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Neoplastic meningitis in malignant melanoma:
diagnosis with monoclonal antibodies
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SUMMARY Six patients with neoplastic melanomatous meningitis were studied. The diagnosis of this
complication ofmalignant disease rests on the demonstration ofmalignant cells within the CSF. The
addition of monoclonal antibody immunocytology to conventional techniques significantly
improved the diagnostic sensitivity ofCSF cytology, allowing for earlier and therefore more effective
palliative treatment.

Neoplastic meningitis is characterised by diffuse or
multifocal infiltration of the leptomeninges by tumour
cells, with or without associated intraparenchymal
lesions.' Apart from primary neuroectodermal
tumours and haemopoietic malignancies, the other
tumours that commonly lead to meningeal spread
include primary lesions of lung,2 breast,3 gastro-intes-
tinal tract4 and malignant melanoma.5 The diagnosis
of neoplastic meningitis is achieved by the demonstra-
tion of malignant cells in the cerebrospinal fluid
(CSF). Conventional CSF cytological methods are
frequently unsatisfactory, giving wide variation in
diagnostic sensitivity, with reported rates of detection
ofmalignant cells as low as 20% in some series.6 When
malignant cells are demonstrated by such techniques,
it is frequently impossible to determine the neoplastic
cell type, which can be of vital importance to clinical
management when the nature of the primary tumour
is unknown. The superior diagnostic accuracy of
monoclonal antibody immunocytology of CSF has
previously been reported7 and continues to be used on
a regular basis in our laboratory in conjunction with
routine cytological methods. We report six cases of
neoplastic meningitis complicating malignant melan-
oma, in which the diagnosis was made by immuno-
cytological examination of CSF with a panel of
selected monoclonal antibodies. By conventional
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cytological techniques the diagnosis of meningeal
neoplasia was confirmed in only three of these
patients, and in only one of these was malignant
melanoma confirmed.

Methods

Patients
Five patients with suspected neoplastic meningitis were
investigated in the Department of Neurosurgery, Frenchay
Hospital, Bristol; and one patient was investigated in the
Department of Neurology, Atkinson Morley's Hospital,
London. The clinical details of all patients studied are shown
in Table 1. Two patients (cases 4 and 6), underwent
craniotomy for removal of isolated tumour metastases, and
during the procedure had insertion of an Ommaya reservoir
ventriculostomy to enable the administration of radio-
immunotherapy at a later date. In two patients (cases I and 2)
the primary neoplasm was unknown.

CSF samples
Samples of CSF were obtained by lumbar puncture, or else
by needle aspiration from an Ommaya reservoir ventriculo-
stomy. Routine cytological and immunocytological examin-
ation was performed immediately on the fresh CSF
specimens.

Monoclonal antibodies
Table 2 lists the antibodies used in this study together with
details of their specificities and origins. Most of these have
been extensively characterised by indirect immunofluores-
cence on a wide range of normal and neoplastic tissues. The
antibodies described here consist of the standard diagnostic
panel used in our laboratory. This included an antibody
recognising melanoma (9.2.27). Two additional anti-melan-
oma reagents (NKI/C3, Mel-14) were used in those cases
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Table 1 Clinical and laboratory.findings in melanomatous meningitis

Site of Survival
Age primary Routine CSF CSFimmuno- after

Case (yr) Clinicalfeatures melanoma cytology cytology diagnosis Necropsy

1 35 Raised intracranial
pressure. Dysphasia.
Fluctuating
hemiparesis. Previous
excision of giant
cutaneous melanotic
neavus in childhood.
CT scan: Minimal
hydrocephalus

2 35 Raised intracranial
pressure. Seizures and
blindness. CT scan:
Minimal
hydrocephalus.

3 62 Raised intracranial
pressure. Cutaneous
melanoma excised from
trunk 2 years
previously. CT scan:
normal.

4 30 Raised intracranial
pressure and seizures.
Cutaneous melanoma
excised from right
lower limb 4 years
previously. CT scan:
Small tumour nodule in
right Sylvian fissure.
Craniotomy revealed
widespread pial
involvement by
tumour.
Radioimmunotherapy.

5 64 Raised intracranial
pressure. Sciatica.
Cutaneous melanoma
excised from chest wall
6 months previously.
CT scan: isolated right
frontal paraventricular
tumour metastasis.
Craniotomy for
removal of tumour
metastasis.

6 53 Right occipital
craniotomy for excision
of isolated melanoma
deposit. 1 year later,
craniotomy for excision
of isolated frontal
melanoma deposit.
Both presented with
spontaneous
intracranial
haemorrhage.
Radioimmunotherapy.

Leptomeninges Lymphocytic pleocytosis. Positive 14 weeks Diffuse
Malignant cells seen.
Characterised as neuro-
ectodermal.

Leptomeninges Initial investigation
revealed lymphocytic
infiltrate only.
Subsequent CSF
samples revealed
malignant cells of
undetermined origin.

Cutaneous Lymphocytic pleocytosis
and malignant cells
with features
characteristic of
malignant melanoma.

Cutaneous Scattered lymphocytes.
No malignant cells
seen.

Cutaneous

Unknown

Scattered lymphocytes.
No malignant cells
seen.

Scattered lymphocytes.
No malignant cells
seen.

identification of
malignant
melanoma cells.

Positive
identification of
malignant
melanoma cells.

Positive
identification of
malignant
melanoma cells.

Positive
identification of
malignant
melanoma cells.

Positive
identification of
malignant
melanoma cells
(fig 1).

Positive
identification of
malignant
melanoma cells.

3 weeks

I week

12 months:
Remission
radioimmu-
notherapy.

3 weeks

melanomatous
meningitis with
cortical
infarction. No
systemic disease.

Diffuse
melanomatous
meningitis with
cortical
infarction. No
systemic disease.

Diffuse
melanomatous
meningitis and a
small isolated
intraparenchymal
temporal lobe
deposit.
Widespread
systemic
metastatic disea!O
(fig 2).

Not available

Diffuse
melanomatous
meningitis and
extensive
systemic disease.

Alive and well
with no
symptoms I
year
following
radioimmu-
notherapy.

where melanoma was suspected. In cases 1 and 2, antibody Immunocytology technique
NKI/C3 was used later to confirm diagnosis and permit Cell preparations were made on gelatin coated glass slides.
comparison with the other cases. Previously this involved a cytocentrifugation technique
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Table 2 Monoclonal antibody panelfor melanoma diagnosis

Monoclonal
Antibody Immunogen Antigen Tissue Distribution Reference

9.2.27 Human melanoma line Membrane glyco-protein MW. Melanoma. Blood vessels. Some 8
240K CNS tumours

NKI/C3 Plasma membrane from human Cytoplasmic glycoprotein MW. Benign and malignant 9
melanoma cell line 25- 1OK melanocytic tumours. Some

carcinoma
Mel-14 Malignant melanoma Membrane glyco-protein MW. Melanoma, blood vessels. Some 10

240K CNS tumours
Anti-S100* S- I00 protein S-I00 protein All normal and neoplastic, neuro- 1 1

ectodermal tissue including
melanoma

UJ I 3A 16 week human foetal brain Membrane glycoprotein All nornal and neoplastic, neuro- 12
ectodermal tissue excluding
melanoma

LE61 Marsupial kidney cell line Cytokeratin MW. 45K Simple epithelia, carcinomas 13
UJ181-4 16 week human foetal brain Membrane onco-foetal antigen Neuroblastic tumours 14
2DI Human mono-nuclear cells HLe-l Membrane antigen. MW. Pan-leucocyte lymphomas 15

220K

which has been described previously."6 More recently we have
achieved more efficient cell harvesting by allowing 25 p1 of
cell concentrates of CSF to dry directly onto gelatin coated
glass slides. The slides were then immersed into cold acetone
at - 30° C for 30 seconds to achieve light fixation. It appears
that the antigens recognised by our antibody panel are not
significantly affected by this treatment, which promotes
adhesion of cells to the slide and thus prevents large losses of
cells during washes. Following preparation, the slides were
then immersed in phosphate buffered saline (PBS) for 5
minutes. Excess PBS was removed and 50 pi of the
appropriately diluted monoclonal antibody applied and
incubated for 30 minutes at room temperature. PBS was used
as a negative control. Slides were then washed twice in PBS
and incubated for a further 30 minutes at room temperature
with 50 p1 of appropriately diluted fluorescein conjugated
rabbit anti-mouse immunoglobulin. Unbound fluorescein
conjugate was removed by washing twice in PBS and the
slides finally mounted in 90% glycerol/10% PBS. A Zeiss
Standard 14 microscope fitted for epifluorescence was used to
examine the slide preparations at 400 x magnification.
Separate slides were used for each antibody and also for
conventional cytology using May-Grunwald/ Giemsa and
Masson/Fontana stains. The antibodies NKI/C3 and Anti-
SI00 work on fixed cell preparations and therefore the
appropriate slides were immersed in 10% formalin solution
for 5 minutes and then rehydrated in PBS, prior to applica-
tion of antibody.

Table 3 Monoclonal antibody profile ofCSF cells

NKI/ Mel-
9-2-27 C3 14 SIOO UJ13A LE61 UJI81.4 2DI*

1 + + NA + - - - +
2 + + NA + - - - +
3 + + NA + - - - +
4 + + + - - - - +
5 + + - NA - - - +
6 + + + NA - - - +

*Normal lymphocyte infiltrate positive. NA, not available.

Results

A diagnostic panel of up to eight antibodies was used
to examine the CSF from six patients (table 2). Table 3
shows details of the immunocytological staining

Fig I A cylospin CSFpreparationfrom case 5 showing
bright immunofluorescence with the antibody 9.2.27, which
recognises a melanoma associated antigen. ( x 500).
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Fig 2 Histological section ofa malignant melanomatous
metastatic deposit in liver obtained at necropsyfrom case 3.
Dark immunoperoxidase staining oftumour, with the
antibody NKI/C3 contrasts markedly with adjacent non-
staining liver tissue. ( x 100).

profiles against the panel. The cells from all six cases
reacted positively with antibodies 9.2.27 and NKI/C3
(fig 1, table 3). The antibody NKI/C3 has proven to be
a valuable marker for melanoma in histological sec-
tiOns, more accurate than antibody for S-100 protein'7
(fig 2). The antibody Mel-14 reacted with cells from
two of three cases. This may arise either from true
heterogeneity in tumour antigen expression or else
from natural variation in cell numbers harvested by
the cytocentrifuge technique, resulting in one prepara-
tion which lacked tumour cells. It is noteworthy, that
all melanoma cells examined in this series expressed
the intermediate filament protein Vimentin (fig 3),
which is typically seen in mesenchymal tumours,
lymphomas and melanomas.'8 Vimentin expression is
not seen in carcinomas, but some primary central
nervous system tumours express this protein.'9 This
marker therefore appears to have a less valuable
diagnostic role, and the antibody has therefore not
been routinely used in our diagnostic panel. The
consistently negative reaction of all cells to the
antibodies UJ13A, LE61, and UJI814, further con-
solidates the diagnosis of malignant melanoma.

Fig 3 An air driedpreparation ofmelanoma cellsfrom case
5 showing positive immunofluorescencefor Vimentin.
( x 200).

As discussed later, these observations emphasise the
importance of testing cell types against a whole panel
of antibodies rather than against a single antibody. In
particular, UJl3A is consistently reactive with all cells
from neuroectodermal tumours with the exception of
melanoma. The reactivities ofthe antibodies described
in table 2 have been assessed on 252 cases of CNS
tumour biopsies25 and on CSF cytological
specimens." Non-neoplastic meningitis preparations
are entirely leucocytic (antibody 2D1 + ve) or contain
occasional normal neuroectodermal cells (UJ13A
+ ve).
In this series of patients with neoplastic melano-

matous meningitis, the advantages of the immuno-
logical technique over more conventional methods of
CSF cytology can clearly be seen. With immuno-
cytology malignant cells were demonstrated in the
CSF of all six patients. The malignant cell type was
also revealed, thus enabling an assessment ofthe likely
site and nature of the primary tumour. These findings
are in marked contrast to results obtained by routine
CSF cytological techniques which resulted in detec-
tion of tumour cells in the CSF of three patients. In
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only one of these it was possible to characterise the
malignant cell type as that of melanoma.D}..ci

Discussion

Malignant melanoma of the central nervous system
(CNS) may be either primary or secondary, although
the latter category is by far the most common. In these
two categories of disease, tumours may be intraparen-
chymal, leptomeningeal or commonly in a combina-
tion of both sites. The reported incidence of CNS
metastases in patients with malignant melanoma
varies according to whether data has been
accumulated from clinical or autopsy studies. Whilst
an incidence of over 90% has been reported20; the
largest necropsy study to date, from the Roswell Park
Memorial Institute,2" reports the incidence of CNS
metastatic disease as 54-6%. In this large series of 216
patients with malignant melanoma, leptomeningeal
infiltration was seen in 24 1 % of cases, thus occurring
in 44% of patients with CNS metastatic disease.
Interestingly, in a separate clinico-pathological study
of malignant melanoma,5 leptomeningeal metastases
were seen at necropsy in 70% of all patients clinically
diagnosed as having CNS disease. This disparity
would suggest that although significant intraparen-
chymal disease may remain clinically silent, the
development of leptomeningeal tumour is rapidly
accompanied by distressing symptoms. As it may now
be possible to offer palliative treatment for neoplastic
meningitis in the form of antibody-guided
irradiation2"24 it would seem justifiable to actively
exclude leptomeningeal dissemination of tumour in
patients with advanced malignant disease, who
develop neurological symptoms or signs. We therefore
suggest that in such patients, accurate staging ofCNS
involvement be undertaken initially by CT to assess
intraparenchymal disease. In the absence ofintracran-
ial mass lesions, this should be followed by lumbar
puncture to obtain CSF for diagnostic cytology and
also by myelography if appropriate.

Previous reports have demonstrated the important
diagnostic contribution ofmonoclonal antibody tech-
nology to CSF cytology, increasing the rate ofpositive
diagnosis to 95%.I6 With routine cytological staining
techniques, false negative results may arise when small
numbers ofneoplastic cells are concealed by a reactive
leucocytosis. False positive results may occur because
reactive histiocytes tend to imbibe fluid and mimic the
signet ring cells of adenocarcinoma.6 These problems
are overcome by the use of immunocytological
methods. The recognition of even a single malignant
cell in a large population of reactive lymphocytes is
possible when it is made to fluoresce brightly on a dark
background (fig 4). Most importantly, malignant cells,
once detected, can be accurately characterised by
means of their antigenic profile, whereas such charac-
terisation is generally not possible using conventional

Fig 4 Cytospin preparation ofCSFfrom a case ofsuspected
neoplastic meningitis showing non-specific degenerate cells.
(H & E x 400). (Inset) A single cell in this preparation
showing immunofluorescence with an antibody recognising
cytokeratin expressed by epithelial cells. This led tofurther
investigations which revealed a gastric carcinoma. (x 200).

techniques. In our experience there have been no false
positive results with the immunocytological technique,
which when used in conjunction with traditional
cytological methods offers the most precise CSF
examination available.'26 Other techniques for iden-
tifying melanoma cells exist, such as DOPA oxidase
histocytochemistry and electron microscopy.
However, to our knowledge, these have not been
applied to CSF cytological preparations.726

Generally, monoclonal antibodies do not have
absolute cell specificity. Several different cell types
may bind one specific monoclonal antibody by sharing
a common antigen or else by possessing "look-alike"
antigens. Quite frequently, cells that share a common
antigen also share a common embryological deriva-
tion. Monoclonal antibodies should therefore be con-
sidered to show antigen specificity rather than cell
specificity. By using combinations of characterised
antibodies to form a diagnostic panel, a cell type can
be accurately identified by its own unique antigenic
profile. The antibodies chosen for inclusion in the
diagnostic CSF panel reflect the common tumour
types that invade the CSF and have been reliably
characterised by testing on a wide variety of tissues.
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Neoplasia of the CSF falls into four major tumour-
antigen categories: carcinoma, neuroectodermal
tumour, melanoma and lymphoma. The panel should
consist of antibody markers for each of these major
tumour categories, but additional antibodies may be
added for more detailed cellular characterisations or
in cases where a specific tumour type is suspected. In
this series of melanoma patients, up to four different
melanoma antibody markers have been used in the
diagnostic panel in addition to the antibody markers
for other tumour categories. Some of the antibody
markers cross react with other tumours of neuroec-
todermal origin (table 2). The value of the well
characterised antibody UJ13A is shown in this situa-
tion as it is known to bind a glycoprotein antigen
present on all cells and tumours derived from neuroec-
toderm, with the one strict exception of melanoma.'2
Therefore, in the presence of positive binding by
antibodies which recognise melanoma, a negative
response to UJ1 3A is absolute confirmation of melan-
oma. This example therefore emphasises the point that
for accurate cellular identification, it is the pattern of
reactivity to the entire panel of antibodies that is
diagnostic rather than reactions with single
antibodies. The distinctive antigenic profile of any
specific tumour is contributed as much from negative
markers as from positive.

In conclusion, neoplastic meningitis is a common
complication of advanced neoplastic disease, for
which treatment by radioimmunotherapy may be an
effective option. We therefore recommend an active
search for evidence of leptomeningeal spread in
patients with advanced malignant disease who develop
neurological symptoms or signs. This is now
facilitated by the application of monoclonal antibody
technology to diagnostic CSF cytology.
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