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Malignant anaplastic meningioma in neurofibromatosis type 1
patient: a rare case report
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Background: Meningiomas are usually associated with neurofibromatosis type 2 (INF-2), while gliomas
are usually associated with neurofibromatosis type 1 (NF-1). NF-1 is an autosomal dominant genetic
disorder associated with skin manifestations, bone conditions, and different types of benign and malignant
tumors. Grade 3 anaplastic meningiomas are rare tumors with a poor prognosis. Systemic treatments in
grade 3 meningiomas are experimental, with some reports suggestive of minimal clinical benefits. They are
used occasionally for recurrent cases with no surgical or radiotherapy roles. In our case, we will focus the
discussion on grade 3 anaplastic meningioma in a patient with NF-1, using chemotherapy for this aggressive,
recurrent tumor. To our knowledge, this is the first case of NF-1 associated with malignant anaplastic
meningioma in English literature.

Case Description: In this case report, we present a 25-year-old left-handed female patient who fits the
diagnostic criteria for NF-1. She presented with focal seizure and was diagnosed with grade 3 anaplastic
meningioma, a highly aggressive tumor. She experienced a rapid recurrence after her initial surgery and
eventually received multiple lines of treatments, including radiation and chemotherapy [temozolomide
(TMZ)).

Conclusions: Systemic therapy in grade 3 meningiomas is still experimental and may have a slight
clinical benefit. As a result, further prospective, multicentric studies are needed to ascertain these outcomes.
Patients should be included in prospective trials because of the poor prognosis and aggressive nature of
grade 3 meningiomas. In addition, discovering specific molecular biomarkers will allow us to suggest an
individualized treatment. This case suggests that the differential diagnosis of a mass in a patient with NF-1

should include tumors known to be associated with the syndrome as well as sporadic, unrelated neoplasms.
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Introduction

Grade 3 anaplastic meningiomas account for 1-3% of all
meningiomas, and they are more aggressive with a worse
clinical course (1). They have an increased tendency for
recurrence and higher disease-specific mortality (1). The

most common genetic syndrome associated with the risk
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of developing a meningioma is neurofibromatosis type
2 (NF-2). However, neurofibromatosis type 1 (NF-1) is
associated with a high risk of developing low-grade and
high-grade gliomas (2). Here, we report a rare case of
NF-1 simultaneously presented with a malignant anaplastic
meningioma, which is classified as grade 3, based on the
2021 World Health Organization (WHO) classification
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Figure 1 Brain MRI images, post-contrast axial T1. (A) This brain MRI image shows a homogeneously enhancing extra-axial mass with

mass effect, post-operative changes, and a previous craniotomy. (B) This brain MRI image shows a multifocal recurrence of the tumor

involving the left insular, parietal lobe, and left frontal horn. MRI, magnetic resonance imaging.

of tumors of the central nervous system (CNS) (3). The
mainstay of management of grade 3 meningiomas is
surgical resection followed by radiotherapy. The use of
chemotherapy in grade 3 meningiomas is still experimental
and preserved for recurrent grade 3 meningiomas that are
unsuitable for more surgery or radiotherapy. However,
many reports showed few benefits (1,4). Our patient
presented with a high-grade meningioma in which a
chemotherapeutic agent [temozolomide (TMZ)] was added
to her treatment course. We present the following case in
accordance with the CARE reporting checklist (available
at https://acr.amegroups.com/article/view/10.21037/acr-
22-8/rc).

Case presentation

A 25-year-old left-handed female, a known case of NF-1,
confirmed clinically, presented initially to her local hospital
with focal seizures. Upon radiological investigations, she
was found to have an extra-axial lesion in the left cerebral
convexity (Figure I). The lesion was resected entirely, and
pathology reported it as a grade 3 anaplastic meningioma.
"Two months later, the patient was referred to our tertiary
hospital for adjuvant radiotherapy. On physical examination,
she was found to have right-sided spastic hemiparesis
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and features of NF-1, including more than six café-au-
lait lesions on her back, chest, and upper limbs. There
was an axillary freckling, three cutaneous neurofibromas
on her back, and a plexiform neurofibroma on her right
flank area. She had a history of a first-degree relative with
NEF-1. Further imaging revealed a local recurrence of the
tumor (Figure 1A4).

The patient underwent a second surgical debulking of
the tumor. The pathological analysis confirmed a WHO
grade 3 anaplastic meningioma (Figure 2) with a high Ki-67
proliferative index of up to 30% and negative progesterone
receptors. Following surgical resection, the patient’s
hemiparesis improved. A few weeks later, she received
adjuvant radiotherapy with a total dose of (60 Gy in
30 fractions).

Approximately 1 year later, the patient was re-admitted
with further recurrence, and a third tumor debulking was
carried out. Two months later, the patient presented to the
clinic with a one week history of right hand and right facial
weakness. A brain MRI was performed, which revealed a
local recurrence of the tumor. The patient underwent a
fourth tumor debulking operation.

Her case was then discussed in our neuro-oncology
tumor board as an aggressive disease with multiple
recurrences over a short period of time. The decision
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Figure 2 Histopathology of anaplastic meningioma (WHO grade 3). (A) The majority of the cells are pleomorphic, giving this tumor a

sarcomatoid appearance (H&E, x40). (B) This image shows the pleomorphic cells, with a sarcomatoid appearance of this tumor in higher
magnification (H&E, x100). (C,D) High mitotic activity (arrows), approximately 25 mitoses per 10 HPF (H&E, x100). (E) High Ki-67
(proliferative index) of >30% (Ki-67 staining, x100). Ki-67 from abcam (ab15580) was used. The staining procedure did not require any

antigen retrieval. This is a rabbit polyclonal antibody, used it at 1:500 diluted in the blocking buffer. The techniques used in counting

was the ‘hot-spot’ method and ‘Eye-Balling’ estimation in assessing Ki-67 nuclear staining of the tumor cells. WHO, World Health

Organization; H&E, hematoxylin and eosin; HPF, high power field.

was made to go for palliative re-irradiation (37.5 Gy in
15 fractions) plus the addition of a chemotherapeutic
agent (TMZ) (for six cycles), without the need for further
operations. The patient received only three cycles of TMZ
due to its side effects. At this stage, she was referred to a
palliative care clinic.

Her latest brain MRI (almost 42 months from diagnosis)
showed a multifocal recurrence of the tumor involving
the left insular, parietal lobe, and left frontal horn
(Figure 1B). Her overall survival was 50 months. All
procedures performed in this study were in accordance with
the ethical standards of the institutional and/or national
research committee(s) and with the Helsinki Declaration
(as revised in 2013). We could not obtain written informed
consent from the patient as she passed away a few years ago.
An attempt was made to contact the patient’s family, but this
was unsuccessful. Therefore, we followed our institution’s
guidelines for case reports and reported the case after
removing all personal health information, to ensure that
the patient could not be identified by the history, figures, or
pathology included in the report.
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Discussion

One of the most common primary CNS tumors is
meningiomas. They account for 37.6% of all primary
CNS tumors and 53.3% of benign CNS tumors (5). The
overall survival and the risk of recurrence of meningiomas
are based on the 2021 WHO grading system (3). The
higher the grade, i.e., grade 2 or 3, the more aggressive
meningiomas will become. Therefore, this grading system
has a significant role in the management strategy (5). The
10-year overall survival rate of WHO grade 1 is 83.7%,
for grade 2 is 53%, and 0% for grade 3, regardless of the
aggressive therapeutic interventions (5).

There are various risk factors for developing
meningiomas, such as; exposure to ionizing radiation or
pesticides/herbicides; which are occupational hazards,
obesity, hormones, and genetics (5). The most common
genetic syndrome associated with the risk of developing a
meningioma, whether intracranial or spinal, is NF-2 (6).
Furthermore, the risk of developing meningioma is almost
close to 80% by the age of 70 years in NF-2 patients of
both genders (7). In contrast, NF-1 patients are at high risk
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of developing low-grade and high-grade gliomas (2). NF-1
is diagnosed clinically based on the National Institutes of
Health (NIH) criteria which require the presence of at least
two or more features of NF-1 (8).

Grade 3 anaplastic meningioma accounts for 1-3%
of all meningiomas, and they are more aggressive with a
worse clinical course. They have an increased tendency
for recurrence and higher disease-specific mortality (1).
According to WHO, they are diagnosed with either of two
criteria: (I) greater than or equal to 20 mitoses per 10 high
power field (HPF) and/or (II) frank anaplasia (sarcoma,
carcinoma, or melanoma-like histology) (1).

A high Ki-67 index is associated with tumor recurrence
and poor prognosis. Anaplastic meningiomas acquire this
common feature of a high Ki-67 index (9). The Ki-67
proliferation index of >4% has an increased recurrence risk,
and >20% has an increased mortality risk (5). Furthermore,
progesterone receptors (PR) are expressed in almost 50—
80% of meningiomas, with an inverse relationship with the
meningiomas’ WHO grade. Aggressive meningiomas with
increased recurrence rates tend to have a loss or absence
of progesterone receptors. In contrast, meningiomas with
a more favorable prognosis tend to have higher levels
of progesterone receptors. Almost all WHO grade 3
meningiomas exhibit an absence of PR expression (10).

The mainstay of management of symptomatic
meningiomas is surgical resection. The most significant
modifiable predictor of local control and tumor recurrence
is the extent of tumor resection, regardless of tumor
grade or other prognostic factors (1). Therefore, the aim
of surgery is gross total resection (GTR), but that could
be difficult to attain in certain circumstances such as the
location of the tumor, the proximity to venous sinuses,
neurovascular tissue involvement, or brain invasion that
may limit the extent of resection (5). In such cases, the
most appropriate approach is the maximum safe resection
with subsequent postoperative adjuvant radiotherapy.
Moreover, even after a complete GTR of WHO grade 3
meningiomas, they will still have a high risk of recurrence
after 5 years postoperatively by 50-80% (5). Therefore,
it is recommended for grade 3 anaplastic meningiomas,
regardless of the extent of tumor resection, to receive an
adjuvant fractionated radiotherapy of at least 54 Gy given in
1.8-2.0 Gy per fraction (5). However, doses can range from
50 to 70 Gy, as higher doses may improve patient outcomes
based on evidence from several retrospective studies (1).

Recurrent meningiomas often become refractory to
standard radiation and surgical therapies (1). In addition,
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it has been reported that grade 3 anaplastic meningiomas
have a rapid recurrence postoperatively after removing the
primary tumor in almost less than 2 months period (9).

Due to the rapidly progressive and recurrent nature
of grade 3 meningiomas and the failure to respond to
surgery and radiotherapy, a systemic therapy (TMZ) was
pursued in this case based on reports from the literature.
It has been demonstrated the limited clinical efficacy
in treating meningiomas with chemotherapy or other
systemic therapies, as they are used after exhausting the
standard options in treating refractory meningioma that
keeps recurring or progressing after surgery and adjuvant
radiotherapy (4). TMZ is a cytotoxic alkylating agent that
acts on cell nucleus and inhibits tumor cells proliferation by
inducing cellular apoptosis (4).

In the phase II prospective study, TMZ has been used in
the treatment-resistant recurrent meningioma, where patients
have been previously operated on and irradiated; they have
failed to demonstrate progression-free survival at 6 months.
As a result, and based on this study, TMZ appears not to
have clinical efficacy in treating recurrent meningiomas, like
many other cytotoxic treatments (11). Multiple approaches
were also investigated, such as targeting estrogen and
progesterone receptors, which failed to demonstrate a
meaningful clinical activity (12). Somatostatin receptors
are expressed in approximately 90% of meningiomas,
with previous case reports initially suggesting to target
those receptors might have some therapeutic usefulness
for patients with recurrent, unresectable meningiomas.
Subsequent studies have not shown a clear benefit (13-16).
Sunitinib, a tyrosine kinase inhibitor used to treat different
solid cancers, showed modest activity in a small scale phase
II trials that included grade 2 and 3 recurrent, pretreated
meningioma (17).

Other promising actionable immunogenic biomarkers
are the high-frequency microsatellite instability (MSI-H)
and mismatch repair (MMR) deficiency. Those biomarkers
serve as clinically validated predictors of response to
immunotherapeutic agents such as pembrolizumab, which is
currently FDA approved for all MSI-H solid tumors (18,19).
One of the tumors to which NF-2 patients are at high risk
of developing is meningiomas. They usually present as
multiple intracranial or spinal meningiomas (20,21). They
develop because sporadic meningiomas share the same
genetic defect responsible for NF-2 disease. It is a mutation
in the tumor suppressor gene NF2 located on chromosome
22ql12 and encodes for a merlin protein. This merlin
protein is responsible for linking the integral membrane
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proteins to the cytoskeleton of the cell. However, the
mechanism of tumor formation is still unknown (21).
Additional study has identified NF2 and MIN1 (meningioma
1 gene) as candidate genes associated with malignant
meningiomas (22). In contrast, the development of
meningiomas in NF-1 is rare and not considered a
characteristic finding of the disease (20,21). In addition,
there is a lack of reporting of meningiomas in large
population-based studies in NF1 patients and cohort studies
of NF1 have so far not revealed any increase in the risk
of meningiomas of any sort (23). There is a retrospective
study in a pediatric age group suggesting that several risk
factors can contribute to the development of meningiomas
in children, and the absence of these factors did not exclude
the meningioma risk; as sporadic meningiomas can also be
seen in children. One of the most commonly observed risk
factor for meningiomas in children in this study was NE.
Eight out of 39 patients had a history of NF; four with NF-1
and four with NF-2. NF-2 has been reported in 6-39% of
pediatric meningioma cases, as it has been shown to elevate
the risk of developing intracranial meningiomas. NF-1 has
not shown a similar increased incidence of meningioma
development (24). However, in these four NF-1 patients,
schwannomas, particularly cerebellopontine angle
schwannomas have also been observed (24), although they
are classical for NF-2 (25,26). It is also worth mentioning
that the diagnosis of NF before its separation into NF-1 and
NF-2 in 1987 is suspect, and the presence of schwannomas
and particularly cerebellopontine angle schwannomas
in these NF-1 patients suggests a massive doubt on the
classification of NF in that study (27). Certain neoplasms
are associated with NF-1, such as; rhabdomyosarcoma,
carcinoid tumor, pheochromocytoma, and juvenile chronic
myelogenous leukemia. However, sporadic and unrelated
neoplasms such as malignant meningioma should be
considered in the differential diagnosis of a mass in a
patient with NF-1 (21). The study limitation was the lack of
molecular testing of NF-1.

Conclusions

Grade 3 anaplastic meningioma is a rare tumor with a poor
prognosis. To our knowledge, this is the first case report
in English literature of grade 3 anaplastic meningioma in
a patient with NF-1. Surgery followed by radiotherapy is
recommended for the management of grade 3 meningiomas.
However, no consensus on the management of recurrent
meningiomas was established. The behavior of this tumor
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in our case was aggressive, similar to other cases of grade
3 meningiomas. TMZ was tried in this case following the
failure of surgery and radiotherapy, and it did not show a
good response. Systemic therapy in grade 3 meningiomas
is still experimental and may have a slight clinical benefit.
As a result, further prospective, multicentric studies are
needed to ascertain these outcomes. Ultimately, discovering
specific molecular biomarkers will allow us to suggest
an individualized treatment. In fact, patients should be
included in prospective trials because of the poor prognosis
and aggressive nature of grade 3 meningiomas. This case
suggests that the differential diagnosis of a mass in a patient
with NF-1 should include tumors known to be associated
with the syndrome as well as sporadic, unrelated neoplasms.
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