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Introduction

Neurofibromatosis type 1 (NF1), is a rare genetic di-
sorder with an autosomal dominant transmission and an 
estimated incidence of 1:2500-3000 live birth. In about 
50% of individuals, the disease is caused by a spontaneous 
mutation (1-3).

NF1 is determined by the inactivation of the tumor 
suppressor gene NF1(17q11.2) which encodes the protein 
neurofibromin, a 220 kDa guanosine triphosphate (GTP)
ase-activating cytoplasmatic protein that is involved in cell 
growth regulation mechanisms by regulating the RAS pro-
tein. The consequence of the lack of neurofibromin results 
in an excess of the RAS-GTP active form, which promotes 
excessive cell growth, leading to deregulation and tumori-
genesis (4-7).
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NF 1 may involve almost every organ system in the body, 
with considerable inter-familial and intra-familial variation, 
there may be ophthalmologic, musculoskeletal, cardiova-
scular, gastrointestinal, autoimmune, endocrine, central and 
peripheral nervous system, and learning alterations (8-23). 
Patients with NF1 also have an increased susceptibility to 
develop tumors (24-27). 

Cutaneous findings, which are readily apparent on visual 
inspection, are usually the first sign of the disease. Café au 
lait macules (CALMs), freckling on flexural areas and neu-
rofibromas are particularly relevant because they comprise 3 
of the 7 clinical diagnostic criteria of NF1. Other cutaneous 
manifestations are xanthogranuloma juvenile (JXG), nevus 
anemicus, Becker’s nevus, spilus nevus, vitiligo, lipoma, 
psoriasis, melanoma and poliosis (28-39).

Methods

We investigate the real prevalence of JXGs in a popula-
tion with NF1 followed by February 1983 to February 2022 
at the “Sapienza” University of Rome, Italy. Patients were 
aged 1-87 years, included 625 females and 619 males. 

NF1 patients in our clinic are seen usually every year by 
a dermatologist. Diagnosis of NF1 was made according to 
criteria from the NIH Consensus Conference. The diagnosis 
of JXG was made clinically.

JXG was defined as an asymptomatic yellow-brown 
papule or nodule with negative Darier sign and diffuse, 
homogeneous, orange-yellowish hue, surrounded by slight 
erythema at dermoscopy. Histopathologic confirmation was 
obtained in the 2 patients with a solitary JXG nodule.

Results

Five hundred and eighty (46.6%) had family history of 
NF1. CALMs were shown in 1201 (96.5%), axillary and 
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inguinal freckling in 1099 (88.3%) while neurofibromas in 
995 (80%). Juvenile xanthogranuloma (JXG) was present 
in 39 cases (3.1%). 

Lesions were solitary in 77% of the cases. The number 
of JXGs varied greatly from patient to patient. The mean 
age at diagnosis of JXG was 4.1+-3.7 years. Although the 
JXGs occurred everywhere on the body surface except for 
the palmoplantar areas, a clear predilection for cephalic skin 
was observed (87%). In 10% of the cases, JXGs were present 
in more parts of the body. In one patient, a haematological 
disorder had been diagnosed (juvenile myelomonocytic 
leukemia).

Discussion and conclusions

Cutaneous manifestations are the most frequent altera-
tions in NF1; they are usually the first sign of the disease 
and their presence is sufficient to make a diagnosis. 

One cutaneous finding, which may be seen in young in-
dividuals with NF1, is JXG. JXG is a benign, self-involuting 
form of non-Langerhans cell histiocytosis, consisting of a 
singular, well-circumscribed, yellow-pink smooth papules 
(41). Histologically, JXGs are characterized by the presence 
of a dermal infiltrate of histocytes and other inflammatory 
cells such as eosinophils and characteristic Touton multi-
nucleated giant cells. 

JXG is uncommon in the general population while its 
prevalence in children with NF1 ranges from 0.7% to 37.5%. 
Ferrari proposed JXG as a minor diagnostic criterion for 
diagnosis of NF1 (42). Sbidian reported a prevalence of 
3.9% in a series of 357 patients younger than 17 years (43). 
Marque reported a prevalence of 8.5% in 59 NF1 children 
(44). Fenot found JXGs in 15 of 40 NF1 children (35%) (45). 
Ferrari revealed JXGs in 30% of 20 NF1 children younger 
than 2 years; in contrast, JXGs were not observed in children 
older than 9 years or in adults.

The relationship between JXG and NF1 is unclear. The 
presence of a defect in the Ras pathway in JXG has not been 
investigated, although Emile found recurrent Ras mutations 
in Erdheim-Chester disease, which is also a non-Langherans 
cell histiocytosis (46). It might be that JXGs are associated 
with NF1 because of a loss of heterozygosity of the NF1 
gene, as is the case for other skin manifestations of NF1.

Finally, although later denied (47), an association of 
JXG with juvenile myelomonocytic leukemia (JMML) had 
been hypothesized in patients with NF1. According to some 
authors, the risk of developing JMML is 20 to 30 times as 
high in patients with NF1 and multiple JXG lesions as in 
those without JXG lesions. These data have not been con-
firmed in some retrospective studies. Huson and Cambiaghi 
did not observe a significant difference in the prevalence of 
leukemia, in 40 children with and without JXG (48).

To our knowledge, a clonal relationship between JXGs 
and JMML has never been described. Neurofibromin inte-
racts with the ras p21 protein and may regulate ras activity. 
Literature also suggests that activating ras mutations may 
result in increased T- or B-cell malignancies in animals. 
The association between haematologic malignancies and 
germ-line mutations of NF1 gene has been established in 
the pediatric setting. Children with NF1 have a 500-fold 

increased risk of developing a rare form of leukemia, known 
as JMML (30,49,50).

The association between NF1, JXG and JMML might 
be coincidental because both JXG and malignancy are as-
sociated with NF-1.

In, our case, JXGs were present in 3.1% of all NF1 pa-
tients examined, while JXGs and juvenile myelomonocytic 
leukemia were present at the same time in only one case.

The coexistence of JXG and malignancy because they 
are associated with NF-1. Patients with NF-1 should be 
monitored for malignancy regardless of the presence or 
absence of JXG.
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