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Abstract
Neurocutaneous melanosis (NCM; MIM # 249400; ORPHA: 2481], first reported by the Bohemian pathologist Rokitansky in
1861, and now more precisely defined as neurocutaneous melanocytosis, is a rare, congenital syndrome characterised by the
association of (1) congenital melanocytic nevi (CMN) of the skin with overlying hypertrichosis, presenting as (a) large (LCMN)
or giant and/or multiple (MCMN) melanocytic lesions (or both; sometimes associated with smaller “satellite” nevi) or (b) as
proliferative melanocytic nodules; and (2) melanocytosis (with infiltration) of the brain parenchyma and/or leptomeninges. CMN
of the skin and leptomeningeal/nervous system infiltration are usually benign, more rarely may progress to melanoma or non-
malignant melanosis of the brain. Approximately 12% of individuals with LCMN will develop NCM: wide extension and/or
dorsal axial distribution of LCMN increases the risk of NCM. The CMN are recognised at birth and are distributed over the skin
according to 6 or more patterns (6B patterns) in line with the archetypical patterns of distribution of mosaic skin disorders.
Neurological manifestations can appear acutely in infancy, or more frequently later in childhood or adult life, and include signs/
symptoms of intracranial hypertension, seizures/epilepsy, cranial nerve palsies, motor/sensory deficits, cognitive/behavioural
abnormalities, sleep cycle anomalies, and eventually neurological deterioration. NMC patients may be symptomatic or asymp-
tomatic, with or without evidence of the typical nervous system changes at MRI. Associated brain and spinal cord malformations
include the Dandy-Walker malformation (DWM) complex, hemimegalencephaly, cortical dysplasia, arachnoid cysts, Chiari I
and II malformations, syringomyelia, meningoceles, occult spinal dysraphism, and CNS lipoma/lipomatosis. There is no sys-
temic involvement, or only rarely. Pathogenically, single postzygotic mutations in theNRAS (neuroblastoma RAS viral oncogene
homologue; MIM # 164790; at 1p13.2) proto-oncogene explain the occurrence of single/multiple CMNs and melanocytic and
non-melanocytic nervous system lesions in NCM: these disrupt the RAS/ERK/mTOR/PI3K/akt pathways. Diagnostic/
surveillance work-ups require physical examination, ophthalmoscopy, brain/spinal cord magnetic resonance imaging (MRI)
and angiography (MRA), positron emission tomography (PET), and video-EEG and IQ testing. Treatment strategies include
laser therapy, chemical peeling, dermabrasion, and surgical removal/grafting for CMNs and shunt surgery and surgical removal/
chemo/radiotherapy for CNS lesions. Biologically targeted therapies tailored (a) BRAF/MEK in NCM mice (MEK162) and
GCMN (trametinib); (b) PI3K/mTOR (omipalisib/GSK2126458) in NMC cells; (c) RAS/MEK (vemurafenib and trametinib) in
LCMNs cells; or created experimental NMC cells (YP-MEL).

Keywords neurocutaneous . melanosis . melanocytosis . congenital melanocytic nevi . nervous system . neurological . MRI .

brainmalformation . NRAS

* Martino Ruggieri
m.ruggieri@unict.it

1 Unit of Rare Diseases of the Nervous System in Childhood,
Department of Clinical and Experimental Medicine, Section of
Pediatrics and Child Neuropsychiatry, University of Catania,
Catania, Italy

2 Chair of Pediatrics, Department of Educational Sciences, University
of Catania, Catania, Italy

3 Unit of Neonatology andNeonatal Intensive Care Unit (NICU), AOU
“Policlinico”, PO “San Marco”, University of Catania, Catania, Italy

4 Postgraduate Programme in Pediatrics, Department of Clinical and
Experimental Medicine, University of Catania, Catania, Italy

5 Pediatric Neurosurgery, International Neuroscience Institute (INI),
Hannover, Germany

https://doi.org/10.1007/s00381-020-04770-9

/ Published online: 13 October 2020

Child's Nervous System (2020) 36:2571–2596

http://crossmark.crossref.org/dialog/?doi=10.1007/s00381-020-04770-9&domain=pdf
http://orcid.org/0000-0002-2658-4249
mailto:m.ruggieri@unict.it


Introduction

Neurocutaneous melanosis (NCM; OMIM # 249400;
ORPHA: 2481) , now more precise ly def ined as
neurocutaneous melanocytosis [49, 61], is a rare, sporadic,
congenital syndrome characterised by the association of (1)
congenital melanocytic nevi (CMN) with overlying
hypertrichosis, occurring as (a) single large (or giant) nevi
(LCMN), sometimes associated with smaller “satellite” nevi,

or multiple nevi (MCMN), or a combination of both lesions,
and (b) proliferative melanocytic nodules (PNs); and (2)
melanocytosis (with infiltration) of the brain parenchyma
and/or leptomeninges at magnetic resonance imaging (MRI)
or histologically (Fig. 1) [14, 61, 63–65, 91, 94, 97, 142, 175,
185, 216].

CMN is a particular melanocytic in utero proliferation
characterised, per se, by an increased risk of melanoma trans-
formation during infancy or adulthood [43, 94, 105, 163].

Fig. 1 Natural history of melanocytic lesions and neurocutaneous
melanocytosis: traditionally progression from normal melanocyte to
congenital melanocytic nevi (CMN) and/or to melanoma has been
depicted in a linear fashion (linear progression); however, in individual
lesions, certain stages may be skipped or never occur at all (non-linear
progression pathways); linear progression through all stages (see A to D)
in any individual lesion is probably fairly uncommon. (a) This pathway
shows how skin melanocytes give rise (by acquiring NRAS gene muta-
tions) to large congenital melanocytic nevi (CMN; left side pathway) or
(by acquiring BRAFV600E genemutations) tomelanocytic nevi and later to
basal nevi (right side pathway leading to pathway d); large CMN coupled
to the events occurring in pathway b characterise neurocutaneous
melanocytosis (NCM); large CMN that acquire NRAS, MAPK, PI3K,
Akt, and/or mTOR gene mutations may give rise to skin melanoma trans-
formation, which in turn can generate metastases and systemic
melanoma. (b) This pathway shows how leptomeningeal melanocytes
give rise (by acquiring NRAS gene mutations) to leptomeningeal
melanocytosis and/or to brain parenchymal melanocytosis (i.e.
neurocutaneous melanocytosis; NCM); leptomeningeal and/or brain

melanocytosis may transform (by acquiring NRAS, MAPK, PI3K, Akt,
and/or mTOR genes mutations) into nervous system melanoma, which
in turn can generate metastases and organs’ melanoma. (c) This pathway
shows how systemicmelanocytes that acquire NRAS gene mutations give
rise to organs melanocytosis, which in turn may progress (by acquiring
NRAS, MAPK, PI3K, Akt, and/or mTOR genes mutations) to organs’
melanoma, and eventually can generate metastases and systemic melano-
ma. (d) This pathway is a pure skin progression pathway: melanocytic
nevi and/or basal nevi that acquireNRAS and BRAFV600E gene mutations,
may more commonly form de novo dysplastic nevi; approximately 2/3 of
skin melanomas arise without a known benign precursor lesion, possibly
as a result of late acquisition of a MAPK pathway mutation in already
sensitised melanocyte(s) with other oncogenic changes (e.g. RAS,
BRAF, NF1, PTEN and/or CDKN2A inactivation); the vast majority of
nevi will never progress to melanoma, many will remain clinically stable
over a lifetime, whereas others will regress (dead end pathways); some
basal nevi may later give rise to dysplastic nevi, but this is probably fairly
uncommon; it is not clear that dysplastic nevi progress to melanoma more
commonly than banal nevi.

2572 Childs Nerv Syst (2020) 36:2571–2596



Individuals in the general population may have CMN as an
isolated finding i.e. the so-called CMN syndrome (CMNS; or
giant pigmented hairy nevus syndrome, GPHN; or giant con-
genital pigmented nevus, GCPN; or pigmented moles, PM;
MIM # 137550; ORPHA: 626] [117, 128, 165, 183, 200].

On the other hand, individuals in the general population
may also have meningeal melanocytosis, as a solitary mani-
festation: this is a rare, challenging, benign, diffuse pigmented

tumour of the meningeal melanocytes that can form solitary
extra-axial tumours, which invade the parenchyma presenting
signs of malignancy [10, 142, 149].

The terms “melanosis” or “melanocytosis”, in NMC refer
to an excess of melanocytes (Figs. 1 and 2) (in the skin,
leptomeninges, and brain), which occurs as a diffuse or nod-
ular proliferation, usually benign, but sometimes degenerating
into its malignant counterpart [43, 61, 94, 97, 118, 163]. Thus,

Fig. 2 The multistep (I to IV) phases of synthesis, formation, growth, and
maturation of melanosomes and melanin production (melanogenesis) in
skin melanocytes. Melanosomes are organelles found in animal cells (e.g.
skin and eye choroidal melanocytes; retinal pigment epithelial cells) and
are the site for synthesis, storage and transport of melanin, the most
common light-absorbing pigment (responsible for colour and
photoprotection in animal cells and tissues) found in the animal kingdom.
The melanogenesis takes place in melanosomes. As first, stimulation of
membrane-bound melanocortin 1 receptor (MC1R) by alpha-
melanocyte-stimulating hormone (αMSH) leads to activation of the
MITF gene coding for the MITF protein, which in turn, via the tyrosinase
enzyme TYRP1, starts (through the endoplasmic reticulum and the Golgi
system) the development of the earliest precursor of the future melano-
some, i.e. a vesicle (Stage I), which builds inside a fibrillar matrix formed
by glycoproteins (e.g. PMEL17 and MART1) and gets tyrosinase and
other enzymes of melanogenesis (Stage II). The melanosome produces
melanin, which polymerises and settles on the internal fibrils (Stage III).
In the last Stage IV melanosome fulfilled with melanin anchors (and
moves, when necessary), through dynein, kinesin, microtubules,
melanophilin, and myosin. Each type of melanin is synthesised in a sep-
aratedmelanosome. Then, mature stage IVmelanosomes enter (via mem-
brane fusion between melanocytes and keratinocytes; or vesicular tnasfer;

or cytophagocytosis) into keratinocytes. Each of these steps is genetically
pre-ordinated and modulated and can change secondarily to BRAF and/or
NRAS mutations, or MAPK, PI3K, Akt, or mTOR signalling pathways
influences. Abbreviations: αMSH, alpha-melanocyte-stimulating hor-
mone; AP1, activator protein transcription factor 1; AP3, activator protein
transcription factor 3; BLOC1, biogenesis of endosome/lysosome-related
organelles subunit 1; BLOC2, biogenesis of endosome/lysosome-related
organelles subunit 1; clathrin, clathrin protein forming coated vesicles;
dynein, cytoskeletal motor protein moving along microtubules (MT);
kinesin, kinesin motor protein moving along microtubules (MT);
MART1,melanoma antigens recognised by T cells; MCR1,melanocortin
receptor 1; melanophilin, carrier protein member of the exophilin family
of the Rab effector subfamily; MITF, melanocyte inducing transcription
factor; myosin, myosin motor protein; PMEL17, pre-melanosome protein
17; Rab27a, Rab subfamily of GTPase small membrane-anchorated pro-
tein; Rab7, Rab subfamily of GTPase small membrane-anchorated pro-
tein 7; Rab27a, Rab subfamily of GTPase small membrane-anchorated
protein 27a; Rab32, Rab subfamily of GTPase small membrane-
anchorated protein 32; Rab38, Rab subfamily of GTPase small
membrane-anchorated protein 38; TYRP1, tyrosinase-related protein 1
[adapted and modified from ref. 17]
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individuals with NCM are at higher risk for developing mel-
anoma of the skin and/or central nervous system (CNS), or to
develop non-malignant melanosis of the brain [14, 21, 94]
(Fig. 1), which in turn can increase mortality because of its
effects on increasing intracranial pressure [2, 36, 52, 94].

The typical cutaneous lesions are recognised at birth (“con-
genital”) [128]; neurological manifestations can appear, as
acute manifestations of increased intracranial pressure in in-
fancy, or more typically later in childhood or adult life [61, 91,
158, 164]. NMC patients may be symptomatic or asymptom-
atic [1], with or without evidence of the typical CNS changes
at MRI [2, 14, 36, 52, 62, 94, 216]. Associated brain
malformations are often recorded [94]. There is no systemic
involvement in NCM, or only rarely [57, 61, 109, 150, 187].
Although patients with asymptomatic NCM may live without
significant problems for extended periods, the onset of symp-
toms in NCM generally indicates the beginning of an aggres-
sive clinical course, with a poor prognosis and frequently
death occurring within 2–3 years of diagnosis [61, 91, 225].
In older series [45], severe/lethal disease was recorded in up of
92% of affected individuals, but more recent NCM surveys
record lack of progression of abnormal imaging and/or lack of
development of symptoms, for decades, after abnormal imag-
ing [61, 91].

Postzygotic mosaic mutations in the NRAS (neuroblastoma
RAS viral oncogene homologue; OMIM # 164790; located on
chromosome 1p13.2) proto-oncogene, disrupt the RAS cell-
signalling pathways (specifically, the RAS/MEK/ERK path-
way and phosphatidylinositol 3-kinase-mediated/PI3K-Akt
pathway) and drivemelanocytic benign proliferations in utero,
being responsible for single and/or multiple (small, medium-
sized, and large/giant) CMNs, as well as for melanocytic and
non-melanocytic central nervous system (CNS) lesions in
NCM (Figs. 1 and 2) [19, 39, 48, 50, 51, 69, 75, 104, 130,
162, 186, 187, 197, 203, 228].

From a pathogenic viewpoint, it seems that either amplifi-
cation of mutated NRAS [187, 205, 206] or the loss of NRAS
[186], in certain cellular contexts (e.g. melanocytes within
CMNs/NCM), represent new genetic mechanisms leading to
melanoma and/or promoting malignant tumour progression;
alternative mechanisms could be related to genetic abnormal-
ities such as point mutations/variants or gene fusion in other
genes (e.g. mutations/variants in BRAF, KRAS, APC, and
MET genes; or gene fusion in ZEB2-ALK and SOX5-RAF1
genes) leading in turn to mlanocytic proliferations either in
satellite nevi or within LCMN and/or to melanoma progres-
sion [129] (Figs. 1 and 2).

Standard treatment strategies include laser therapy, chemi-
cal-peeling, and dermabrasion, later completed by surgical
removal/skin grafting for CMNs, neurosurgical shunt place-
ment, and removal/chemotherapy for CNS lesions [61, 91].

Biologically targeted experimental therapies so far success-
fully tailored: (a) MEK pathway (e.g. the acute MEK inhibitor

MEK162) in a murine model [157]; (b) the dual PI3K/mTOR
pathway (e.g. omipalisib/GSK2126458) in clonigenic
oncogenically transformed NCM-derived cells; and (c) the
RAS-ERK pathway (e.g. vemurafenib and trametinib) in
LCMNs cells [79, 136, 226]; or generated platforms with
NCM cells (YP-MEL) for pre-clinical studies [170].

Historical background and terminology

The French physician and musician (inventor of the stetho-
scope at the Hopital Necker in Paris, in 1816), René Théophile
Hyacinthe Laennec (1781–1826) (Fig. 3), was the first to ap-
ply the term “mélanose” (derived from the Greek word μελα,
μελαν = black) to the presence of hyperpigmented tissues
[113]. He described melanosis as masses, infiltration in the
tissue of organs, or deposition on the surface of organs. His
descriptions were extremely accurate and are still valid.
Laennec in 1812 [114] also provided the first description of
melanoma as a disease entity [61].

Pigmentation, due to the presence of melanocytes (which
are normally recorded cells in the leptomeninges), in the brain,
was observed, by neuropathologists, to the naked eye, since
the XIX and early XX centuries [138, 145, 210] and later
recorded at neuroimaging [68, 167].

Fig. 3 The French physician and musician (inventor of the stethoscope in
1816), René Théophile Hyacinthe Laennec (1781–1826), who first
applied the term “mélanose” (from the Greek word μελα, μελαν =
black) to the presence of hyperpigmented tissues in 1806
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The first clinical descriptions of NMC is attributed to the
Bohemian physician, pathologist, historian, philosopher and
liberal politician, baron Carl J. von Rokitansky (1804–1878)
(Fig. 4), who, in 1861 [169], reported in Vienna on a 14-year-
old girl with macrocephaly, mental retardation, and multiple
large hairy pigmented skin nevi, who at post-mortem exami-
nation was found to have hydrocephalus, hydromyelia, with
“…macroscopic and microscopic….” thickening and diffuse
infiltration of the skin, of the leptomeninges and the
subependymal layer of the ventricles with “…benign, round
melanin-containing granules in spindle and branched cells…”
and “…. large/diffuse brownish-black melanocytic deposits
….”; in addition to that, there were “… small nodules of
pigment the size of millet seeds scattered over the pia mater
and ependyma … .”; he also noted that there was
“….perivascular pigmentation…” with no parenchymal in-
volvement of the brain or of any other organ [61, 153, 169].

Early in 1897, Bircher in Zurich used the term “naevus
pilosus pigmentosus congenitus, extensus” to define giant
congenital nevi, stressing also their peculiar shape. He report-
ed on a patient with a “neck stole” nevus and made an exten-
sive review of the literature in 34 patients with giant nevi,
identified their location, and used designations such as a
“bathing trunk” (“schwimmhosenart”), and other terms to de-
scribe their distribution [24].

The German physician and pathologist Siegfried
Oberndorfer (1876–1944) made the second report on NMC
[143, 144] in an 8-month-old infant in Munich, who also
presented with marked macrocephaly and multiple deeply
pigmented nevi: the skin nevi were so numerous that he called
this pattern “panther type”; post-mortem examination re-
vealed hydrocephalus and highly intensive pigmentation
(more intense as compared to the report of Rokitansky in
1861 [169] of the brain, including the cerebrum, optic thala-
mus, the floor of the IV ventricle, and the cerebellum (these
features were confirmed by later studies); numerous large and
round cells contained much granular pigment. He was the first
to state that both the skin and central nervous system pigmen-
tation were a primary condition, originating during embryo-
genesis, not secondary to metastatic colonisation from the
skin.

Grahl in 1906 [72] andMacLachlan in 1914 [122] contrib-
uted with further detailed reports in a newborn (with extensive
CMN of the lower part of the abdomen and thighs) and a 2-
month-old girl (with four CMN of the anterior and posterior
chest), respectively.

Wilcox in 1939 [221] reported an infant with hydrocepha-
lus and an extensive CMN of the skin and brain and proposed
that this condition, which he named “melanomatosis of the
skin and central nervous system”, should be included amongst
the dawning group of the so-called congenital neurocutaneous
syndromes, a heterogeneous group of conditions first intro-
duced in the medical literature, few years before, by
Yakovlev and Guthrie in 1931 [175, 181, 223]. Touraine in
1941 proposed the term “melanoblastose neuro-cutanee” to
emphasise its congenital character [210].

The Belgian neurologist and pathologist, Ludo Van
Bogaert (1860–1989) first introduced, in the 1940s [212] the
term “neurocutaneous melanosis”, which he initially thought
was a familial condition.

In 1949 [211] Touraine published an extensive review of
the NCM literature that led several authors to call NMC
“Touraine syndrome” [55, 122, 152, 202, 219].

Fox and colleagues, in 1964 [64], adopted the term
neurocutaneous melanosis, reported three additional cases,
and made a comprehensive review of the literature. Bolande
i n 1 974 [ 26 ] i n c l ud ed NCM in t h e g r o up o f
“neurocristopathies” [27, 61].

In 1972 Fox first proposed three criteria for the diagnosis of
NCM [63]: (1) large or numerous pigmented nevi in

Figure 4 The Bohemian physician, pathologist, historian, philosopher,
and liberal politician, baron Carl J. von Rokitansky (1804–1878), who, in
1861, reported for the first time in Vienna, on a 14-year-old girl with
neurocutaneous melanocytosis: the girl had clinically macrocephaly, cog-
nitive disabilities, and multiple large hairy pigmented skin nevi, and, at
post-mortem examination, hydrocephalus, hydromyelia, and thickening
and diffuse infiltration of the skin, of the leptomeninges and the
subependymal layer of the ventricles with brownish-black melanocytic
deposits with no parenchymal involvement of the brain or of any other
organ
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association with leptomeningeal melanosis or melanoma; (2)
no evidence of malignant change in any cutaneous lesion; and
(3) no evidence of melanoma in any location other than the
meninges [63].

In 1991, Kadonaga and Frieden [97] further defined the
terminology with regard to the size of the lesions and specif-
ically distinguished neurocutaneous melanosis from a possi-
ble, simultaneous occurrence of primary and metastatic mela-
noma; they introduced new criteria for diagnosis [61]:

1. Large or multiple congenital nevi in association with
meningeal melanosis or melanoma: large refers to a le-
sion > 20 cm (in adults); or 9 cm in the head or 6 cm in
the body (in neonates and children); multiple signifies >
3 lesions;

2. No evidence of cutaneous melanoma, except in patients
in whom the examined areas of the meningeal lesions are
histologically benign;

3. No evidence of meningeal melanoma, except in patients
in whom the cutaneous lesions are histologically benign.

The problem with their review of the criteria [97] is that
they did not mention giant congenital nevi and therefore
they did not define or distinguish giant from large nevi,
despite the fact that 66% were “giant pigmented nevi” in
their review [61]. Since then, many authors use the terms
large and giant interchangeably. Ruiz-Maldonado in 2004
[183] proposed a classification that defines more precise
measurements to distinguish large and giant nevi: he pro-
posed that large nevi are 11–20 cm and giant nevi are from
21 cm to more than 40 cm [61]. On the other hand, the term
“giant” nevus is well defined and it has been widely used
for many years by multiple authors after Reed and col-
leagues used this term in 1965 [166].

Kadonaga and Frieden [97] considered those cases with
histological confirmation of the CNS lesions as definite; all
others were labeled provisional. A rare form of spinal
leptomeningeal melancytosis without cutaneous nevi has been
described in a few young adults. Fox and colleagues [63]
designated those cases as “formes frustes”. This pattern is less
frequent in children [31]. Kadonaga and Frieden [97] exclud-
ed cases without cutaneous lesions.

Incidence and prevalence

Neurocutaneous melanocytosis is a rare syndrome: approxi-
mately 300 cases have been reported worldwide [5].

Approximately 1% of neonates are born with small CMN
[41, 58, 119, 124, 125, 215]. LCMN (rather thanMCMN), are
estimated to occur in less than 1 in 20,000 individuals in the
general population [97, 105, 200]: amongst these individuals,
only up to 12%will have NMC; thus, the overall incidence for
NMC is quite rare [61, 91]. In a worldwide registry of patients

with LCMN, 26 out of 379 (i.e. 6.68%) had NCM: 17 out of
these 26 (i.e. 65%) were neurologically symptomatic [3]. As
neuroimaging is performed in more individuals who are at
high risk based on the extent and/or distribution of the skin
findings but asymptomatic, this percentage may be higher
(closer to 25%) [94, 216].

There is no gender difference. It, apparently, occurs more
often in the white (Caucasian) race, whilst sporadically in
blacks [41].

Clinical manifestations

Neurocutaneous melanocytosis is characterised by (Fig. 1):

1. Three types of cutaneous lesions: (a) benign CMN; (b)
proliferative melanocytic nodules; and eventually (c) ma-
lignant transformation into melanoma of previous lesions;

2. Neurological manifestations secondary to melanocytic
proliferation, benign or malignant, of the CNS, including
either the leptomeninges or brain parenchyma.

The typical cutaneous lesions are recognised at birth; neu-
rological manifestations usually appear later [158, 164]. There
is no systemic involvement in NCM, or only rarely [57, 109,
150, 187, 213].

Cutaneous findings

(a) Benign congenital melanocytic nevi

These lesions are present, and usually recognised, at birth,
as single or multiple melanocytic nevi with abundant hair
[204]. Approximately 80% of individuals with large or giant
nevi present with associated smaller “satellite” nevi [45, 46,
61, 117, 128, 165, 183, 200]: the mean number of satellite
nevi can range from 0 to 2,500, with a mean number of 80
and a median number of 20.

The colour of the skin complexion and hair is similar: it
may be very dark (80%) and/or light brown (16%) or mottled
(4%), darker in blacks [119, 153, 165, 200]. In some neonates
this hyperpigmentation can fade over months resembling later
to dark port wine stains: thus, a history of strong pigmentation
at birth and concomitant hypertrichosis are of diagnostic im-
portance [61, 91].

According to the proposed criteria by Ruiz-Maldonado
[183], the size of CMN is defined as small (sCMV) <
1.5 cm, medium (mCMN) 1.5 to 10 cm, large (lCMN) from
11 to 20, and giant (gCMN or GCMN) from 21 cm to more
than 40 cm maximum diameter [58]. With respect to age, the
size is usually equal to or greater than 20 cm in adults; 9 cm on
the scalp or 6 cm in the body, in infants [61, 91, 96, 134].
Variations in clonogenicity and tumourigenic properties in
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NRAS-mutated CMNs parallel and increase with their size
[75].

Most reports do not include the measurement of large or
giant nevi (lCMN orGCMN), as these usually cover extensive
areas of the body, thus more often is described the body sur-
face [71]. In the most severe cases, the nevus can cover 80%
of the body surface [108]: these patients are at higher risk for
developing leptomeningeal and cutaneous melanoma [63].
Patients with numerous satellite nevi involving the head, pos-
terior neck, or the paravertebral areas are at the greatest risk of
developing NCM [61, 91, 120].

The CMN is usually distributed over the body in typical
patterns: according to Martin da Silva et al [128] 6 repeatable
patterns of distribution of lCMN or GCMN can be recognised
(the “6B patterns”), including (1) “bolero” or “shoulder stole”
(mainly involving the upper aspect of the back, including the
neck and shoulders, usually sparing the upper limbs) (Fig. 5);
(2) “back” (on the back, often round-shaped, without
involvement of the buttocks or shoulders) (Fig. 6a-c); (3)
“bathing-trunk” (mostly involving the genital region and but-
tocks) (Fig. 7); (4) “breast/belly” or (isolated to the chest and/
or abdomen without involvement of bolero or bathing trunk
distributions) (Fig. 8); (5) “body extremity” (isolated to lower
extremities and sometimes also to part of the buttocks) (Fig.
9a–c); and (6) “body” or also “life-vest jacket” (both bolero
and bathing trunk involvement) (Fig. 10a, b). All these 6B
patterns of CMN distribution, except the “body extremity”
pattern, reflect the archetypical pattern of distribution of mo-
saic skin lesions classified as “type 4 patchy pattern without
midline separation,” which consists of large skin patches not
respecting the dorsal and ventral midline (Fig. 11a) [80, 81,
84, 172–180, 182]. There are six known archetypical patterns
of distribution of skin mosaicism according to the

classification proposed by Happle [80–85, 209 ]. Additional
sub-patterns for GCMN can be recorded, including (a) the
“cape-like” distribution (over the occipital area and/or the up-
per back, a variant of the bolero pattern) (Fig. 12a, b); (b) the
“biker-glove” distribution, with sparing of the distal digits
(Fig. 13a-c) [107, 156]; (c) the “coat sleeve” or “stocking-
like” in the face (Fig. 14); and (d) the “unilateral” pattern of
distribution, which stops at the midline (Fig. 15: also known
as (“type 5 lateralised archetypical pattern”) [80–84, 182,
209]. Isolated involvement of the extremities (Figures 9a, b
and 13a-c) is the least frequent [128]; in extensive nevi involv-
ing the extremities, atrophy (secondary to fat and/or bone

Fig. 5 Pattern 1 (“6B patterns”): ideogram showing the “bolero” or
“shoulder stole” patterning, which mainly involves the upper aspect of
the back, including the neck and shoulders, usually sparing the upper
limbs

Figure 6 Pattern 2 (“6B patterns”): a ideogram showing the “back”
patterning, which is localised on the back, often round-shaped, without
involvement of the buttocks or shoulders); b a child with neurocutaneous
melanocytosis and a giant/large congenital hairy melanocytic nevus over
the posterior region of his trunk: note the great amount of satellite
melanocytic nevi over the upper part of the trunk and limbs; c a child
with neurocutaneous melanocytosis and a giant/large congenital
melanocytic nevus over his trunk: note that the nevus is partially sparing
the buttocks, but has large and smaller satellite melanocytic nevi over the
shoulders and limbs, configuring a mixed pattern (courtesies of prof.
Sergiusz Jozwiak, University of Warsaw, Poland; © Springer
Publishers) [96]
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reduced growth) of the affected limb can occur (Fig. 9b, c)
[20, 37, 76, 92, 128, 156, 185, 222].

Usually, the presence, number, and distribution of the sat-
ellite nevi modify and complicate the borders and framework
of the 6B pattern of distribution of CMNs (Figs. 6b-c, 7b, 12b)
[126, 128].

CMVs have been also reported in the mucous membranes
[29, 184].

CMN usually originate from the posterior midline [84, 128,
191, 203]. The nevus on the back sometimes has a midline
vertex over the thoracic or cervical spine [44, 97, 106, 129,
166].

Intractable pruritus (likely secondary to serotonin-mediated
mechanisms) [186], an uncommon complication arising in
LCMN, may be debilitating [60, 66, 136, 186] and can benefit
of non-conventional treatment with ondansetron [66] or
trametinib [136].

(b) Benign proliferative nodules

Proliferative nodules arise as secondary proliferation with-
in giant CMN, particularly in the “bathing trunk” or in the

Fig. 9 Pattern 5 (“6B patterns”): a ideogram showing the “body
extremity” patterning, which is confined to the lower extremities and
sometimes also to part of the buttocks; b a child who later developed
neurological manifestations of neurocutaneous melanocytosis, showing
a giant/large congenital hairy melanocytic nevus localised to the left leg; c
anterior X-rays of the limbs showing reduced growth of the bones and fat
tissue in the left leg (labelled as “S”, sinistra, in Italian = left) (courtesy of
Dr. Piero Pavone, University of Catania, Italy)

Fig. 8 Pattern 4 (“6B patterns”): ideogram showing the “breast/belly”
patterning, which is localised solely to the chest and/or abdomen without
involvement of bolero or bathing trunk distributions

Fig. 7 a Pattern 3 (“6B patterns”): ideogram showing the “bathing-trunk”
patterning, which is mostly involving the genital region and buttocks. b a
30-month-old with a typical distribution of CMN over the buttocks and
genital region. This girl had also a cape-like CMN (see Fig. 14)
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“life-vest” nevi, which are mostly located in the back and hip
regions [128, 129, 203, 215]. As true melanoma can occur in

the neonate [112, 205], the development of any secondary
proliferation in a CMN is of great concern [17, 19, 22, 161,
195, 214, 215]. Proliferative nodules are usually reported as
single or multiple lesions [2, 24, 40, 71, 184, 215] and may be
also present at birth [61, 91, 215] or, more often, can appear
later. Smaller papular lesions, associated with proliferative
nodules and giant CMN have also been described [24, 166,
223, 224].

Fig. 10 Pattern 6 (“6B patterns”): ideograms showing the a “body” or b
“life-vest jacket” patterning, which is characterised by the co-occurrence
of both bolero (pattern 1) and bathing trunk (pattern 3) involvement; c an
infant with neurocutaneous melanocytosis and a typical “life-vest jacket”
congenital melanocytic nevus

Fig. 11 Ideogram showing one of the six archetypical patterns of
distribution of mosaic skin lesions proposed by Happle [80, 81, 84] and
classified as “type 4 patchy pattern without midline separation”, which
consists of large skin patches not respecting the dorsal and ventral
midline: this pattern reflects the distribution of all the 6B patterns of
distribution of congenital melanocytic nevi in the general population
and, more specifically, in neurocutaneous melanocytosis.

Fig. 12 a An additional sub-pattern (“6B patterns”) of distribution of
congenital melanocytic nevi, classified as “cape-like” distribution, which
is localised over the occipital area and/or the upper back, a variant of the
bolero pattern
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Fig. 13 a, b ideograms showing the additional sub-pattern (“6B pat-
terns”) of distribution of congenital melanocytic nevi, classified as “bik-
er-glove” distribution, with sparing of the distal digits (this pattern is a
sub-type of pattern 5 “body-extremity”); c a child with neurocutaneous
melanocytosis and a large/giant congenital melanocytic nevus of the low-
er limb, which spares the distal digits of the foot

Fig. 14 a Ideograms showing the additional sub-pattern (“6B patterns”) of
distribution of congenital melanocytic nevi, classified as “coat sleeve” or
“stocking-like” in the face; b a 30-month-old girl with neurocutaneous
melanocytosis and multiple medium-sized congenital melanocytic nevi
over the occipital area of the scalp; and the buttocks (see Fig. 7b), thus
configuring a mixed pattern of distribution of congenital melanocytic nevi

Fig. 15 Ideograms showing the additional sub-pattern (“6B patterns”) of
distribution of congenital melanocytic nevi, classified as “unilateral” pattern
of distribution, which stops at the midline (this pattern reflects one of the six
archetypical patterns of distribution of mosaic skin lesions proposed by
Happle [80, 81, 84] and classified as “type 5 lateralised archetypical pattern”
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The histology of these nodules is that of delayed
melanocytic maturation, indicative of benign nature [215];
with time they may also regress [17]. The main processes
involved in their clinical evolution are maturational, prolifer-
at ive, and apoptotic [17, 195]. Expression of 5-
hydroxymethylcytosine (5-hmC) levels can help in
distinguishing PNs from true melanoma transformation [155].

(c) Malignant transformation of melanocytic nevi and pro-
liferative nodules

The development of malignant melanoma arising in small
(sCMN) and medium (mCMN) CMN is rare (Fig. 1) [17, 25,
45, 46, 61, 91, 133, 205, 215, 224]. The incidence of malig-
nant melanomas arising in LCMN/GCMN has been reported
as high as 12% [46] and more frequent (95%) in the axial
localization usually within the intradermal part of the nevus
[46, 166]. The calculated 5-year risk of developing melanoma
in LCMN is 2.3%, whilst the risk of developing NCM is 2.5%
[25]. The risk of malignant transformation is proportionate to
the extent (>> in larger nevi) and distribution (>> in lesions of
the head and upper trunk) of the CMN; the risk is highest in
the first 5 to 10 years of life and carries a significant mortality
[17, 46, 76, 215]. An additional risk factor is the presence of
large numbers of satellite nevi [20, 45, 46, 120] and axial
location [46].

Neoplasms of other tissues derived from neural crest (e.g.
schwannomas) can occur within CMN [61].

Benign placental infiltration by melanocytes has been rare-
ly recorded in neonates with CMN [13]. The placenta should
be always examined in these cases and should not be confused
with congenital melanoma [61]. Placental metastases from
cutaneous malignant melanoma in both mother and foetus
are less rare than benign melanocytic infiltration [13].

Neurological findings

In general, neurological manifestations present as acute or
subacute signs/symptoms with a ominous onset (Figs. 16
and 17) [61, 91]. Once neurological manifestations appear,
the prognosis is poor because there is usually a relentlessly
progressive course with high mortality in infancy and early
childhood [35, 119, 154]. The prognosis is usually less omi-
nous with involvement of the brain parenchyma rather than
leptomeninges [6, 145, 225].

Age at onset Neurological signs/symptoms typically present
in the first or second year of life or so (Fig. 16). Neonates and
infants usually present with acute onset.

Leptomeningeal and parenchymal melanocytosis has been
recorded in neonates at MRI: it may remain asymptomatic for
several months or years [61, 91, 193]. A second but

Fig. 16 This 30-month-old girl
with neurocutaneous
melanocytosis had a congenital
melanocytic nevus over the scalp
(shown in Fig. 14b) and buttocks
(shown in Fig. 7b): she underwent
brain MRI examination at age
2 years when she was still
neurologically asymptomatic;
MRI studies revealed
hydrocephalus (a) associated to
the Dandy-Walker malformation
(b); upon admission at age 30
months, her clinical conditions
were severely deteriorated in-
cluding seizures and clinical
manifestations of increased intra-
cranial pressure; a newMRI study
(c, d) revealed two large subdural
hemispheric fluid collections,
signal intensity changes in the
leptomeninges and in the sub-
arachnoid spaces secondary to
proliferation and infiltration by
melanocytes; the evacuation of
both fluid collections and the in-
sertion of a V-P shunt, though
assuring an immediate improve-
ment, could not avoid her death
after a few months.
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uncommon peak of onset occurs in the 2nd and 3rd decades
[97]. In patients with later onset of manifestations the usual
findings are discrete intracranial masses, with slow to moder-
ate growth rates: these patients usually present focal epileptic
activity at video-EEG and/or focal seizures, localised sensori-
motor deficits and difficulties in speech [44, 124, 125, 158].

Increased intracranial pressure The most common (two-thirds
of NCM patients) manifestation, includes signs/symptoms of

intracranial hypertension [64, 76, 97, 189, 190], secondary to
obstructive hydrocephalus (Figs. 16 and 17).

In about 10% of these patients there is a special association
with Dandy-Walker malformation complex (DWM complex;
see below) (Fig. 16). The onset of intracranial hypertension in
infants is overt, with rapidly increasing head circumference,
irritability, headache, re-current vomiting, and “setting sun
sign” [73, 171]. These patients are brought to hospital serious-
ly ill and urgently require a ventriculoperitoneal shunt. The
course is characterised by rapid improvement after surgery
but, unfortunately, there often is a relapse days or weeks later,
death usually occurring shortly thereafter [64, 76, 110, 119,
140].

Tumours in the brain parenchyma are the second most
frequent cause of intracranial hypertension. The communicat-
ing type of hydrocephalus, in two-thirds of patients, is attrib-
uted to accumulation of melanotic cells in the basal subarach-
noid cisterns, with subsequent obstruction of cerebrospinal
flow (CSF) flow and prevention of CSF reabsorption in the
arachnoid villi (Fig. 17); in the remaining third, hydrocephalus
is non-communicating due to aqueductal stenosis or outlet 4th

ventricular obstruction [90]. Infants often have normal devel-
opment initially [76, 132], later showing regression in ambu-
lation and language [45, 132].With disease progression, some
patients develop an ataxic gait and, later in the course, lose the
ability to sit upright [45, 76, 97]. In some children delayed
development precedes the onset of acute neurological
manifestations.

Seizures/epilepsy This is one of the most common mani-
festations in NCM at all ages [158]. Seizures are present
in patients with parenchymal involvement and practically
in all patients who present with DWM complex (Figs. 16
and 17). In some reports semiology is not provided, but
usually seizures are generalised, tonic-clonic [38], myo-
clonic [140], or partial motor and focal dyscognitive sei-
zures [41, 45, 64, 188]. Focal dyscognitive seizures are
common with involvement of the temporal lobes, particu-
larly the amygdala [158], which can be successfully treat-
ed by anterior temporal lobectomy [33, 47, 67]. Focal
epilepsy as the only manifestation is rare [6, 225]. Status
epilepticus followed by intractable complex partial sei-
zures with rapidly deteriorating course is described in
young children [40]. Infantile spasms syndrome, West
syndrome, and Lennox-Gastaut syndrome have been also
reported [45, 131, 220]. Infrequently, epilepsy begins in
young adulthood [225]. Pellino and colleagues [158],
emphasised that children with parenchymal melanosis
can experience epilepsy and developmental delay; the dis-
tribution of parenchymal melanocytosis (specifically, in
the amygdala), was the best predictor of epilepsy progno-
sis and epilepsy surgery was the best choice in isolated
amygdala localization.

Fig. 17 Intra-operative images of the 30-month-old girl shown in Figs.
7b, 14b and 16: note the diastasis of the coronal suture and the fluid
escaping under high pressure after dura mater puncturing, which is related
to intracranial hypertension (yellow arrows); the abnormal colour of the
dura mater and the arachnoid membrane is due to the melanocytic infil-
tration (c); melanocytic cells accumulated also in the subarachnoid spaces
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Spinal involvement Involvement of the spinal cord is re-
corded in approximately 20% of patients, who develop
symptoms of myelopathy, radiculopathy, or bowel or
bladder dysfunction [63, 98, 154]. Clinically, patients
may rapidly deteriorate with progressive motor deficits,
hemiparesis or quadriparesis, and aphasia in the termi-
na l per iod [71, 159, 188, 218, 227] . Dif fuse
leptomeningeal thickening, arachnoiditis and secondary
syringomyelia [47, 157], and spinal cord compression
can occur [97]. There have been reports of children
with melanocytosis in temporal lobes, hydrocephalus,
meningeal spinal enhancement, and an extensive sub-
arachnoid CSF accumulation with cord compression
and syringomyelia [116, 160]. Extramedullary melanoma
infiltrating the entire subarachnoid space and spine has
been also reported [198]. The absence of spinal symp-
toms with extensive infiltration of the spinal cord is
rare, and usually, it may appear terminally [28, 202].
Infrequently, NCM is associated with spina bifida
occulta [7, 24, 87, 194, ].

Dysphagia Incoordination of the Oropharyngeal muscles or
frank dysphagia can be a terminal sign [59] and has been
reported in a number of patients with lower brainstem infiltra-
tion [131].

Other abnormalitiesA sleep cycle disorder can also be record-
ed. In about 10% of patients NCM is diagnosed because of
developmental delay [30, 61, 91, 120].

Late onsets Manifestations appearing later in life are usually
chronic and may be associated with neuropsychiatric manifes-
tations, including depression or psychosis [11]. The oldest and
only patient, who became symptomatic at 65 years of age and
died shortly after, was a female with a hairy CMN [103]:
malignant melanoma in the temporal lobe was confirmed at
post-mortem.

Natural HistoryNMC patients may be symptomatic or asymp-
tomatic, with or without evidence of the typical CNS changes
at MRI [1, 14, 15, 16, 22, 94, 216]. More recent NCM surveys
record lack of progression of abnormal imaging and/or lack of
development of symptoms, for decades, after abnormal imag-
ing [61, 91]. Neurological manifestations of NCM are caused
by leptomeningeal melanocytosis, intracranial melanoma, and
intracerebral or subarachnoid haemorrhage. Leptomeningeal
melanosis tends to occur in the inferior surface of the cerebel-
lum, the frontal, temporal and occipital lobes, the ventral sur-
face of the pons, medulla and cerebral peduncles, the upper
cervical cord and the ventral surface of the lumbosacral cord.
Leptomeningeal infiltration is probably the most common
cause of neurological symptoms in NMC patients [61, 91,
94, 125].

Associated brain and spinal cord malformations

Dandy-Walker malformation complex

The overall spectrum of the Dandy-Walker malformation
(DWM) complex (i.e. (a) Dandy-Walker malformation; (b)
Dandy-Walker variant; (c) mega-cisterna magna; and (d) pos-
terior fossa arachnoid cyst) [94, 216], has been frequently
reported in association with NCM [8, 33, 35, 38, 42, 52, 61,
71, 73, 90, 91, 94, 98–100, 102, 108, 119, 127, 131, 171, 193,
201, 216]. Several hypotheses have been raised to explain this,
highly likely, non-casual association, including: (a) obstruction
by melanocytes of the outgoing foramen of the 4th ventricle; (b)
maldevelopment of the cerebellum and 4th ventricle induced by
the leptomeningeal abnormalities; and (c) the most credited the-
ory, which postulates that the leptomeningeal melanocytosis in-
terferes with the normal inductive effects of primitive meningeal
cells resulting in hypogenesis of the vermis and consequent retro-
cerebellar cyst formation [ 61, 91, 216]: these inductive effects
could be triggered by factors from the surroundingmesenchyme,
in particular Forkhead box protein C1 (i.e. the protein product of
FOXC1 gene), which stimulates production of stromal cell-
derived factor 1-alpha (SDF1α) and bone morphogenic protein
2,4 (Bmp 2,4), keymorphogens for cerebellar Purkinje and gran-
ule cell development, respectively; melanocytosis may also in-
terfere with proliferation of neurons in the cerebellar external
granular layer, a process stimulated by secretion of Sonic
Hedgehog protein (SHH) [62, 216].

It has been suggested that the DWM complex, in line with
the above hypotheses, might be an early marker of profound
infiltration of melanocytes in the CNS and thus constitutes an
increased risk for malignant transformation [61, 91, 216].

Other non-DWM nervous system malformations Besides the
DWM complex, CNS development in NCM is normal.
However, a number of disruptions of the brain, cerebellum, pos-
terior fossa, and spinal cord have been reported in association
with NCM, including hemimegalencephaly, polymicrogyria,
nodular heterotopia, corpus callosum hypogenesis, subdural
arachnoid cysts, Chiari I and Chiari II malformations, syringo-
myelia, meningoceles, and occult spinal dysraphism [2, 23, 34,
61, 62, 91, 135, 220]. Most of, if not all, these malformations are
very common brainmalformations and, therefore, it is not clear if
their presence, in anyway, indicates their increased prevalence in
NCM. Overall, either the DWM and the other non-DWM CNS
malformations indicate that NCM could be regarded as a com-
plex (neurocutaneous) malformation syndrome with predisposi-
tion to tumour formation.

Lipomas/lipomatosisA few case reports relate the coexistence
of giant CMN to lipomatosis and hemihypertrophy [71] and
intraspinal lipoma [101], which are anomalies derived from
abnormal development of the neural crest [61].
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Other associated systemic anomalies

These include anectodic reports of urinary tract anomalies
(e.g. renal agenesis, renal pelvis and urethral malformations,
renal cysts), Hirschprung’s disease, transposition of the great
vessels, duodenal atresia and neoplasms (e.g. embryonic rhab-
domyosarcoma, melanoblastoma, malignant schwannoma,
and neuroectodermal neoplasm) [54, 61, 93, 109, 125].

Pathology/neuropathology

Types and distribution of intracranial melanin Normal intra-
cranial melanin occurs only in two forms: (1) melanosomic
melanin (Fig. 2); and (2) neuromelanin [61, 141]. In both
forms, melanin appears as granules: however, either form is
different from an ultrastructural viewpoint. Melanosomic mel-
anin (or “true” melanin) is the same type of melanin as that
seen in the skin and iris of the eye. These melanin granules are
confined to melanosomes within melanocytes (Fig. 2).
Neuromelanin, on the other hand, presents as scattered
intraneuronal inclusions of granular melanin not contained
within melanosomes. The distribution of these two types of
melanin in the nervous system is also different. In the brain,
melanosomic melanin is normally found only in the
leptomeninges, where it is contained in melanocytes. They
are most concentrated in the leptomeninges over the ventral
aspect of the medulla oblongata [61, 88, 141]. Baader, in 1935
[12] found those cells most prominently in the sulcus between
pons and medulla, over the cerebral peduncles and over the
base of the brain. Symmers, in 1905 [206], described these
areas of pigmentation also at the level of the lumbar and cer-
vical enlargements and optic chiasm. Neuromelanin is con-
fined to certain groups of neurons such as the zona compacta
of the substantia nigra, locus coeruleus, dorsal motor nucleus
of the vagus, tegmentum of the brainstem, and scattered neu-
rons in the roof of the fourth ventricle. The number of mela-
nocytes increases slowly with age and, in general, is propor-
tionate to skin pigmentation [68, 88, 141, 206]. Roca de
Vinals and colleagues [168] found melanocytes in the pia
mater/arachnoid in 85% of normal adults studied at autopsy.
Less frequently, melanocytes also have been identified in the
meninges of young infants (aged 2 months), and even in foe-
tuses [59].

Neuropathological findings Aggregates of melanocytes often
form dark nodules of variable size resembling tumours, but
more often form a nodular sheet or patch of black tissue cov-
ering brainstem, cerebellum, and the spinal cord. The brain
parenchyma is infiltrated, particularly via the perivascular
Virchow-Robin spaces [64, 188], and the choroid plexi and
ependymal surface of the ventricles also are involved [47].
The lumen of distended meningeal and cerebral blood vessels,
particularly veins, may be engorged with melanocytes [59].

At neurosurgery (Fig. 17) and/or at gross pathology of the
brain, dark melanotic meninges are noted not only at the sur-
face but also between cerebellar folia and in the sulci of the
cerebral cortex [211]. Grossmelanotic aggregates infiltrate the
parenchyma, particularly the amygdala (less the hippocampus
or other parts of the temporal lobe). Hamartomas of the amyg-
dala have been also recorded in children [67]. Normally there
are no melanocytes in the amygdala. Other sites of pigmented
melanocytic infiltration include the cerebellar dentate nuclei,
thalami, the area postrema, and the base of the frontal lobes
[15, 16, 20, 47, 61, 64, 201]. Normally pigmented neurons of
the brain in the substantia nigra and locus coeruleus are usu-
ally spared. Parenchymal pigmented lesions have a stronger
predilection for grey vs. white matter [64]. An exception is the
optic nerves and chiasm, in which neoplastic transformation to
melanoma also may occur [59, 64, 188].

The accumulation of melanocytes in the leptomeninges is
predominantly infratentorial and around the spinal cord, but
can also occur supratentorially over the cerebral convexities
and may be extensive [42, 55, 64, 198].

Microscopically, the aggregates of melanocytes contain
melanin within melanosomes. These vesicular organelles are
related to lysosomes (Fig. 2) [111]. The cells generally are not
anaplastic and mitoses are infrequent. Melanocytes may be
pleomorphic, fusiform (spindle-shaped, bipolar), round, oval,
or polygonal often arranged in clusters, cords, or nests, but not
rosettes [64, 72, 131, 211]. Sub-ventricular nodules, if large,
may denude the overlying ependyma. These nodules occur
not only in the lateral ventricles but also in the third and fourth
ventricles. Nuclei show little variation in shape or internal
structure. However, the degree of pigmentation varies consid-
erably from one area to another [59, 64].

The histopathological features of the cutaneous nevi are
identical to those found in CMN without leptomeningeal
melanocytosis, including nevus cells extending into the der-
mis or into the deep dermis or even the subcutis, surrounding
nerve, and blood vessels [52, 134].

Ultrastructure enables a classification of four stages of mat-
uration ofmelanosomes (Fig. 2), includingmelanin deposition
within it, completely filled by stage 4; proteolytic processing
of melanosomal matrix proteins in stage 1 delays catalytic
function and melanin synthesis until the melanosome be-
comes a mature organelle [111]. Pigmented cells of meningeal
melanocytosis without cutaneous lesions exhibit similar ultra-
structure [118].

The high incidence of association of NCM with DWM
complex can be understood within the context of meningeal
neural crest tissue. It may be related to a defective ectodermal/
mesodermal interaction between meninges and cerebellum
[15, 16, 215]. Because the cerebellum develops from midline
fusion of bilateral dorsal growth of the rhombic lips of His,
unlike the cleavage of the prosencephalon, the presence of
abnormal leptomeninges with foetal melanocytes may impair
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fusion or normal deposition of extracellular matrix [52, 199].
Failure of fusion of the cerebellar primordia leads to hypopla-
sia of the posterior vermis and a widely open vallecula (i.e.
foramen of Magendie), through which the fourth ventricle
expands to form a voluminous cyst in the cisterna magna.
Cerebellar granule cell proliferation and migration is not com-
pleted until 18 months of age. Normal cerebellar development
requires hepatocyte growth factor (HGF) signalling and its
receptor Met, localised to granule cell precursors [61, 91,
215]. Interference with HGF or Met by abnormal meninges
may impede cerebellar maturation even postnatally.

The lineages and identity of melanocytes in the meninges,
can be confirmed by immunohistochemistry markers of me-
lanocytes, which include S-100b protein, human melanoma
black-45 (HMB-45), and Melan-A and tyrosinase [20, 67,
119, 131].

Malignancy Meningeal lesions, presenting as masses, form a
spectrum ranging from “well-differentiated” melanocytomas,
to lesions of intermediate malignancy, to overtly malignant
melanomas [61, 91, 215]. Melanocytomas as solitary low-
grade tumours do not invade surrounding structures. They
usually are characterised by a benign clinical course, but local
recurrence may occur. Intermediate lesions exhibit histologi-
cal features suggestive of more aggressive behaviour, such as
invasion of the CNS, but lack the overt cytological atypia of
melanoma. Distinction between “benign” melanocytosis and
malignant melanoma is much more difficult to determine in
the meninges and CNS than in skin. The usual criteria of
malignant transformation applied to the skin in the develop-
ment of melanoma are infiltration of surrounding tissue by
individual melanocytes, high mitotic and proliferative indices,
and cellular and nuclear pleomorphism. All of these features
are seen in melanocytosis of the CNS without necessarily
denoting neoplastic transformation. Atypia and frank anapla-
sia are rare but, when it occurs and if necrosis is part of the
lesion and cannot be attributed to chemo- or radiotherapy, the
diagnosis of melanoma is more definite in the meninges and
CNS. Another criterion for melanoma rather than
melanocytosis in the CNS is rapid growth and behaviour as
a mass lesion. Nodular proliferations in subependymal regions
or in the periphery of the brain are not necessarily neoplastic.
Necrosis with or without hemorrhage often accompanies ma-
lignancy but also can be secondary to radiotherapy or chemo-
therapy. However, infiltrates into the periphery of the CNS at
any level by melanocytes does not cause parenchymal de-
struction and even myelinated axons coursing next to the in-
filtrates are well preserved.

Melanocytosis can cause obstructive hydrocephalus and
can also be life-threatening by infiltrating essential brainstem
structures of autonomic and respiratory function without his-
tological criteria of malignancy. Despite the above reserva-
tions about diagnosis of malignancy, frontal, occipital and

temporal lobe melanomas arising within the parenchymal in-
filtrations are well described [64, 131, 132, 202] and
intracerebellar lesions were amongst the earliest recognised,
but any of the parenchymal or extra-axial lesions are capable
of malignant transformation, as with the cutaneous lesions.
Mitoses are reported by some authors as rare in benign
melanocytosis but become more frequent with conversion to
melanoma [132]; mitotic figures can be frequent in benign
melanocytic proliferative lesions. Malignant transformation
into melanoma occurs in the meningeal lesions, particularly
those around the cerebellum [115]. Differences between nod-
ular melanocytosis and true melanoma have a basis in genetic
mutation hence genetic studies should complement
neuropathology.

Natural history

The characteristic NCM skin lesions (i.e. single LCMN or mul-
tiple CMN), are typically evident at birth. During the first years
of life, the small satellite nevi may appear. Neurological mani-
festations may appear acutely during infancy or more often, later
in childhood (Figs. 6b, c, 7b, 14b, 16 and 17) or even in adult life.

The risk of developing symptomatic NCM in an individual
with LCMNs is 2.5–11%, especially when LCMNs are widely
extensive an/or located in the facial region and/or in the pos-
terior axis with satellite melanotic nevi [2, 45]. In about 2.5–
15% patients with LCMNs, malignant melanoma may ensue
[25, 78, 131, 132]. The prognosis in symptomatic NCM is
poor, even in the absence of malignant melanoma [40, 70,
137].

The prognosis for asymptomatic patients is more difficult
to predict [62]. Clinically, neurological manifestations of
NCM usually appear in the first 2 years of life. Median sur-
vival time is 6.5 years after onset of symptoms, with more than
50% of deaths within the first 3 years from onset of neurolog-
ical manifestations [2, 123, 192]. NCM associated with the
DWM complex is usually at higher risk for rapid neurological
deterioration, with death usually occurring by age 4 years
[61].

Patients with leptomeningeal involvement have a potential
for malignant degeneration with prevalence figures ranging
from 40 to 65% according to different reports [124, 125].

In the past [45], severe/lethal disease was recorded in up of
92% of affected individuals, but more recent NCM surveys
record lack of progression of abnormal imaging and/or lack of
development of symptoms, for decades, after abnormal imag-
ing [61, 91, 215].

Overall, an increased lifetime risk of CNS melanoma is
associated with clinical and imaging signs of NCM, but the
latter do not necessarily signify the eventual development of
NCM during childhood [94]. Recommended treatment is the
early removal of large CMN, which have a high incidence of
malignant degeneration and metastatic potential (see below).
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NCM has been detected as early as in the foetal period [89,
95].

NCM can appear at later/older ages: manifestations
appearing later in life are usually chronic and may be associ-
ated with neuropsychiatric manifestations, including depres-
sion or psychosis [11]. The oldest recorded NCM patient who
became symptomatic later in life was a 65 year-old woman,
[103].

Molecular genetics/pathogenesis

Molecular genetics Bauer et al. [19] demonstrated that NRAS
rather than BRAF gene mutations [50] led to CMN. However,
it was Dessars and colleagues, later on [51], who first identi-
fied a postzygotic somatic NRAS (neuroblastoma RAS viral
oncogene homologue) proto-oncogene (MIM # 164790; lo-
cated on chromosome 1p13.2) mutation in samples from 19
(70%) of 27 patients with CMN syndrome (CMNS; MIM #
137550): specifically, 14 nevi carried a Q61K mutation
(164790.0008), 4 carried a Q61R mutation (164790.0002),
and 1 carried a G13R mutation (164790.0001).

Kinsler and colleagues [105] identified somatic oncogenic
missense mutations affecting codon 61 of the NRAS gene, in
affected cutaneous and brain tissues from 12 of 15 patients
with CMN syndrome and/or NCM. Affected skin samples
from 10 of 13 patients carried a somatic heterozygous muta-
tion, including 8 with Q61K (164790.0008) and 2 with Q61R
(164790.0002). The same codon 61 mutation was found in
each of the anatomically separate melanocytic nevi from the
same patient. In addition, all the 11 brain samples from 5
patients fromwhom neurologic tissue was available were pos-
itive for a somatic Q61K mutation; this included both
melanocytic and non-melanocytic tissue, such as a choroid
plexus papilloma and meningioma. In patients with both neu-
rologic and skin samples available, the same mutation was
present in both affected tissues. None of the patients carried
an NRAS mutation in the blood. Pre- and post-malignant skin
tissue, obtained from a patient with malignant melanoma,
showed a progression from heterozygosity to homozygosity
for the Q61K mutation with the onset of malignancy.
Mutations at codon 61 in the NRAS gene affect the guanosine
triphosphate-binding site and result in constitutive activation
of NRAS [105].

Charbel and colleagues [39] studied a series of large and
giant CMNs and compared them with small and medium
CMNs using complex genomic strategies. Large/giant
CMNs displayed NRAS mutations in 94.7% of cases (18/
19): in addition to that, NRAS mutation was the sole recurrent
somatic event found in such melanocytic proliferations. The
genetic profile of small-medium CMNs was significantly dif-
ferent, with 70% of cases bearing NRAS mutations and 30%
showing BRAF mutations.

Similar findings have been also recorded by Dereure
[48], Shih and colleagues [197], Guegan and colleagues
[75], Girolami and colleagues [69] and Martins da Silva
and colleagues [129] either in CMN and in diffuse
leptomeningeal and brain parenchymal infiltration [129,
162, 203].

Gene function The NRAS gene is a member of the RAS gene
(GTPase) family, which includes the HRAS (Harvey rat sar-
coma, or transforming protein p21; MIM # 190020; on chro-
mosome 11p15.5) and KRAS (V-K1-RAS2-Kirsten rat sarco-
ma; MIM # 190070; on chromosome 12p12.1) proto-onco-
genes, encoding for GTPase proteins, which primarily regu-
late cell division and proliferation, and apoptosis through im-
portant RAS cell-signalling pathways, including the RAS/
MEK/ERK pathway and phosphatidylinositol 3-kinase-
mediated Akt pathway [147, 148, 228]. The NRAS protein
product through signal transduction, relays signals to the cell’s
nucleus, instructing the cell to proliferate or to differentiate. N-
Ras can be bound to a GTP molecule (activated form) or to a
GDP molecule (conversion of GTP into GDP, inactivated
form) [228].

Pathogenic mechanisms The RAS gene/GTPase family (i.e.
NRAS, HRAS, and KRAS) is involved in carcinogenesis in a
number of tumours including, bladder, breast, gastric, lung,
pancreatic, colorectal, skin, and thyroid neoplasms and blood
cancers [147, 228].

The findings of Dessars and colleagues [51], Kinsler and
colleagues [105], Charbel and colleagues [39], Dereure [48],
Shih and colleagues [197], Salgado and colleagues [186],
Guegan and colleagues [75], Girolami and colleagues [69],
and Martins da Silva and colleagues [129] nicely demonstrat-
ed that single/multiple [small, medium-sized, and large/giant)
CMNs and NCM, as well as non-melanocytic CNS lesions,
result from somatic mosaicism, the mutation probably occur-
ring in a progenitor cell in the developing neural crest or
neuro-ectoderm, lethal in the germline [129, 162, 203].
These findings also strongly suggested that NRAS mutations
are sufficient to drive melanocytic benign proliferations in
utero (reviewed in [129, 162, 203] (Fig. 1).

The mechanisms underlying malignant progression in pa-
tients with large and/or giant CMN still remain obscure (Fig.
1). Salgado and colleagues [186], by describing novel genetic
findings in a 17-month-old boy with a “bathing-trunk” CMN
succumbed to congenital metastatic melanoma of the brain,
spinal cord, lung, liver, testis, bone marrow, and, retrospec-
tively, of the placenta, tentatively explained possible mecha-
nisms resulting in the most severe form of NCM. Next-
generation sequencing and chromosome microarray revealed
in this boy duplication of a mutated NRAS gene, leading to an
aggressive clinical course and disseminated disease; quantita-
tive PCR showed a five-fold increase in NRAS protein
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expression in the melanoma cell line vs. normal melanocytes.
Three amino acid-changing germline variants were detected,
including homozygous TP53 p.P72R, heterozygous KIT
p.M541L, and homozygous KDR (VEGFR2) p.Q472H: no-
tably, all these three genes are involved in malignancy and
other potentially relevant pathways, such as mast cell and
melanocytic signalling, as well as angiogenesis.

Takahashi and colleagues [207, 208] had explored a differ-
ent mechanism in the RB1 (retinoblastoma transcriptional co-
repressor 1; MIM # 614041) gene, which is known to
predispose humans and mice to tumour development. He
had assessed the effect of NRAS loss on tumour
development in Rb1 heterozygous mice [207, 208]. Loss of
1 or 2 NRAS alleles significantly reduced the severity of
pituitary tumours arising in Rb1 +/− animals by enhancing
their differentiation. By contrast, C-cell thyroid adenomas oc-
curring in Rb1 +/− mice progressed to metastatic medullary
carcinomas after loss of NRAS. In Rb1/Nras doubly heterozy-
gous mice, distant medullary thyroid carcinoma metastases
were associated with loss of the remaining wild type Nras
allele. Loss of NRAS in Rb1-deficient C cells resulted in ele-
vated RAS homologue family A (RhoA) activity, and this was
causally linked to the invasiveness and metastatic behaviour
of these cells [207, 208].

Thus, it seems that either amplification of mutated NRAS
[207, 208] or the loss of NRAS [186], in certain cellular con-
texts (e.g. melanocytes in CMNs/NCM), represent new genet-
ic mechanisms leading to melanoma and/or promoting malig-
nant tumour progression [129, 162, 203].

Biologically targeted therapies All these findings prompted
the development of biologically targeted therapies in NCM,
which so far successfully tailored: (a) MEK pathway (e.g. the
acute MEK inhibitor MEK162) in a murine model [157]; (b)
the dual PI3K/+mTOR pathway (e.g. Omipalisib/
GSK2126458) in clonigenic oncogenically transformed
NCM-derived cells [18]; and (c) the RAS-ERK pathway
(e.g. vemurafenib and trametinib) in LCMNs cells [79, 136,
226]; or (d) generated platforms with NCM cells (YP-MEL)
for pre-clinical studies [170].

Diagnostic work-up and surveillance protocols

The diagnosis of NCM is based principally upon physical and
accurate dermatological examination, dermoscopy, and early
(i.e. the first few months) imaging (MRI) of the brain and
spinal cord [61, 91, 216, 217]. Genetic testing (i.e. MPLA
and/or NGS or sequencing) for NRAS gene mutations could
confirm the clinical/imaging diagnosis [129, 162, 203].

The characteristic skin lesions found at birth usually are the
first manifestations of NCM [61, 91, 129, 151]. CMN can
easily be diagnosed at glance; satellite nevi could require ad-
ditional evaluation and dermoscopy. Plastic surgeons should

be contacted immediately after referral for optioning partial/
near-total surgical removal. On clinical examination only,
Ruiz-Maldonado and colleagues [185], found neurological
abnormalities, such as mild or minimal motor deficits, nerve
dysfunction, and impaired mental status in patients thought to
be asymptomatic.

The melanocytic nevi should be examined by parents at
home once a month and by a physician every 6 months with
dermoscopy and serial photographs for later comparison.
Neurologically asymptomatic patients should be followed
with repeated neurological examination.

CT scan of the brain (and spinal cord) in children with
NCM may show associated hypoplasia of the pons and cere-
bellum, but the foci of melanin-containing cells show only
subtle hyperdensity and are difficult to see unless they have
converted to melanoma [15, 16, 216, 217].

Brain and spinal cord MRI demonstrates increased signal
intensity on T1-weighted images without contrast and de-
creased signal intensity on T2-weighted sequences (diffuse
or localised in the leptomeninges, associated or not with cor-
tical and subcortical plaque(s) and/or nodular lesions), which
reflect the paramagnetic properties of stable free radicals with-
in melanin pigment (Fig. 16) [31, 47, 70]. The conspicuity of
these MRI lesions is variable, becoming less conspicuous on
both T1- and T2-weighted images (more so on T2) with ma-
turity/myelination, with some lesions no longer visible by age
3–5 years; in addition to that, melanin resorption by macro-
phages could make it less conspicuous. Therefore, it is impor-
tant to image these patients early in order to identify the
melanocytosis. Recommendations include early MRI (first
few months) when quality scans can be obtained during natu-
ral sleep without sedation [15, 16, 94, 216].

The amygdala (40%), pons (20%) and cerebellum (15%)
are the most common locations of melanocytosis, followed by
the cerebral cortex, thalamus, midbrain, and medulla.
Macroscopic pigmentation may be seen in normal patients
under physiological conditions; excessive benign melanotic
cells, in the meninges, rather than their distribution, differen-
tiates pathological melanosis from physiological pigmenta-
tion. The pia/arachnoid invaginates into the brain with devel-
oping blood vessels to form the perivascular spaces. In NCM,
melanotic cells infiltrate and fill the perivascular spaces; they
do not extend into the Virchow-Robin spaces under normal
physiological conditions. The absence of oedema, necrosis, or
haemorrhage on initial or available follow-up scans also sug-
gests benign lesions. However, MRI cannot distinguish be-
nign from malignant melanocytes: malignant melanomas
may lack oedema, haemorrhage and necrosis. Moreover,
non-contrast MR images lack sensitivity in detecting
leptomeningeal melanocytic infiltration unless malignant de-
generation occurs; new presence of leptomeningeal enhance-
ment or growth on sequential scans should raise suspicion for
malignant transformation [94, 216, 217].
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Hindbrain malformations, including small or dysmorphic
pons or cerebellar hemispheres, or hypoplasia of the inferior
vermis, are recorded and are significantly associated with si-
multaneous hindbrain melanosis. However, cerebellar
melanosis is often transient, disappearing with brain matura-
tion. Additional findings include loss of visibility of cerebellar
melanosis in hypoplastic regions, with or without cerebellar
volume loss on follow-up MRI; thus, it is not clear that the
melanosis is causative. This association may be explained by
interference with the effects of factors from the surrounding
mesenchyme, in particular Forkhead box protein C1 (i.e. the
protein product of FOXC1 gene), which stimulates production
of stromal cell-derived factor 1-alpha (SDF1α) and bone mor-
phogenic protein 2,4 (Bmp 2,4), key morphogens for cerebel-
lar Purkinje and granule cell development, respectively.
Melanosis may also interfere with proliferation of neurons in
the cerebellar external granular layer, a process stimulated by
secretion of Sonic Hedgehog protein (SHH). If melanosis is
limited to the vermis, the malformation may resemble Dandy-
Walker malformation. Whatever the mechanism, cerebellar
hypoplasia in the setting of CMN is strongly suggestive of
NCM and its presence should stimulate a search for other
manifestations. Evaluating these patients with new advanced
imaging techniques may help better understand these hind-
brain anomalies [94, 217].

MRI of the CNS has been recognised as a useful screening
for NCM in asymptomatic patients with LCMN [94, 215]. In
25% of asymptomatic infants with LCMN and/or MCMN,
MRI allows the detection of CNS melanocytosis. The most
common findings in this group, are T1-signal shortening com-
patible with melanin deposits in the infratentorial structures
[2, 33, 40, 94, 217]. FLAIR sequences well record
leptomeningeal hyperintensities [15, 94]. Neuroimaging is al-
so of utmost importance in the diagnostic work-up of associ-
ated CNS malformations, including the DWM complex.

In an ideal setting of experienced pediatric radiologists, a
more sophisticated diagnostic and follow-up approach is rec-
ommended for NCM. In the very young infant (< 4–5 months
old), non-contrast heavily T1- and T2-weighted volumetric
sequences using small voxel size (≤ 1 × 1 × 1 mm), with ref-
ormations in three (or more) orthogonal planes, should be
sufficient for the initial MRI performed; nevi are rather easily
detected in unmyelinated brain. As the brain matures
(myelination, size) over the middle and later months of the
first year, the melanocytosis becomes more difficult to identi-
fy and additional sequences such as diffusion-weighted imag-
ing (DWI), SWI and contrast-enhanced T1 images become
necessary to detect melanocytosis; imaging at 3 T improves
the sensitivity of these (especially SWI). In addition, the use of
advanced sequences such as diffusion tensor imaging and thin
section volumetric acquisitions may reveal additional lesions;
however, some level of sedation may be necessary. Finally,
the use of earmuffs and earplugs along with a blanket to keep

the baby warm whilst minimizing motion degradation during
acquisition of volumetric T1 and T2 images with 1-mm or
sub-millimetre thickness allows detection of even small mel-
anotic foci and excel- lent assessment for associated
malformations [56, 94, 216].

As MRI cannot detect malignant transformation of benign
CNS melanocytosis, [F-18]2-fluoro-2-deoxyglucose (FDG)
[53] and C-11-methionine positron emission tomography/
computed tomography (PET/CT), has been used in suggesting
clues to a diagnosis of malignant transformation, but diffuse
leptomeningeal radiotracer uptake is sometimes noted in
melanocytic infiltration with no histopathological evidence
of malignancy, suggesting that it may reflect increased cell
glucose and amino acid metabolism [32]. Thus, detection of
malignant transformation remains a difficult task [94, 216,
217]. Most likely, new neurological symptoms, imaging signs
such as oedema adjacent to melanosis, or rapid growth of
melanosis are the best indications of malignancy.

The risk of patients, with initial negative imaging evidence
of melanocytosis, later developing melanocytosis or malig-
nant melanoma remains unknown. The lifetime risk of devel-
oping neurological symptoms remains unknown but may be
low.

CSF analyses record increased CSF pressure, elevated pro-
tein, aseptic leukocytosis, and normal glucose and, thus, could
result falsely negative. Conversely, the presence of melanin-
containing cells may support the diagnosis of NCM [4, 125].

Video-EEG recordingsmay be useful for studying eventual
jerks or seizure-like episodes and could help in localising the
CNS infiltration, if any. Especially when seizures appear focal
or generalised, abnormalities may be detected [153, 158].

Differential diagnosis

Differential diagnosis may require cooperation between der-
matologists, neurologists, and expert paediatric radiologists.

Differential diagnosis of NCM should be carried out with
respect to:

1. Solitary or multiple, benign, small, or medium-sized
CMN of the skin not associated with nervous system
and/or systemic involvement;

2. CMNS, or giant pigmented hairy nevus syndrome (or
GPHN, giant congenital pigmented nevus, or pigmented
moles; MIM # 137550), caused by mutations in NRAS
(neuroblastoma RAS viral oncogene homologue;MIM #
164790; on chromosome 1p13.2) proto-oncogene [147,
148];

3. Primary malignant melanoma of the leptomeninges;
4. Metastatic melanoma or intracranial dissemination ofma-

lignant melanoma of the skin—found at any age;
5. Progonoma: a benign pigmented neuroectodermal tu-

mour of infancy, with different tissue components in
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addition to melanotic cells, which appears in cranial
bones and in neighbouring areas of the meninges, with-
out infiltration of the brain;

6. Melanotic nerve sheath tumour: a solitary, melanin-
bearing slow-growing plexiform neurofibroma with no
metastases;

7. Familial progressive hyperpigmentation with or without
hypopigmentation (FPHH; melanosis universalis
hereditaria or MUH; MIM # 145250; on chromosome
12q21.32; ORPHA: 79146) [147, 148], caused by muta-
tions in KITLG (v-KIT sarcoma viral ligand; MIM #
184745) proto-oncogene, characterised by diffuse hyper-
pigmentation of variable intensity with café-au-lait spots,
associated or not with large leaf-shaped areas of depig-
mentation, and sometimes with retarded growth and cog-
nitive disability.

Management

Skin lesions

The treatment of large/giant CMNs is still a challenge, includ-
ing serial resection, resection with skin grafting, and resection
and coverage with expanded skin flap (skin expanders) [74,
77, 139].

Non-surgical treatments, such as laser therapy, chemical
peeling, and dermabrasion, only remove superficial pigment
and nevus cells in the dermis. Recurrence of the pigment is
common, and the remaining nevus cells deep in the lesion still
have malignant transformation potential [61, 91].

Skin grafts and tissue expansion can completely remove
the lesion, thus further reducing the potential risk for malig-
nant transformation and improving the overall cosmetic bur-
den and outcome. However, even experienced surgeons be-
come stranded when the nevus involves too large an area on
the body [77, 86, 139, 226].

Patients after excision are left with large wounds that are
difficult to close. Traditionally, these defects have been
repaired with split-thickness skin grafts, full-thickness skin
grafts, the use of tissue expanders and a variety of flaps and
power-stretching of the skin [77]. Complete excision of giant
nevus involves multiple surgical procedures starting in early
infancy and completing the work-up in adolescence [9]. These
surgical excisions cause scarring, which creates further prob-
lems. Dermabrasion is probably less effective in reducing the
risk of malignancy. Removal of cutaneous lesions does not
reduce the risk of CNSmalignant melanoma. Some authors do
not recommend undertaking surgical procedures in symptom-
atic patients because of their poor prognosis [134].

Recently, new methods have been developed for the clo-
sure of large skin defects in pediatric patients with the use of
tissue expansion [121], artificial skin substitutes, and/or with

epidermis and superficial dermis of the lesions [74].
Advantages include coverage of large wounds, decrease or
elimination of donor site pain and morbidity, and decreased
scarring and wound contractures [61, 91].

Nervous system lesions

Shunt insertion (ventriculo-peritoneal or cysto-peritoneal) is
an effective palliative measure for patients with NCM and
associated hydrocephalus (Fig. 17) [52, 146, 196]. Despite
treatment, however, the prognosis of these patients remains
poor owing to malignant progression and leptomeningeal
spread of lesions, in particular, in cases associated with the
DWM complex. A cell filter in the shunt tubing may limit the
spread of malignant cells, but may increase the risk of obstruc-
tion [121, 153, 160]. If the syringomyelia is associated with
NCM the syrinx drainage should be considered.

Children with seizures and/or epilepsy should be treated
with anticonvulsant medication. In refractory epilepsy with
amygdala infiltration, control can be achieved with anterior
temporal lobectomy and hippocampectomy [67].

The radicular pain secondary to infiltration of the roots
should be treated with analgetics [153].

Medical treatment

Treatment options for symptomatic NCM are unsatisfactory.
In addition to conventional treatment of seizures, for malig-
nant melanoma, combinations of chemotherapy (vincristine,
dacarbazine, cyclophosphamide, and intraventricular metho-
trexate] can result in improvement and prolong the patient’s
survival [40]. Repeated cycles may be given. Rapid response
to chemotherapy (i.e. combination of cyclophosphamide, so-
rafenib, and temozolomide) and radiotherapy has been also
reported [205]. Usually, however, chemo- and radiotherapy,
show relatively poor on symptoms and no effects on survival
[2, 52, 160].

In cases of intractable pruritus, ondansetron, a selective
antagonist of 5-hydroxytryptamine type 3 receptors, can show
efficacy [60, 66].

Mir and colleagues [136] treated a 7-year-old girl with a
giant congenital melanocytic nevus and an AKAP9-BRAF fu-
sion with trametinib, which resulted in rapid resolution of the
patient's lifelong, intractable pain and pruritus as well as dra-
matic improvement in the extent of her nevus.

In cases with extremely poor prognosis, psychological sup-
port of the family is of utmost importance.
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