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INTRODUCTION 

Neurocutaneous melanocytosis (NCM) is an uncommon congenital disorder identified by the presence of large or 

multiple congenital melanocytic nevi (CMN) combined with melanocytic infiltration of the central nervous system 

(CNS). First described in the early 20th century, NCM represents a complex neurocutaneous syndrome that can 

manifest in various forms. The most prominent feature is a solitary Giant Congenital Melanocytic Nevus (GCMN), 

often accompanied by multiple smaller satellite nevi. Alternatively, the condition may present with multiple congenital 

melanocytic nevi (MCMN) without a dominant giant nevus. An important aspect of NCM is the infiltration of 

melanocytes into the leptomeninges, which can lead to neurological complications such as seizures, hydrocephalus, or 

even malignant transformation into melanoma.
[1,2]

 GCMN, defined as a congenital melanocytic nevus exceeding 20 cm 
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ABSTRACT 

Neurofibromatosis, Neurocutaneous Melanosis, and Giant Congenital Melanocytic Nevus are rare and complex 

conditions that often present significant diagnostic and therapeutic challenges. Neurofibromatosis (NF) is a genetic 

disorder characterized by the development of multiple benign tumors of the nerves and skin, as well as other 

abnormalities such as bone deformities and learning disabilities. Neurocutaneous Melanosis (NCM) is a rare 

congenital condition marked by the presence of melanocytic nevi in the skin and melanocytic tumors in the central 

nervous system. Giant Congenital Melanocytic Nevus (GCMN) refers to large pigmented skin lesions present at 

birth, which carry a risk of malignant transformation and are often associated with psychological and physical 

complications. This review aims to provide a comprehensive analysis of these interrelated disorders, focusing on 

their clinical manifestations, pathophysiology, diagnostic criteria, and treatment options.  
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in diameter, is associated with significant morbidity due to its size, potential for malignant transformation, and 

psychological impact. The presence of GCMN, especially when associated with neurological symptoms, necessitates a 

high index of suspicion for NCM. The genetic basis of these conditions often involves somatic mutations in the NRAS 

or BRAF genes, which are also implicated in other neurocutaneous syndromes such as Neurofibromatosis Type 1 

(NF1).
[3,4]

 

 

Pathophysiology and Genetic Basis 

The pathogenesis of NCM involves abnormal migration and proliferation of melanocytes, which originate from neural 

crest cells, into the CNS. This melanocytic infiltration, known as melanocytosis, can manifest either as a diffuse or 

nodular pattern within the leptomeninges. In patients with NCM, the presence of large or multiple CMN increases the 

risk of CNS involvement, potentially leading to the development of melanocytic tumors. The genetic mutations most 

commonly associated with NCM and GCMN are found in the NRAS and BRAF genes, which play a critical role in cell 

growth and differentiation.
[5]

 

 

The intersection between NF and NCM is particularly intriguing, as both conditions share a common embryological 

origin from neural crest cells. NF1 is caused by mutations in the NF1 gene, which encodes neurofibromin, a tumor 

suppressor protein that regulates cell proliferation. In contrast, NCM and GCMN are often linked to somatic mutations 

in NRAS or BRAF, leading to constitutive activation of the MAPK pathway and uncontrolled melanocyte 

proliferation.
[6]

 This shared origin from neural crest cells may account for the overlapping clinical features and the 

increased risk of malignancy in these patients. 

 

Clinical Manifestations 

Neurofibromatosis Type 1 (NF1) is characterized by the development of multiple neurofibromas, café-au-lait spots, 

Lisch nodules, and skeletal abnormalities such as scoliosis and tibial dysplasia. Patients with NF1 may also present 

with learning disabilities, attention deficit hyperactivity disorder (ADHD), and an increased risk of developing 

malignant peripheral nerve sheath tumors (MPNSTs). The presence of optic pathway gliomas and other CNS tumors is 

also a common feature of NF1.
[7]

 

 

Neurocutaneous Melanosis (NCM) typically presents with neurological symptoms such as seizures, hydrocephalus, or 

cranial nerve palsies, particularly in patients with large or multiple CMNs. The diagnosis of NCM is often based on the 

clinical presentation and imaging findings, with MRI being the preferred modality for detecting melanocytic infiltration 

of the CNS. In some cases, a biopsy may be necessary to confirm the diagnosis and rule out malignancy. The prognosis 

of NCM is variable, with some patients remaining asymptomatic, while others may develop life-threatening 

complications.
[8,9]

 

 

Giant Congenital Melanocytic Nevus (GCMN) is a significant dermatological condition due to its size, potential for 

malignant transformation, and psychological impact. GCMNs are typically brownish, hyperpigmented lesions with a 

smooth or nodular surface, often associated with hypertrichosis. The diagnosis of GCMN is primarily clinical, though 

dermoscopy and histopathological examination can aid in differentiating CMN from other pigmented lesions. 

Histologically, CMNs are distinguished by their larger size, deeper dermal and subcutaneous extension, and unique 

architectural features, such as nevus cells' extension into deeper skin layers.
[10]
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Diagnosis 

The diagnosis of NCM is typically based on clinical findings, supported by imaging studies. MRI is the most sensitive 

imaging modality for detecting melanocytic infiltration of the CNS, particularly when using T1-weighted sequences, 

which can reveal hyperintense signals indicative of melanin. The diagnostic criteria for NCM, as established by 

Kadonaga and Frieden in 1991, include the presence of large or multiple CMNs along with evidence of meningeal 

melanosis or melanoma. The presence of neurological symptoms such as seizures, hydrocephalus, or cranial nerve 

palsies should prompt further investigation with MRI and, if necessary, biopsy.
[11]

 In patients with GCMN, the risk of 

malignant transformation to melanoma is estimated to be between 5% and 10%, with most cases occurring before the 

age of 5. Therefore, regular follow-up with dermatological and neurological evaluations is essential. The management 

of GCMN typically involves surgical excision, particularly for lesions located in cosmetically or functionally critical 

areas such as the face or scalp. However, complete excision is often not feasible due to the size and location of the 

lesions, and adjuvant therapies such as laser treatment or topical agents may be required.
[12]

 

 

Treatment Options 

The management of NF, NCM, and GCMN requires a multidisciplinary approach, involving dermatologists, 

neurologists, neurosurgeons, and oncologists. In patients with NF1, treatment is primarily focused on managing 

symptoms and preventing complications. Surgical excision of neurofibromas may be necessary for symptomatic or 

cosmetically disfiguring lesions, while pharmacological therapies such as MEK inhibitors (e.g., selumetinib) have 

shown promise in reducing the size of plexiform neurofibromas.
[13]

 For patients with NCM, treatment options are 

limited, and the prognosis is generally poor, particularly in cases with malignant transformation. Surgical resection of 

CNS melanocytic tumors may be considered in some cases, though the risk of recurrence is high. Adjuvant therapies 

such as radiation or chemotherapy may be used in cases of malignant melanoma, though the efficacy of these 

treatments is limited.
[14]

 In patients with GCMN, surgical excision remains the mainstay of treatment, though the size 

and location of the lesions often limit the feasibility of complete excision. In such cases, partial excision combined with 

laser therapy or dermabrasion may be considered. Regular follow-up with dermatological and neurological evaluations 

is essential for early detection of malignant transformation and other complications.
[15]

 

 

DISCUSSION 

Giant Congenital Melanocytic Nevus (GCMN) is characterized by lesions that exceed 20 cm in diameter, especially in 

critical areas like the face. It occurs in about 1 in 500,000 newborns, with a higher prevalence among females. The 

inheritance pattern of GCMN is complex and not yet fully understood. Approximately 82% of GCMNs are distributed 

axially, affecting regions such as the head, trunk, and neck. GCMN typically presents as a brownish lesion with a 

smooth or slightly bumpy texture, well-defined borders, and hypertrichosis (excessive hair growth). Diagnosis of CMN 

is primarily based on clinical observations during a physical examination. Histologically, distinguishing congenital nevi 

from acquired ones depends on their larger size, the migration of nevus cells into deeper skin layers, and their unique 

architectural and morphological features. Neurocutaneous Melanocytosis (NCM) involves the benign or malignant 

proliferation of melanocytes within the central nervous system (CNS), often associated with congenital melanocytic 

lesions. NCM is observed in approximately 2-45% of patients with GCMNs.
[16]

 The etiology of NCM is thought to 

result from developmental anomalies during neuroectoderm morphogenesis, although its exact pathogenesis remains 

unclear. One hypothesis suggests that irregular development of melanoblasts after fertilization, potentially originating 

in the neural crest of the ectoderm, leads these cells to migrate to the meninges, becoming precursors for both benign 
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and malignant melanocytes. Another proposed mechanism involves mutations in the NRAS gene at codon 61, which 

have been identified in individuals with CMNs and CNS melanocytic tumors, likely originating in the neural crest as 

well.
[17]

 The diagnosis of NCM follows the criteria established by Kadonaga and Frieden in 1991. These criteria include 

the presence of large and/or numerous congenital melanocytic lesions along with meningeal melanosis or melanoma. 

For adults, "large" refers to lesions exceeding 20 cm in diameter, while for neonates and infants, the thresholds are 9 cm 

on the head and 6 cm on the body. "Multiple" indicates the presence of three or more lesions. The clinical and 

histopathological similarities between GCMN and neurofibromas are likely due to their shared origin from the neural 

crest, which is the precursor for both melanocytes and Schwann cells.
[18]

 

 

CONCLUSION 

Giant congenital melanocytic nevi (GCMNs) and neurocutaneous melanocytosis (NCM) are distinct yet interrelated 

cutaneous and neurological disorders originating from aberrant neural crest cell differentiation. GCMNs, characterized 

by extensive melanocytic proliferation with deep dermal and subcutaneous involvement, represent a significant 

departure from acquired nevi. Their association with NCM, a condition involving melanocytic infiltration of the central 

nervous system (CNS), underscores the importance of rigorous clinical monitoring for malignant transformation. The 

pathogenesis of NCM likely involves disruptions in melanoblast migration and proliferation, potentially linked to 

NRAS mutations, highlighting the intricate developmental processes underlying neuroectoderm morphogenesis. The 

phenotypic overlap between GCMNs, NCM, and neurofibromas emphasizes the shared neural crest origin of 

melanocytes and Schwann cells and the complex interactions within this lineage. A comprehensive understanding of 

the molecular and developmental basis of these conditions is essential for optimizing diagnostic, therapeutic, and 

surveillance strategies. 
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