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ABSTRACT

Objective: Neurofibromatosis (NF) is the most common autosomal dominantly inherited neu-
rocutaneous syndrome. The characteristic features of NF type 1 (NF-1) are café au lait spots, 
axillary and inguinal freckling, peripheral neurofibromas, optic pathway glioma, and Lisch 
nodules. The present study aimed to analyze the clinical features of children with NF-1.

Materials and Methods: In this study, the children with NF-1 diagnosed and followed-up in 
our center between 2000 and 2020 were retrospectively evaluated. Demographic and clinical 
features of patients were defined.

Results: The study group consisted of 52 patients. Of those, 25 were boys and 27 were girls. The 
children’s median age at diagnosis was 5.9 years (1-15.8). Café au lait (CAL) spots and axil-
lary/inguinal freckling were observed in 50 and 24 patients, respectively. Neurofibroma was 
present in 22 cases. Ten of the cohort had optic gliomas, and 39 of them had cranial hamarto-
mas. Orthopedic complications such as scoliosis, tibial pseudoarthrosis, and osteoporosis were 
observed in 13 patients. Eleven children had neurocognitive disorders.

Conclusions: Early diagnosis is important in neurofibromatosis to prevent the complications of 
the disease. Also, neurological development and secondary malignancy follow-up should be 
done carefully in this group of patients.
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INTRODUCTION

Neurofibromatosis type 1 (NF-1) is a genetic disease that predisposes to malignancies in 
many parts of the body, especially the central nervous system.1,2 It is the most common form 
of neurocutaneous diseases and has an autosomal dominant pattern of inheritance with a 
reported incidence of 1/3000 to 1/4000.2 NF-1 has a wide clinical spectrum and can affect 
almost any organ. The disease might present with different clinical pictures in affected fam-
ily members, and some of the findings might appear with increasing age. Therefore, it is a 
challenge to diagnose and follow-up for both patients and clinicians.2,3 The most common 
clinical features are café au lait (CAL) spots, axillary/inguinal freckling, neurofibromas, and 
Lisch nodules.

The children with NF-1 could admit to different departments with a wide range of symptoms 
like skin lesions, visual problems, seizures, learning difficulties, growth retardation, endo-
crine disorders, and unexplained hypertension. Although it has familial characteristics, the 
course and severity of the disease can be quite different within the same family. The diagno-
sis and follow-up of these children should be pursued with a multidisciplinary approach. This 
study aims to define the clinical characteristics and outcomes of NF-1 in children.
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What is already known 
on this topic?
• Neurofibromatosis type 1 (NF-1)  

is a genetic disease that can 
cause tumor development in 
many parts of the body, espe-
cially the central nervous system.

• It is the most common form of 
neurocutaneous diseases and 
has an autosomal dominant 
pattern of inheritance.

• The most common clinical 
features are café au lait (CAL) 
spots, axillary freckling, neuro-
fibromas, and Lisch nodules.

What this study adds on 
this topic?
• In NF-1 patients, sometimes the 

genotype–phenotype relation-
ship cannot be established. It 
is thought that other mutations 
that have not yet been detected 
may also cause the disease.

• Vitamin D treatment is very 
important in NF-1 patients. It 
can prevent tumor develop-
ment as well as protect patients 
from osteoporosis.

• Early diagnosis becomes 
important in patients with neu-
rofibromatosis, as it will prevent 
the development of sequelae. 
Regular and multidisciplinary 
follow-up for neurologic and 
malignant features should be 
planned carefully in this patient 
group.
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METHODS

In this study, children who were followed up with the diag-
nosis of NF-1 between 2000 and 2020 at Istanbul University 
Cerrahpasa, Cerrahpasa Medical Faculty, Division of Pediatric 
Hematology and Oncology, were evaluated retrospectively.

Diagnostic criteria for NF-1 were defined by the National Institute 
of Health in 1987. The diagnosis was made in the presence of 
at least 2 of these criteria (Table 1).1,4,5 Files of 54 patients in 
total were examined; 2 patients were not included in our study 
because they did not fulfill the NF criteria, although NF-1 was 
considered clinically.

Ethics committee approval for this study was obtained from 
Istanbul University Cerrahpasa Medical Faculty Ethical 
Committee (Approval number: 83045809-6040102). This study 
has been carried out in accordance with the Declaration of 
Helsinki.

Statistical Analysis
Statistical analysis was performed using the Statistical Package 
for the Social Sciences (SPSS) version 22.0 (IBM SPSS Corp.; 
Armonk, NY, USA). Descriptive statistical methods (mean, 
median) as well as qualitative data were compared using the 
chi-square test. P < .05 was considered as a significance level.

RESULTS

Demographic Characteristics
Fifty two patients were included in the study. Twenty four of 
these patients were referred with a diagnosis of NF-1, and 
twenty eight were patients who were evaluated in our outpa-
tient clinic and diagnosed with NF-1. Twenty seven (52%) of the 
patients were female, and 25 (48%) were male. The median age 
of the patients at the time of the evaluation was 6.5 (1-17 years). 
The median age at diagnosis was 5.9 years (1-15.8 years). 
Stigmata of NF-1 was stated to be present in first-degree rela-
tives of 75% of the patients. Genetic mutations were studied in 
10 of these patients. About 30% of the patients had a family 
history of cancer among their first-degree relatives and 62% 
among their second-degree relatives.

Demographic and Clinical Findings
Six or more CAL spots were present in 96% of the patients. 
The number of spots in 2 patients under age 2 was less than 
6. Lesion sizes were evaluated in 20 children, and an average 

of 3.5 (±0.7) cm was measured. One patient had a hyperpig-
mented lesion that measured approximately 20 cm, and this 
patient had an associated lumbosacral plexiform neurofi-
broma, mental retardation, and scoliosis. Sirolimus (mTOR 
inhibitor) was given to the patient, but the size of neurofibroma 
remained stable.

The clinical findings of the patients are shown in Table 2. 
Plexiform neurofibroma was detected in 9 patients: 3 in the 
orbital cavity and 6 in the medulla spinalis. Patients with neu-
rofibroma in the eye had also simultaneous proptosis. One of 
these patients received chemotherapy, but no regression was 
achieved. Lisch nodules were present unilaterally and bilater-
ally in 10 and 5 children, respectively. Five of the patients had 
bilateral optic nerve gliomas; 5 of them were diagnosed with 
unilateral optic glioma. Systemic chemotherapy was given to 
4 children since the visual acuity was affected (2 with bilateral 
and 2 with unilateral optic gliomas).

Neurological Findings
On neurological evaluation, 17% of the patients had epi-
lepsy, and all these patients had hamartomas or hyperintense 
lesions in the cranial MRI. Most commonly, partial seizure (in 
6 patients) was diagnosed in epileptic children. Response to 
antiepileptic treatment was good, but uncontrolled epilepsy was 
present in 1 child. About two-thirds (66%) of the patients had a 
developmental and/or behavioral problem, and mental/motor 
development retardation was the most common neurological 
deficit compared to their peers. In particular, fine motor and 
mathematical skills were under average (16 cases). School-age 
children received guidance for mood disorders (18 cases).

Orthopedic Problems
Skeletal problems were seen in 14 patients. Although scoliosis 
was the most common, 2 patients had osteoporosis, 2 patients 
had spinal cord anomalies, and 1 patient had pseudoarthrosis 
of the tibia. 25-OH Vitamin D level was examined in 7 of the 
patients, and the mean value was low (14.5 ng/mL).

Table 1. Diagnostic Criteria for Neurofibromatosis Type 11,4,5

1. Six or more CAL spots larger than 5 mm before puberty and 
15 mm after puberty
2. Freckling in the armpit or groin area
3. Two neurofibromas or one plexiform neurofibroma
4. Optic pathway glioma
5. Bone lesion
6. At least 2 iris hamartomas (Lisch nodules)
7. A first-degree relative diagnosed with NF-1
*At least 2 of these criteria should be used for diagnosis.
CAL, Café au lait; NF-1, neurofibromatosis type 1.

Table 2. Clinical Characteristics of the Patients
Characteristics of Patients Number of Patients, n %
F/M 27/25
Six or more CAL spots 50 96
Hamartomatous or hyperintense 
lesion in cranial MRI

39 84

CAL spots in first-degree 
relatives

39 75

Axillary/inguinal freckling 24 46
Lisch nodule 15 29
Cancer in the family 14 27
Skeletal findings 14 27
Dermal neurofibroma 13 25
Developmental and behavioral 
problems

11 21

Plexiform neurofibroma 9 17
Optic nerve glioma 10 17
Epilepsy 9 17
Skeletal findings 14 27
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Imaging
Forty-five patients were evaluated with cranial MRI. 
Hamartomatous or hyperintense lesions were observed in 
39 (86%). These lesions were in the form of hyperintense foci 
in deep white matter, most commonly in the cerebellum, 
pons, and medulla oblongata. Hydrocephalus developed in 
2 patients due to multiple lesions causing an obstruction on the 
fourth ventricle. Hamartomatous lesions were usually unilocu-
lar and mostly located in the thalamus and deep white matter 
of the temporal lobe.

Secondary Malignancy
Malignancy was diagnosed in 3 patients: in 2 cases, it was 
acute lymphoblastic leukemia (ALL), and in 1, it was genitouri-
nary rhabdomyosarcoma (RMS). The first patient with leuke-
mia had only CAL spots on admission, but additional diagnostic 
criteria for NF-1 developed during the long-term follow-up. The 
genetic analysis reported no known mutation for NF-1, but the 
patient was diagnosed as NF-1 on a clinical basis. The second 
patient with leukemia was later diagnosed with a peripheral 
nerve sheath tumor located in the parotid region, and then 
spindle cell carcinoma, and died of secondary malignancies. 
The patient with RMS had accompanying liver hemangioma 
and renal artery aneurysm and did not benefit from mTOR 
treatment (Table 3).

Treatment
One patient with bilateral optic nerve glioma received che-
motherapy and surgery (enucleation of the right eye), and the 
other 3 received only chemotherapy. There was no progres-
sion in the patient who underwent surgery after treatment. 
Regression was observed in 2 of 3 patients who received che-
motherapy and no objective response was noted in the third. 
Three patients had increased thickness and hyperintensity in 
the optic chiasm and were followed up without treatment, as 
their vision was not affected (Table 3).

DISCUSSION

Neurofibromatosis (NF) is the most common autosomal domi-
nant inherited neurocutaneous syndrome with well-known 
clinical findings by physicians, and in fact, diagnosis is easy 
in the presence of clinical stigmata.1 Our study group includes 
52 patients with NF-1 diagnosis. Genetic studies were per-
formed in 10 of our cases. The NF1 gene is a tumor suppres-
sor gene that is located in the 11p12 region of chromosome 17, 
encoding a protein called neurofibromin. In 5% of individuals 
meeting the diagnostic criteria, a mutation in the NF1 gene may 
not be detected by molecular analysis because the NF1 gene 
is a large gene consisting of 58 exons and 12 425 base pairs, 
and more than 1500 different mutations have been identified 
in NF-1 cases to date.6-8 Therefore, the genotype–phenotype 

relationship cannot be established in most cases. It is thought 
that other mutations that have not yet been detected may also 
cause the disease.9 Although one of our patients fulfilled the 
diagnostic criteria, no mutation was detected in the genetic 
test. In 2 patients who did not meet the criteria, there were 
6 CAL spots, one had a grandfather diagnosed with NF-1, 
and the other had a hamartomatous lesion of 11 × 13 mm in 
the posterior of the right thalamus. These 2 patients were not 
included in the study group. Due to the different phenotypes 
that have emerged in recent years, the molecular genet-
ics of the less common types of neurofibromatosis have been 
described.7,9 Therefore, only cases with CAL spots and/or neu-
rofibromas are now considered neurofibromatosis, even if 
there is no family history.10-12 We suggest that the patients with 
skin findings should be followed up carefully for the appear-
ance of new features of the disease. Especially, the number 
and size of skin lesions may change significantly over time. 
In studies, the presence of family history is reported to be 
39-54%.1,6 This rate was 56% in our patients, consistent with the 
literature. We had parents who were diagnosed after their chil-
dren were diagnosed.

CAL spots are 0.5-50 cm flat, contoured, irregularly shaped 
macules. This is the most common finding in NF-1. However, 
these lesions can also be seen between 11 and 25% in the healthy 
population. Therefore, their number and size are important. 
They may be present at birth or develop within the first 2 years, 
and their color may fade as age progresses. They are not found 
on the scalp, eyebrows, palms, and soles. They lead to cosmetic 
problems and do not have malignant potential. Freckles are 
spots with a diameter of 1-3 mm, similar to CAL spots, generally 
unrelated to sun exposure on the axilla, groin, and base of the 
neck. Although axillary freckling is specific to NF-1, it usually 
appears after CAL and before dermal neurofibroma.1,5 In our 
study, 96% of the patients had 6 or more CAL spots, and 44% 
had axillary freckles.

Cutaneous and subcutaneous neurofibromas are benign soft-
tissue tumors with gelatinous skin color. In advanced ages, they 
may increase in size and turn into papillomatosis form. They 
are mainly located on the trunk and could be painful or itchy 
in some cases. Rarely, malignant (sarcomatous) changes were 
reported in dermal neurofibromas. Therefore, fast-growing 
and painful lesions should be evaluated and removed surgi-
cally.13,14 In their study, Mc Gaughran et al.15 reported that 217 
(66.3%) out of 365 patients with NF-1 had cutaneous and subcu-
taneous fibroma, and 32 (15%) had plexiform neurofibroma. In 
the present study, 13 patients (25%) had dermal neurofibroma 
and 9 (17%) had plexiform neurofibroma. We think that the low 
number of children with neurofibromas was associated with 
the younger median age of the study populations.

Table 3. Neurofibromatosis Patients with Malignancy

Disease N Bilateral CT CT Response Surgery RT
Follow-up without 

Treatment
Having 

Outcome
Optic nerve glioma 15 5 4 2 1 - 11 15
ALL 2 - 2 2 - 1200 cGy cranial - 1
RMS 1 - 1 1 1 - - 1
ALL, acute lymphoblastic leukemia; RMS, rhabdomyosarcoma; CT, chemotherapy.
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Lisch nodules are harmless, asymptomatic iris hamartomas. 
They are seen as a dome-shaped light brown lesion on slit-
lamp examination. They usually appear after CAL, but before 
neurofibromas, they are specific to NF-1, and are important in 
confirming the diagnosis.16 In the study by Abdolrahimzadeh et 
al.,17 Lisch nodules were observed with a rate of 22% up to the 
age of 5 and 96% for those aged 20 and over. Therefore, they 
are the most common finding of NF-1 in adults. Consistent with 
that study, they were seen in 15 patients (29%) in our study.

The most common pathology observed in cranial MRI in neuro-
fibromatosis is hyperintense lesions seen in different locations 
in the T2A series. The characteristics of these lesions, which 
are called hamartomas, are that they are benign and there 
are no accompanying neurological problems.18 However, strict 
monitoring of the lesions is important considering the tendency 
for malignancies. The change in the character and shape of 
the lesions or the emergence of new neurological symptoms 
requires further investigation. In cases with uncontrolled epi-
lepsy due to hamartomatous lesions, surgical intervention 
might be considered. The probability of a seizure in patients 
with neurofibromatosis is 3.8-6%, while epilepsy was diag-
nosed in 7% of children with NF-1.19 Mostly partial seizures (85%) 
are experienced depending on the localization of the hamar-
tomatous lesion.

Macrocephaly can also be seen approximately in 40% of the 
NF-1 patients.19 Therefore, NF should be considered in the dif-
ferential diagnosis of macrocephaly and hydrocephalus. In our 
study population, 5 patients (9.6%) had macrocephaly.

The most common brain tumor in patients with NF-1 is an optic 
pathway glioma.20-23 Optic pathway gliomas (OPG) are pilo-
cytic astrocytomas that cause expansion of the optic nerve. It 
may involve optic chiasm, the opposite optic nerve, the thal-
amus, and the internal capsule. These lesions may cause the 
accumulation of cerebrospinal fluid and hydrocephalus by 
causing a ventricular outflow obstruction. The mean age of 
OPG occurrence in NF-1 is 4.9 years. While OPG is seen in MRI 
in an average of 20% of patients with NF-1, symptoms occur 
only in 1-5%. Rarely, spontaneous shrinkage can be seen.21 The 
most common symptoms are decreased visual acuity and 
peripheral vision loss. On ophthalmological examination, reti-
nal vascular tortuosity, optic atrophy, strabismus, and pupil-
lary abnormalities can be detected. Proptosis and precocious 
puberty may develop with the rapid growth of the tumor. In the 
current guidelines, annual visual examination is recommended 
until the age of 10 and every 2 years thereafter till 25 years of 
age.1,5 Routine cranial imaging is not recommended in asymp-
tomatic children. Cranial MRI should only be considered for 
unexplained ophthalmological and neurological findings and 
in cases with precocious puberty. Early initiation of treatment 
is not recommended as it does not affect the clinical course. 
In the presence of clinical symptoms, chemotherapy (vincris-
tine, carboplatin) is preferred as it has fewer side effects than 
radiotherapy, but it does not affect the long-term prognosis. 
Surgery can also be performed in patients with symptomatic 
unilateral lesions.20-23 Duffner et al.18 detected hamartoma in 
62% of NF cases and non-hamartoma abnormal findings at a 
rate of 12%. Similarly, in our study, 84% had hamartomatous or 
hyperintense lesions, and 17% had optic nerve gliomas. Overall, 

10 patients in our study had OPG with loss of visual acuity and 
adjuvant treatment in 4 cases. Regression was observed in 
2 of 3 patients who received chemotherapy, the other patient's 
lesion did not regress. Three other patients had increased 
thickness and hyperintensity in the optic chiasm. Since their 
vision was not affected, these patients were followed up with-
out treatment.

Malignant tumors are seen 4 times more frequently in 
NF-1 patients than in the healthy population.1,4,24 The frequency of 
low-grade gliomas, neurofibrosarcoma, pheochromocytoma, 
and childhood lymphocytic leukemia has increased.3,5,11,24 In 
our patients, ALL was found in 2 and vaginal RMS in one child. 
The prognosis of malignancies seen in patients with NF-1 is not 
different from the group without this genetic disease, there-
fore treatment modification is not required. All 3 cases had 
uneventful courses of chemotherapy. However, the child with 
RMS experienced a pathological fracture of the femur after 
the cessation of treatment in the presence of low serum 25-OH 
cholecalciferol.

In NF-1 patients, mental retardation, learning difficulties, lan-
guage problems, attention and organization deficit, and psy-
chosocial problems are more common than in the normal 
population.25,26 It has been proposed that the change in the 
expression of neurofibromin in the brain contributes to cognitive 
impairment. In the study of Gresham et al.,27 learning disabil-
ity was reported in 75% of 152 NF-1 cases. Neurodevelopmental 
disorders were also detected in 11 of our patients (21%) and the 
patients were followed up by pediatric neurology and psychia-
try. Although it is stated that autism is observed 100-190 times 
more than normal in this patient group, no autistic child was 
found among our patients.25

Bone anomalies are common in NF-1.1,5,28 Although dystrophic 
and idiopathic scoliosis is seen in 10% of patients, pseudoar-
throsis can also be seen in the long bones.27 Findings related 
to the skeletal system were found in 14 (27%) of our patients. 
Although scoliosis was the most common diagnosis, 2 patients 
had osteoporosis, 2 patients had spinal cord anomalies, and 
1 patient had pseudoarthrosis of the tibia. Osteoporosis may 
be secondary to vitamin D deficiency in these patients and the 
mean serum level of 25-OH was found to be low (14.5 ng/mL) in 
our study. In the study by Lammert et al.,29 vitamin D level was 
found to be low in patients with multiple dermal neurofibro-
mas. The neurofibroma protein formed by the NF1 gene is a 
negative regulator of the RAS signaling pathway that ensures 
normal bone development. Vitamin D is thought to interact with 
neurofibromin at the cellular proliferation level. Vitamin D defi-
ciency may decrease antiproliferative and proapoptotic effects 
and increase the tendency to tumor formation. Therefore, vita-
min D treatment is very important in this group of patients. It 
can prevent tumor development as well as protect patients 
from developing osteoporosis.30

CONCLUSION

Neurofibromatosis type 1 is a genetic disease with multisys-
temic involvement and an increased risk of malignancy. The 
management of the disease requires a careful multidisci-
plinary approach due to the high number of complications. 
Genetic counseling is an important component of management 
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for affected individuals and their families. The new drugs that 
will emerge when the pathogenesis of the disease is fully elu-
cidated will be promising for both the disease itself and its 
complications.
Early diagnosis becomes important in patients with neurofibro-
matosis as it will prevent the development of sequelae. Regular 
and multidisciplinary follow-up for neurologic and malignant 
features should be planned carefully in this patient group.
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