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Spinal Cord Tumors in Neurofacomatosis 1 2
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12.1 Introduction

Neurofacomatosis (phakomatoses) are a group of neuro-oculocutaneous disorders
characterized by involvement of structures that arise from the embryonic ecto-
derm—thus, the central nervous system (CNS), skin, and eyes. The phakomatoses
concept was formulated in 1923 by an ophthalmologist Van Der Hoeve to describe
three disorders (neurofibromatosis, tuberous sclerosis, and von Hippel-Lindau syn-
drome), according to their ophthalmologic manifestations (Greek phakos means
birthmark) [1, 2]. However, it has been subsequently noted that mesodermal and
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endodermal tissues are also involved. A number of genetic and acquired diseases
come in this category and may affect one or more organ systems. They tend to form
tumors in various organs, particular the nervous system. Now neurofacomatosis are
also termed as “neuroectodermatoses” or “neurocutaneous syndrome.”

Intramedullary spinal cord tumors are rare. They account for only 4-6% of all
CNS tumors [3]. In this chapter, we mainly survey the neurocutaneous tumor syn-
drome and intramedullary spinal cord tumor associated with the three major neuro-
facomatosis: Neurofibromatosis type I (NF1), Neurofibromatosis type 2 (NF2) and
von Hippel-Lindau syndrome (VHL). Table 12.1 lists the summary of neurocutane-
ous tumors and intramedullary tumors associated with all neurofacomatosis.

12.2 Neurofibromatosis Type 1
12.2.1 Epidemiology and Genetics

NF1, known as von Recklinghausen disease or peripheral neurofibromatosis, was
first described by von Recklinghausen in 1882 [4]. It is the most common of the
neurofacomatoses with a prevalence of 1 per 3000; it has equal sex distribution and
no obvious ethnic predilection [5, 6]. NF1 is transmitted as an autosomal-dominant
trait but half of patients get sporadic mutations without a family history of the dis-
ease [7]. Penetrance is nearly 100% by 8 years of age, whereas expressivity is
extremely viable [8, 9].

The NF1 locus maps to chromosome 17q11.2 and consists of 57 constitutive
exons spread over 350 kb of genomic deoxyribonucleic acid (DNA) [10]. Using
cDNA-SSCP/HD analysis, Pros et al. identified 282 different mutations in 374 inde-
pendent patients with NF1 [11]. The NF1 gene encodes for a 2818-amino-acid pro-
tein referred to as neurofibroma [12]. Neurofibromin plays a pivotal regulatory role
in the Ras pathway of cellular proliferation. Loss of neurofibromin function will
cause to excessive Ras activation and creating a tendency toward cell proliferation
and tumor development [13]. Neurofibromin is expressed in many different cell
types especially in Schwann cells and neurons [14]. Therefore, neurofibromin func-
tions as a tumor suppressor gene with respect to neurofibroma and glioma formation
[15, 16]. Recently, the mechanistic target of rapamycin (MTOR) pathway has also
been implicated in NF1-related tumors [17].

12.2.2 Diagnostic Criteria and Screening

Diagnostic criteria are summarized in Table 12.2, which were outlined in an earlier
National Institutes of Health (NIH) meeting (NIH Consensus Development
Conference, Neurofibromatosis: Conference Statement, 1988) [18]. Two or more
criteria must be present to establish the diagnosis. These criteria are extremely sen-
sitive and specific for the disease, but genetic testing for confirmation is strongly
recommended in controversial cases. However, DeBella et al. concluded that the
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Table 12.1 Neurofacomatosis and Allied Tumors
Associated spinal
Syndrome Classic features Associated tumor cord tumor
Neurofibromatosis | Café au lait spots | Neurofibroma, Optic Glioma, | Intramedullary
Type 1 Iris hamartoma astrocytoma
Neurofibromatosis | Juvenile lens Vestibular Schwannoma, Intramedullary
Type 2 opacity Meningioma, Spinal ependymoma
schwannoma and meningioma
Von Hippel-Lindau Retinal, cerebellar and spinal | Intramedullary
Disease hemangioblastoma, hemangioblastoma

Endolymphatic sac tumors
Pheochromocytoma, Renal cell
carcinoma

Tuberous Sclerosis
Complex

Cortical tubers,
seizure,

Angiofibroma, Renal
angiomyolipoma,

hypopigmented Subependymal giant cell
macules, autism, astrocytoma, Cardiac
Shagreen patch rhabdomyoma
Schwannomatosis Cranial and spinal nerve
schwannomas (except acoustic
neuroma)
L’hermitte-Duclos | Seizure, CNS Cerebellar gangliocytomas
Disease abnormalities

Ataxia-
Telangiectasia

Ataxia, Sclera
telangiectasia CNS
abnormalities

Leukemia, Lymphoma

Li-Fraumeni

Sarcoma, cancers of the breast,

Syndrome brain and adrenal glands
Sturge-Weber Port-wine stain, Ipsilateral leptomeningeal
Syndrome seizure, glaucoma | angioma

Maffucci’s Hyperpigmented | Multiple enchondromas with
Syndrome patches and nevi secondary hemangiomas,

Glioma

Epidermal Nevus

Seizure, CNS

Patchy cutaneous

Syndrome abnormalities hamartomatous lesions
Neurocutaneous Pigmented Leptomeningeal melanoma
Melanosis cutaneous area
Klippel-Trenaunay- | Unilateral limb Subcutaneous hemangiomas
Weber Syndrome hypertrophy,
Macrocephaly
Incontinentia Hypopigmented
Pigmenti skin lesions, CNS
abnormalities
Cowden Disease Seizure, CNS Multiple facial trichilemmomas
abnormalities

Wyburn-Mason
Syndrome

Retinal and
cerebral
arteriovenous
malformation
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Table 12.2 Diagnostic Criteria for NF1

The presence of two or more of the following is diagnostic:

* >0 cafe” au lait spots >5 mm in prepubertal individuals or > 15 mm in postpubertal
individuals

* >2 neurofibromas of any type or 1 plexiform neurofibroma

* Axillary or inguinal freckling

* Optic gliomas

¢ >2 hamartomas of the iris (Lisch nodules)

« Distinctive osseous lesion (ie, sphenoid wing dysplasia or thinning of long bone cortex
with or without pseudoarthrosis)

* First-degree relative with NF1

diagnosis of NF1 cannot always be made in young children using the NIH diagnos-
tic criteria [8]. Modification of these criteria may be necessary for children under
8 years old.

The diagnostic and health supervision guidelines for patients with NF1 have
been published by the Committee on Genetics of the American Academy of
Pediatrics [19]. Screening magnetic resonance imaging (MRI), electroencephalo-
gram (EEG,) and X-rays are no longer routinely recommended unless specific prob-
lems arise. Neurologic and ophthalmologic assessments, as well as blood-pressure
monitoring (for pheochromocytoma and renal arterial abnormalities), are required.
Behavior and development should be evaluated carefully, and formal neuro-
psychometric evaluation may be necessary if concerns arise. Genetic counseling
and screening with targeted testing of the NF1 mutation identified in the patient
should be considered in first degree relatives [18].

12.2.3 Neurocutaneous Tumor Syndromes and spinal tumors
in Neurofibromatosis type 1

Symptoms within and between families can vary extremely, and signs generally
develop by 10 years of age [18]. By puberty, more than 80% of NF1 patients develop
neurofibromas that can be cutaneous, subcutaneous, or deep [8]. Plexiform neurofi-
bromas can experience malignant transformation (Fig. 12.1). The incidence of optic
pathway gliomas, brain stem gliomas, cerebellar gliomas, and meningiomas is
increased in patients with NF1 [20]. A prospective study of NF1 cancer incidence in
the United Kingdom (UK) showed NF1 carries a 2.7-fold increase in overall risk of
cancer, with a cumulative risk of a malignancy at 20% by age 50 years [21].
Spinal neurofibromas: Spinal neurofibromas (Fig. 12.2) are benign tumors of
the peripheral nerves, originating from the nerve sheath, and generally encasing the
nerve roots as a result of an asymmetric growth pattern [22, 23]. Their common
anatomical locations are intradural extramedullary, and dumbbell type. Familial
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Fig. 12.1 Sagittal (a) and axial (b, ¢) MRIs of plexiform neurofibromas undergoing malignant
transformation

Fig. 12.2 Sagittal (a) and coronal (b) MRI with gadolinium identifies multiple lesions in the
lumbar spinal canal. Intraoperative view of the neurofibromas (c)
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spinal neurofibromatosis is an alternate form of neurofibromatosis that is classified
by numerous neurofibromas symmetrically affecting the whole axial spine [24, 25].
Spinal cord compression is seldom found but can occur [23]. So far, the largest
systematic study by Nguyen et al. that describes spinal MRI findings of patients
with NF1 and associated symptoms demonstrates that 80% of patients with NF1
had spinal neurofibromas, with ascending frequency from 70% in patients younger
than 10 years to 80% in patients aged 10—18 years to 89% in individuals older than
18 years of age [22]. Meanwhile, symptoms are reported among 60% of patients at
presentation. At baseline, 34% of patients had MRI changes consistent with spinal
cord compression that was most prevalent at the cervical (43%) and lumbar (40%)
spine region. Some of the patients with progression of their spinal neurofibromas
developed cord compression. Paraspinal plexiform neurofibromas (PNs) were pres-
ent in 79% of patients, of which 88% had accompanied spinal neurofibromas.
However, other reported frequency of asymptomatic spinal neurofibromas on MRI
ranges from 13% in children to 40% in children and adults with NF1. The higher
incidence of spinal neurofibromas as described in the study by Nguyen et al. prob-
ably results from a more severe phenotype patient cohort and its clinical trials
nature.

Surgical resection is a safe and effective treatment for spinal nerve sheath tumors.
Approximately 30% of patients developed a postoperative complication, most com-
monly new or worsening sensory deficits. Complications were more common in
cervical and lumbosacral tumors but had no association with patient age, clinical
presentation, symptom duration, tumor size, or tumor pathology. Intradural and
dumbbell tumors were associated with higher rates of cerebrospinal fluid (CSF)
leak, pseudomeningocele, and wound infection. Complications are an inevitable
consequence of spinal nerve sheath tumor surgery given the intimacy of these
lesions with functional neural elements. There was no difference in the use of intra-
operative neuro-monitoring when comparing cases with surgical complications and
those without. However, the use of neuro-monitoring was associated with a signifi-
cantly higher rate of gross-total resection.

Plexiform neurofibromas: PN is another tumor type that can be found in up to
50% of patients with NF1 who undergo an MRI [26]. PNs occur along any periph-
eral nerve but if located in the paraspinal area, they can grow and extend laterally
along the spinal nerves with or without involvement of the neural foramina [27, 28].

12.2.4 Spinal Cord Tumor in Neurofibromatosis Type 1

Gliomas are often associated with NF1, most being low-grade. They mainly
involve the optic pathways—especially in children [29, 30]—and only 1% are
found in the spinal cord [18]. The incidence of intramedullary gliomas in NF1
patients may be far more than their sporadic counterparts according to similar
works [31]. So far, there are several case series reporting intramedullary gliomas
in NF1 patients. Lee et al. reported 3 intramedullary astrocytomas with NFI (1
low grade astrocytoma and 2 anaplastic astrocytomas) [32]. On pathologic
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examination, most are pilocytic astrocytomas (PAs) World Health Organization
(WHO) Grade I [33]. However, patients with NF1 may also develop diffusely
infiltrating astrocytomas (DAs) (WHO grades II-1V), particularly with an onset
later in life [34]. Rodriguez et al. included 100 patients with NF1: there were four
intramedullary astrocytoma cases, two PAs, and two low-grade astrocytoma, sub-
type indeterminate (LGSI) [35]. The prognoses of the PA and LGSI gliomas over-
all were generally favorable.

Pilomyxoid Astrocytoma (PMAs) usually occur in young children and are fre-
quently located in the hypothalamic/chiasmatic region. They are seldom found in
the spinal cord. Spinal PMAs affect pediatric age group more than adult patients
with a female preponderance, mostly the cervical and thoracic spinal regions. Most
of the lesions are intramedullary with only one case report being an intradural extra-
medullary lesion [36]. The association of intramedullary PMA with NF1 is even
less common. Dunn-Pirio et al. reported so far the first case of a spinal cord PMA in
an adult patient with NF1 [37]. The patient underwent a partial surgical resection of
the spinal cord tumor followed by adjuvant carboplatin 560 mg/m? every 4 weeks.
Radiation was avoided due to risks associated with NF 1. Single agent carboplatin
was effective and well-tolerated.

Ependymomas have been reported with a higher incidence in NF2 rather than in
NF1 and are preferentially located in the spinal cord [38]. Ependymoma with NF1
has rarely been reported, not to mention spinal cord ependymoma with NF1. To
date, only four cases of ependymoma with NF1 have been reported in English litera-
ture, and only 2 of them were spinal cord ependymoma with NF1: thoracic cord
ependymoma (WHO II) in a 5-year-old boy and 1 cervical spinal cord ependymoma
in a 49-year-old female [39, 40]. There were no differences found between ependy-
momas in NF1 patients and those found in their sporadic counterparts in terms of
clinical course. Therefore, the management modality is similar with total surgical
resection remaining the treatment of choice whenever possible. Moreover, as NF1
is a multisystem disease, the cooperation between multidisciplinary clinicians and
scientists is essential.

12.3 Neurofibromatosis Type 2
12.3.1 Epidemiology and Genetics

NF2 is significantly less common than NF1 with an incidence of 1 per 33,000 [41].
Although the disease is classified as “neurofibromatosis,” neurofibromas are relative
infrequent. Actually, NF2 is a unique clinical and pathological entity, entirely dis-
tinct both phenotypically and genotypically from NF1. The hallmark of NF2 is the
development of bilateral vestibular schwannomas (VS). It is an autosomal dominant
inheritance pattern with nearly 100% penetrance, although 50% of patients have
sporadic mutations [42]. Affected patients with no gender predilection typically
present in late adolescence; those who present in childhood often have atypical and
more severe clinical manifestations [43].
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The NF2 gene maps to the long arm of chromosome 22 (22q11.1-22q13.1),
which encodes a 595-amino-acid protein referred to as merlin or schwannomin [44].
Merlin is a cytoskeletal protein that appears to play a role in the control of cell
growth, affecting signaling pathways connected with contact inhibition and tumor
suppression [45]. Merlin is widely expressed in Schwann cells, arachnoid cells, and
the ocular lens. The gene product is considered to be a tumor suppressor and regula-
tor of Schwann cell and arachnoidal cell proliferation [46]. Merlin functions as a
tumor suppressor gene with respect to schwannoma and meningioma formation
[42]. Some genotype-phenotype correlations have been identified with NF2.
Missense or splicing mutations tend to predict milder disease than do mutations that
lead to protein truncation [47]. Somatic mosaicism for NF2 gene mutation may
produce localized disease severity [42]. Therefore, genetic testing for NF2 is valu-
able in some cases for diagnostic purposes.

12.3.2 Diagnostic Criteria and Screening

There are multiple diagnostic criteria for NF2. The most recent and sensitive criteria
to be used are Baser criteria or Manchester criteria, which have been shown to have
a sensitivity of 79% and a specificity of 100% [48]. The criteria are shown in
Table 12.3.

Accepted criteria for NF2 screening include having a first-degree relative with
NF2, the presence of VS before the age of 30 years, the presence of meningioma
before the age of 20 years, the presence of cutaneous schwannomas, and the

Table 12.3 Diagnostic Criteria for NF2 (Manchester Criteria)

The presence of two or more of the following is diagnostic:

Bilateral vestibular schwannomas

First-degree family relative with NF2 and unilateral vestibular schwannoma or any two of
the following:

— Meningioma

— Schwannoma

— Glioma

— Neurofibroma

— Posterior subcapsular lenticular opacity

Unilateral vestibular schwannoma and any two of the following:

— Meningioma

— Schwannoma

— Glioma

— Neurofibroma

— Posterior subcapsular lenticular opacity

Two or more meningiomas and unilateral vestibular schwannoma, or any two of the
following:

— Schwannoma

— Glioma

— Neurofibroma

— Posterior subcapsular lenticular opacity
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presence of multiple spinal tumors [49]. The NF2 screening includes detailed per-
sonal and family history, cutaneous and ocular examination, and MRI of the neural
axis. For patients with a confirmed diagnosis of NF2, regular following should con-
sist of annual hearing test, brainstem auditory evoked potential response, visual
exam, and dermatologic exam. MRI of neural axis should begin at age 10, repeated
every 2 years up to age 20, and then repeated every 3-to-5 years afterward [42].
Closer follow-up is required for patients in whom lesions are identified.

12.3.3 Neurocutaneous Tumor Syndromes and spinal tumors
in Neurofibromatosis type 2

Patients with NF2 harbor a wide spectrum of nervous system tumors, including
cranial (vestibular, facial, and trigeminal) and peripheral nerve schwannomas, as
well as meningiomas and intramedullary ependymomas [50].

Vestibular Schwannoma. VS or acoustic neuromas are benign tumors that are
pathognomonic for NF2 when present bilaterally. Bilateral VSs are seen in up to
95% of patients with NF2 (Fig. 12.3) [51]. VS cause the typical symptoms of hear-
ing loss, tinnitus, and vestibular dysfunction. Hydrocephalus and brainstem dys-
function can result from mass effect in severe cases. Management options include
observation, surgical resection, radiosurgery, or chemotherapy [52]. The decision to
treat requires a consideration of the patient’s age, medical condition, hearing status,
neurological function, and size of tumor. Surgical timing presents challenges to
neurosurgeons. Symptomatic and large tumors usually are treated surgically; how-
ever, the treatment of smaller bilateral tumors is less clear due to unpredictable
tumor growth. Stereotactic radiosurgery also has been applied for local control [53].
Surgical approach and planning are required to take into account the likelihood of

Fig. 12.3 The cranial (a) and cervical spinal cord (b) MRI of a 17-year-old girl with NF2, which
clearly show bilateral vestibular schwannomas and multiple spinal schwannomas, respectively.
Image from 7 years later (¢), which shows multiple intracranial meningiomas and progress of the
spinal schwannomas
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preservation of hearing and whether the tumors are bilateral. In addition, VSs in
NF?2 are often multifocal and may grow to involve facial nerve fibers [42]. Therefore,
microsurgical resection is associated with significant tumor recurrence in NF2
patients, as well as with high risk of hearing loss and facial dysfunction. Radiosurgery
is a valuable alternative treatment offering tumor control or delaying the need for
surgery; however, there is a price in terms of hearing function. These results may
compare favorably with the progressive deafness associated with the natural history
of the disease, or with surgery [53]. Targeted chemotherapy is currently being
explored but the data are still lacking.

Intracranial meningioma. Meningiomas are the second-most common tumor
associated with NF2. Intracranial meningiomas (Fig. 12.3) are observed in 45-58%
of people with NF2, where spinal meningiomas are found in 20% of affected
patients. Intracranial meningiomas tend to be multiple in number and often develop
at a younger age than sporadic patient [47]. In the pediatric age group, meningiomas
are often the first sign of NF2 [54]. Malis reported a series of 41 NF2 patients with
long-term follow-up [55]. His series highlights the clinical burden of meningiomas
in NF2. Most of the deaths in patients from NF2-related disease was attributable to
overwhelmingly rapid growth of multiple meningiomas, not vestibular schwanno-
mas [55]. Clinical symptoms from meningiomas are usually related to their size and
location. Surgery remains the mainstay of treatment for growing and/or symptom-
atic meningiomas in NF2. Usually most meningiomas can be safely and fully
resected. However, meningiomas involving the optic sheath and skull base are asso-
ciated with higher rates of surgical sequela [56]. In situations where there is residual
tumor from a partial resection, stereotactic radiosurgery has been used for local
control [57]. At present, there are no defined medical treatments for NF2-associated
meningiomas, and clinical studies using molecularly targeted drug therapies are
currently being investigated [58].

Spinal schwannoma and spinal meningioma. Research has identified that NF2
patients have a predilection for multiple spinal nerve sheath schwannomas and spi-
nal meningioma [59]. Spinal schwannomas are intradural, extramedullary neo-
plasms, arising from dorsal nerve roots (Fig. 12.3). In Malis’s series treated over a
30-year period, he found that tumors of the spine were nearly as common as VS on
MRI [55]. Among 41 NF2 patients, all of whom were initially referred due to bilat-
eral VS, a total 99 extra-medullary spinal tumors were treated surgically. Of these,
58 were spinal schwannomas and 41 were meningiomas [55]. Previous reports have
indicated that symptomatic spinal schwannomas in NF2 are likely to grow faster,
more likely infiltrating nerve roots and progressing to serious deficits sooner [60].
Li et al. found that patients with NF2 were the youngest at the first spinal schwan-
noma operation and had the shortest duration of preoperative symptoms [61]. These
intradural-extramedullary NF2 schwannomas did not have a preferred spinal loca-
tion and only a slight predominance in the lumbar area [62]. Small cauda equina
nodular schwannomas were common in NF2 (86.9%). They were usually small in
size and showed a relatively stable behavior over time [63]. On the contrary, large
extramedullary tumors (>5 mm) in NF2 were prone to progression. If small cauda
equina nodules progressed into larger tumors, they would be difficult to treat
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surgically. Meanwhile, most patients with NF2 tend to have significant problems
related to bilateral vestibular schwannomas as well as other intracranial neoplasms.
In such cases, a conservative approach is usually adopted towards these small spinal
tumors. In addition, it was much more difficult to totally resect tumors in NF2
patients with higher rate of neurological deficits, and tumor recurrence [60].

For patients with NF2, approximately 10% of meningiomas requiring resection
are located in the spine [64]. Spinal meningiomas is more prevalent in the female
and elderly populations [65]. Early surgery remains the main treatment of growing
and/or symptomatic meningiomas in NF2.

12.3.4 Spinal Cord Tumor in Neurofibromatosis Type 2

More than 75% of intramedullary spinal cord tumors associated with NF2 are epen-
dymomas. Intra-medullary ependymomas are present in 33-53% of patients with
NF2. Cervical cord and cervicomedullary junction are the most common location of
involvement (Fig. 12.4) [55]. They are usually multiple and present with typical
appearance of a “string of pearls” in neuroimaging, being hyperintense on T2,
hypointense to isointense on T1, and mostly enhancing after contrast [62]. Clinical

Fig. 12.4 The progress of a multiple-segment cervical intramedullary ependymoma with NF2.
The spine MRI were taken on the year of 2005 (a), 2008 (b), and 2009 (c¢). The lesion was removed
en bloc in 2009 (d)
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signs and symptoms are variable and depend on the size and anatomic location of
the tumor. In contrast to sporadic tumors, the majority of NF2-associated spinal
tumors are asymptomatic. Accordingly, fewer than 20% of patients with these
tumors are symptomatic. The most common symptoms of the patients with intra-
medullary spinal cord tumors are back pain, weakness, or sensory disturbances [66].
The management of NF2-associated ependymomas has not been firmly established.
Although observation is often used to follow asymptomatic tumors, surgical resec-
tions are frequently effective and curative. Kalamarides et al. retrospectively
reviewed two NF2 centers: Manchester, UK and Paris/Lille, France [67]. They
found a significantly improved outcome in patients cared for in specialty centers.
Spinal ependymomas produce morbidity. Surgery can prevent or improve this in
selected cases but can itself result in morbidity. Surgery should be considered in
growing/symptomatic ependymomas, particularly in the absence of overwhelming
tumor load where bevacizumab is the preferred option [67].

The timing of the resection is best determined by detailed neurologic surveil-
lance to assess for early onset of symptoms [68]. Because most NF2-associated
spinal cord ependymomas are grade II tumors, gross total resection is often the
curative (Fig. 12.4), with radiation therapy reserved for recurrent or residual tumors.
WHO grade I myxopapillary ependymoma has also been reported in patients with
NF2, and these tumors are usually treated with surgery alone [69]. Given that NF2
is a genetic tumor syndrome, there are concerns about the extra risks of radiation
therapy in this patient cohort. For this reason, chemotherapy is the desirable choice
for the patients with recurrent and unresectable tumors. The evaluation of molecu-
larly targeted therapies for these tumors is currently ongoing. Small series of
patients treated with bevacizumab have reported improvement with NF2-associated
ependymomas [70].

12.4 Von Hippel-Lindau Disease
12.4.1 Epidemiology and Genetics

Von Hippel-Lindau (VHL) disease was attributed to Eugen von Hippel’s descrip-
tions of the retinal angiomatosis in 1904 and Arvid Lindau’s descriptions of the
hemangioma in the cerebellum and spinal cord in 1927 [71, 72]. The term von
Hippel-Lindau disease was first used in 1936 and has been in common use since
the 1970s. VHL is an autosomal dominant disease found in approximately 1 per
36,000 people [73]. It is familial in around 80% of cases, and the penetrance rate
isup to 90% [74]. VHL is characterized by hemangioblastomas, usually involving
retina, cerebellum, and spinal cord. It is also associated with non-CNS lesions,
such as pancreatic neuroendocrine tumors, pheochromocytomas, renal cell carci-
nomas, endolymphatic sac tumors, and cystic tumors in multiple organs. Although
VHL is grouped in the neurofacomatosis or neurocutaneous syndromes, it does
not typically involve cutaneous manifestations, in contrast with other
phakomatoses.
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VHL disease as an autosomal dominant inheritance pattern is caused by loss of
the tumor suppressor gene located at 3p25-26 [75]. The VHL gene encodes for a
protein referred to as pVHL, which coordinates multiple aspect of the cell cycle and
facilitates angiogenesis through regulatory control over hypoxia-inducible factor-1
alpha (HIF-1a) and hypoxia-inducible factor-2 alpha (HIF-2«) [76]. Dysfunction or
absence of the pVHL leads to constitutive overexpression of HIF-1a and HIF-2a,
which leads to increased level of vascular endothelial growth factor (VEGF) and
other pro-angiogenic signals [76, 77]. These insults combine to cause the spectrum
of tumors found in VHL disease.

12.4.2 Diagnostic Criteria and Screening

Clinical diagnostic criteria of VHL, summarized in Table 12.4, are used for referral
to specialists for genetic counseling and testing. For individuals who have a family
history of VHL, detection of only one type of tumor specific to VHL may be suffi-
cient to make a diagnosis. For those patients without a family history of the disease,
at least two types of VHL tumors should be identified to confirm a diagnosis [78,
79]. The definite diagnosis of VHL is typically confirmed by genetic testing to iden-
tify a germline mutation of the VHL gene.

The loss of vision is one of the more common presentations with VHL due to
retinal hemangioblastoma (angiomas). Patients with cerebellar hemangioblastoma
may present with ataxia, dysmetria, and coordination difficulties. Patients with spi-
nal cord hemangioblastomas present with motor or sensory problems based on the
tumor’s location. Patients with pheochromocytomas can present with paroxysmal or
sustained hypertension. Hearing loss is often associated with endolymphatic sac
tumors.

Screening protocols have been developed for early diagnosis of typical lesions.
The protocol includes annual ophthalmic examinations from early childhood, MRI
of the head every 12-36 months from adolescence onward, ultrasound (or MRI) of
the abdomen every 12 months, beginning at the age of 16 years. Annual blood pres-
sure monitoring and 24-h urine studies for catecholamine metabolites should be
considered in high-risk families [80]. Patients also need regular evaluations for

Table 12.4 Diagnostic Criteria for VHL

Without VHL family history:
Present with two or more of the following characteristic lesions

With VHL family history:
Present with one or more of the following characteristic lesions

* Spinal or cerebellar hemangioblastoma
 Retinal angioma
* Adrenal or extra-adrenal pheochromocytoma

* Renal cell carcinoma
e Multiple renal and pancreatic cyst
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neurologic symptoms, visual impairment, and hearing loss. As a result, all patients
with VHL require lifelong monitoring for associated tumors.

12.4.3 Neurocutaneous Tumor Syndromes in von
Hippel-Lindau disease

The disease is classified into type 1, the result of a nonsense mutation or deletion,
and type 2, the result of a missense mutation. Based on adrenal involvement and
risk of pheochromocytoma, type 2 carries risk of pheochromocytoma and type 1
does not [81]. Type 1 typically carries high risk for renal involvement, high risk
for CNS hemangioblastomas, and low risk for the development of pheochromo-
cytomas [82].

Hemangioblastomas are the lesions most frequently observed in VHL disease.
Sporadic hemangioblastomas tend to be solitary in older patients, whereas VHL
disease-related hemangioblastomas tend to be multiple in young adults with mean
age of 29 years [73]. Woodward et al. examined 188 patients with solitary heman-
gioblastoma and without VHL family history [83]. Of these, 5% were found to have
germline mutations in the VHL gene, and another 5% ultimately progress to addi-
tional VHL-related lesions. VHL-related hemangioblastomas have been reported to
harbor germline mutation (94%) and loss of heterozygosity (62%) at the VHL gene.
Over 150 different germline mutations have been identified [84, 85].

Hemangioblastomas in retina and central nerve system. Retinal hemangio-
blastoma is one of the earliest manifestations of the disease, and it has been reported
in early childhood [86, 87]. More than 50% of patients with VHL disease have reti-
nal hemangioblastoma. The retinal lesion has the appearance of aneurysmal dilata-
tion which will manifest to tortuous vessels and lead to retinal detachment with
progressive vision loss [88]. Other VHL-associated hemangioblastomas are circum-
scribed vascular tumors usually found in posterior fossa (80%) and spinal cord
(20%) and rarely in the cerebral hemispheres. These tumors usually are found in
patients after the third decade of life. They are benign but become symptomatic due
to mass effect caused by adjacent cyst progression or tumor hemorrhage. 80% of
patients with hemangiomas in medulla or spinal cord are associated with syringo-
myelia [89].

VHL disease is suggested to account for approximately a third of patients with
CNS hemangioblastomas. On the other hand, overall CNS hemangioblastomas
occur in 60-80% of VHL patients [73, 90]. The growth of VHL associated heman-
gioblastomas in central nerve system is variable. Some tumors tend to grow rapidly
and others remain quiescent even in the same patient. Surgery for hemangioblasto-
mas in VHL disease in indicated for patients who become symptomatic. Radiological
progression without symptoms should not be an absolute indication for surgical
resection [91]. Radiation therapy, in particular radiosurgery, can provide sustained
control in patients with multiple or surgically inaccessible solid hemangioblasto-
mas. Radiosurgery does not control the growth of associated cysts [92].
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Chemotherapy to date has not yielded good tumor control rates. Targeted therapy,
such as vascular endothelial growth factor (VEGF) inhibitors, and gene replacement
therapy are under investigation.

Renal cell carcinoma and pheochromocytoma in VHL. Renal cell carcinoma
(RCC) is the most common malignancy in VHL patients occurring in 24-45% of
cases. In contrast to sporadic RCC, VHL-related RCC tends to be multifocal, bilat-
eral and highly recurrent, although its metastatic potential is low. It has a clear cell
appearance and is an important cause of death in VHL patients [90, 93]. Once iden-
tified, surgery is the treatment of choice with partial nephrectomy or radio frequency
ablation when there is limited tumor involvement. Total nephrectomy or even bilat-
eral nephrectomy is reserved for those patients with extensive tumor involvement,
recognizing that renal dialysis is possibly required after surgery to sustain life [94].
Although the risk of RCC varies in different subtypes of VHL disease, in the most
common forms the lifetime risk is 70% with 40 years of age being the mean age at
clinical diagnosis.

Pheochromocytoma is a rare tumor and is present in about 0.2% of patients
presenting with hypertension [95]. The majority of pheochromocytomas are spo-
radic; however, 15-20% are inherited as a part of the familial disorder. Familial
pheochromocytoma are associated with von Hippel-Lindau (VHL) disease and
multiple endocrine neoplasia II (MEN II) [96]. VHL disease accounts for 50% of
patients with apparently isolated familial pheochromocytoma and 11% of patients
with an apparently sporadic pheochromocytoma [93]. Mean age at diagnosis of
pheochromocytoma in VHL disease is around 30 years. Both adrenal and extra-
adrenal pheochromocytoma can occur in VHL disease. Pheochromocytoma dif-
fer from hemangioblastoma and clear cell renal cell carcinoma in that they are
not richly vascularized and they are involved in several other tumor syndromes
[93]. Genetic testing for VHL gene and radiological screening tests may be con-
sidered to establish early diagnosis in other members of familial pheochromocy-
toma [97].

12.4.4 Spinal Cord Tumor in von Hippel-Lindau disease

VHL disease accounts for approximately 10% of patients with an intramedullary
spinal hemangioblastoma. On the other hand, up to 25% of patients with intramed-
ullary hemangioblastomas will have evidence of VHL [98]. The tumor tends to
occur in dorsal or dorsolateral parts of the spinal cord with pial attachment. They
show a cervical predominance when they occur in association with VHL and typi-
cally present with progressive sensory deficits or proprioceptive deficits. Patients
with VHL tend to become symptomatic at an earlier age [99].

MRI is the diagnostic test of choice for intramedullary hemangiomas (Fig. 12.5).
MRI findings demonstrate “flow-void” phenomenon that reflects prominent feeding
arteries or draining veins. Heterogeneous enhancement pattern also represents a
vascular tumor parenchyma, comprising closely packed blood vessels interspersed
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Fig. 12.5 Coronal (a) and axial (b) MRI with gadolinium identifying intramedullary hemangio-
blastomas of the thoracic spinal cord. Intraoperative view of the hemangioblastomas (c, d)

with stromal cells [100]. Regardless of tumor size, they are often associated with
significant edema and syrinx formation [101].

Microsurgical resection is the primary treatment for intramedullary hemangio-
blastomas of the spinal cord (Fig. 12.5). The indications for surgical resection in
the setting of sporadically occurring spinal cord hemangioblastomas differ from
those occurring in VHL patients. Resection is necessary in patients with sporadic
tumors both for diagnosis and to ameliorate symptoms. In the VHL patients with
intramedullary hemangioblastomas, the surgical indications are based on the pres-
ence of symptoms and signs. Therefore, asymptomatic tumors may be followed
clinically/radiographically and should be resected only when they become symp-
tomatic. Preoperative spinal angiography can be of value prior to surgery in help-
ing to determine the location and the nature of the feeding artery and delineate
vascular supply [102]. Preoperative embolization may serve as an adjunct to sur-
gery for those associated with arteriovenous shunt, for cord dysfunction related to
venous congestion, or in cases harboring the risk of torrential intraoperative bleed-
ing [103].

Clinical series have demonstrated that these lesions can be resected safely with
preoperative neurological function serving as the best predictor of neurological out-
come after surgery. Anatomically, hemangioblastomas arise from the pial layer and
are considered juxta-medullary, but can exhibit an encapsulated component [104].
Surgical resection is complicated by the risk by of bleeding and local ischemia dur-
ing surgery [105]. Complete resection is possible with the use of microsurgical
techniques [106]. Targeted therapies, such as SU5416 (VEGF inhibitor), thalido-
mide, and bevacizumab (pan-VEGF inhibitor), have been reported to stabilize the
disease in small case series [107-109].
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12.5 Conclusion

Our understanding of VHL has come a long way since Van Der Hoeve described
these three disorders (neurofibromatosis, tuberous sclerosis, and von Hippel-Lindau
syndrome) according to their ophthalmologic manifestations in 1923, and the later
discovery of the NF1, NF2, and VHL genes in the early 1990s. Now, advanced tech-
niques of microsurgical technique and stereotactic radiosurgery set a high bar for
tumor treatment. New targeted therapies are showing promise for CNS tumors aris-
ing in this population of at-risk individuals. However, CNS tumors, including spinal
cord tumors associated with the neurofacomatosis, comprise a group of tumors that
are histologically benign, but have significant clinical consequences. Multi-
disciplinary management with early diagnosis is the mainstay of management.
Hopefully a more advanced understanding of the molecular mechanisms will trans-
late to new targeted therapies or perhaps gene replacement therapies which will
revolutionize the outcomes in this group of patients.
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