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Pediatric meningioma: current approaches and future direction

Rishi S. Kotecha - Reimar C. Junckerstorff -
Sharon Lee - Catherine H. Cole - Nicholas G. Gottardo

Received: 7 November 2010/ Accepted: 13 December 2010/ Published online: 4 January 2011

© Springer Science+Business Media, LLC. 2011

Abstract With improvement in leukemia therapy, central
nervous system (CNS) tumors are the leading cause of
cancer mortality in children and the most expensive of all
human neoplasms to treat. Meningiomas are rare intracra-
nial tumors in childhood and adolescence arising from
arachnoid cell clonal outgrowth in the meninges. There
have been no collaborative prospective therapeutic trials
for pediatric meningioma because of its rarity, and the best
evidence for management comes from retrospective case
analyses and extrapolation from the treatment of adult
meningioma. However this may not be ideal, because the
underlying biology of adult and pediatric meningiomas
seems to be different, as is the case for other CNS tumors.
In addition, treatment of pediatric brain tumors requires
consideration of long-term quality of life. This review
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reflects on what is currently known about pediatric
meningiomas and opportunities for future directions.
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Introduction

Meningiomas constitute 0.4-4.6% of pediatric central
nervous system (CNS) tumors [1]. In marked contrast,
meningiomas account for approximately 30% of all pri-
mary CNS tumors in adults. Only 1.5-2.0% of all menin-
giomas occur in children [1]. They are twice as common in
women as in men [2], whereas in children there is a slight
male predominance. The incidence of pediatric meningi-
oma increases with age [3] and the mean age at diagnosis is
greater than that of other pediatric CNS tumors [4].
Infantile meningiomas are exceedingly rare [5]. The 2010
Central Brain Tumor Registry of the United States statis-
tical report for tumors diagnosed between 2004 and 2006,
recorded a total of 285 pediatric meningiomas, with 84
cases occurring in the first decade of life and 201 in the
second decade, whereas in adults 53,170 meningiomas
were recorded [6].

Etiology

A number of factors are known to contribute to pediatric
meningioma. Neurofibromatosis type 2 (NF2) and ionizing
radiation are well known risk factors and are discussed in
detail below. Rare associations include Gorlin syndrome,
especially in those who have previously received cranial
radiotherapy [7-9]. Gorlin syndrome, also known as mul-
tiple basal cell carcinoma syndrome, is an autosomal
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dominant condition, due to mutations in the patched
(PTCH) gene on chromosome 9, and involves defects
within multiple body systems. There is one report of seven
children with chordoid meningiomas and systemic mani-
festations of Castleman’s disease [10], a rare, lymphopro-
liferative disorder characterized by non-malignant tumors
at a single or multiple sites throughout the body. Menin-
giomas have been associated with Rubenstein—Taybi syn-
drome [11]. Rare cases of familial meningiomas without
underlying genetic syndrome have been reported [12].
Meningioangiomatosis (MA) has the most notable associ-
ation with meningioma and is further discussed below.

Neurofibromatosis type 2

After vestibular schwannoma, meningiomas are the second
most frequent tumor in patients with NF2, seen in 53% of
patients and 83% of those with the early onset, more
severe, “Wishart variant” [13]. However, neurofibroma-
tosis type 1 is not associated with an increased risk of
meningioma [14]. NF2-associated meningiomas have not
been shown to differ significantly from sporadic pediatric
tumors with regard to clinicopathological and genotypic
features. However, NF2-associated meningiomas have
a higher frequency of multiplicity and merlin loss, and
sporadic pediatric meningiomas have a higher incidence of
brain invasion [15]. Patients with NF2 have a higher risk of
developing meningiomas of the spinal canal and optic
nerve sheath [16]. Loss of NF2 gene expression (which is
located on 22ql2) occurs in almost all NF2-associated
meningiomas and 40-60% of sporadic meningiomas [17].
The high incidence of meningiomas in NF2, the fact that
this population is more prone to develop multiple menin-
giomas, and presentation at an earlier age conforms to
Knudson’s “two-hit” hypothesis, in that only one addi-
tional hit of the NF2 gene is required for tumorigenesis.

Ionizing radiation

Cranial radiotherapy is a risk factor for meningioma devel-
opment. There is a nearly tenfold higher risk for children with
radiation exposure compared to those without [18]. The high
sensitivity of arachnoidal tissue to irradiation in the meninges
of children increases vulnerability to oncogenic stimulation.
Ionizing radiation causes mutations in the genome, either
directly or indirectly via formation of free radicals. High doses
elicit a more rapid loss of cellular control mechanisms and
failure of the DNA repair system, eventually leading to tumor
formation. Radiation-induced meningiomas rarely manifest in
childhood, although they remain an ever-increasing problem
among adults, allowing for the latency period from the time of
irradiation to clinical onset and that the incidence of menin-
giomas is known to increase as a function of time [19].
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A comprehensive literature review of radiation-induced
brain tumors after CNS irradiation in childhood has been
recently published [20]. Primary diseases encompassed
both CNS and hematological tumors. Thirty-three World
Health Organization (WHO) grade I and seven WHO grade
II meningiomas of atypical subtype were identified. There
was no clear correlation between dose of radiotherapy
delivered and histological grade of the secondary menin-
gioma. The latency period for the occurrence of secondary
atypical meningiomas did not differ between children and
adults, whereas the mean latency period for the occurrence
of secondary benign meningiomas was longer in adults.

Compared with spontaneous meningiomas, radiation-
induced meningiomas in adults are characterized by
younger age at diagnosis, atypical or malignant pathology,
multiplicity, and recurrence [21]. In children, radiation-
induced meningiomas arise within the irradiation field by
definition, are more likely to be multifocal, and have high
proliferative potential and high degrees of atypia and
mitosis. Higher levels of radiation exposure are associated
with a shorter latency period, suggesting a dose effect [18].
The latency period is shorter for patients irradiated at less
than five years of age and for those who developed atypical
or anaplastic meningiomas [5].

Radiation-induced meningiomas often have complex
structural and numerical chromosomal abnormalities con-
sistent with DNA damage induced by irradiation. Loss of
Ip, 6q, 7p, and chromosome 22 have been described in
adult radiation-induced meningiomas [22, 23]. NF2 gene
alterations play a less important role in the pathogenesis of
radiation-induced meningioma than sporadic meningiomas
without previous history of radiation [24]. No specific
molecular patterns enabling differentiation between radio-
induced and spontaneous lesions have been identified.
Specific cytogenetic signatures of pediatric radiation-
induced meningiomas have yet to be ascertained. Brassesco
et al. [25] have demonstrated loss of 1p and complex
aberrations of chromosomes 1, 6, and 12 in a pediatric
radiation-induced meningioma.

Meningioangiomatosis

MA is a rare hamartomatous lesion of the CNS charac-
terized by proliferation of meningothelial cells, microvas-
culature, and fibroblasts. It can occur sporadically or in the
setting of neurofibromatosis (NF), especially type 2.
Patients can be asymptomatic, especially those with NF, or
present with a long history of seizures and/or headache, as
is often seen in sporadic cases. Meningioma associated
with MA is even rarer. The total number of cases reported
under the age of 18 of meningioma associated with MA is
19 [4, 26-31]. There is a male predominance (12 males, 7
females), with all cases located in the fronto-temporal



J Neurooncol (2011) 104:1-10

cortex. All meningiomas were WHO grade I tumors except
for one atypical meningioma. One case had NF. The
pathogenesis of this condition remains unclear. Cytoge-
netic studies have demonstrated loss of NF2 gene expres-
sion in both the MA and meningioma components but a
much higher proliferation index (MIB-1 labeling index
(LI)) in the meningioma than in the MA component. This
suggests that both the meningioma and MA undergo the
same overlapping clonal process with the meningioma
undergoing additional genetic alterations that confer a
greater proliferative potential [29, 32, 33]. In benign
meningiomas associated with MA, histological appear-
ances are known to mimic brain invasion, so careful his-
topathological interpretation is necessary. Outcomes in this
subgroup have generally been favorable. Five deaths have
been recorded—two postoperative, one disease-related, one
unspecified, and one unrelated. Thirteen patients were alive
at the end of their follow-up periods, with one having
sustained a recurrence two years after subtotal resection of
the tumor. This patient had a high MIB-1 LI of 15%. The
recurrence was treated with stereotactic radiosurgery and
no further recurrence occurred during the four-year follow-
up [31]. Clinical outcome was unspecified for one patient.

Clinical features

Common presenting signs and symptoms include those of
raised intracranial pressure (headache, vomiting and papil-
ledema), seizures, visual disturbance, motor disturbance, and
cranial nerve defects. The most frequently affected CNS
locations in children are supratentorial and include the
cerebral convexity, intraventricular, anterior and middle
cranial fossae, falcine and parasagittal regions. Infratentorial
meningiomas occur more frequently in children than in
adults (20% [26] vs. 8—10% [34]). There is a greater inci-
dence of intraventricular meningiomas in children (11.3%
[26] vs. 0.5-2% [35]). Of intraventricular tumors, third
ventricular tumors are rare [36]. Meningiomas can occur in
other unusual locations in children, for example intrapa-
renchymal, intraosseus and deep within the Sylvian fissure.
One adult study has reported distinct patterns of gene
expression in spinal meningiomas compared with intracra-
nial meningiomas [37], suggesting spinal meningiomas are a
different clinical, biological, and genetic entity, although no
studies have been subsequently performed.

Histological and immunohistochemical features
Meningiomas are histologically classified according to the

WHO grading system. The most recent revision of the
WHO grading system was published in 2007, with the most

significant change recognizing brain invasion as reflecting
more aggressive biological potential. Most pediatric
meningiomas are WHO grade I (80.6%) with WHO grade
II (10.4%) and III (8.1%) tumors occurring less frequently
(Figs. 1, 2 and 3) [38].

In adults, the incidence of WHO grade II and III
meningiomas is lower than in children, constituting
4.7-72% and 1.0-2.8% of cases, respectively [39]. Meta-
static meningioma is extremely rare in children, with iso-
lated cases of extracranial metastases reported in the lung,
liver, lymph nodes, and bone in patients with WHO grade 111
meningiomas [26, 40-42]. Similarly, metastatic disease is
rare in adults, estimated to occur in 0.1% of patients [43].
There is a known association between clinical behavior and
histological grade. The association is stronger for sporadic
adult meningiomas, because one study has shown recur-
rence/death to be relatively common in pediatric patients
with WHO grade I tumors [15]. However, recurrence-free

Fig. 1 Sheets of tumor cells with uniform oval nuclei from a
meningioma, WHO grade [

Fig. 2 Atypical meningioma with brain invasion, WHO grade 11
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Fig. 3 Marked nuclear atypia and elevated mitotic index (>20
mitotic figures/10 high-power fields) in an anaplastic meningioma,
WHO grade III

survival was significantly related to WHO grade in the
largest published cohort of pediatric meningiomas [9].
Atypical and malignant transformation is a recognized
phenomenon and has been identified in several cases at
recurrence [44].

In adults, the staining index for the anti-Ki-67 mono-
clonal antibody, MIB-1, is correlated with histological
atypia and tumor recurrence [45-50]. Ki-67 is a nuclear
antigen expressed during active phases of the cell cycle (Gy,
S, G,, and M phases) but is absent during the G, phase. The
monoclonal antibody, MIB-1, detects the Ki-67 antigen and
is used as a marker of cellular proliferation. A higher MIB-1
LI indicates shorter cell cycle times and faster tumor growth
[50]. In pediatric meningiomas, most studies concur that
MIB-1 LI correlates with tumor grade [15, 27, 50], although
there is substantial overlap of MIB-1 LI values between
histological grades and significant inter-institutional varia-
tion is often noted because of different counting and
staining techniques. One study correlated elevated MIB-1
LI with meningioma recurrence [50], whereas other studies
did not demonstrate statistical significance [1, 15, 27, 51].
Im et al. [4] correlated high MIB-1 LI with large tumor size
and short symptom duration, but not with adverse outcome
or higher histological grade. Although MIB-1 LI provides a
useful adjunct in relating tumor to histological grade in
children, it cannot be used in isolation because of sub-
stantial overlap between histological grades. There is a
paucity of data to support its use in predicting recurrence in
pediatric meningioma. Other immunohistochemical mark-
ers that are useful for confirming meningothelial phenotype
include epithelial membrane antigen and vimentin.

Based on an association with breast cancer and female sex
predominance in combination with observations of acceler-
ation of tumor growth during pregnancy and the luteal phase
of the menstrual cycle in adults, a tumorigenic role of
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hormones in meningioma has been suggested. Adult hor-
mone immunohistochemical receptor studies revealed an
inverse relationship between progesterone receptor (PR)
expression and tumor proliferation and histological grade
[17,52]. In adult meningiomas, gene expression has revealed
an association with PR status, with significant up-regulation
of genes on the long arm of chromosome 22 and near the NF2
gene in PR positive lesions compared with PR-negative
lesions, suggesting a higher rate of 22q loss in PR-negative
lesions [53]. A clear consensus on the prognostic value of PR
status in predicting recurrence in adult meningioma is yet to
be drawn. Some studies have suggested PR negativity as a
strong predictor for recurrence, whereas others have been
unable to find a statistically significant correlation between
the two variables [54—56]. Inmunohistochemical expression
of the estrogen receptor (ER) is traditionally low in adult
meningioma, and its role is less well described. A few recent
reports have demonstrated higher ER expression in menin-
gioma, although not to the levels observed for PR expression
[52, 57]. ER-positive tumors have been correlated with
aggressive clinical behavior, higher proliferation indices,
progression, recurrence, and karyotype abnormalities in a
small number of recent studies, although much more vali-
dation is required before it can be regarded as an adjunctive
prognostic variable [58, 59]. Androgen, somatostatin,
growth hormone, and prolactin receptors have also been
identified in adult meningiomas.

There is scant information about children but reports
tend to concur with adult data, that PRs are more frequently
present than ERs. Sheikh et al. [60] found three of their
WHO grade I specimens negative for ER and positive for
PR. In keeping with adult meningioma, Perry et al. [17]
observed an approximate inverse association between PR
expression and tumor grade in pediatric meningiomas. PR
expression was of similar frequency, irrespective of age at
presentation [17, 61]. PR status was not related to clinical
outcome. PR status as an adjunctive diagnostic marker in
pediatric meningioma is limited because of the degree of
overlap amongst histological grades and because both PR
positivity and negativity are encountered in all grades. The
role of hormones and their receptors in the pathogenesis of
meningiomas remains to be elucidated.

In adult meningioma, the prognostic value of p53
immunohistochemical overexpression remains controver-
sial. Although most agree that higher p53 expression cor-
relates with poorer histological grade, there is no clear
consensus as to whether there is an association with
recurrence [1, 45, 46]. p53 immunohistochemistry in
pediatric meningioma is not well described. For twenty-
seven tumors Gao et al. [1] could not relate p5S3 immu-
noreactivity to recurrence. In addition, p53 expression in
four tumors described by Alexiou et al. [51] did not relate
to histological grade or outcome.
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Interestingly, a recent report of an 11-month-old child,
in whom there was growth of chronic bilateral subdural
collections, demonstrated overexpression of aquaporin 1 in
the meningioma specimen and blood vessels on immuno-
histochemical staining. This suggests strong expression
of aquaporin 1 in tumor vessels could be linked to cyst
formation and fluid overproduction leading to subdural
collections [62]. This finding has yet to be repeated.

Radiological features

On magnetic resonance imaging (MRI), meningiomas are
iso-hypointense on T1-weighted imaging and hyperintense
on T2-weighted imaging. Marked gadolinium enhancement
is seen (Fig. 4). MRI is superior to computed tomography
(CT) in providing detailed information about the tumor.
MRI enables better delineation of tumor borders, associ-
ated edema, interfaces, and cystic areas. The “dural tail
sign” can occur as a characteristic feature, although it is
not present in every case, and reflects neoplastic dural
infiltration or reactive vascularity or both, draining into the
adjacent dura. CT appearances are of a hyperdense mass
with variable calcification, edema, and hyperostosis. CT is
more effective than MRI at demonstrating the effects on
adjacent bone [63]. On CT, meningiomas enhance homo-
geneously and diffusely after contrast [60, 64—66]. Several
studies have looked at the correlation between MRI signal
changes, diffusion-weighted MR, MR spectroscopy, and

Fig. 4 MRI demonstrating a vividly enhancing solid meningioma in
the superior aspect of the right cerebral hemisphere associated with
non-wall enhancing cysts. Cyst indicated by arrow

Fig. 5 MRI demonstrating punctate foci of calcification seen within a
solid meningioma in the superior aspect of the right cerebral
hemisphere associated with marked peri-tumoral and peri-cystic
edema. Peri-tumoral edema indicated by arrow

positron emission tomography with histopathology in adult
meningiomas. Whereas some studies have revealed a cor-
relation between imaging features and tumor grade, others
have not. Consequently, no clear consensus has been
reached [63, 67-73].

Meningiomas can also have a cystic component (Fig. 4).
Pediatric meningiomas are more likely to be cystic than their
adult counterparts (24% vs. 2—4%) [74]. Four types of cyst
have been described in meningiomas. The cyst may be intra-
tumoral, either in the center (type I) or on the periphery (type
II), or peri-tumoral, either within the brain substance (type
IIT) or at the brain-tumor interface (type IV) [60]. Type II
cysts are the most frequent in pediatric meningiomas [75].
Cysts form after necrosis, degeneration, and hemorrhage.
Glial response or arachnoid reaction may also contribute [1].
Pediatric meningiomas have been noted to be larger in size
compared to adult tumors [64]. Multiple meningioma at
presentation is less common in children than adults (2.5% vs.
8-9%) [76]. Lack of dural attachment is rare in adults but can
be found in up to 13-30% of childhood cases [77]. Calcifi-
cation is another finding that can be present on imaging
(Fig. 5) and is more readily seen on CT than MRI.

Molecular abnormalities

In adults, meningioma was the first solid tumor associated
with a characteristic cytogenetic abnormality, monosomy
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22 [78, 79]. Subsequent studies revealed that loss of NF2
gene expression was an early tumorigenic event. Loss of
heterozygosity on chromosome 22q with bi-allelic inacti-
vation of the NF2 tumor suppressor gene is one of the most
frequently observed genetic alterations [17]. Merlin is the
resulting protein product of NF2 gene expression and is
thought to play a role in regulating cell growth (particularly
under conditions of increased cell density), cell motility,
binding of several transmembrane signaling proteins, and
interaction with important proteins. Meningioma-associ-
ated NF2 mutations result in a truncated non-functional
merlin protein. Other genes located on chromosome 22q
that have been implicated in meningioma tumorigenesis
include BAM?22, breakpoint cluster region (BCR), and
TIMP metallopeptidase inhibitor 1 (TIMP-1), the latter in
higher-grade meningiomas [43]. Protein 4.1 molecules are
structurally similar to merlin and losses of 4.1R and 4.1B
protein, because of differentially expressed in adenocarci-
noma of the lung 1 (DALI) gene deletions on chromosome
18p11.32, have been demonstrated in adult meningiomas.
The precise functions of protein 4.1 tumor suppressor
genes have yet to be elucidated. Deleted in liver cancer 1
(DLCI) is a recently identified tumor suppressor gene
located on chromosome 8p21.3-22 that may have a role in
meningioma formation [80].

In adults, cytogenetic alterations associated with
meningioma progression and atypical/anaplastic histology
are well characterized. These include the presence of
dicentric or ring chromosomes, losses of chromosome arms
1p, 69, 9p, 10, 14q, and 18q, and gains/amplifications on 1q,
9q, 12q, 15q, 17q, and 20q [81]. Alterations of the cyclin
D-dependent kinase tumor suppressor genes, CDK2NA
(p16™K* p14*RFy and CDK2NB (p15™%*), on chromo-
some 9p21 are found in approximately two thirds of ana-
plastic meningiomas [82]. Loss of cell adhesion molecule 1
(CADM1I) gene expression, previously known as tumor
suppressor in lung cancer-1 (7SLCI), on chromosome
11923 has been correlated with increased tumor grade [83].
Aberrant CpG island hypermethylation has been associated
with atypical and anaplastic meningiomas [84]. Whereas
NF2 and DALI deletions are strongly implicated in
meningioma pathogenesis, 1p and 14q deletions are pro-
gression-associated markers associated with higher tumor
grade. Reduced expression of maternally expressed gene 3
(MEG3) and N-myc downstream regulated gene 2
(NDRG2) have been identified on chromosome 14q [43].

Overexpression of various growth factors, for example
platelet-derived growth factor (PDGF), epidermal growth
factor (EGF), vascular endothelial growth factor (VEGF),
insulin like growth factor (IGF), and transforming growth
factor-beta (TGF-f}), and their receptors, together with their
downstream signaling pathways, including Ras/mitogen-
activated protein kinase (MAPK) and phosphatidylinositol
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3-kinase (PI3K)/AKT, have been shown to occur in the
pathogenesis of adult meningioma [85]. Deregulation of
the Notch, hedgehog, and beta-catenin/wnt pathways have
also been identified [86].

Limited molecular characterization has been performed
in pediatric meningiomas. Most reports consist of only a
few cases. As with adults, chromosome 22 abnormalities
are the most frequent change [87-91]. Biegel et al. [87]
also described ring and dicentric chromosomes, loss of
chromosome 6, and loss of chromosome 1 in several cases
in their initial series and suggested that complicated kar-
yotypes may be associated with increased risk of recur-
rence. Perilongo et al. [65] performed karyotype analysis
for five patients. Three had chromosome 22 abnormalities,
with two having more complex numerical and structural
changes. Zwerdling and Dothage [92] performed karyotype
analysis on eight patients; all yielded abnormal results.
Three had chromosome 22 abnormalities. Several other
unusual trisomies, translocations, duplications, and dele-
tions were also observed. Perry et al. [15] found that co-
deletion of four chromosome sites (NF2, DALI, 1p, and
14q) increased with tumor grade. NF2 and DALI deletions,
with corresponding loss of protein products, were common
across all tumor grades, further supporting the role of these
genetic lesions in early tumor development. 1p and 14q
deletions, both individually and in combination, were more
frequently observed in higher tumor grades. The associa-
tion was weaker than reported in adult meningiomas,
because these deletions were also frequently evident in
histologically benign pediatric meningiomas. Although
pediatric and NF2-associated meningiomas have been
shown to share common molecular alterations with their
adult sporadic counterparts, a higher fraction are geno-
typically and phenotypically more aggressive [15].

Treatment options

The prognosis of pediatric meningioma has improved over
the years with advances in surgical techniques and sup-
portive care. The largest case series of 87 pediatric
meningiomas reported a mortality of 10.6% and recurrence
of 19.4%. Other than recurrence-free survival being sig-
nificantly related to WHO grade in this cohort [9], there has
been no statistical validation of prognostic factors and
treatment of pediatric meningioma. Recommendations
have largely been drawn from retrospective case analyses
and the treatment of adult meningioma.

Gross total resection is the ultimate therapeutic objec-
tive in children [16] and adults, and re-resection should be
considered in the event of initial subtotal resection.
Resection of the dural origin/attachment is recommended,
because there is a higher reported incidence of recurrence if
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dural attachment is left behind [16]. In children, tumor size,
vascularity, and location may hamper the ability to perform
a gross total resection, because of the risk of excessive
intra-operative hemorrhage and post-operative neurological
morbidity. In this instance, staged multiple procedures are
recommended [16]. Pre-operative embolization may be
useful in giant vascular tumors, although the risk of
procedural morbidity because of small vessel caliber in
children must be taken into account.

Because of lack of evidence for children and adults,
guidelines for radiotherapy are limited, and use varies sig-
nificantly between institutions. Recommendations are based
on adult retrospective series [16, 93]. Current National
Institute for Health and Clinical Excellence recommenda-
tions for adult patients suggest radiotherapy be considered
for those with WHO grade II or III tumors, multiple relapses,
contraindication to surgery, invasion of adjacent brain, or
extensive invasion of other tissues [94]. The National Cancer
Institute (NCI) is currently conducting a phase II risk strat-
ified trial of observation or radiotherapy in adults with WHO
grade I, II, or III meningioma (http://www.cancer.gov). In
children, the use of radiotherapy must be balanced against
the risk of significant late sequelae. This is particularly
important in infants and young children, whose CNS is more
vulnerable to the effects of radiotherapy. The Children’s
Cancer and Leukaemia Group (CCLG) suggests consider-
ation of three-dimensional (3D), conventionally fraction-
ated, conformal radiotherapy in WHO grade I and II
meningiomas after multiple relapses not amenable to further
surgery or evidence of clinically relevant progression after
incomplete resection, especially if the tumor threatens to
compromise vital functions, and in all WHO grade III
meningiomas at time of diagnosis, irrespective of surgical
outcome [16]. The use of stereotactic radiosurgery has been
reported for adults with small tumors [16, 39, 95], however
there are limited data on the use of this modality in children.
Stereotactic radiosurgery was used for successful treatment
of a child with recurrence of meningioma in association with
MA [31]. Gamma-knife radiosurgery was successful for
three children with recurrent meningioma [4, 96]. Use of
proton beam therapy and intensity-modulated radiation ther-
apy in adults has had promising results [39, 82, 97], although
use is limited as these modalities are not currently widely
available compared with 3D conformational radiotherapy.

Use of drug therapy in the treatment of meningioma has
been disappointing. In adult meningioma, various chemo-
therapeutic agents have been investigated, including single-
agent temozolomide and irrinotecan, and combinations of
adriamycin, vincristine, dacarbazine, and cyclophospha-
mide, or high-dose ifosfamide. However, none has demon-
strated any benefit [85]. Hydroxyurea, an oral ribonucleotide
reductase inhibitor, was marginally beneficial. Stabilization
of progressive adult meningiomas using interferon alpha-2B

has been reported in a small cohort of patients. Anti-
hormonal therapies have not been successful using
mifepristone, an anti-progesterone agent, or tamoxifen, an
anti-estrogen agent [85].

Trials of molecularly targeted therapies have included
the EGF receptor inhibitors, gefitinib and erlotinib. How-
ever, they did not have significant activity against recurrent
meningioma [85]. Several NCI phase I trials are currently
open, for recurrent or progressive adult meningiomas,
investigating a variety of novel molecularly targeted ther-
apies including bevacizumab (VEGF antibody) alone and
in combination with everolimus (mammalian target of
rapamycin (mTOR) inhibitor), hydroxyurea, and imatinib
mesylate (PDGF receptor inhibitor), vatalanib (VEGF
receptor and PDGF receptor inhibitor), and sunitinib malate
(VEGF receptor and PDGF receptor inhibitor) (http://
WWW.cancer.gov).

In-vivo experiments have demonstrated growth-inhibi-
tory effects of several different agents including calcium
channel antagonists [86]. Consequently, verapamil, a cal-
cium channel antagonist, is currently being investigated in
a NCI phase II trial, in combination with hydroxyurea
for recurrent or progressive adult meningiomas (http://
www.cancer.gov). A pilot study using the sustained-release
somatostatin receptor agonist, sandostatin LAR, has
revealed some efficacy against meningiomas which over-
expressed the somatostatin receptor [85]. Pasireotide LAR,
a somatostatin receptor agonist, is being investigated in a
NCI phase II trial for recurrent or progressive adult
meningiomas (http://www.cancer.gov).

Use of chemotherapy in eight pediatric meningioma
cases has been reported. One patient remained alive three
years after receiving hydroxyurea and an unspecified phase
II agent after subtotal resection of a malignant meningioma
[92]. Another patient remained alive four years after gross
total resection of a rhabdoid meningioma and receipt of
unspecified chemotherapy (J. Sudhir, personal communi-
cation). Another case received unspecified chemotherapy
and was lost to follow-up [9]. The other five patients
died—in three chemotherapy was unspecified [9, 42, 98],
one received intrathecal methotraxate and radiation after
gross total resection of a meningothelial meningioma, and
the other received vincristine, ifosfamide, adriamycin, and
cyclophosphamide and radiation after subtotal resection of
a malignant meningioma [92]. There are no pediatric-spe-
cific meningioma drug trials currently open. Based on
current evidence there is no recommendation for the use of
drug therapy in children or adults with meningioma.

In a pediatric patient in whom meningioma is diagnosed,
work up should include assessment for presence of NF2
and Gorlin syndrome. Referral to a geneticist should be
undertaken, because manifestations of NF2 are often absent
at the time of presentation and somatic mosaicism can

@ Springer


http://www.cancer.gov
http://www.cancer.gov
http://www.cancer.gov
http://www.cancer.gov
http://www.cancer.gov
http://www.cancer.gov

J Neurooncol (2011) 104:1-10

occur in up to 33% of patients with NF2, which may
explain milder phenotypes. New germline mutations
account for 50% of NF cases and so family history is
frequently negative [14]. Life-table analyses from adult
series have revealed relapses as late as 15 years after initial
surgery, so long-term follow-up for pediatric patients is
mandatory [92]. The CCLG recommend annual MRI sur-
veillance for at least 10 years [16]. In the setting of NF2,
Gorlin syndrome, or a previous history of cranial irradia-
tion, follow-up should be life-long. Long term sequelae of
pediatric meningioma survivors should not be overlooked
and include visual deficits, neuropsychological abnormal-
ities, developmental delay, CNS palsies, motor deficits,
seizure disorders, and sensory deficits.

Future directions

We have entered an era of technology that enables screening
of genes at the molecular level to characterize the molecular
genetic signatures of tumors. Gene expression profiling has
been undertaken in meningiomas derived from adult patients
and has enabled the identification of specific deregulated
pathways, novel genes implicated in meningioma patho-
genesis, and detailed characterization of gene expression
according to tumor grade and gender. SNP-array karyotyp-
ing is enabling identification of a higher frequency of
genomic lesions than traditional cytogenetics, and microR-
NA profiling is opening up new avenues for exploration.

An extensive body of molecular biology data exists for
several pediatric CNS tumors, most notably ependymoma,
medulloblastoma, and glioma. These data have enabled
identification of deregulated growth factors, receptors, and
signaling pathways which are potential targets for phar-
macological intervention. In addition, several molecular
markers have been identified to assist in guiding diagnosis
and prognosis. However, genome-wide profiling of pedi-
atric meningioma has not yet been undertaken. The number
of striking differences between adult and pediatric menin-
giomas probably reflects differing biology, as with other
pediatric CNS tumors, and so treatment considerations and
the molecular characteristics of pediatric meningiomas
should not be presumed to be the same. Within the current
literature, statistical validation regarding prognostic vari-
ables and treatment for pediatric meningioma is lacking.
We must take advantage of these sophisticated molecular
biology tools to molecularly characterize pediatric menin-
giomas, and use the knowledge in the clinical setting, such
that a therapeutic international prospective randomized
controlled trial, which includes collection of tumor sam-
ples, can be considered in the not too distant future. Only
then are we likely to achieve significant progress in the
treatment of pediatric meningioma.

@ Springer
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