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CASE REPORT

A five year-old child with clear cell petro-clival meningioma: case
report with clinical and histopathological long-term follow-up
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Abstract

Background Only a few cases have been previously published
about clear cell meningiomas in children, the majority of them
in the location of the spine. We describe an unusual case of
clear cell meningioma occurring at the petro-clival region in a
5-year-old child. We further seek to determine the impact of
several growth factors as well as the AKT1 mutation on the
tumor growth pattern.

Case presentation A five-year-old girl was presented with a
one-week history of cephalgia, ataxia, and left sided torticol-
lis. Magnetic resonance imaging (MRI) revealed a dumbbell-
shaped homogeneously petro-clival gadolinium-enhancing
mass. A staged operative approach was chosen, and a com-
plete removal of the tumor was achieved. Due to recurrent
tumor progression, the child underwent several tumor surger-
ies and two cranial radiations. None of the treatments were
able to stop tumor progression. Consequently, the child died at
the age of 14 after further extensive intracranial and extracra-
nial tumor progression. The initial histological examination
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revealed a clear cell meningioma WHO grade II with an
MIB-1 labeling index of <1 %, which gradually increased
with every recurrence up to 10 % by the last progression at
the age of 13 years. Analogically, an increasing overexpres-
sion of epidermal growth factor receptor (EGFR), the platelet-
derived growth factor receptor (PDGFR), and the vascular
endothelial growth factor receptor (VEGFR) was observed
with each recurrence. The AKT1 (E17K) mutation in the tu-
mor was not detectable in all investigated specimens.
Conclusion Pediatric clear cell meningiomas WHO grade 11
are very rare. Our data demonstrate the progressive overex-
pression of EGF-, PDGF-, and VEGF-receptors in each recur-
rence, providing one of these receptors as targeted therapy in
such cases. Further evaluation of these growth factors in clear
cell meningioma is required to establish the optimal treatment
of these aggressive tumors.

Keywords Clear cell meningioma - Child - Epidermal growth
factorreceptor - Platelet-derived growth factorreceptor - AKT1
mutation - Vascular endothelial growth factor receptor

Introduction

Meningiomas are common intracranial tumors in the adult
population but occur only seldom in children, with an inci-
dence of 3.7 % [1]. Clear cell meningiomas are a very rare
variant and represent only 0.2 % of all meningiomas [2]. Al-
though established as grade Il neoplasia according to its bland
histological features, a higher rate of local recurrence and even
of cerebrospinal fluid metastases has been previously reported
[3]. At present, there exist a limited number of cases reporting
on clear cell meningiomas in children, the majority of them in
the location of the spine [1, 4, 5]. Here, we report an unusual
case of a clear cell meningioma occurring at the petro-clival
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region in a five-year-old child as well as correlate the radio-
logical and clinical course of the disease with newly described
relevant genetic and molecular alterations in meningiomas.

Case report

The five-year-old girl was presented with a one-week history
of cephalgia, ataxia, and left sided torticollis. In the time prior
to admission, she was healthy and normally developed with-
out any pathological signs. Physical examination revealed a
truncal ataxia and an abnormal gait. Magnetic resonance im-
aging (MRI) revealed a dumbbell-shaped homogenously gad-
olinium enhancing mass in the right cerebello-pontine angle
and the right temporal fossa adjacent to the cavernous sinus
and the major vessels of the anterior and posterior circulation
(Fig. 1a, b). There was a massive displacement of the brain
stem to the left with consecutive compression of the aqueduct
and the fourth ventricle.

Operation and postoperative course

A staged operative approach was chosen. First, a suboccipital
craniotomy was performed, and the tumor was resected
completely within the posterior fossa. All cranial nerves were
pushed apart without a clear neural or dural matrix. A second
operation via a modified frontotemporal craniotomy was per-
formed three months later. Upon repeated MRI upfront to the
second operation, further tumor growth was observed. How-
ever, a gross total resection of the tumor was achieved. The
postoperative course was uneventful, and the patient was
discharged two and a half weeks later from our hospital with-
out focal neurological deficits.

Follow-up course and tumor progression

One year after the initial surgery, a suspicious right
parasellar recurrence was shown in the MRI. The recur-
rence was confirmed after repeated MRI control
(Fig. 1c, d). Therefore, 18 months after the second op-
eration—at the age of six years—irradiation with 55 Gy
to the recurrent mass at the cerebellopontine angle was
applied. During the next three years, no tumor progres-
sion was detected in the follow-up MRIs which were
performed at six-month intervals. The girl exhibited
mild cognitive impairment and behavioral problems. Af-
ter four years—at the age of 10—a new tumor recur-
rence was seen in the petrosal bone, foramen magnum,
and tentorium. In an interdisciplinary operation, subtotal
resection was achieved; postoperatively, a newly devel-
oped paresis of the right sided facial nerves as well as
deafness in the right ear was observed. During the next
three years, the child underwent two further surgeries—
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at the age of 11 and 13—to remove local recurrences in
the petrosal bone and foramen magnum followed by
tumor re-irradiation at the middle cranial fossa and
carotic canal with 50 Gy. Three months after termina-
tion of radiotherapy, the girl developed an extensive
intracranial and extracranial tumor progression which
massively displaced the brain stem and the caudal cra-
nial nerves (Fig. 1f-h). As a consequence, the patient
developed a paresis of the left sided facial nerves as
well as of hypoglossal and glossopharyngeal nerves
with progressive dysphagia. A percutaneous endoscopic
gastrostomy for feeding was placed at age of 14 years.
The patient deteriorated rapidly over the next
four months. She became comatose and was cared for
in a home setting by a pediatric palliative care team
until she died at the age of 14, eight years after the
first tumor diagnosis.

Pathology

The submitted specimen from the first surgery—at the age of
five years—revealed a mostly patternless, moderately cellular
tumor composed of large polygonal cells with clear glycogen-
rich cytoplasm (Fig. 2a). In some areas, the tumor cells formed
small whorls around patches of dense collagen; reticulin fibers
were rarely found outside of blood vessels (Fig. 2b). The
nuclei were rounded with a few nucleoli and some
intranuclear vacuoles. The tumor showed weak but consistent-
ly positive immunoreaction to the epithelial membrane anti-
gen (Fig. 2¢), and only a few proliferating cells were positive
for the nuclear proliferation marker MIB-1 (<1 %, Fig. 2d).
Mitotic activity was notably absent. The tumor was classified
as clear cell meningiomas WHO grade II.

Histological examinations obtained from the recurrent tu-
mors showed a gradual increase of the MIB-1 labeling index
to 5 % then 6 % and finally to 10 % at the age of 6, 11, and
13 years, respectively. The EMA immunoreaction also in-
creased with each recurrence.

Moreover, the expression level of the epidermal growth
factor receptor (EGFR), platelet-derived growth factor recep-
tor lalpha (PDGFR), and the vascular endothelial growth fac-
tor receptor (VEGFR) was detected by immunohistochemistry
(IHC) using the indirect peroxidase technique on all of the
paraffin-embedded specimens from the patient. Staining was
evaluated using a semiquantitative scoring system. The recur-
rent meningiomas showed an increased expression of all three
receptors with each recurrence, whereas no overexpression
was seen in the first tumor specimen (Fig. 3).

We further sought to determine the AKT1 (E17K) mutation
status in this case using the PCR technique, since it has been
newly described in medial skull base meningiomas [6]. How-
ever, the AKT1 mutation was absent in all tumor samples in
our patient.
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Fig. 1 a, b Preoperative sagittal
and coronar T1-weighted gado-
linilum-enhanced MR images
showing a brightly enhancing in-
trinsic tumor of the brain stem
upon admission. c—e One year
after the initial surgery, a suspi-
cious right parasellar recurrence
was shown in the sagittal and
coronar T1-weighted gadolinium-
enhanced MR images. f-h Three
months after termination (at age
of 14 years), the girl developed an
extensive intracranial and extra-
cranial tumor progression which
massively displaced the brain
stem and the caudal cranial
nerves. At this stage, no further
treatment was achieved

Discussion

In this case, we report on the progressive clinical course in a
rare case of a pediatric clear cell meningioma WHO grade Il in
petro-clival location with several recurrences after surgical
resection. The primary focus is on the assessment of the his-
topathological findings using immunohistochemistry to detect
the expression level of many relevant growth factors during
tumor progression.

The current clinical understanding is that clear cell menin-
giomas are very rare but equally very aggressive tumors of

meningiothelial origin as recognized by the WHO [7]. They
represent a therapeutic challenge given their rates of high re-
currence and greater mortality. Interestingly, meningiomas
with at least a 10 % clear cell component tend to have an
increased risk of recurrence [8], especially in an intracranial
rather than in spinal location. Fortunately, most of the pediat-
ric cases are at spinal origin, and there are only few reports
(n=10) of intracranial clear cell meningiomas cases in child-
hood found in the literature [3, 4, 9-11] (Table 1). Most of
these cases (9 of 10) are from pediatric patients older than
eight years, with a median age of 11 years [2]. In our case,
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Fig. 2 Histopathology of the presented clear cell meningioma at first
appearance. a H&E staining showing a moderately cellular tumor with
monomorphous nuclear appearance and large tumor cells with clear
cytoplasm (H&E, original magnification x20). b Elastica van Gieson
trichrome. Collagen between tumor cells appears red; sparse
perivascular reticulin fibers are black (EvG, original magnification
x20). ¢ Immunochemistry for epithelial membrane antigen (EMA,
Dako), which is present here similar to most other menigiomas. Indirect

the child was five years old at the time of first tumor diagnosis.
In general, young patients with a mean age of 29 years seem to
be more affected by intracranial clear cell meningiomas than
children [2, 3].

The treatment of clear cell meningiomas is challenging.
Surgical resection is considered the gold standard treatment,

Fig. 3 Representative images of overexpression of epidermal growth
factor receptor (EGFR) (upper row) and the platelet-derived growth factor
receptor (PDGFR) (lower row) at the point of last tumor recurrence.
Indirect HRP-peroxidase technique (Medac) with diaminobenzidine
(DAB) as a chromogen (brown); counter-staining with hematoxylin
(Mayer) (blue) (original magnification x40)
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immunoperoxidase technique (Dako, LSAB) with diaminobenzidine
(DAB, Sigma) as a chromogen, producing a brown positive reaction
product located on cellular membranes. d Immunochemistry using the
proliferation marker MIB-1 (indirect peroxidase technique (LSABII,
DAKO, diaminobenzidine (DAB) as a chromogen, brown; original mag-
nification x20; counterstaining with hematoxylin). Note that only a few
nuclei are positive (<1 %)

with gross total resection resulting in complete long-term re-
mission [2]. In addition, radiosurgery and radiotherapy have
been generally considered as a treatment option for residual
and recurrent cases following surgery and for surgically haz-
ardous locations [2]. In the present case, the effect of the first
applied irradiation to the recurrent mass resulted in a relatively
long-term progression-free survival (four years). However, the
second radiation was not able to stop the tumor progression
for more than three months. Given their high rates of recur-
rence, clear cell meningiomas require close clinical follow-up
and an individualized treatment strategy. Chemotherapy as a
treatment option in this meningioma subtype has, however,
not been investigated in prospective studies due to their low
frequency. In general, there is most likely no place for chemo-
therapy or targeted therapy for meningiomas regardless of
WHO grade, since several trials of chemotherapeutic agents
did not reveal significant tumor control or regression [12].
This can be explained by the fact that meningiomas are het-
erogeneous tumors with distinct histopathological and
cytogentic features. However, in recent years, important ad-
vances have been achieved in the identification of the genetic/
molecular alterations of meningiomas and the signaling path-
ways involved there-with [6]. Thus, early mutations involv-
ing—among others—the genes AKT1, SMO, and TRAF7 have
recently emerged as being oncogenic pathways in meningio-
mas, distinguishing them in subgroups with variant gene ex-
pression and distinct potential for malignant transformation,
anatomical location, and histological appearance [6]. For
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Table 1  Summary of reported cases on intracranial clear cell meningiomas in children

Reference Age Sex Location Time to recurrence

Zorludemir et al. [3] 17 years M Frontal 13 months
12 years F Posterior clinoid 24 months
16 years M Cerebellopontine angle 27 months

Shih et al. [5] 12 years M Cerebellopontine angle 5 months

Teo et al. [6] 22 months F Brainstem ND

Lee et al. [7] 17 years M Parietal convexity 7 months

Yu et al. [8] 17 years F Cerebellopontine angle ND

Chen et al. [2] 9 years M Cerebellopontine angle 14 months
8 years M Cerebellopontine angle 9 months
13 years F Cerebellopontine angle 8 months

Present case 5 years F Cerebellopontine angle/petro-clival 18 months

M male, F female, ND not determined

instance, the AKT1 (E17K) mutation was detected in midline
meningiomas of the posterior skull base [6]. In this case, we
aimed to investigate the AK7T/ mutation status, since none of
the investigated tumors by Clark et al. was a clear cell menin-
gioma and since the location of the tumor was in the posterior
skull base [6]. We did not, however, find a mutant AKT1 gene,
indicating a distinct etiology of these tumors in comparison
with other midline posterior skull base meningiomas. Thus,
using an AKT1-inhibitor as systemic treatment in this case
might be ineffective.

In order to characterize the phenotype of the tumor further,
we performed several immunohistological stainings.
Immunohistochemsitry is helpful to diagnose clear cell me-
ningiomas and to differentiate them from other meningioma
subtypes, as well as from other tumor entities, such as
ependymoma or metastatic renal cell carcinoma [3, 8]. In
our case, the MIB-1 labeling index from the first tumor tissue
was <1 %. This is markedly lower than the reported values in
the literature, varying between 2 and 12 % [5]. It has been
shown that MIB-1 labeling index is appreciably higher in
tumors that recur than in those that do not [2]. However, de-
spite the low MIB-1 labeling index initially, the child in our
case developed several recurrences over the next years. Fur-
thermore, an interesting aspect is the increasing MIB-1 label-
ing index in each recurrence (<1 % in the first and >10 % in
the last manifestation), revealed in the consecutive histopath-
ological investigation. This issue was reflected clinically by
the increasing aggressiveness of the tumor in course.

Finally, we tested the expression level of several growth
factor receptors (including EGF-, PDGF-, and VEGF-recep-
tors) which have been described in the literature to be en-
hanced in meningiomas, although their clinical impact is still
largely unknown. The EGFR has been found to be
overexpressed in more than 60 % of meningiomas, enhancing
meningioma cell proliferation and tumor progression [13].
Similarly, the overexpression of the PDGF-receptor has been

associated with meningioma cell growth via an autocrine loop
[14]. Furthermore, the VEGF receptor was reported to be
overexpressed in meningioma, playing a central role in me-
ningioma angiogenesis—which are highly vascular tumors—
and in the formation of peritumoral edema [12]. The expres-
sion of all these receptors was observed to be more enhanced
in atypical and malignant meningioma than in benign menin-
giomas. Further, an overexpression was reported to correlate
with a more highly aggressive tumor nature [14, 15]. In con-
cordance with the latter fact, the recurrent meningiomas in our
patient showed an increased overexpression of all three recep-
tors with each recurrence, associated with a decreased
progression-free survival time after every surgery and a pro-
nounced infiltration of the skull base with each recurrence.

Due to the fact that the child in our case developed several
recurrences despite salvage surgeries and radiations, a recom-
mendation for a treatment with a tyrosine kinase inhibitor
(Imatinib)—a potent inhibitor of the BCL-Abl, PDGFR-,
and PDGF-B receptors—was made due to proven tumor over-
expression of PDGFR. It is worth mentioning that a previous
phase II trial with Imatinib showed a minimal clinical and
radiological response in 32 meningioma patients [16]. How-
ever, this therapy was not implemented because of the rapid
neurological deterioration of our patient.

Although there is at present no defined role for chemother-
apy or targeted therapy in meningiomas, it might be recom-
mended to start this treatment modality at an earlier tumor
stage in such cases. Recent recommendation for chemothera-
py is based upon a comparatively small amount of literature
treating patients with surgery and radiation refractory menin-
gioma; thus, we would have to decide which therapy to initi-
ate—EGF-, PDGF-, or VEGF-receptor inhibitors. This deci-
sion would be made on the basis of a number of factors,
including the highest density of receptor overexpression in
the immunohistochemistry, tumor burden, and rate of disease
progression. According to the published data, in such a patient
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as ours, with rapidly progressive, symptomatic disease follow-
ing salvage surgery, and with VEGFR-overexpression, an ad-
juvant treatment with bevazicumab (Avastin”)—as an anti-
VEGF antibody—might be beneficial. The decision would
be based on the results of two newly published studies in
patients treated for recurrent and malignant meningiomas,
who showed a high rate of improved clinical response as well
as a good tolerability and safety profile of the agent [17, 18].
However, the response to this treatment was reported to be of
limited duration, and prospective studies are required to define
the safety and efficacy of bevacizumab and other targeted
therapies in this tumor entity [18]. Categorization of clear cell
meningiomas by histology including immunohistochemistry,
location, and genetic mutation will help in the improvement of
treatment options.
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