chronic nausea or vomiting. Similarly, nausea or vomiting may 
be managed by anti-emetics. Concurrent steroids, megestrol acetate or 
cannabinols may mitigate weight loss and cancer-related anorexia. Finally, 
decreased attention and somnolence, common side effects of whole brain 
irradiation and chemotherapy, may be improved modestly by the use of 
psychostimulants such as dextroamphetamine or modafinil. 

9. CONCLUSIONS 

Neoplastic meningitis is a complicated disease for a variety of reasons. 
Not all patients necessarily warrant aggressive CNS-directed therapy, yet few 
guidelines exist permitting appropriate choice of therapy. In general, only 
pain-related neurologic symptoms improve with treatment. Neurologic signs 
such as confusion, cranial nerve deficit(s), ataxia and segmental weakness 
minimally improve or stabilize with successful treatment. The majority of 
patients die due to progressive systemic disease occurring either in isolation 
or in combination with progressive neoplastic meningitis. Notwithstanding 
aggressive treatment, survival ranges only from 2-10 months depending upon 
tumor histology, and in adult neoplastic meningitis, therapy is considered 
palliative rather than curative. However, specific tumor histologies may have 
different responses to therapy. For example, the consensus is that breast 
cancer is inherently more chemosensitive than non-small cell lung cancer or 
melanoma, and therefore, survival following chemotherapy is likely to be 
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better. This observation has been substantiated in patients with systemic 
metastases though comparable data regarding CNS metastases, and in 
particular neoplastic meningitis, is meager. 32,59,60 

Supportive comfort care (radiotherapy to symptomatic disease, 
antiemetics, and narcotics) rather than aggressive therapy may reasonably be 
offered to a majority of adults with neoplastic meningitis. Palliative therapy of 
neoplastic meningitis often affords the patient protection from further 
neurological deterioration and consequently an improved neurologic quality 
of life. No studies to date have attempted an economic assessment of the 
treatment of neoplastic meningitis and therefore no information is available 
regarding a cost-benefit analysis as has been performed for other cancer 
directed therapies. 

A number of challenges remain in the treatment of neoplastic meningitis. 
Treatment failure may result from (1) de novo or acquired drug resistance; (2) 
incomplete distribution of drug within CSF spaces; (3) inability to achieve 
adequate CSF drug levels; (4) failure to control primary non-CNS tumor; (5) 
toxicity, both neurologic and systemic toxicity of regional chemotherapy; (6) 
concurrent CNS metastatic disease (parenchymal brain, dural and epidural 
spinal cord metastases); and (7) inability of patients to tolerate 
treatment. 28,29,32,38-41,48,124 Each of these challenges must be overcome to make 
substantial improvements in the therapy of leptomeningeal carcinomatosis. 
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Abstract: Radiotherapy has multiple roles in the treatment of leptomeningeal cancer. 
While it is uncommon for patients to experience regression of neurologic 
deficits due to leptomeningeal cancer, focal radiotherapy often provides 
significant palliation of pain, increased intracranial pressure and other 
focal symptoms. Focal radiotherapy may also be used to eliminate 
blockages of cerebrospinal fluid (CSF) and allow for safe administration 
of intrathecal chemotherapy. Craniospinal irradiation (CSI) is most often 
used as prophylaxis for patients at high risk of leptomeningeal tumor 
dissemination, but may result in symptom palliation and prolonged disease 
control for patients with active leptomeningeal tumor. 

Key words: Radiotherapy; craniospinal irradiation; prophylaxis; cerebrospinal fluid 
block; whole brain radiotherapy 

1. INTRODUCTION 

Leptomeningeal carcinomatosis occurs in approximately 5% of patients 
with cancer.' The frequency of diagnosis is increasing as cancer patients live 
longer and neuro-imaging technology improves. Without treatment, the 
median survival is four to six weeks.2 The specific approach to treatment 
depends on the tumor type and burden, the patient's symptoms and overall 
performance status. Surgical management and chemotherapeutic treatment 
of leptomeningeal cancer have been addressed in previous chapters. 
Radiation therapy is also used in some patients to treat leptomeningeal 
cancer. Craniospinal irradiation (CSI), focal external beam radiation, and 
investigational radiation techniques will be discussed in this chapter. The 
primary rationale for considering radiotherapy is two-fold: first, several 
patients present with significant symptoms such as cranial nerve palsies, 
sphincter dysfunction, limited ambulation, pain, obstructive hydrocephalus, 
etc., which benefit from palliative radiation; second, approximately one-half 
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of all patients with leptomeningeal disease die as a direct consequence of 
compartmental progression of their disease, as opposed to systemic 
progression, suggesting that control of disease within the cerebrospinal fluid 
(CSF) compartment holds some potential for improving survival, albeit 

2. CRANIOSPINAL RADIATION 

This technique treats the entire craniospinal axis and frequently is 
utilized with a high rate of success in other malignant diseases of the 
craniospinal axis, such as medulloblastoma and central nervous system 
(CNS) germinoma. Because of the compartmental nature of leptomeningeal 
carcinomatosis, craniospinal irradiation is occasionally used in the treatment 
of this disease process. It involves a technically complex set-up of two 
opposed lateral brain fields and one or two posterior spine fields (depending 
on the patient's height) to treat the entire craniospinal axis homogeneously 
without one region receiving too high or too low of a dose. The following 
diagram demonstrates how a craniospinal set-up is often planned.6 

Field D 

The brain and spine photon fields are matched to each other via two general 
approaches: 1) gapping, and 2) divergence matching. Gapping involves 
either positioning of the beams so that the divergent edges intersect at a 
depth, or directly abutting the beams so they intersect at a zero depth. This 
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technique is referred to as "gapping" since it results in a gap on the patient's 
skin. Divergence matching involves positioning the beams so that their 
respectively divergent field surfaces are parallel and adjacent to one another 
at the time of treatment.' 

Different institutions use a variety of techniques. In one commonly 
employed technique, the patient lies prone on the treatment table or couch. 
The posterior spine field is set up to treat the entire thecal sac and the 
superior border of the spine field is demarcated on the patient's neck. The 
brain is treated with opposed lateral fields. These cranial fields are set up so 
that their inferior borders match the longitudinal divergence of the edge of 
the superior spine port. This is accomplished by rotating the treatment 
machine's collimator of the brain field. By rotating the treatment couch, the 
transverse superior edge of the spine field is made parallel to the inferior 
divergent edge of the brain port. The two angles of rotation of the collimator 
and the couch are given by the formulas: 

0 (collimator) = tan-' [spine length I 2 x SSD] 
0 (couch) = tan-' [brain length 1 2 x SAD] 

This setup is demonstrated in the following diagram.8 

Posterior 
Spine 

The junction line between the cranial and spinal fields is moved down on 
the neck one centimeter on predetermined treatment days in order to 
minimize hot spots. The daily radiation fraction size is generally small (1.2- 
1.8 Gy) with the total dose dependent on the tumor type and tumor load. 
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Boosts are given to areas at highest risk for relapse, such as the primary site 
or regions with large tumor burden. 

The median survival of patients with leptomeningeal carcinomatosis 
without treatment is four to six weeks.2 Outcomes from standard 
craniospinal radiation therapy for carcinomatous meningitis are generally 
poor, resulting in a median survival of only a few months; therefore, 
radiotherapy is surely not of primary value in providing a major survival 
benefit. However, in many clinical instances, it relieves symptoms, or halts 
rapid progression of neurologic symptoms such as cranial neuropathies. The 
latter constitutes the major benefit of radiotherapy and several review papers 
have summarized small single institutional experiences. In one of the more 
modem such series, Hermann, et al, evaluated the efficacy and feasibility of 
craniospinal irradiation with and without intrathecal chemotherapy, 
specifically as it pertains to symptom palliation and survival. Sixteen 
patients with leptomeningeal carcinomatosis (nine breast cancer, five lung 
cancer, one unknown primary and one renal cancer) received 36 Gy 
craniospinal radiotherapy (1.6-2 Gylfraction), ten of whom also received two 
to eight cycles of intrathecal methotrexate at 15 mglcycle. The overall 
median survival was 12 weeks; patients receiving craniospinal irradiation 
alone had a median survival of eight weeks, compared to 16 weeks for those 
patients receiving both methotrexate and craniospinal irradiation. The 
combined approach, although tested in only a small cohort, appeared more 
efficacious from a survival point-of-view. Over two-thirds of patients9 
experienced regression of their neurological symptoms either during or 
within days after radiotherapy was completed, outlining its palliative 
efficacy. Particularly impressive was the observation that seven previously 
non-ambulatory patients regained ambulation, six had substantial pain 
reduction, and three patients experienced restitution of bladder and bowel 
continence. All of these functional domains: ambulation, sphincter control 
and pain, represent critically important elements in terms of quality-of-life 
improvement and justify the use of craniospinal irradiation, with or without 
intrathecal methotrexate in selected patients with leptomeningeal 
carcinomatosis. However, approximately one-third of patients developed 
grade 3 myelosuppression; dysphagia, mucositis and nausea were relatively 
common. These side effects may be controlled with appropriate medications 
and should not necessarily preclude the use of CSI.~ 

With the increasing use of intrathecal chemotherapy, the optimal role of 
radiotherapy is called into question. No randomized trials have addressed 
this issue directly; however, one randomized study of two different 
chemotherapy approaches supported the use of radiotherapy. A prospective 
randomized trial of intrathecal methotrexate (MTX) versus MTX plus 
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cytosine arabinoside (Ara-C) found that concurrent radiotherapy to the CNS 
was associated with significantly better response (73% v 35%; P <0.05). 
Overall median survival for the whole group was eight weeks, but responders 
fared better than nonresponders (median survival, 18 v 7 weeks). Since 
radiation enhanced the response rate and responders lived longer, this trial 
indirectly supports the up-front use of radiotherapy with intrathecal 
meth~trexate.'~ 

3. LOCALIZED RADIATION 

Because of the complicated set-up of craniospinal irradiation, the 
associated toxicities, and the near complete incurability of leptomeningeal 
cancer, most clinicians choose localized radiation instead of treating the 
entire craniospinal axis. Areas of high tumor burden or symptomatic regions 
are treated palliatively. Most often this entails whole brain irradiation andor 
segmental spinal cordcauda equina irradiation. Depending on the 
radiosensitivity of the tumor, radiation may be successful at relieving pain, 
focal weakness, sensory loss, bowelhladder dysfunction, focal seizures, 
cranial nerve palsies, and cerebral spinal fluid flow abnormalities. Localized 
treatment ports are usually radiated with 20-40 Gy in daily fractions of 2-4 
Gy. Treatment goals are based on the patient's symptoms, duration of 
symptoms, tumor type, and general performance status. 

From 1981 through 1985, the Southwest Oncology Group (SWOG) 
conducted a study evaluating the natural history and the effectiveness of 
standard therapy in patients with leptomeningeal carcinomat~sis.~~ Those 
patients who responded to therapy in one month exhibited a median 
additional survival of 5.7 months, and those who were not responders at one 
month exhibited a median additional survival of 1.8 months. The authors 
were unable to identify pre-treatment characteristics that would predict for a 
favorable response to therapy. These results indicate that in some patients, 
focal irradiation may be beneficial and aggressive treatment in some patients 
may be indicated, as those patients who respond to treatment have a survival 
benefit." 

Another interesting approach for localized therapy has focused on the 
CSF flow-impingement patterns created by the disease. Technetium-99m- 
DTPA flow studies within the CSF were performed in 31 patients after 
placement of Ommaya reservoirs. Two millicuries of Tc-99 were injected 
into the reservoir. Planar images of the head and entire spine were obtained 
after 10 and 30 minutes and after 1, 4, 6, and 24 hours. Follow-up studies 
were performed in 12 patients whose initial studies were abnormal or who 
developed complications of therapy. In 19 of the 3 1 patients (61%), 
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ventricular-outlet, spinal, or convexity blocks were identified. In 11 of these 
19 patients, focal radiotherapy to the site of the block restored normal flow. 
Survival among patients with initially normal, abnormal but correctable, and 
abnormal but uncorrectable CSF flow differed significantly (6.9, 13.0, and 
0.7 months, respectively). The authors concluded that CSF flow blocks are 
common in patients with carcinomatous meningitis and may occur at the 
skull base, the spinal canal, and over the convexities. These flow 
abnormalities often can be corrected with appropriately directed 
radiotherapy. They also recommended that intrathecal chemotherapy should 
be preceded by a radionuclide flow study and be delayed if abnormal flow is 
documented until appropriate radiotherapy re-establishes normal flow.12 

INTRATHECAL ISOTOPE THERAPY 

The limitations of external beam radiotherapy, whether to the entire 
neuraxis, or localized, have prompted the investigation of intrathecal isotope 
delivery techniques which although promising, are in their infancy. In 
general, three approaches can be utilized: 1) direct intrathecal administration 
of an isotope; 2) delivery of the isotope to tumor cells using a "homing" 
molecule specific for cancer cells; or 3) use of isotopes tagged to large 
microspheres that remain localized within the CSF space. The latter 
approach has been tested in experimental systems using radioactive iodine 
125 labeled 5-iodo-2'-deoxyuridine. This thymidine analog incorporates into 
the nuclei of dividing cells. The Auger electrons emitted by the 1-125 bound 
to it are highly effective in neoplastic meningitis in rats, suggesting a 
potentially new therapeutic avenue for the human counterpart.13 Other 
investigators are exploring radioimmunoconjugates labeled with alpha 
particles, such as Bismuth-2 12 or Astatine-2 1 1, which emit high energy 
radiation, but with limited tissue penetration of 100 microns or less. 
Preliminary in-vivo results are encouraging.14 

The largest reported experience with radioimmunoconjugate therapy for 
this disease comes from Kemshead's group in the United Kingdom in which 
they summarized their experience from 1984 to 1993. l5 Monoclonal 
antibodies (MoAbs) radiolabeled with iodine 13 1 were administered into the 
CSF of 52 patients with neoplastic meningitis. The MoAbs were selected 
based on immunoreactivity with each patient's tumor and lack of binding to 
normal CNS tissue. All patients underwent full neuroimaging, which 
included an isotope flow study of CSF pathways. Subsequently, I 13 1 -MoAb 
was administered via a ventricular access device, lumbar catheter or both. 
Isotope activity varied from 25 to 160 mCi. Distribution of (13 1)I-MAb and 
clearance kinetics were derived from serial scintigraphy and CSFIblood 
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sampling. Evidence of localization to tumor was frequently observed; 
toxicity was minimal and easily treated. The best results were obtained in 
primitive neuroectodermal tumor, where 53% of evaluable cases had 
responses and 11% had stable disease, adults responding better than children. 
Three exceptional survivals were recorded; one patient leading a normal life 
at 10 years 11 months, one alive and normal at three years, two months, and 
a third surviving in good condition for eight years. The mean survival of 
responders was 39 months and non-responders four months. In the entire 
series, 50% of patients survived for at least one year. Results of treating 
leukemia and carcinoma suggested that re-seeding into the CSF compartment 
from active systemic disease accounted for early relapse in the CNS. One 
patient with carcinoma and no apparent systemic disease had a remarkable 
response and survived for four years following a single treatment.I5 In 
another report by the same group, a monoclonal antibody (UJ181.4) was 
labeled with radioactive iodine 13 1 which emits gamma irradiation and was 
administered intrathecally to a patient with neoplastic meningitis from 
disseminated pineoblastoma. The target antigen had first been demonstrated 
to be present on tumor cells by immunocytological testing of CSF. Good 
evidence of in vivo immunolocalization was first obtained by external 
gamma counting for a test dose of 13 11-UJ18 1.4 antibody. A single relatively 
small therapeutic dose of 131-1 (870 MBq) given by the intrathecal route, 
resulted in a marked clinical improvement and sustained remission for 22 
months.I6 

The radiolabeled immunoconjugate approach requires intrathecal 
administration to overcome the limitations of poor penetration into the CSF 
from intravenous administration, and also to minimize the human anti-mouse 
antibody (HAMA) response, since most of the MoAbs are of mouse 
clonality. Detailed pharmacodynamic assessment of patients receiving this 
intracompartmental-targeted therapy demonstrates that the elimination from 
the ventricular CSF is biphasic with more rapid clearance occurring in the 
first 24 hours. From this information, the areas under the effective activity 
curves for ventricular CSF, blood, and subarachnoid CSF have been 
calculated to permit dosimetry. A marked advantage could be demonstrated 
for the dose delivered to tumor cells within the CSF as compared to other 
neural elements." 

In another dosimetric study, five patients with GD2-positive 
leptomeningeal carcinomatosis were injected with 1-2 mCi intra-Ommaya I 
131-3F8, a murine IgG3 antibody specific for GD2. Serial CSF and serum 
samples and SPECT imaging at 4, 24, and 48 hours post-administration, were 
performed to determine radiation doses to the tumor and normal brain and 
blood prior to the administration of larger therapeutic doses. Focal I 13 1-3F8 
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uptake consistent with tumor localization was seen along the craniospinal 
axis in four patients. Calculated radiation dose to the CSF was 14.9-56 
cGy/mCi and to blood and other organs outside the CNS less than 2 
cGy1mCi. Intraventricular I 13 1 -3F8 successfully localized to 
leptomeningeal disease, resulting in a favorable CSFhlood ratio.18 

A dramatic example of neurologic improvement and long-term survival 
was reported by Cokgor et a1.19 A 46-year-old female presenting with 
progressive hearing loss, severe headaches, nausea, vomiting, and rapid 
decline in neurologic status was enrolled in a Phase I trial of I 131-labeled 
monoclonal antibody Mel-14 F(ab1)(2) fragment administered intrathecally. 
Within a year after her treatment she recovered, having a normal neurologic 
exam except for residual bilateral hearing loss. As of the publication date of 
2001, the patient remained neurologically normal except for a mild bilateral 
hearing loss more than four years after treatment and free of radiographic 
evidence of neoplastic meningitis. 

The microsphere approach is being tested with high energy beta-emitting 
radioisotopes such as Yttrium-90, which have a path-length of approximately 
8-10 mm. A matrix-type polymeric drug delivery system, poly lactic acid 
(PLA), has been designed in the form of microsphere carriers for the ionic 
form of 90Y. This radiopharmaceutical can be selectively delivered to a 
target site after incorporating 10% Fe304 (magnetite) which makes the 
magnetic microspheres responsive to an external magnetic field. These 10- 
40 micron diameter magnetic microspheres are biodegradable and slowly 
hydrolyze to lactic acid after radioactive decay. Stability studies showed that 
approximately 95% of added 90Y is retained within the PLA matrix after 28 
days (>lo half-lives). Cytotoxicity studies with neuroblastoma cells growing 
in monolayer showed that the radiocytotoxicity of the microspheres could be 
directed magnetically to either kill or spare specific cell populations, thus 
making them of great interest for targeted intracavitary tumor therapy. This 
system is currently being optimized for use in the treatment of neoplastic 
meningitis.20 

TREATMENT-RELATED TOXICITIES 

Toxicities of radiotherapy may limit the dose that can be delivered. 
These toxicities range from mild and temporary to more serious and 
potentially permanent and debilitating. Side effects are divided into acute 
and delayed toxicities. Acute toxicities, which generally are temporary, 
include hair loss, skin reaction, sore throat, dysphagia, Eustachian tube 
dysfunction with "plugged ears", nausea and vomiting, and fatigue. In 
patients with leptomeningeal spread of their primary cancer, acute toxicities 
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often are more concerning because the patient may not live long enough to 
experience long-term problems. Certain patients, however, attain longer 
survival and maybe at risk for delayed toxicities. 

Radiation therapy may contribute to both acute and chronic bone marrow 
suppression, especially when large fields, such as craniospinal irradiation, are 
treated. Decreases in blood counts are heightened in patients who have 
previously received myelosuppressive chemotherapy. Because of this, more 
limited involved field radiation ports are used to treat the bulk of disease 
rather than the entire craniospinal axis. If further chemotherapy is 
contemplated, care should be taken to encompass the bulky disease only in 
order to spare bone marrow reserve. 

Damage to the CNS is another serious potential toxicity of radiation 
treatment for leptomeningeal cancer. CNS damage is multifactorial and is 
dependent on total dose, dose per fraction, treatment volume and patient- 
related factors such as other medical co-morbidities. CNS toxicities can 
occur at any time, but certain problems have typical time appearances. Acute 
toxicities occur within the first few weeks, early-delayed toxicity from four 
weeks to four months, and late-delayed toxicity from four months to years 
after r ad i a t i~n .~~  Important examples include acute radiation encephalopathy, 
early-delayed cerebral necrosis, and late-delayed cranial nerve damage. The 
spinal cord also is at risk with toxicities including acute Lhermitte's sign, 
late-delayed radiation myelopathy, and late-delayed motor neuron syndrome. 
As with bone marrow toxicity, all of these complications may be potentiated 
with chemotherapy, particularly with intrathecal chemotherapy. These 
complications can confound the oncologist as they may be mistaken for 
disease progression. 

CONCLUSIONS 

Although carcinomatous meningitis is a relatively uncommon sequelae 
of malignancy, its consequences are devastating. The overall prognosis for 
most patients with leptomeningeal carcinomatosis is poor. The management 
remains controversial and categorical recommendations are difficult to make. 
In the absence of therapy, median survival is in the order of four to six 
weeks. Craniospinal irradiation may prolong this to a few months, and some 
studies indicate that the administration of intrathecal chemotherapy with 
radiation may yield slightly longer survival. Because of concerns regarding 
radiation side effects such as myelosuppression or mucositis, several 
investigators have utilized localized radiation approaches. The simplest of 
these is whole brain radiotherapy, which primarily targets the cranial 
neuropathies commonly encountered in this disease. A clinical trial reported 
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by SWOG indicated that whole brain irradiation could be combined with 
chemotherapy, and the 1-month post-treatment response was highly 
predictive for overall s~rvival.~'  Other more innovative localized approaches 
have utilized technetium ventriculography to identify sites of CSF flow 
occlusion which, when treated with local-field radiotherapy, frequently result 
in restoration of flow and relief of obstructive symptoms. Targeted 
radioisotope approaches are in their infancy, and a number of innovative 
preclinical and early clinical studies appear exciting. Regardless of the 
approach, radiotherapy does result in useful palliation, including return of 
ambulation, relief of pain and restoration of sphincter function. Not all 
patients with this disease fare equally poorly. Those with good performance 
status, limited systemic disease without fixed neurologic deficits, and with 
certain "sensitive" tumor types such as breast cancer, and several pediatric 
hematologic tumors have a better prognosis. Unfortunately, the therapeutic 
approaches in this disease have not been tested using rigorous clinical trial 
methodology, primarily because of nihilism, but also because many of these 
patients are often too ill to be eligible for very aggressive interventions. In 
an effort to stimulate randomized comparisons of various treatment 
approaches, Jaysop, et al, summarized the problems inherent in interpreting 
the current l i t e r a t~ re .~~  They surmised that recommendations are difficult to 
make because: 1) Most series include patients with carcinomatous meningitis 
(CM) that has arisen from different primary malignancies which are 
associated with different median survival intervals. 2) There have been no 
prospective randomized investigations of treatment modalities in patients 
with CM from a particular tumor type. 3) The definition of response varies 
from one report to another so that some response rates refer to cytological 
changes in the CSF while others take clinical, cytological and biochemical 
parameters into account. 4) Reports include patients with and without 
parenchymal metastases and the natural history of CM in the two situations 
may differ. They further point out that the two most important endpoints for 
the patient, neurological improvement and overall survival, are seldom used 
consistently in the literature. Many reports have focused on surrogate 
markers of response, namely biochemical and cytological data points, but the 
correlation between clinical status and these parameters is poor because of 
differences between lumbar and ventricular CSF and disturbances of CSF 
flow in this disease. Multicenter, prospective, randomized trials should be 
strongly encouraged and conducted to address questions of most relevance to 
the patient, namely neurological status and overall survival.26 
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ANIMAL MODELS OF LEPTOMENINGEAL 
CANCER 

Ali Raja, M.D. and Herbert H. Engelhard, M.D., Ph.D. 
University of Illinois at Chicago, Chicago, IL 60612 

Abstract: Animal models are a critical tool for our understanding of pathogenic 
mechanisms and the development of therapeutic strategies. Since the 
1970's, numerous syngeneic and allogeneic rodent models of 
leptomeningeal cancer have been developed; in this chapter, we present 
representative models and discuss their clinical and translational 
implications. 

Key words: Syngeneic, allogeneic, xenogenic; animal models; 
leptomeningeal cancer; translational research 

1. INTRODUCTION 

Since its initial description in a landmark paper by  berth' in 1870, 
significant advancements in the understanding and treatment of 
leptomeningeal cancer (LC) have been made through the use of experimental 
animal models. These models have provided a useful means for in vivo 
evaluation of various potential chemotherapeutic agents and other anti- 
neoplastic treatment modalities including intrathecal immunotherapy and gene 
therapy. 

In scientific research, modeling provides a practical approach for 
investigating the normal and abnormal function of living organisms.2 By 
constructing a model, the problem being studied is simulated as accurately as 
possible. Using animal models, experiments can be performed that are not 
feasible with living human subjects or patients. Unfortunately, despite 
decades of research in this field, there are few animal models that accurately 
parallel the clinical condition in  human^.^ 

Reports of experimental models for LC were first published in the mid- 
1970's.~ Murine animal models have traditionally been used for testing the 
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chemosensitivity of cancer cells. The models for LC in the literature can be 
divided into two categories: 1) syngeneic, and 2) allogeneic/xenogeneic. In 
syngeneic models, animal tumor cell lines are implanted into a genetically 
identical host. In allogeneic models, genetically dissimilar cells are implanted 
into an immunocompromised host. If species lines are crossed, the model is 
actually xenogeneic. The earlier animal models of LC were typically 
syngeneic using mice, rats, rabbit or guinea pigs. Recently, allogeneic and 
xenogeneic models using nude mice and nude rats have also been developed. 
The advantage of using the latter type of models is that human tumor cell 
lines can be used and tested. Many of the syngeneic and xenogeneic models 
for LC are listed according to the type of tumor cell line in Tables 1 and 2, 
respectively. 

One potential problem in treating malignant tumors of the central nervous 
system (CNS) and/or the meninges is inadequate drug delivery across the 
blood-brain barrier (BBB).~-~ Systemically administered hydrophilic (and 
even lipid soluble) drugs usually penetrate the CNS parenchyma for short 
distances9 and thus fail to reach tumor cells in sufficient concentrations. 
Intrathecal injection of drugs directly into the cerebrospinal fluid (CSF) has 
been used to circumvent this problem with the rationale that high 
concentrations of the drug may be achieved in the vicinity of tumor located on 
the meninges. Most animal models involve the use of the intrathecal drug 
delivery method for this purpose. Animals are usually prepared by direct 
inoculation of tumor cells into brain parenchyma or by intracisternal 
inoculation. 
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Table 1. Syngeneic Animal Models of Leptomeningeal Cancer 

Tumor Cell Line Animal Experiment Reference 
Type 

Glioma C6 glioma Wistar rat ACNU, BCNU, VM26 YoshidaJ984 [lo] 
Model Yoshida,l986 [I 11 
it neocarzinostatin Yoshida,1987 [I21 
it ACNU Yoshida ,1992 [I31 
it IL-2 HerrlingerJ 996 [I41 

9L glioma Fischer rat ACNU, BCNU, VM26 Yoshida,1984 [lo] 
Model YoshidaJ986 [I 11 
it ACNU YoshidaJ992 [I31 
Model Kooistra,l986 [I51 
Model Rewers,l990 [I 61 
it gene therapy (retroviral RamJ994 [I71 
vector-mediated HS-TK gene 
transfer) 
it gene therapy (herpes Kramm,1996 [I 81 
simplex I-thymidine kinase) 
herpes simplex I- thymidine Kramm,1996 [I91 
kinaselganciclovir paradigm 
it gene therapy (adenovirus) VincentJ996 [20] 
it MGH-I viral vector- Kramm,1997 [21] 
mediated gene therapy 
it " 'IU~R Sahu,1997 [22] 

Carcinoma W256 ca Walker rat Model Ushio,1977 [4] 
itliv cyclophosphamide, Ushio,1977 [23] 
CCNU, methyl-CCNU, 
methotrexate, cytarabine 
iv cyclophosphamide, ACNU Ushio,l981 [24] 
iv cyclophosphamide, ShimizuJ 980 [25] 
bleomycin 
Model Kooistra,l986 [I51 
it bleomycin, cytarabine, Kooistra,l989 [26] 
dacarbazine, doxorubicin, 5- 
fluorouracil, methotrexate, 
mitomycin C, thiotepa, 
BCNU 
iv diaziquone, methotrexate 
effects of LC on brain Jamshidi,l987 [27] 
parenchyma 
growth kinetics of LC Izumoto,1988 [28] 
model1 brain glucose Hiesiger,l989 [29] 
metabolism 
it ACNU Huang,1997 [30] 
estimating proliferating HuangJ997 [31] 
activity in LC 
it gene therapy (W256 cells VrionisJ996 [32] 
transfected in vitro) 

MAT BIII Fischer rat modellimmune response Sagar,1995 [33] 
nnc 
VX2 NZW rb Model Miree,1972 [34] 

modellrelationship of number Miree, 1973 [35] 
of tumor cells and survival 
model1 MRI study Frank,1988 [36] 
it 4-HC Phillips,1992 [37] 
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Table I .  (Continued) 
Abbreviations: it, intrathecal; ca, carcinoma; iv, intravenous; mo, mouse; gp, guinea pig; rmc, rat 

Tumor Cell line Animal Experiment Reference 
Type 

Melanoma B16-B14b Mo Model Miner,1982 [38] 
B16-F10 Mo iv doxorubicinl blood-brain Seiga1,1987 [39] 

barrier function 

Leukemia L1210 

LL 
L5222 
AML 
T cell 
DBLA6 

LA414 
ALL 
BNML 
AML 
L2C 

Mo 
Rat 

Rat 

Rat 

Modellsc cyclophosphamide 

sc antifolatel ip immunization 
with irradiated L1210 cells 
sc methotrexate, BCNU, 
cytoxan 
ip amphotericin B, BCNU 
iplsc BCNU, 
cyclophosphamide 
Model 
iv daunomycinl blood-brain 
barrier function 
Model 

Model 

immunotoxin 
it immunotoxin 
Model 

Lymphoma NHL Mo Model Peterson,l980 [52] 
Model Kupper,1987 [53] 

S49 Mo it vaccination with live Siega1,1986 [54] 
immunoaeneic variants of 
~ 4 9  cells- 

mammary carcinoma, rb, rabbit; sc, subcutaneous. 
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Table 2. Xenogeneic Animal Models of Leptomeningeal Cancer 

Tumor Cell Line Animal Experiment Reference 

Glioma hu cell nu mo model YoshidaJ986 [55] 
lines 
hu ONS- numo model Miyao,1986 [56] 
6,12,16 
hu ONS- nu mo iplit IFN-8 Miyao,1987 [57] 
12 
hu U87 nu mo ip BCNUI it AbematheyJ 988 

methotrexate [581 
it monoclonal YamashitaJ993 [59] 
antibodies1 MRI 

hu D54 nu rat it mafosfamidel Fuchs,1990 [60] 
functional tests 

D-54 MG nu rat it melphalan FriedmanJ994 [61] 
hu SNB19 nu rat model Bergman,l997 [62] 
hu U87 nu rat model Bergman,l997 [62] 

Breast Cancer hu nu rat model Bergman,l997 [62] 
SKBR3 

Neuroblastoma hu IMR- nurat model Bergman,1997 [62] 
32 
hu NMB7 nu rat model Bergman,l997 [62] 

Medulloblastoma hu ONS- nu mo model1 MHC class I Yamada,l991 [63] 
76 expression 
hu MHH- nurat model1 MRI SchabetJ997 [64] 
MED-1 
hu DAOY nu rat model Janczewski,l998 [3] 

adeno-associated Rosenfeld,l997 [65] 
virus vector 
transduction 
model Bergman,l997 [62] 

hu D283 nu rat model Bergman,l997 [62] 

Carcinoma hu 146 nurat it immunotoxin Myklebust,l994 [I 11 
SCLC 
hu DMS- nu rat model MyklebustJ 994 [67] 
273 SCLC 
hu A431 nu rat it immunotoxin PastanJ995 [68] 
hu MDA- nu rat model Janczewski,l998 [3] 
MB 231 
br ca 
hu nu rat model Bergrnan,l997 [62] 
SKBR3 
hu MCF7 nu rat model BergmanJ 997 [62] 
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Table 2. (Continued) 
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Tumor Cell Line Animal Experiment Reference 

Melanoma moB16- nurat Model Schabet,l987 [69] 
F10 

it ACNU Schabet,l992 [70] 
it methotrexate, IFN- Schabet,l994 [71] 
y, TNF-a! 
model/ MRI Martos,1992 [72] 

hu Mel-1 nu rat model Bergman,l 997 [62] 
hu Mel-28 nu rat model BergmanJ 997 [62] 
hu SK- nu rat model Schabet,l987 [69] 
MEL-28 
hu Me nu rat model SchabetJ994 [73] 
Wo 
hu LOX nu rat model MyklebustJ994 [67] 

it immunotoxin Ha11,1994 [74] 
hu B16F- nu mo model Reijneveld,l999 [75] 
10 

Sarcoma hu TE- nu rat it mafosfamide Fuchs,I 990 [60] 
67 1 
hu TE- nu rat it melphalan Friedman,l994 [61] 
67 1 
hu TE- nu rat it radioimmuno- Zalutsky,l994 [76] 
67 1 conjugate 

Leukemia DBLA-6 nu rat model/ACNU, KobayashiJ985 [77] 
CCNU, procarbazine 

hu PF382 nu mo model Cavallo,1992 [78] 
huCEM nu rat it immunotoxin Herrlinger,l996 [79] 

Lymphoma hu Raji bl nu rat P-4055 & cytarabine Breistel,l999 [80] 
huNHL numo model EpsteinJ976 [81] 
hu ST-4 nu mo model Cavallo,1992 [78] 

Abbreviations: it, intrathecal; nu, nude; mo, mouse; gp, guinea pig; hu, human; br ca, breast 
carcinoma; osteo sar, osteogenic sarcoma; bl, Burkitt's lymphoma. 

Most of the animal models have been specifically developed for the 
purpose of evaluating a certain treatment modality against a particular form of 
leptomeningeal cancer. However, some of the studies simply analyzed the 
model itself. For example, Yamada et a163 developed an experimental model 
of meningeal dissemination by intracisternal inoculation of human 
medulloblastoma (ONS-76) cells into nude mice. They used 
immunohistochemical studies to show that ONS-76 cells in the subarachnoid 
space expressed major histocompatibility (MHC) class I antigens until 20 
days after inoculation. After 30 days, expression of MHC class I antigens 
decreased and the tumor cells began to proliferate rapidly. Similarly, Yoshida 
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and ~ o l l e a ~ u e s ~ ~ ' ~ '  developed experimental models of LC by intracisternal 
inoculation of rat C6 and 9L glioma cells into Wistar and Fischer rats, 
respectively. They studied the clinico-pathological features in both models 
and found them to be similar to those seen with gliomas in humans. In another 
paper, Kooistra et all5 reported development of 9L gliosarcoma and Walker 
256 carcinosarcoma models in rats and described the tumor cell dose 
response, functional and behavioral changes, and the histology in each model. 
Some other models were developed specifically for studying one or the other 
aspect of the disease. For example, Hiesiger et a1 developed a LC model using 
Walker 256 tumor cells in rats to study the effect of the tumor on cerebral 
glucose utilization (LCGU). They observed that the tumor resulted in 
selective regional depression of LCGU that occurred both in structures 
underlying the tumor and those anatomically remote, but in certain cases, 
functionally related to structures subjacent to the tumor. Similarly, Siegal et 
a13' developed a BI6 melanoma model in C57BL mice for studying the 
alteration of blood-brain-CSF barrier using Evans ,blue and Horseradish 
peroxidase tracers. Brain concentrations of Adriamycin following an 
intravenous dose were also studied and a significant increase in its content in 
the whole brain was observed as compared with the tumor free controls (P < 
0.05). The study concluded that although an alteration in the barrier allows 
extravasation of the tracer, a high-dose regimen is required to achieve a 
significant increase in a water-soluble drug penetration through the disrupted 
barrier. Most other models in the literature either analyze one or more aspects 
(e.g. pharmacokinetics and toxicity) of a potential anti-neoplastic treatment 
modality or look at the efficacy of a treatment option against a specific tumor 
type. 

Different studies use different cell lines to mimic LC. Since 
leptomeningeal dissemination occurs in 5-15% of patients with malignant 
gliomas and with similar frequency in patients with solid tumors like breast 
cancer, lung cancer, and malignant m e l a n ~ m a , ~ ~ , ~ ~  most researchers have used 
tumor cells from one of these tumors in their models. Others have used 
lymphoma cells due to the high rate of LC seen in acute lymphoblastic 
leukemia (ALL) patients.82'85 

The following are some examples of these experimental models for LC 
that were developed for testing chemotherapeutic, imrnunotherapeutic or gene 
therapy agents. 

2. MODELS TESTING CHEMOTHERAPEUTIC 
AGENTS 
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Almost all of the earlier experiments and many of the newer ones tested 
one or another potential chemotherapeutic agent. Toxicity to normal CNS 
tissue is an important consideration for many of these agents. Through animal 
testing, the safety of these agents can be determined before the development 
of human trials. Brain tumor models with human tumor cell lines in nude rats 
and mice have led to identification of human chemotherapies. Results from 
representative studies are summarized below. 

2.1 Nude rat model using B16-F10 melanoma cells for 
evaluating effects of intrathecal((l-4-amino-2-metyl-5- 
pyrimidinyl)methyl-3-(2-chloroethyl)-3-nitrosourea 
hydrochloride) or ACNU 

In a study by Schabet et a1,70 a single or repeated non-toxic dose of 1 
mgkg of ACNU was injected into the cisterna magna of rats inoculated with 
the tumor. Median symptom-free survival was 16 days (range, 14-27) for 
controls (n = 9) and 18 days (range, 17-23) for rats treated with ACNU on day 
4 (n = 9). Animals treated both on day 2 and 8 (n = 8) developed symptoms 
on day 21 (range, 13-35). Based on these results along with the 
pharmacokinetic data on the drug, the study concluded that although bolus 
injection of ACNU is locally effective, it is not sufficient for treating 
widespread leptomeningeal metastases. 

2.2 Rat model of Walker 256 carcinosarcoma cells for 
intrathecal ACNU 

Huang and   own^^' studied the therapeutic efficacy and cell kinetics of 
intrathecal ACNU in rats using a meningeal carcinomatosis model induced by 
intracisternal inoculation of Walker 256 carcinosarcoma cells. The median 
survival time of the rats treated with intrathecal ACNU (1.5 mgkg on day 5 
after tumor inoculation) was significantly increased by 145% in comparison 
with the untreated rats. The cell kinetics were studied immunohistochemically 
using indirect immunoperoxidase method with bromodeoxyuridine (BrdU) 
and anti-BrdU monoclonal antibody (Becton-Dickinson). Before and 12, 24, 
48,96 or 144 hours after treatment with ACNU, the rats received intravenous 
BrdU (200 mgkg) injection. Thirty minutes later, the rats were sacrificed and 
the brains removed. Sections of the brain were stained with anti-BrdU 
monoclonal antibody. A labeling index (LI) (the percentage of tumor cells in 
the synthetic phase) was obtained by counting the immunoreactive cells under 
the microscope. The index was 34% in the group that was stained before 
treatment and dropped to below 20% in the groups stained 12 to 48 hours 
post-treatment. However, it increased to about 36% on the fourth post- 
treatment day. The investigators concluded that a greater anti-neoplastic effect 
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of intrathecal ACNU against meningeal carcinomatosis might be expected in 
the earlier stage of intrathecal administration. 

The same group (Huang et a13') reported the imrnunohistochemical results 
from a study that used a similar model but without any treatment groups. The 
LI was as low as10.8% to 16.9% in the first days after tumor inoculation and 
increased to 24.0% to 40.1% after 4-6 days. The LI reached a plateau seven to 
nine days post-inoculation at 40.7% to 48.2%. At day ten when necrosis 
appeared in the tumor, BrdU-positive cells declined and LI fell between 
29.1% and 35.0%. 

2.3 Rat C6 glioma model for testing intrathecal ACNU 
chemotherapy 

In the study by Yoshida et a1,13 the median survival time of the rats treated 
with a single dose of intrathecal ACNU (1 mglkg) on day one or three after 
tumor inoculation was significantly prolonged by 35.7% to 42.9 or 25.55 to 
28.6%, respectively, as compared with control animals. Rats treated after 5 
days with intrathecal (1 mglkg) or intravenous (15 mglkg) drug 
administration, however, did not show prolonged survival times. The authors 
concluded that low-dose ACNU treatment might be effective if given in the 
early stages of the disease. 

2.4 Testing intrathecal5-[125I]iodo-2'-deoxyuridine in rats 
with LC from 9L rat gliosarcoma cells 

In this study by Sahu et a122, intrathecal 5-[125I]iodo-2'-deoxyuridine 
(125IUdR) was administered, three days after implantation of 9L rat 
gliosarcoma cells, as a single injection, five daily injections or as a continuous 
5-day infusion. Control groups received physiologic saline. All groups were 
monitored for the onset of paralysis. For biodistribution studies, rats received 
a bolus injection of 125IudR five days after tumor cell implantation and were 
killed 1, 8, 24 and 48 hours later. In the treatment group, the median time to 
paralysis was significantly prolonged (p10.005) to 11.2k 0.1, l2.3kO. 1 and 
15.2k0.4 days for the single-dose, five daily injections and continuous 
infusion groups, respectively. The authors concluded that a selective anti- 
tumor effect could be achieved in treating leptomeningeal metastases with this 
drug. 

2.5 Testing anti-tumor activity of P-4055 compared to 
Cytarabine in nude rats and mice 

Breistd et also studied the anti-neoplastic efficacy of P-4055 (elaidic acid- 
cytarabine) in several in vivo models using human cancer cell lines. Control 
animals were treated either with cytarabine or a saline solution. In a Raji 
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Burkitt's lymphoma LC model in nude rats, the control (cytarabine and saline 
treated) animals (five in each group) had a mean survival time of 13.2 days as 
compared to the P-4055 treated rats which had three to five times greater 
survival times. In the same paper, a systemic Raji leukemia cell model in nude 
mice showed that eight of the ten P-4055-treated animals survived more than 
80 days, as compared with the cytarabine-treated animals with a mean 
survival time of 34.2 days. The authors also studied the efficacy of P-4055 
against different solid tumor cell lines implanted subcutaneously. They 
concluded that based on these results, clinical trials for P-4055 were indicated. 

2.6 Studying efficacy of intrathecal (NCS) in a C6 glioma cell 
rat leptomeningeal cancer model 

In this study by Yoshida et a1,I2 intrathecal Neocarzinostatin (NCS) at a 
dose of 1 pgkg was administered one day after tumor inoculation. The 
survival time was significantly prolonged by the treatment and improved with 
an increase in drug dosage. The survival times decreased when the rats were 
treated after three days of tumor inoculation and no effect was observed when 
it was given after five days (even at a dose of 100 pgkg). The authors 
concluded that low dose chemotherapy with NCS would be more effective if 
given in the early stages of leptomeningeal cancer. 

2.7 Nude rat model with D-54 human glioma cells or TE-671 
human rhabdomyosarcoma cells for testing 4-HC activity 
against leptomeningeal cancer 

Fuchs et a160 reported on the development of an animal model of LC and 
activity of intrathecal 4-HC against human rhabdomyosarcoma cell line TE- 
671 and the human glioma cell line D-54 MG. The injection of 5 x 10' TE- 
671 or D-54 MG cells in the subarachnoid space of athymic rats resulted in 
growth of LC from the base of the brain to the cauda equina. Daily weights 
and neurological examinations were performed and revealed progressive 
neurological deficits and weight loss. Deaths occurred between days 21 and 
27 for TE-671 and days 14 and 26 for d-54 MG, respectively. 4-HC toxicity 
in non-tumor-bearing rats was assessed at dose levels of 2.0, 10.0, 15.0, and 
20.0 mM, with clinical and histological evidence of neurotoxicity observed at 
the two highest dose levels. Intrathecal treatment with 4-HC on day eight after 
injection of TE-671 resulted in an increase in median survival of 20% (P = 
0.04) at 1.0 mM 4-HC and 41% (P < 0.001), respectively at 2.5 mM 4-HC. 
Intrathecal treatment with 4-HC (2.5 mM) on day five following injection of 
D-54 MG resulted in an increase in median survival of 23% (P = 0.009). The 
study concluded that 4-HC was effective against these cell lines and lacked 
toxicity at therapeutic levels in the normal athymic rats. 
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2.8 Nude rat model with D-54 human glioma cells or TE- 
671 human rhabdomyosarcoma cells for testing 
intrathecal Melphalan therapy 

In a study by Friedman et al6l, melphalan was administered on days eight 
or five depending on the tumor cell line and dose. Multiple dose toxicity 
studies using a 0.25, 0.5, 0.75, 1.0, 1.5, or 2.0 mM solution revealed clinical 
and histological evidence of dose-dependent toxicity at all dosages. Treatment 
of TE-671 with a single dose of 2.0 mM intrathecal melphalan produced an 
increase in median survival of 442% as compared to the saline controls 
(P<0.003). Comparison of the multiple, low-dose regimen with single, high 
dose regimen revealed a greater increase in survival times for the former. This 
effect was more pronounced in TE-67 1 inoculated rats. The authors concluded 
that intrathecal melphalan may be an important addition to the drugs used for 
the treatment of this disease. 

3. MODEL TESTING IMMUNOTHERAPEUTIC 
AGENTS 

Contemporary immunotoxins are a group of cell-type specific cytotoxic 
agents that are made up of a monoclonal antibody linked to a protein toxin. 
The current irnmunotherapeutic approaches for the treatment of LC include 
the intrathecal administration of: 

1. Immunomodulating cytokines such as interleukin-2 (IL-2) and interferon- 
a! (IFN-a!). 

2. Immune effector cells such as lymphokine-activated killer cells (LAK 
cells). 
Both of these are referred to as "active" imrnunotherapeutic approaches as 
opposed to intrathecal application of antibodies, which is termed 
"passive" irnrnunotherapy. Results from rodent models testing IL-2 have 
not been very For example, in a Wistar rat model with 
C6 glioma cells, Herrlinger et all4 found that intrathecal application of 
high-dose IL-2 elicited only a slight immune reaction within the 
leptomeninges and did not inhibit leptomeningeal tumor growth or 
prolong syrnptom-free survival in the animals. 

3.1 Efficacy of intrathecal immunotoxin therapy in a L2C 
tumor cell model in guinea pig 

Zovickian et inoculated tumor cells percutaneously into the cisterna 
magna of the test animals. Control animals developed disseminated 
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leptomeningeal and intraventricular leukemia and death. For treated animals, 
intracisternal tumor inoculation was followed by intracisternal injection of 2 
pg of an anti-idiotype monoclonal antibody (M6)-intact ricin imrnunotoxin 
after 24 hours. This produced prolonged survival (P < 0.005) with a tumor 
load of 10' L2C cells (10,000 times the lethal dose). The immunotoxin 
produced no detectable toxicity. The observed extension of survival times 
with the immunotherapy corresponds to a median 2- to 3-log (99% to 99.9%) 
and possibly a 5-log (99.999%) in some animals or greater kill of tumor cells. 
The study concluded that the results supported a possible role for 
immunotoxins in the treatment of compartmentalized CNS disorders such as 
those involving the intrathecal space. 

3.2 Wistar rat model with C6 glioma cells for studying the 
efficacy of IL-2 against leptomeningeal cancer 

Herrlinger et all4 evaluated the efficacy of intrathecal treatment of LC 
with IL-2 in a Wistar rat model. The animals were intracisternally inoculated 
with lo7 C6 glioma cells. Twelve animals were subsequently treated with 
intracisternal injection of 10' IU IL-2 or a control medium on the day of 
injection and days 2 and 5 after tumor cell inoculation. Both IL-2-treated and 
sham-treated animals developed LC with a symptom-free survival of seven to 
nine days. No significant difference was found between the two groups 
regarding time to onset of symptoms and pattern of tumor growth. Infiltration 
of the tumor tissue with ED-I+ monocytes and macrophages, and CD8+ 
lymphocytes, however, was slightly increased in animals treated with IL-2. In 
another set of experiments, four non-tumor bearing rats were intracisternally 
injected with a single dose of 10' IU IL-2. These animals also showed slightly 
enhanced leptomeningeal infiltration with CD8+ lymphocytes compared to 
controls. Prior to the in vivo experiments, the anti-proliferative effects of IL-2, 
murine IFN-7, and TNF-CY were also tested in a colony forming assay (IFN-7 
and TNF-CY are cytokines induced by IL-2). Only IFN-7 caused a dose- 
dependent inhibition of colony formation. The authors concluded that 
intrathecal application of high-dose IL-2, while eliciting a slight immune 
reaction within the leptomeninges, did not inhibit LC growth or prolong 
symptom-free survival in the animals. 

3.3 Nude rat model using H-146 small cell lung cancer cells 
for studying targeted immunotoxin therapy 

In their study, Myklebust el a166 injected tumor cells directly into the CSF 
in the cisterna magna. Small, superficial leptomeningeal lesions developed 
with symptoms of CNS involvement after a mean latency of 20 days. They 
used the model to study the efficacy of MOC-3 1 -PE immunotoxin against this 
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tumor by instilling a single bolus dose of 1.5 micrograms into the cisterna 
magna. The immunotoxin was shown to increase symptom-free latency by 35- 
46%. Delayed or repeated treatment was less effective than day one 
administration, whereas the addition of 10% glycerol to the solution increased 
the symptom-free period to 72%. It was concluded that the results support the 
development of the use of this immunotoxin for treatment of patients with LC 
resulting from small cell lung cancer. 

3.4 Acute lymphoblastic leukemia (ALL) model of LC in 
guinea pigs for investigating effects of intrathecal 
immunotoxin 

In these experiments by Urch et a~,''~ direct inoculation of L2C lymphoma 
cells into the cisterna magna gave rise to a leptomeningeal pattern of growth 
similar to humans. They used an immunotoxin that consisted of an anti- 
idiotypic antibody disulphide-bonded to the ribosome-inactivating protein 
saporin. The animals received the immunotoxin into the cisterna magna one 
day after inoculation of L2C cell. All animals treated with 0.5 or 5 pg of 
immunotoxin survived and remained tumor-free for more than 100 days after 
treatment. The control animals given cyclophosphamide alone or an irrelevant 
immunotoxin had a mean survival time of 28 days. The authors concluded 
that intrathecal irnrnunotoxins offer an alternative, highly specific form of 
treatment for this disease. 

3.5 Nude rat model using CEM T-cell lymphoma for testing 
intrathecal anti-CD7 ricin toxin A chain immunotoxin 

Herrlinger et alg8 treated eight animals with cisternal inoculation of 10 pg 
DA7 in 50 pl of phosphate buffered saline (PBS) or sham-treated with 50 pl 
of PBS, one and four days after cisternal inoculation of lo6 CEM cells. Three 
DA7-treated animals were free of tumor; two of these were asymptomatic 
long-term survivors (>90 days) and the third tumor-free animal died suddenly 
on day 5 1 with histological viral myocarditis. Median symptom-free survival 
was 5 1 days (range, 29-90+ days) in DA7 treated animals and 34 days (range, 
29-87 days) in sham-treated animals. No signs of neurotoxicity or systemic 
toxicity were found on histology. However, DA7-treated animals showed a 
tendency to a slower weight gain on days 6 to 28 after tumor cell inoculation. 
The study concluded that anti-tumor effect of DA7 needed further evaluation, 
especially in the early stages of LC from T-cell lymphoma. 

4. MODELS TESTING GENE THERAPY 
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Animal models of leptomeningeal gliomatosis for studying gene 
therapeutic treatment approaches have appeared in the literature relatively 
recently. Most of the studies involve development of animal models to test the 
possibility of delivering gene vectors to the tumor cells. Selected studies are 
summarized below. 

4.1 Herpes vector mediated delivery of marker genes to 
disseminated central nervous system tumors 

Kramm et alls investigated the ability of a recombinant herpes simplex 
virus type 1 (HSV) vector, hrR3, for delivering genes into multiple brain 
tumor foci in adult rats. The model was developed by injecting 9L 
gliosarcoma cells into the right frontal lobe and in the CSF by injection 
through the cisterna magna. The HSV vector was inoculated intrathecally five 
days later. Two days after the injection of the vector, immunohistochemical 
staining for HSV thymidine kinase (HSV-tk) was performed. This revealed 
expression in the frontal tumors as well as in leptomeningeal tumor foci along 
the entire neuraxis. HSV-tk immunopositive cells were most frequent in small 
tumors contacting the CSF pathways. Frontal lobe tumors showed the highest 
density of HSV-tk irnrnunopositive cells around their periphery with little 
expression in central parts. Some periventricular neurons temporarily showed 
immunolabeling. The number of immunopositive tumor cells markedly 
decreased five days after injection of the HSV vector. In all animals, some 
toxicity was observed in the first two to four days after vector injection in the 
form of extensive leptomeningeal inflammation. The authors concluded that 
intrathecal injection of HSV vector could mediate widespread transfer of the 
HSV-tk gene into tumors disseminated throughout the brain and CSF 
pathways offering a promising approach in conjunction with development of 
less toxic vectors. In another paper, Kramm et all9 reported similar 
experiments but added systemic ganciclovir (GCV) treatment two days after 
vector application which continued for 14 days. Tumor-free, long-term 
survival was achieved in 90% of the animals treated subsequently with GCV; 
in 30% of those treated only with the vector and in 10% of the untreated 
animals. Vector-related mortality of 20% was observed in the group that did 
not receive subsequent GCV therapy. No mortality was seen in GCV-treated 
animals. Apparently, GCV was able to control HSV-related toxicity. The 
authors concluded that intrathecal application of HSV vectors combined with 
GCV treatment could be an effective approach for treating disseminated brain 
tumors. 

In another study by Vrionis et cells expressing HSV-tk were used for 
treating LC in Walker 256 rats. When 2x10' Walker cells were intrathecally 
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injected, the median survival time was 15 days. But when HSV-tk-modified 
Walker cells were implanted and treated with ganciclovir, 80% of the rats 
survived for 120 days or more. The rest of the 20% died from tumor growth 
between 37 to 44 days after implantation. Walker TK-positive cells were 
better than murine fibroblast HSV-tk virus-producer cells in improving 
survival of animals with Walker tumors at low (1:l) but not at high (10:l) 
effector to target cell ratios. Based on these and other results, the authors 
concluded that Walker TK-positive cells are at least as effective as murine 
virus-producer cells and might be useful for the treatment of meningeal 
neoplasia. 

Ram et al" implanted Fisher rats with tumor cells followed by injection 
of HSV-tk vector-producer cells in the subarachnoid space on the same day. 
After seven days, ganciclovir was injected intraperitoneally or intrathecally 
daily for 14 consecutive days. To evaluate possible enhancement of tumor 
eradication by the ability of helper virus to package the vector in the cells, 
additional rats received thymidine kinase vector-producer cells that had 
previously been co-infected with a replication-competent retrovirus (4070A). 
In all groups, control rats received intraperitoneal or intrathecal saline 
injections. Rats that received ganciclovir intraperitoneally after the injection 
of thymidine kinase vector-producer cells had significant prolongation of 
survival. Injection of producer cells co-infected with the 4070A retrovirus did 
not improve anti-tumor efficacy. Intrathecal administration of ganciclovir did 
not extend survival. The authors concluded that gene therapy using the 
thymidine kinase/ganciclovir approach had a potential application for treating 
leptomeningeal cancer. 

4.2 9L rat brain tumor cell LC model in Fisher rats for 
studying a combined treatment approach with gene 
transduction and ganciclovir 

Vincent et a120 constructed recombinant adenoviral vectors to study their 
feasibility and efficacy in the palliative treatment of patients with 
leptomeningeal metastases. 9L brain tumor cells were injected into the CSF of 
Fischer rats via the cisterna magna. Three days after tumor cell injection, 
recombinant adenovirus containing the lac2 reporter gene was injected via the 
same route. Six days after tumor cell injection, expression of the reporter gene 
was detected in the tumor cells along the neuraxis. Subsequently, the 
experiments were repeated with tumor cell injection with HSV-tk three days 
after injection of tumor cells. Intraperitoneal GCV therapy was started the 
next day and continued for 10 days. Rats that developed neurological 
symptoms were immediately killed. The symptom-free latency of every rat 
was then determined. The results showed that the rats treated with HSV-tk and 
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subsequent GCV had significantly longer (P < 0.01) symptom-free latency 
than the control groups. The study concluded that this approach is feasible and 
efficacious in a rat model and should be used in the palliative treatment of 
patients with leptomeningeal cancer. 

4.3 Adeno-associated virus-mediated transduction in nude rat 
model of leptomeningeal disease with Medulloblastoma 
cells 

Rosenfeld et a165 used the adeno-associated virus (AAV) for transducing 
foreign genes into LC model using medulloblastoma cells in nude rats. This 
experiment was meant to be a pilot study for demonstrating that AAV vectors 
can be used to transfer and express foreign genes in established 
leptomeningeal tumors. After vector carrying the bacterial lacZ gene was 
injected in the ventricles, P-galactosidase-positive cells were found in the 
implanted tumor cells as well as in the ependymal and subependymal layers. 
There was no evidence of the vector in the normal brain tissue and no 
evidence of virally-mediated toxicity in the animals. The authors concluded 
that AAV vectors may be used to transfer and express foreign genes in cases 
of leptomeningeal cancer. 

4.4 Mouse model using B16F-10 Murine melanoma cells for 
testing repeated intrathecal drug delivery 

A paper by Reijneveld et a175 described their model in which B16F-10 
murine melanoma cells were injected intracisternally in mice producing 
histological characteristics comparable with human leptomeningeal 
metastases in humans. Recombinant adenoviral vector containing the LacZ 
gene was then injected intracisternally. Transfected cells were found in 
ependymal and subependymal cells throughout the brain but not in the 
parenchymal cells. The study also demonstrated the presence of continued 
gene expression for at least a month in immunodeficient mice without any 
indication of toxicity or decrease in intensity. 

5. LIMITATIONS OF ANIMAL MODELS 

Like all other research tools, animal models for leptomeningeal cancer 
have certain limitations. At best, an animal model is an approximation of not 
only the disease process but also the treatment method being tested as it 
would take place in the patients. Although these experiments pave the road 
towards further testing and patient trials, the results of effectiveness and 
toxicity may be very different from those that will actually occur in the human 
subjects. The debate on whether animal testing is ethical or not continues. 
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6. CONCLUSIONS 

Animal models for LC have served a two-fold purpose. First, they have 
been used to determine the safety, optimal dosages and efficiency for anti- 
neoplastic drugs 10,24-26,39,58,61,70 and other treatment 
Second, they have helped improve the understanding of the mechanisms of 
this disease. Results from animal studies have been applied to the clinical 
situation with reasonable success.92 As the ideal treatment for malignant 
neoplasia involving the leptomeninges continues to elude researchers, the 
interest in the field of leptomeningeal models continues to grow. Newer 
models and innovative approaches for treatment are being developed. It is 
hoped that with further research using these models, a cure for this 
devastating complication of cancer will one day become a reality. 
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IMPROVING THE OUTCOME OF PATIENTS 
WITH LEPTOMENINGEAL CANCER: NEW 
CLINICAL TRIALS AND EXPERIMENTAL 
THERAPIES 
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Abstract: Current therapy for leptomeningeal metastases is predominantly palliative. 
In an effort to improve disease control and patient outcome, new strategies 
are being developed to target the cerebrospinal space. These include new 
intrathecal formulations of systemic chemotherapy as well as the 
development of radiolabeled immunoconjugates and antitumor antibodies. 
Furthermore, there is debate as to the optimal strategy of drug delivery for 
leptomeningeal tumor. 

Key Words: Leptomeningeal metastases, clinical trials, systemic chemotherapy, 
immunoconjugates, radioisotopes 

1. INTRODUCTION 

Despite over 50 years of clinical experience in treating neoplastic 
meningitis, few effective therapies have been identified. Although one reason 
for this failure is the lack of effective agents, there are many additional 
obstacles. 

Many intrathecal (IT) chemotherapeutic agents currently in use are cell- 
cycle specific, which potentially limits their efficacy in this particular disease 
setting. Prior studies have reported that cycling of cerebrospinal fluid (CSF) 
tumor cells is relatively slow, with only 55% of tumor cells cycling in a 10 
day span. Most CSF tumor cells appear to be in Go, with approximately 0.1% 
in S phase, and 1% in mito~is."~ Unfortunately, the half-life of many 
intrathecal agents is measured only in minutes, as with thio-TEPA, 
mafosfamide, diaziquone, topotecan, and camustine (BCNU); or in a few 
hours, as for cytarabine and methotrexate (MTX). 

Tumor exposure is also affected by the limited penetration of intrathecal 
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agents through the typically thickened membranes and tumor nodules. The 
depth of drug penetration appears relatively limited even in normal brain 
tissues. Blasberg reported his results in Rhesus monkeys given intrathecal 
MTX, cytarabine, thio-TEPA, and BCNU by ventriculocisternal perfusion.3 
At 1 hour of steady state perfusion, none of the drugs achieved concentrations 
greater than 1% of the CSF drug levels at distances 3.2 mm or greater from 
the ependymal surface. 

The problem is further complicated by regional inhomogeneity of CSF 
flow. CSF drug distribution can be erratic due to irregular infiltration of the 
meninges by tumor cells, with resultant fibrosis and adhesions, in particular 
around the basal cisterns and distal lumbar thecal sac.4 

Finally, patients commonly develop neoplastic meningitis in the setting of 
advanced systemic or central nervous system (CNS) metastases, which have 
often been resistant to prior radiation and chemotherapy. In addition, many of 
the histologic subtypes that commonly produce neoplastic meningitis are 
considered relatively resistant to therapy. When considering all these issues as 
a whole, it is not surprising why treatment often fails. 

2. 'STANDARD' TREATMENTS FOR NEOPLASTIC 
MENINGITIS 

There are several unresolved controversial issues with respect to treatment 
of patients with neoplastic meningitis (Table 1). 

Table I. Unresolved Controversies in Treatment of Neoplastic Meningitis 

Intrathecal vs. intraventricular therapy 
Systemic vs. intrathecal therapy 
Multiagent vs. single agent intrathecal therapy 
Role of combined systemic and intrathecal therapy 
Role of radiotherapy 
Identification of responsive histologic subgroups 
Optimal timing of therapy 
Role of prophylaxis in high risk histologies 
Role of maintenance in responding patients 

These issues must be addressed through the conduct of carefully designed, 
prospective clinical trials. To date there are no 'standard' treatments for 
neoplastic meningitis that have been shown to prolong overall survival of 
patients with neoplastic meningitis in controlled, prospective randomized 
trials. However, by default, some chemotherapeutic agents with palliative 
benefit, as demonstrated in clinical trials have become community standards 
of care for highly selected patients. Radiotherapy to symptomatic sites of 
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disease has also produced palliative benefit and is considered a reasonable 
approach by most oncologists. 

2.1 Intrathecal chemotherapy 
Several chemotherapeutic agents have been administered intrathecally, 

including MTX, thio-TEPA, cytarabine (ara-C), BCNU, 3-[4-amino-2-methyl- 
5-pyrimidiny1)methyll-1-nitrosourea hydrochloride (ACNU), and diaziquone 
(AZQ). These agents have largely produced dissatisfying results, but 
occasional anecdotal responders or long term survivors have been reported. 
To date, the four intrathecal agents that have been utilized most often in 
clinical practice in the United States are MTX, ara-C, sustained release ara-C, 
and thio-TEPA. There is also increasing enthusiasm for the use of high-dose 
systemic MTX ( e.g., greater than 3 grams/m2) as an alternative to intrathecal 
therapy. Although activity of these agents has been demonstrated, none have 
unequivocally prolonged survival in patients with neoplastic meningitis. 

Combination therapy with intrathecal agents has also been attempted with 
conflicting results. A trial of intrathecal MTX, thioTEPA and cortisone on 
Day 1 followed by intrathecal cytarabine, MTX and hydrocortisone on Day 5 
weekly in 13 breast cancer patients, with concomitant systemic chemotherapy 
and whole brain radiotherapy in 7 patients, failed to produce objective 
responses or improve symptoms.5 However, a comparison of single agent 
intrathecal MTX (N=29) to a three drug regimen of MTX, cytarabine, and 
hydrocortisone (N=26) administered twice a week to solid tumor neoplastic 
meningitis patients showed a higher incidence of cytologic response (38.5% 
Vs 13.8%, p=0.036) and median survival (1 8.6 wk Vs 10.4 wk, p=0.029) in 
the combination therapy arm versus the single agent ann6 

2.2 Sustained-release and infusional intrathecal 
chemotherapy 

As mentioned previously, most available intrathecal agents have short 
pharmacologic half-lives (T %), which limit their efficacy. Prolonged drug 
exposure has been forwarded as a method to increase the cytotoxicity of such 
agents in CSF. It has been shown that some cell lines may be resistant in short 
exposure conditions, but demonstrate sensitivity with prolonged exposure. For 
example, in the human SO-MI9 melanoma line, there was no inhibition of 
tritiated thymidine incorporation with short (2 hour) exposures despite 
concentrations of up to 4 ug / ml ara-C, whereas low concentrations (1 ug / 
ml) over a longer duration of 48 hours produced 90% inhibition of thymidine 
in~or~orat ion.~ 

Investigators have also explored continuous CSF drug administration in 
the treatment of neoplastic meningitis. In clinical trials, continuous 



184 Chapter I I 

ventriculocistemal or ventriculolumbar infusion of BCNU, and ACNU have 
been attempted.8 These studies showed feasibility and relative safety of these 
procedures in experienced hands with suggestions of palliative effects. 

Another approach to increasing duration of drug exposure involves the 
use of sustained release formulations. Hybrid liposomes with encapsulated 
BCNU have been administered intrathecally in meningeal gliomatosis rat 
models (human U-105-MG, U-251-MG, U-373-MG, and rat C6 and 9L), 
extending the half-life in CSF, and producing modest improvements in 
survival over 'free' BCNU - treated  animal^.^ A lipid-based encapsulated 
formulation of MTX has also been studied in a rat model, which prolonged the 
CSF T % to 5.4 days as compared with 0.30 days for unencapsulated MTX. 

The largest experience to date with this approach has involved an 
extended release formulation of cytarabine. Intralumbar administration of 
sustained release cytarabine resulted in a T 112 of 277 hours,I0 as compared 
with 1.45 - 3.4 hours for non-encapsulated ~ytarabine.'"''~ A comparative 
phase I11 prospective, randomized trial of this agent in patients with neoplastic 
meningitis from solid tumors has been reported.13 Sixty-one patients with 
histologically proven cancer and positive CSF cytology were randomized to 
receive IT sustained-release cytarabine (SR-ara-C) (31 patients) every two 
weeks for three months, or IT MTX (30 patients) on a twice weekly basis, 
followed by a gradual taper in frequency over three months. Responses 
occurred in 26% of SR-ara-C-treated and 20% of MTX-treated patients (p = 
0.76). Median survival was 105 days in the SR-ara-C arm and 78 days in the 
MTX arm (p = 0.15). There was a statistically significant extension in time to 
neurological progression, which favored SR-ara-C over MTX (58 versus 30 
days; p = 0.007), and longer neoplastic meningitis-specific median survival 
(343 versus 98 days; p = 0.074). 

Another study reported the results following treatment with sustained- 
release cytarabine in 43 patients with carcinomatous meningitis from breast 
cancer.I4 Sustained release ara-C 50 mg was administered every two weeks 
for one month; responding patients were then given up to three months of 
consolidation therapy. The intent-to-treat response rate was 21% (CI 95%: 12- 
34%). Median time to neurologic progression was 49 days (range, 1-5 IS+), 
median survival 88 days (range, 1-515+). The major adverse events were 
headache and transient arachnoiditis. Headache occurred on 11% of cycles; 
90% were grade 1 or 2. Transient arachnoiditis occurred on 19% of cycles; 
88% were grade 1 or 2. 

Sustained release ara-C has been utilized in a phase I11 prospective trial in 
patients with lyrnphomatous meningitis.15 Twenty-eight patients were 
randomized to receive SR-ara-C 50 mg once every two weeks or free ara-C 50 
mg twice a week for one month. Responding patients received an additional 
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three months of consolidation therapy and then four months of maintenance 
therapy. The response rate was 71% for SR-ara-C and 15% for ara-C on an 
intent-to-treat basis (P = 0.006). There were no significant differences in time 
to neurologic progression or survival; however, when comparing SR-ara-C to 
conventional ara-C (median, 78.5 Vs 42 days and 99.5 Vs 63 days, 
respectively; P >.05). The major adverse events on both arms were headache 
and transient arachnoiditis. 

Finally, a clinical trial has been initiated which attempts to increase drug 
exposure or 'concentration times time' (C X T) by continuous infusion via 
subcutaneous mechanical pumps, similar to those used for administration of 
intrathecal opiates for pain management. 

Although these approaches are quite promising, no increase in survival of 
neoplastic meningitis patients has been demonstrated by methods that increase 
the duration of drug concentration in CSF. Additional clinical experience is 
necessary, which must also define any potential detrimental neurotoxic or 
hematologic effects of continuous or prolonged CSF drug exposure. 

2.3 Systemic chemotherapy 
There is some evidence that one can produce adequate CSF levels with 

high dose systemic chemotherapy, at least in the setting of neoplastic 
meningitis. Cytotoxic levels of MTX can be achieved with systemic 
administration, although the typical CSF level of MTX is only 3% that of the 
serum concentration. Administration of high dose MTX (8 grams / M2 over 4 
hours) in 16 patients resulted in peak concentrations of 3.7 - 55 uM / L in 
CSF. These levels were maintained longer than that observed following single 
IT dosing. Clearance of CSF tumor cells was noted in 81% of patients, with a 
prolongation of survival to 13.8 months as compared to 2.3 months in an 
intrathecal MTX control group.16 

The pharmacokinetics and toxicity of high-dose intravenous MTX with 
leucovorin rescue has been further explored in patients with neoplastic 
meningitis (Tetef et al, 2000). Sixteen patients were treated with intravenous 
doses of MTX, initially 200 - 1500 mg / M~ followed by 23 hour infusion of 
800 - 6000 mg / M ~ .  The pharmacokinetic data was compared to that from 
three patients receiving high-dose MTX without neoplastic meningitis. These 
authors concluded that the MTX levels obtained in CSF were higher in 
patients with neoplastic meningitis, presumably due to increased blood brain 
barrier permeability resulting from inflammation. Cytotoxic concentrations of 
CSF MTX, at levels > 1 uM, were obtained with these systemic doses in all 
patients and the CSF MTX half-life was 8.7 2 3.4 hours. Based on grade 3 
hematologic toxicity, these authors suggested a loading dose of 700mglM2 
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followed by a 23 hour infusion of 2800 mg/M2. However, no patient in their 
study had an objective response with this schedule." 

Siegal has raised the provocative question of whether IT therapy is 
necessary or beneficial at a11.I8 In review of their data, elimination of IT 
chemotherapy did not result in a diminished survival of patients with 
neoplastic meningitis from solid tumors. Two separate groups of patients were 
studied; Group 1, representing 54 patients receiving radiotherapy, IT therapy, 
and systemic therapy; and Group 2, 50 patients treated with radiation and 
systemic chemotherapy with no IT treatment. This retrospective study was 
not case controlled, but groups were of similar age and distribution of cancer 
types. There was no difference in median survival between the two groups 
(four months); however, neurotoxicity was higher in the group that received 
IT therapy. This group concluded that exclusion of intra-CSF chemotherapy 
from the treatment does not change overall response or survival or the 
proportion of long-term  survivor^.'^ However, another way of interpreting this 
data is that the IT therapies utilized to date are simply ineffective. This does 
not preclude the future identification of effective therapies that would be 
administered by an IT approach. 

NEWER INVESTIGATIONAL TREATMENTS 

3.1 Intrathecal chemotherapy 
3.1.1 Preclinical studies 

Busulfan, an alkylating agent, has been prepared in a soluble 
microcrystalline formulation. Busulfan has been administered in a human 
glioma D-456MG rat neoplastic meningitis model. IT busulfan produced a 
60% survival increase over rats treated with saline.20 A clinical multi-center 
trial is now underway. 

IT melphalan has also been utilized in a athymic rat model of TE671 
human rhabdomyosarcoma and the D54-MG human glioma. This latter agent 
has increased the median survival of rats nearly 500% over controls in these 
two tumor models, and has been utilized in a phase I clinical trial.21 

A solubilized microcrystalline preparation of temozolomide, a 
methylating agent, has also been utilized in an athymic rat neoplastic 
meningitis model of malignant glioma. Injections of four doses of IT 
temozolomide produced increases in median survival at several dose levels in 
both MER - positive (methyl-excision-repair) and MER - negative human 
malignant glioma xenografts. However, neurotoxicity (patchy demyelination) 
was noted in some animals at the highest doses tested.22 

Two additional alkylating agents that have received attention include 4- 
hydroperoxycyclophosphamide (4-HC) and mafosfamide. 4-HC has shown 
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activity in a nude rat model of TE671 and D54MG neoplastic meningitis. 
Mafosfamide is a deriviative of cyclophosphamide that does not require prior 
hepatic activation in order to exert its alkylating effect. 

3.2 Clinical studies 
A phase I trial involving 23 patients treated with intraventricular 

topotecan via Ommaya reservoir recommended a Phase I1 dose of .4 mg in 
patients 2 3 years of age. Arachnoiditis characterized by fever, nausea or 
vomiting, headache, and back pain was the dose limiting side effect; 6/23 
assessable patients had prolonged disease stabilization or r e ~ ~ o n s e . ~ ~ , ~ ~  A 
phase I1 study in 27 adults with neoplastic meningitis treated with topotecan 
0.4 mg intrathecally twice weekly for six weeks, followed by a tapering 
schedule, produced a median time to progression of six weeks and median 
overall survival of 13 weeks. Five (16%) patients cleared CSF of malignant 
cells, and additional 9 (30%) showed minor response or stability.25 

IT mafosfamide produced an increase in median survival of 20% over that 
of historical This agent has also been evaluated in pediatric 
patients.23 An uncontrolled trial has been reported utilizing intraventricular 
mafosfamide (up to 20mg) and concurrent systemic therapy of choice to 26 
children with a variety of disseminated brain tumors twice weekly until 
remission or failure. Seven of 13 evaluable patients showed clearing of CSF 
malignant cells; toxicities included headache, nausea and vomiting.28 

Anecdotal efficacy has been reported with systemic capecitabine 
monotherapy in breast cancer with neoplastic meningitis29'30 and with 
intrathecal gemcitibine in non-small cell lung cancer.31 

3.3 Radioisotopes 
3.3.1 Preclinical studies 

The radioisotope 5-[I2511 iodo-2-deoxyuridine (125-IUDR), a thymidine 
analog, was evaluated in a 9L rat gliosarcoma Rats received a bolus 
injection of 125-IUDR (10uCi) five days after tumor cell implantation. There 
was prolongation of the median time to paralysis to 15 days as compared with 
1 1 days in control-treated animals. Autoradiography demonstrated that normal 
spinal cord cells did not show significant uptake. In a separate study, 
continuous infusion over 2-6 days of 125-IUDR showed isotope uptake in 9L 
tumor cells at various stages following engraftment. Animals were followed 
by magnetic resonance imaging (MRI). 125-IUDR - treated animals survived 
significantly longer than 127-IUDR control animals, with a 10-20% cure rate 
observed in test animals33. The combination of IT radioisotope with 
chemotherapy has also been explored in a TE-67 1 human rhabdomyosarcoma 
meningitis model in rats34. The combination of MTX and 125-IUDR extended 
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the endpoint (time to paralysis) to 45 days from 24 days observed with IT 
MTX alone 

5-Fluoro-2-deoxyuridine (FUDR) has shown limited activity in several 
murine neoplastic meningitis models, including the Walker 256 carcinoma, 
MM46 breast carcinoma, and 203-glioma, with acceptable neurot~xicity.~~ 

3.3.2 Clinical studies 
Continuous IT 5-fluoro-2'deoxyuridine (FdUrd) has been administered to 

25 patients using a balloon pump system, eight of whom also received whole 
brain radiotherapy. Weekly changes of the FdUrd solution was made 
whenever possible. Clinical improvement in headache and nausea was 
observed in all patients, and CSF response was observed in 15 patients. The 
mean survival of patients not receiving whole brain radiotherapy was 285 2 39 
days; no significant toxicity was stated to have occurred.36 

3.4 Intrathecal immunoconjugates 
3.4.1 Preclinical studies 

Recent studies have explored the potential of compartmental 
administration of antibodies coupled to radioisotopes (including beta or alpha 
emitters), or toxins derived from plants or bacteria. These targeting methods 
take advantage of the selective binding of specific antibodies, F(ab1)2 
fragments, or cloned single chain antibodies or fragments to specific tumor 
antigens which are generally absent in normal tissues. Theoretically, the 
binding of antibodies to antigenic targets may increase the duration of 
exposure over that possible with free isotope or toxin, while decreasing the 
toxicity to normal tissues. Most investigations to date have involved pre- 
clinical studies in murine or rat models of neoplastic meningitis. 

The efficacy of 3F8 (anti-GD2) murine IgG-monoclonal antibody was 
tested in the treatment of a melanoma (SK-MEL-1) and neuroblastoma 
(NMB7) in athymic rats.37 Antibody was administered by continuous 
ventricular infusion with or without lipopolysaccharide (LPS). When 
administered after three days of tumor engraftment, brain tumor growth was 
prevented in 113 of SK-MEL-1 animals and 213 of NMB7 animals, but there 
was persistent growth in the spinal region. The combination of 3F8 plus LPS 
was superior to antibody alone or control- treated animals. 

The identification of a mutated epidermal growth factor receptor in 
malignant gliomas (EGFRvIII), and subsequent generation of antibody 
specific for this receptor, has prompted a study of the potential therapeutic 
usefulness of this agent when bound to the Pseudomonas exotoxin (PE); this 
immunotoxin has been designated as MR-1. In athymic rats bearing 
U87deltaEGFR human gliomatous meningitis, prolongation of median 
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survival to 600% over saline controls was noted after three sequential doses of 
MR-1.38 The same group has studied another PE-conjugated monoclonal 
antibody, LMB-1, reactive with a carbohydrate epitope (B3) present on breast, 
lung and ovarian tumors. In a B3 antigen-positive A43 1 neoplastic meningitis 
athymic rat model, multiple doses increased the median survival from 9.5 
days in saline control-treated animals to 40.5 days. There was no evidence of 
activity in neoplastic meningitis controls prepared with tumors that were B3 
antigen negative.39 Some animals displayed no evidence of subarachnoid 
neoplasm in post-mortem analysis.40 

Preliminary evaluations of a transferrin - PE immunoconjugate in a 
melanoma model of neoplastic meningitis have also been promising.41 

3.4.2 Clinical studies 
Several small pilot and phase I clinical trials of irnrnunoconjugates have 

been initiated. Although showing promise in early investigations, data 
regarding long term safety issues, particularly with respect to neurotoxicity, is 
generally lacking. 

Preliminary investigation of the 13 1 -I-Mel- 14 F(abt)2 immunoconjugate 
has shown that antibody administration is feasible, and in a single case report, 
potentially e f f icac i~us .~~ 

The largest experience to date with IT administration of radiolabeled 
antibodies has been performed in ~ r i s t o l . ~ ~  These investigators reported the 
treatment of 52 patients with neoplastic meningitis with 131-I-conjugated 
monoclonal antibodies with relative specificities for various tumor antigens. 
Radiolabeled antibodies (approximately 25-160 mCi) was administered by 
intraventricular or intralumbar approach in adult patients. Evidence of tumor 
localization was demonstrated in several patients by nuclear imaging 
techniques. The mean survival of responders was 39 months, versus four 
months in non-responders, in this uncontrolled trial. Fifty per cent of patients 
were alive beyond one year. Responses were seen most frequently in children 
with primitive neuro-ectodermal tumors (53%). Toxicity was mild, with no 
deaths felt attributable to treatment. 

An 13 1 -I-radiolabeled monoclonal antibody to the extracellular matrix 
protein tenascin (8 1 C6 antibody), and an 13 1 -I conjugated antibody to 
chondroitin proteoglycan sulfate (Mel-14), has produced CSF and 
radiographic responses in some patients44. 

3.5 Interferon and unconjugated monoclonal 
antibodies 

A phase I1 trial of IT alpha interferon produced-cytologic responses with 
stable clinical neurologic status in 10122 (45%) patients with response 
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duration of 8-40 weeks (median 16 weeks; toxicity included arachnoiditis in 
60% of cycles and fatigue in most patients.45 

The anti-CD20 antibody rituximab has been administered with reasonable 
tolerance in patients with relapsed CNS lymphoma.46 Treatment with IT or 
intraventricular rituximab in single doses up to 35 mg was well tolerated in 
five out of six patients with primary CNS lymphoma and leptomeningeal 
lymphoma. One patient, however, developed acute neurotoxicity. CSF levels 
of rituximab were higher than observed with systemic administration. 
Clearing of CSF malignant cells was observed in four out of six patients, but 
parenchymal lesions did not respond.47 

Trastuzumab, an antibody showing effectiveness in HER-2 positive 
metastatic breast cancer patients, has minimal penetration of the intact 
cerebral meninges. One study has even suggested that the incidence of 
metastatic CNS disease, including parenchymal and leptomeningeal 
metastases, may be increased in such patients receiving systemic trastuzumab. 
Of a study cohort of 122 patients with metastatic breast carcinoma without 
CNS metastases at initiation of trastuzumab treatment, 34% (95% C.I. 26, 
44%) developed CNS metastases at a median of six months following 
initiation of treatment. Of these, 19% had leptomeningeal metastases; 50% of 
patients developing CNS metastases had stable or responding systemic 
metastatic disease.48 These frequencies represent higher figures than historical 
controls (15-20% incidence of CNS metastases, and 6-8% incidence of 
leptomeningeal metastases in patients with breast cancer). Trials with IT 
trastuzumab have been initiated.49 

3.5.1 Gene therapy 
Transfection experiments have been attempted in order to alter and 

selectively target killing of CSF tumor cells. In feasibility studies, IT adeno- 
TK virus has successfully been administered to rats and non-human primates, 
and has been associated with an immune response, but also a certain degree of 
neuroto~icity.~~ Adenoviral transfer efficiency of the thymidine kinase-TK 
gene has been studied in a 9L gliosarcoma neoplastic meningitis model in rats. 
These studies have shown successful gene expression in the tumors, 
particularly when driven by a CMV gene promoter, with evidence of 
cytotoxicity following subsequent gancyclovir treatment. (Vincent et al, 1997) 
These are promising investigations that require further study. 

4. SUMMARY AND CONCLUSIONS 

Although treatment of neoplastic meningitis has been associated with poor 
response rates and has had minimal impact on overall survival, several 
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promising new approaches that are under investigation will hopefully improve 
the prognosis for these patients. These include new chemotherapeutic agents, 
techniques that prolong drug exposure, targeted approaches, and gene therapy. 

Since nearly three-quarters of patients with neoplastic meningitis die of 
complications of neoplastic meningitis, either alone or in combination with 
progressive systemic disease, any therapy with even marginal activity is likely 
to show benefit. However, successful new treatment strategies must surmount 
the known obstacles common to this interesting but devastating complication 
of cancer. 
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