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A review of advances in the diagnosis and treatment of
metastatic atypical and anaplastic meningiomas
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Meningiomas are primary intracranial tumors of the Central Nervous System
(CNS) originating in the brain or spinal cord and have an overall incidence of
about 2.3-8.3 in 100,000. Meningiomas are benign tumors mostly but atypical
and anaplastic meningiomas can behave aggressively with higher chance
of recurrence. Meningiomas originate from specialized meningothelial cells
called arachnoid cap cells and correspond to up to 26% of all intracranial
lesions. However, higher-grade meningiomas are very rare. In this article,
we focus on the important literature regarding classification and molecular
biology of these high grade meningiomas. In addition, we elaborate on recent
advancements of diagnostic tools and novel therapeutics in the management
atypical and anaplastic meningiomas.
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INTRODUCTION

The term meningioma is used to describe tumors arising from
the pachymeningeal coverings of the brain and spinal cord [1].
Meningiomas are the most common type of primary intracranial
tumors and have an incidence of 2.3-8.3 in 100,000. Most
meningiomas are slow growing and benign (80%), however,
atypical (15%-20%), and anaplastic (1%-3%) meningiomas
are more aggressive and have a proclivity for recurrence, worse
clinical outcomes, and higher disease-specific mortality [2,
3]. Ideal management of higher-grade meningiomas remains
controversial, specifically when concerning the use of adjuvant
radiation in patients following complete resection of atypical
meningiomas. Chemotherapy and other related medical therapies
can be considered in these patients, however, they have shown
limited success with few such medical treatments showing
marginal clinical benefit [4].

Radiation-Induced Meningiomas (RIM) can happen years after
getting radiation treatment. These tumors can be aggressive and
come back often, especially if they are high-grade. The signal
protein called Vascular Endothelial Growth Factor (VEGEF) is
higher in more aggressive cases. Ossified meningiomas are rare,
making up 1% to 5% of spinal meningiomas. These tumors
completely turn into bone or have a lot of calcium. They are
considered a special kind of meningioma, and it's suggested that
they happen because some cells change their form [5].

Epidemiology of meningiomas

Meningioma prevalence is estimated to be 97.5/100,000 in the
United States with over 170,000 individuals currently diagnosed
with this tumor [6]. Age, sex, and prior cranial ionizing radiation
are considered as risk factors for high-grade meningiomas.
Meningiomas recurrence increases with age, peaking around 6%
and 7™ decades. Meningiomas are more common in females, but
grades II and III develop more often in males. A total of 65,973
patients were identified with intracranial meningiomas (USA,
2016). Among these, 45,251 (68.6%) were White, 7,796 (12%)
Black, 7,154 (11%) Hispanic, 4,902 (7%) Asian, and 870 (1%)
patients reported as “Other-unspecified”. Meningiomas are
mostly found to occur in people around 60 years old, with the
risk increasing with age [7, 8].

Meningiomas, originating from meningeal cells along the dura
mater, the outer protective layer of the brain and spinal cord,
are typically benign. Atypical (Grade II) meningiomas show
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increased mitoses or specific histologic characteristics, while
anaplastic (Grade III) meningiomas display overt malignancy
features. Metastasis is rare but occurs more in malignant cases,
with recent findings indicating a 0.76% overall metastasis rate and
43% in malignant meningiomas, signifying a poorer prognosis
[8]. Most meningiomas arise from unknown reasons, although
some may develop after ionizing radiation exposure or in the
background of Neuro Fibromatosis 2 (NF2). Data from atomic
bomb survivors in Hiroshima demonstrated a significantly
elevated incidence of meningiomas compared to a non-exposed
population with a relative risk of about 6.48 [9].

Radiation-induced meningiomas were reported in the 1960
after irradiation therapy of the scalp for tinea capitis with low-
dose [10]. These meningiomas are classified into three groups
depending on the amount of radiation administered: low
(<10 Gy), moderate (10 Gy-20 Gy), and high (<20 Gy) doses.
Radiation-induced meningiomas are commonly of high grade,
are occasionally multifocal develop in younger age groups and are
found to be highly proliferative [11]. As the frequency of NF2
mutations or the loss of chromosome 22 is lower in radiation-
induced meningiomas, and structural abnormalities in 1p, 18q, or
10q are more common than in sporadic meningiomas, a different
pathogenesis is shown for radiation-induced meningiomas [12].

Genetic aberrations implicated in meningiomas

The most reliable cytogenetic change in meningiomas is the
loss of chromosome 22 [13]. In addition, atypical meningiomas
show allelic loss of chromosomes 1p, 6q, 9q, 10q, 14q, 17p, and
184, suggesting genes-associated progression at these loci. More
frequent loci are lost in anaplastic meningiomas for 6p, 9p, 21q,
10q, and 14q [14]. In meningiomas, it's common to see genetic
changes where part of chromosome-1 is missing. This is the second
most common abnormality in these tumors. When we look at
differences between men and women, we find that men tend to
have more of these chromosome-1 changes compared to women.
We also noticed that a specific gene called Elongation of Very Long
Chain Fatty Acids-4 (ELAVL4) behaves differently in men and
women. In men, the activity level of this gene is lower compared
to women. Additionally, mutations in another gene called NF2
are linked to more serious forms of meningiomas found in specific
parts of the brain, like the cerebellum and cerebral hemispheres.
These tumors also tend to have more overall genetic abnormalities.
NDRG-2 short for "N-Myc Downstream-Regulated Gene-2,'
is found on a specific part of chromosome-14. It's a gene that
scientists think might play a role in making meningiomas more
aggressive. In Grade III meningiomas, which are more serious,
this gene tends to be less active. This decreased activity is linked
to a process called hypermethylation, which affects how the gene
works. In simpler terms, when the NDRG2 gene is less active, it
could mean the meningioma is more likely to be aggressive. This
could help doctors predict how serious the tumor might be in
patients with meningioma [15].

The most common genetic alteration that occurs in meningioma
is the inactivation of the Neurofibromatosis 2 (NF2) genes

(Merlin) on chromosome 22q, which account for approximately
50% of meningiomas. When a specific part of chromosome 22,
called 22q 12q, loses some of its genetic material, it leads to the
loss of a gene called NF2, which produces a protein called Merlin
or neurofibromin 2. This loss of the NF2 gene is quite common
in meningiomas, both those associated with a condition called
NF2 and those that occur sporadically. It's thought to be one of
the early events in the development of these tumors. The NF2
gene is the most frequently mutated gene in meningiomas, but
newly discovered mutations have been found in other genes like
(TRAF7) Tumor necrosis factor receptor—associated factor,
(AKT1) Ak strain transforming, (KLF4), Khalistan Liberation
Force and Social Media Optimization. These mutations affect
various pathways involved in cell signaling and regulation [16].

The SWI/SNF-Related Matrix-Associated Actin-Dependent
Regulator of Chromatin Subfamily B member 1 (SMARCBI) is
a chromatin remodeling gene, also known as hSNF5(Hierarchical
Data Format, Version 5), Integrase Interactor 1 (INI1) , and
BAF47, which may also be involved in the development of
multiple meningiomas. The SMARCBI exon 2 missense
mutation is also found involved in individuals to the development
of meningiomas and multiple schwannomas, occurring via the
same genetic pathways [16]. Heterozygous loss-of-function
mutations in SWI/SNF Chromatin-Remodeling Complex
Subunit Gene (SMARCE1), are found involved in individuals
with familial multiple spinal meningiomas without NF2
mutations. Tumors from individuals with SMARCE1 mutations
were of the clear-cell histological subtype, which was negative
for SMARCE1 immunostaining. These studies describe the
new roles for SMARCEL in the pathogenesis of multiple spinal
meningiomas and ultimately reinforce the importance of the
SWI/SNF complex in tumors with clear-cell histology [17].
Mutations in AKT1E17K were found exclusively in meningiomas
and occurred in almost 65 individuals among every 958 of these
tumors. A strong upregulation of Secreted Frizzled-Related
Protein (SFRP1) expression was suggested in all meningiomas
with AKT1E17K mutation, SFRP1 immunohistochemistry may
be a reliable surrogate marker for the detection of AKT1E17K
mutations [18]. Meningiomas are closely associated with the
tumor suppressor syndrome NF2, with 50% to 75% of individuals
with NF2 developing a meningioma during their lifetime. Allelic
loss of 22q, 12q resulted in a loss of the NF2 gene product
Merlin or neurofibromin 2 mutations in the Telomerase Reverse
Transcriptase (TERT) promoter have recently been identified
in various types of tumors. Many meningiomas that become
more malignant over time have mutations in a part of the DNA
called the TERT promoter. However, in tumors that come back
without getting worse under the microscope, these mutations are
usually not present. These mutations in the TERT promoter are
important genetic changes that drive the malignant progression
of meningiomas. They could be useful as a marker to identify
meningiomas that might turn into more aggressive forms [18]

(Table 1).



Tab. 1. Genetic mutations involved

in meningiomas [19] Gene

NF2 gene mutations

AKT1 mutations

SMO mutations

TRAF7 mutations

KLF4 mutations

POLR2A mutations

AKT3 mutations

SMARCB1 mutations

BAP1 mutations

NDRG2 mutations

SMARCE1 mutations

Classification of meningiomas
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tions

-anaplastic. Grade I meningiomas are slow growing, low grade tu-

Tumor classification is very important and critical in identifying mors and are the most common. Grade II atypical meningiomas
patients at risk for recurrence and its subsequent management. are mid-grade tumors, increasing the chance of recurrence post-re-
According to the World Health Organization (WHO), menin- section. Grade III anaplastic meningiomas malignant, fast-grow-
giomas are grouped in three grades based on their characteristics. ing tumors. The cellular subtypes include papillary and rhabdoid
These include grade I -benign, grade II -atypical, and grade III meningioma. The classification of meningiomas is based on the
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risk of recurrence and aggressive growth. Atypical meningiomas
are comparatively uncommon and correspond to 4.7% to 20% of
all meningiomas, while anaplastic meningiomas account for 1%-
2.8% [20, 21]. Symptomatology of meningiomas varies accord-
ing to intracranial location and may be related to seizures and/or
intracranial hypertension. Primary central nervous system tumors
are graded based on the tumor location, tumor type, the patient’s
age, extent of tumor spread, genetic findings and tumor remaining
after surgery, if possibility of surgery can be avoided.

Histopathological diagnostics

There was no statistically significant difference between drugs A
and B regarding PD at the beginning of the study (p=0.209). There
was a statistically significant difference between drugs A and B re-
garding PD one month after the start of the study (p<0.001), so
the mean of this variable was lower in drug A than in drug B. There
was a statistically significant difference between drugs A and B re-
garding PD three months after the start of the study (p<0.001),
so the mean of this variable was lower in drug A than in drug B.
There was a statistically significant difference between the follow-
up times regarding the mean of PD in drug A (p<0.001), so the
mean of this variable in three months of follow-up was lower than
at the beginning of the study and one-month follow-up. There was
a statistically significant difference between the follow-up times
regarding PD in drug B (p<0.001) so the mean of this variable in
one- and three-month follow-up was lower than at the beginning
of the study.

Pathophysiology

There was no statistically significant difference between drugs A
and B regarding Business Intelligence (BI) at the beginning of the
study (p=0.740). There was a statistically significant difference be-
tween drugs A and B regarding BI one month after the start of the
(p<0.001), so the mean of this variable was lower in drug A than
in drug B. There was a statistically significant difference between
drugs A and B regarding BI three months after the start of the
study (p<0.001), so the mean of this variable was lower in drug
A than in drug B. There was a statistically significant difference
between the follow-up times regarding BI in drug A (p<0.001) so
the mean of this variable in 1 month and 3 month follow-up was
lower than at the beginning of the study. There was a statistically
significant difference between the follow-up times regarding Bl in
drug B (p<0.001) so the mean of this variable in 1 month and
3 month follow-up was lower than at the beginning of the study

(Table 1).

Anaplastic meningiomas are identified by having 20 or more ac-
tively dividing cells (mitotic) and by showing clear signs of ag-
gressive tissue changes resembling sarcoma or carcinoma. When
doctors embolize a meningioma, they use a procedure to block
its blood supply before surgery, usually by inserting particles or
coils into its blood vessels. This is done to make the surgery safer
and more effective by reducing blood flow to the tumor before-
hand. Meningiomas that haven't been embolized don't undergo
this targeted reduction in blood flow. In embolized meningiomas,
doctors often find small areas of dead tissue (Necrosis) under the
microscope. This occurs in about 40%-89% of embolized menin-
giomas compared to only 16% of non-embolized ones. Also, dur-
ing examination, doctors may notice the embolization material
within the blood vessels of the tumor, especially in larger arteries.
The most common features seen in embolized meningiomas are

necrosis and large nucleoli [22-25].

Epigenetics mechanisms

Evidence suggests methylation status can predict tumor behavior
more accurately than the current classification by World Health
Organization, and DNA methylation status has been proposed as
an alternate classification system for meningiomas. DNA methyla-
tion is a type of change in the DNA structure that's thought to
play a role in making the genetic material less stable. This change
can silence or turn off genes responsible for repairing DNA dam-
age and controlling how cells grow and divide. There's evidence to
suggest that looking at the pattern of methylation in DNA might
be a better way to predict how tumors will behave compared to the
current system used by the World Health Organization (WHO)
to classify tumors. Some researchers even suggest using DNA
methylation status as a new way to classify meningiomas, a type of
brain tumor. When scientists analyze the entire genome, they find
that tumors with higher levels of methylation tend to be more ag-
gressive and have a higher chance of coming back after treatment.
However, analyzing DNA methylation patterns can be expensive,
which might limit how widely it can be used in diagnosing and
treating tumors [26].

Diagnostic strategies

The progression of benign meningiomas to malignant forms re-
mains unclear, but factors like tumor size, female gender, and
specific radiological features impact recurrence-free survival. The
Simpson grade system, based on surgical resection extent, is a cru-
cial prognostic factor, with better outcomes for grade I resections
in malignant cases. The WHO grading system classifies menin-
giomas into benign (grade I), atypical (grade II), and anaplastic
(grade III) subtypes based on histological and genetic factors. The
2021 revision integrates genetic alterations with histopathology,
emphasizing their role in classification and management. Higher-
grade meningiomas often exhibit abnormalities in genes like Neu-
rofibromatosis type 2 (NF2), SMARCBI, Telomerase Reverse
Transcriptase (TERT), and Cyclin Dependent Kinase Inhibitor-
2A(CDKN2A), with varying frequencies based on subtype and
location. The revised guidelines allow for within-tumor-type grad-
ing, applying criteria regardless of subtype, and underscore the sig-
nificance of genomic alterations in meningioma classification and
treatment [27-30].

Treatment strategies for atypical and anaplastic
meningiomas

Treatment for meningiomas depends on symptoms. If small and
asymptomatic, monitoring with frequent clinical evaluations and
brain MRI scans is common. Symptomatic cases in addition to fac-
tors such as meningioma type, recurrence likelihood, and health
impact often require neurosurgical intervention. Alternatives like
radiation or chemotherapy are considered for those unfit for sur-
gery. If feasible, the primary treatment for malignant meningiomas
is surgery. Small, presumably benign, asymptomatic meningiomas
can cither be closely monitored or treated with radiation. The pri-
mary objective of surgery is twofold: to obtain tissue for tumor
typing and to remove as much of the tumor as possible without
exacerbating the patient’s symptoms. Less aggressive (Grade I)
may undergo complete or partial removal with additional treat-
ments. More aggressive (Grade II and III) usually involve surgery
and subsequent therapies. A recent addition is Grade 0, suggesting



complete tumor removal plus an additional 2 cm-3 cm from the
tumor insertion site, yielding positive outcomes [30].

Advances in surgical techniques enhance precision, but complete
removal isn't always possible. In 1957, Donald Simpson estab-
lished a significant link between the extent of recurrence, defining
Grades I-III as Gross Total Resection (GTR) and Grades IV-V
as subtotal resection. Simpson Grading (I-V) quantifies tumor
removal, with higher grades indicating less removal. Recurrence
chances correlate with Simpson Grade, which are 9% for Grade
I, 19% for Grade II, and 29% for Grade IIL. Surgery may involve
dura removal and replacement, and specifics depend on tumor lo-
cation and size, with personalized plans for each patient.

Immunotherapy

Meningiomas, along with their surrounding environment, trigger
a local immune response. By studying the types of immune cells
present, researchers have identified potential markers and targets
for immunotherapy. Inspired by positive outcomes in treating
other types of tumors, scientists are now investigating immune
checkpoint inhibitors for meningioma treatment. Inmune check-
points are natural mechanisms that regulate the immune system
to prevent it from attacking healthy cells. However, tumors like
meningiomas exploit these checkpoints to evade detection by
the immune system, creating an environment that suppresses
immune activity. One key checkpoint is the PD-1 and PD-LI
pathway, which controls T cell activity. In meningiomas, higher
levels of PD-1 and PD-L1 are associated with more aggressive
tumors. Currently, there are ongoing trials testing antibodies that
block PD-1 and PD-L1 in meningioma treatment. Additionally,
a study at the Kettering Cancer Center in the USA found that
Sunitinib, a medication, showed promise in treating progressive
or recurrent atypical and anaplastic meningiomas, with a 42% re-
covery rate and no further progression within six months. [14].
The prospective, multicenter, single—arm phase II trial, involving
36 heavily pretreated patients with surgery and radiation-refrac-
tory WHO grades II-III meningioma, showed a 42% PFS6 rate
at a 6-months primary endpoint. Median PFS and overall survival
were 5.2 months and 24.6 months, respectively. Toxicities included
intratumoral hemorrhages, thrombotic microangiopathy, and gas-
trointestinal perforation. VEGFR2 expression correlated with
sig-nificant PFS differences (1.4 months vs. 6.4 months) in
negative vs. positive patients (p=0.005) [31].

Radiation therapy

Radiotherapy is a special topic in the treatment of malignant
meningiomas. When EBRT was added to surgical resection for
anaplastic meningioma an increase in progression-free survival
from 15% to 80% was observed and reported in five years. No
consensus exists for atypical meningiomas, and EBRT has mostly
been reserved for recurrence and progression [32, 33]. Due to the
possibility of margin inclusion in the irradiation field with EBRT,
radiosurgery is no longer specified for malignant meningiomas.
Excellent observations have been reported with stereotactic radio-
therapy when employed as an adjuvant after gross total resection
or as definitive treatment regime [32]. Assuming that radiation
therapy is of value in improving tumor control, new advanced
radiation techniques can provide excellent target dose coverage,
precise target localization, and accurate dose delivery.
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Intensity-Modulated ~ Photon

(IMRT)

For large postoperative resection cavities or remaining tumors,
advanced techniques like Intensity-Modulated Radiotherapy
(IMRT) or Volumetric Modulated Arc Therapy (VMAT) are
preferred over traditional 3-Dimensional Conformal Radiation
Therapy (3D-CRT). IMRT is an advanced type of radiotherapy

that delivers a precise dose of radiation to the target area. With

Radiotherapy

computer-controlled linear accelerators, IMRT can adjust the
intensity of the radiation beam to conform more accurately to
the three-dimensional shape of the tumor. This precision allows
IMRT to deliver higher doses of radiation to the tumor while re-
ducing exposure to surrounding healthy brain tissues [34, 35].

Stereotactic radiation techniques

The techniques given as either hypofractionated radiotherapy
(SRT) or radiosurgery (SRS) have been employed in patients with
residual or recurrent atypical and anaplastic meningiomas. The
key advantage of stereotactic techniques is their ability to sharply
reduce radiation doses at the edges of the target area, thereby min-
imizing radiation exposure to surrounding brain tissues and lower-
ing the risk of treatment-related side effects. Modern stereotactic
techniques include Linear Accelerator (LINAC)-based systems
like CyberKnife or Novalis (NTx), as well as Gamma Knife. Pa-
tients undergoing Gamma Knife treatment typically wear a rigid
stereotactic frame to ensure submillimeter precision in targeting.
In contrast, those treated with LINAC-based systems are usually
immobilized using a high-precision, frameless stereotactic mask
fixation system [36].

Particle radiation therapies

Particle radiation therapy uses protons or carbon ions to deliver
radiation, unlike conventional photon radiations. Compared to
photons, protons and carbon ions provide more uniform radia-
tion and better conform to the tumor shape, allowing for precise
delivery of higher radiation doses to tumor cells while sparing sur-
rounding healthy brain tissue. Several studies have shown that par-
ticle therapy results in less radiation-induced toxicity compared to
photon radiation. Most reported side effects include mild skin
irritation and hair loss, with minimal to no severe acute or long-
term toxicity. Re-irradiation with photons is challenging due to
the limited tolerance of surrounding healthy tissue to additional
radiation. However, particle therapy has been found to be very
safe and effective for re-irradiation in cases of recurrent or pro-
gressive meningiomas [37].

Chemotherapy

Chemotherapy and other systemic therapies have demonstrated
limited clinical efficacy in the treatment of meningiomas [38].
Interferon-alpha, somatostatin receptor antagonists, and VEGF
receptor inhibitors are the only chemotherapy drugs approved
by the FDA that can help patients with meningiomas, but their
benefits are small. These options are typically used when menin-
giomas come back or get worse after surgery and radiation, and
other treatments no longer work. While chemotherapy and sys-
temic therapies have some success in treating meningiomas, they
don't work very well, and these FDA-approved drugs only provide
a lictle help, mainly in cases where other treatments have failed.
Chemotherapeutic agents such as Hydroxyurea, temozolomide,
irinotecan, and combination therapies exhibit varied efficacy, with
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an average six-month progression-free survival rate of 26%, indi-
cating poor outcomes for refractory malignant meningiomas. [38,

39].

When meningiomas have a lot of somatostatin receptors, it usually
means they're more aggressive and have a higher chance of coming
back after treatment. Because of this, researchers have looked into
using drugs that block somatostatin receptors to treat recurrent
meningiomas. In a small study with 16 patients who had recurrent
meningiomas, they tested the effectiveness of a drug called Sand-
ostatin LAR, which slowly releases somatostatin over time. With a
primary goal of assessing progression-free survival at 6 months, the
study highlighted the presence of somatostatin receptors, particu-
larly sst2A, in the majority of meningiomas. Patients, including 11
women and 5 men with a median age of 58, had previously under-
gone diverse therapeutic interventions. Administered monthly,
Sandostatin LAR showed minimal toxicity, resulting in a 31%
partial radiographic response and 44% progression-free survival
at 6 months, suggesting a promising, relatively nontoxic alterna-
tive for recurrent meningiomas with somatostatin receptor over-
expression [40]. Growth factor receptors such as VEGFE, PDGEF,
EGF are also overexpressed by many meningiomas. Thus, a variety
of therapies using monoclonal antibodies or small molecule kinase
inhibitors targeting one or more of these receptors have been stud-
ied in recurrent meningiomas such as sunitinib (administered at
50 mg/d for days 1-28 of every 42-day cycle, in SU011248 study)
[41]. VEGEF receptor reported mild improvement in progression-
free survival. Small molecule kinase inhibitors like sunitinib and
immunomodulating agents such as interferon-alpha have shown
tolerability but modest therapeutic benefits. Monoclonal anti-
body drugs are the treatments that enlist the body's germ-fighting
immune system against diseases, including cancer. Monoclonal
antibody bevacizumab, against the VEGF receptor, have reported
mild improvement in PFS in patients with recurrent meningiomas
[42]. Another important small molecule kinase inhibitor imatinib
antibody is also found importance during preclinical and clinical
trials. Erlotinib and gefitinib are both small molecule kinase in-

hibitors of EGF receptor that have been studied in phase I trials
for recurrent meningioma [42].

While well-tolerated, Sunitinib, a small molecule kinase inhibi-
tor, and immunomodulating agents, such as Interferon-alpha, aim
to stimulate or suppress the immune system, aiding the body in
combatting cancer or infections. Interferon-alpha shows modest
therapeutic benefit for recurrent meningiomas not suitable for re-
section, with studies indicating tumor growth stabilization and a
phase II trial suggesting a slight enhancement in PES at 12 weeks,
though overall survival rates remain unchanged. Advancements
in chemotherapy for melanoma patients include exploring mono-
clonal antibodies (e.g., bevacizumab) and small molecule kinase
inhibitors (e.g., sunitinib) targeting specific receptors, showcasing
promising results in improving progression-free survival.

Immunomodulating agents like interferon-alpha have demon-
strated tolerability but limited therapeutic benefits in melanoma
cases not suitable for resection.

CONCLUSIONS

In the past few years, there has been a big increase in studies try-
ing to understand the clinical and genetic aspects of meningio-
mas, especially through detailed analysis of their genes. Despite
the challenges related to diagnostics and therapeutics, advances
in oncologic technology and research provide hope by uncovering
new and informative genetic mutations, tumor behavior, and re-
currence risk. Understanding the pathophysiology and molecular
biology of meningiomas is critical in more adequately predicting
prognosis, discovering novel therapeutic approaches, and lead-
ing treatment strategies for individual patients and the biology of
their meningiomas. More novel investigations to further elucidate
the heterogencous pathology and genetic alterations associated
with the morphology and malignancy of meningiomas may pave
the way to the discovery of new therapeutic agents for the com-
mon and diverse entities of the neoplasm.
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