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Abstract
Introduction Although meningiomas are frequently diag-
nosed in adults, it is a rare (intracranial) tumor in the pediatric
population, with an incidence of 0.06/100,000. The pathology
and treatment of meningiomas in adulthood has been a topic
of increasing investigation. So far, the treatment of pediatric
meningiomas has been extrapolated from these results. The
question remains, however, whether translation of adult me-
ningioma data into the childhood population is legitimate.
Methods We present the case of a 3-year-old girl diagnosed
with an intraventricular malignant meningioma and type 2
neurofibromatosis. She was operated on multiple times to
achieve complete resection and received adjuvant chemother-
apy. Since, she has been stable with no neurological sequelae
and/or recurrence of the meningioma.
Conclusion Pediatric meningiomas are rare tumors and differ
from their adult counterparts in various aspects. We believe that
gross total resection of meningioma in the pediatric population,
when possible, is the treatment of choice. In the event of a
subtotal resection, repeat resection is recommended. Any adju-
vant treatment with chemotherapy or radiation therapy should
be carefully considered during multidisciplinary meetings.
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Introduction

Meningiomas in childhood are rare intracranial tumors as op-
posed to meningiomas occurring in adulthood (24–30% of CNS
tumors) [12]. In a large meta-analysis covering published menin-
gioma data from the year 1948 until 2007, Kotecha et al. could
only identify 677 children and adolescents with meningioma
[13]. Childhood meningioma constituted 2.2 % of pediatric
CNS tumors [13]. In a recent Dutch study, the calculated inci-
dence of operated childhood meningiomas was as low as 0.06/
100,000 children [23]. To date, the genetic and molecular back-
ground of meningiomas is studied extensively and results have
posed more targeted therapies [1]. These results, however, are
most often obtained from meningiomas in adult patients and
extrapolated to the pediatric population [24]. It is debated wheth-
er this approach is legitimate, since remarkable differences in
childhood and adult meningioma have been observed besides its
lower incidence. Interestingly, for example, childhood meningi-
oma shows a more malignant course, as illustrated by pathology
and overall survival [12, 13, 23, 24]. For this reason, we present
the case of a 3-year-old girl diagnosed with two intraventricular
meningiomas and review the literature and treatment of menin-
giomas in the pediatric population.

Case presentation

ACaucasian 3-year-old girl was referred to our clinic with gait
disturbances and progressive lethargy since 4 weeks in June
2010. She had no complaints of headache, nausea, or vomiting
and her antecedents were unremarkable. Physical examination
revealed papilledema and no clinical signs of neurofibroma-
tosis. The referring neurologist performed a computed tomog-
raphy scan that showed a large intraventricular tumor with
accompanying hydrocephalus. An MRI scan showed a large
intraventricular tumor 72×48×43 mm in size, located in the
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right lateral ventricle expanding into the foramen of Monro
and a smaller separate lesion in the right temporal horn,
subsequently causing an obstructive hydrocephalus with
transependymal effusion suggestive of increased intracranial
pressure (Fig. 1). The differential diagnosis included a choroid
plexus carcinoma/papilloma, meningioma, or ependymoma.

Four days after admission, she was operated through a
transcortical approach via the right superior frontal gyrus. A
macroscopically complete resection of the lesion in the right lateral
ventricle was thought to be achieved. An MRI within 48 h after
surgery showed postoperative effects and, to our surprise, a resid-
ual lesion (20×18×17 mm) in the third ventricle as well as the
untouched lesion in the right temporal horn (Fig. 2a).

She developed a mild transient left-sided hemiparesis that
recovered after 1 day. The pathology report showed an atyp-
ical meningioma, WHO grade II (Fig. 3, left panel), for which
a wait-and-scan policy was followed, as discussed in our local
pediatric neuro-oncology board. The patient was considered
too young for radiotherapy treatment at that time.

Subsequently, an MRI scan of the cerebrum and neuraxis
was performed 4 weeks later. This MRI showed an increase in
the lesion near the foramen of Monro, no significant change in
size of the lesion in the right temporal horn, and some evidence
of leptomeningeal spread at the C1 level. Considering a poor
prognosis, we decided to start systemic chemotherapy treatment
with hydroxyurea up to a dose of 20mg kg−1. At this point, also
genetic analysis for neurofibromatosis type II was performed.

After 3 months, the treatment was evaluated with MRI
which, unfortunately, again showed a tenfold increase in the
volume of the right lateral intraventricular tumor from 22×
21×28 to 53×49×50 mm (Fig. 2b).

The tumor in the right temporal horn and the suspicious
lesion at the C1 level remained unchanged. Despite all this,
the patient remained neurological unremarkable. She was
therefore again operated on via the same approach in a two-
stage surgery. The postoperative MRI in the following day
showed no signs of residual tumor in the right lateral or third
ventricle. The postoperative course was complicated by dia-
betes insipidus and epilepsy related to an increased

intracranial pressure. This resolved after placement of an
external ventricular shunt. The diabetes insipidus was treated
with Minrin and sodium supplements, and no antiseizure
medication was indicated. No permanent cerebrospinal fluid
shunting was needed. The pathology report now revealed a
malignant meningioma, WHO grade III (Fig. 3, right panel).
After recovery, the hydroxyurea therapy was ceased and she
was treated with etoposide and carboplatin for 21 months.

Fourweeks after surgery, anMRI scan showed the same aspect
and size of the tumor in the right temporal horn, and no residual or
regrowth in the right lateral ventricle (Fig. 2c). Because of this, we
decided to operate on the tumor in the right temporal horn via a
transcortical approach through the inferior temporal gyrus
3 months after the last surgery. The pathology report showed a
WHO grade II meningioma. The postoperative MRI showed no
residual tumor, and the lesion at the C1 level, suspicious for
leptomeningeal metastasis, had again not changed (Fig. 2d).

The chemotherapy treatment was scheduled to continue
until the age of 5 years, at which age she would be amenable
for radiotherapy on the C1 lesion, which had remained stable.
She was, however, diagnosed with neurofibromatosis type 2
(NF2) in August 2012. Because of this diagnosis, we decided
not to go through with the radiotherapy and stop the chemo-
therapy treatment. A further wait-and-scan approach had been
followed since. At the last follow-up in November 2013, the
MRI showed no regrowth of the intraventricular meningiomas
and she remains without neurological symptoms (Fig. 2e, f).

Discussion

We present the case of a 3-year-old girl diagnosed with an
intraventricular malignant meningioma, WHO grade III, and
type 2 neurofibromatosis. She was operated on multiple times
to achieve complete resection and received adjuvant chemo-
therapy. Since, she has been stable with no neurological
sequelae and/or recurrence of the meningioma.

Meningiomas constitute 0.4–4.6 % of pediatric central
nervous tumors, whereas meningiomas account for 30 % of

Fig. 1 Preoperative MRI. Sagittal non-contrast-enhanced T1 MRI (a) and axial contrast-enhanced T1 MRI (b, c)
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all primary central nervous tumors in adults [12]. Childhood
meningiomas account for 1.5–2 % of all intracranial menin-
giomas [10, 25]. In adults, they are twice as common in
women as in men (1.7:1), whereas in children, there is a slight
male predominance (1.3:1) [25, 2]. Known risk factors for
pediatric meningiomas are neurofibromatosis type 2 and pre-
vious radiation therapy [1, 12, 13, 23, 24]. Twenty to 40 % of
pediatric meningiomas develop in patients with neurofibro-
matosis type 2 [24]. Also, Gorlin syndrome (multiple basal
cell carcinoma syndrome), an autosomal dominant inherited
familial cancer syndrome, is associated with pediatric menin-
gioma [20, 24]. Furthermore, meningiomas can be associated
with Rubinstein-Taybi syndrome [18]. Radiation therapy is a

well-known causative factor of meningiomas but is less com-
mon in children than in adults. The time interval between
exposure to radiation therapy and developing meningioma is
less than 20 years after high-dose radiation (>20 Gy) and up to
35 years after low-dose radiation (8 Gy) [24].

Molecular mechanisms are poorly defined in the pe-
diatric population. The initial cytogenetic event leading
to a meningioma is thought to be loss of genetic mate-
rial of the long arm of chromosome 22, which is close
to the neurofibromatosis type 2 gene (22q12) [7].
Furthermore, 1p and 14q deletions are frequently found
in pediatric meningiomas and are associated with higher
recurrence risk [24, 27].

Fig. 2 a Postoperative MRI scan 2 days after initial surgery, contrast-
enhanced axial T1 showing a residual lesion in the third ventricle as well
as a lesion in the right temporal horn. b Contrast-enhanced axial T1 MRI
3 months after starting hydroxyurea therapy, which showed a tenfold
increase in tumor volume. c Contrast-enhanced axial T1 MRI after the

second surgery on tumor in the lateral ventricle and showing a stable
lesion in the right temporal horn. d Contrast-enhanced sagittal T1 MRI of
vertebral column showing a lesion at the level of C1. e, f Follow-up MRI
scan in November 2013 showing no residual lesions intraventricularly

Fig. 3 Left panel HE × 250
depicts an atypical meningioma,
WHO II. Right panel HE × 250
depicts a malignant meningioma,
WHO III
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Arivazhagan et al. [2] compared pediatric meningiomas to
their adult counterparts. They performed a retrospective anal-
ysis of 33 patients under the age of 18 years over a 16-year
period. A feature that distinguished the pediatric from the
adult population was tumor location. Whereas convexity me-
ningiomas are commonest in the adult population, intraven-
tricular and skull base tumors are more common in children.
Liu et al. [15] reported in a series of 675 adult meningiomas
only 3.7 % intraventricular localizations, compared to 19.4 %
in four pediatric series of 98 combined cases [2, 15–17, 19].
Burkhardt et al. [3] described 12 patients under the age of
18 years treated for meningioma, comparing skull base me-
ningioma to non-skull base meningioma. They concluded that
skull base meningiomas were smaller in size but were less
likely to be completely resected [3]. Furthermore, there is a
higher rate of malignancy in pediatric meningiomas and cystic
meningiomas occur more often in children than in adults [8,
25]. These results were corroborated by Thuijs et al. [23].

Santos et al. [21] stated that location of tumor, associated
factors such as radiotherapy and neurofibromatosis type 2, and
extent of excision appear to be more important than histology
in predicting outcome.

Published data regarding the treatment of meningiomas in the
pediatric population are few, and there are no validated guidelines
for managing pediatric meningiomas. Most of the data are extrap-
olated from studies done in the adult population. The question
however remains whether extrapolating results from the adult
population to a pediatric population is correct and legitimate.

Total resection of meningiomas in children has been chal-
lenging because of several factors such as location, size, and
smaller blood volume in children. Kotecha et al. [13] per-
formed a meta-analysis of meningiomas in children and ado-
lescents. Their analysis showed that from a total of 677
children, those who underwent initial gross total resection
had a better relapse free survival (RFS) and overall survival
(OS) than those who had a subtotal resection (RFS: gross total
resection vs subtotal resection, 5 years, 85.8 vs 46%; 10 years,
79.7 vs 32.4 %; and 15 years, 78.4 vs 10.8 %; OS: gross total
resection vs subtotal resection, 5 years, 95 vs 77.3%; 10 years,
89.8 vs 54.3 %; and 15 years, 81.1 vs 48.3 %) [13].
Furthermore, children with NF2 had a significantly higher
risk of multifocal meningioma and had significantly worse
RFS and OS (RFS: none vs NF2, 5 years, 77.3 vs 72.4 %;
10 years, 71.8 vs 49.4 %; and 15 years, 67.8 vs 49.4 %; OS:
none vs NF2, 5 years, 89.7 vs 97.9 %; 10 years, 81.9 vs
80.0 %; and 15 years, 77.4 vs 57.9 %) [13].

The use of adjuvant radiotherapy in children below 3–5
years remains controversial, due to the risk of late sequelae
[1]. Kotecha et al. and Traunecker et al. [13, 24] found no
successful chemotherapeutical options. Chamberlain [4]
reviewed the current chemotherapy for recurrent intracranial
meningiomas in adult patients. At present, expert guidelines
recommend three agents: hydroxyurea, interferon alpha, and

long-acting somatostatin. Hydroxyurea is an oral ribonucleo-
tide reductase inhibitor and arrests meningioma cell growth
through arrest of the S phase of the cell cycle, thus inducing
apoptosis [22]. Chamberlain reported stable disease in 35 %
and progressive disease in 65 % of patients with hydroxyurea
[4]. Kim et al. [11] reported the long-term follow-up result of
hydroxyurea therapy in patients with recurrent meningiomas.
They concluded that hydroxyurea is well tolerated and can
induce long-term stabilization of disease, but that it has mod-
est effect against recurrent meningiomas [11].

Interferon alpha inhibits the growth of cultured human
meningioma cell lines in vitro. Four small studies have been
published of which the largest study had 35 patients with
recurrent, unresectable, and previously radiated low-grade
meningioma (WHO grade I) who were treated with interferon
alpha [5]. In this group, no radiographic response was seen;
however, 74 % showed stable disease with a median
progression-free survival (PFS) of 7 months. Median overall
survival was 8 months, suggesting that interferon alpha is
effective for recurrent low-grade meningioma [5].

Many tumors express somatostatin receptors. Among brain
tumors, meningiomas have shown the highest frequency in
somatostatin receptor expression detected by octreotide scin-
tigraphy (up to a 90 % positive rate of detection) [6]. The
largest trial of somatostatin use in meningiomas performed in
16 patients with recurrent meningiomas by Chamberlain et al.
showed that 31% of patients had partial radiographic response
and 44% achieved PFS at 6 months with minimal toxicity [6].

Our patient was first treated with hydroxyurea and later
with etoposide and carboplatin. She never received radio-
therapy because she was too young and was later diagnosed
with NF2.

Etoposide or VP16 is derived from a plant alkaloid
(podophyllotoxin) and is thought to block an enzyme topo-
isomerase II, which leads to breaks in DNA strands which
leads to cell death. Carboplatin is an alkylating agent, which
damages the DNA inside cancerous cells and causes cell death.
The combination chemotherapy of etoposide and carboplatin
has mostly been used in the adult population as treatment for
different types of cancer (lung cancer, testicular cancer, ovar-
ian cancer) and as treatment for different types of brain tumors
as in recurrent malignant gliomas [26]. In the pediatric popu-
lation, it has shown some beneficial effect in small groups with
choroid plexus carcinomas or PNET [9, 14]. However, there
has not been any publication of this combination with recur-
rent meningiomas. Despite the lack of experience with this
combination of chemotherapy in recurrent meningiomas, our
patient was treated with etoposide/carboplatin because of good
experience in other difficult-to-treat tumors. It showed an
enormous beneficial effect in our patient in stabilizing the
disease after achieving gross total resection.

In conclusion, pediatric meningiomas are rare tumors and
differ from their adult counterparts in various aspects. Gross
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total resection of meningioma in the pediatric population
remains to be the ultimate therapeutic goal. In the event of a
subtotal resection, repeat resection is recommended. Any
adjuvant treatment with chemotherapy or radiation therapy
of pediatric recurrent meningioma should be carefully consid-
ered during multidisciplinary meetings.
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