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Clinical manifestations of neurofibromatosis type 1 — a diagnostic
and management challenge

Abstract

Introduction. Neurofibromatosis type 1 (NF1), caused by mutation of the tumour-suppressor gene encoding neurofibromin,
is an autosomal dominant disorder affecting various organs.

Aim. The aim of the study was to discuss the clinical symptoms of NF1 based on seven cases of the disease with regard to the
literature.

Material and methods. We analyzed retrospectively patients with NF1 (4 females and 3 males) aged 19-52 who were treated
at Endocrinology Department between 2003 and 2017. The diagnosis was made in childhood (4 patients) or in adolescence
(3 cases), based on clinical symptoms and genetic tests.

Results. Five patients had a positive family history of NF1, two cases represented spontaneous mutation. All of analyzed
subjects presented café-au-lait spots and neurofibromas on the body. We observed neurological disorders such as: epilepsy
(2 patients), Arnold-Chiari malformation (1 man), benign brain neoplasms (2 persons). Optic gliomas appeared in two cases.
Tumours were also found in other organs, including the uterus (2 women), the lung, the adrenals, the pituitary and the parathy-
roid gland (with signs of primary hyperparathyroidism) — each tumour in another patient. Four subjects suffered from cognitive
impairment. Skeletal manifestations of neurofibromatosis type 1 such as scoliosis (1 man) and short stature (6 patients) have been
noted as well. Five patients presented thyroid disorders — hypothyroidism due to Hashimoto’s disease (4 patients), toxic nodular
goiter (1 woman). Other clinical symptoms e.g. vitiligo, alopecia areata and coarctation of aorta have also been found.

Conclusions. Variety of clinical symptoms causes that NF1 still remains a diagnostic and management challenge for many

physicians. Therefore, multidisciplinary approach is needed to optimize patients’ treatment.
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INTRODUCTION

Neurofibromatosis type 1 (NF1; von Recklinghausen’s dise-
ase) is an autosomal dominant disorder with a penetrance
of almost 100% and without sex or racial predilection [1,2].
It was first described by pathologist — Friederich Daniel Von
Recklinghausen in 1882 [1]. The prevalence of the disease is
estimated to be 1 in 2500-3500 births [1,3]. NF1 is caused by
dominant loss-of-function mutations of the tumour-suppres-
sor gene NF1 located at the 17q11.2 chromosome [1,4] It is
well known that NF1 gene encodes neurofibromin, a protein
expressed in neurons, Schwann cells, oligodendrocytes and
leukocytes, which takes part in intracellular processes such as:
RAS-cyclic AMP pathway, adenyl cyclase, ERK/MAP kinase
cascade and the cytoskeletal assembly [5]. However, only 50%
of the NF1 patients has a positive family history of the disease,
the rest of cases represents spontaneous mutations [2,3]. NF1
affects various organs such as: skin, nervous system, vision
organ, skeletal and vascular system as well [1-4]. Patients are
at an increased risk of developing both benign and malignant
tumours, therefore NF1 is also termed as tumour predisposition

syndrome [4]. The clinical manifestations of the disease differ
significantly from mild lesions to several complications and
function impairment, even in members of one family [1,4].

AIM

The aim of the study was to discuss the clinical symptoms
and signs of neurofibromatosis type 1 based on seven cases of
the disease with regard to the literature.

MATERIAL AND METHODS

We analyzed retrospectively seven cases of patients with
NF1 (4 females and 3 males) aged 19-52 who were treated
at the Endocrinology Department between 2003 and 2017.
In studied subjects, the diagnosis was made based on clini-
cal symptoms and confirmed by genetic tests. Four patients
(3 women and 1 man) were diagnosed in childhood. In three
cases (1 woman and 2 men) the diagnosis was made in ado-
lescence. Two participants (1 woman and 1 man) belonged to
one family.
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RESULTS

In analyzed group of patients, five subjects had a positive
family history of NF1, two cases represented spontaneous mu-
tations. All of them suffered from neurocutaneous manifesta-
tions of the disease such as café-au-lait spots and soft tissue
cutaneous nodules on the body (neurofibromas).

The neurological disorders have been also observed. Two
patients demonstrated epilepsy but they did not require any
treatment at that time. In one man, Arnold-Chiari malforma-
tion has been diagnosed. Benign brain neoplasms developed
in two persons.

Moreover, optic gliomas appeared in two cases. One man
had a surgery and received radiotherapy due to optic chiasma
astrocytoma. Left eye blindness, as a complication of the man-
agement, has been occurred. One woman was operated be-
cause of bilateral optic gliomas, without complications.

Except for brain tumours and optic gliomas, many neoplasms
developed in other organs. One subject is observed because of
nodule (19x11mm) which is localized in the apex of left lung.
Two women had leiomyomas in the uterus. In one man right
adrenalectomy has been performed due to lesion of the adre-
nal gland (55x39x48mm). There are no symptoms of adrenal
insufficiency at present. The diagnosis of pheochromocytoma
has been made just after surgery based on histopathological
examination. No episodes of the increase in blood pressure or
permanent hypertension in the past medical history have been
observed before adrenalectomy. Furthermore, other endocrine
glands have been involved in the disease. Non-functioning pi-
tuitary adenoma has developed in one woman. Another patient
has been operated because of primary hyperparathyroidism
due to parathyroid adenoma (18x23x39mm).

Four patients manifested cognitive impairment. Moreover,
we observed the skeletal manifestations of NF1 such as sco-
liosis — in one subject and short stature — in six cases. Most of
analyzed patients suffered from thyroid disorders: four of them
had hypothyroidism due to Hashimoto’s disease, one woman
had toxic nodular goiter. Other autoimmunological disorders,
including vitiligo — in two cases and alopecia areata — in one
woman, have been found as well. We have also noted the vas-
cular manifestations of NF1. One man has been operated after
birth due to coarctacion of the abdominal aorta.

DISCUSSION

The diagnosis of neurofibromatosis type 1 can be made
based on genetic testing or clinical symptoms [3]. The varie-
ty of symptoms may be influenced by environmental factors,
modifier genes or both [4]. Many disease features are more
prevalent in older patients [4,6]. What is more, de novo NF1
cases usually lead to milder or atypical NF1 manifestations [7].

In 1987, seven cardinal diagnostic criteria for NF1 were es-
tablished and later in 1997, they were updated by the National
Institutes of Health Consensus Development Conference [3,8].
The criteria have been shown in Figure 1.
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NF1 DIAGNOSIS

Clinical criteria
[NIH]
(2of 7))

Genetic tests

gene NF1 mutation

1. café-au-lait spots (26) SR AR

2. axillary/inguinal freckling (22)
3. Lisch nodules [iris hamartomas] (22)
4. neurofibromas (22) or

plexiform neurofibromas (21)
5. optic pathway glioma
6. skeletal abnormalities

(tibial dysplasia, pseudoarthrosis)
7. afirst degree relative with NF1

FIGURE 1. Diagnostic criteria for neurofibromatosis type 1.

At least two of them must be present to give the diagnosis
of NF1 [6]. All of our subjects have been diagnosed based on
genetic and clinical findings either in childhood or in adoles-
cence.

Typical for NF1 pigmented lesions such as café-au-lait
spots which borders may be irregular with colour range from
light to dark brown and freckles (Crowe’s sign), usually
appear during the first years of life or are present at birth [1].
Their prevalence reaches 99% and 85%, respectively [3].
In the studied group café-au-lait spots were common findings
because all of patients had these birthmarks from early age.

Neurofibromas were also present in all described sub-
jects. These benign tumours are composed of Schwann cells,
perineurium-like cells, fibroblasts and mast cells as well
[9]. In NF1 two types of neurofibromas may develop: ‘dis-
crete’ named also ‘localized’ neurofibroma and ‘plexiform’
neurofibroma [1,3]. A ‘localized’ lesions, presented as a fo-
cal mass with margins, appear usually in late childhood or in
adolescence, mostly on the skin. Cutaneous ones greatly affect
quality of life [9] and this type was present in our patients.
‘Plexiform’ neurofibromas are locally invasive tumours which
spread along the peripheral nerve and may affect its structure.
The risk of malignization is estimated to be 2-5% [1]. No one
of mentioned participants had them.

Endocrine disorders are the main cause that patients with
neurofibromatosis type 1 attend to endocrinologists. The data
suggest that 20-25% of cases of the sporadic pheochromocy-
toma is connected with somatic NF1 mutations [10]. It is also
well known that from 0.1% to 5.7% of patients with NF1 de-
velop pheochromocytoma. The prevalence is higher in those
with hypertension and reaches then to 20-50% [11]. Only one
patient in the studied group had this neoplasm. What is more,
the diagnosis was made after the surgery because there were
no episodes of hypertension in the past medical history [11].

The most common endocrine pathology in our subjects was
hypothyroidism due to Hashimoto’s disease which occurred
in 57% of analyzed group of patients. Generally, autoimmune
diseases are rare in neurofibromatosis type 1. Only few cases
with the coexistence of NF1 and Hashimoto’s thyroiditis have
been described so far [6]. Besides chronic thyroiditis, sys-
temic lupus erythematosus, multiple sclerosis, membranous
glomerulonephritis, I[gA nephropathy, mixed connective tissue
disease, juvenile arthritis, autoimmune hemolytic anemia, bul-
lous pemphigoid and vitiligo have been reported in subjects
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with NF1 [4]. The last one appeared in two studied partici-
pants. Moreover, one patient had alopecia areata. The patho-
physiology of autoimmune disorders in NF1 is not clear but it
is known that abnormal production of neurofibromin leads to
suppress expression of Fas-ligand, which prevents apoptosis
of CD4+ T-cells. Decreased T-cells apoptosis due to abnormal
neurofibromin production may be an underlying factor for the
development of the autoimmune diseases [6].

A combination of primary hyperparathyroidism and NF1 is
also a rare phenomenon [12]. In our study, in one woman with
laboratory signs of primary hyperparathyroidism including:
elevated level of PTH (454pg/ml; n.14-72), hypercalcaemia
(Ca-12.20mg/dl; n.8.6-10.4), hypophosphatemia (P-1.30mg/dl;
n.2.4-5.1), hypercalciuria (urinary calcium-608.0mg/24-hours;
n.100-300), adenoma (18x23x39mm) of the right parathyroid
gland has been diagnosed. The patient has been operated,
unfortunately the surgery was not radical and reoperation is
actually planned.

Various lesions in the thyroid gland such as papillary car-
cinoma, follicular carcinoma and neurofibromas of the thyroid
gland, in association to NF1 have been also described [13].
In the studied group, in one woman the surgery has been per-
formed due to retrosternal toxic nodular goiter which caused
the impression of the trachea.

Moreover, the analyzed group of patients other neoplasms
have been observed. In two women — leiomyomas in the uter-
us and in one man — nodule of the lung have been appeared.
In another two patients benign brain tumours have been found
as well.

Our findings are consistent with previous reports. For in-
stance, the public mutation database COSMIC has revealed
that: 5.25% of subjects with NF1 had CNS tumours, 5.04%
— endometrium neoplasms, 8.0% — lung tumours and 9.09%
— thyroid lesions [11]. Malignant peripheral nerve sheath tu-
mours (2-5%) and malignant gliomas (1-2%) may be also pre-
sent [3]. It has been proved that subjects with NF1 are at an in-
creased risk of developing both benign and malignant tumours
because a loss of neurofibromin results in increased mitogenic
signaling and leads to increased cellular proliferation or dif-
ferentiation [14].

Optic nerve gliomas are one of the diagnostic criterion of
NF1 [6]. They may be localized in prechiasmal, chiasmal and
postchiasmal regions. Optic pathway glioma occurs in 15%
of cases [3]. In the studied group of patients: one man had
a surgery and received radiotherapy due to optic chiasma as-
trocytoma, one woman suffered from bilateral optic gliomas.
Tumours in this localization may result in blindness [1] and
this complication we observed in one case.

It is suggested that NF1 is a risk factor for epilepsy. Some
authors found that seizures occur in 4-7% of cases with neu-
rofibromatosis type 1 and the prevalence is higher than in
general population (1-2%). However, they are commonly rela-
tively easy to treat with antiepileptic drugs [8]. Our results are
in accordance with these statements because epilepsy has been
diagnosed in two cases but none of them require antiepileptic
therapy at present.

Except for mentioned above neurological disorders, we
observed Arnold-Chiari malformation type I (ACM-I) in one
patient. This pathology is characterized by caudal migration
of the cerebellar tonsils. Headache, weakness and sensory ab-
normalities are the most common symptoms. Recent data sug-
gested that ACM-I is not a rare finding in subjects with NF1
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and may affect from 2% to even about 8% of patients with
NF1 [15].

Some patients with NF1 suffer from learning/behavio-
ral problems. Diggs-Andrews and Gutmann [3] find that ap-
proximately 70% of children with NF1 have cognitive deficits
compared to 10% of children in general population. It may
be manifested as difficulties with attention, executive function
(planning and concept formation), language, visual perception
and learning as well. An increased incidence of autism, ADHD
(attention-deficit hyperactivity disorder) or impulsive behav-
ior has been also reported [3]. Cognitive impairment has been
diagnosed in our patients as well and affected four subjects.

Approximately 50% of patients with NF1 have skeletal dis-
turbances. Short stature (30%), macrocephaly - enlarged heads
(45%) and scoliosis (5-10%) are common pathologies [3].
In the analyzed group, the most common disorder was short
stature which occurrence reached 86%. Only one patient suf-
fered from scoliosis. Abnormal hypothalamic—pituitary axis
function has been hypothesized to play a causative role in the
pathogenesis of short stature [16]. Hegedus et al. [16] showed
in animal study that mice with loss of neurofibromin expres-
sion in hypothalamus were smaller due to reduced growth hor-
mone-releasing hormone, pituitary growth hormone (GH) and
liver insulin-like growth factor-1 (IGF1) production. These
results are consistent with other study which was conducted
in children with NF1, approximately 80% of these children
(15/19 patients) were found to have growth hormone (GH)
deficiency in the absence of suprasellar abnormalities on neu-
roimaging [16].

NF1 may be also accompanied by vascular abnormalities
(0.4-6.4%) which are usually asymptomatic. It is known that
neurofibromin expression is present in the endothelial and
smooth muscle cells of blood vessels. The pathophysiology of
vascular change in subject with NF1 is characterized by fi-
bromuscular dysplasia and a thickening of the tunica intima
of vessel walls [17]. Recent data suggest that the most com-
mon pathologies are: abdominal aortic coarctation, aneurysms,
stenoses of the aorta, renal arteries and mesenteric vessels,
whereas 12% of vascular disturbances is represented by ab-
dominal aortic coarctation or aneurysms. What is more, aorta
pathologies usually occur in younger patients. This observa-
tions are similar to our findings because in our study, one man
has been operated due to coarctacion of the abdominal aorta
after birth. It is suggested that operative treatment of sympto-
matic patients with vascular lesions or with large aneurysms
should be performed to avoid fatal complications [14].

There is no medical treatment for neurofibromatosis type 1.
Surgical resection of the lesions is indicated when they cause
patient’s function deterioration, pain or cosmetic disfigure-
ment [1,2]. The special care must be taken of possibility of
tumours malignant transformation which is fortunately low
(3-5%) but the risk of malignancies is higher than in general
population (these patients require only one mutation to occur
cancers because the second is inherited) [2]. Radiotherapy and
chemotherapy are not indicated [1].

The survival in patients with neurofibromatosis type 1 is
shorter compared with the general population and a median
age is estimated to be about 60 years. The most common cause
of death is malignancy often from connective and soft-tissue
neoplasms. Vascular disease is the second leading cause of
death, especially among those individuals aged about 40 years
old [14].
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CONCLUSION

We analyzed only seven cases of patients with neurofi-
bromatosis type 1. Despite the fact that this was a small group
of subjects, most of our findings were consistent with previous
reports. From an endocrine point of view, the most common
pathology in the studied group of patients was hypothyroidism
due to Hashimoto’s disease. Hence, we suggest that in each
newly diagnosed subject with NF1, a screening test of this
disease (e.g. determination of TSH and anti-thyroperoxidase
antibodies levels) should be performed.

We conclude that the variety of clinical symptoms causes
that NF1 still remains a diagnostic and management challenge
for many physicians. Therefore, multidisciplinary approach is
needed to optimize patients’ diagnosis and treatment.
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