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a b s t r a c t
Primary melanocytic neoplasms of the central nervous system (CNS) are rare lesions arising from melanocytes of the leptomeninges. They include diffuse leptomeningeal melanocytosis or melanomatosis,
melanocytoma and primary malignant melanoma. We have reviewed the English literature regarding
these lesions, which consists of case reports and a small number of larger case series. The presenting features, radiological, surgical and histological ﬁndings are reviewed, as are current management options
and prognosis. We also present illustrative case reports of diffuse leptomeningeal melanocytosis and primary melanoma of the CNS.
Ó 2010 Elsevier Ltd. All rights reserved.

1. Introduction
Primary melanocytic neoplasms of the central nervous system
(CNS) are rare lesions arising from melanocytes of the leptomeninges. These lesions include diffuse and focal as well as benign and
malignant types. First described by Virchow in 1859, they continue
to present a diagnostic and management challenge to the modern
neurosurgeon.1 They include diffuse leptomeningeal melanocytosis (DLM) or melanomatosis, melanocytoma and primary malignant melanoma.2 We have reviewed the English literature
regarding these lesions, which consists of case reports and a small
number of larger case series. A Medline search was performed and
the bibliographies of retrieved reports were also searched for additional reports. We review the presenting features, radiological, surgical and histological ﬁndings, and discuss current management
options and prognosis. Illustrative cases of DLM and primary melanoma of the CNS are presented.

nocytoma it is 1 per 10 million. Population based incidence of DLM
is not known.2,4
3. Embryology
The neural crest consists of a population of multipotent cells
that arise on day 22 of embryogenesis at the lateral margins of
the neural tube and differentiate into a number of cell types
including the leptomeninges, glial cells, adrenal medullary cells
and melanocytes.5 As the developing cerebral hemispheres expand
they take with them a thin layer of neural crest cells, which form
the leptomeninges.6,7 When induced in vitro to proliferate in the
presence of high concentrations of endothelin-3, both differentiated glial cells and melanocytes revert to an immature bipotent
common ancestral cell. Although the cell of origin is still unclear,
this provides evidence for the plasticity of neural crest cell fate
in vivo and their likely role in the pathology of primary melanocytic
neoplasms of the CNS.8

2. Incidence
4. Clinical presentation
Determination of the incidence of primary melanocytic neoplasms of the CNS has been limited by a paucity of data and lack
of strict diagnostic criteria.3 Some authors have excluded DLM
from their data, and in some cases it is not certain whether lesions
reported as primary CNS melanomas are in retrospect, actually secondary melanomas.4 The incidence of primary CNS melanoma is
estimated to be 0.005 cases per 100 000 population and for mela* Corresponding author. Tel.: +61 3 93428959; fax: +61 3 93428231.
E-mail address: simon.liubinas@gmail.com (S.V. Liubinas).
0967-5868/$ - see front matter Ó 2010 Elsevier Ltd. All rights reserved.
doi:10.1016/j.jocn.2010.01.017

4.1. Diffuse leptomeningeal melanocytosis
DLM is characterised by extensive melanocytic inﬁltration of
the supra- and infra-tentorial leptomeninges, particularly the cerebellum, pons, medulla and temporal lobes.2 At least 67 cases have
been reported in the literature since 1970 (Table 1). Ten (15%) of
these patients also developed primary CNS melanoma. DLM may
present at birth or develop later in life. Clinical features may
include stillbirth, intracranial hypertension and hydrocephalus,
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Table 1
Location of disease, sex and age at diagnosis (years) in 67 patients reported in the
English literature with diffuse leptomeningeal melanocytosis.
Location

Cerebral
53

Spinal
5

Both
9

Sex

Male
32

Female
18

Not noted
17

Age at diagnosis

<10
41

10–30
15

30–50
3

>50
2

Not noted
6

seizure, ataxia, syringomyelia, cranial nerve palsy, intracranial
haemorrhage, sphincter dysfunction and neuropsychiatric symptoms. Clinical deterioration is rapid if malignant transformation occurs.9–15
DLM has a known association with neurocutaneous melanosis
(NCM), neuroﬁbromatosis-1, Sturge-Weber syndrome and DandyWalker syndrome.16–23 NCM is a rare, non-hereditary phakomatosis characterised by multiple or large congenital cutaneous naevi in
conjunction with melanocytic tumours of the CNS. It generally presents in infancy.2,14,18,24

4.2. Meningeal melanocytoma and primary CNS melanoma
Meningeal melanocytomas and primary CNS melanomas occur
throughout the neuraxis and thus, may be intracranial or
spinal.2–4,25,26 They are of similar origin and represent the benign
and malignant ends of a spectrum, respectively.27 Malignant transformation of melanocytoma to malignant melanoma has been reported.28–31
Meningeal melanocytomas are mass lesions and present with
focal neurological signs associated with their location, intracranial
hypertension or haemorrhage, neuropsychiatric symptoms, spinal
cord compression, or seizures.3,25,32–37 They most commonly occur
in the cervical and thoracic spine as intradural, extramedullary lesions. The age at diagnosis ranges from 9 to 73 years, with a peak

incidence in the ﬁfth decade and a slight female preponderance.25,28,38 Associated melanotic lesions in the kidneys and adrenal glands and aggressive leptomeningeal spread throughout the
neuraxis have been reported38–40 (Table 2).
Primary CNS melanomas arise in patients ranging from 15 to
71 years of age, with a peak incidence in the ﬁfth decade.2,4 Symptoms at presentation include intracranial hypertension and hydrocephalus (43.2%), focal neurological deﬁcits due to compression of
the brain, spinal cord or cauda equina (34.6%), subarachnoid haemorrhage (17.3%) and seizures (11.1%)4,28,35,41 (Table 3). There is a
slight predilection for the posterior fossa and spinal cord. Primary
malignant melanomas of the CNS may be found in isolation or in
the context of neurocutaneous melanosis.27,41 Dermatological
and ophthalmological examination must be performed to exclude
a distant primary source.
5. Investigations
Lumbar puncture may show increased opening pressure, and
CSF analysis may demonstrate a high protein content, red blood
cells, malignant cells, melanin containing cells or melanin granules,
xanthochromia, normal or low glucose or a sterile leucocytosis.12,14,17,35,42–44 Electroencephalogram (EEG) may demonstrate
focal or generalised abnormalities.4,9,14,27
6. Neuroimaging
CT demonstrates melanocytic neoplasms as iso- to hyperdense
lesions with homogenous contrast enhancement with or without
abnormal calciﬁcation.3,4,9,11,17,32–35
The paramagnetic properties of melanin give melanocytic neoplasms of the CNS their characteristic appearance on MRI.2,9,45
They are typically hyperintense on T1-weighted images, hypointense on T2-weighted images, hyperintense on ﬂuid-attenuated
inversion recovery (FLAIR) images and enhance homogeneously
with gadolinium17,33,34,46–49 (see Illustrative case 2).

Table 2
Location of disease, sex and age at diagnosis (years) in 112 patients reported in the English literature with cerebral and spinal melanocytoma
Cerebral

Supratentorial

Infratentorial

76

13

Supra- and
infratentorial
1

Cerebellopontine
11

Meckel’s
cave
1

Spinal

Cervical
15

Thoracic
28

Lumbosacral
10

Cauda equina
2

N/N
4

Age

<10
18

10–30
23

30–50
19

>50
39

N/N
95

Sex

Male
45

Female
59

N/N
105

Intraventricular
7

Spinal and
cerebral
2

Multiple
lesions
0

Others

N/N

21

16

Others

N/N

13

0

N/N = Not noted.

Table 3
Location of disease, sex and age at diagnosis (years) in 209 patients reported in the English literature with cerebral and spinal primary melanoma
Cerebral

Supratentorial

Infratentorial

14

12

Supra- and
infratentorial
0

8

Meckel’s
cave
8

Spinal

Cervical
19

Thoracic
25

Lumbosacral
5

Cauda equina
3

N/N
0

Age

<10
3

10–30
18

30–50
37

>50
44

N/N
10

Sex

Male
46

Female
57

N/N
9

N/N = Not noted.

Cerebellopontine

Intraventricular
1

Spinal and
cerebral
1

Multiple
lesions
2
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DLM appears as diffuse meningeal thickening on both CT and
MRI while melanocytomas and primary melanomas appear as solitary nodular lesions.2,4,32,34 Melanocytomas are generally dense,
extra-axial lesions with dural attachment, which may not show
distinct margins. Melanomas have a similar appearance which varies somewhat with the melanin content.32–34
Cerebral angiography of primary intracranial melanoma shows
a vascularized lesion while meningeal melanocytoma is hypovascular with a scant or very thin vascular stain.4,32–34,50,51

7. Surgical appearance
In DLM the dura appears relatively normal, however on opening
the dura, large expanses of the leptomeninges appear greenishblack or dark brown with replacement of the subarachnoid
space2,11,17 (see Illustrative case 1).
Primary malignant melanoma and melanocytoma are solitary
mass lesions, which are generally extra-axial. Approximately 70%
of these lesions are black, however dark-brown, red-brown, blue
and non-pigmented lesions have been reported2–4 (see Illustrative
case 2). Meningeal melanocytomas are encapsulated, intradural
with dural attachments, soft in consistency and rarely demonstrate
parenchymal invasion.3,25,32,35 They may be extremely vascular.51
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8. Histopathology
The identiﬁcation of melanin in tumour cells or associated macrophages is central to the diagnosis. Occasionally melanocytomas
or melanomas may be unpigmented and diagnosis then depends
on electron microscopy or immunohistochemistry.
DLM is caused by the abnormal proliferation and melanin production of leptomeningeal melanocytes.2 The melanocytes are relatively small and contain a moderate amount of cytoplasm. They
diffusely involve the leptomeninges and may accumulate within
the Virchow-Robin spaces, but do not invade the brain parenchyma. They have short processes and may be spindled, round,
oval or cuboidal and are cytologically devoid of neoplastic features.
Brain parenchymal invasion indicates malignant change to
melanomatosis.2,17,47
Melanocytomas are solitary low grade lesions that do not invade
the surrounding brain parenchyma. Abnormal mitoses and atypical
cytology are generally absent. Cells may be spindles or ovals with
variable melanin content, oval or bean shaped nuclei and small
eosinophilic or prominent nucleoli.2,3,28,32,33,52 Melanocytoma cells

7.1. Illustrative case 1: diffuse leptomeningeal melanocytosis/
melanomatosis
A 43-year-old man, with an unremarkable past history, presented with progressive headache, drowsiness and confusion. A
CT of the brain was normal but MRI demonstrated diffuse leptomeningeal enhancement; most pronounced in the right Sylvian ﬁssure. A lumbar puncture demonstrated a raised opening pressure
of 32 cm CSF with a raised protein level and a few atypical cells
but no malignant cells. A leptomeningeal brain biopsy revealed diffuse dark pigmentation of the subarachnoid space (Fig. 1).
Histopathology revealed dense sheets of pleiomorphic, predominantly spindle shaped pigmented cells suggestive of a melanocytic
neoplasm. Frequent mitoses were visible and the Ki-67 index was
high. Immunohistochemical stains were positive for S-100 protein,
vimentin and tyrosinase. Subsequent dermatological and ophthalmological examination was normal. Despite intravenous dexamethasone and serial lumbar punctures, his level of
consciousness declined and a ventriculoperitoneal shunt was inserted. Urgent radiotherapy was considered to be futile. Active
treatment was withdrawn and he died a few days later.

Fig. 1. Patient 1: Intraoperative image demonstrating surgical appearance of diffuse
leptomeningeal melanocytosis.

Fig. 2. Patient 2: MRI demonstrating primal spinal melanoma at the level of T11.
The lesion is (a) hyperintense on sagittal T1-weighted, and (b) isointense on sagittal
T2-weighted images. (c) Homogeneous contrast enhancement is seen on axial T1weighted images with gadolinium. It has both intra- and extra-medullary
components.
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may be in a whorled, storiform, vasocentric or sheet-like arrangement and macrophages may be present at the periphery, which also
contain melanin. Areas of haemorrhage may be seen.2,3,25,32 Electron
microscopy may show a variable amount of melanin, melanosomes
at various stages of maturity and premelanosomes in the cytoplasm,
prominent nucleoli and marginated heterochromatin. The basal
lamina is not well developed and cell-to-cell junctions, desmosomes
and interdigitating cytoplasmic processes are generally lacking.2,3,25,28,32,33,53 In this way, meningeal melanocytoma may be
distinguished from melanotic meningioma as interdigitating
processes and desmosomes are characteristic of meningiomas but
generally absent in melanocytomas.33,53
Primary CNS melanoma is histologically similar to melanoma
arising in other sites.2 This highly cellular neoplasm may be arranged in a syncytial pattern or as irregular clusters or sheets of
variably pigmented cells inﬁltrating the leptomeninges. Tissue
invasion (including diffuse leptomeningeal melanomatosis), haemorrhage or coagulative necrosis may be seen.2–4,52 They may contain large epithelial-like, rounded or spindle-shaped cells with
abundant eosinophilic cytoplasm, irregularly contoured nuclei,
intranuclear inclusions, typical or atypical mitotic ﬁgures, prominent eosinophilic nucleoli and heavily pigmented chromatophores.
The features are similar to melanocytoma but with higher cell density and more anaplastic, pleiomorphic cells2,4,52,54 (see Illustrative
case 2).
Anti-melanoma antibody (HMB-45) and tyrosinase are usually
strongly positive in primary melanocytic lesions of the CNS.
2–4,28,32,52,55–57
Unlike melanin containing meningiomas, melanocytic lesions are typically negative for epithelial membrane antigen
(EMA).3,28,33,58,59
Primary melanocytic lesions of the CNS also react positively
with the anti-melanosomal antibody MART-1 (Melan-A) and
microphthalmia transcription factor. Reactivity with vimentin,
and S-100 protein is variable although often reported as positive
or strongly positive.2,3,25,27,28,32,33,35,52,58 Reactivity for neuron-speciﬁc enolase, cytokeratin and glial ﬁbrillary acidic protein (GFAP) is
usually negative in meningeal melanocytomas.28,32 Overall, the
immunohistochemical patterns reported in the literature do not
display a consistent pattern.2–4,27,32,33,35
Abnormalities on the short arm of chromosome 6 (isochromosome 6p) have been reported in primary meningeal melanomas,
cutaneous and uveal melanomas, suggesting a common molecular
mechanism in the tumourigenicity of melanocytes.60
8.1. Illustrative case 2: primary melanoma of the CNS
A 72-year-old female with an unremarkable past history presented with six months of progressively decreasing mobility and
gait disturbance, back pain, right leg weakness and left leg paraesthesia. Spinal MRI demonstrated a 15 mm  11 mm  16 mm bilobed mass at the level of T11 with both extra- and
intramedullary components causing oedema and expansion of
the spinal cord. The lesion was hyperintense on T1-weighted and
isointense on T2-weighted images. Avid homogeneous enhancement was seen on contrast enhanced T1-weighted images (Fig. 2).
High dose intravenous dexamethasone was commenced and a
T10 to T12 laminectomy was performed urgently. The lesion was
black with evidence of haemorrhage and appeared to originate
from a nerve root but was embedded in the anterior spinal cord
(Fig. 3). The lesion was debulked to minimise neurological deﬁcit
in an elderly patient, particularly as frozen section histopathological diagnosis suggested benign melanocytoma or other pigmented lesion such as a schwannoma.
Formal histopathology, however, demonstrated a moderately
cellular melanocytic tumour composed of spindle and epithelioid
cells forming intersecting short fascicles and occasional nests.

Fig. 3. Patient 2: Intraoperative image demonstrating surgical appearance of
primary melanoma of the spinal cord. Back tumour tissue is seen under the
elevated nerve roots.

The tumour cells had enlarged pleomorphic nuclei, prominent
nucleoli and moderate amounts of ill-deﬁned eosinophilic cytoplasm. Clumps of melanin were visible. No necrosis or mitoses
were seen but the Ki-67 index was 5–6%. The tumour cells
stained strongly for tyrosinase and melan-A and the diagnosis
was revised to malignant melanoma. A repeat laminectomy
and complete excision of the lesion was performed 2 weeks later
in view of the malignant histopathology and as neurological
function had not improved. Histopathological examination of
the specimen showed tumour invasion into spinal cord parenchyma and occasional mitoses (Fig. 4). CT brain, chest, abdomen
and pelvis found no evidence of metastatic disease. Comprehensive dermatological and ophthalmological examination found no
other lesions.
She underwent radiation therapy of 44 Gray in 22 fractions.
There has been no recurrence on MRI at 2 years 4 months and
she is able to walk short distances unaided and live independently.
9. Treatment and prognosis
9.1. Diffuse leptomeningeal melanocytosis
DLM carries a poor prognosis even in the absence of histological
malignancy. A series of 39 patients with symptomatic NCM reported most patients dying before age ten and 50% dying within
three years of onset of neurological symptoms.14 The role of chemotherapy and radiotherapy remains unclear, but neither seem
to improve outcome.14,18 There is no deﬁnitive treatment and palliation consists of tumour debulking and placement of a ventricular
shunt.2,12,14,17,47 A ﬁlter should be placed on the shunt to prevent
seeding.27,61,62
9.2. Meningeal melanocytoma and primary CNS melanoma
As meningeal melanocytoma may transform to malignant melanoma, attempt at complete resection is advised when possible.27,28,32,33,63 Despite its benign appearance the tumour may
follow an aggressive course with recurrence possible even after
apparently complete excision. The time to recurrence for cerebral
melanocytoma ranges from seven months to ﬁve years, with 71%
recurrence within ﬁve years, and is shorter with malignant transforation.25,28,32,58 Therefore adjuvant radiation therapy is advised
in cases of both complete and incomplete resection.25,33,39,40 In a
series of 89 intracerebral and spinal melanocytomas, 5-year sur-
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Fig. 4. Patient 2: (a) Haematoxylin and eosin staining demonstrating atypical melanocytes; (b) immunohistochemical staining with tyrosinase, a melanocyte marker;
(c) haematoxylin and eosin staining demonstrating invasion of spinal cord parenchyma.

vival rates were reported as follows: complete resection 100%,
complete resection plus radiotherapy 100%, incomplete resection
plus radiotherapy 100%, incomplete resection only 46%.28
Stereotactic gamma knife radiosurgery may reduce the size of
residual tumour by as much as one-fourth and improve clinical
outcome.58 Complications should be treated as clinically appropriate. Hydrocephalus may be treated with a ventricular shunt, but a
ﬁlter is needed to prevent spread in the event of malignant
transformation.27
Reports of primary treatment with radiotherapy of doses between 30–54 Gray indicate that, although variable, tumour control
of up to 42 months can be achieved where surgery is not feasible.58,63 Concomitant intrathecal methotrexate has been reported
in recurrent spinal melanocytoma, with uncertain effect.39 One
case of post-resection treatment with intrathecal recombinant
interleukin-2 has been reported with promising results.64
Primary CNS melanoma is an aggressive tumour and may
metastasise to other organs.2 Patients in whom total resection is
possible have a signiﬁcantly better outcome than those in whom
only partial resection is performed, and post-operative radiotherapy is recommended is all cases.4,52 The prognosis of primary meningeal melanoma appears better than that of secondary cerebral
malignant melanoma, especially if complete resection can be
achieved and no distant metastases are present.2,4,52
Surveillance imaging with MRI or CT is recommended at regular
intervals following complete or incomplete resection of melanocytic tumours.28

9.3. Illustrative case 3: primary melanoma of the CNS
A 59 year old female with an unremarkable past history presented with six months of left leg weakness and paraesthesia.
MRI spine showed a homogenously enhancing intradural, intramedullary lesion with an associated syrinx at the level of T11,
which was isointense to hyperintense on T1-weighted images
and isointense on T2-weighted images.
Intravenous dexamethasone was commenced prior an urgent
T10 to T12 laminectomy. A heavily pigmented lesion was completely resected from the left side of the spinal cord and a partially
excised on the right to preserve spinal cord function.
Histopathology demonstrated a hypercellular tumour arranged
in diffuse sheets on a vascular stroma composed of plump spindle
and epithelioid cells with moderately pleomorphic nuclei. Many of
the cells contained enlarged nucleoli, a moderate amount of cytoplasm and brown-black cytoplasmic pigment. Tyrosinase and Melan-A staining was strongly positive and the Ki-67 index was
approximately 3%. Imaging of the remainder of the body and dermatological and ophthalmological examination revealed no lesions. Therefore a diagnosis of primary spinal cord melanoma
was made.

She underwent radiation therapy of 36 Gray in 12 fractions to
the spinal cord and residual tumour. At 35 months she underwent
a second gross macroscopic resection for recurrence. Histopathology again demonstrated primary melanoma. At 36 months a repeat
MRI shows no recurrent disease and she can mobilise short distances with a frame.

10. Differential diagnosis
Primary melanocytic neoplasms of the CNS should be differentiated from metastatic malignant melanoma by a thorough search
for a primary lesion. In addition, a number of other CNS lesions can
be pigmented and produce melanin including schwannoma,
medulloblastoma, neuroﬁbroma, meningioma, astrocytoma and
pituitary tumours. Immunohistochemistry and ultrastructural features are usually helpful in distinguishing these lesions.2,4,25,52,65–69

11. Conclusion
Diffuse leptomeningeal melanocytosis, meningeal melanocytoma and primary CNS melanoma are rare tumours which present
a diagnostic and management challenge for the modern neurosurgeon and neuro-oncologist. Our understanding of these tumours
relies on a relatively small number of reported cases, thus management is not standardised, with surgery and radiotherapy being the
mainstays of treatment. In common with metastatic malignant
melanoma to the CNS, they carry a generally grave prognosis. Advances in treatment of non-CNS melanoma may hold promise for
these lesions.
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