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Neurofibromatosis type 1:  
More than skin deep
Dermatologic findings manifest in childhood, but the 
disease progresses to multiple organ systems. Here’s how 
to proceed if you diagnose this in your patient. 

Neurofibromatosis type 1 (NF1) is 
an autosomal dominant inher-
ited disorder that is estimated to 

occur in 1:2500 births and to have a prev-
alence of 1:2000 to 1:4000.1,2 It was first de-
scribed in 1882 by Friedrich Daniel Von 
Recklinghausen, who identified patients 
and their relatives with signs of neuroecto-
dermal abnormalities (café-au-lait macules 
[CALMs], axillary and inguinal freckling, and  
neurofibromas). 

NF1 may begin insidiously in childhood 
and evolves as the patient ages. It is associ-
ated with intracranial, intraspinal, and in-
traorbital neoplasms, although other organs 
and tissues can also be involved. 

The family physician might be the first 
one to recognize the signs of this condition 
during a well-child exam and is in a unique 
position to coordinate a multidisciplinary ap-
proach to care. 

A mutated allele and 
early manifestations on the skin
NF1 has been attributed to genetic mosaicism 
and is classified as segmental, generalized, or 
(less frequently) gonadal. The disorder results 
from germline mutations in the NF1 tumor-
suppressor gene on chromosome 17, known 
to codify the cytoplasmic protein called neu-
rofibromin.3 The penetrance of NF1 is com-
plete, which means that 100% of patients with 
the mutated allele will develop the disease. 

Patients typically have symptoms by 
the third decade of life, although many will 

show signs of the disease in early childhood. 
CALMs are the earliest expression of NF1. 
They manifest in the first 2 years of life and 
are found in almost all affected patients. The 
lesions are well defined and measure 10 to  
40 mm. They are typically light brown, al-
though they may darken with sun exposure. 

Histologically, the lesions will show 
macromelanosomes and high concentra-
tions of melanin but do not represent an 
increased risk for malignancy.4 Not all iso-
lated CALMs are a sign of NF1. While chil-
dren younger than 29 months with 6 or more 
CALMs have a high risk for NF1 (80.4%; 95% 
confidence interval [CI], 74.6% to 86.2%), 
those who are older than 29 months with at 
least 1 atypical CALM or fewer than 6 CALMs 
have just a 0.9% (95% CI, 0% to 2.6%) risk for 
constitutional NF1.5 

Freckles are also observed in 90% of pa-
tients with NF1; these tend to develop after 
the third year of life. The breast and trunk are 
the most commonly affected areas in adults. 
The pathophysiology is unknown, but this 
freckling is believed to be related to skin fric-
tion, high humidity, and ambient tempera-
ture.6

Neurofibromas are benign subcuta-
neous palpable lesions that grow within 
peripheral nerve tissue, including spinal, 
subcutaneous, plexiform, or dermal encap-
sulated nerves. Originating in Schwann cells, 
they are composed of fibroblasts, mast cells, 
macrophages, endothelial cells, and other 
perineural cells. Some patients show disfigu-
ration when hundreds of these masses are 
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present (FIGURE). These tumors increase in 
number as the patient ages or during preg-
nancy, which is thought to be secondary to 
hormonal changes.7 They are sometimes 
painful and can be pruritic. Their appearance 
can also cause patient distress. 

The diagnosis is a clinical one
Suspicion for NF1 should be high in patients 
presenting with the dermatologic findings 
described, although CALMs and freckling 
are not exclusive to NF1. Diagnostic crite-
ria for NF1, which distinguish it from other 
conditions, were first outlined in a National 
Institutes of Health Consensus Development 
Conference Statement in 1987.8 The list of cri-
teria has subsequently been expanded. 

While the presence of at least 2 criteria 
is required for diagnosis,2 NF1 should be sus-
pected in individuals who have any of the fol-
lowing findings8,9:

• the presence of at least 6 CALMs that 
are > 5 mm in prepubertal children 
and > 15 mm in adults

• 2 or more neurofibromas of any type, 
or at least one plexiform neurofibroma

• axillary or groin freckling
• optic pathway glioma
• 2 or more Lisch nodules (iris hamar-

tomas seen on slit-lamp examination)
• bony dysplasia (sphenoid wing dys-

plasia, bowing of long bone ± pseud-
arthrosis)

• first-degree relative with NF1.

What you’ll see  
as the disease progresses 
NF1 can affect a variety of systems, and po-
tential complications of the disease are nu-
merous and varied (see TABLE9). Here is some 
of what you may see as the patient’s disease 
progresses to various organ systems:

❚ Learning disabilities and other cogni-
tive and behavioral problems, such as atten-
tion-deficit/hyperactivity disorder, may affect 
up to 70% of children with NF1. Additionally, 
children with NF1 have visual/spatial prob-
lems, impaired visual motor integration, and 
language deficits.10 The etiology of cognitive 
impairment in NF1 is unknown.11  

❚ Hypertension is common and may 
contribute to premature death in patients 
with NF1. Up to 27% of patients will have 
significant cardiovascular anomalies, includ-
ing pulmonary valve stenosis, hypertrophic 
cardiomyopathy in patients with complete 
deletions of the NF1 gene, intracardiac neu-
rofibromas, renal artery stenosis, coarctation 
of the aorta, and cerebral infarctions.12 Re-
nal artery stenosis occurs in approximately 
2% of the NF1 population, and the diagnosis 
should be considered in hypertensive chil-
dren, young adults, pregnant women, older 
individuals with refractory hypertension, and 
those with an abdominal bruit.13 

❚ Psychological issues. The disfigure-
ment caused by neurofibromas and the un-
certainty of an unpredictable disease course 
can cause psychological manifestations for 
patients with NF1. Anxiety and depression 
are common. Not surprisingly, patients with 
more severe disease report more adverse psy-
chological effects. 

❚ Orthopedic deformities. Spinal defor-
mities are the most common skeletal mani-
festation of NF1, with an incidence estimated 
from 10% to 25% in various studies. Bone 
mineral density, as measured by age- and 
gender-adjusted Z-scores, is significantly 
lower in NF1 patients than in the general 
population.14 Children may develop bowing 
of the long bones, particularly the tibia, and 
pseudarthrosis, a false joint in a long bone. 
Children with NF1 need yearly assessment of 
the spine. Patients with clinical evidence of 
scoliosis should be referred to Orthopedics 
for further evaluation. 

❚ Eye issues. A majority of adult patients 
develop neurofibroma-like nodules in the iris 
known as Lisch nodules. The nodules are not 
thought to cause any ophthalmologic com-
plications. Patients may also develop palpe-
bral neurofibroma, which may become large 
and sporadically show malignant transfor-
mation. Optic nerve glioma may cause stra-
bismus and proptosis, and a large number 
of patients will also develop glaucoma and 
globe enlargement.15 

❚ Gastrointestinal lesions and can-
cer. Neurofibromas can grow in the stom-
ach, liver, mesentery, retroperitoneum, and 
bowel. Adenocarcinoma developed in 23% 

Some 
patients show 
disfiguration 
when 
hundreds of 
neurofibromas 
are present.
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of patients.16 Gastrointestinal tract bleeding, 
pseudo-obstruction, and protein-losing en-
teropathy also may occur.17

❚ Central nervous system manifesta-
tions. Neurological manifestations have been 
observed in 55% of patients with NF1.18 These 
include headache, hydrocephalus, epilepsy, 
lacunar stroke, white matter disease, intra-
spinal neurofibroma, facial palsy, radiculop-
athy, and polyneuropathy. Tumors include 
optic pathway tumors, meningioma, and ce-
rebral glioma. Glioma is the predominant tu-
mor type in NF1 and occurs in all parts of the 
nervous system, with a predilection for the 
optic pathways, brainstem, and cerebellum.18 

❚ Malignant peripheral nerve sheath 
tumors. There is an 8% to 13% lifetime risk 
for malignant peripheral nerve sheath tu-
mors (MPNST), predominantly in individu-
als between the ages of 20 and 35.19,20 Any 
change in neurofibroma from soft to hard, 
or a rapid increase in the size, is suspicious 
for MPNST. Other symptoms include per-
sistent pain lasting for longer than a month, 

pain that disturbs sleep, and new neurologi-
cal deficits. These cancers can be hard to de-
tect, leading to poor prognosis secondary to 
metastasis.19,20 The greatest risk factors for 
MPNST are pain associated with a mass and 
the presence of cutaneous and subcutaneous  
neurofibromas.21 

Treatment is symptom based,  
but there is a new option
Treatment is individualized to the patient’s 
symptoms. Neurofibromas that are disfigur-
ing, disruptive, or malignant may be surgi-
cally removed.

In April 2020, the US Food and Drug Ad-
ministration (FDA) approved selumetinib 
(Koselugo) for the treatment of pediatric 
patients (ages ≥ 2 years) with NF1 who have 
symptomatic, inoperable plexiform neuro-
fibromas (PNs).22 In a clinical trial, patients 
received selumetinib 25 mg/m2 orally twice a 
day until they demonstrated disease progres-
sion or experienced “unacceptable” adverse 

FIGURE

Patients may experience disfigurement when hundreds  
of neurofibromas are present
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In light of the 
condition’s 
heterogeneity, 
the goals of care 
include early 
recognition and
treatment of 
complications, 
especially 
neoplasms.

events.22,23 The overall response rate was 66%, 
defined as “the percentage of patients with 
a complete response and those who expe-
rienced more than a 20% reduction in PN 
volume on MRI that was confirmed on a sub-
sequent MRI within 3 to 6 months.”22 

Of note, all patients had a partial, not 
complete, response. Common adverse effects 
included vomiting, rash, abdominal pain, di-
arrhea, and nausea.23 Selumetinib may also 
cause more serious adverse effects, including 
cardiomyopathy and ocular toxicity. Prior to 
treatment initiation and at regular intervals 
during treatment, patients should undergo 
cardiac and ophthalmic evaluation.22,23 Selu-
metinib was granted priority review and or-
phan drug status by the FDA.22 

You play a key role  
in ongoing monitoring
In light of the condition’s heterogeneity, the 
goals of care include early recognition and 
treatment of complications, especially neo-
plasms; optimization of quality of life; and 
identification and treatment of comorbidi-
ties. Family physicians are well positioned 
to monitor patients with NF1 for age-specific 
disease manifestations and potential compli-
cations.9 All patients require:

• an annual physical examination by a 

physician who is familiar with the in-
dividual and with the disease

• annual ophthalmologic examination 
in early childhood; less frequent ex-
amination in older children and adults

• regular blood pressure monitoring
• other studies (eg, MRI) only as indicat-

ed on the basis of clinically apparent 
signs or symptoms

• monitoring by an appropriate special-
ist if there are abnormalities of the 
central nervous, skeletal, or cardiovas-
cular systems 

• referral to a neurologist for any unex-
plained neurological signs and symp-
toms. Referral should be urgent if 
there are acute symptoms of progres-
sive sensory disturbance, motor deficit 
and incoordination, or sphincter dis-
turbances since these might indicate 
an intracranial lesion or spinal cord 
compression. Headaches on waking, 
morning vomiting, and altered con-
sciousness are suggestive of raised in-
tracranial pressure.

❚ Children with NF1 benefit from coordi-
nated care between the FP and a pediatrician 
or other specialist familiar with the disease. 
In addition to providing usual well care, per-
form regular assessment of development and 

TABLE 

Common clinical manifestations of neurofibromatosis9

Finding Rate of occurrence Age at onset

Café-au-lait macules > 99% Birth to 12 y

Cutaneous neurofibromas > 99% > 7 y

Lisch nodules 90%-95% > 7 y

Learning problems 30%-60% Birth

Plexiform neurofibromas 30%-50% Birth to 18 y

Optic pathway glioma 15% Birth to 7 y

Scoliosis 10% Birth to 18 y

Severe cognitive impairment (IQ < 70) 4%-8% Birth

Epilepsy 6%-7% Lifelong

Disfiguring facial plexiform neurofibromas 3%-5% Birth to 5 y

Malignant peripheral nerve sheath tumor 2%-5% 5-75 y

Cerebral gliomas 2%-3% Lifelong
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Provide adult 
patients with 
education about 
complications, 
especially 
malignant 
peripheral nerve 
sheath tumors 
and spinal cord 
compression.

school performance. Pay careful attention to 
the cardiovascular system (particularly blood 
pressure) and evaluate for scoliosis. 

❚ Young adults should be continually 
monitored for all complications, especially 
hypertension. This population requires con-
tinued education about NF1 and its possible 
complications and may benefit from coun-
seling about disease inheritance. Screen for 
anxiety and depression; offer psychological 
support.

❚ Adults require monitoring based on 
patient preference and disease severity. For 
this population, blood pressure should be 
measured annually, or more frequently if the 
patient’s values indicate borderline hyper-
tension. Provide education about complica-
tions, especially MPNSTs and spinal cord 
compression. Patients who have abnormali-
ties of the central nervous, skeletal, or cardio-
vascular systems should be monitored by an 
appropriate specialist. If desired, the patient 
may be referred to a geneticist, especially if he 
or she expresses concern about inheritance. 
Cutaneous neurofibromas can be removed if 
they cause discomfort, although removal oc-
casionally results in neurological deficit.   JFP
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