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Preface

Over the last 20 years there has been a rapid increase in our
understanding of the disease mechanisms underlying neuro-
fibromatosis 1 (NF1) and neurofibromatosis 2 (NF2), and
related disorders. The neurofibromatoses are inherited dis-
eases that involve the nervous system predominantly, but are
distinct on both clinical and genetic grounds. Advances in
molecular biology and mouse models have paved the way for
clinical trials to combat benign and malignant tumors that
characterize both diseases.

NF1 and NF2 are well documented in the medical litera-
ture, but partly due to the nomenclature, the distinction
between the two conditions is blurred by clinicians.
Furthermore the characterization of related and overlapping
disorders has added to the complexity of diagnosis and man-
agement. The media has focused inexorably on people with
NF1 who have extreme disfigurement, aiming to titillate
rather than educate us, while NF2 is largely unknown outside
of hospital practice.

In this book we aim to provide an accessible, up-to-date
guide for nonspecialists on the diagnosis, management, and
long-term care of people with NF1 and NF2. We emphasize
the referral pathways to specialist centers for individuals with
complex disease and highlight the available support net-
works. Above all we wish to show that coping with the neuro-
fibromatoses relies on a partnership between patient and
clinician, based on mutual trust and an ability to listen to the
needs and choice of the individual.

Rosalie E. Ferner
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Introduction

Rosalie E. Ferner

Definition of Neurofibromatosis
1 and Neurofibromatosis 2

Neurofibromatosis 1 (NF1) and neurofibromatosis 2 (NF2)
are inherited neurocutaneous conditions that are clinically
and genetically distinct and carry a high risk of tumor forma-
tion.! NF1 occurs in 1 in 2,500 births while NF2 is rare and has
a birth incidence of 1 in 33,000.>* NF1 and NF2 encode pro-
teins that act as tumor suppressors by controlling cell growth
and proliferation. The NF1 gene is on chromosome 17q11.2
and the protein product is neurofibromin; the gene for NF2
is on chromosome 22q 11.2 and encodes a protein known as
merlin.*® NF1 is characterized by café au lait patches, skin
fold freckling, iris Lisch nodules, bony dysplasia, and benign
peripheral nerve sheath tumors called neurofibromas.” The
complications are variable, unpredictable, and widespread,
ranging from learning difficulties, high blood pressure, and
gastrointestinal symptoms to disfigurement and malignancy.!

Bilateral vestibular schwannomas are the hallmark lesion
of NF2 and cause hearing and balance disturbances.!
Schwannomas may develop on other cranial nerves, spinal
nerve roots and peripheral nerves. Meningiomas, ependymo-
mas and gliomas are associated with NF2.51% Skin manifesta-
tions are less conspicuous than in NF1, but eye problems
including juvenile cataracts are recognized.!!°

XV
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Recent Advances

Recent advances in molecular biology, mouse models of dis-
ease, and improvements in neuroimaging have permitted the
distinction between NF1 and NF2 and the characterization of
the many clinical manifestations.! They have resulted in the
development of clinical trials that are underway to evaluate
targeted therapy for disease complications. Conditions can be
delineated that overlap with NF1 and NF2 but are distinct
genetically and have different clinical outcomes. Legius syn-
drome is associated with mutations in the tumor suppressor
gene SPRED] on chromosome 15, and is characterized by café
au lait patches, freckling, and mild learning problems, without
neurofibromas or Lisch nodules.!! People with schwannomato-
sis have mutations in the INII/SMARCBI tumor suppressor
gene and develop multiple schwannomas in the absence of
vestibular schwannomas or other NF2 tumors.!>!

Aims

Neurocutaneous diseases are complex to diagnose and treat
and many patients require specialist multidisciplinary man-
agement and surveillance. However, due to multiple disease
manifestations people with NF1 and NF2 present to different
clinicians without specialist expertise in these diseases. Our
aim is to provide a succinct accessible guide to the neurofi-
bromatoses for the nonspecialist, including diagnosis, current
management protocols, and indications for referral to special-
ist centers. The goal is optimum provision of care for neuro-
cutaneous disease throughout the UK through partnership
between local clinicians, specialist NF centers, and people
with NF1 and NF2.



Introduction  xvii

References

10.

11.

12.

13.

. Ferner RE. Neurofibromatosis 1 and neurofibromatosis 2: a twenty first

century perspective. Lancet Neurol. 2007;6:340-351.

. Huson SM, Compston DAS, Clark P, et al. A genetic study of von

Recklinghausen neurofibromatosis in south east Wales: prevalence, fit-
ness, mutation rate and effect of parental transmission n severity. J Med
Genet. 1989;26:704-711.

. Evans DG, Howard E, Giblin C, et al. Birth incidence and prevalence of

tumour prone syndromes: estimates from a UK genetic family register
service. Am J Med Genet. 2010;15:327-332.

. Viskochil D, Buchberg AN, Xu G, et al. Deletions and a translocation

interrupt a cloned gene at the neurofibromatosis type 1 locus. Cell.
1990;62:1887-1892.

. Wallace MR, Marchuk DA, Anderson LB, et al. Type 1 neurofibromatosis

gene: identification of a larger transcript disrupted in three NG1 patients.
Science. 1990;249:181-186.

. Xu GF, O’Connell P, Viskochil D, et al. The neurofibromatosis type 1

gene encodes a protein related to GAP. Cell. 1990;62:599-608.

. Rouleau GA, Merel P, Lutchman M, et al. Alteration in a new gene encod-

ing a putative membrane-organizing protein causes neuro-fibromatosis
type 2. Nature. 1993;363:515-521.

. Troffater JA, MacCollin MM, Rutter JL, et al. A novel moesin-, ezrin-,

radixin-like gene is a candidate for the neurofibromatosis 2 tumour sup-
pressor. Cell. 1993;72:791-800.

. National Institutes of Health Consensus Development Conference.

Statement: neurofibromatosis. Arch Neurol Chicago. 1988;45:575-578.
Evans DGR, Huson S, Donnai D, et al. A clinical study of type 2 neurofi-
bromatosis. Q J Med. 1992;84: 603-618.

Brems H, Chmara M, Sahbatou M, et al. Germline loss of function muta-
tions in SPRED1 cause a neurofibromatosis 1 — like phenotype. Nat
Genet. 2007;39:1120-1126.

MacCollin M, Chiocca EA, Evans DG, et al. Diagnostic criteria for
Schwannomatosis. Neurology. 2005;64:1838-1845.

INII/SMARCBI 1In familial Schwannomatosis. Am J Med Genet.
2007;80:805-810.






Chapter 1
Neurofibromatosis 1

Rosalie E. Ferner

e Neurofibromatosis 1(NF1) is a common autosomal
dominant condition that primarily involves the skin
and the nervous system.

e People with NF1 have an increased risk of develop-
ing benign and malignant tumors.

History of Current Terminology

Descriptions of people allegedly suffering from neurofibro-
matosis date back to the first century AD. One of the more
convincing reports comes from Tilesius (1793) who depicted
a short man with a curved spine and a large head.! An offen-
sive smell was said to have emanated from multiple tumors
on his body and Tilesius requested money from the public to
assist him. The term “neurofibroma” was coined by Friedrich
von Recklinghausen in 1882, when he described benign
tumors forming on the peripheral nerve sheath and the disor-
der was named von Recklinghausen’s disease in his honor.2
International consensus groups started to meet in the late
1980s to collate information on clinical manifestations and
pool genetic data. The current diagnostic criteria originate
from the 1987 National Institutes of Health Consensus
Development Conference who recommended that the dis-
ease be called neurofibromatosis 1 and proposed the diag-
nostic criteria for the condition (Table 1.1).2

R.E. Ferner et al., Neurofibromatoses in Clinical Practice, 1
DOI: 10.1007/978-0-85729-629-0_1,
© Springer-Verlag London Limited 2011
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TasLE 1.1. Diagnostic criteria for NF.

The clinical diagnosis is made when at least two of the following
are present?:
* A first degree relative with NF1

e Six or more café au lait patches >0.5 cm in children and >1.5 cm
in adults

¢ Axillary or groin freckling

e Two or more neurofibromas of any type or one plexiform
neurofibroma

e Two or more Lisch nodules (iris hamartomas)
¢ Optic pathway glioma
¢ Bony dysplasia of the sphenoid wing or

¢ Thinning of the long bone cortex with or without pseudarthrosis
of the long bones®

Source: National Institutes of Health Consensus Development
Conference Statement.? Copyright 1988 American Medical Association.
All rights reserved

Epidemiology

NF1 has a birth frequency of 1 in 2,500-3,000 and a minimum
prevalence of 1 in 4-5,000.* About half of people with NF1
have no family history of the disease and there are no asymp-
tomatic carriers of NF1.

Mosaic NF1

¢ Disease complications are uncommon in mosaic NF1
e The risk of passing on generalized NF1 to an off-
spring is low

This form of NF1 occurs in about 1 in 30,000 individuals and
presents either as mild generalized disease that is clinically
identical to NF1 or with segmental manifestations.® For
instance, an individual might have café au lait patches, freck-
ling, and neurofibromas localized to one body segment, but
no other NF1 complications (Fig. 1.1).
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Arrows show
neurofibromas

FiGure 1.1. Segmental NF1. Cutaneous neurofibromas around the
left side of the face and neck in individual with no other signs of NF1.

Genetics of NF1

In 1990 the NF1 gene was identified on chromosome 17q11.2
and the protein product neurofibromin is found in high levels
in the nervous system.”” Neurofibromin decreases cell growth
and proliferation by regulating the cellular proto-oncogene
p21RAS and the serine threonine kinase MTOR (mammalian
target of rapamycin).*'° People with NF1 are likely to develop
benign and malignant tumors because neurofibromin loses its
tumor suppressor function through gene mutation.

Genetics of Mosaic NF1

The NFI mutation arises in the egg or sperm before fertilization
in classical generalized NF1 and after fertilization in mosaic
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NF1.° The timing of the genetic change dictates how much of
the body is involved in mosaic NF1. Mild generalized NF1 will
develop from early mutations, whilst segmental disease results
from mutations that occur later in formation of the embryo.®

Skin Manifestations of NF1

Skin problems are frequently the presenting manifestation of
the disease and café au lait patches, freckling, and neurofibro-
mas form part of the diagnostic criteria of NF1.?

Café au Lait Patches

Café au lait patches usually develop at birth or in early
infancy and are observed in 99% of people with NF1 by age
of 3 years (Fig. 1.2).5!! They have a smooth outline and may

Ficure 1.2. Multiple café au lait patches.
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fade with age or be difficult to detect on pale skin or in
patients with large numbers of neurofibromas. One or two
café au lait patches are found in 10% of the general popula-
tion and NF2 patients have café au lait patches in smaller
numbers than in NF1.5 It is important to remember that
these skin manifestations are seen in overlapping conditions
including Legius syndrome that has a milder course and
does not have widespread complications (see Chap. 2).'?

Freckling

Freckling is observed as hyperpigmented macules 1-3 mm in
diameter in 85% of children after the age of 3 years.>!! It is
found typically under the arms and in groins but is also found
at the base of the neck, on the upper eyelids, over the trunk,
and under the breasts (Fig. 1.3).1

Campbell de Morgan Spots

Campbell de Morgan spots are cherry red angiomas 1-3 mm
in diameter and occur predominantly on the trunk and thighs
(Fig. 1.4)."* They are common in NF1 patients and develop at
a younger age than in the general population.

Xanthogranulomas

Xanthogranulomas occur transiently in infancy as yellowish/
orange nodules or papules and are noticeable as single or mul-
tiple lesions about 1 cm in diameter on the head, trunk, and
limbs (Fig. 1.5)."* A link between xanthogranulomas and the
development of juvenile chronic myeloid leukemia has been
suggested, but hematological screening is not warranted.'

Glomus Tumors

Glomus bodies control skin body temperature and individu-
als with glomus tumors present with pain around the nail bed
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Ficure 1.3. Axillary freckling.

of the fingers and toes.” The pain is precipitated by cold or by
knocking the affected digit, and the pain is likened to being
“hit by a hammer.” Careful examination may reveal purplish
discoloration around nail-bed that is exquisitely tender and
the lesions may be multiple. MRI is helpful in locating the
tumor and the pain is relieved by surgical removal of the
glomus tumor."
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Ficure 1.4. Campbell de Morgan spots (cutaneous angiomas) are
associated with NF1.

FiGure 1.5. Xanthogranuloma in a young child with NF1 (Adapted
from Ferner® with permission from Elsevier 2011).
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Bone

e Pseudarthrosis of the long bone may present with
spontaneous fracture and may be misinterpreted as
non-accidental injury.

e Clinicians should be alert to this possibility, and
examination of infant and parents is recommended
to look for cutaneous signs of NF1.

Bone abnormalities are a source of major morbidity in NF1 and
result from impaired maintenance of bone structure, bone over-
growth, and erosion by plexiform neurofibromas (Table 1.2).16

Pseudarthrosis of the Long Bones

Bowing of the long bone with thinning of the long bone cor-
tex is evident in 2% of NF1 individuals in early infancy and
principally affects the tibia, but involvement of the fibula,
ulna, and radius is also reported (Fig. 1.6).!"!® Fracture occurs
spontaneously or after trivial injury and may be diagnosed
wrongly as non-accidental injury. Prolonged delay in healing
of the facture may result in formation of a false joint — a

TasLE 1.2. Types of bone problems and their frequency in NF1.

Bone manifestation’>!113.16.18-22 Frequency (%)
Scoliosis 10

Scoliosis requiring surgery 5
Pseudarthrosis of the long bone 2

Scalloping of vertebral bodies 10

Sphenoid wing dysplasia 1
Non-ossifying fibromas N/A

Short stature between 10th and 25th centile 30
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FiGure 1.6. Pseudarthrosis of
the tibia in a young child with
NF1 (Reproduced from
Ferner!” with permission from
BMLI publishing group 2011).

=

pseudarthrosis.’® Clinical assessment and surgical treatment
should be carried out by specialist orthopedics clinicians who
have knowledge about the complexity of NF1 complications
and the needs of the NF1 individual.

Short Stature

Short stature between the 10th and 25th centiles is present in
a third of people with NF1 and involves the limbs and axial
skeleton in proportion.”” Rarely, NF1 children with tumors
involving the hypothalamic pituitary axis present with small
stature but routine neuroimaging is not required for all
patients.
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Reduced Bone Mineral Density

Reduction in bone mineral density has been described in
about half of the individuals with NF1 but currently there are
no data to confirm whether preventative treatment is war-
ranted in every patient to reduce fracture.” Our practice is to
assess clinical risk factors and to check 25 hydroxyvitamin D
levels, parathyroid hormone levels, and bone chemistry in our
patients, and to replace low levels of vitamin D. NF1 individu-
als with increased risk for osteoporosis should be referred to
a metabolic bone unit for assessment of their treatment needs
(see Table 1.3).20

TasLE 1.3. Risk factors for osteoporosis.

People with NF1 should be assessed for the risk factors for
osteoporosis'’:

* Female gender
e Family history of osteoporosis
e Late menarche

Early menopause

Injectable progesterone contraceptives

Prolonged steroid treatment

Anticonvulsant treatment

Chronic disease — e.g. renal disease, liver disease,
inflammatory bowel disease, celiac disease, hyperthyroidism,
hyperparathyroidism, rheumatoid arthritis, anorexia nervosa

Medical condition restricting mobility, e.g. multiple sclerosis

Spinal instrumentation for scoliosis
¢ Low impact bone fracture

Vertebral fracture
e Diet low in calcium

History of smoking

High alcohol consumption
Low body mass index

Scoliosis

Scoliosis is diagnosed in about 10% of individuals with NF1
and presents as either the idiopathic or dystrophic form and
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most commonly affects the lower cervical and upper thoracic
spine.''318 Dystrophic scoliosis does not usually develop
before the age of 6 years and is uncommon after the first
decade. A dystrophic curve typically involves 4-6 segments
and causes distortion of the vertebral bodies and ribs. It may
be caused by an underlying plexiform neurofibroma and occa-
sionally is associated with respiratory compromise and rapid
disease progression requiring surgical intervention with spinal
fusion.' Yearly assessment of the spine should be undertaken
until adulthood and children who develop scoliosis should be
referred to a specialist spinal unit for monitoring."

Non-ossifying Neurofibromas

These benign lesions of the tubular long bones should be
distinguished from malignant tumors. They are usually asymp-
tomatic but patients may complain of pain and infrequently
they are associated with pathological fracture.!

Vertebral Scalloping

Vertebral scalloping is an exaggerated concavity of dorsal
aspect of the vertebra, and posterior vertebral scalloping is a
common radiological finding in NF1. It may be associated
with scoliosis or with and a plexiform neurofibroma.?

Neurological Complications of NF1

Neurological complications are an important source of mor-
bidity and mortality in NF1 and the commonest manifesta-
tion is mild cognitive impairment. Neurofibromas are the
hallmark lesion of NF1 and cause neurological deficit by
pressure on peripheral nerves, spinal nerve roots, and the
spinal cord. Neurological sequelae may result from tumors
and malformations, cerebrovascular disease, epilepsy, and as
a secondary consequence of bony deformities of the skull and
spine (Table 1.4).5
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TaBLE 1.4. Manifestations of NF1 in the peripheral and central
nervous system.’

Peripheral nerve

¢ Neurofibromas — subcutaneous, plexiform?®
* Malignant peripheral nerve sheath tumors
¢ Neurofibromatous neuropathy

Spinal canal

e Neurofibromas — spinal nerve root*
e Spinal tumor — glioma
e Secondary consequence of scoliosis

Brain

¢ Cognitive impairment?
e Epilepsy

e Cerebrovascular disease
e Multiple sclerosis

Brain and optic pathway tumors
* Glioma

* Optic pathway glioma®

e T2 hyperintensities on MRI*

Malformations/consequence of skull deformity

e Chiari 1 malformation

* Aqueduct stenosis

¢ Sphenoid wing dysplasia
e Macrocephaly?

“Denotes common neurological features

Neurofibromas

Classification of Neurofibromas

The Schwann cell is the predominant cell in a neurofibroma,
but this benign peripheral nerve sheath tumor also contains
fibroblasts, perineurial cells, and axons in an extracellular
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TaBLE 1.5. Neurofibromas and their potential to cause cosmetic
problems, neurological deficit, and malignant change>.

Neurofibroma Cosmetic Neurology Malignant
type problems deficit change
Cutaneous ++ 0 0
Subcutaneous d= + +
Plexiform ++ ++ ++

Spinal nerve root 0 ++ ++

++ = very frequent, + = frequent, + = occasional, 0= never

matrix.” There are different forms of neurofibroma, and it is
imperative to recognize the neurofibroma types that are
likely to cause significant cosmetic problems, neurological
deficit, or undergo malignant change (Table 1.5).°

Cutaneous Neurofibromas

Cutaneous neurofibromas develop in 99% of NF1 patients,
usually in the late teens and early twenties, but occasionally in
childhood (Fig. 1.7)."'® They increase in size and number dur-
ing pregnancy but hormonal contraceptives do not appear to
influence growth and are not contraindicated.’** Neurofibromas
are soft lesions, sometimes have a purplish tinge, and are the
source of significant psychological problems because of their
appearance. Stinging and itching are common symptoms; the
latter does not respond to antihistamines, but emollients and
avoidance of very warm environments may be helpful. Local
excision is the treatment of choice, but patients should be
informed that there is a risk of a thickened scar and plastic
surgeons should remove lesions on the face or neck to get the
best possible cosmetic result. Laser is useful for some small
neurofibromas, but is not suitable for removal of very large
numbers of tumors."
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Ficure 1.7. Multiple cutaneous neurofibromas on the back.

Subcutaneous Neurofibromas
and Differential Diagnosis

e It is important to distinguish subcutaneous neurofi-
bromas from other subcutaneous tumors that have
different clinical outcomes and management
requirements.

¢ Clinical examination and imaging may not be suffi-
cient and histology is frequently required to confirm
the diagnosis.
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FiGure 1.8. Subcutaneous neurofibromas on upper limb (Reproduced
from Ferner!” with permission from BMJ publishing group 2011).

Subcutaneous neurofibromas are firm lesions that form under
the skin and frequently give rise to pain, tingling, numbness,
and weakness (Fig. 1.8).>!! Tt is essential to distinguish subcu-
taneous neurofibromas from schwannomas as the latter have
a different clinical course from neurofibromas. Schwannomas
are peripheral nerve sheath tumors composed solely of
Schwann cells, and unlike subcutaneous neurofibromas only
very rarely undergo malignant change.” They may occur as
single sporadic tumors but are cardinal features of NF2 and
Schwannomatosis.?>? Excision or biopsy and histology is the
only way to be certain of the diagnosis as neurofibromas are
often similar to schwannomas clinically and on magnetic res-
onance imaging (MRI). Individuals who present with
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subcutaneous lumps on the trunk, distal arms, and proximal
thighs in the absence of neurological deficit or other NF1
manifestations are likely to have multiple lipomas. Some
patients with Legius syndrome have been reported to have
lipomas.’? Ultrasound may be helpful in distinguishing lipo-
mas from nerve sheath tumors but excision and histology may
be advisable in some cases (see Chaps. 2 and 3).5!! People
who develop subcutaneous breast lumps should be referred
to a breast unit as breast carcinoma cannot be distinguished
reliably from a neurofibroma. It is important to note that
there is an 8% cumulative risk of developing breast cancer
before the age of 50 years in women with NF1, compared with
2% in the general population.”’ The symptoms from glomus
tumors may be attributed erroneously to pain from a subcu-
taneous neurofibroma and clinicians should be alert to this
possibility when symptoms arise in the fingers or toes.!

Spinal Neurofibromas

Neurofibromas may form at all levels on the spinal nerve roots
and in many people are asymptomatic. However, some neurofi-
bromas cause pressure on the spinal nerve root or spinal cord
and may present with pain, sensory symptoms, bladder or bowel
disturbance, sexual dysfunction, or motor deficit, which occa-
sionally requires surgical intervention (Figs. 1.9 and 1.10). The
degree of cord compression on neuroimaging does not always
accord with the neurological deficit and the need for surgical
intervention should be determined by clinicians who are con-
versant with cord compression in neurofibromatosis 1.>%

Plexiform Neurofibromas

Benign plexiform neurofibromas may cause pain, neu-
rological deficit, respiratory impairment, sphincter
disturbance hemorrhage, infection, and disfigurement.
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FiGure 1.9. Cord compression in NF1 patient present with progres-
sive limb weakness. Neurofibromas cause marked cord compression
and narrowing particularly at C1-2 and C4, C5-6.

Plexiform neurofibromas form either as nodular lesions that
are confined to the nerve or develop as diffuse tumors that
grow along the length of the nerve and involve multiple nerve
branches (Fig. 1.11).>!'"3 Impingement on surrounding soft
tissue and underlying bone hypertrophy are associated with
extensive tumors (Fig. 1.12). Superficial neurofibromas may
be accompanied by skin thickening, hair growth, and hyper-
pigmentation (Fig. 1.13).>11:13

Plexiform neurofibromas are thought to be congenital in
origin and are detected clinically in a third of NF1 individu-
als.!! Newer imaging techniques with whole body MRI
reveal internal neurofibromas in over half of people with
NF1,” but some deep-seated tumors can remain quiescent
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each side

&y nerve
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Dura has been incised and opened
along the midline to expose the spinal
cord at C1/2

FiGure 1.10. Neurofibromas causing cord compression at C1-2
(slide from Mr. Walsh consultant neurosurgeon King’s College
Hospital, London).

for long periods of time (Fig. 1.14). However, benign plexi-
form neurofibromas are a source of major morbidity
due to their unsightly appearance and potential to cause
neurological symptoms and deficit, bowel and bladder dis-
turbance, obstructive sleep apnea, restrictive lung dis-
ease, life-threatening hemorrhage, and delayed wound
healing. 513

Surgery should be undertaken only in specialist units that
are conversant with the possible complications of neurofi-
broma surgery. Novel therapies that aim to reduce neurofi-
broma growth and restore the tumor suppressor function are
still at the clinical trial stage. Pain arising from neurofibromas
usually responds to a combination of amitryptyline and gaba-
pentin or pregabalin.
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FiGure 1.11. Nodular plexiform neurofibroma on the back of a NF1
individual.

Malignant Peripheral Nerve Sheath Tumor

Urgent referral to a specialist unit is advocated if a
diagnosis of malignant peripheral nerve sheath
tumor is suspected. Symptoms that indicate poten-
tial malignant change in a neurofibroma include
one or more of the following:

Persistent or nocturnal pain

Hard texture

Rapid growth

New or unexplained neurological deficit
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Ficure 1.12. Very extensive plexiform neurofibroma involving the
posterior neck and scalp. Surgery produced marked cosmetic
improvement.

People with NF1 have about a 10% life-time risk of develop-
ing malignant peripheral nerve sheath tumor (MPNST)*; the
tumors usually occur in the second or third decades although
they also develop less frequently in young children and in the
elderly.®! High-grade MPNSTs metastasize widely and have a
poor prognosis, but low-grade tumors that are diagnosed
early and treated appropriately are compatible with long-
term survival (Fig. 1.15). The tumor usually arises in a benign
plexiform neurofibroma but occasionally may develop with-
out a known preexisting neurofibroma.’
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FiGure 1.13. Superficial plexiform neurofibroma with skin thicken-
ing and hair growth.

Diagnosis of MPNST

MPNST is difficult to diagnose as the occurrence of a lump is
not unusual in individuals who have multiple neurofibromas on
and under the skin.! The symptoms of a benign neurofibroma
overlap with MPNST or are misinterpreted as rheumatological
or orthopedic problems. Clinicians should have a low threshold
for investigating NF1 patients who present with symptoms aris-
ing in the cervical nerve roots or that are suggestive of sciatica.
MRI shows the site and extent of the tumor but does not
reliably diagnose malignancy. S[F] 2-fluoro-2-deoxy-
D-glucose positron emission tomography—computerized tomog-
raphy with delayed imaging and targeted biopsy is the most
sensitive and specific method of diagnosing MPNST within the
context of NF1.% Patients with suspected malignancy should be
referred urgently to one of the nationally commissioned neuro-
fibromatosis units for assessment and management.

Treatment of MPNST

The aim of treatment is complete removal of the tumor with
tumor-free margins. Radiotherapy is given for incompletely
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FiGure 1.14. Deep-seated plexiform neurofibroma involving pelvis
and thigh as manifestation of mosaic NF1.

excised lesions and for high-grade tumors and chemotherapy
with doxorubicin and ifosfamide is administered for wide-
spread disease as palliation.!

Increased surveillance is recommended for NF1 individu-
als with increased risk for developing MPNST. These include
people with a microdeletion of the NFI gene; patients who
have had prior radiotherapy or malignancy or a family
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FiGure 1.15. Parapharyngeal malignant peripheral nerve sheath
tumor in patient presenting with painful, enlarging, neck lump.
(Slide courtesy of Michael Gleeson, Guy’s and St. Thomas’ NHS
Foundation Trust).

history of cancer; a diagnosis of neurofibromatous neuropa-
thy; deep-seated neurofibromas; and neurofibromas involv-
ing the brachial and lumbosacral plexus.?!

Neurofibromatous Neuropathy

About 1% of NF1 adults develop a symmetrical axonal neu-
ropathy that is associated with thickened peripheral nerves
due to infiltration by neurofibromatous tissue.* The neurop-
athy is not progressive and patients may be asymptomatic or
report mild sensory or motor symptoms. Examination may
reveal distal weakness, retained or reduced reflexes, and sen-
sory findings include impairment of light touch, pain sensa-
tion, or loss of vibration sense. The diagnosis is confirmed on
neurophysiology and common causes of axonal neuropathy
such as diabetes mellitus should be excluded. People with
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neurofibromatous neuropathy require careful monitoring
because of the increased risk of developing MPNST.*

Cognitive Impairment

Cognitive impairment in NF1 is characterized by a lowering
of 1Q, specific learning problems, and behavioral difficulties.**
People with NF1 may display superior academic ability, 4-6%
have significant intellectual handicap (IQ<70), and the
majority have an IQ in the low average range.*

Specific Learning Problems

At least 60% of NF1 children are diagnosed with specific
learning problems and males and females are affected
equally. They experience difficulty with visual spatial tasks,
memory and language skills, which may lead to underachieve-
ment in reading, writing, and mathematics.* Children may
exhibit poor planning, time management, and organizational
ability, and failure to absorb and integrate new information
leads to unstructured and untidy classwork.** Incoordination
and joint laxity may prevent NF1 individuals from riding a
bike, tying shoelaces, or holding a pen correctly.

Behavioral Problems

Behavioral problems manifest as attention deficit hyperactiv-
ity disorder, sleep disturbance, impulsive temperament,
inability to understand nonverbal cues, social immaturity, and
isolation. Autistic spectrum disorder has been reported in
NF1 patients.’*

Management of Learning Problems in NFI

Early recognition of cognitive impairment is essential, so that
the child may receive appropriate assessment and support at
school. Close liaison between the parent, school, and com-
munity pediatrician is of paramount importance. Children
with attention problems respond to judicious treatment with
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methylphenidate and occupational therapy is helpful for
coordination difficulties.'>*

Novel Therapy for Cognitive Problems in NFI

An Nfl mouse model has demonstrated that learning prob-
lems in mice respond to a reduction in p2lras activity.”
Lovostatin reverses p21ras activity and initial clinical trials of
statins in children with NF1 have shown a good safety pro-
file.* Longer therapeutic trials are being undertaken to
determine the efficacy of the drugs in NF1 children with cog-
nitive problems.

Brain Tumors

The following may indicate signs of raised intracranial
pressure and require prompt assessment if the symp-
toms are unexplained:

e Early morning headache and vomiting
e Visual disturbance
e Alteration in consciousness

Gliomas

The main tumor type in NF1 is the glioma and it is located
predominantly in the optic pathway and brainstem.>"* Most
tumors are low-grade pilocytic astrocytomas and frequently
are asymptomatic, but some lesions have an aggressive course
(Fig. 1.16).° Patients who present with symptomatic gliomas
in adulthood or with tumors that are outside the optic path-
way have a less favorable outcome.”’” Many gliomas do not
require treatment but progressive symptoms and deficit
require neurosurgical assessment and treatment options
include surgery, radiotherapy, and chemotherapy.’
Meningiomas are characteristic of NF2 and any occurrence in
NF1 patients is coincidental.
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FiGure 1.16. Young patient with NF1 who presented with early
morning headache due to raised intracranial pressure from a high-
grade thalamic glioma.

T2 Hyperintensities on Brain MRI

T2 hyperintensities (formally termed UBOs or unidentified
bright objects) are visible on brain MRI in the majority of
children with NF1 particularly in the basal ganglia, brainstem,
and cerebellum (Fig. 1.17).>** They are distinguished readily
from brain tumors as they do not cause symptoms or neuro-
logical deficit and do not produce mass effect and distortion
of brain tissue. Serial neuroimaging demonstrates that most
lesions disappear in early adulthood and probably they rep-
resent delayed myelination or gliosis. Initially, they were
thought to be related to the presence of cognitive impair-
ment, but there has been no consistent conclusion among
researchers.* However, lesions in thalamus appear to be
associated with severe generalized cognitive difficulties.”
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Figure 1.17. T2 hyperintensity (formerly known as unidentified
bright object) on brain MRI in young child which did not cause
symptoms or neurological deficit.

Optic Pathway Gliomas (OPG)

* Young children do not complain of visual loss.

¢ Children with NF1 require yearly visual screening for
OPG until at least age 7 years.

¢ Screening for OPG with brain MRI is not warranted
in asymptomatic children.

e CT brain scans should not be performed in young
children with NF1 to avoid unnecessary radiation.
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Ficure 1.18. Optic pathway glioma involving optic chiasm in child
who presented with progressive decline in visual acuity.

Presentation of NF1-OPG and Difference
from Sporadic OPG

OPG are found in 15% of NF1 children but only about 5-7%
ever cause symptoms (Fig. 1.18).%° Sporadic OPG are biologi-
cally different from NF1-associated tumors, they are more
likely to present with raised intracranial pressure and hydro-
cephalus and have a worse visual outcome with higher mor-
bidity and mortality.** The greatest risk for developing
NF1-OPG is under the age of 7 years and the mean age at
diagnosis is about 4 years.* Rarely, new OPG can develop or
progress in older children or adults, but only eight such
patients were detected in three large NF1 centers.*!

Signs and Symptoms of NFI-OPG

A thorny problem in detecting NF1-OPG is that young chil-
dren do not complain of visual loss and may have significant
visual problems before the diagnosis is made. Visual signs
are present in about 60% of NF1 children with OPG and
include reduced visual acuity, propotosis, squint, abnormal
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pupil responses, impaired visual fields and color vision, pale
or swollen optic disc, and precocious puberty.*’ The latter
usually occurs in children over 6 years and the initial sign of
accelerated linear growth may indicate that the OPG is
involving the pituitary or hypothalamus.

Screening for OPG

There is no indication for screening all NF1 children with brain
MRI as the majority of the tumors detected will not require
treatment and radiological progression does not always go hand
in hand with visual deterioration.®’ There may be a role for neu-
roimaging when no useful visual assessment can be obtained
from a child but this should be performed only in specialist
centers. Changes on serial visual evoked potentials are difficult
to interpret clinically and may not correlate with visual impair-
ment.* OPG is the commonest non-refractive cause of visual
impairment in NF1 and the aim of age-appropriate visual acuity
assessment is to detect abnormalities in visual function that are
caused by OPG. The current recommendation is to perform
visual screening in children with NF1 at least annually until the
age of 7 years and every 2 years thereafter until 18 years.!*%
There are no specific recommendations for adults but they are
encouraged to have a visual assessment every 2 years.

Visual acuity assessment is the most useful detection
method for OPG and color vision impairment, nystagmus
and squint are usually associated with visual acuity loss when
due to NF1 OPG.* Visual field abnormalities are almost
always accompanied by reduction in visual acuity and assess-
ment of visual fields is frequently unreliable in young chil-
dren and particularly in patients with learning problems.

Surveillance of a Child with Known NFI-OPG

There is debate about the optimum surveillance of a child with
OPG but the frequency of visual assessments and MRI will
depend on the site of the tumor, the degree of visual impair-
ment and other symptoms, as well as evidence of progressive
disease. Initially, assessments may be undertaken every
3 months and decrease to yearly if there is stable disease.®
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Indications for Treatment of NFI-OPG

Opinions have varied in different units on the indications for
starting treatment in children with NF1-OPG. However,
there is agreement that children should be referred for treat-
ment if there is progressive decline in visual acuity of two
lines or more (on an age appropriate visual test) in combina-
tion with tumor progression on MRIL.* Reduced vision in one
eye and risk to vision in the other eye, severe visual impair-
ment at diagnosis, progressive proptosis, and precocious
puberty may also prompt initiation of treatment.*

Treatment for NFI-OPG

Radiotherapy is contraindicated for OPG in NF1 children
because of the high risk of second malignancies, either glioma
or MPNST.* Moreover, endocrine problems, cerebrovascular
disease, and neuropsychological difficulties may occur in chil-
dren who have been treated with radiotherapy. Surgery may
be undertaken for large orbital tumors with no useful vision,
for cosmetic reasons, or to treat corneal exposure.*’ Tumors
with an unusual presentation or location may require biopsy
and surgery is carried out to reduce tumor bulk of some
hypothalamic or chiasm OPGs. The mainstay of treatment for
NF1-OPG is chemotherapy with carboplatin and vincristine,
which have been shown to improve vision and to result in
reduction of tumor size.* There is no consistent second-line
therapy, but the mTOR inhibitor (see section on NF1
Genetics) rapamycin has been advocated as a novel therapy
because it reduces astrocyte growth and might have a role in
controlling OPG tumor growth.*

Nervous System Malformations

Macrocephaly with a head circumference above the 98th cen-
tile is present in about 45% of NF1 patients but is not related
to cognitive impairment.''3 Aqueduct stenosis causing hydro-
cephalus and symptoms of raised intracranial pressure is
present in about 1.5% of patients and some require surgical
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correction.>!! Chiari 1 malformation has been reported in
NF1 and occurs when the cerebellar tonsils herniate down-
ward, occasionally causing occipital headache worse on exer-
tion or cerebellar symptoms.>'! An absent sphenoid wing is
diagnostic of NF1 and affects 1% of people with NF1.%>!! The
contents of the temporal lobe are pushed through to the orbit
resulting in pulsating exophthalmus but vision is not compro-
mised and surgical correction is rarely warranted (Fig. 1.19).

FIGURE 1.19. An absent sphenoid wing causes herniation of the
temporal lobe into the orbit and proptosis of the right eye.
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Figure 1.20. Dural ectasia (expansion) in thoracic spine in NF1
patient with back pain.

Dural ectasia is an outpouching of the dural sac and is recog-
nized in association with NF1 (Fig. 1.20).¥ It may be an
asymptomatic neuroradiological finding but sometimes
causes pain or neurological deficit.

Epilepsy

Epilepsy is reported in about 6-7% of NF1 individuals and
may be associated with an underlying cortical dysplasia.* The
onset of seizures is observed from early infancy to late middle
age and all seizure types have been reported with a
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preponderance of focal epilepsy.>!“ Most patients achieve
good seizure control, but clinicians should be aware of the
increased risk of osteoporosis in NF1 when prescribing anti-
convulsants (see section on osteoporosis), and levetiracetam
should be used cautiously in people with learning difficulties
because of the risk of deteriorating behavior.

Multiple Sclerosis

Relapsing remitting and primary progressive multiple sclero-
sis may be observed with increased frequency in people with
NF1 and immunosuppressant therapy for multiple sclerosis
should be instituted with care, because NF1 is a tumor sup-
pressor condition.”’” However, there have been no reported
cases of malignancy in NF1 patients who have received
immunosuppression for multiple sclerosis. Individuals with
NF1 and multiple sclerosis may present a diagnostic dilemma
if they present with upper motor neurone signs in the limbs,
but MRI will differentiate demyelination from deficit caused
by spinal neurofibromas.

Cerebrovascular Disease

Neurovascular disturbances occur in 6% of NF1 children on
neuroimaging and are associated with intrinsic abnormalities
of intracranial blood vessels.* Stenosis and/or occlusion of
the internal carotid and cerebral arteries has been docu-
mented and cerebral aneurysm and moyamoya disease are
associated with NF1.# Patients have an increased risk of
hypertension, which is in turn a risk factor for both cerebral
hemorrhage and infarction. It has been suggested that cere-
brovascular disease is an important cause of early death in
NF1 individuals but this has not been corroborated in our
experience in three large NF centers over a 20 year period.*
Nonetheless, clinicians should have a low threshold for
investigating patients who present with symptoms or signs
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suggestive of cerebrovascular disease and assiduous manage-
ment of risk factors is essential including hypertension, heart
disease, diabetes mellitus, high cholesterol, polycythemia,
thromboembolic disease, and smoking.

The Eye (See Section on Neurological
Complications for Optic Pathway Glioma)

In 1937, the Austrian ophthalmologist Karl Lisch visualized
dome-shaped pigmented hamartomas of the iris in three
patients.”! Lisch nodules do not cause symptoms, but are
pathognomic of NF1 and slit-lamp examination confirms
their presence in virtually all adults with the disease (Fig.1.21).
Choroidal abnormalities, congenital and acquired glaucoma
have been reported in association with NF1.> Neurofibromas
on the eyelid may obstruct vision and occasionally require
intervention from an oculoplastic surgeon. Idiopathic unilat-
eral or bilateral ptosis has been observed in NF1, but other
causes should be excluded including thyroid disease and neu-
romuscular problems.

FiGure 1.21. Lisch
nodules (dome-
shaped hamar-
tomas) on the iris
of NF1 patient.
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Cardiovascular Disease

Hypertension

¢ Blood pressure requires lifelong monitoring in NF1

e Hypertension develops with increased frequency
and may be idiopathic or be associated with renal
artery stenosis or pheochromocytoma.

¢ Idiopathic hypertension is managed in the same way
as in the general population

Renal Artery Stenosis

Renal artery stenosis is diagnosed in about 2% of NF1 indi-
viduals and is most commonly related to a fibromuscular
dysplasia of the major or small renal vessels.!'3? Aneurysm
formation is detected in about 30% of cases and rarely renal
artery stenosis may be the result of compression from an
adjacent tumor."? The complication should be considered in
a hypertensive child, pregnant women who present with high
blood pressure, and in older individuals with poorly con-
trolled hypertension. Investigation is undertaken by special-
ist renal units and treatment includes antihypertensive
medication, transluminal angioplasty, and surgery."

Pheochromocytoma

NF1-related pheochromocytoma is diagnosed in 2% of patients;
the adrenal medulla is the commonest site and duodenal
carcinoid has been reported as a concomitant finding.>!3%
Pheochromocytoma may be bilateral and 12% of tumors are
malignant. Palpitations, headache, sweating or dizziness, and
sustained or intermittent hypertension are characteristic fea-
tures. However, the symptoms may be confused with anxiety,
and the NF1 patient group is difficult to assess in this regard
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because the burden of disease causes psychological problems.
Clinicians should be alert to the possibility that pheochromo-
cytomas may cause severe hypertension leading to life-threat-
ening cardiovascular compromise, particularly during surgery
or pregnancy. Measurement of 24-h urinary catecholamines
should be undertaken in individuals with unexplained hyper-
tension or associated clinical manifestations. It is important to
ask patients to start the collection during the symptomatic
period if the symptoms are intermittent. Alternative diagnostic
techniques should be undertaken by specialist centers if there
is clinical suspicion of a pheochromocytoma and the 24-h uri-
nary catecholamines are normal. The aim is surgical excision of
the tumor with prior alpha and beta blockade to prevent fluc-
tuations in blood pressure and cardiac arrhythmias.!>>

Heart Disease

Pulmonary stenosis is the commonest manifestation of con-
genital heart disease that is documented in 2% of NF1 indi-
viduals.>*3° Children with unexplained cardiac murmurs
require cardiological assessment and echocardiography.
Cardiovascular symptoms may arise from coarctation and
aneurysm of the aorta or from compression from mediastinal
neurofibromas.® Coarctation of the aorta can be detected by
measuring the blood pressure in the arms and legs. Although
cardiovascular disease is purported to be a major cause of
death in young people in NF1, this has not been substantiated
in the large NF1 patient centers in England.®

Respiratory Problems

People with severe scoliosis and with high cord compression
due to plexiform neurofibromas need formal respiratory
evaluation to exclude restrictive lung disease. High-grade
malignant peripheral nerve sheath tumors spread to the lung
causing shortness of breath or nonproductive cough. We have
also encountered NF1 patients with primary lung cancer and
with lung metastases from breast cancer.
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Gastrointestinal Disease

Gastrointestinal Stromal Tumor GIST

The link between mesenchymal gastrointestinal stromal
tumors (GIST) and NF1 is well established and these tumors
have been reported in 7% of NF1%* individuals. They are
located mostly in the small bowel and may be multiple.
Symptoms include abdominal pain, anemia, and upper or
lower gastrointestinal bleeding. The tumors need to be distin-
guished from malignant peripheral nerve sheath tumors as the
clinical manifestations are similar and both are positive on
18FDG PET CT. GIST usually require surgical excision and
clinical monitoring, treatment with imatinib is being evaluated
and the outcome in NF1-associated GIST is usually good.

Carcinoid Tumors

Carcinoid tumors are found preferentially in the duodenum in
NF1 patients and may be associated with a pheochromocy-
toma.!' The clinical manifestations include facial flushing and
telangiectasia, diarrhea, and wheezing. The diagnosis is made by
increased levels of the serotonin metabolite, urinary S-hydroxy-
indoleacetic acid and treatment is by surgical excision.

Gastrointestinal Neurofibromas
and Dysplastic Lesions

Gastrointestinal neurofibromas may present with pain, bleed-
ing, or abdominal distension and dysplastic changes in the
colon may produce constipation.>*?

Pregnancy

The commonest complication in pregnancy is a permanent
increase in the number and size of cutaneous neurofibro-
mas.”* Blood pressure requires careful monitoring and
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women with pelvic neurofibromas may need a cesarean sec-
tion if the neurofibroma is thought to pose a risk to normal
delivery.

Genetic Diagnosis and Counseling

Prompt diagnosis of NF1 is important to ensure that patients
and their families are counseled appropriately and monitored
for disease complications. The majority of patients with NF1
can be diagnosed by careful history taking and clinical exami-
nation. Genetic testing may be usefulin the situations described
in Table 1.6 and patients with unusual phenotypes should be
discussed with specialist neurofibromatosis centers.

Prenatal Testing

Genetic counseling is a prerequisite for people with NF1 who
are considering having children. The risk of passing on the
disease to a child is 1 in 2 and of having a severely affected
infant is 1 in 12> Prenatal testing is available but disease
severity cannot be predicted with certainty.”® Preimplantation
genetic diagnosis is offered in some units for people with
NF1, and avoids the need for therapeutic termination of
pregnancy.” Genetic diagnosis is made on single cells that are
extracted from a 3-day-old embryo and cells that are negative
for NF1 are transferred to the mother.*

TaBLE 1.6. Recommendations for considering NFI gene testing.

* Young children with six or more café au lait patches as the sole
disease manifestation and no family history of NF1 — other
features may not develop until early adulthood

e Children over 3 years old with 3-5 café au lait patches and
no other NF1 manifestations

¢ People with unusual phenotypes — for example, abnormal
pigment that can be confused with NF1 (see Chap. 3)

e Families with café au lait patches and freckling without
neurofibromas who may have Legius syndrome and a good
prognosis (see Chap. 3)
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Genetic Counseling for Patients
with Segmental NF1

People with segmental NF1 have a small but definite risk of
transmitting generalized NF1 to an offspring and the risk is
about 5%.5* We have encountered a patient with unilateral
groin freckling who subsequently had a child with general-
ized NF1. Some individuals with segmental NF1 find it very
difficult to contemplate a 5% risk of having a child with gen-
eralized NF1 with the possibility of severe complications.
These patients should be discussed with the specialist Complex
NF1 centre in Manchester with a view to referral for counsel-
ing and for detection of the NFI gene mutation. This is done
through a combination of RNA blood sampling (this method
is more sensitive for finding low levels of a mosaic gene
change) and if necessary by biopsy of the affected skin area
is undertaken.”’

Accuracy and Cost of NF1 Mutation Testing

Current techniques detect the disease causing mutation in
95% of people with NF1, but the gene is large and routine
testing takes 3—4 weeks and reporting up to 8 weeks, at a cost
of approximately £500-600.%

Assessment and Follow-up of People
with NF1

Children (Table 1.7)

Children with complex disease complications should be
referred to one of the specialist NF1 services. Community
pediatricians are best placed to carry out at least annual
assessments and follow-up of children with uncomplicated
NF1. It is important for the clinician to maintain close links
with the child’s school and to facilitate yearly ophthalmology
assessments, local speech and language support, and occupa-
tional therapy when necessary.
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TaBLE 1.7. Assessment of children with neurofibromatosis 1.

The following should be recorded at each annual visit:

e Development and progress at school

Visual symptoms, visual acuity, color vision, and fundoscopy until

age of 7 and then every 2 years until adulthood; visual fields at

appropriate developmental age (optic pathway glioma, glaucoma)

Height (abnormal pubertal development)

Weight (abnormal pubertal development)

Pubertal development (delayed/precocious puberty due to

pituitary/hypothalamic lesions)

¢ Blood pressure (consider renal artery stenosis/pheochromocytoma)

Cardiovascular examination (congenital heart disease especially

pulmonary stenosis)

¢ Evaluation of spine (scoliosis and/or underlying plexiform
neurofibroma

e Evaluation of skin (cutaneous, subcutaneous, and plexiform
neurofibromas)

e System examination if specific symptoms

Source: Reproduced from Ferner et al.'® With permission from BMJ
publishing group 2011

Young People 16-25 Years

Young people aged 16-25 years require clinical and emo-
tional support to cope with NF1, and common issues are the
variability of the disease complications and the development
of neurofibromas during adolescence. Young people should
have an awareness of the inheritance pattern of NF1 and of
timing and the opportunities for prenatal counseling. They
may need advice about educational issues, applications for
employment, and in tackling attitudes of their peer group
toward NF1 (see Chap. 4).

Adults

People with complex NF1 require lifelong follow-up in a spe-
cialist NF1 service. Adults with uncomplicated NF1 do not
always have access to dedicated neurofibromatosis clinics and it
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is important that they know when to ask for medical support for
potentially serious problems. Annual blood pressure monitor-
ing is essential, and people who develop symptomatic plexiform
neurofibromas (see section on neurofibromas) or neurological
problems suggestive of cord compression or tumor should seek
urgent advice. Information and support may be obtained from
the Neuro Foundation (formerly Neurofibromatosis
Association) website and from the Foundation’s specialist
advisers who are based in different areas of the UK.

Nationally Commissioned “Complex NF1”
Service (see Table 1.8)

NF1 is a complex condition with wide variation in clinical
manifestations even in families. Many people have mild dis-
ease and cope very well with follow-up from general practitio-
ners and local clinicians. However, some individuals suffer
from rare complications that cause significant morbidity and
may be life threatening. These individuals benefit from diag-
nosis, management and life-long surveillance, and support
from specialist, multi-disciplinary NF1 teams who are conver-
sant with rare clinical manifestations and linked nationally
and internationally with other experts in the field. This per-
mits optimum clinical and holistic care for patients and their
families provided by consultant-led services that are abreast
of the latest developments in therapy. Centralized care by a
dedicated group of clinicians and nurses, improves the patient
experience by coordinating care and reducing the need for
multiple referrals to different specialists and hospitals.
Specialist nurses act as patient advocates and as a link between
the NFservice and the community. The National Commissioning
Group has funded Guy’s and St. Thomas’ NHS Foundation
Trust as the lead center in England with Central Manchester
Foundation Trust to care for patients with Complex NF1 and
work with allied experts and local clinicians to provide the
best possible management for this distressing disease (see also
Chap. 4 and Appendix for contact details).
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TaBLE 1.8. NF1 complications that are managed by Nationally
Commissioned Complex NF1 Clinics.

Extensive symptomatic plexiform neurofibroma involving face,
whole limb, pelvis, abdomen, or thorax

Role of NCG service: To discuss with experienced surgeon the
need for surgery and to ensure the risks of hemorrhage, infection,
neurological deficit, and recurrent tumor are understood by patient

e MPNST
Role of NCG service: People with plexiform neurofibroma
and persistent pain, rapid growth, hard texture, or unexplained
neurological deficit require urgent referral and assessment in
collaboration with specialist sarcoma units

Optic pathway glioma

Role of NCG service: Work with pediatric ophthalmologist/
orthoptist to ensure annual visual screening for NF1 children;
ensure MRI is not used for screening for OPG; and ensure children
with known OPG are managed jointly by pediatric oncologist and
pediatric ophthalmologists with experience in NF1

Cord compression from cervical plexiform neurofibroma
Role of NCG service: Ensure decisions regarding need for surgery
are based on clinical findings as well as neuroimaging

Multiple sclerosis, aqueduct stenosis, brain glioma, and refractory
epilepsy due to underlying structural lesion

Role of NCG service: Work with neurologists to ensure that the
specific needs of the NF1 individual are taken into account when
managing these complications

Pseudarthrosis of long bone

Role of NCG service: Education of pediatricians to avoid erroneous
diagnosis of non-accidental injury. Ensure children are referred to
orthopedic surgeons with specialist knowledge of this manifestation

Atypical phenotypes and counseling for segmental NF1

Role of NCG service: Ensure that people with unusual clinical
presentations have appropriate clinical and genetic investigation
to make the correct diagnosis. In rare instances, provide prenatal
counseling and genetic testing for people with segmental NF1
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Chapter 2

Neurofibromatosis
Type 2 (NF2)

D. Gareth R. Evans

Terminology

Disease Name and Synonyms

Neurofibromatosis type 2 (NF2), Bilateral acoustic neurofi-
bromatosis, Central neurofibromatosis. OMIM #101000. The
correct name for the condition is Neurofibromatosis type 2
(NF2). The remaining names are historically due to the over-
lap with NF1 and previous confusion over the two conditions.
The first clear description of NF2 was in 1822 by Wishart.!
NF1 was described in 1882 by von Recklinghausen. However,
it was Harvey Cushing who described bilateral eighth nerve
tumors developing as part of von Recklinghausen disease in
1916.2 This description is largely responsible for the confusion
between the two conditions which continued for many years.
Gradually over the last 20 years of the twentieth century the
clear clinical and pathological differences resulted in the defi-
nition of two separate conditions, NF1, formerly known as von
Recklinghausen neurofibromatosis and NF2 previously called
bilateral acoustic or central neurofibromatosis. The clinical
and genetic distinction between the two conditions was not
fully recognized until the last three decades and reports of
“neurofibromatosis” frequently included intermingled NF1
and NF2 cases.’ The conditions were eventually recognized as
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separate entities with the localization of the respective genes
to chromosome 17 and 22.*° This was followed by the formal
clinical delineation at a US National Institutes of Health
(NIH) consensus meeting in 1987.°

Diagnosis

The Manchester (modified NIH) diagnostic criteria for NF2
are shown in Table 2.1. The original NIH criteria® have been
expanded to include patients with no family history who have
multiple schwannomas and or meningiomas, but who have
not yet developed bilateral 8th nerve tumors.” The diagnosis
is best confirmed using high quality MRI imaging of the brain
(with 3 mm cuts through the internal auditory meati) with
gadolinium enhancement. Full spinal axis imaging should
also be performed. Examination of the skin for NF2 intracu-
taneous and deeper subcutaneous nodules is useful although,
where the diagnosis is in doubt and depends on verification
of a cutaneous tumor, biopsy should be considered.
Ophthalmic examination with a slit lamp is also advised. NF2
is the only gene known to be associated with neurofibroma-
tosis 2. Molecular genetic testing of NF2 that includes a com-
bination of sequence analysis or mutation scanning and

TaBLE 2.1. Diagnostic criteria for NF2 (these include the NIH
criteria with additional criteria).

Bilateral vestibular schwannomas or family history of NF2 plus

1. Unilateral VS or
2. Any two of: meningioma, glioma, neurofibroma, schwannoma,
posterior subcapsular lenticular opacities

Additional criteria: Unilateral VS plus any two of: meningioma,
glioma, neurofibroma, schwannoma, and posterior subcapsular
opacities

Or

Multiple meningioma (two or more) plus unilateral VS or any
two of: glioma, neurofibroma, schwannoma, and cataract
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duplication/deletion testing detects a mutation in most
affected individuals who have a positive family history and
are not the first individual in the family known to have the
disorder. Identification of a pathogenic NF2 mutation in
blood or in two anatomically distinct tumors from the same
individual confirms the diagnosis.

Epidemiology

NF?2 is an autosomal dominant disease that usually has a 50%
risk of transmission from an affected individual to their off-
spring. This was first confirmed in a large family reported by
Gardner and Frazier in 1930. Fifty to sixty percent of patients
have no family history and represent de novo mutations in the
NF2 gene.'" Individuals who inherit a pathogenic mutation in
the NF2 gene will almost always develop symptoms by 60 years
of age.” There have only been two epidemiological studies of
NF2, one in North West England®*! and one in Finland." The
birth incidence of NF2 is most probably around 1:33,000 indi-
viduals,'” with disease prevalence around 1 in 60,000."° Although
the transmission rate is 50% in the second generation and
beyond, the risk of transmission in an apparently isolated
patient with NF2 is less than 50% due to mosaicism.”

Mosaicism

This is a phenomenon whereby the NF2 mutation is only
present in some of the affected individual’s cells. A consider-
able proportion of NF2 patients, particularly milder cases,
have mosaic disease, in which only a proportion of cells con-
tain the mutated NF2 gene. The initiating mutation occurs
after conception, leading to two separate cell lineages. The
proportion of cells affected depends on how early in develop-
ment the mutation occurs. Recent evidence suggests that
between 20% and 33% of NF2 cases without a family history
of the disease are mosaic, mostly carrying the mutation in too
small a proportion or none of their lymphocytes to be
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detected from a blood sample.'”!> This accounts for the
milder disease course in many individuals with unfound
mutations, and since only a subset of germ cells (or none) will
carry the mutation, there is less than a 50% risk of transmit-
ting the disease to their offspring. However, if an offspring
has inherited the mutation, they will have a typical phenotype
and usually be more severely affected than their parent, since
the offspring will carry the mutation in all of their cells. The
mosaic mutation can be detected by analyzing tumor mate-
rial from an affected individual. If an identical mutation is
found in two tumors from that individual, this confirms that
this is the underlying mosaic mutation even if it cannot be
identified in lymphocyte DNA. Their offspring can be tested
for the presence of the mutation to exclude NF2. Offspring
can also be tested for NF2 if both abnormalities are identified
in a single tumor to also potentially exclude the disease. The
chances of mosaicism based on different ages at presentation
and whether NF2 presents symmetrically is shown in
Table 2.2.

Clinical Manifestations

The hallmark of NF2 is the development of bilateral vestibu-
lar schwannomas (VS) (Figs. 2.1 and 2.2). The other main
tumor features are schwannomas of the other cranial, spinal
(Fig. 2.3) and peripheral nerves; meningiomas both intracra-
nial (Figs. 2.1 and 2.4) also including optic nerve and intraspi-
nal meningiomas and intraspinal; and some low-grade central
nervous system (CNS) malignancies (ependymomas). Four
large clinical studies have now confirmed this clinical pic-
ture.”!*!® Although the disease is still classified as “neurofi-
bromatosis,” neurofibromas are relatively infrequent.
Individuals may present with cranial meningiomas or a spinal
tumor long before the appearance of a VS."” Previously, there
was a suggestion for two forms of the disease.”'® The Wishart
type is more aggressive with an onset commonly in the late
teens or with multi tumor disease, whereas the Gardner type
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FiGure 2.1. Cranial MRI showing bilateral vestibular schwannomas
and meningiomas.

usually presents in an older age group with fewer tumors and
perhaps only bilateral VS. In practice, classification into
Gardner and Wishart type is often difficult and may vary
between family members. In reality, the variation is a combi-
nation of chance, other risk factors, other genes, and the NF2
mutation type.

In the same way as sporadic VS, the majority of adults with
NF2 present with hearing loss that is usually unilateral at
time of onset. Nausea, vomiting, or true vertigo are rare
symptoms except in late stage disease. A significant propor-
tion of cases (20-30%) present with symptoms from an
intracranial meningioma (headaches, seizures), spinal tumor
(pain, muscle weakness, paresthesia), or cutaneous tumor.”!¢-
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FiGure 2.2. Bilateral massive vestibular schwannomas compressing
the brain stem.

18 Indeed, the first sign of more severe multi-tumor disease in
early childhood is often a non-eighth nerve tumor (including
a cutaneous tumor), an ocular presentation, or a mononeu-
ropathy, which frequently affects the facial nerve.'** Some
children present with a polio-like illness with wasting of
muscle groups in a lower limb (amyotrophy), which usually
does not fully recover. In adulthood, a more generalized
symptomatic severe polyneuropathy occurs in about 3-10%
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FIGURE 2.3. Multiple spinal schwannomas some with cystic change
in NF2 as indicated by arrows.

of patients, often associated with an “onion bulb” appearance
on nerve biopsy.” Around 40% of patients will show evidence
of polyneuropathy on nerve conduction studies.”!

Ophthalmic features are also prominent in NF2. Patients
often suffer from reduced visual acuity of various causes.
Many of these are amblyopias with no obvious cause.
Between 60% and 80% of patients have cataracts and these
may present in early life.”!'*!” These can be posterior subcap-
sular lenticular opacities or cortical wedge opacities. Optic
nerve meningiomas can cause visual loss in the first years of
life and extensive retinal hamartomas can also affect
vision.

The skin is a useful aid to diagnosis, but cutaneous features
in NF2 are much more subtle than in NF1. About 70% of
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FiGUre 2.4. En plaque meningioma affecting most of the meninges
including the falx.

NF2 patients have skin-related tumors, but only 10% have
more than ten skin tumors.” The most frequent type is a
plaque-like lesion, which is intracutaneous, slightly raised and
more pigmented than surrounding skin, often with excess
hair (Fig. 2.5). More deep-seated subcutaneous nodular
tumors can often be felt, sometimes on major peripheral
nerves (Fig. 2.6). Café au lait patches are more frequent in
NF2 than in the general population but are rarely as frequent
as in NF1 with only 1% having six or more patches.’

Screening At-Risk Individuals

Children of affected patients should be considered to be at
50% risk of NF2 and screening for NF2 can start at birth with
a search for cataracts. Formal screening for VS should start at
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Ficure 2.5. NF2 intracutaneous plaque: slightly raised, often
pigmented with excess hair.

Ficure 2.6. Ulnar nerve nodular subcutaneous schwannoma
separate from overlying skin.
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10 years, as it is rare for tumors to become symptomatic
before that time even in severely affected families. Magnetic
resonance imaging (MRI) of the head and spine is the main-
stay of current screening, although annual audiological tests
including auditory brainstem response are still a useful
adjunct to MRI.*> VS growth is faster in younger patients, so
for asymptomatic at-risk individuals without tumors, MRI
screening every 2 years for those younger than 20 years old is
recommended. For those older than 20 years MRI screening
every 3-5 years should be sufficient. The initial MRI scan
could be at around 12 years of age, or 10 years of age in
severely affected families.

In most families, it is now possible to develop a genetic test
so that screening can be targeted to affected individuals only.
Identifying the affected patient’s mutation not only allows
testing of at-risk relatives, but may also give important indica-
tors as to the patient’s own prognosis. As 20-33% of de novo
NF2 patients are mosaic, frozen tumor should be taken at
operation (with patient consent) for genetic tests. Once a
mutation is known in a family, testing for the specific muta-
tion takes 2-3 weeks. Finding the family mutation on initial
search usually takes 8-10 weeks and may take longer if tumor
tests need to be performed. In the occasional family, with
more than one affected family member in which a mutation
cannot be found, linkage tests can still be used.

Surveillance

Once tumors are present or a mutation has been found in an
affected child, MRI screening should probably be at least
annual. Spinal tumors are seen in 60-80% of NF2 patients
on MRI.? Nonetheless, only 25-30% of patients with spinal
tumors require a spinal operation from a symptomatic
tumor. Spinal MRI only every 3 years is probably sufficient
unless there are new symptoms.> If no tumors are present
on the initial scan, a further scan 5-10 years later may be
reasonable.



58 D. Gareth R. Evans
Managing Affected Children

NEF?2 is being recognized more and more frequently in child-
hood often before VS have developed. Recognition of the more
severe disease course with early presentation and the more
atypical features such as mononeuropathy are important.

Screening Individuals with Insufficient
Criteria for NF2

Many individuals have two NF2-related tumors or present at
very young ages with VS or meningioma, and are clearly at
risk of at least having mosaic NF2. Twenty percent of patients
<20 years with a sporadic VS will develop NF2* but only half
of these will have a detectable mutation on blood DNA.
Similarly, around 20% of apparently sporadic childhood
meningioma develops into NF2.?° Individuals who present
with a unilateral VS and other neurogenic tumors in the NF2
spectrum have a high risk of contralateral disease especially
if they present at age <20 years.”® Five yearly MRI should
probably be performed at least until 40 years of age in indi-
viduals with a sporadic VS <30 years or a meningioma
<20 years of age.

Genetics

NF1 and NF2 were eventually recognized as separate genetic
and clinical diseases with the localization of the respective
genes to chromosome 17 and 22.272¥ This was followed by the
formal clinical delineation at a National Institutes of Health
(NIH) consensus meeting in the USA, in 1987.

The NF2 gene was isolated by the simultaneous discovery
of constitutional and tumor deletions in a gene coding for a
cell membrane-related protein, which has been termed mer-
lin or schwannomin by the two groups who isolated it.** This
protein is involved in the interaction between actin within the
cell cytoskeleton and the cell membrane, and appears to
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suppress tumorigenesis through contact-mediated growth
inhibition.

The majority of mutations in the NF2 gene are truncating
mutations, leading to a smaller and probably nonfunctional
protein product. Early studies suggested that missense
mutations (which result in a complete protein product) and
large deletions (which result in no protein product) both
cause mild phenotypes. Larger studies of detailed genotype/
phenotype correlations in multiple families have confirmed
this finding.*** The phenotype is more variable in patients
with splice-site mutations, with milder disease in patients with
mutations in exons 9-15.%2% This variation in disease severity
is reflected in longer survival for those patients with a mis-
sense mutation compared to those with a truncating
mutation.** Large scale genomic rearrangements may also
occur and account for around 15% of NF2 germline
aberrations.?’-*

The sensitivity of genetic testing using sequence analysis
and MLPA is around 92% as this is the detection rate in the
second generation of NF2 families."

Differential Diagnosis

The main differential diagnosis of NF2 is schwannomatosis
(Table 2.3¥) however some patients with multiple non-
cranial schwannomas turn out to have mosaic NF2.44
However one exclusion criteria of schwannomatosis is ves-
tibular schwannoma, it is still not entirely clear that these do
not occur in schwannomatosis. Final confirmation of schwan-
nomatosis would involve confirming different NF2 muta-
tions in schwannomas from the same individual or
identification of a SMARCBI mutation.”’ Patients fulfilling
the most sensitive Manchester criteria are unlikely to be
misclassified.” Care must be taken to be sure that bilateral
enhancing lesions in the Cerebellopontine angle are vestibu-
lar schwannoma. These can be due to metastatic processes
from choroid plexus carcinoma, lymphoma, ependymoma, or
melanoma.
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TaBLE 2.3. Diagnostic criteria for schwannomatosis.

Definite

Possible

Age over 30 years AND two

or more non-intradermal
schwannomas, at least 1 with
histologic confirmation AND
no evidence of vestibular tumor
on high-quality MRI scan AND
no known constitutional NF2
mutation

Or

One pathologically confirmed
schwannoma plus a first-degree
relative who meets above criteria

Segmental

Age under 30 years

AND two or more non-
intradermal schwannomas,
at least 1 with histologic
confirmation AND no
evidence of vestibular
tumor on high quality

MRI scan AND no known
constitutional NF2 mutation

Or

Age over 45 years AND two
or more non-intradermal
schwannomas, at least one
with histologic confirmation
AND no symptoms of 8th
nerve dysfunction AND no
known constitutional NF2
mutation

Or

Radiographic evidence of
a schwannoma and first
degree relative meeting
criteria for definite
schwannomatosis

Meets criteria for either definite or possible schwannomatosis but
limited to one limb or five or fewer contiguous segments of the

spine

NF2 Management

Surgery

VS surgery in NF2 presents unique technical and decision-
making challenges. Schwannomas in the cerebellopontine
angle may have multifocal components from the eighth
nerve as well as from adjacent cranial nerves —facial, trigem-
inal, and the lower cranial nerves. As a result, the facial



Chapter 2. Neurofibromatosis Type 2 (NF2) 61

nerve may pass though the middle of the tumor mass and be
difficult to identify. The principle of surgery is to limit the
burden of neurological deficit as far as is possible. Facial
nerve preservation is very important in the presence of
bilateral disease. Facial paralysis threatens the health of the
eye by loss of blink and lacrimation (loss of intermedius
nerve function), and if combined with trigeminal damage is
a serious threat to vision. Risk is minimized by leaving frag-
ments of VS on the facial nerve and if possible by not
removing a coexistent facial schwannoma. The patient
should be considered holistically. If the vision on the con-
tralateral side is poor (not an infrequent finding in NF2),
then surgery should be very conservative. Similar arguments
apply to the management of the lower cranial nerves to
avoid the problems of bilateral bulbar palsy. “Do not remove
a tumor just because it is there!” Usually a VS with good
hearing will be treated conservatively until there is a neuro-
surgical need to remove it. However, there are occasions,
when early removal of small tumors will be advised if it is
felt possible to preserve hearing or at worst the cochlear
nerve for subsequent cochlear implantation. Surgical results
are certainly far better when managed by an experienced
team.”** There is clear evidence of a reduction in mortal-
ity with a significantly increased life expectancy for NF2
patients managed at three specialty centers in the UK (OR
0.34).” All other craniospinal axis tumors should also be
managed conservatively with a goal of preserving function.
The removal of asymptomatic tumors should only be under-
taken if there is evidence of rapid growth and inevitable loss
of function without surgery.”* All NF2 patients should be
managed in the context of a multidisciplinary team with a
minimum of an NF2 physician, ENT surgeon, Neurosurgeon,
and neuroradiologist.*

Radiotherapy

The use of radiotherapy is controversial in patients with NF2
although it may be useful in some situations. The same tumor
considerations make treatment results worse in NF2 than in



62 D. Gareth R. Evans

sporadic disease.* It has a role in patients who have particu-
larly aggressive tumors, who are poor surgical candidates or
who refuse surgery. This should be weighed against control
rates of only 50% compared to a control rate in sporadic VS
of 95%.% In addition, there is a greater risk of malignant
change in NF2 patients compared to sporadic VS.>*! Forty
percent of patients retain pretreatment hearing for at least
3 years. The upper limit of size for radiotherapy is generally
a maximum intracranial diameter of 3 cm.*® It is important
to be able to offer both radiotherapy and surgery, and both
options should be discussed in a balanced fashion. Surgeons
should use clinical judgment as to when to recommend radia-
tion therapy.”#

Hearing Rehabilitation

Hearing preservation surgery in patients with NF2 is extremely
difficult. Patients often become bilaterally profoundly deaf as
a result of the disease or treatment of the disease. Teams
experienced in the positioning of brainstem implants can
offer partial auditory rehabilitation to those who are deaf,
although results are still behind those achievable for cochlear
implants. In a few patients, it may be possible to rehabilitate
hearing successfully with a cochlear implant if the cochlear
nerve is left intact after surgery. However, this is not always
possible even in the presence of an intact nerve as its blood
supply may be damaged. The Auditory Brainstem Implant
(ABI, Cochlear Nucleus Implant) has allowed most recipi-
ents to appreciate environmental noise and to enhance their
lip reading skills. A small number are able to achieve good
open set sentence scores, but as yet the factors that predict
outcome are not fully understood.

New Therapies

The NF2 protein appears to impact on multiple intracellular
signaling pathways. These pathways include the PI3-kinase,
mTOR, Akt, and Raf/MEK/ERK pathways.*
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The progress being made in cellular research especially
with regard to pathways in which the NF2 gene product inter-
acts raises the hopes of targeted therapy. Targeting the
ERK1/, AKT, integrin/focal adhesion kinase/Src/Ras signal-
ing cascades, PDGFRbeta, phosphatidylinositol 3-kinase/
protein kinase C/Src/c-Raf pathway, VEG-F, and other path-
ways* means that drugs such as bevacizumab, erlotinib, lapa-
tinib, and sorafenib® may well bear fruit. Indeed, a recent
report on ten patients showed objective radiological improve-
ment in eight VS with bevacizumab.’* A further small report
on two German patients treated with bevacizumab backs up
the promise of drug treatments.”

Genetic Counseling and Prenatal Counseling

Mode of Inheritance

Neurofibromatosis 2 (NF2) is inherited in an autosomal
dominant manner.

Risk to Family Members
Parents of a Proband

Around 50% of individuals with NF2 have an affected parent,
and 50% have NF2 as the result of a de novo mutation.
However, 25-33% of individuals who are simplex cases (i.e.,
individuals with no family history of NF2) are mosaic for an
NF2 mutation.'>!

Recommendations for the evaluation of parents of a
proband with an apparent de novo mutation include a clinical
history and, if any suspicion of NF2 exists, an MRI scan.
A parent can be excluded as having NF2 if his/her offspring
is shown to be mosaic, but absence of a mutation detected in
the child does not eliminate the possibility of mosaicism in
the parent. Because the age of onset of symptoms is consis-
tent within families, it is usually not necessary to offer surveil-
lance to asymptomatic parents.
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Sibs of a Proband

The risk to the sibs of the proband depends on the genetic
status of the parents.

e If a parent of the proband is affected, the risk to the sibs is
50%.

e If neither parent of an individual with NF2 is symptomatic,
the risk to the sibs of the affected individual is extremely low
because the age of onset of symptoms is relatively uniform
within families.

e However, a single case of germline mosaicism in a clini-
cally normal individual has been reported.!’

Offspring of a Proband

Each child of an individual with NF2 has up to a 50% chance
of inheriting the mutation:

e If the proband has other affected family members, each
child of the proband has a 50% chance of inheriting the
mutation.

e If the proband is the only affected individual in the family,
two possibilities exist:

— The proband may have somatic mosaicism for the
disease-causing mutation. Offspring of an individual who
is mosaic will have less than a 50% risk chance of inherit-
ing the disease-causing mutation. The proband may have
a de novo germline mutation (i.e., present in the egg or
sperm at the time of conception). Each offspring of an
individual with a de novo germline mutation has a 50%
chance of inheriting the mutation.

e Persons with somatic mosaicism and bilateral vestibular
schwannomas have <50% chance of having an affected
child. If a point mutation is detected in DNA from multi-
ple tumors, but not in DNA from leukocytes, the risk to
offspring is probably less than 5%."
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Other Family Members of a Proband

The risk to other family members depends on the genetic
status of the proband’s parents. If a parent is found to be
affected, his or her family members may be at risk, depending
on the family structure.

Predictive Testing

At-risk relatives whose genetic status is unknown can be
tested for presence of the NF2 mutation (either constitu-
tional or somatic mosaic) identified in an affected relative
such as the proband. In the rare instance in which an NF2
mutation cannot be identified, linkage analysis can be used in
families with at least two affected family members of differ-
ent generations or tumor DNA can be used to exclude at
least half of children as being at risk.

Offspring of a sporadic case in whom molecular genetic
testing of a tumor has revealed loss of heterozygosity (LOH)
can be reassured if testing of their lymphocyte DNA shows
that they have inherited the allele that was lost in the paren-
tal tumor, because this allele is unlikely to have a disease-
causing mutation.'*!

Prenatal diagnosis/preimplantation genetic diagnosis
(PGD) for at-risk pregnancies requires prior identification of
the disease-causing mutation in the family. There is a limited
but clear demand for this in some families.

Complications That Require Referral
to National NF Centers

All NF2 patients should be managed under the auspices of a
national center. Auditory brain stem implantation should
only be carried out by an experienced team within a national
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center. Some especially milder cases of NF2 can have their
main management carried out by a multidrug therapy (MDT)
in a peripheral center with regional review annually by the
Regional MDT.

Conclusions

NF2 continues to be a condition with considerable morbidity
and increased mortality. Multidisciplinary management with
early diagnosis is vital for management. Hopefully, new targeted
therapies will revolutionize the outcomes in this condition.
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Chapter 3

The Neurofibromatoses:
Differential Diagnosis
and Rare Subtypes

Susan M. Huson

Introduction

Accurate diagnosis of the type of neurofibromatosis is
important for patient management and genetic counseling. In
the majority of people with neurofibromatosis type one (NF1)
and type two (NF2), the diagnosis is straightforward. In a
specialist neurofibromatosis clinic, approximately 2% of new
NF1 referrals will have an alternate non-NF diagnosis and 5%
will have a specific NF subtype. This chapter reviews the dif-
ferential diagnosis of and conditions related to NF1 and NF2.

The critical features used to differentiate the different
types of NF are:

e The presence/absence of café au lait (CAL) spots with/
without skin fold freckling

e The presence/distribution/histology of benign nerve
tumors

e Eye features (often asymptomatic)

These disease features develop at different ages'? (Table 3.1) —
in NF1 the main feature in early childhood are the CAL spots
which are nearly always obvious by age two. Conversely, in an
adult the dermal neurofibromas become the key feature and
CAL spots are known to become less obvious/decrease in
number with age. With modern neuroimaging NF1 and
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NF2 are rarely confused in adults but NF1 is often the first
diagnosis considered in children presenting with NF2-related
skin changes. Very occasionally a major NF1 complication
may present before the CAL spots are obvious — I have met
parents who have been accused of nonaccidental injury prior
to the correct diagnosis of tibial pseudarthrosis been made.

Although molecular genetic testing is now available for
NF1 and NF2, for neither condition is mutation detection
100% and the presence of genetic mosaicism in sporadic
cases complicates the situation further.>® Prior to any molec-
ular testing full clinical evaluation, with radiological and his-
tological review if indicated is essential. In patients where
things do not fit together, review in a specialist NF clinic may
be of benefit prior to any molecular genetic testing.

Case History: The Importance of Clinical
Diagnosis Prior to Genetic Testing

A 14-year-old girl was referred for genetic assessment
with possible NF1. The previous year she had several
tongue lesions removed which were reported as neuro-
fibromas and the question of NF1 raised. Around the
same time she had had some eye problems and thick-
ened corneal nerves noted coincidentally. She was
referred for pediatric assessment. She had one CAL
spot. NF1 gene testing was requested and no mutation
identified. She was then referred for genetic
assessment.

There was no significant family history. The preop-
erative pictures of her tongue lesions showed multiple
small papillomatous lesions. On examination the only
skin feature was the CAL spot but she was thin with
hyperextensible joints and prominent lips. She had
an asymmetrically enlarged thyroid gland. A clinical
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diagnosis of MEN 2B was made and this was con-
firmed by the finding of the M918T mutation in the
RET proto-oncogene. Investigations and subsequent
surgery diagnosed metastatic medullary thyroid
carcinoma.

Key Points

e The tongue is not a common site for small neurofi-
bromas in NF1; plexiform lesions of the area show
diffuse enlargement of the tongue.

e One CAL spot is within normal limits.

e Thickened corneal nerves are classically associated
with multiple endocrine neoplasia type 2B not NF1.

Clinical Assessment

The points I highlight in this section are those that assist in
establishing the type of NF. Some patients will have clinical
symptoms/signs that take clinical priority — for example a
patient with NF1, NF2, or schwannomatosis may present with
symptoms/signs of cord compression which requires urgent
assessment. Even then it is usually possible to diagnose the
type of NF during the same assessment and this allows peri-
operative planning, for example, in sporadic cases of NF2 and
schwannomatosis collection of fresh frozen tissue for DNA
analysis is helpful. Figure 3.1 shows a flow chart to aid in
assessing a child with multiple CAL spots.

Past Medical History

Regardless of the age of the patient, I find it useful to take a
full medical and social history from birth onward. This builds
up a picture of the age of appearance of key disease features,
any major medical problems, and whether learning and
behavior problems have been an issue.



76

S.M. Huson

Cl with multiple
CAL spots? NF1

Referral:

History: Keypoints

+ Family history
* Medical issues

* Development/ learning/

* Are thi

Examination: Key Features

behavior/ coordination

* How many lesions?
* Are they typical?
« Is distribution segmental/ generalized?
* Are there other NF1 features?

ere things that don't fit for NF1?

N

> 6 typical CAL | |

< 6 typical CAL |

| Atypical CAL

features e.g.
extreme short
stature, severe

learning difficulties

* Child otherwise
well

+ Check if parents|
have different
skin coloring

* Consider
dermatology
opinion

* Other features

* Review
differential of
atypical spots

|» Consider
dermatology
opinion

—
Parent with| Parents with *1or2andnilelse| [*3-5CALor
typical only CAL +/— No FH * Probably variant + 1-2 with other
NF1 freckles of normal features
+ Consider NF2/
NF1 mosaic
v .
— — e N
May still be - Other NF1 peo
NF1 NF- . Clinic
Confirmed 1 but consider fea(ures present
Clinically « Parental NF1 eg. L|s_ch nodules,

 Legius olc:

Syndrome *
* Specific NF1

exon 17 mutation NF1

associated Confirmed

with CAL only Clinically

* Only > 6 CAL *>6CAL
* Any atypical

* Skinfold freckles
— probable NF1
—may be Legius

(approx 1%
chance)

I

Consider
differential
diagnosis of
‘typical’ CAL
spots e.g. ring
chromosomes

= No other features
— NF1 still most
likely

Ficure 3.1. Diagnostic approach to a child with multiple CAL spots.
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Family History

In both NF1 and NF2 approximately 50% of patients are the
first in their families and the diseases are fully penetrant (so
they do not “skip” generations in the pedigree®). Recording
the family tree, going back to the grandparents of the index
case, allows you to:

¢ Build up a picture of the family’s experience of the disease.

¢ Identify which family members need assessing.

¢ Identify any unusual features — for example, affected sib-
lings/cousins with NF1 and unaffected parents are very
unusual. Prior to the recognition of the constitutional mis-
match repair deficiency phenotype (CMMR-D, which is
discussed later in the chapter’), several of the families had
been presumed to have NF1 because of multiple CAL spots
in one or more sibs/cousins. In retrospect the clues to the
alternate diagnosis were the family history of cancers seen in
hereditary nonpolyposis colon cancer and consanguinity.

Examination

The main systems that assist in the differential diagnosis are
examination of the skin, eyes, and nervous system; in possible
NF1 this is complemented by checking for disease complications
that may be present in a patient of that age. In assessing
NF-related skin pigmentation, an ultraviolet light is rarely neces-
sary other than in very pale skinned people. Eye examination
needs to be done by an Ophthalmologist familiar with NF — a slit
lamp is needed to distinguish Lisch nodules from the iris nevus
and the lens opacities in NF2 are often only seen by slit lamp.®

Radiology/Histology Review

In atypical cases the value of having radiology and histology
reviewed by colleagues familiar with NF cannot be under-
stated. Radiologists familiar with neurofibromatosis may
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pick up subtle features on review which point to the subtype.
Neurofibromas and schwannomas can often not be differen-
tiated clinically or radiologically and then histology is vital.

NF Pigmentary Changes:
Key Clinical Features

Café au Lait Spots

CAL spots or patchy pigmentation of other kinds’ are listed
as features of a large number of genetic syndromes, of which
NF1 is by far the most common. What is important clinically
is to ensure that what are being labeled as CAL spots are
typical for NF1. Figure 3.2 shows different kinds of CAL
pigmentation. The key features of CAL in NF1 are®’:

e Macular (flat), any lesion with any thickening is not a CAL
spot.

e They usually have an oval shape with a smooth edge and
the pigmentation is uniform within the spot.

e In pale skinned individuals they are coffee colored,
whereas in dark skinned individuals they may be dark
brown or black.

e They may be present at birth but more usually develop in
the first few months of life and are nearly always obvious
by the second birthday.

e They grow with the child, becoming larger with age.

e They can occur anywhere on the body but are mainly seen
on the trunk and limbs; they are rarely found on the face,
scalp, palms, and soles.

¢ Very small, nonsignificant patches are not counted; the NF1
diagnostic criteria use specific sizes for inclusion, which is
measured across the maximum diameter of the lesion: in
prepubertal lesion spots of >5 mm are counted and in post-
pubertal >1.5 cm.

e The spots tend to be 2-5 cm in diameter but can be larger.
If a patient has a much larger area it needs to be moni-
tored as this can be a marker for an area where a plexi-
form will develop.
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Ficure 3.2. Different kinds of CAL pigmentation (a) Typical NF1
CAL spots in an Asian patient: note relatively smooth outline and
even pigmentation. (b) CAL spots in a patient with Legius syn-
drome, exactly the same as in NF1 (reproduced with permission
from Spurlock et al.'). (¢) Large CAL with irregular outline and
hypertrichosis overlying a large internal plexiform neurofibroma.
(d) Atypical CAL lesion in an Asian child with ataxia telangiectasia:
note irregular outline and uneven depth of pigmentation.
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FIGURE 3.2. (continued).

The NF1 diagnostic criteria require 6 or more CAL spots
and NF1 children often have many more; 10% of the gen-
eral population have one or two CAL spots. When chil-
dren present with 3-5 CAL spots (which is uncommon)
I usually monitor them through childhood because of the
rare possibility they have NF2 or are one of the rare cases
of NF1 with <6 CAL.

NF1 CAL spots have no distinguishing pathological fea-
tures; biopsy is not a helpful aid to diagnosis.

CAL spots become paler and can disappear with age.
CAL spots are not at risk of malignant change and their
number does not correlate with disease severity in any way.
Although patients with NF2 have CAL spots more fre-
quently than the general population, it is very unusual for
them to have six or more (1%) and they do not get skin
fold freckling.

Skin Fold Freckling

Why NF1 patients develop freckles in very specific areas of
the body remains unexplained but clinically it is an important
aid to diagnosis. The freckles, like the CAL spots, never do
any harm but are an important diagnostic feature. They
develop after the CAL, usually from around the 3rd birthday
and can affect the axillae, base of the neck, and groins.
Women may develop them below the breasts and overweight
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people in skin folds. Some patients develop freckles over
their whole trunk.

Peripheral Nerve Tumors in NF: Clinical
Clues to Diagnosis

Neurofibromas Versus Schwannomas

The important thing to remember in assessing lesions in
patients referred as “query form of NE” is that it is not possible
to distinguish individual neurofibromas and schwannomas
clinically (Fig. 3.3). As reviewed in Chap. 1, the appearance and
problems associated with neurofibromas are dependent on
where in the nervous system they develop (dermal (cutaneous),

FIGURE 3.3. Peripheral nerve lesions (arrowed) in the forearm: (a)
The patient has NF1 (neurofibromas); (b) the patient has NF2
(schwannomas) — clinically they are indistinguishable.
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peripheral nerve, or spinal nerve root). Schwannomas in NF2
at the different sites present very much like neurofibromas.
The only tumor that virtually always has a unique appear-
ance is the NF2 plaque lesion described in the next section.
The problem in distinguishing neurofibromas and schwan-
nomas clinically is usually not an issue as other diagnostic
features of the type of NF will be present. The times when it
becomes important are in assessing patients with segmental/
mosaic phenotypes presenting with just localized nerve
involvement when histology is usually necessary. The other
cases that can cause confusion are cases with NF2 and marked
skin involvement. These tend to be people with severe NF2
with no family history where dermal or peripheral nerve
lesions present before cranial or spinal lesions. Although
schwannomas are not seen in NF1, neurofibromas can occa-
sionally occur in NF2 or tumors with a mixed neurofibroma/
schwannoma picture are reported. Rare patients with severe
NF2 can develop plexiform lesions in childhood and these
too are indistinguishable from those in NF1 clinically, although
are usually plexiform schwannomas histologically. The clues
clinically are the reduced number or lack of CAL spots, spe-
cific eye signs, and identification of NF2 plaques if present.

NF2 Plaques

These are the one specific cutaneous lesion that are an invalu-
able clinical clue." Initially they can look like small CAL
spots — the skin has a brown—orange color; the difference is
that the skin is slightly thickened and there is often excessive
hair growth (see Fig. 2.10, Chap. 2). They rarely grow beyond
1-2 cm in diameter. Histologically they are usually described
as having “schwannomatous elements.” When a child presents
with an NF2-related eye problem, isolated peripheral nerve
amyotrophy or NF2-related cranial or spinal tumor, clinical
examination for NF2 plaques is essential. The youngest
patient I have seen with one was 18 months; they presented
with unilateral amblyopia and a dysplastic optic disk which
was recognized by an Ophthalmologist familiar with NF2.
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Eye Features of NF

The eye features in the main forms of NF are summarized in
Table 3.1. As mentioned above, the critical thing here is to
ensure that patients are being assessed by an Ophthalmologist
familiar with the different forms of NE® Although a few NF1
patients have so many Lisch nodules that can be seen by oph-
thalmoscope, one cannot rely on just ophthalmoscopic exam-
ination to say they are absent.

NF1 Differential Diagnosis: The NF1/NF2
Overlap

The reasons NF1 and NF2 were lumped together historically
are because of overlapping skin features and the difficulty in
distinguishing, both clinically and radiologically, neurofibro-
mas and schwannomas. It is very unusual for people with NF1
to be diagnosed as having NF2, but “?NF1” is often the initial
diagnosis in children presenting with NF2-related skin
changes. The key things to check here are:

e Are there any NF2 plaques?

¢ An ophthalmic examination

e Histology review of any lesions removed if described as
neurofibromas

Why early recognition of NF2 is important is because the NF2-
related VS can get to a considerable size before causing hear-
ing loss. I have seen numerous patients diagnosed in their late
teens, presenting with significant brain stem compression, who
have either had ophthalmic review for NF2-related problems
in early childhood or who have had skin lesions removed over
the years, the significance of which were not appreciated.
When I began working with NF families in the 1980s, misdi-
agnosis between NF1 and NF2 was common. Fortunately with
increased awareness and improved neuroimaging the situation
has improved. Despite this, within the last 5 years, patients
under our care have been misinformed by colleagues. For
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example, a man with NF2 and multiple dermal (cutaneous)
schwannomas was told he must have NF1 and NF2 and the pos-
sibility of NF2 was queried in a girl with severe spinal nerve root
involvement and NF1. The patient was so alarmed by this that
we had to undertake genetic testing to provide reassurance.

Case History: Delay in Diagnosis
in a Child with NF2

A 10-year-old boy was referred with a diagnosis of possible
NEF2. There was no family history. He had been reviewed
for various cutaneous lesions since the age of 5 in derma-
tology, pediatrics, and plastic surgery. He only had 2 CAL
spots and NF1 had been thought to be unlikely. The
lesions removed were initially reported as neurofibro-
mas; however, at the age of 9 a lesion was removed and
was thought to be atypical for a neurofibroma. Expert
review diagnosed a plexiform schwannoma. The
possibility of NF2 was considered.

Cutaneous examination showed several NF2 plaques
and nodular (subcutaneous) peripheral nerve lesions.
His first cranial scan showed bilateral vestibular schwan-
nomas of significant size; despite this, he had only just
started to notice any hearing problems. Mutation test-
ing identified a nonsense mutation in the NF2 gene.

Key Points

e Dermal (cutaneous) and peripheral nerve lesions in
the absence of >6 CAL spots make NF2 a real
possibility.

e The vestibular schwannomas in NF2 can grow to a
considerable size and not affect hearing.

e The NF2 plaque is an invaluable diagnostic feature
in childhood.

e If the tumor histology does not fit the clinical pic-
ture, ask for review.
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NF1 Subtypes

Introduction

These are all caused by germline or somatic mutations in the
NFI gene except Legius syndrome, which is caused by muta-
tions in another RasMAPK gene, SPREDI. The importance
of recognizing the different types is that they have either
specific genetic implications (e.g., the much lower recurrence
risk in segmental NF1) or a different natural history (e.g.,
very mild in the CAL-only phenotypes, consistently more
severe in microdeletion patients and spinal NF1). At most
these subtypes probably account for around 10% of the NF1
group. In the majority of families NF1 is extremely variable
in its manifestations even WITHIN the family.

Segmental/Localized NF1

The term segmental or localized NF1 is used to describe the
patients with disease features limited to one or more body
segments. The estimated disease prevalence is between 1 in
36,000-40,000 individuals in the general population.!? Most
patients are asymptomatic and seek medical opinion because
of the unusual appearance of the skin. In the majority of
patients the area involved is unilateral and varies in size from
a narrow strip to one quadrant and occasionally one half of
the body. Some patients have more than one segment involved
on both sides of the midline, either in a symmetrical or asym-
metrical arrangement. Within the affected area the patients
either have NF1-related pigmentary changes, neurofibromas
alone, or both. Patients may also present with isolated plexi-
form neurofibromas and no other disease features.

NF1-related pigmentary changes are the most common
phenotype. In a number of patients the whole segment of
affected skin is darker and within this CAL spots and freckles
develop. The segment of pigmented skin may be the present-
ing feature in infants and the NF1 changes develop within the
segment with time.
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The frequency of NF1 complications is much lower in
segmental cases (only 7% in one series'?). If the phenotype
includes neurofibromas on major peripheral nerves or a
major plexiform there is still a risk of malignant change.

In the Manchester clinic we offer annual review until late
teens and then adjust follow-up according to phenotype. If
there is internal involvement of significance we follow as we
would in generalized NF1. We advise uncomplicated patients
that the risk of associated problems is low, but if unusual
symptoms develop always to ensure the Doctor they are
seeing is aware of their segmental NF1 diagnosis.

Genetically, the phenotype results from somatic mutation in
the NF1 gene, with the manifestations depending on the timing
of mutation in embryonic development. The importance of
recognizing this group is for their different natural history and
because they have much lower recurrence risks in offspring. In
my own practice I use an empiric recurrence risk of 5% at
most, unless the portion of the body affected is particularly
large. It is exceptional to find a mosaic gene mutation on
analysis of lymphocytes and it is usually necessary to perform
NF1 mutation analysis in schwann cells derived from neurofi-
bromas or melanocytes from the CAL spots of the affected
segment to identify the causal mutation."”® From a clinical view-
point, patients with segmental NF1 sometimes find the small,
but definite risk of a child with generalized NF1 too big a risk.
In these cases mutation analysis on affected tissue can define
the mutation so that prenatal testing can be offered.

When counseling parents of a child with newly diagnosed
NF1 about recurrence risks, it is my practice to examine the
skin and irides of the parents. Most affected parents report
their skin changes, even though they may not have been for-
mally diagnosed before. However, I have very occasionally
found areas of segmental NF1 change the significance of
which the parent had not appreciated. If the parent’s exami-
nation is completely normal, then I give a recurrence risk of
much less than 1%. There have been very few reported cases
of pure gonadal mosaicism in NF1% in my own practice I have
seen only one family with two affected children and we found
they had different NF1 mutations.
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Generalized Mosaic NF1

As Professor Evans reviews in his chapter on NF2, up to one
third of sporadic cases of NF2 are mosaics, presenting with
mild disease which is more usually generalized than limited to
a body area. One of the ways the significance of mosaicism in
NF2 was highlighted was that the number of affected children
born to sporadic cases was less than the expected 50%."
Although early NF1 studies such as my own" found no evi-
dence of this in NF1, the general awareness of NF1 at the time
was so limited that one would only expect sporadic cases with
very obvious NF1 to be diagnosed. The other pointer to a
higher frequency of mosaic cases is a lower mutation detection
rate in sporadic cases than in the second generation of familial
cases; although NF1 series have given conflicting results to
date (reviewed in Kehrer-Sawatski and Cooper* and Ruggieri
and Huson'?) this could still be due to only obviously affected
sporadic cases being tested. Mosaicism in sporadic NF1
microdeletion cases, particularly type two deletions, is well
recognized.'® With improved mutation detection techniques
and awareness of the importance of recognizing mosaicism for
genetic counseling, it is likely more cases of nondeletion spo-
radic NF1 will be found to be mosaics. Muram-Zborovski
et al.'” report a father and son with only CAL spots who they
thought may have Legius syndrome. Molecular analysis showed
no SPREDI1 mutations, that the boy had an NF1 mutation
which his father was mosaic for on lymphocyte analysis.

The NF1 Microdeletion Syndrome

Up to 5% of NF1 mutations are large deletions of both the
NFI and a variable number of flanking genes. The clinical
importance of the deletions is that they are associated with
a more consistently severe phenotype. Clear delineation of
genotype/phenotype has been hampered as some reports
contain detailed molecular analysis with limited clinical
detail and vice versa. Fortunately with larger studies's!
and studies which include a review of all previously
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TasLE 3.2. Clinical features associated with the common
type one NF1 microdeletion.

Feature Frequency/comment
Dysmorphic facial features: 26/29"
hypertelorism, downslanting
palpebral fissures, broad fleshy
nose, “coarse” face becoming
more marked with age
Overgrowth with tall stature 13/28"
and large hands and feet
Other dysmorphic features
Pectus excavatum 9/29%
Broad neck 9/29
Excess soft tissue in hands 12/24
and feet
Musculoskeletal features
Joint hyperflexibility 21/29"
Muscular hypotonia 13/29
Bone cysts 8/16
Pes cavus 5/29 (only reported in Mautner

Neurofibroma burden

MPNST

Learning and development

Other features which may
occur in excess

series'?)

Dermal (cutaneous) neurofibromas
consistently reported to occur at an
earlier age and in increased numbers
Mautner et al. report increased
frequency of all types of
neurofibroma compared with
general NF1 population including
spinal neurofibromas

6/29"; De Raedt et al.”® estimate
double lifetime risk of general NF1
population

Significant delay in cognitive develop-
ment 14/29 with IQ < 70 in 8/21"
Learning difficulties 13/29

Mean IQ lower than general NF1
population by 12.5 points (76 in
microdeletions compared with 88.5%)

Congenital heart disease”
Scoliosis"

Source: Data compiled from Mautner et al.,’’ Venturin et al.,! Mensink
et al.,”” De Raedt et al.”® and Descheemaeker et al.**
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published cases???, the phenotype, particularly for the
common, type one, deletion is evolving (Table 3.2, Fig. 3.4).
There have also been additional studies comparing one
particular aspect of the deletion phenotype with the gen-
eral NF1 population — IQ, growth, and frequency of
MPNST.>%

FiGURE 3.4. A child with a NF1 microdeletion: note the broad nasal
bridge, slight downslanting palpebral fissures, low set ears, and high
trapezius insertion giving appearance of broad neck.
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Molecular Basis of Deletions

At amolecular level there are three recurrent deletions.’® The
most common type one deletion is a 1.4 Mb deletion with 14
additional genes deleted, caused by nonallelic homologous
recombination between two regions of low copy repeats;
these deletions are rarely mosaic. Type two deletions are
often mosaic, and there is a 1.2 Mb deletion with 13 additional
genes. The deletion is caused by recombination between the
SUZI2 gene and its pseudogene which are on opposite sides
of the NF1 gene. The smallest recurrent deletions (type three)
have only recently been identified'® and are only 1 Mb in size
with eight additional deleted genes and the breakpoints lie
within the same distal but a different proximal region of low
copy repeats as the type one deletions. In addition there are a
number of patients reported with atypical, unique deletions
of varying sizes. Laboratory-based studies estimate microde-
letion account for 5-10% of NF1 patients but this may repre-
sent overascertainment of severely affected cases.

The Clinical Phenotype

The most consistent phenotype is seen in the common type
one deletion.'®?> Mosaicism is common in type two dele-
tions and can result in a milder phenotype. The phenotype
of the three initial type three cases included facial dysmor-
phism. The value of these and other atypical cases will be in
assessing which flanking gene contributes to a particular
disease feature. The most consistent features associated
with deletions are:

o Facial dysmorphism: Three large series'**'?> have reported
a much increased frequency of facial dysmorphism in
microdeletion cases than in the general NF1 population
(52-78% compared with 5-15%). However, all these series
included either cases from multiple clinicians or a literature
review and mainly combine data from all kinds of deletion.
In a large series of type one cases from a single clinic,
Mautner et al."” report facial dysmorphism in 26/29 cases
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(90%). The main features are downslanting palpebral fis-
sures, hypertelorism, ptosis,and a broad fleshy nose (Fig.3.4).
The overall dysmorphic facial appearance is described as
coarse and this becomes more marked with age.
Developmental delay and learning problems: Microdeletion
patients are often ascertained because their degree of
developmental delay and subsequent intellectual develop-
ment is more severe than in NF1 as a whole. The NF1 dele-
tion children often exhibit delayed early motor milestones,
which is unusual in nondeleted patients. One study*
looked specifically at type one deletion patients and found
a full scale 1Q difference of 12.5 points compared with a
nonmicrodeletion group (mean IQ 76 in microdeletion
group and 88.5 in nondeletion group). In their series of
type one patients, Mautner et al."” reported significant
delay in cognitive development in 14/29, with a further 13
patients having learning problems. Of the 21 who had for-
mal IQ measurements, the mean IQ was almost the same
as in the Belgium study (76.9), with 8/21 (38%) having an
1Q <70. They also report a possible increase in muscular
hypotonia (45%) and speech difficulties (48%).

In series where CNS imaging is available there has been a
suggestion of an increased frequency of structural brain
anomalies.'**

Excessive neurofibroma burden and MPNST: From the
earliest reports of deletions one of the major features
was that patients tended to have early onset of appear-
ance and excessive numbers of neurofibromas.?” This
has always been my clinical impression but data from
two recent large series are conflicting. Mautner et al."”
report an increased frequency of all types of neurofi-
bromas: cutaneous, subcutaneous, plexiform, and spinal.
Whereas Pasmant et al.'® reporting on a large multi-
centre cohort found no significant increase compared
with nondeleted patients. My own clinical experience
would support Mautner’s findings, in that 3 of 15 cases
ascertained through the Oxford NF clinic had had sur-
gery for cervical nerve root neurofibromas and our
adult microdeletion patients have all had a large dermal
neurofibroma burden.
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Patients with the common microdeletions are also at an
elevated risk of MPNST. The lifetime risk of MPNST in
NF1 as a whole is in the region of 8-13%; De Raedt et al.”
estimated that the deletion patients have double this risk.
In the Mautner series,'” 6/29 (21%) type one deletion cases
had developed MPNST.

Cardiovascular abnormalities: A variety of congenital heart
problems have been reported in cases with typical deletion
sizes, including atrial and ventricular septal defects, patent
ductus arteriosus, pulmonary stenosis, dilated aortic valve,
hypertrophic cardiomyopathy, and mitral valve prolapse.”!
However, no one specific lesion has emerged as being
more frequent in the larger series and so it is difficult to
know their significance.'®!” However, there is enough con-
cern to warrant careful cardiac examination, even in the
absence of symptoms. One of the patients reported by
Mensink et al. developed bacterial endocarditis in previ-
ously undiagnosed mitral valve prolapse.*

Stature: Another feature that makes many deletion cases
stand out in the NF1 clinic is the fact they are taller than
average. In my Welsh population study, 31.5% of patients
were at or below the third centile for height and we showed
that the NF1 children were 7-8 cm shorter than their affected
siblings. In contrast 19/114 reported deletion cases* had tall
stature/overgrowth. In the Mautner series,”” 46% of the
patients were >94th centile for height. Spiegel et al.” showed
the growth of their cohort (19 with a type one and two with
a type two deletion) of deleted patients showed a distinct
pattern of childhood overgrowth. They speculated that a
gene associated with overgrowth lay within the deletion. This
was subsequently proven by the finding of mutations in
RNF135 in individuals with significant overgrowth who did
not have NF1.” In the Pasmant series the four patients
whose deletion excluded RNF135 were not overgrown.'
Other skeletal and connective tissue features: The patients
with deletions who were tall in the Mautner series also had
large hands and feet.!” In the same series 5/29 patients had
pes cavus which had not previously been reported. The
other probable new association was of an increased
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frequency of bone cysts. In their case series and literature
review, Mensink reported large hands and feet in 25/114
cases.”” The palms of the hands were soft and fleshy with an
excess of connective tissue in half of Mautner’s series. Joint
hypermobility also seems to be commoner in the deletion
cases (72 and 58% frequency in two large series'*??). Other
skeletal features that probably occur more frequently in
the deletion patients are pectus excavatum and a broad
neck with downslanting shoulders.'**

e Scoliosis may also be more common in deletion cases than
in the general NF1 population although the data, even
from large series, are conflicting.

Should All NF1 Patients Be Tested for Deletions?

In the Manchester clinic at the present time we do not offer
routine mutation testing. If a patient has any dysmorphic or
other clinical features which suggest a deletion we recommend
testing. However, the series of Mautner et al."” highlights that
even within the same type one deletions there is variability
and a case could be made that all newly diagnosed patients
should be checked for a deletion. I endorse the conclusions of
Mautner et al.” that once identified this group of NF1 patients
require increased clinical and psychological support.

Spinal NF1

The importance of recognition of this rare NF1 subtype®-¢ is
because of the consistent presence of multiple spinal neurofi-
bromas, usually bilateral and involving all 38 spinal nerve
roots, which is extremely uncommon in ordinary NF1 (Fig.3.5).
In most NF1 families, just one person will develop a symp-
tomatic spinal tumor, whereas in spinal NF1, the phenotype
has largely been consistent in reported families. Furthermore,
in spinal NF1 there may be marked involvement of major
peripheral nerves — MPNST have been reported both in spi-
nal and peripheral nerve lesions in these patients.”
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FIGURE 3.5. A maximum inten-
sity projection reformat of a
coronal STIR whole body acqui-
sition whole body MRI of a
patient with spinal neurofibro-
matosis: note extensive involve-
ment of spinal nerve roots and
major peripheral nerves.

The other consistent feature in the reported families has
been that other major NF1 features and complications are usu-
ally absent. The exception to this is café au lait spots, although
some cases have <6 and no skinfold freckling. Dermal (cutane-
ous) neurofibromas are usually absent. However, peripheral
nerve involvement can be marked with patients having multi-
ple nodular (subcutaneous) neurofibromas along their course
— this can be particularly obvious along the intercostal nerves.
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In our own clinic we do whole-body MRI in patients with
a suggestive phenotype, proceeding to spinal MRI in those
with the phenotype. These patients require close neurological
monitoring and have open access to our clinic for any new/
changing symptoms. The role of follow-up scans is being
determined; at present we are doing two yearly scans or
earlier if new signs/symptoms develop.

The molecular basis for this phenotype is still to be eluci-
dated; its existence suggests that the requirement for develop-
ment of dermal (cutaneous) and spinal lesions may be
different. However, consistently, in the reported cases there
has been an excess of splice site and missense mutations.*35%
One hypothesis proposed was that these mutations may result
in abnormal protein production with a “dominant-negative
effect.”® This cannot be the sole explanation as a number of
similar mutations have been reported in patients with typical
NF1.% Other suggestions have been that of a closely linked
modifier gene.* The recent report of excess numbers of spinal
neurofibromas in microdeletion patients adds some support
to this."** There has also been one family which did not map
to the NF1 locus suggesting genetic heterogeneity.”

Watson Syndrome

Watson*’ described autosomal dominant inheritance of pul-
monary stenosis, multiple café au lait spots, and intelligence
at the lower end of the normal range. At that time pulmonary
stenosis was not recognized as an NF1 complication and all
family members had mild learning problems which is unusual
in NF1. A few similar families have since been reported.
Follow-up of the original Watson patients confirmed that
their phenotype had remained distinct from NF1.® Although
a few individuals had Lisch nodules on slit lamp examination
and some had developed neurofibromas, both of these fea-
tures were present at a very much lower frequency than is
usually seen in NF1. Since then three different mutations
in the NF1 gene have been reported in Watson syndrome
(an 80-kb deletion, an inframe tandem duplication in exon
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28, and the exon 17 3-bp deletion discussed below’,
respectively). This suggests that the NF1 mutation alone is
not sufficient to explain this distinctive phenotype.

CAL-Only Phenotypes

Riccardi* first described families with CAL spots in numbers
comparable to NF1, but without Lisch nodules and neurofi-
bromas, although pectus excavatum and nonspecific learning
problems did occur. Clinically therefore one can only make the
diagnosis in the presence of two or more affected generations.
Even then there is the possibility that a mildly affected spo-
radic parent could be a mosaic. This was therefore a phenotype
for which molecular genetic testing has long been awaited.
Two specific and separate genetic mechanisms have now
been identified. One is a specific mutation in exon 17 of the
NF1I gene® (exon 17 using NF consortium nomenclature; exon
22 using National Center for Biotechnology Information
nomenclature) and the other mutations in another gene in the
same cellular pathway, SPRED1 on chromosome 15 have
now been identified associated with this phenotype. The CAL-
only phenotypes are relatively uncommon, even in a large
NF1 clinic. The importance of recognition for families is the
much better natural history, with the removal of most of the
concerns associated with NF1 (e.g., How many dermal neuro-
fibromas will develop? What complications can happen?).

Legius Syndrome

Legius syndrome is the most important cause of the “familial
CAL” phenotype identified to date. No affected individuals
have been reported with any form of neurofibroma or Lisch
nodules. Affected individuals have a higher frequency of
learning problems than the general population but these
have been milder and less frequent than seen in NF1. No
consistent association with specific malignancies has emerged
so far; the reported tumors are listed in Table 3.3.
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TasLE 3.3. Summary of clinical features of reported cases of
Legius syndrome.

Feature

Frequency/comment/references
if not compiled from all

Age (years)
>18
>20

Familial/sporadic/unknown

CAL spots
Present
Adults with 26 CAL
>1.5 cm diameter
Children with 26 CAL
>0.5 cm
Skinfold freckling
Neurofibromas of any sort
Lisch nodules
Macrocephaly

Learning and behavior
Learning difficulties

Delayed psychomotor
development (mostly
confined to speech delay)

Hyperactivity, attention
problems, or ADHD

Dysmorphic features
Noonan-like facies
Pectus excavatum
Postaxial polydactyly
(unilateral)

Excess periorbital
pigmentation

54/106
14/40 (Messiaen et al.* use a 20
year cut-off)

129/13/4

142/146
39/67110.43-46

60/64°7

62/146

0

0

9/100; two papers record true
and relative macrocephaly in
10/55*4°; in one series head
circumference on higher centile
than height in 20/24%

26/142 (data from Denayer
et al.*%)
13/142

14/142

13/146
13/146
3/146

1/146 (only reported in one
case'’)

(continued)
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TABLE 3.3. (continued).

Frequency/comment/references

Feature if not compiled from all
Tumors
Lipomas 19/146 plus 1 angiolipoma
Single case tumors of Childhood acute myeloblastic
uncertain significance as leukemia; abdominal wall
yet desmoid; vestibular schwannoma

(patient aged >50); tenosynovial
giant cell tumor; ovarian dermoid
tumor; nonsmall cell lung

cancer; childhood renal cancer
(possibly Wilms); colon adenoma

(45 years)
Other reported features Scoliosis — four cases reported in
which can occur in NF1 series of Denayer et al.* but no

detailed description

Congenital pulmonary stenosis
and mitral valve prolapse (same
patient*)

T2 hyperintensities on cranial
MRI - reported in a 39 and
11-year-old*

Other reported features Inguinal hemangioma'’; temporal
which can be seen in other venous anomaly*; vascular anomaly
RASopathies (one case each) leg*

Source: Data compiled from Brems et al.,** Spurlock et al.,'” Pasmant
et al.,* Messiaen et al.,* Muram-Zborovski et al.*” and Denayer et al.*

The syndrome was first reported as an “NF1-like syn-
drome”” but has now been named Legius syndrome to
reflect its clinical and molecular characterization by the
group of Professor Eric Legius and the absence of neurofi-
bromas. In the large Leuven NF1 clinic Professor Legius
identified five families with CAL spots, axillary freckling,
macrocephaly, and Noonan-like facies in some individuals.
No neurofibromas or Lisch nodules were present. NFI/ muta-
tions were not identified in these families and linkage studies
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in the two largest families mapped the locus to chromosome
15. In this region SPREDI was recognized as an ideal candi-
date, as it negatively regulates MAPK signaling like neurofi-
bromin. Mutations were found in all five families. They then
extended their studies to 86 unrelated patients who had nega-
tive NF1 testing and CAL spots +/— freckling only and found
7/86 (8%) had SPREDI mutations.

The consistency of the phenotype and the significance of
Legius syndrome as a cause of multiple CAL has since been
determined through reports from several centers'®#
(Table 3.3). The CAL spots and freckles seen in Legius are
exactly the same in appearance and age of onset as in NF1
(Fig.3.2). A small proportion of individuals with the mutation
have had <6 CAL spots; the majority of these cases were
adults and four cases have had none (3 adults aged 60,58, and
37 and a child aged 2 years**). Therefore on assessing
families it is important to test both parents of sporadic cases
and in any family to offer testing to at-risk individuals with
any CAL spots.

Of the 146 reported cases none have had any form of
neurofibroma and those examined have not had Lisch nod-
ules. Learning problems, speech delay, and ADHD are asso-
ciated but at a lower frequency than in NF1. It should be
noted that one report of a SPRED1 mutation in a child with
an orbital plexiform and sphenoid wing dysplasia has subse-
quently been retracted as the child did not have a muta-
tion.*® No other tumors have occurred in more than one
patient to date except lipomas. However, we need to wait
until larger numbers of people with Legius have been
reported until possible associations with a low incidence can
be confidently excluded. Messiaen et al.* estimate that to
exclude rare complications with a prevalence of 1%, data
from 250 well-characterized, preferably adult, patients are
needed.

The majority of reported cases have been familial. The
highest chance of finding a SPREDI mutation is in familial
cases with ONLY NF1 pigmentary changes. In a cohort of
sporadic patients with only CAL +/- freckling but no other
NF1 mutations, Messiaen et al.* found a SPREDI mutation
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in 13/414 (1.3) %. However, in a familial cohort they detected
19% to have SPREDI mutations (18/94). In both cohorts
they found more NF1 mutations (414/957, 44%, in sporadic
group and 69/94,73%, in familial group).

In terms of follow-up of Legius syndrome, given the asso-
ciation with learning problems, we currently follow children
annually until the age of 7 years, but thereafter annual review
seems unnecessary. In their most recent publication the
Legius group suggests 3 yearly review.* However, the fami-
lies should be asked to report unusual medical problems to
exclude any association with the syndrome.

NF1 Exon 17 3-bp Inframe Deletion
(c.2970_2972delAAT)

Upadhyaya et al.*’ reported 21 unrelated probands (14 famil-
ial and 7 sporadic) with the same ¢.2970-2972 del AAT
(p-990delM) mutation but no cutaneous neurofibromas and
no clinically obvious plexiform Neurofibromas. Of the total
cohort (n=47), only one had had a symptomatic spinal neu-
rofibroma removed. Thirty of the forty-seven individuals had
axillary freckling. There was a different frequency of compli-
cations, with a much lower frequency of learning problems,
macrocephaly, and short stature; a similar frequency of scoli-
osis but with an increased frequency of pulmonary stenosis
than in an ordinary NF1 cohort. The main importance of the
phenotype was the lack of dermal neurofibromas in adult
patients.

Since the initial publication, there has been one further
report'” of a child with NF1 pigmentary changes only. This
child was identified when a cohort of 151 patients satisfying
the NF1 diagnostic criteria, and followed in a primarily pedi-
atric NF1 clinic, were tested initially for SPRED1 (2 patients
identified) and then exon 17 sequenced in the reminder. In
our own clinic we have found no further patients with the
deletion when testing adults with CAL only. It is a less com-
mon cause of the CAL phenotype than SPREDI mutations.
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Neuro-Cardio-Facial Cutaneous (NCFC)
Syndromes and Their Overlap with NF1

Introduction

The overlap of clinical features, particularly in facial appear-
ance, learning disability, short stature, macrocephaly (true
and relative),and cardiac involvement, between NF1,Noonan,
LEOPARD, cardio-facio-cutaneous (CFC), and Costello syn-
dromes has been recognized for some years. There is also
overlap in the kind of malignancies which can occur. The
conditions have now been shown to be caused by mutations
in genes in the same molecular pathway.**" The RAS mito-
gen-activated protein kinase (RAS/MAPK) pathway has
been most studied because of its critical role in cancer patho-
genesis; the fact that the same genes cause these syndromes
highlights their key role in developmental processes. It also
raises the prospect that drugs developed to control the path-
way in cancer may be effective in their treatment.

The two most common conditions, NF1 and Noonan syn-
drome are notable for their extreme variability, even within
families. The identification of genes in the same pathway in
this group of conditions with overlapping features raises the
possibility that functional polymorphisms in different path-
way genes affect the expression of causative mutations in
others.

The term NCFC syndromes is used by some as a collective
term for the group of conditions,” others simply refer to
“RASopathies.”® In this section there is a brief clinical
description of each disorder. The key features and causative
genes are summarized in Table 3.4 and the pathway itself is
illustrated in Fig. 3.6. Inheritance in all is autosomal domi-
nant. Other than NF1 and Noonan syndrome, the syndromes
are rare.

In clinical practice, the only pathway syndrome that can-
not be distinguished clinically from NF1 is Legius syndrome.
Although CAL spots are reported as features of Noonan and
LEOPARD syndrome, there are nearly always sufficient
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receptor tyrosine kinase
extracellular space

intracellular
space

BRAF @ Neurofibromatosis type |

Costello syndrome

@@ Noonan syndrome and Leopard syndrome
Legius syndrome
Cardio-facio-cutaneous syndrome

@ Capillary malformation arteriovenous

malformation syndrome

SOS1 mutation described in one family with
gingival fibromatosis

*

activation causes transcription of downstream genes, with effects on
cell proliferation, growth and other processes in nucleus and cytosol

FiGUure 3.6. The RasMAPK pathway and associated syndromes.

distinguishing features from NF1 and skinfold freckling does
not occur — although the lentigines in LEOPARD do involve
the skin folds. The only condition I have seen misdiagnosed
as NF1 is LEOPARD syndrome. The other syndromes have
all been delineated much more recently than NF1 and it may
be that more overlapping complications will emerge as adults
with the different syndromes are followed. Given the under-
lying overlap in pathogenesis we need to be alert in the clinic
for the occurrence of similar rare tumors or other problems.
A good example of this is in Legius syndrome; there have
been two cases reported with vascular anomalies, not some-
thing we would associate with NF1, but because of the asso-
ciation of mutations in RASAT1 in capillary malformation—-AV
malformation syndrome, it becomes a possible true
association.'04450
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Noonan Syndrome

Noonan syndrome is at least as common as NF1.>> The main
clinical findings are short stature, pectus abnormalities, con-
genital heart defects (usually pulmonary stenosis and hyper-
trophiccardiomyopathy),learningdisorders,and acharacteristic
facial appearance (ptosis, posteriorly rotated ears and hyperte-
lorism). CAL spots are reported to occur more commonly in
Noonan syndrome but no other overlapping skin features.

Is There a Neurofibromatosis Noonan Syndrome?

It has long been debated whether there is a specific syndrome
which combines the features of NF1 and Noonan.”*”’ However,
when cohorts of patients with NF1 have been systematically
surveyed no evidence for a specific syndrome has emerged,*®
and this has always been my impression. Some people with
NF1 had facial features which overlap with Noonan’s but
these did not routinely segregate in families.”® The other over-
lapping features are pectus abnormalities and pulmonary
stenosis. When mutation analysis has been done in cohorts of
individuals with NF1 but Noonan-like facies mutations in the
NF1 gene alone have been found.”

LEOPARD Syndrome

The name LEOPARD is an acronym for the common disease
features: multiple Lentigines, Electrocardiographic conduction
abnormalities, Ocular hypertelorism, Pulmonary stenosis,
Abnormal genitalia, Retardation of growth, and sensorineu-
ral Deafness.’’* In practice the overlap with NF1 mainly
arises because of the lentigines and occasional CAL spots —
the lentigines can develop in skin folds causing further confu-
sion. In distinction from the freckles in NF1, the lentigines in
LEOPARD are consistently darker and, in my experience,
slightly raised above the skin (Fig. 3.7).
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Ficure 3.7. The differential diagnosis of NF1 skin lesions: (a) The
lentigines in LEOPARD syndrome; note axillary involvement-patient
originally diagnosed as NF1. (b) Urticaria pigmentosa: note the
orangey-brown skin lesions with superficial resemblance to CAL
spots; however, the lesions are slightly raised. (¢) Fake tan giving
impression of segmental CAL pigmentation.

Costello and Cardio-Facio-Cutaneous (CFC)
Syndromes

These are the most severe of the RASopathies.*>*> Affected
children usually present in infancy with severe feeding prob-
lems and failure to thrive; nearly all cases are significantly
developmentally delayed. As these are not usually seen in
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NF1, the conditions are rarely confused. The other feature
common in Costello and CFC, but not usually seen in other
NCFC syndromes, is abnormal hair. The facies in both condi-
tions may be relatively normal at birth but become coarse
with age.

Costello Syndrome

Features which suggest Costello syndrome include neonatal
atrial arrhythmias, excess skin which darkens with age, papil-
lomas (usually after age 2 years), and ulnar deviation of the
hands with deep palmar creases.”*> Approximately 15% of
patients develop solid tumors particularly embryonic rhab-
domyosarcomas, neuroblastomas, and bladder carcinoma
(from teenage years onward).

CFC Syndrome

In CFC, more severe developmental problems and underly-
ing brain abnormalities often predominate the clinical pic-
ture, with 50% of patients developing seizures which may
present with infantile spasms.** Ectodermal abnormalities
are also often a predominant feature with absent eyebrows
(ulerythema ophryogenes) and keratosis pilaris. Whether
there is a risk of associated malignancy remains to be estab-
lished; there has been single cases of hepatoblastoma (in an
immunosuppressed patient after cardiac transplantation),
acute lymphoblastic leukemia, nonHodgkin’s lymphoma, and
large B cell lymphoma.

Other Pathway Disorders

The other two pathway disorders (Capillary malformation—
AV malformation syndrome caused by mutations in RASAI,
and the form of multiple hereditary gingivomatosis caused
by mutation in SOS7) have no major overlapping features
with NF1.
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Constitutional Mismatch Repair Deficiency
(CMMR-D): A Rare But Important Cause
of a Phenotype Overlapping with NF1

This syndrome is rare but many of the reported cases were
initially diagnosed as NF1 and it has therefore become an
important condition to be aware of when assessing children
with ?generalized/mosaic NF1. The syndrome is character-
ized by the development of childhood cancers, mainly hema-
tological malignancies and/or brain tumors, as well as early
onset colon cancers; some authors refer to CMMR-D as
“Childhood cancer syndrome” or by the acronym (CoLoN),
Colon tumors or/and leukemia/Lymphoma or/and
Neurofibromatosis features.®-%

Inheritance is recessive and the syndrome is caused by
biallelic mutations in one of four mismatch repair genes
(MLHI, MSH2, MSH6, PMS2) — heterozygous mutations in
the genes are associated with dominantly inherited nonpoly-
posis colon cancer (HNPCC). However, only approximately
half the reported cases have a significant history of familial
cancer. This is particularly the case for families with PMS2
mutations probably related to the higher age of onset and
reduced penetrance of heterozygous PMS2.

Wimmer and Kratz® recently reviewed the reported cases
and added three more (n=92). These patients had had a total
of 132 malignancies: 30 hematological (lymphoma/leukemia),
44 Brain Tumors (mainly glioblastoma and other astrocytic
tumors), and 51 cases of HNPCC-associated cancers but with a
much lower age of onset. There were single cases of neuroblas-
toma, Wilms tumor, rhabdomyosarcoma, ovarian neuroectoder-
mal tumor, infantile myofibromatosis, breast cancer, and
sarcoma.

The overlap with NF1 arises because 63/92 reported cases
have café au lait macules. Some reports®*% have emphasized
that the CAL in CMMR-D are atypical with irregular outlines
and patchy pigmentation; areas of skin hypopigmentation are
also reported. However, a proportion of the cases have other
significant NF1 features including skin fold freckling, Lisch
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nodules, and pseudarthrosis and satisfy NIH diagnostic crite-
ria. In addition, in some of the cases the skin changes were
segmental in distribution suggesting a somatic NF1 mutation.
One of the cases with CMMR-D due to homozygous MLH1
mutations has been shown to have an NF1 truncating muta-
tion.” There is also evidence that the NF1 gene is a mutational
target of MMR deficiency. It therefore seems that at least in
some CMMR-D cases there has been somatic NF1 mutation
giving rise to the children having the additional phenotype of
generalized or segmental NF1.

Although rare, these cases are important to recognize
because of the more severe cancer phenotype than normal
NF1, the 25% recurrence risk for sibs, and the increased
colon cancer risks in the heterozygous parents and their
extended families.

When to Think About CMMR-D in a
Child Presenting with Multiple CAL Spots
or Segmental NF1

¢ Consanguinous parents

¢ Sibling or cousin (in consanguineous families) with
childhood cancer

e [f child has had one of the CMMR-D related malignan-
cies — the majority of which would be unusual in
ordinary NF1

e Family history of colon cancer or other HNPCC-
associated tumors

CAL in Other Mismatch Repair Disorders

This group of conditions includes ataxia telangiectasia,
Fanconi’s anemia, Bloom syndrome, and Nijmegen break
syndrome. They are all recessively inherited and usually the
other presenting features mean that the differential of NF1 is
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never considered. They are not associated with typical CAL
but can have multiple atypical lesions with irregular outlines
and variable depth of pigmentation.’

NF1: Differential Diagnosis — Other
Conditions

Introduction

The conditions which tend to get misdiagnosed as NF1 fall
into three categories — those with pigmentary features that
have CAL spots or patchy skin pigmentation, those with
pigmentary features misdiagnosed as CAL, and those with
tumors misdiagnosed as neurofibromas. A fourth, extremely
rare group is tumor predisposition syndromes in which
both CAL and tumors that can be mistaken for neurofibro-
mas occur. The first two tend to present in childhood and
the clinical clues come from assessing whether other prob-
lems the child has are typical for NF1 and in the assessment
of the patches themselves. The conditions with other
tumors tend to present in adults and here the lack of CAL
spots in childhood or other common NF1 childhood prob-
lems, like learning disability, are usually the pointers in the
history.

The two commonest misdiagnoses are through overinter-
pretation of variation of normal skin variation in childhood
and lipomas in adults. The other conditions are all extremely
rare and even in specialist practice I have only ever seen one
or two cases of each — in all cases there were major clinical
clues to the fact this could not be typical NF1. For this reason
I have just given a brief description of each condition based
on three main reference sources.“®® Shah’ has recently
reviewed the diagnostic and clinical significance of CAL
spots and the syndromes with which they are strongly/weakly
associated. I have only included conditions which I have seen
personally, as I presume this means they are very rarely
confused with NF1.
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Conditions with CAL Spots and Other Patchy
Skin Pigmentation Changes

Variation of Normal Skin Pigmentation

When I first started an NF clinic, this group of patients prob-
ably represented the one which caused me most confusion
and the families’ unnecessary concern. Over the years I have
gradually learned about the different normal pigmentary pat-
terns one sees in different ethnic groups. For example, in
black skin I have seen children with marked pigmentation
after scarring (e.g., after an insect bite or chicken pox); if they
have one or two CAL as variation of normal and the pig-
mented scars are then counted, they can be mistakenly
labeled as having NF1.

When we are assessing possible mosaic skin changes, then
the clue are segments of skin with increased/decreased pig-
mentation often with well-demarcated borders. The other
reason large areas of pigmentation are important in NF1 is
they may be the first clue in early childhood to an area where
a plexiform neurofibroma may develop; in this case there
may also be excessive hair growth. However, there are some
natural pigmentary demarcation boundaries that should not
be confused. These lines are often more obvious in darkly
skinned individuals — the one that has most often caught my
attention in the ?NF1 setting is the line which runs down the
anterolateral line in the upper arm.®® The other thing that has
caught me out has been use of artificial tanning — the patients
having to point out to me the cause of their apparently
“affected” segment (Fig. 3.7)!

The final group in this category is that which my NF men-
tor, Professor Vic Riccardi, refers to as “Pigmentary misceg-
eny.” These are the skin changes seen when children have
parents with very different skin coloring, usually from differ-
ent ethnic groups but also if one parent has very pale skin and
the other very dark. These children can have a mixture of
hypo- and hyperpigmented patches — the latter tend to have
very irregular outlines and depth of pigmentation. In our own
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clinic we see several children a year referred as ?NF1 where
this is the cause. If the children have any other problems, one
needs to ensure there is not an alternative diagnosis which
might produce pigmentation with irregular depth/outline
such as the DNA repair disorders.

Rare Disorders with Typical CAL Spots

These are the two disorders where I have seen cases with
absolutely typical NF1-like CAL spots. In both the other
problems the children had were not typical for NF1 and the
distinction from NF1 had already been made when I reviewed
them. Typical CAL are also reported in Russell Silver
syndrome.

1. Ring chromosome syndromes: Ring chromosomes occur
when part of one end of the chromosome is deleted and the
two ends then “stick” together. Problems occur as the ring
structure is unstable in mitosis. CAL spots have been reported
in a variety of ring chromosome cases (chromosomes 7, 11,
12,15 and 17°). The other clues to diagnosis are usually more
profound development problems than in NF1, shorter stat-
ure, microcephaly, and dysmorphic facial features.

2. Schimke immunoosseus dysplasia: This is an autosomal
recessive condition characterized by growth retardation,
renal failure, recurrent infections, cerebral infarcts, and
skin pigmentation beginning in childhood. The majority of
cases are caused by mutations in the SMARCALI gene.
I have only seen one case but the skin changes were typical
NF1-like CAL with skin fold freckling.

McCune Albright Syndrome

The major features of this disorder are polyostotic fibrous
dysplasia, precocious puberty and other endocrinopathies,
and large, segmental areas of CAL pigmentation. It is sporadic
and caused by postzygotic mutations in the GNASI gene.
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The distinction from NF1 is usually straightforward as the
areas of CAL are much larger than normal with no associated
smaller CAL.They also tend to follow the lines of Blaschko.®®
The CAL in McCune Albright characteristically have a jag-
ged outline said to resemble “the coast of Maine” compared
with the smooth contours in NF1 a likened to the “coast of
California.” This is however, not universal as sometimes the
large CAL overlying plexiforms can have a jagged edge
(Fig. 3.2). The more reliable diagnostic aids are the presence
of multiple much smaller lesions in NF1 and the other fea-
tures in McCune Albright.

Conditions with Skin Lesions Misdiagnosed
as CAL Spots

Urticaria Pigmentosa

This is the most common variant of childhood mastocytosis.
The skin lesions usually develop in the first year of life, are
slightly elevated, and their color can be brown-red or yellow.
As they develop the lesions, when brown can be confused with
CAL (Fig. 3.7). However, as they develop they become either
plaque-like or popular and this distinguishes them from CAL.
The clue to etiology is elicited by “Darier’s sign”: when a lesion
is scratched a marked urticarial reaction is usually elicited.

Congenital Melanocytic Nevi

When congenital melanocytic nevi are particularly large and
cover a major part of the body (e.g., bathing trunk distribu-
tion), they can be confused with the skin changes seen over
some plexiform neurofibromas. Both may first appear as just
flat pigmented lesions, and then the lesion becomes thick-
ened with time — in the case of NF1 with plexiform change
histologically. The congenital nevi are usually much darker
than NF1-associated CAL and carry a risk of melanomatous
change not seen in NF1.
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Conditions with Tumors

Multiple Lipomatosis

Multiple lipomas are the “commonest” misdiagnosis we see
in adults in NF1, even this accounts for only a handful of
cases a year at most. Inheritance is autosomal dominant and
my impression is that penetrance may not be 100%. The lipo-
mas present as subcutaneous swellings, which are usually
painless (in contrast to peripheral nerve neurofibromas/
schwannomas), and usually grow to several centimeters in
diameter or larger. They tend to cluster on the forearms,
thighs, lower chest wall, and abdomen. The distinction from
nerve tumors is the lack of pain and they are usually softer on
palpation. The other major distinction from NF1 is the lack of
associated pigmentary changes.

Steatocystoma Multiplex

This is a rare dominant disorder caused by mutations in the
keratin 17 gene. Affected individuals develop painful cutane-
ous swellings, arising from the sweat glands, from childhood
onward (Fig. 3.7). The lesions have a yellowish color and firm
consistency which on biopsy show disordered sebaceous
gland elements.

Proteus Syndrome

The most famous misdiagnosis of NF1 historically was the
Elephant man, Joseph Merrick. In 1986, Tibbles and Cohen®
suggested the alternative diagnosis of Proteus syndrome and
this is now widely accepted. Proteus is an extremely rare dis-
order characterized by asymmetrical overgrowth of almost
any part of the body, associated with epidermal and connec-
tive tissue nevi, dysregulated growth of fatty tissue (lipomas
or regional absence), bony hyperostosis, and vascular
malformations.
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The overlap with NF1 is because some of the overgrown
areas can resemble plexiform neurofibromas. I have seen two
cases where plexiform neurofibromas affecting the feet were
initially thought to represent the connective tissue nevi of
Proteus, with the “moccasin sole” appearance. The distin-
guishing feature clinically is that the plexiforms are usually
soft in consistency whereas the connective tissue nevi in
Proteus are firm on palpation.

Rare Autosomal Dominant Tumor Predisposition
Syndromes

This group is summarized in Table 3.5. In my experience they
are easily distinguishable from NF1 clinically. However, as
both CAL and cutaneous lesions which can be mistakenly
labeled as neurofibromas occur I have included them. The
important thing is to remember them when assessing patients
that “don’t fit” for NF1.

NF1 Diagnostic Criteria: Pitfalls

The NIH NF1 diagnostic criteria agreed at a 1987 consensus
meeting’” are:

The clinical diagnosis is made when at least two of the fol-
lowing are present:

e A first-degree relative with NF1

e Six or more café au lait patches >0.5 cm in children and
>1.5 cm in adults

¢ Axillary or groin freckling

e Two or more neurofibromas of any type or one plexiform
neurofibroma

e Two or more Lisch nodules (iris hamartomas)

¢ Optic pathway glioma

¢ Bony dysplasia of the sphenoid wing

¢ Thinning of the long bone cortex with or without pseudar-
throsis of the long bones
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In the majority of cases the diagnosis of NF1 is straight-
forward and the NIH diagnostic criteria have stood the test
of time well until recently. However, caution now needs to be
made because the recognition of Legius syndrome and
CMMR-D as follows:

1. Individuals with CAL and axillary freckling but nothing
else may have Legius syndrome, particularly if there is a
family history of the same phenotype.

2. The term first-degree relative includes parents, children,
and siblings. As CMMR-D is autosomal recessive they
could be diagnosed with NF1 on the grounds of CAL spots
and an affected sibling and the much more serious diagno-
sis, with a different inheritance pattern, missed.

3. It is possible for people with segmental NF1 to have >6
CAL and unilateral skinfold freckling in an affected
segment BUT they do not have generalized NF1 and the
importance of the distinction is the lower frequency of
complications and offspring recurrence risk.

NF1 Genetic Testing Indications

The fact that the clinical diagnosis is usually straightforward,
combined with little demand for prenatal testing, the large
gene size, and lack of recurrent mutations all contributed to
little use of NF1 gene testing in routine clinical practice until
relatively recently. With improved mutation detection (95%
using most complete methods?), the recognition of clinically
useful genotype—phenotypes, and Legius syndrome this is
now changing.
At the current time our clinic testing criteria are:

1. Those who may have deletions on clinical grounds

2. Those with an atypical phenotype for diagnostic clarification

3. Families with two or more generations with isolated pig-
mentary changes (NFI and SPREDI)

4. Children with no family history and isolated pigmentary
changes (NFI and SPREDI)

5. Someone considering prenatal/preimplantation diagnosis
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NF2: Differential Diagnosis and Related
Conditions

Introduction

Had NF1 and NF2 not been historically lumped together as
one disease, it would be more appropriate for NF2 and the
related disorder schwannomatosis to be classified as different
types of “schwannomatoses.” With improved imaging tech-
niques and molecular testing the diagnosis of NF2 is usually
straightforward and there are a very limited number of true
differentials. In both schwannomatosis and multiple menin-
giomas the diagnosis can only be made after exclusion of NF2.

Schwannomatosis

Patients with schwannomatosis develop peripheral nerve and
spinal root schwannomas almost exclusively, but with no skin
tumors. Cranial nerve involvement is rare. There is no eye
involvement, ependymomas have not been seen, and menin-
giomas occur very rarely.”””? The appearance of the tumors is
clinically and radiologically the same as in NF2. However, the
tumors in schwannomatosis are usually associated with more
persistent pain than just the transient paraesthesia in response
to pressure that most peripheral nerve lesions cause. The prob-
lem is that if a sporadic patient presents with peripheral and/or
spinal lesions there is no way of knowing if this is mosaic NF2
or schwannomatosis. Diagnostic criteria for Schwannomatosis
have been proposed”™ (Table 3.6). Patient assessment includes
a thorough cutaneous and eye examination for signs of NF2,
full MRI neuroaxis imaging, and NF2 mutation testing.

The majority of cases of schwannomatosis are sporadic. The
risk to offspring of sporadic cases is much less than 50%. In
familial cases inheritance is dominant but expression is vari-
able and incomplete penetrance is recorded.” Some patients
present with multiple lesions localized to one body part sug-
gesting a mosaic genetic mechanism; whether it is mosaic NF2
or Schwannomatosis can only be evaluated by molecular
analysis in tumors.
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TaBLE 3.6. Diagnostic criteria for schwannomatosis proposed
by MacCollin et al.”

Definite schwannomatosis

e Age >30 years AND

e >2 nonintradermal schwannomas, at least one with histologic
confirmation AND no evidence of vestibular tumor on high-
quality MRI scan AND no known constitutional NF2 mutation

OR

® One pathologically confirmed nonvestibular schwannoma plus a
first-degree relative who meets above criteria

Possible schwannomatosis

e Age <30 AND

e >2 nonintradermal schwannomas, at least one with histologic
confirmation AND no evidence of vestibular tumor on high-quality
MRI scan AND no known constitutional NF2 mutation

OR

e Age >45 years AND >2 nonintradermal schwannomas, at least
one with histologic confirmation AND no symptoms of 8th nerve
dysfunction AND no known constitutional NF2 mutation

OR

e Radiographic evidence of a nonvestibular schwannoma and first-
degree relative meeting criteria for definite schwannomatosis

Segmental schwannomatosis
e Meets criteria for definite or possible but limited to one limb or <5
contiguous segments of spine

The genetic mechanisms underlying schwannomatosis are
gradually being elucidated. The gene has been localized to
chromosome 22 proximal to NF2 and mutations in the
SMARCBI tumor suppressor gene reported in 2007.
Subsequent reports suggest that between 33 and 66% of
familial cases”™® and 7%7 of sporadic cases have germline
SMARCBI mutations. Mutations in the same gene also
cause inherited predisposition to rhabdoid tumors, the
tumors developing after a somatic “second hit.” The major
question is therefore why are the two phenotypes so
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different? Tumor analysis has shown a complex mechanism
of tumorigenesis in schwannomatosis which requires somatic
mutation in both copies of the NF2 gene as well as
in INI1.”>7 Two families with both meningiomas and
schwannomas with SMARCB1 mutations have also been
reported.’®”

In the clinical setting tumor analysis can be used to deter-
mine if a sporadic case, with normal lymphocyte mutation
testing for NF2 and SMARCBI represents mosaic NF2 or
schwannomatosis. In mosaic NF2 each separate tumor will
share one mutation in common, whereas in schwannomatosis
the NF2 mutations are different in each tumor.

Multiple Meningiomas

Multiple meningiomas can occur as part of NF2 or as a sepa-
rate genetic entity dominant inheritance of multiple menin-
giomas and no other features; this is a very rare entity.
Linkage to NF2 was excluded in one family and other genes
have not yet been identified.*® As for schwannomatosis, the
diagnosis of familial non-NF2 meningiomas can only be
made with a clear family history. In sporadic cases, the causes
include NF2 mosaicism, or noncontiguous spread of a single
sporadic tumor or new mutation in the as yet unidentified
gene(s) responsible for non-NF2 familial meningiomas.

The clinical approach to the patient with multiple menin-
giomas is like that for schwannomas; NF2 must be excluded
initially.

Misdiagnosis of Other Cerebello-Pontine (CP)
Angle Tumors as Vestibular Schwannomas

This is an extremely rare event but most NF2 clinics have had
one or two cases referred where other tumors in the CP angle
are initially diagnosed as vestibular schwannomas. These
have included choroid plexus papillomas (which can further
mimic NF2 by seeding down the spine) and lymphoma.*'
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Chapter 4

Psychological Impact
of the Neurofibromatoses

Rosalie E. Ferner

Quality of life involves all aspects that affect the
individual’s life

At a particular time point, quality of life assesses the
disparity between the individual’s expectations and his
or her actual life experience.!

Neurofibromatosis 1 and 2 are inherited tumor suppressor con-
ditions that cause lifelong medical problems and carry a large
psychological burden. Anxiety and depression are common but
unwelcome bedfellows. The formation of specialist neurofibro-
matosis clinics has highlighted the value of long-term psycho-
logical support both within the clinic setting and in the
community for people with NF1 and NF2 and their families.
Moreover, the advent of clinical therapeutic trials has focused
attention on developing objective measurements of quality of
life that are comparable in different medical institutions.

Neurofibromatosis 1

Unpredictability of Disease Complications

Neurofibromatosis 1 is the source of psychological distress
because of the unpredictability of the medical complications and
the worry of not knowing what to expect in terms of physical
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problems. There is a nagging wariness that minor symptoms may
herald progressive disease and stress arises from a lifelong need
to be vigilant about possible medical complications.

Need for Expert Clinicians

Many patients express disappointment at being fobbed off by
clinicians who do not understand the disease and who attri-
bute all medical complaints to neurofibromatosis 1. They may
have difficulty in communicating their needs to the doctors if
they are anxious or have learning difficulties.

“Doctors should not be so fast to relate all unexplained
symptoms to NF1. Please examine people carefully and carry
out tests when necessary. Please also bear in mind that some
people with NF may not be able to describe their symptoms”
(personal communication from Mr. David Edgerton who
attends the Guy’s and St. Thomas’ NHS Foundation Trust
(GSTT) Complex NF1 clinic).

There is a requirement from childhood onward to build up
and maintain a relationship of trust with multiple clinicians
and nurses and to attend regular clinics. As a result, children
miss lessons, young people are unable to participate in social
activities enjoyed by their peers, and adults in employment
frequently use up annual leave in order to attend medical
appointments. Although many patients embrace the idea of
educating students and doctors about neurofibromatosis,
they stress the need for sensitivity on the part of the clinician
in interpreting the individual’s wishes.

“A diagnosis of Neurofibromatosis meant that I spent
more time attending outpatient hospital appointments than
with my contemporaries, but I used to look forward to them.
An appointment with my consultant was akin to seeing a
family friend, a favourite uncle” (personal communication
from Aoife Quinn, who attends GSTT Complex NF1 clinic).

“I was diagnosed with NF1 when I was five years old. The
endless hospital check-ups were more of an adventure to
start with, a day off school, a trip to London on the train with
my mum, and as my father worked in London I was guaran-
teed a good lunch! This soon wore off as I grew older; why all
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the interest in me? All these people wanting to look and
examine me, poke and prod at some of my lumps and look at
some of the cafe au lait patches, that at that time I thought
that everyone had” (personal communication from
Mr. Jeremy Meechan who attends GSTT NF1 clinic).

Disfigurement

In ancient times the physical form of the body was
regarded as an indicator of a person’s character and
worth in society. Physical beauty reflected moral har-
mony and intelligence, while an unattractive appear-
ance signified unworthiness — a viewpoint that is
untenable in twenty-first century society, but which
influenced artists like Leonardo Da Vinci.?

Facial Plexiform Neurofibromas

Disfiguring neurofibromas of the face are uncommon in NF1
but have a deleterious effect on quality of life as children are
ostracized by class mates and adults feel socially isolated and
reluctant to leave home or to meet unfamiliar people. The
recent success of a partial facial transplantation for an indi-
vidual with very extensive plexiform neurofibroma involve-
ment has offered hope in rare cases where people have very
severe disease and are unable to function in society.’

Cutaneous and Subcutaneous Neurofibromas

Wollkenstein and colleagues assessed the impact of disease
severity and visibility of NF1 on quality of life using the Short
Form 36 Health Survey (SF-36) and questionnaire specific
for skin disease.* The SF-36 contains 32 questions and is a
general measure of physical and mental well-being, rather
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than a disease-specific assessment.” The authors found that
fears about the development of cosmetic problems had a
significant effect on patients’ perception of their disease
severity, and individuals with prominent visible manifesta-
tions suffered from significant emotional disability.*

The development of neurofibromas during adolescence is
a particular source of distress at a time when teenagers are
coping with the familiar issues of self-esteem, self-image, and
identity within society. Many feel different from other young
people and comment on the thoughtlessness of their peer
group and find it difficult to deal with curious and sometimes
unfeeling attitudes from strangers.

“I think probably from puberty things changed for the
worse ... suddenly people started to comment on some of the
marks and lumps on my body, people can be so cruel, espe-
cially teenagers. I was bullied on and off through school and
always felt like the odd one out and didn’t belong or fit in. I
did start to withdraw a little and found it hard to be accepted
for who I was. I always felt different and would always try to
hide myself away, and never thought I was good enough,
because I had NF1. I couldn’t wait to leave school, so that’s
what I did at age 16 years. I thought that things would be so
much better outside of school and all the questions, snigger-
ing and bullying would stop” (retrospective view of adoles-
cence from Mr. Jeremy Meechan).

Individuals express anxiety about the inability to predict
the extent and numbers neurofibromas that will develop and
this is compounded in some cases by having an older family
member with NF1 and a large lesion load. Teenagers and
young adults are concerned about social activities such as
dancing and swimming when they may reveal cutaneous neu-
rofibromas on the limbs and trunk, usually hidden by clothing.
There is disquiet about whether a partner or spouse will cope
with increasing skin lesions and changing appearance. Older
patients often feel withdrawn and isolated and some make a
conscious decision to remain single because of cosmetic prob-
lems. One lady recounted that she had been asked to get off a
bus as the driver feared that she had smallpox and was
infectious.
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An individual’s self-perception does not always concur
with outsiders’ views about his or her appearance. Some
patients have barely perceptible neurofibromas yet suffer
anxiety and depression because of a lack of self-esteem and
regard themselves as unattractive. Other people cope
extremely well with large numbers of neurofibromas by man-
aging the difficult task of transmitting a feeling of self-
confidence and are often helped by supportive family
members. One patient stated that she strives to be well
dressed and groomed, to style her hair fashionably and to
maintain good eye contact when answering questions from
strangers about her neurofibromas.

Education

Patients are concerned that they should be given age appro-
priate and updated information about their condition by cli-
nicians and nurses who are conversant with current diagnosis
and management. Several people with skin manifestations of
NF1 have been told that there is no need to worry or to have
any specific surveillance, and subsequently have produced a
child with NF1 and serious complications. Written informa-
tion containing complex medical terminology may be confus-
ing and provoke unnecessary anxiety, and written and verbal
information should be tailored to the needs of the individual.
Nurse-led support groups for parents of small children with
NF1 may be beneficial in this regard. The positive effect of
acquiring knowledge from his parents about a serious compli-
cation of NF1 is stated eloquently by a young GSTT patient.

My name is Jordan and I am nearly eleven years old. I was diag-
nosed with NF1 when I was nearly three years old. I have a
tumour on my optic nerves which means my sight is quite poor.
When I was younger I didn’t realise what was happening, but
gradually my parents explained about NF1 and now I understand
what it is. I have lots of ambitions and one was to go up in a heli-
copter which I did last year in Ireland. I get lots of books in
Braille which I really enjoy reading and even though I can’t see
well I love drawing. NF1 no longer scares me because I am used
to knowing that I have it and I just get on with my life.
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Neurofibromatosis 2

Factors causing negative impact on quality of life such as,
severe hearing loss, balance impairment, facial nerve palsy,
visual loss, reduced mobility, and social and emotional prob-
lems have been identified as potential psychological burdens
in NF2.°7 People who are profoundly deaf may rely on lip
reading, or depend on relatives or computers to facilitate
communication. Facial nerve palsy may compound the prob-
lem by impairing quality of speech production and limiting
facial expression of emotion as well as causing disfigure-
ment.” Fatigue is a common complaint due to the effort
required to communicate, particularly in crowded places, and
social withdrawal is a frequent consequence.” Individuals
with balance disturbance have been embarrassed when
wrongly perceived as drunk and consequently have limited
their social interaction. Loss of mobility resulting from weak-
ness or incoordination causes difficulties in traveling on pub-
lic transport and patients rely increasingly on relatives or
carers. Individuals with NF2 have expressed frustration that
local support is lacking due to lack of knowledge about the
disease amongst doctors, nurses therapists, and employers.

Measures of Quality of Life in NF2

The preliminary clinical trials of the antiangiogenic drug beva-
cuzimab to reduce NF2 vestibular schwannomas growth (see
Chap. 2 on NF2) have underlined the need for objective mea-
sures of quality of life in people with NF2.® Neary et al.>” used
a detailed postal questionnaire in combination with the SF-36
to identify the extent and severity of quality of life issues in 62
NF?2 patients. They found that difficulties with social commu-
nication and balance were the major problems for people with
NF2. Hornigold and colleagues at Guy’s and St. Thomas’ NHS
Foundation Trust have developed the NFTI-QOL (NF2
impact quality of life) as a specific questionnaire for NF2. It
takes 3 min to complete, is easy to score, and comprises eight
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items including hearing, dizziness and balance, facial palsy,
sight, mobility, role and outlook on life, pain, anxiety, and
depression (Rachel Hornigold et al., personal communica-
tion). Balance was the most frequent problem cited by 50
patients and now many carry an NF2 information card in pub-
lic settings to increase public awareness and understanding
(Rachel Hornigold et al., personal communication). It is likely
that the most informative view of the impact of patient-
perceived QOL will be dependent on both general measures
as well as specific function-based questionnaires.

Hearing Rehabilitation

Patients who are profoundly deaf are prone to anxiety and
depression due to social isolation. The Hearing Concern
charity LINK in England offers intensive rehabilitation to
deafened people and their families and helps them with lip
reading, emotional support, and employment. Cochlear
implants may provide useful in hearing in individuals with an
intact cochlear nerve, and an auditory brainstem implant aids
lip reading and the appreciation of environmental sound'*!
(see chapter on NF2).

“Many NF2 sufferers lose all their hearing — I am no dif-
ferent. I was devastated to learn that I would never hear my
mum’s voice or listen to my favourite song again, but the
most frightening prospect was the isolation and social dis-
tance that deafness inevitably brings. After successful surgery
at King’s College London, to implant the auditory brainstem
implant (ABI) I had to wait six weeks before it was turned on —
those six weeks were essentially the worst six weeks of my life.
It was the first time I had ever experienced complete silence.
I felt so vulnerable, conversations were so trivial, but most
importantly I felt completely cut off from the world
I was living in. The initial feedback from the ABI was a shock;
I won’t lie to you, the sensations and awareness it gave me
were extremely primitive and if anything it was detrimental
to lip reading. The first two months were frustrating as my
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body was becoming accustomed to a new sense, as that is
what ABI is essentially. However, thanks to my medical team
my supportive family and my own hard work I gradually
understood the sounds that I was hearing. When I combined
quick thinking, analysis and context I was able to interpret
these beeps and buzzes into meaningful conversation. The
sound of ABI is unique to the individual user and for me it
sounds like I am hearing things as if my head is under water.
Everything sounds distorted because the clarity isn’t there
but nevertheless I hear sounds which give me awareness that
I thought I would never experience again. It also greatly aids
lip reading and my friends and family will vouch for this. I
have met others who have been less successful with the ABI,
which is why I believe that the tedious, frustrating hard work
at the beginning is essential and completely worthwhile. My
attitude was very much that this is my last chance to “stay in
the hearing world” and achieve goals that I had set previ-
ously. Consequently I knew if I didn’t put 100% effort and
commitment into the ABI, then I might have regrets and be
left forever wondering what if... Aesthetically it isn’t the
most pleasing thing to look at; however, the benefit it gives
me is so great that vanity doesn’t come into consideration.
The ABI has surpassed all expectations and has made deaf-
ness much less of an issue. I am at university and living inde-
pendently, NF2 may have taken my hearing but it has not
taken my quality of life (personal communication from
Tristan Gray who attends Guy’s and St. Thomas’ NHS
Foundation Trust NF2 clinic).

Specialist Neurofibromatosis Nurses
and Specialist Advisers

The nationally commissioned NF1 and NF2 services in
England have funded neurofibromatosis nurses to provide
psychological support and advocacy for patients. Specialist
neurofibromatosis advisers funded jointly by the Neuro
Foundation (formerly the Neurofibromatosis Association)
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and local Hospital Trusts in different areas of the UK, have
a nursing or social work background. The role of the neuro-
fibromatosis nurse and specialist adviser varies in each cen-
ter but usually they attend clinics, provide emotional support
and education about NF. Telephone and email advice is
accessible for patients and their families. The nurse acts as a
link between clinicians in the specialist center and the local
area as well as collating information for therapists, schools,
and employers. In some centers, transitional services sup-
port young people through the difficult period of adoles-
cence and aim to improve self-esteem and independence.
Parents groups are arranged by the nurses and meet to pro-
vide mutual support and to discuss common issues including
difficulties with behavior and schooling. A social network
for people aged over 45 years lessens the impact of social
isolation and encourages discussion about medical
problems.

The Neuro Foundation

This is a lay organization that raises funds to benefit people
with NF1 and NF2. Practical and emotional support is given
to patients and their relatives and they are advised about
local resources and available expert medical help, either
locally or nationally. The Foundation produces information
leaflets that enable patients to understand their disease and
to make the appropriate decisions about surveillance and
management.

The Patient as Educator

Much emphasis is placed on the physician as the person who
understands the impact of disease on quality of life. The two
following inspirational accounts emphasize the resilience,
determination, and bravery of the individual in combating seri-
ous illness and coming to terms with having neurofibromatosis.
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As medical professionals we cannot underestimate the
importance of listening to our patients and learning from
their experience and wisdom. “I was diagnosed with
Neurofibromatosis Type 1 before I could walk. My diagnosis
was not a surprise given the fact that my mother had previ-
ously been diagnosed with the condition. My childhood was
happy and whilst I understood that I had a medical condi-
tion, it did not give me cause for concern. For me it was
something I “had”, in the way other children had freckles. I
was never made to feel unusual or special to have it. However,
I must admit that I was an unusual child in that I actively
enjoyed school and learning. My condition was not hidden
from me, I knew from an early age that I would require
reconstructive surgery on my face—I had been born with a
plexiform neurofibroma on the left side of my face. Moreover,
I flatter myself by saying that even at that early age, I under-
stood that this would entail a hospital visit, an operation and
horror of all horror’s an injection! My entry to the teen
world was not heralded by my first real boyfriend, nor by my
first disco. Instead, my teens started with the discovery of an
optic glioma and a craniotomy on the horizon. I spent the
summer recovering, reading and like most girls my age tak-
ing an activity interest in the world of fashion and shopping.
The following summer I had the first of four reconstructive
surgeries in the UK under the care of the excellent maxillo-
facial surgeon. That September, I started the Irish equivalent
of the GSCE’s, but three months later my life changed. It
was discovered that my optic glioma which had previously
remained stable had started to grow and was now affecting
the eye-sight in my right eye. The result was an unwanted,
unasked for Christmas present of fourteen months of che-
motherapy. I won’t lie, it wasn’t pleasant, I used to dread
going down to the hospital to get the treatment as I knew
that the next few hours and days would be horrid. But do not
get the wrong idea of those 14 months, it was not 14 months
of hell on earth, yes there were dark moments but there
were also bright moments, the bright moments outshone the
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dark ones. Although the chemotherapy failed to shrink the
optic glioma it succeeded in preventing it from growing fur-
ther and since 2004 it has remained stable. Yes, the optic
glioma has resulted in the near complete loss of sight in my
right eye, but you will see me driving on our roads in Ireland
(admittedly badly-but then that is not my eyesight I’m just a
bad driver!) in my little blue Toyota Yaris. Yes the optic
glioma means that I find reading for long periods tiring and
headache inducing but there is always and I mean always a
solution. Now I listen to audio books on my iPod and my
collection ranges from Harry Potter, to Shakespeare and
Charles Dickens. I restarted college in 2007, my first year
was filled with many new and wonderful experiences from
meeting new friends, to learning how to cook for myself, to
cramming sessions in the library, to all day spent shopping,
to doing my laundry and either not shrinking anything or
turning my favourite white shirt pink! The highlight of my
second year was been awarded an academic scholarship
based on my grades. Last year I completed my penultimate
year and achieved a First in my annual exams for and hon-
ours degree in Business & Economics. My intention is to
complete a master’s in Finance and quite possibly a doctor-
ate. NF1 will not stop you achieving your dreams; I will not
lie it may make them harder to achieve but then you will
savour the achievement all the more” (personal communica-
tion from Aoife Quinn).

“I’m now 39, and have learnt that I am no different from
anyone else and I deserve the same chances and respect as
anyone else with or without NF. I am now married have a
step son and have a job that I really enjoy. For many years
I thought that my NF was to blame for many things, or
maybe my own self doubt let me use it as an excuse. | now
have the confidence in myself to overcome many hurdles
in life that I have had to deal with. I did feel for a long
time that NF had kicked me in the teeth. But actually it was
the ignorance of Society” (personal communication from
Jeremy Meechan).
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Chapter 5

Clinical Quiz: Diagnostic
and Management Pitfalls
of Neurocutaneous Disease

Rosalie E. Ferner, D. Gareth R. Evans,
and Susan M. Huson

Quiz Questions

1. A child age 10 years presents with two café au lait patches
and two skin lumps. What is the differential diagnosis?
What investigations would you do?

2. A patient with NF1 complains of severe pain in one of his
fingers if it is knocked. Pressure on the nail bed causes pain.
What is the likely diagnosis? What assessment and man-
agement would you carry out?

3. A 40-year-old woman presents with a 3-month history of
sudden bilateral hearing loss and headaches. Brain MRI
shows bilateral enhancing lesions in the cerebellopontine
angle. What is the differential diagnosis?

4. What predicts severe disease in NF2?

5. A woman with no family history of NF2 presents with
bilateral vestibular schwannomas aged 50 years? What is
the risk of her son having NF2?

6. What is the device in Fig. 5.1? What is it used for?

7. This patient in Fig. 5.2 developed painless wasting and
weakness in the thigh muscles when he was a child. What
is this called? What type of neurofibromatosis does he
have?

8. The nodular plexiform neurofibroma in Fig. 5.3 has grown,
become firm, and painful. What should you do?

R.E. Ferner et al., Neurofibromatoses in Clinical Practice, 141
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FiGure 5.1.

9. A 4-year-old child with NF1 is found to have reduced
visual acuity in one eye on routine assessment. The parents
think that the child is otherwise well. What would you do?

10. If the cutaneous neurofibromas in Fig. 5.4 cause pain
should malignancy be excluded?

11. What abnormalities do you see in Fig. 5.57 What are the
symptoms?

12. What is the large lesion in Fig. 5.6 in this patient? What
would be the risks in removing it?

13. A 25-year-old woman presents with difficulty walking due
to weakness in her legs. On examination she has three
café au lait patches, multiple subcutaneous neurofibromas
but no cutaneous neurofibromas. She tells you that her
father died from complications from a spinal tumor. What
kind of neurofibromatosis should be considered?
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FiGURE 5.2.

FiGUre 5.3.
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FIGURE 5.4.

FIGURE 5.5.
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FIGURE 5.6.

14.

15.

16.

17.

A 40-year-old woman with uncomplicated NF1 asks for
advice about disease monitoring. What would you
recommend?

A couple with a child with NF1 asks about the risks of NF1
for future children? Should they have prenatal testing?

A child with NF1 is having difficulty in concentrating at
school. His teachers report that he appears to daydream
and frequently loses the thread of a conversation for a
couple of seconds at a time. His parents have seen similar
behavior at home. What should you do?

A woman aged 22 years has NF1 and would like to start
on the oral contraceptive pill, but is worried that it might
increase neurofibroma growth. What advice would you
give her?

Quiz Answers

1.

This could be mosaic NF1 or childhood presentation of
NF2. Investigations: Full clinical assessment with neurologi-
cal examination; eye examination to look for Lisch nodules
(NF1) or cataracts (NF2). Biopsy of one of the lumps will
confirm whether it is a neurofibroma or a schwannoma.
(Genetic testing for NF1 if it is a neurofibroma or for NF2 if
it is a schwannoma may reveal a mosaic mutation)



146

10.

R.E.Ferner et al.

. This is likely to be a glomus tumor. Examination may

show a purplish lesion under nail bed and MRI might help
locate tumor. Surgical excision will relieve the symptoms.

. This is a sudden onset of symptoms in an older individual

and unusual first presentation for NF2. You must exclude
an underlying malignant process such as choroid plexus
carcinoma, lymphoma, ependymoma, or melanoma.

. Early age at first symptom, multiple meningiomas and trun-

cating mutations of the NF2 gene (these are genetic muta-
tions that cause a shortened protein that is often unstable).

. As the mother presents late in middle age there is a high

chance that she has mosaic NF2 so the risk to her son is
less than 50%. The risk is 22% prior to molecular testing
of the mother and 9% if no mutation is found in the
mother. (See Table 2.2, Chap. 2 on Neurofibromatosis 2)

. This is an auditory brainstem implant for people with

profound hearing loss. It stimulates the cochlear nucleus
within the brainstem and is beneficial for some patients
with NF2. It is inserted when the auditory nerve is absent
or is not functioning after tumor surgery. It helps some
people with profound deafness to appreciate environ-
mental sound and aids lip reading (Fig. 5.1).

. This focal wasting and weakness is called amyotrophy and

may be the presenting sign of NF2 in childhood (Fig. 5.2).

. Arrange an urgent assessment by a NF1/MPNST service

to exclude malignancy. MRI will show the extent of the
lesion and FDG PET CT will assess metabolic activity
(Fig. 5.3).

. Young children do not complain of visual loss. Ensure that

a visual assessment including fundoscopy is carried out by
an experienced pediatric ophthalmologist. If the visual loss
is confirmed, arrange a brain MRI to exclude an optic
pathway glioma. Children with optic pathway glioma
should be referred to a specialist pediatric oncology team.
No, as these lumps are cutaneous neurofibromas and do
not become malignant. Pain in a cutaneous neurofibroma
may indicate an infection and the patient should be treated
with antibiotics. The neurofibroma may be excised once
the infection has been treated (Fig. 5.4).
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11.

12.

13.

14.

15.

16.

17.

Clawing of the hand with wasting of the intrinsic hand mus-
cles, flattening of the ulnar border, and evidence of injury
with scars. The patient complained of weakness in the hand
and loss of sensation for light touch, pain, and temperature.
She had multiple nerve root schwannomas (Fig. 5.5).

This is a diffuse plexiform neurofibroma — note the pur-
plish hue. Removal would be associated with a risk of
bleeding and delayed wound healing (Fig. 5.6).

Spinal neurofibromatosis. Reasons: This is a rare variant of
NF1 where multiple neurofibromas on many spinal roots are
the key feature. There are usually no cutaneous neurofibromas
but patients may have multiple peripheral nerve lesions.
Adpvise her to ask her clinician if any new or unexplained
symptoms could be related to NF1? She should have
annual blood pressure measurement. Women under 50
years with NF1 have a moderately increased risk of breast
cancer and she should have annual mammograms and
then have the same screening regime as the general popu-
lation. She should seek immediate advice if she develops
pain, growth, hard texture, or neurological deficit in a
plexiform or subcutaneous neurofibroma.

They should be referred for genetic counseling. In a genetics
clinic they would be examined to exclude segmental NF1.
If the examination is normal, the risk of recurrence is much
less than 1% and prenatal testing is not indicated.

He may be having absence seizures. He should be referred
for an EEG and neurological advice. Absence seizures are
frequently misdiagnosed as behavioral difficulties in chil-
dren with NF1. Seizures are reported with increased
frequency in NF1 and NF2.

Neurofibromas increase in size and numbers in pregnancy
but there is no firm evidence that this happens with oral
contraceptives. Oral progesterone/progesterone and
estrogen preparations do not appear to be associated with
problems. There have been anecdotal reports of increased
neurofibroma growth in patients receiving high-dose syn-
thetic progesterone in depot injections. If she is concerned
she could seek advice about alternative methods of
contraception.
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Useful Addresses

Charities

The Neuro Foundation UK

(The working name of The Neurofibromatosis Association)
Provides support for individuals with NF1 and their families
and information about Neurofibromatosis 1 and 2

Quayside House, 38 High Street, Kingston upon Thames,
Surrey KT1 1HL

Telephone +44 (0)20 8439 12341

Fax: +44 (0)20 8439 12001

E-mail: info@nfauk.org

Website www.nfauk.org

Changing Faces

This charity supports people with facial, limb, or body dis-
figurement and their families.

The Squire Centre, 33-37 University Street, London, WC1E
6JN.

Telephone: 0845 4500 275 or 0207 391 9270

Fax: 0845 4500 276

Email: info@changingfaces.org.uk

Website: www.changingfaces.org.uk

Website for young people: www.iface.org.uk
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Hearing Concern LINK

Supports people with hearing loss and their families and
organizes rehabilitation courses

19 Hartfield Road, Eastbourne, East Sussex, BN21 2AR
Telephone: 01323 638230

Text: 01323 739998

Fax: 01323 642968

Web: www.hearingconcernlink.org

Children’s Tumour Foundation USA

American Neurofibromatosis Association

Children’s Tumour Foundation

95 Pine Street, 16th Floor, New York, NY 10005-4002
Telephone: (00)-1-212-344-6633

Fax: (00) 1-212-747-0004

Email info@ctf.org

Nationally commissioned Neurofibromatosis 1 centres for
people with complex NF1

London (Lead Centre)

Guy’s and St. Thomas’ NHS Foundation Trust

Contact Professor Rosalie E Ferner, Consultant Neurologist
Department of Neurology, Guy’s Hospital, Great Maze Pond,
London SE1 9RT.

Manchester

Central Manchester University Hospitals Foundation
Trust

Contact Dr. Susan Huson, Consultant Clinical Geneticist,
Genetic Medicine, 6th floor, St Mary’s Hospital, Oxford
Road, Manchester M13 9WL.

Nationally commissioned Neurofibromatosis 2 centres

Manchester (Lead centre)

Central Manchester University Hospitals Foundation Trust
Contact Professor Gareth Evans, Consultant Clinical
Geneticist, Genetic Medicine, 6th floor, St Mary’s Hospital,
Oxford Road, Manchester M13 9WL
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London

Guy’s and St. Thomas’ NHS Foundation Trust

Contact Professor Rosalie E Ferner, Consultant Neurologist
Department of Neurology, Guy’s Hospital, Great Maze Pond,
London SE1 9RT

Oxford

Oxford Radcliffe Hospitals NHS Trust

Contact Dr Allyson Parry Consultant Neurologist or Dr
Dorothy Halliday

Consultant Geneticist, NF2 Office, Department of Neurology,
West Wing,John Radcliffe Hospital, Headley Way,Headington,
Oxford, OX3 9DU

Cambridge

Cambridge University Hospitals NHS Foundation Trust
Contact Mr Patrick Axon Consultant Skull Base Surgeon,
Skull Base Surgery Unit, Addenbrooke’s Hospital, Hills
Road, Cambridge, CB20QQ

Back Cover Copy

Neurofibromatoses in Clinical Practice provides a succinct,
accessible guide to the neurofibromatoses including diagnosis,
management protocols, and indications for referral to special-
ist centers. Neurocutaneous diseases are complex to diagnose
and treat and many patients require specialist multidisciplinary
management and surveillance. Due to multiple disease mani-
festations, patients can present to different clinicians without
specialist expertise such as general practitioners, pediatricians,
neurologists, geneticists, surgeons, and ophthalmologists.

The clinically focused format of this book will enable rapid
consultation during clinics, facilitate disease pattern recogni-
tion, and indicate care pathways. The clinical quiz highlights
common pitfalls in diagnosis and management and a glossary
and reference section provide details for access to specialist
NF clinics throughout the UK and internationally.

Written by experts in the field Neurofibromatoses in
Clinical Practice is a practical guide for consultants in training
and practice, general practitioners, and specialist nurses.
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Glossary of Terms

Amyotrophy Focal wasting and weakness in NF2, particu-
larly involving the small hand muscles or thigh and may be
presenting symptom of the disease.

Auditory brainstem implant (ABI) ABI is a device that
stimulates the cochlear nucleus within the brainstem. It con-
sists of an external sound processor and an internal electrode
that is in contact with the brainstem. It is inserted when the
auditory nerve is absent or is not functioning after tumor
surgery. It helps some people with profound deafness to
appreciate environmental sound and aids lip reading.
Bevacizumab (avastin) Anti-angiogenic drug. Currently used
in clinical trial and as treatment in exceptional cases to
reduce growth of vestibular schwannomas in NF2.

Bilateral vestibular schwannomas Benign tumors on the
eighth cranial nerve that cause hearing and balance distur-
bance in NF2 patients. Treatment includes surgery, stereo-
tactic radiotherapy (small risk of malignant change), and
bevacuzimab in exceptional cases. Sporadic vestibular
schwannomas are unilateral and develop in middle age.
Bony dysplasia Abnormalities of bone are due to defective
maintenance of bone structure in NF1 patients. Include
scoliosis, pseudarthrosis, and vertebral scalloping.

Café au lait patches (also called café au lait spots) Benign
skin pigmentation with smooth contours. Six café au lait
patches are diagnostic of NF1, but occur in smaller number in
NF2. Also seen in patients with Legius syndrome, familial
café patches. In the general population 10% may have up to
two café au lait patches.

Carcinoid Slow growing neuroendocrine tumor that usually
occurs in the duodenum in NF1. May co-exist with
pheochromocytoma.

Cardiovascular disease Includes congenital heart disease,
especially pulmonary stenosis and hypertension. Associated
with NF1.

Cataracts Subcapsular lens opacities. Develop in young
people with NF2 and may be presenting feature. Do not
usually require treatment.
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Cerebrovascular disease Includes stenosis, hemorrhage, and
aneurysm of cerebral arteries and occurs with increased
frequency in NF1.

Chiari malformation Structural abnormality in cerebellum
and brainstem that pushes the brainstem and cerebellum
downward. The resulting pressure may cause outflow obstruc-
tion of cerebrospinal fluid. Chiari 1 malformation does not
usually cause symptoms and is reported in NF1.

Cochlear implant This is a surgically placed electronic device
that is placed into the cochlea and stimulates a functioning audi-
tory nerve to produce a sensation of hearing in deaf persons.
Cognitive problems Commonest complication in NF1 and
includes low average 1Q with specific learning problems and
behavioral problems.

Constitutional mismatch repair deficiency syndrome
(CMMR-D) This is a recessive condition caused by bi-allelic
mutations in one of four mismatch repair genes. Affected
individuals have a predisposition to central nervous system,
hematological,and bowel malignancy. The phenotype includes
multiple café au lait patches and some cases actually have
somatic NF1 mutations.

Cutaneous neurofibroma Forms on the skin in people with
NF1, always benign and may be purplish in color. Isolated
neurofibromas may be sporadic. Cause itching, stinging, and
cosmetic problems.

Disfiguring plexiform neurofibroma Large, diffuse neurofi-
broma of the face, trunk, or limbs that impinges on surround-
ing structures or is associated with bone hypertrophy. Risks
of hemorrhage and delayed wound healing are high.

Dural ectasia Is visible on magnetic resonance imaging as
out-pouching of the dura (the outer covering of the spinal
cord) and is asymptomatic or occasionally causes pain and
neurological deficit in NF1 patients.

Ependymoma Central nervous system tumor arising from
ependymal cells and frequently develops in brainstem or spi-
nal cord (particularly upper cervical region) in NF2. Maybe
indolent or cause progressive neurological deficit.

Epilepsy Seizures occur with increased frequency in NF1
and NF2, and all seizure types occur. May be associated with
tumors or underlying cortical dysplasia
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Facial mononeuropathy This may occur in NF2 without an
underlying schwannoma and is probably due to Schwann cell
proliferation.

Familial café au lait patches In this rare subtype families
develop café au lait patches +/- skin fold freckling but do not
develop neurofibromas as adults and have a much lower risk
of complications. Two genetic causes have so far been identi-
fied, SPRED1 mutations (Legius syndrome) and the c.2970-
02972 delA AT mutation in the NFI gene.

Freckling Benign skin pigmentation under the arms, around
the neck, in the groins, diagnostic of NF1.

Gastrointestinal stromal tumor Mesenchymal tumors that
may be multiple and usually found in small bowel in NF1.
They cause abdominal pain, anemia, or hemorrhage.
Gliomas Arise from the glial or supporting cells of the ner-
vous system, may occur in brain or spinal cord, but mainly
involve the brainstem and cerebellum in NF1. Most are low
grade but some may behave aggressively. (See also optic
pathway gliomas).

Glomus tumor Benign tumor of glomus body which causes
exquisite pain in nail bed and may be multiple in NF1 patients.
Legius syndrome This is a milder phenotype than NF1 with
café au lait patches, freckling but no neurofibromas and with
mutation in the SPREDI tumor suppressor gene.

Lisch nodules Benign asymptomatic raised pigmented lesions
on the iris, seen on slit lamp examination and diagnostic of NF1.
Malignant peripheral nerve sheath tumor (MPNST) NF1
patients have a 10% lifetime risk of developing MPNST that
may be low, intermediate, or high grade. Presentation is with
persistent pain, change in texture, rapid increase in size of a
lump, or neurological deficit.

Meningiomas Benign tumors that develop in the orbit, brain,
and spine, and may be multiple. Characteristic of NF2 but do
not occur with increased frequency in NF1.

Merlin (schwannomin) The protein product of the NF2 gene
is related to the moesin, ezrin, radixin, proteins that control
growth and cellular remodeling.

Mosaic NF1 The gene mutation (alteration in the genetic
message) occurs after fertilization. The proportion of the body
affected by the disease is dependent on the timing of the
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mutation after fertilization. The commonest form is for one
body segment to show NF1 skin changes (segmental NF1).
Mosaic NF2 Mosaic NF2 presents as mild generalized NF2
or NF2 features that are localized to one area of the body
(e.g., unilateral vestibular schwannomas and meningiomas).
mTOR mTOR mammalian target of rapamycin is involved
in cell growth and proliferation. Rapamycin has been used in
clinical trials to treat growing plexiform neurofibromas.
Multiple sclerosis Occurs with increased frequency in NF1,
particularly primary progressive multiple sclerosis. The
clinical manifestations may be confused with symptoms
related to optic pathway gliomas or spinal plexiform
neurofibromas.

Neuro-cardio-facial-cutaneous syndromes (also called
Rasopathies) The collective term given to the conditions
caused by mutations in the Ras-MAPK pathway which
include NF1 and Legius syndrome.

Neurofibroma Benign peripheral nerve sheath tumor that
occurs on or under the skin or on the spinal nerve roots or
nerve plexuses. Composed of Schwann cells, fibroblasts,
perineurial cells, and axons in an extracellular matrix. (See
also cutaneous neurofibroma, subcutaneous neurofibroma,
plexiform neurofibroma.)

Neurofibromatosis 1 An inherited neurocutaneous condi-
tion that predisposes to benign and malignant tumor forma-
tion and is caused by mutations in the NFI gene on
chromosome 17.

Neurofibromatosis 2 A rare inherited neurocutaneous condi-
tion that is characterized by vestibular schwannomas, other
benign brain and spine tumors, and cutaneous and eye signs. It
is caused by mutations in the NF2 gene on chromosome 22.
Neurofibromatosis 2 neuropathy Axonal peripheral neu-
ropathy which may be motor and sensory and is progressive
in some patients.

Neurofibromatous neuropathy (NF1) An indolent motor and
sensory neuropathy in NF1. Affected individuals harbor an
increased risk of malignant peripheral nerve sheath tumor.
Neurofibromin The NFI gene product is neurofibromin which
regulates cell growth and proliferation by inactivation of p21ras
and control of mammalian target of rapamycin (MTOR).
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NF1 microdeletions This is the genetic mechanism that
causes the disease in approximately 5% of people with NF1.
In addition to the NFI gene the deletion, depending on size,
involves a number of other neighboring genes. Microdeletions
are associated with more severe clinical manifestations.
Nonossifying fibromas Cystic lesions of bone in NF1 patients
that may be painful or cause pathological fracture.

Optic pathway glioma (OPG) These tumors arise from the
glial cells in the central nervous system. They form anywhere on
the optic pathway but are commonest in the optic nerves in
NF1. Most tumors are indolent and do not need treatment, but
some cause decreased vision in childhood and require
chemotherapy.

Pheochromocytoma Catecholamine secreting tumor, mainly
found in the adrenal medulla in NF1. It may be bilateral and
is occasionally malignant. It causes hypertension and may
coexist with carcinoid tumor.

Plexiform neurofibroma Benign peripheral nerve sheath
tumor that grows along the length of the nerve, often involves
multiple nerves, frequently causing neurological deficit, and
may undergo malignant change in NF1.

Positron emission tomography (PET CT) ([18F]2-fluoro-2-
deoxy-D-glucose positron emission tomography computer-
ized tomography) is the optimum way of diagnosing malignant
peripheral nerve sheath tumor. It gives qualitative and semi-
quantitative evaluation of the metabolic activity of a tumor.
It should only be used in NCG specialist centers for this pur-
pose and is not useful for assessing schwannomas.
Preimplantation genetic diagnosis Available for people with
NF1 and NF2. Healthy embryos are selected on the third day
of fetal development.

Pseudarthrosis Causes bowing of the long bones, most com-
monly the tibia. Fracture occurs after trivial injury in infancy
and childhood with delayed healing. The presentation may be
mistaken for nonaccidental injury instead of NF1.

Renal artery stenosis Associated with hypertension in NF1
and caused by dysplasia of blood vessels or aneurysm.
Schwannoma This is a benign nerve sheath tumor composed of
Schwann cells and has a capsule. May be sporadic, but multiple
lesions are characteristic of NF2 or Schwannomatosis. Malignant
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change is rare and PET CT does not detect malignant change
in schwannomas (see PET CT). In NF2, schwannomas form on
cranial, spinal, peripheral, and cutaneous nerves.
Schwannomatosis This rare condition is characterized by multi-
ple schwannomas (but not eighth nerve schwannomas). May be
familial, and the gene is tumor suppressor INII (SMARCBI).
Scoliosis Curvature of the spine in NF1 that may be idio-
pathic or dystrophic and the latter may cause neurological or
respiratory problems. Occasionally, it may be associated with
an underlying plexiform neurofibroma.

Segmental NF1 (see mosaic NF1)

Skin schwannomas Skin schwannomas may be subcutane-
ous, intradermal, or plaque lesions in NF2.

Sphenoid wing dysplasia Defective formation of the skull
bones diagnostic of NF1. The temporal lobe may push for-
ward into the orbit and cause pulsating protrusion of the eye.
Spinal cord compression Spinal nerve root neurofibromas may
cause pressure on the nerve roots and spinal cord. Many do not
need intervention despite the neuroradiological appearances of
cord compression, but some cause neurological deficit, particu-
larly in the upper cervical spine, and require surgery.

Spinal neurofibromatosis Hereditary spinal neurofibroma-
tosis is a rare form of NF1 and the characteristic features are
multiple spinal neurofibromas with or without peripheral
nerve involvement and relatively few café au lait patches.
Statins Lovastatin reverses ras activity, and statin drugs are
being used in clinical trial to treat learning problems in chil-
dren with NF1.

Subcutaneous neurofibroma This firm, discrete neurofi-
broma under the skin causes pain and neurological symptoms
and may become cancerous.

T2 hyperintensities on brain MRI These are asymptomatic
lesions that are found especially in the basal ganglia, cerebel-
lum, and brainstem in people with NF1. They do not cause
neurological deficit and disappear with age.

Vertebral scalloping This is pronounced curvature of the
dorsal part of the vertebral body and is seen on MRI in NF1
patients and is asymptomatic.

Xanthogranuloma Yellowish nodule occurring transiently on
the head, limbs, and trunk in NF1 children.
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