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Summary

Clinical characteristics
Neurofibromatosis 1 (NF1) is a multisystem disorder characterized by multiple café au lait macules, 
intertriginous freckling, multiple cutaneous neurofibromas, and learning disability or behavior problems. About 
half of people with NF1 have plexiform neurofibromas, but most are internal and not suspected clinically. 
Plexiform neurofibromas can cause pain, neurologic deficits, and abnormalities of involved or adjacent 
structures. Less common but potentially more serious manifestations include optic nerve and other central 
nervous system gliomas, malignant peripheral nerve sheath tumors, scoliosis, tibial dysplasia, vasculopathy, and 
gastrointestinal, endocrine, or pulmonary disease.

Diagnosis/testing
The diagnosis of NF1 is established in a proband with two or more of the characteristic clinical features or one 
characteristic clinical feature and a heterozygous NF1 pathogenic variant.

Management
Treatment of manifestations: Referral to specialists for treatment of abnormalities of the eye, central or peripheral 
nervous system, cardiovascular system, lungs, endocrine system, spine, or long bones; surgical removal of 
disfiguring or uncomfortable discrete cutaneous or subcutaneous neurofibromas. Surgical treatment of diffuse or 
large plexiform neurofibromas is possible but may be associated with damage to involved nerves or adjacent 
tissues and stimulate growth of residual tumor. Complete surgical excision, when possible, of malignant 
peripheral nerve sheath tumors is the treatment of choice; chemotherapy may be beneficial in some individuals. 
Treatment of optic gliomas is generally unnecessary as they are usually asymptomatic and clinically stable. 
Dystrophic scoliosis often requires surgical management, whereas nondystrophic scoliosis can usually be treated 
conservatively. Individualized developmental and educational interventions may be beneficial, and 
methylphenidate treatment often benefits individuals with attention-deficit/hyperactivity disorder.
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Surveillance: Annual physical examination by a physician familiar with the disorder; ophthalmologic 
examination annually in children, and regularly but less frequently in adults; developmental assessment of 
children; regular blood pressure monitoring; MRI for identification and follow up of clinically suspected 
intracranial or other tumors that are not apparent on physical examination. Begin annual mammography in 
women at age 30 years with consideration of annual breast MRI in women between ages 30 and 50 years. 
Individuals with NF1 whole-gene deletions, large or growing plexiform neurofibromas or intracranial tumors, 
symptomatic vascular disease, progressive osseous lesions, or other serious disease manifestations require more 
frequent targeted follow up.

Genetic counseling
NF1 is inherited in an autosomal dominant manner. Approximately half of affected individuals have NF1 as the 
result of a de novo NF1 disease-causing variant. Each child of an individual with NF1 has a 50% chance of 
inheriting the disease-causing variant. Penetrance is close to 100%; thus, a child who inherits an NF1-causing 
variant is expected to develop features of NF1, but the features may be considerably more (or less) severe in an 
affected child than in his or her affected parent. Prenatal testing for a pregnancy at increased risk and 
preimplantation genetic testing are possible if the disease-causing variant in a family is known.

Diagnosis

Suggestive Findings
Neurofibromatosis 1 (NF1) should be suspected in individuals who have any one of the following clinical 
features:

• Six or more café au lait macules (CALMs; Figure 1) >5 mm in greatest diameter in prepubertal 
individuals and >15 mm in greatest diameter in postpubertal individuals

• Freckling in the axillary or inguinal regions
• Two or more neurofibromas (Figure 2) of any type or one plexiform neurofibroma (Figure 3)
• Optic pathway glioma
• Two or more Lisch nodules identified by slit lamp examination or two or more choroidal abnormalities 

(bright, patchy nodules imaged by optical coherence tomography/near-infrared reflectance imaging)
• A distinctive osseous lesion such as sphenoid dysplasia, anterolateral bowing of the tibia, or pseudarthrosis 

of a long bone
• A parent who meets the diagnostic criteria for NF1
• A germline NF1 pathogenic variant

Establishing the Diagnosis
The diagnosis of NF1 is established in a proband with two or more of the features described in Suggestive 
Findings [Legius et al 2021].

Note:

1. About half of individuals with Legius syndrome (see Differential Diagnosis) have skin pigmentary 
features that meet the diagnostic criteria of NF1 (i.e., ≥6 CALMs and axillary or inguinal freckling), but 
individuals with Legius syndrome do not have neurofibromas, optic pathway gliomas, Lisch nodules, or 
typical osseous lesions of NF1 [Legius et al 2021]. Moreover, Legius syndrome is much rarer than NF1, 
and children with Legius syndrome almost always have an affected parent with only CALMs and 
intertriginous freckling (see Differential Diagnosis).
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2. CALMs, intertriginous freckling, cutaneous neurofibromas, and Lisch nodules are usually bilateral in 
NF1. A diagnosis of mosaic NF1 should be considered if such lesions are present only on one side or in 
one segment of the body.

3. Sphenoid wing dysplasia is not a separate criterion in those with ipsilateral orbital plexiform 
neurofibromas.

4. A germline NF1 pathogenic variant must be identified for genetic testing to serve as a criterion for 
diagnosis [Legius et al 2021]. The criterion is not met by identification of an NF1 variant only in tumor 
tissue or identification of a germline likely pathogenic variant or variant of uncertain significance.

Figure 1. Café au lait macules

Figure 2. Neurofibromas

Neurofibromatosis 1 3



5. Negative NF1 molecular testing does not rule out a diagnosis of NF1 [Accetturo et al 2020]. Some 
individuals diagnosed with NF1 based on clinical criteria do not have a pathogenic variant detectable by 
current technology. Many clinical features of NF1 increase in frequency with age, and some individuals 
who have unequivocal NF1 as adults cannot be diagnosed in early childhood, before these features 
become apparent.

If the phenotypic findings suggest the diagnosis of NF1, single-gene testing may be considered. Sequence 
analysis of NF1 genomic DNA (gDNA) and/or cDNA (complementary DNA, copied from mRNA) is performed 
in association with gene-targeted deletion analysis. Because of the frequency of pathogenic variants that affect 
splicing (22%-30%, more than 1/3 of which are not detected by gDNA sequencing of protein-coding regions), 
methods that include cDNA sequencing have higher detection rates than methods based solely on analysis of 
gDNA (Table 1).

Note:

1. If an NF1 variant is not detected, sequence analysis and deletion/duplication analysis of SPRED1 (see 
Differential Diagnosis) may be considered in individuals with only pigmentary features of NF1.

Figure 3. Plexiform neurofibroma
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2. Chromosomal microarray analysis (CMA) may be performed instead of sequence analysis to detect 
NF1 whole-gene deletions if the NF1 microdeletion phenotype is suspected clinically (see Genotype-
Phenotype Correlations).

3. A karyotype may be considered to look for a translocation or complex cytogenetic abnormality if a 
clinical diagnosis of NF1 is certain, but no pathogenic variant is found on sequence analysis of NF1 
gDNA or cDNA and gene-targeted deletion analysis.

If the phenotype is indistinguishable from other disorders characterized by hyperpigmentation, tumors, 
and/or other overlapping features, a multigene panel that includes NF1, SPRED1, and other genes of interest 
(see Differential Diagnosis) may be considered. A rasopathy multigene panel is usually most appropriate. Note: 
(1) The genes included in the panel and the diagnostic sensitivity of the testing used for each gene vary by 
laboratory and are likely to change over time. (2) Many multigene panels include genes not associated with the 
condition discussed in this GeneReview; thus, clinicians need to determine which multigene panel is most likely 
to identify the genetic cause of the condition while limiting identification of variants of uncertain significance 
and pathogenic variants in genes that do not explain the underlying phenotype. (3) In some laboratories, panel 
options may include a custom laboratory-designed panel and/or custom phenotype-focused exome analysis that 
includes genes specified by the clinician. (4) Methods used in a panel may include sequence analysis, deletion/
duplication analysis, and/or other non-sequencing-based tests.

For an introduction to multigene panels click here. More detailed information for clinicians ordering genetic 
tests can be found here.

If the phenotype is nonspecific (e.g., developmental delay and hypotonia in a young child) comprehensive 
genomic testing (exome sequencing or genome sequencing) may be considered. Note: Identification of one or 
more characteristic clinical features (see Suggestive Findings) is required to establish the diagnosis in an 
individual with an NF1 pathogenic variant.

For an introduction to comprehensive genomic testing click here. More detailed information for clinicians 
ordering genomic testing can be found here.
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Table 1. Molecular Genetic Testing Used in Neurofibromatosis 1

Gene 1 Method Proportion of Probands with a Disease-
Causing Variant 2 Detectable by Method

NF1

cDNA & gDNA sequence analysis 3, 4 >95% 5

gDNA sequence analysis 3 ~60%-90% 6

Gene-targeted deletion/duplication 
analysis 4 ~13% 7, 8

CMA 9 ~5%-11% 7, 8

Karyotype <1% 8

1. See Table A. Genes and Databases for chromosome locus and protein.
2. See Molecular Genetics for information on variants detected in this gene.
3. Sequence analysis detects variants that are benign, likely benign, of uncertain significance, likely pathogenic, or pathogenic. Variants 
may include small intragenic deletions/insertions and missense, nonsense, or splice site variants. Deletion/duplication analysis is often 
included in NF1 molecular analysis; If exome sequencing is used, confirm that deletion/duplcaiton analysis is included (usually 
performed by read-depth analysis of next generation sequencing data). For issues to consider in interpretation of sequence analysis 
results, click here.
4. Gene-targeted deletion/duplication analysis detects intragenic deletions or duplications. If deletion/duplication analysis is not 
performed with sequence analysis (e.g., read-depth analysis), alternate methods may include quantitative PCR, multiplex ligation-
dependent probe amplification (MLPA), or FISH.
5. Evans et al [2010], Sabbagh et al [2013], Giugliano et al [2019]
6. Maruoka et al [2014], van Minkelen et al [2014], Pasmant et al [2015], Zhang et al [2015], Calì et al [2017], Bianchessi et al [2020]
7. Whole-gene deletions occur in 5%-11% of individuals with NF1 [Kehrer-Sawatzki et al 2020].
8. Stenson et al [2020]
9. Chromosomal microarray analysis (CMA) uses oligonucleotide or SNP arrays to detect genome-wide large deletions/duplications 
(including NF1) that may not be detected by sequence analysis. The ability to determine the size of the deletion/duplication depends on 
the type of microarray used and the density of probes in the 17q11.2 region. CMA designs in current clinical use target the 17q11.2 
region.

Clinical Characteristics

Clinical Description
Neurofibromatosis 1 (NF1) is an extremely variable multisystem disease; the progression and severity may differ 
throughout life in an affected individual as well as in affected family members with the same NF1 pathogenic 
variant [Gutmann et al 2017, Monroe et al 2017, Gianluca et al 2020]. The cardinal clinical manifestations of 
NF1 include multiple café au lait macules, intertriginous freckling, multiple cutaneous neurofibromas, 
subcutaneous or deep nodular neurofibromas, plexiform neurofibromas, and characteristic ocular signs. 
Problems with learning, behavior, and social adaptation are unusually common among people with NF1. Optic 
or non-optic gliomas occur much more often than expected, but most of these tumors exhibit a benign course. 
Individuals with NF1, especially those with plexiform or deep nodular neurofibromas in large numbers or of 
large size, are at high risk of developing malignant peripheral nerve sheath tumors, which tend to occur at a 
much younger age and have a worse prognosis than in the general population. Women with NF1 are at increased 
risk of developing breast cancer and have complications of pregnancy more often than expected. Hypertension is 
frequent in people with NF1, and NF1 vasculopathy may cause stroke or other cardiovascular complications in 
affected children and young adults. Vertebral or tibial dysplasia can cause major disability in some individuals, 
and NF1-associated gastrointestinal, endocrine, or pulmonary disease – although less frequent – may be quite 
serious.
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Table 2. Neurofibromatosis 1: Frequency of Select Features

Feature % of Persons w/
Feature 1 Typical Age of Onset Comment

Café au lait macules >99% Infancy & childhood ↑ in number & size during 1st few yrs of 
life; macules fade in older persons.

Intertrigenous freckling 85% Infancy & early childhood Frequency ↑ w/age during childhood.

Lisch nodules >95% Early childhood Frequency ↑ w/age during childhood.

Choroidal abnormalities 82%-98% Early childhood ↑ in number & size during childhood

Optic pathway glioma 15%-20% Birth - 6 yrs Frequency lower in adults

Non-optic glioma 2%-5% Any age Frequency lower in children than adults

Cutaneous
neurofibromas 99% Adolescence-adulthood Infrequent in childhood; variably ↑ in size 

& number throughout life

Nodular neurofibromas 
(subcutaneous or deep) ~15% Adolescence

Frequency shown is on clinical exam; 
frequency is 2-3x higher on whole-body 
MRI.

Plexiform
neurofibroma(s) ~30% Infancy (sometimes 

congenital) or childhood
Frequency shown is on clinical exam; 
frequency is ~50% on whole-body MRI.

Malignant peripheral
nerve sheath tumor 8%-13% Adolescence - adulthood Cross-sectional prevalence 2%-5% after 

mid-childhood

Intellectual disability 4%-8% Childhood Persists throughout life

Learning difficulties 50%-60% Childhood
Persist throughout life

Behavior issues 30%-67% Childhood

Seizures 6%-7% Any age

Long bone dysplasia 2% Infancy (congenital)

Dystrophic scoliosis 5% 6-10 yrs Rapidly progressive scoliosis due to 
vertebral dysplasia

Nondystrophic scoliosis 5% Adolescence Milder scoliosis w/o vertebral anomalies

Osteoporosis ~20% Mid-adulthood

Osteopenia is frequent at all ages; 
osteoporosis occurs earlier than in general 
population but is rare in children & 
uncommon in young adults

Hypertension ≥15%-20% Any age Prevalence greater in adults than children

1. Many of the features listed in this table have different frequencies at different ages. The table gives life-time cumulative incidence 
figures that may be higher, and sometimes much higher, than the prevalence at any given age. Most frequencies in this table are from 
Ferner & Gutmann [2013] or DeBella et al [2000]. References for more recently defined features are given in the discussion of 
individual features below.

Cutaneous Features
Café au lait macules (CALMs). Typically, CALMs in individuals with NF1 are ovoid in shape with well-defined 
borders, uniform in color (a little darker than the background pigmentation of the individual's skin), and about 
1-3 cm in size; however, they may be smaller or much larger, lighter or darker, or irregular in shape [Ozarslan et 
al 2021, Albaghdadi et al 2022]. The pigmentation may also be irregular, with freckling or a more deeply 
pigmented smaller CALM within a larger, more typically colored lesion. They usually appear in infancy and early 
childhood, and once established remain stable in number and size (except for growth of the skin itself). They 
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may be difficult to see in older adults with NF1 because of the wrinkling and diffuse pigmentation that often 
occur with aging.

CALMs are flat and flush with the surrounding skin; if the skin of the lesion is raised or has an unusually soft or 
irregular texture in comparison to the surrounding skin, an underlying plexiform neurofibroma is likely. The 
darker pigmentation of CALMs may be difficult to see in people with very fair skin or very dark skin, where the 
color of the lesions is similar to that of the rest of the skin. A Wood's light is useful in such individuals to 
demonstrate the pigmented macules. CALMs are not seen on the palms or soles in people with NF1 but can 
occur almost anywhere else on the body.

Freckling. Clusters of freckles are frequent in sun-exposed areas and may also be seen diffusely over the trunk, 
proximal extremities, and neck in people with NF1. Individuals with NF1 also develop freckles in areas where 
skin rubs against skin – in the axilla, groin, and under the breasts in women [Ozarslan et al 2021, Albaghdadi et 
al 2022].

Neurofibromas. See Other Tumors.

Other skin findings. Juvenile xanthogranuloma and nevus anemicus are more common than expected in people 
with NF1 and may be useful in supporting the diagnosis in young children who do not meet the standard 
diagnostic criteria [Miraglia et al 2020, Ozarslan et al 2021]. Juvenile xanthogranulomas are small, tan- or 
orange-colored papules that may occur in clusters. Nevus anemicus is an irregularly shaped macule that is paler 
than surrounding skin and does not get red when rubbed, as the skin surrounding it does.

Ocular Findings
Lisch nodules are innocuous iris hamartomas that can be demonstrated on slit lamp examination in almost all 
adults with NF1, but in fewer than half of children with NF1 younger than age five years. They can be 
distinguished from iris freckles by their three-dimensional nodular appearance.

Choroidal freckling cannot be seen on standard ophthalmologic examination but can be visualized by scanning 
laser ophthalmoscopy with infrared or near-infrared light, infrared reflectance imaging, or optical coherence 
tomography [Vagge et al 2016, Moramarco et al 2018]. The lesions, which are Schwann cell proliferations 
arrayed in concentric rings around an axon, occur in the majority of people with NF1 of all ages and increase in 
prevalence, number, and size with age during childhood [Touzé et al 2021].

Other findings frequently seen on ophthalmologic examination of individuals with NF1 include microvascular 
abnormalities of the retina [Parrozzani et al 2018, Moramarco et al 2019] and hyperpigmented spots of the 
fundus [Moramarco et al 2021].

Optic pathway gliomas in individuals with NF1 are usually asymptomatic and remain so throughout life [Di 
Nicola & Viola 2020, Shofty et al 2020]. The clinical course in individuals with optic pathway gliomas tends to be 
milder in individuals with NF1 than in those who do not have NF1. Optic pathway gliomas in NF1 are 
frequently stable for many years or only very slowly progressive [Sellmer et al 2018, Kinori et al 2021]. In 
addition, the majority of optic pathway gliomas appear to regress spontaneously – their prevalence declines from 
approximately 20% in young children to less than 5% in older adults with NF1 [Sellmer et al 2018]. Symptomatic 
optic pathway gliomas in individuals with NF1 usually present before age six years with loss of visual acuity, 
proptosis, or strabismus, but these tumors may not become symptomatic until later in childhood or adulthood 
[Friedrich & Nuding 2016, Kinori et al 2021].

Increased tortuosity of the optic nerve can be seen on brain MRI in children with NF1, but optic nerve tortuosity 
is not associated with the occurrence of optic pathway glioma among individuals with NF1 [Ji et al 2013].
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Other Tumors
Neurofibromas are benign Schwann cell tumors that can affect virtually any nerve in the body [Brena et al 2020, 
Serra et al 2020, Ozarslan et al 2021]. Cutaneous neurofibromas are discrete, well-circumscribed masses, usually 
ranging in size from 1-2 mm to a few centimeters. Their consistency varies from soft to rubbery to firm. They 
may be sessile or pedunculated, and the involved skin may be the same color and tone as adjacent uninvolved 
skin or may be pinker or browner or bluer. Most are asymptomatic, but they may itch or be tender to touch. 
Cutaneous neurofibromas are rare in children but present in almost all adults with NF1.

Subcutaneous neurofibromas lie under the skin (the skin can be moved over them). Most feel rubbery and are 
nodular, but they may be diffuse, with indistinct borders, and of soft or heterogeneous consistency. The skin 
overlying a superficial diffuse neurofibroma may exhibit unusual pigmentation or hair patterning. Subcutaneous 
neurofibromas may be isolated or occur in clusters or continuously like beads on a string along a nerve. Most are 
small, but subcutaneous neurofibromas can grow to be 5 cm in diameter or more. They may be tender and are 
sometimes painful. Subcutaneous neurofibromas are uncommon in children but present in about 15% of adults 
with NF1 on clinical examination.

Cutaneous and subcutaneous neurofibromas continue to develop throughout life, although the rate of 
appearance may vary greatly from year to year. The total number of neurofibromas seen on clinical examination 
in adults with NF1 varies from a few to hundreds or even thousands. Some women experience a rapid increase 
in the number and size of neurofibromas during pregnancy, but this does not appear to produce a persistent 
increase in the tumor burden in comparison to those of child-bearing age with NF1 who have not been pregnant 
[Well et al 2020].

Plexiform neurofibromas. About half of people with NF1 have plexiform neurofibromas. Most of these tumors 
are internal, and thus not apparent on clinical examination. They can, however, be seen on MRI (see Imaging). 
Plexiform neurofibromas tend to grow in childhood and adolescence and then remain stable throughout 
adulthood [Nguyen et al 2012]. Although most plexiform neurofibromas are asymptomatic, they may cause 
pain, grow to cause disfigurement, produce overgrowth or erosion of adjacent tissue, or impinge on the function 
of nerves and other structures.

Superficial diffuse plexiform neurofibromas are soft and irregular; they are often associated with thickening, 
hypertrophy, and/or hyperpigmentation of the associated skin. More extensive diffuse plexiform neurofibromas 
may have a characteristic “bag of worms” feel on palpation, indicating involvement of multiple nerves and 
branches. Plexiform neurofibromas may also be firm and nodular, occurring singly or extending for some 
distance or even along the entire extent of a nerve, producing a “beads on a string” feel on palpation. Deeper 
plexiform neurofibromas that are not apparent on clinical examination may also be diffuse or nodular, and 
singular or clustered on any nerve, nerve root, or nerve plexus.

Malignant peripheral nerve sheath tumors (MPNST) are the most common malignant neoplasms associated 
with NF1. In comparison to the general population, MPNST tend to occur at a younger age and be associated 
with a poorer prognosis in people with NF1 [Martin et al 2020, Sharma et al 2021]. Most, if not all, MPNST arise 
in preexisting diffuse or nodular plexiform neurofibromas. The most frequent clinical sign of malignant change 
is persistent pain, either as a new symptom or as exacerbation of existing pain. This pain may be accompanied by 
rapid growth or change in texture of the tumor clinically or on MRI.

Individuals with NF1 who have a type 1 whole-gene deletion or benign subcutaneous neurofibromas, or whose 
burden of benign internal plexiform neurofibromas is high, appear to be at greater risk of developing MPNST 
than people with NF1 who do not have these features [Nguyen et al 2014]. Individuals with atypical 
neurofibromas also appear to be at unusually high risk of developing MPNST [Higham et al 2018].
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Brain tumors. Non-optic gliomas in people with NF1 are usually asymptomatic, and most are discovered as 
incidental findings on head MRI done as a routine screen or for other indications. These are usually low-grade 
tumors that grow slowly or not at all over many years [Sellmer et al 2017], although symptomatic and/or high-
grade brain tumors are seen occasionally [Byrne et al 2017, Glombova et al 2019].

At least 20% of people with NF1 who have one non-optic glioma have two or more of these tumors [Sellmer et al 
2017, Glombova et al 2019]. Second central nervous system (CNS) gliomas occur in 17%-20% of individuals 
with NF1 who have optic pathway gliomas [Sharif et al 2006, Sellmer et al 2018].

Breast cancer. Women with NF1 are at substantially increased risk of developing breast cancer before age 50 
years [Uusitalo et al 2016] and of dying of breast cancer [Evans et al 2020]. The cumulative risk of developing 
contralateral breast cancer is greater than expected among women with NF1 [Evans et al 2020]. Breast cancers in 
women with NF1 are more likely to be HER2-positive and to have other unfavorable tumor markers [Evans et al 
2020].

Hematologic malignancies. Although still rare, juvenile myelomonocytic leukemia (JMML) is hundreds of 
times more frequent in children with NF1 than in other children [Niemeyer & Flotho 2019]. The usual clinical 
features at presentation are splenomegaly, hepatomegaly, and leukemic infiltrates of the lung in association with 
a peripheral blood smear that shows myelocytes, meta-myelocytes, and sometimes nucleated red cells. Juvenile 
xanthogranulomas may be seen in children with NF1 and JMML but do not appear to be more frequent than 
expected in other children with NF1 [Liy-Wong et al 2017]. It is not clear whether lymphoreticular malignancies 
occur more frequently than expected in adults with NF1 [Bergqvist et al 2021].

Additional tumors. A variety of other tumors may also be seen more often than expected in individuals with 
NF1, including rhabdomyosarcomas [Crucis et al 2015], pheochromocytomas [Gruber et al 2017], 
paragangliomas [Gruber et al 2017], gastrointestinal stromal tumors [Nishida et al 2016], and glomus tumors 
[Kumar et al 2014]. People with NF1 may also be at increased risk for some other cancers [Seminog & Goldacre 
2013, Varan et al 2016, Landry et al 2021].

Other Neurologic Manifestations
Motor function. Hypotonia and impairments in coordination, balance, and fine motor function are frequent in 
children with NF1 [Iannuzzi et al 2016, Haas-Lude et al 2018, Pardej et al 2022]. Children with NF1 also have 
less muscle strength than unaffected children of the same age, sex, and weight [Summers et al 2015].

Intellectual and learning disabilities. Deficits in visual-spatial performance are most common in individuals 
with NF1, but specific learning disorders and problems with executive function, memory, and language are also 
frequent [Vogel et al 2017]. The average IQ of people with NF1 is ~1 SD lower than individuals in the general 
population, and frank intellectual disability (IQ <70) occurs in 4%-8% of individuals with NF1, a frequency 
about twice that in the general population [Vogel et al 2017, Al-Farsi et al 2022]. Intellectual disability is more 
frequent among individuals whose NF1 is caused by a whole-gene deletion.

Behavioral issues include problems with social competence and attention. Both children and adults with NF1 
report increased social difficulties such as isolation and reduced peer acceptance and exhibit fewer social skills 
and prosocial behaviors [Chisholm et al 2018, Payne et al 2020]. Attention-deficit/hyperactivity disorder is 
present in 30%-50% of children and adolescents with NF1 [Vogel et al 2017, Chisholm et al 2018, Domon-
Archambault et al 2018] and may persist into adulthood [Mautner et al 2015]. Symptoms of autism are frequent 
in children with NF1, and 25% of children with NF1 meet standard diagnostic criteria for autism spectrum 
disorder [Vogel et al 2017, Chisholm et al 2018, Domon-Archambault et al 2018, Payne et al 2020, Chisholm et al 
2022]. Autistic symptoms appear to be less common among adults than children with NF1 [Morris et al 2016]. 
Sleep disturbance is frequent in individuals with NF1 at all ages [Domon-Archambault et al 2018, Fjermestad et 
al 2018]. Psychiatric diseases such as mood disorders, anxiety disorders, and emerging personality disorders may 
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also occur more often than expected among adults with NF1 [Domon-Archambault et al 2018, Kenborg et al 
2021].

Polyneuropathy. A few percent of people with NF1 develop a diffuse polyneuropathy, often (though not always) 
in association with multiple nerve root tumors [Barnett et al 2019, Bayat & Bayat 2020]. NF1 polyneuropathy 
may be asymptomatic or produce sensory deficits, pain, or itching. The risk for MPNST appears to be higher in 
individuals who have polyneuropathy than in those who do not.

Seizures occur in about 5% of individuals with NF1, with a slightly higher prevalence in adults than in children 
[Bernardo et al 2020, Sorrentino et al 2021]. The seizures may be generalized but more often are focal, occurring 
in association with a brain tumor, area of infarction, or mesial temporal sclerosis [Pecoraro et al 2017, Bernardo 
et al 2020, Sorrentino et al 2021]. Neurodevelopmental abnormalities are more common in individuals with NF1 
and epilepsy [Sorrentino et al 2021].

The approach to treating epilepsy in individuals with NF1 is similar to that used in those who do not have NF1 
[Bernardo et al 2020, Sorrentino et al 2021]. Control of focal seizures may require the use of more than one anti-
seizure drug or surgical removal of the affected part of the brain.

Headaches occur in at least half of individuals with NF1 and are more frequent in adults than children 
[Fjermestad et al 2018, Hirabaru & Matsuo 2018, Kongkriangkai et al 2019]. Migraine headaches are most 
common in NF1, but other kinds of headaches may occur. NF1-associated lesions are often seen on head MRI in 
people with headaches, but the frequency is similar to that found in those without headaches [Afridi et al 2015].

Neuroimaging. Hyperintense lesions (unidentified bright objects [UBOs] or focal areas of high signal intensity 
[FASI]) are seen on T2-weighted brain MRI in more than half of children with NF1 [Sellmer et al 2018]. These 
may occur in the optic tracts, basal ganglia, brain stem, cerebellum, or cortex, and they usually show no evidence 
of a mass effect. Typical UBOs are not seen on T1-weighted MRI imaging or on CT scan. UBOs correspond 
pathologically to areas of spongiform myelinopathy [DiPaolo et al 1995]. They peak in number and size at about 
age seven years and then tend to regress, but some persist into adulthood [Sellmer et al 2018, Calvez et al 2020]. 
The presence of UBOs does not appear to be related to the occurrence of seizures in children with NF1 [Hsieh et 
al 2011]. Some studies have suggested that the presence, number, volume, location, or disappearance of UBOs 
over time correlates with learning disabilities or behavioral abnormalities in children with NF1, but findings 
have not been consistent across investigations [Payne et al 2014, Roy et al 2015, Parmeggiani et al 2018, Eby et al 
2019, Baudou et al 2020].

Enlargement of the corpus callosum is seen in some children with NF1 and has been associated with learning 
disabilities [Pride et al 2010, Aydin et al 2016].

MRI is the imaging method of choice for demonstrating optic gliomas, brain tumors, and neurofibromas of 
cranial, spinal, or peripheral nerves, as well as diffuse or nodular neurofibromas anywhere in the body. Positron 
emission tomography is useful in recognizing MPNST [Nishida et al 2021], and high-resolution ultrasound 
examination can be used to characterize dermal and superficial plexiform neurofibromas [Winter et al 2020].

Musculoskeletal Features
Long bone, sphenoid wing, or vertebral dysplasia. Osseous dysplasia may occur as a primary abnormality in 
individuals with NF1 (typical of long-bone dysplasia), or in association with an adjacent plexiform neurofibroma 
or dural ectasia (vertebral or sphenoid wing dysplasia). Healing of fractured or defective bone in any of these 
focal lesions is often unsatisfactory [Elefteriou et al 2009]. Surgical treatment of osseous dysplasia and its 
associated deformities of the long bones, craniofacies, and spine is frequently difficult and best accomplished by 
experienced specialists [Mladenov et al 2020].
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Dysplasia of the long bones, most often the tibia and fibula, is an infrequent but characteristic feature of NF1 
[Elefteriou et al 2009]. The lesion is congenital and almost always unilateral. It usually presents in infancy with 
anteriolateral bowing of the lower leg. Early recognition of tibial dysplasia permits bracing, which may prevent 
fracture. The initial radiographic changes are narrowing of the medullary canal with cortical thickening at the 
apex of the bowing [Stevenson et al 2007].

Sphenoid wing dysplasia typically presents with asymmetry of the orbits, but it is sometimes found incidentally 
on cranial imaging. Sphenoid wing dysplasia is often static but may be progressive, occasionally disrupting the 
integrity of the orbit and producing pulsating enophthalmos [Chauvel-Picard et al 2020].

Vertebral dysplasia usually presents as dystrophic scoliosis, which typically develops between ages six and eight 
years, much earlier than common adolescent scoliosis. Dystrophic scoliosis, which is characterized by acute 
angulation of the spine over a short segment, may be rapidly progressive within a few months after becoming 
apparent [Kaspiris et al 2022].

Nondystrophic scoliosis, which is not usually associated with vertebral abnormalities in individuals with NF1, 
resembles common adolescent scoliosis in its age at onset and more benign course [Elefteriou et al 2009].

Osteoporosis. Generalized osteopenia is more common than expected in people with NF1 [Rodari et al 2018, 
Filopanti et al 2019, Jalabert et al 2021, Kaspiris et al 2022], and fractures occur more often than expected 
[Heervä et al 2012]. Adults with NF1 develop osteoporosis more frequently and at a younger age than in the 
general population [Filopanti et al 2019, Kaspiris et al 2022]. The pathogenesis of these bony changes is not fully 
understood, but individuals with NF1 often have lower-than-expected serum 25-hydroxy vitamin D 
concentrations, elevated serum parathyroid hormone levels, and evidence of increased bone resorption [Riccardi 
et al 2020, Tezol et al 2021, Kaspiris et al 2022]. The function of both osteoblasts and osteoclasts appears to be 
abnormal in bone from people with NF1 [Riccardi et al 2020, Kaspiris et al 2022].

Vascular Involvement
Arterial hypertension occurs in at least 15%-20% of individuals with NF1 [Dubov et al 2016, Sivasubramanian 
& Meyers 2021]. It may develop at any age but is more frequent in adults than children. Often no specific cause is 
found, but hypertension may be caused by renal artery stenosis or mid-aortic syndrome, usually as a 
manifestation of NF1 vasculopathy, especially in children [Celik et al 2021, Sivasubramanian & Meyers 2021]. 
Hydronephrosis and other structural abnormalities of the urinary tract are frequent in individuals with NF1-
related hypertension but are also seen in those without hypertension [Dubov et al 2016, Celik et al 2021].

Although much more frequent in people with NF1 than in the general population, pheochromocytomas or 
paragangliomas are found in fewer than 1% of adults with NF1. These tumors are usually asymptomatic, but they 
can cause arterial hypertension [Al-Sharefi et al 2019].

Pulmonary hypertension is a rare but very serious complication of NF1 in older adults [Jutant et al 2018, Jutant 
et al 2020]. It is usually associated with parenchymal lung disease, which itself may be a manifestation of NF1 
vasculopathy affecting vessels in the lungs [Jutant et al 2018].

Stroke is more common and often occurs at a younger age among people with NF1 than in the general 
population [Terry et al 2016]. Anatomically variant stenotic or ectatic cerebral arteries and intracranial 
aneurysms occur more frequently in individuals with NF1 than in the general population [Bekiesińska-
Figatowska et al 2014, D'Arco et al 2014, Barreto-Duarte et al 2021]. The internal carotid, middle cerebral, or 
anterior cerebral artery are most often affected. Small telangiectatic vessels form around the stenotic area and 
appear as a "puff of smoke" (moya moya) on cerebral angiography. Moya moya vasculopathy develops about 
three times more often than expected in children with NF1 after cranial irradiation for primary brain tumor 
[Murphy et al 2015].
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Cardiac Issues
Congenital anomalies of the circulatory system were observed 3.35 times (95% confidence interval 1.64-6.83x) 
more often than expected among children with NF1 in a study performed through Finnish population-based 
registries [Leppävirta et al 2018]. Pulmonary valve stenosis and mitral valve anomalies are the most frequent 
cardiac defects seen in individuals with NF1 [Lin et al 2000, Pinna et al 2019]. Congenital heart defects and 
hypertrophic cardiomyopathy may be especially frequent among persons with NF1 whole-gene deletions 
[Nguyen et al 2013, Pinna et al 2019]. Intracardiac neurofibromas may also occur [Nguyen et al 2013].

Pulmonary Disease
NF1-associated diffuse lung disease occurs in 10%-20% of adults [Jutant et al 2018, Alves Júnior et al 2019]. 
Symptoms are usually nonspecific and may include dyspnea on exertion, shortness of breath, chronic cough, or 
chest pain. Symptoms do not usually appear until the third or fourth decade of life, although characteristic signs 
may be found on imaging studies in children with NF1 [Spinnato et al 2019]. Chest CT is the method of choice 
for identifying NF1-associated diffuse lung disease, which typically is characterized by upper-lobe cystic and 
bullous disease and basilar interstitial disease. NF1 pulmonary disease is often poorly responsive to available 
medical treatments.

Growth
Individuals with NF1 tend to be below average in height and above average in head circumference for age [Zessis 
et al 2018]. However, very few individuals with NF1 have height more than 3 SD below the mean or head 
circumference more than 4 SD above the mean.

In contrast, individuals with whole-gene NF1 deletions have overgrowth (especially in height) between ages two 
and six years [Ning et al 2016, Kehrer-Sawatzki et al 2020]. The clinical features in some of these individuals 
resemble those of Weaver syndrome (see Genotype-Phenotype Correlations).

Pubertal development is usually normal, although decreased pubertal growth velocity occurs in both girls and 
boys [Zessis et al 2018]. However, delayed puberty is common [Virdis et al 2003], and precocious puberty and/or 
growth hormone excess may also occur in children with NF1, especially in those with tumors of the optic chiasm 
[Cambiaso et al 2017, Hannah-Shmouni & Stratakis 2019].

Life Expectancy
The median life expectancy of individuals with NF1 is at least eight years lower than in the general population 
[Evans et al 2011, Wilding et al 2012]. Even higher excess mortality has been identified in females [Uusitalo et al 
2015]. Malignancy (MPNST) and vasculopathy are the most important causes of early death in individuals with 
NF1 [Evans et al 2011, Masocco et al 2011, Uusitalo et al 2015].

Quality of Life
Quality of life assessments are lower in both children and adults with NF1 than in comparison groups 
[Vranceanu et al 2015]. Cosmetic, medical, social, and behavioral features of NF1 all may compromise the 
quality of life in people with NF1, and clinical depression may impair their ability to function effectively 
[Domon-Archambault et al 2018]. A population-based Danish registry study found that people with NF1 were 
more than twice as likely to be hospitalized and to have more frequent and longer hospitalizations at all ages in 
comparison to the general population [Kenborg et al 2020].

NF1 Phenotypic Variants
Mosaic NF1 (i.e., somatic mosaicism for an NF1 pathogenic variant) may present as clinical features of NF1 
localized to one or more segments of the body or as typical (generalized) NF1 [Ejerskov et al 2021]. Mosaic NF1 
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is usually milder than typical NF1 involving the same pathogenic variant, and some adults with mosaic NF1 
have no clinical features of NF1 [Kluwe et al 2020, Yang et al 2020]. Mosaic NF1 involving just a single body 
segment is sometimes called "segmental NF1," but the term "localized mosaic NF1" is preferred because it is 
more informative and because non-mosaic NF1 may sometimes involve just one part of the body by chance, 
especially in young children. Adults with mosaic NF1 may have children with typical (i.e., non-mosaic) NF1 
[Legius & Brems 2020] (see Genetic Counseling).

NF1-Noonan syndrome phenotype occurs in approximately 12% of individuals with NF1. The features may 
include ocular hypertelorism, downslanted palpebral fissures, ptosis, low-set ears, webbed neck, pectus anomaly, 
and pulmonic stenosis. Affected family members with NF1 may or may not have concomitant features of 
Noonan syndrome [Chen et al 2014, Ekvall et al 2014]. The NF1-Noonan syndrome phenotype is genetically 
heterogeneous. Some individuals have disease-causing variants of both NF1 and PTPN11 (the gene most often 
involved in Noonan syndrome) [D'Amico et al 2021]. In other individuals, only an NF1 variant is identified [De 
Luca et al 2005]. Watson syndrome, an overlapping phenotype characterized by pulmonary valvular stenosis, 
CALMs, short stature, and mild intellectual disability, is caused by NF1 variants [Allanson et al 1991].

Familial spinal neurofibromatosis is characterized by neurofibromas of every spinal nerve root but few (if any) 
cutaneous manifestations of NF1 [Bettegowda et al 2021]. Despite the name, this phenotype may also occur in 
simplex cases [Ruggieri et al 2015].

Multiple spinal ganglioneuromas (rather than neurofibromas) and multiple subcutaneous tumors were 
reported in an adult with an NF1 pathogenic variant whose clinical features were not diagnostic of NF1 [Bacci et 
al 2010].

Multiple lipomas have been observed in association with a pathogenic variant of NF1 but no other clinical 
features of NF1 [Ramirez et al 2021].

Symptomatic optic glioma was reported in a male with an NF1 pathogenic variant and no other diagnostic 
features of NF1 at age 21 years [Buske et al 1999].

Encephalocraniocutaneous lipomatosis was reported in one child with more than five CALMs and an NF1 
pathogenic variant [Legius et al 1995].

Genotype-Phenotype Correlations
Several allele-phenotype correlations have been observed in NF1:

• 1.4-Mb (type 1) deletion of the entire NF1 gene are associated with larger numbers and earlier appearance 
of cutaneous and plexiform neurofibromas, a higher risk of developing MPNST, more frequent and more 
severe cognitive abnormalities, somatic overgrowth, and large hands and feet [Bettegowda et al 2021, 
Kehrer-Sawatzki & Cooper 2021, Pacot et al 2021, Well et al 2021]. A recurrent pattern of dysmorphic 
features that includes coarse facial appearance, flat forehead, ocular hypertelorism, broad nasal tip, low-set 
ears, and broad neck is often observed among adolescents and adults [Kehrer-Sawatzki & Cooper 2021].

• An unusually severe phenotype with frequent plexiform or spinal neurofibromas, optic pathway gliomas, 
malignant neoplasms, and skeletal abnormalities has been observed in adults with missense variants of 
one of five codons between 844 and 848 [NM_000267.3] that code for the cysteine-serine rich domain of 
neurofibromin [Koczkowska et al 2018, Bettegowda et al 2021].

• p.Met992del is associated with typical pigmentary features of NF1 but no cutaneous, subcutaneous, or 
surface plexiform neurofibromas [Bettegowda et al 2021]. One quarter of individuals with this variant lack 
the clinical features needed to meet NF1 diagnostic criteria, but brain tumors outside of the optic 
pathways, cognitive or learning disabilities, and Noonan syndrome features occur at frequencies similar to 
those seen in other individuals with NF1.

14 GeneReviews®

https://www.ncbi.nlm.nih.gov/books/n/gene/noonan/
https://www.ncbi.nlm.nih.gov/nuccore/NM_000267.3


• p.Arg1038Gly has been associated with mild pigmentary features of NF1 but a paucity of neurofibromas 
and frequent NF1-Noonan syndrome features [Trevisson et al 2019].

• Missense variants affecting p.Met1149 have been associated with a mild phenotype characterized by 
pigmentary features, frequent learning problems, and features of NF1-Noonan syndrome [Koczkowska et 
al 2020]

• Missense variants affecting p.Arg1276 have been associated with a higher-than-expected frequency of 
cardiovascular malformations, especially pulmonic stenosis, NF1-Noonan phenotype, and symptomatic 
spinal neurofibromas [Koczkowska et al 2020].

• Missense variants affecting p.Lys1423 have been associated with higher-than-expected frequencies of 
plexiform neurofibromas, as well as of learning problems, cardiovascular malformations (especially 
pulmonic stenosis), and NF1-Noonan phenotype [Koczkowska et al 2020].

• Several missense variants affecting p.Arg1809 are associated with multiple CALMs but absence of 
cutaneous neurofibromas or clinically apparent plexiform neurofibromas, although learning disabilities, 
short stature, and pulmonic stenosis often occur [Pinna et al 2015, Rojnueangnit et al 2015, Bettegowda et 
al 2021].

Penetrance
Pedigree studies demonstrate that the penetrance of NF1 is nearly complete after childhood [Rasmussen & 
Friedman 2000], but molecular testing has documented incomplete penetrance of pathogenic NF1 variants in a 
small number of individuals [Bettegowda et al 2021].

Nomenclature
NF1 was previously referred to as peripheral neurofibromatosis, to distinguish it from NF2 (central 
neurofibromatosis) – although CNS involvement may also occur in NF1.

"Neurofibromatosis" without further specification is sometimes used in the literature to refer to NF1, but this 
usage is confusing because other authors employ the term "neurofibromatosis" to designate a group of conditions 
that includes (in addition to NF1) Legius syndrome, NF2, and schwannomatosis.

Prevalence
A Finnish register-based total population study estimated the prevalence of NF1 at 1:2,052 between ages 0 and 
74 years [Kallionpää et al 2018]. The prevalence was highest in the youngest cohort and lower in older cohorts, 
reflecting the increased mortality (see Life Expectancy). The incidence at birth in this study was estimated at 
1:1,871 [Uusitalo et al 2015], making NF1 one of the most common autosomal dominant genetic disorders. The 
prevalence and birth incidence were higher than previous estimates [Evans et al 2010] – likely the result of the 
diagnosis of more mildly affected individuals rather than differences in the actual incidence and prevalence in 
the populations studied.

Almost half of all affected individuals have the disorder as the result of de novo variants. If the Finnish estimate 
of the incidence of NF1 at birth is correct and fertility in affected individuals is reduced by half [Huson et al 
1989], the mutation rate for NF1 would be >1:8000, among the highest known for any gene in humans. The 
cause of the unusually high mutation rate is unknown.

Genetically Related (Allelic) Disorders
No phenotypes other than those discussed in this GeneReview are known to be associated with germline 
pathogenic variants in NF1.
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Differential Diagnosis
More than 100 genetic conditions and multiple congenital anomaly syndromes that include café au lait macules 
(CALMs) or other individual features of neurofibromatosis 1 (NF1) have been described, but few of these 
disorders are ever confused with NF1. The conditions to consider in the differential diagnosis of NF1 are 
summarized in Table 3.

Table 3. Genes of Interest in the Differential Diagnosis of Neurofibromatosis 1

Gene(s) Disorder MOI Clinical Characteristics / Comment

AKT1 1 Proteus syndrome See footnote 1. Hamartomatous overgrowth of multiple tissues, connective 
tissue nevi, epidermal nevi, & hyperostoses

BRAF 
MAP2K1 
PTPN11 
RAF1

Noonan syndrome with multiple 
lentigines (previously referred to as 
LEOPARD syndrome)

AD Multiple lentigines, ocular hypertelorism, deafness, & 
congenital heart disease

BRAF 
KRAS 
LZTR1 
MAP2K1 
NRAS 
PTPN11 
RAF1 
RIT1 
SOS1

Noonan syndrome (NS) AD
(AR) 2

Short stature, congenital heart defect, neck webbing, & 
characteristic facies. Persons w/NF1 may have NS-like facial 
features. Facial features of NS change w/age. Features found 
irrespective of age: low-set, posteriorly rotated ears w/fleshy 
helices, vivid blue or blue-green irides, hypertelorism, 
downslanted palpebral fissures, epicanthal folds, & ptosis.

GNAS 3 Fibrous dysplasia/McCune-Albright 
syndrome (FD/MAS) See footnote 3. Large CALMs w/irregular margins & polyostotic fibrous 

dysplasia

KIT 
SNAI2 Piebald trait (OMIM 172800) AD

Areas of cutaneous pigmentation & depigmentation w/
hyperpigmented borders of the unpigmented areas, & white 
forelock

LZTR1 
SMARCB1 Schwannomatosis AD

Predisposition to develop multiple schwannomas & (less 
often) meningiomas. Most common presenting feature: 
localized or diffuse pain or asymptomatic mass.

MLH1 
MSH2 
MSH6 
PMS2

Constitutional mismatch repair deficiency 
(CMMRD; see Lynch Syndrome.) AR

Rare childhood cancer predisposition syndrome. Affected 
persons often have colorectal cancer or cancer of the small 
intestine prior to 2nd decade of life. Cutaneous phenotype is 
remarkably similar to NF1. CMMRD is distinguishable from 
NF1 in that the parents are often consanguineous & 1 or 
both parents often have clinical findings &/or family history 
of Lynch syndrome due to heterozygous pathogenic variant 
at one of these loci. Typically, neither parent has clinical 
findings consistent w/NF1.

NF2 Neurofibromatosis 2 (NF2) AD
Bilateral vestibular schwannomas, schwannomas of other 
cranial & peripheral nerves, cutaneous schwannomas, 
meningiomas, & juvenile posterior subcapsular cataract

PDGFRB Infantile myofibromatosis (OMIM 
228550) AD Multiple tumors of the skin, subcutaneous tissues, skeletal 

muscle, bones, & viscera
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Table 3. continued from previous page.

Gene(s) Disorder MOI Clinical Characteristics / Comment

SPRED1 Legius syndrome AD

Multiple CALMs w/o neurofibromas, other tumors, or Lisch 
nodules. Addl features of Legius: freckling, lipomas, 
macrocephaly, & learning disabilities / ADHD / DDs. ~8% of 
children w/≥6 CALMs & no other features of NF1 have 
Legius syndrome. 5

AD = autosomal dominant; ADHD = attention-deficit/hyperactivity disorder; AR = autosomal recessive; CALMs = café au lait 
macules; DD = developmental delay; MOI = mode of inheritance; NS = Noonan syndrome
1. A somatic mosaic AKT1 pathogenic variant has been identified in more than 90% of individuals meeting Proteus syndrome 
diagnostic criteria. There are no confirmed occurrences of vertical transmission or sib recurrence.
2. NS is most often inherited in an AD manner. NS caused by pathogenic variants in LZTR1 can be inherited in either an AD or an AR 
manner.
3. FD/MAS is the result of early embryonic postzygotic somatic activating mutation of GNAS. There are no verified instances of vertical 
transmission of FD/MAS.
5. Clinically distinguishing Legius syndrome from NF1 may be impossible in a young child because neurofibromas and Lisch nodules 
do not usually arise until later in childhood or adolescence in those with NF1. Examination of the parents for signs of Legius syndrome 
or NF1 may distinguish the two conditions, but in simplex cases, reevaluation of the individual after adolescence or molecular testing 
may be necessary to establish the diagnosis [Legius et al 2021].

Other disorders with features of NF1

• Isolated familial multiple CALMs (OMIM 114030). Among 253 individuals with familial multiple CALMs 
but no other clinical features of NF1, 86.6% had disease-causing variants of NF1, 7.1% had disease-causing 
variants of SPRED1, and 6.3% did not have an NF1 or SPRED1 disease-causing variant identified 
[Messiaen et al 2009].

• Multiple orbital neurofibromas, painful peripheral nerve tumors, distinctive face, and marfanoid habitus 
[Babovic-Vuksanovic et al 2012]

Management
The American Academy of Pediatrics and American College of Medical Genetics and Genomics (ACMG) have 
published management guidelines for children with NF1 [Miller et al 2019], and the ACMG has published 
management guidelines for affected adults [Stewart et al 2018]. Similar recommendations have been made by the 
NF France Network [Bergqvist et al 2020] and by other experts [Ly & Blakeley 2019, Baudou & Chaix 2020]. 
Referral to a neurofibromatosis clinic staffed by a variety of medical specialists with experience and particular 
interest in NF1 may benefit many individuals [Toledano-Alhadef et al 2020].

Evaluations Following Initial Diagnosis
To establish the extent of disease and needs in an individual diagnosed with neurofibromatosis 1 (NF1), the 
evaluations summarized in Table 4 (if not performed as part of the evaluation that led to the diagnosis) are 
recommended.

Table 4. Recommended Evaluations Following Initial Diagnosis in Individuals with Neurofibromatosis 1

System/Concern Evaluation Comment

Integument Clinical assessment for skin findings of neurofibromas 
&/or plexiform neurofibromas
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Table 4. continued from previous page.

System/Concern Evaluation Comment

Eyes

Ophthalmologic eval incl fundoscopy, slit lamp exam of 
the irides, infrared reflectance imaging or optical 
coherence tomography of the fundus, & vision 
assessment

Neurologic Neurologic exam; assessment for seizures, headaches, & 
pain

Note: Routine use of brain MRI in asymptomatic 
persons is controversial. 1

Development Developmental assessment

Psychiatric Neuropsychiatric assessment

Skeletal
Clinical assessment for asymmetry, long bone dysplasia, 
sphenoid wing dysplasia, vertebral dysplasia &/or 
scoliosis, & recurrent fractures

Vascular Blood pressure

Evaluate those w/hypertension for renovascular 
disease or midaortic syndrome, hydronephrosis or 
other structural renal anomalies, & 
pheochromocytoma or paraganglioneuroma 
[Sivasubramanian & Meyers 2021].

Cardiac History & clinical exam for signs/symptoms of 
congenital heart defects &/or cardiomyopathy

Growth Plot height, weight, & head circumference on age-
appropriate charts.

Genetic 
counseling By genetics professionals 2

To inform affected persons & their families re 
nature, MOI, & implications of NF1 to facilitate 
medical & personal decision making

MOI = mode of inheritance
1. Proponents state that brain MRI is useful to identify structural anomalies of the brain or skull, tumors, or vascular disease before it 
becomes clinically apparent. Those who oppose head MRI in asymptomatic individuals point to the uncertain clinical significance of 
unidentified bright objects (UBOs), increased cost, requirement for sedation in small children, and findings resulting in repeating 
imaging for reassurance.
2. Medical geneticist, certified genetic counselor, certified advanced genetic nurse

Treatment of Manifestations
Table 5. Treatment of Manifestations in Individuals with Neurofibromatosis 1

Manifestation/Concern Treatment Considerations/Other

Optic pathway 
gliomas (OPG)

• Monitoring by brain MRI & mgmt per 
ophthalmologist & oncologist w/experience in 
NF1

• Chemotherapy for progressive OPG, although 
the results are mixed

• Surgical treatment is usually reserved for 
cosmetic palliation in a blind eye.

• Children w/NF1 & low-grade 
progressive gliomas (most of which 
were OPG) had better survival w/
carboplatin & vincristine than children 
w/o NF1 who had similar tumors [Ater 
et al 2016].

• Radiotherapy is usually avoided due to 
↑ risk of inducing malignancy or moya 
moya vasculopathy in the exposed 
field.

Cutaneous / 
subcutaneous 
neurofibromas

Surgical removal, laser, or electrocautery for 
neurofibromas that are disfiguring or in locations that 
result in discomfort (e.g., at belt or collar lines)

Laser ablation is rapid & effective for removing 
large numbers of neurofibromas w/satisfactory 
cosmetic results [Méni et al 2015].
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Table 5. continued from previous page.

Manifestation/Concern Treatment Considerations/Other

Plexiform 
neurofibromas

• Assess size, extent, & monitor growth w/MRI.
• Monitor for pain, neurologic deficit, &/or tumor 

growth (which suggests MPNST).
• Exam by MRI, PET, or PET/CT when MPNST is 

suspected; definitive diagnosis of MPNST 
requires biopsy.

• Selumetinib, a MEK inhibitor, is FDA-approved 
for treatment of NF1-related inoperable 
plexiform neurofibromas. 1, 2

• Surgical removal of small superficial 
plexiform neurofibromas may be 
possible.

• Surgical treatment of larger tumors is 
often unsatisfactory because of 
involvement w/nerves & tendency to 
grow back.

• Radiotherapy is contraindicated due to 
risk of inducing MPNST.

Malignant peripheral 
nerve sheath tumors 
(MPNST)

• Mgmt per surgical &/or medical oncologists 
familiar w/NF1

• Complete surgical excision, when possible, is the 
only treatment that offers the possibility of cure 
[Valentin et al 2016].

• Adjuvant chemotherapy or radiotherapy may be 
helpful in some [Valentin et al 2016].

Treatments for MPNST involving MEK 
inhibitors, immunotherapy, &/or radiation 
therapy are currently being evaluated in 
clinical trials [Marjanska et al 2020].

Brain tumors Monitoring by brain MRI & mgmt per oncologist w/
experience in NF1

• Brain stem & cerebellar gliomas in 
those w/NF1 are usually less aggressive 
than in persons w/o NF1 [Sellmer et al 
2017].

• Avoid radiation therapy, as MPNST or 
other gliomas may develop w/in 
treatment field [Kleinerman 2009, 
Madden et al 2014]. Transformation of 
a pilocytic astrocytoma to a more 
malignant brain tumor may occur after 
radiation therapy in persons w/NF1 
[Krishnatry et al 2016].

Breast cancer
Although more aggressive breast cancer is reported in 
NF1, women w/NF1 should be treated in the same 
manner as others w/similar pathology & tumor markers.

Avoiding radiotherapy, if possible, is 
reasonable.

Hematologic 
malignancies Mgmt per oncologist w/experience in treatment of NF1

Pain

Pain treatment:

• Depends on nature, severity, & degree to which it 
interferes w/ADL [Bellampalli & Khanna 2019];

• Is empiric & similar to that in those w/o NF1.

Persons w/intractable pain that interferes 
w/ADL despite conventional treatment should 
be referred to pain specialist.

Developmental delay / 
Intellectual disability Mgmt per developmental specialist [Miller et al 2019]

Behavioral/ 
psychiatric 
manifestations

Methylphenidate treatment may be beneficial in 
children w/ADHD [Lion-François et al 2014].

Seizures Mgmt per neurologist w/experience in treatment of 
epilepsy

Headaches Mgmt per neurologist w/experience in treatment of 
headaches

Long bone dysplasia
• Assess by x-ray when suspected on clinical exam.
• Consider CT or 3D-CT reconstructions when 

surgical treatment is planned.

Surgical treatment of tibial pseudarthrosis is 
difficult & often unsatisfactory [Paley 2019].
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Table 5. continued from previous page.

Manifestation/Concern Treatment Considerations/Other

Sphenoid wing 
dysplasia w/or w/o 
assoc plexiform 
neurofibroma

Mgmt per craniofacial team w/experience in treatment 
of NF1

Mgmt recommendations for orbital/periorbital 
plexiform neurofibroma in children w/NF1 
have been made by a multidisciplinary expert 
task force [Avery et al 2017].

Vertebral dysplasia / 
Dystrophic scoliosis

Mgmt per orthopedist & spine specialist w/experience in 
treatment of NF1

Often requires surgical mgmt, which may be 
complex & difficult [Jia et al 2021]

Scoliosis 
(nondystrophic) Mgmt per orthopedist Treatment similar to that of idiopathic 

scoliosis.

Osteopenia / 
Recurrent fractures

• Vitamin D & calcium supplementation to ↓ risk 
of developing osteoporosis

• Bisphosphonate treatment of osteoporosis may 
be helpful [Heervä et al 2014, Uehara et al 2018].

Hypovitaminosis D is common in persons 
w/NF1 of all ages.

Hypertension
Treatment per nephrologist &/or cardiologist based on 
cause of hypertension [Sivasubramanian & Meyers 
2021]

Stroke / Moya 
moya vasculopathy

• MR angiography to assess NF1 vasculopathy 
[D'Arco et al 2014]

• Treatment per neurologist & vascular surgeon

Cardiac 
manifestations Mgmt per cardiologist & cardiac surgeon

Growth deficiency / 
Pubertal delay Mgmt per pediatric endocrinologist

Precocious puberty Mgmt per endocrinologist

ADHD = attention-deficit/hyperactivity disorder; ADL = activities of daily living; MPNST = malignant peripheral nerve sheath tumor
1. Gross et al [2020],Galvin et al [2021], Mukhopadhyay et al [2021], Anderson et al [2022]
2. Treatments for plexiform neurofibromas involving other MEK inhibitors are currently being evaluated in clinical trials [Marjanska et 
al 2020, Solares et al 2021].

Imaging
MRI is the method of choice for demonstrating the size and extent of plexiform neurofibromas [Ahlawat et al 
2016] and for monitoring their growth over time [Nguyen et al 2012]. MRI is also useful in characterizing optic 
pathway gliomas, other brain tumors, structural abnormalities of the brain, and signs of cerebrovascular disease 
in people with NF1 [Lin et al 2011, Prada et al 2015, Blanchard et al 2016, Sellmer et al 2017, Sellmer et al 2018]. 
MR angiography is valuable in assessing NF1 vasculopathy [D'Arco et al 2014]. Conventional radiographic 
studies can demonstrate the skeletal anomalies that occur in people with NF1 [Patel & Stacy 2012], but CT 
imaging or three-dimensional CT reconstructions may be necessary when surgical treatment of bony lesions is 
being planned. PET and CT/PET can help to distinguish benign and malignant peripheral nerve sheath tumors 
[Chirindel et al 2015, Salamon et al 2015, Van Der Gucht et al 2016], but definitive differentiation can only be 
made by histologic examination of the tumor. CT/PET appears to be useful in guiding percutaneous biopsies of 
peripheral nerve sheath tumors suspected of being malignant [Brahmi et al 2015].

Surveillance
Surveillance recommendations for children and adults with NF1 have been published by ACMG [Stewart et al 
2018, Miller et al 2019]. The evaluations summarized in Table 6a (routine surveillance of children with NF1), 
and Table 6b (routine surveillance of affected adults) are based on these recommendations.
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Table 6a. Recommended Surveillance for Children with Neurofibromatosis 1

System/Concern Evaluation Frequency

Eyes Ophthalmologic exam
Annually until adolescence or as 
recommended by ophthalmologist; exam as 
needed in older children

Tumors
Physical exam for neurofibromas, new or changing plexiform 
neurofibromas, & other signs/symptoms of malignancy by a 
clinical provider familiar w/the patient

Annually 1

Neurologic Neurologic assessment for neurologic deficit, seizures, headaches, 
& pain

Annually 1. Note: brain MRI only as 
indicated based on clinically apparent signs 
or symptoms

Neurodevelopment • Developmental assessment by screening questionnaire
• Neuropsychiatric assessment As needed

Skeletal
Clinical assessment for asymmetry & scoliosis Annually throughout childhood until 

growth is complete 1

Assess for increased fractures. Annually

Cardiovascular

• Blood pressure assessment
• Clinical assessment for cardiac disease; assess for signs & 

symptoms of vascular complications
• Monitoring of known cardiac &/or vascular disease per 

cardiologist/vascular specialist

Annually & prior to surgical procedures 1

Growth 
deficiency

Assess height & head circumference on NF1 specific growth 
charts. Annually throughout childhood

Endocrine 
manifestations Assess pubertal development. Annually throughout early childhood

1. Persons with NF1 whole-gene deletions, large or growing plexiform neurofibromas or intracranial tumors, symptomatic vascular 
disease, progressive osseous lesions, or other serious disease manifestations require more frequent targeted follow up.

Table 6b. Recommended Surveillance for Adults with Neurofibromatosis 1

System/Concern Evaluation Frequency

Tumors
Physical exam for neurofibromas, new or changing plexiform 
neurofibromas, & other signs/symptoms of malignancy by a clinical 
provider familiar w/the patient

Annually

Breast cancer (in 
women w/NF1)

Mammography 1 Annually beginning at age 30 yrs

Contrast-enhanced breast MRI 1 Consider annually btwn ages 30 & 50 
yrs.

Neurologic Neurologic assessment for neurologic deficit, headaches, seizures, sleep 
disturbance, & pain

Annually. Note: brain MRI only as 
indicated based on clinically apparent 
signs or symptoms

Neuropsychiatric Assess for cognitive issues & depression. Annually or as needed

Skeletal
Clinical assessment for scoliosis & osteoporosis Annually

Serum vitamin D levels As needed
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Table 6b. continued from previous page.

System/Concern Evaluation Frequency

Cardiovascular

• Blood pressure assessment
• Clinical assessment for cardiac disease; assess for signs & 

symptoms of vascular complications
• Monitoring known cardiac &/or vascular disease per 

cardiologist / vascular specialist

Annually

1. The efficacy and cost-effectiveness of such screening have not yet been demonstrated [Howell et al 2017].

Agents/Circumstances to Avoid
Activity restrictions may be required in those with tibial dysplasia or dystrophic scoliosis if recommended by 
orthopedic specialist.

Radiotherapy of individuals with NF1 appears to be associated with a high risk of developing malignant 
peripheral nerve sheath tumors within the field of treatment [Evans et al 2002, Sharif et al 2006, Tsang et al 
2017].

Evaluation of Relatives at Risk
See Genetic Counseling for issues related to testing of at-risk relatives for genetic counseling purposes.

Pregnancy Management
Although most pregnancies in individuals with NF1 are normal, preterm delivery, delivery by cæsarean section, 
hypertension, and placental abruptions are more common than expected [Chetty et al 2011, Terry et al 2013, 
Leppävirta et al 2018]. Although many individuals with NF1 report a rapid increase in the number and size of 
neurofibromas during pregnancy, no ongoing difference in cutaneous or plexiform neurofibroma volume was 
observed on whole-body MRI between 13 persons with NF1 who had a pregnancy and 13 age-matched 
nulligravid persons with NF1 over an observation period that averaged 4.7 years and spanned the pregnancy 
[Well et al 2020].

Therapies Under Investigation
Therapy of NF1-related MPNST by interfering with various critical cell signaling pathways is under active 
investigation in preclinical models and early clinical trials [Brosseau et al 2020, Foiadelli et al 2020].

Many preclinical and clinical investigations of NF1-related gliomas are underway [Packer et al 2020, Packer & 
Vezina 2020].

Gene therapy to correct the primary disease-causing NF1 variant is also being studied in model systems [Cui et 
al 2020, Leier et al 2020].

Clinical studies are in progress to assess treatments for NF1-associated leukemia, cutaneous neurofibromas, 
pain, constipation, and hypertension, as well as for cognitive, learning, behavioral, social, and motor 
impairments.

See NIH ClinicalTrials.gov in the US and EU Clinical Trials Register in Europe for list of current clinical trials 
for NF1.
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Genetic Counseling
Genetic counseling is the process of providing individuals and families with information on the nature, mode(s) of 
inheritance, and implications of genetic disorders to help them make informed medical and personal decisions. The 
following section deals with genetic risk assessment and the use of family history and genetic testing to clarify genetic 
status for family members; it is not meant to address all personal, cultural, or ethical issues that may arise or to 
substitute for consultation with a genetics professional. —ED.

Mode of Inheritance
Neurofibromatosis 1 (NF1) is inherited in an autosomal dominant manner.

Risk to Family Members
Parents of a proband

• Approximately 50% of individuals diagnosed with NF1 have an affected parent.

• Approximately 50% of individuals diagnosed with NF1 have the disorder as the result of a de novo NF1 
pathogenic variant.

• Recommendations for the evaluation of both parents of a proband with an apparent de novo pathogenic 
variant (i.e., neither parent is known to have NF1) include:
⚬ Medical history and physical examination with particular attention to dermal and other features of 

NF1; and
⚬ Ophthalmologic examination (including slit lamp examination and infrared reflectance imaging or 

optical coherence tomography) to look for Lisch nodules, choroidal freckling, or other 
ophthalmologic signs of NF1.

• If neither parent of an individual with NF1 has features that meet the clinical diagnostic criteria for NF1 
[Legius et al 2021] after detailed medical history, physical examination, and ophthalmologic examination, 
the proband most likely has NF1 as the result of a de novo pathogenic variant. Alternatively, the proband 
may have NF1 as the result of a disease-causing variant inherited from a parent who is mosaic or, rarely, 
from a heterozygous parent with incomplete penetrance. If the disease-causing variant has been identified 
in a child with NF1, targeted molecular testing of the parents can be performed to look for mosaicism and 
determine if a parent is heterozygous (but apparently unaffected due to incomplete penetrance).
Note: Parental somatic and germline mosaicism may be present even if there are no clinical signs of NF1 
and no evidence of the proband’s disease-causing NF1 variant on standard molecular testing of either 
parent’s leukocyte DNA [Lázaro et al 1995, Bottillo et al 2010, Trevisson et al 2014, Yang et al 2020].

• The family history may appear to be negative because of failure to recognize NF1 in family members or 
early death of a parent before the recognition of signs or symptoms. Therefore, an apparently negative 
family history cannot be confirmed unless both parents have undergone detailed clinical examination for 
signs of NF1.

• Note: An individual in whom NF1 appears to have arisen as the result of de novo mutation may have 
somatic mosaicism associated with segmental or unusually mild manifestations of NF1 [Messiaen et al 
2011, García-Romero et al 2016, Kluwe et al 2020]. The risk of a parent with mosaicism for an NF1 
pathogenic variant transmitting the disorder to his or her child is less than 50%, but if the pathogenic 
variant is transmitted, it will be present in every cell in the child's body and the child may be much more 
severely affected.
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Sibs of a proband. The risk to the sibs of the proband depends on the clinical status of the proband's parents.

• If a parent is affected, the risk to the sibs is 50%; a sib who inherits an NF1 pathogenic variant will develop 
features of NF1, but the features may be considerably more (or less) severe in an affected sib than in the 
proband.

• If a parent of a proband has mosaicism for a disease-causing NF1 variant, the risk to sibs of having typical 
(usually more severe) NF1 is less than 50% and probably depends on the frequency of the NF1 variant in 
parental germ cells. The frequency of the NF1 variant in parental germ cells cannot be predicted from the 
frequency of the variant in parental blood or other somatic tissues.

• If neither parent of an individual with NF1 meets the clinical diagnostic criteria for NF1 after careful 
medical history, physical examination, and ophthalmologic examination, the risk to the sibs of the affected 
individual of having NF1 is low but greater than that of the general population because of the possibility of 
parental germline mosaicism. Germline mosaicism for an NF1 pathogenic variant has been demonstrated 
by molecular testing in a few families in which affected sibs were born to unaffected parents [Lázaro et al 
1995, Bottillo et al 2010, Trevisson et al 2014, Yang et al 2020].

Offspring of a proband

• Each child of an individual with NF1 has a 50% chance of inheriting the NF1 pathogenic variant.
• Penetrance is close to 100%; thus, a child who inherits an NF1 pathogenic variant is expected to develop 

features of NF1, but the features may be considerably more (or less) severe in an affected child than in the 
child's affected parent.

Other family members. The risk to other family members depends on the status of the proband's parents: if a 
proband's parent is affected, other members of his or her family may be at risk.

Related Genetic Counseling Issues
Possibility of multiple de novo pathogenic variants in a single family. Upadhyaya et al [2003] reported the 
occurrence of three different NF1 pathogenic variants in one family and advised caution in assuming that the 
same pathogenic variant is present in all members of an affected family. Two different NF1 pathogenic variants 
have been reported in other families [Klose et al 1999, Pacot et al 2019].

Considerations in families with an apparent de novo pathogenic variant. When neither parent of a proband 
with an autosomal dominant condition has the pathogenic variant identified in the proband or clinical evidence 
of the disorder, the pathogenic variant is likely de novo. However, non-medical explanations including alternate 
paternity or maternity (e.g., with assisted reproduction) and undisclosed adoption may also be considered.

Family planning

• The optimal time for determination of genetic risk and discussion of the availability of prenatal/
preimplantation genetic testing is before pregnancy.

• Genetic counseling (including discussion of potential risks to offspring and reproductive options) should 
be offered to young adults who are affected or at risk.

Prenatal Testing and Preimplantation Genetic Testing
Molecular genetic testing. Once the NF1 pathogenic variant has been identified in an affected family member, 
prenatal testing for a pregnancy at increased risk and preimplantation genetic testing are possible.

Ultrasound examination. Prenatal diagnosis of exceptionally severe NF1 by prenatal ultrasound examination 
has been reported [McEwing et al 2006], but ultrasound examination is unlikely to be informative in most 
instances.
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Differences in perspective may exist among medical professionals and within families regarding the use of 
prenatal testing. While most centers would consider use of prenatal testing to be a personal decision, discussion 
of these issues may be helpful.

Resources
GeneReviews staff has selected the following disease-specific and/or umbrella support organizations and/or registries 
for the benefit of individuals with this disorder and their families. GeneReviews is not responsible for the 
information provided by other organizations. For information on selection criteria, click here.

• Children's Tumor Foundation
Phone: 800-323-7938
Email: info@ctf.org
www.ctf.org

• Medical Home Portal
Neurofibromatosis Type 1

• MedlinePlus
Neurofibromatosis 1

• National Organization for Rare Disorders (NORD)
Neurofibromatosis Type 1 (NF1)

• Nerve Tumours UK
United Kingdom
www.nervetumours.org.uk

• Neurofibromatosis Network
Phone: 630-510-1115
Email: admin@nfnetwork.org
www.nfnetwork.org

• RASopathies Network
Email: info@rasopathiesnet.org
www.rasopathiesnet.org

• NF Registry
The NF Registry is for all types of NF (including NF1, NF2, and schwannomatosis).
Children’s Tumor Foundation
Welcome to the NF Registry

Molecular Genetics
Information in the Molecular Genetics and OMIM tables may differ from that elsewhere in the GeneReview: tables 
may contain more recent information. —ED.
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Table A. Neurofibromatosis 1: Genes and Databases

Gene Chromosome Locus Protein Locus-Specific 
Databases

HGMD ClinVar

NF1 17q11.2 Neurofibromin NF1 database NF1 NF1

Data are compiled from the following standard references: gene from HGNC; chromosome locus from OMIM; protein from UniProt. 
For a description of databases (Locus Specific, HGMD, ClinVar) to which links are provided, click here.

Table B. OMIM Entries for Neurofibromatosis 1 (View All in OMIM)

162200 NEUROFIBROMATOSIS, TYPE I; NF1

613113 NEUROFIBROMIN 1; NF1

Molecular Pathogenesis
NF1 encodes neurofibromin, which activates ras GTPase, thereby controlling cellular proliferation and acting as 
a tumor suppressor [Rad & Tee 2016, Bergoug et al 2020]. Neurofibromin has other functions as well, including 
involvement in somatic cell division and regulation of adenylyl-cyclase activity and intracellular cyclic-AMP 
generation [Mo et al 2022].

NF1 is large, and more than 3000 different disease-causing variants have been described [Bettegowda et al 2021]. 
Many pathogenic variants have been observed repeatedly, but none has been found in more than a very small 
proportion of families studied. Most disease-causing variants are novel, and about half are de novo. Most of the 
germline NF1 pathogenic variants described appear to cause severe truncation of the gene product, often by 
altering mRNA splicing.

Mechanism of disease causation. Loss of function

NF1-specific laboratory technical considerations. Splice variants may not be demonstrable by standard gDNA 
sequencing alone.

Table 7. Notable NF1 Pathogenic Variants

Reference Sequences DNA Nucleotide Change Predicted Protein Change Comment [Reference]

NM_000267.3 
NP_000258.1

c.2970_2972delAAT p.Met992del

See Genotype-Phenotype 
Correlations.

c.3112A>G p.Arg1038Gly

c.3445A>G p.Met1149Val

c.3446T>C p.Met1149Thr

c.3447G>A p.Met1149Ile

c.3447G>C p.Met1149Ile

c.3447G>T p.Met1149Ile

c.3826C>G p.Arg1276Gly

c.3826_3827delinsGA p.Arg1276Glu

c.3827G>A p.Arg1276Gln

c.3827G>C p.Arg1276Pro

c.3827G>T p.Arg1276Leu

c.4267A>C p.Lys1423Gln

c.4267A>G p.Lys1423Glu
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Table 7. continued from previous page.

Reference Sequences DNA Nucleotide Change Predicted Protein Change Comment [Reference]

c.4268A>C p.Lys1423Thr

c.4268A>T p.Lys1423Met

c.5425C>A p.Arg1809Ser

c.5425C>T p.Arg1809Cys

c.5426G>C p.Arg1809Pro

c.5426G>T p.Arg1809Leu

NG_009018.1 1.4-Mb deletion 1 --

Variants listed in the table have been provided by the author. GeneReviews staff have not independently verified the classification of 
variants.
GeneReviews follows the standard naming conventions of the Human Genome Variation Society (varnomen.hgvs.org). See Quick 
Reference for an explanation of nomenclature.
1. Type 1 deletion of the entire NF1 gene

Cancer and Benign Tumors
Several kinds of tumors that occur with increased frequency among persons with NF1 may exhibit somatic (but 
not germline) NF1 variants of one or both alleles in individuals who do not have clinical features of NF1 
[D'Angelo et al 2019, Eoli et al 2019, Dunnett-Kane et al 2020, Fisher et al 2021]. Examples of sporadic tumors 
with NF1 somatic variants include malignant peripheral nerve sheath tumors, pheochromocytomas, juvenile 
myelomonocytic leukemia, gliomas, and breast cancer. Somatic NF1 pathogenic variants may also be found in 
liposarcomas, lung adenocarcinomas, ovarian carcinomas, colorectal carcinomas, bladder transitional cell 
carcinoma, neuroblastomas, melanomas, and adult acute myeloid leukemia, all of which are uncommon in 
individuals with NF1 [Philpott et al 2017, Dunnett-Kane et al 2020]. Cancers associated with somatic NF1 
variants often have different mutational spectra than those seen in individuals with germline NF1 variants.

Chapter Notes

Revision History
• 21 April 2022 (sw) Comprehensive update posted live
• 6 June 2019 (ha) Revision: ACMG patient management guidelines for children with NF1 [Miller et al 

2019] and for affected adults [Stewart et al 2018] added
• 17 May 2018 (ma) Revision: treatment of and surveillance for NF1-related breast cancer added to 

Management
• 11 January 2018 (ha) Revision: to diagnostic criteria; Wimmer et al 2017 added
• 2 November 2017 (ha) Comprehensive update posted live
• 4 September 2014 (me) Comprehensive update posted live
• 3 May 2012 (me) Comprehensive update posted live
• 2 June 2009 (me) Comprehensive update posted live
• 31 January 2007 (me) Comprehensive update posted live
• 5 October 2004 (me) Comprehensive update posted live
• 30 September 2002 (me) Comprehensive update posted live
• 2 October 1998 (pb) Review posted live
• Spring 1996 (jmf) Original submission
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