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Abstract
Meningiomas are the most common intracranial tumors. Yet, only few controlled clinical trials have been conducted 
to guide clinical decision making, resulting in variations of management approaches across countries and centers. 
However, recent advances in molecular genetics and clinical trial results help to refine the diagnostic and thera-
peutic approach to meningioma. Accordingly, the European Association of Neuro-Oncology (EANO) updated its re-
commendations for the diagnosis and treatment of meningiomas. A provisional diagnosis of meningioma is typically 
made by neuroimaging, mostly magnetic resonance imaging. Such provisional diagnoses may be made incidentally. 
Accordingly, a significant proportion of meningiomas, notably in patients that are asymptomatic or elderly or both, 
may be managed by a watch-and-scan strategy. A surgical intervention with tissue, commonly with the goal of gross 
total resection, is required for the definitive diagnosis according to the WHO classification. A role for molecular pro-
filing including gene panel sequencing and genomic methylation profiling is emerging. A gross total surgical resection 
including the involved dura is often curative. Inoperable or recurrent tumors requiring treatment can be treated with 
radiosurgery, if the size or the vicinity of critical structures allows that, or with fractionated radiotherapy (RT). Treatment 
concepts combining surgery and radiosurgery or fractionated RT are increasingly used, although there remain con-
troversies regard timing, type, and dosing of the various RT approaches. Radionuclide therapy targeting somatostatin 
receptors is an experimental approach, as are all approaches of systemic pharmacotherapy. The best albeit modest 
results with pharmacotherapy have been obtained with bevacizumab or multikinase inhibitors targeting vascular en-
dothelial growth factor receptor, but no standard of care systemic treatment has been yet defined.
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Key Points

1.	 Observation is the first option in incidental, asymptomatic, suspected 
meningiomas.

2.	Surgical resection is the first option for growing or symptomatic tumors.

3.	Radiosurgery or fractionated radiotherapy may be complementary therapies or 
even alternative approaches to surgery in certain situations.

4.	Molecular diagnostics are developing rapidly. Tissue asservation for molecular 
diagnostics and future targeted therapies is highly recommended.

In 2016, the European Association of Neuro-Oncology 
(EANO) issued its first guideline on the diagnosis and treat-
ment of meningiomas.1 Since then, the level of evidence for 
diagnostic and therapeutic decisions has increased in var-
ious areas. Numerous reports about molecular genetics of 
meningiomas of different WHO grades provided valuable 
insight into meningioma biology and clinical behavior. Data 
from controlled clinical studies have become available and 
the new WHO classification of 2021 reshapes the diagnostic 
approach to meningioma. Accordingly, a task force of the 
EANO was mandated to reevaluate the current literature on 
meningiomas and to update the guidelines on the diagnosis 
and therapy of these tumors.

Methods

All clinical disciplines, which are involved in the diagnosis 
and treatment of meningiomas are represented in the 
EANO task force. As a first step, representatives of these 
disciplines in different European countries were evaluated 
regarding their clinical and scientific activities and guide-
line expertise by the EANO guidelines committee and in-
vited to join the task force. Specialists in Neuroradiology, 
Neurosurgery, Neuropathology, Radiation Oncology, and 
Medical Neurooncology were invited. Next, the focus 
areas of the updated guideline and sensitive and specific 
keywords as well as the combination of keywords were 
defined by the guideline committee. The main keywords 
were: chemotherapy, clinical presentation, cognition, ep-
idemiology, histopathology, immunotherapy, medical 
therapy, magnetic resonance imaging (MRI), meningioma, 
microsurgery, molecular pathology, neurocognition, neu-
ropathology, pharmacotherapy, positron emission tomog-
raphy (PET), prognosis, radiation therapy, radiosurgery, 
risk factors, quality of life, radiosurgery, skull base tumor, 
supportive therapy, surgery.

The focus areas were distributed to single authors or 
groups of authors respecting their clinical profession 
and scientific profile. The individual authors searched the 
Medline database, the Cochrane Library, Embase Ovid, 
Cancer Net, and Science Citation Index, using the defined 
keywords, from May 2016 to May 2020. Inclusion of a small 
number of older references was accepted if necessary 
to provide evidence. All types of articles in all languages 

represented by the members of the task force were con-
sidered. The references searched by the single authors were 
evaluated in a consensus process with the participation of 
all authors and 120 papers were selected for the final guide-
line. According to a guideline of the European Federation 
of Neurological Societies,2 scientific evidence was rated 
into classes I-IV, and references were labeled as levels A-C. 
If sufficient evidence for a recommendation was not avail-
able, advice as a “good practice point” was offered.

Epidemiology and Risk Factors

Meningiomas have the highest incidence rate (37.6%) 
among all primary intracranial and central nervous system 
tumors.3 In the United States (US), the annual age-adjusted 
incidence rate of meningiomas was 8.58 per 100 000 pop-
ulation in 2012-2016 based on the Central Brain Tumor 
Registry of the US report released in 2019. Incidence in-
creases with age, with a strong increase after the age of 
65 years.3

From 2004 to 2010, the incidence of World Health 
Organization (WHO) grade 2 atypical intracranial 
meningiomas increased from 0.28 (95% confidence interval 
[CI]: 0.27-0.29) to 0.30 (95% CI: 0.28-0.32), representing an 
annual percentage change of 3.6% (95% CI: 0.8%-6.5%). 
Conversely, from 2000 to 2010, the incidence of WHO grade 
3 anaplastic meningiomas decreased from 0.13 (95% CI: 
0.11-0.14) to 0.06 (95% CI: 0.06-0.07), representing an an-
nual percentage change of −5.4% (95% CI: −6.8% to −4.0%). 
From 2004 to 2010, the overall proportion of WHO grades 
1, 2, and 3 intracranial meningiomas (based on the WHO 
classification from 2000)  was 94.6%, 4.2%, and 1.2%, re-
spectively.4 Meningiomas of WHO grades 1 and 2 overall 
are 2.3 times more common in females compared to males 
and the incidence of meningiomas is higher in originally 
Africans compared with Caucasians for meningiomas of all 
grades.3

Ionizing radiation has been linked to an increased risk 
for the development of meningiomas. This has been ob-
served not only after irradiation for a variety of medical in-
dications but also in atomic bomb survivors.5 Conversely, 
the risk of secondary tumors including meningiomas after 
radiosurgery is considered to be low with 6.8 cases per 
100 000 patient-years.6
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In 2016, the European Association of Neuro-Oncology 
(EANO) issued its first guideline on the diagnosis and treat-
ment of meningiomas.1 Since then, the level of evidence for 
diagnostic and therapeutic decisions has increased in var-
ious areas. Numerous reports about molecular genetics of 
meningiomas of different WHO grades provided valuable 
insight into meningioma biology and clinical behavior. Data 
from controlled clinical studies have become available and 
the new WHO classification of 2021 reshapes the diagnostic 
approach to meningioma. Accordingly, a task force of the 
EANO was mandated to reevaluate the current literature on 
meningiomas and to update the guidelines on the diagnosis 
and therapy of these tumors.

Methods

All clinical disciplines, which are involved in the diagnosis 
and treatment of meningiomas are represented in the 
EANO task force. As a first step, representatives of these 
disciplines in different European countries were evaluated 
regarding their clinical and scientific activities and guide-
line expertise by the EANO guidelines committee and in-
vited to join the task force. Specialists in Neuroradiology, 
Neurosurgery, Neuropathology, Radiation Oncology, and 
Medical Neurooncology were invited. Next, the focus 
areas of the updated guideline and sensitive and specific 
keywords as well as the combination of keywords were 
defined by the guideline committee. The main keywords 
were: chemotherapy, clinical presentation, cognition, ep-
idemiology, histopathology, immunotherapy, medical 
therapy, magnetic resonance imaging (MRI), meningioma, 
microsurgery, molecular pathology, neurocognition, neu-
ropathology, pharmacotherapy, positron emission tomog-
raphy (PET), prognosis, radiation therapy, radiosurgery, 
risk factors, quality of life, radiosurgery, skull base tumor, 
supportive therapy, surgery.

The focus areas were distributed to single authors or 
groups of authors respecting their clinical profession 
and scientific profile. The individual authors searched the 
Medline database, the Cochrane Library, Embase Ovid, 
Cancer Net, and Science Citation Index, using the defined 
keywords, from May 2016 to May 2020. Inclusion of a small 
number of older references was accepted if necessary 
to provide evidence. All types of articles in all languages 

Type 2 neurofibromatosis (NF2) is the most common ge-
netic condition associated with meningioma. Patients with 
NF2 are also more likely to develop grade 2 and 3 or mul-
tiple meningiomas.7

A number of studies have tried to link endogenous and 
exogenous hormone exposure to meningiomas because 
of higher incidences in women of reproductive age, tumor 
expression of hormone receptors, an association with 
breast cancer, and changes in size of meningiomas during 
pregnancy, the menstrual cycle, and menopause. A longer 
exposure of females to exogenous progesterone was as-
sociated with lower levels of progesterone receptor (PR) 
and NF2 mRNA in blood and proposed to be linked to a 
higher risk of meningioma.8

Diagnostic Procedures

Imaging

MRI and computed tomography (CT) scans, when 
used in combination, allow the diagnosis of intracra-
nial meningiomas with high probability in most cases.9 
Typically, meningiomas are isointense on T1-weighted 
sequences and hyperintense on T2-weighted and fluid-
attenuated inversion recovery (FLAIR) sequences. They 
show strong contrast enhancement and a dural tail at 
the perimeter of the tumor. WHO grade 2 or 3 histology 
might be suspected based on the extent of edema as-
sessed on FLAIR and on heterogeneous contrast 
enhancement.10 CT with bone window setting is val-
uable to assess hyperostosis of the adjacent bone and 
intraosseous tumor growth. Meningiomas express so-
matostatin receptor 2 and can be delineated by PET after 
injection of somatostatin analogs such as 68Ga-DOTATATE 
(DOTA-D-Phe1-Tyr3-octreotate) or 90Y-DOTATOC (DOTA-
D-Phe1-Tyr3-octreotide) (see Figure 1). This exploration, 
not yet available as standard practice, is helpful in dis-
tinguishing tumor from healthy tissue and postoperative 
tissue changes.9,11–13

When management by observation is indicated, MRI is 
the gold standard for follow-up imaging. Meningioma size 
is usually evaluated by the T1 sequence with gadolinium 
injection. Regarding measurements, T2-weighted axial MRI 
provides information comparable to the T1 gadolinium.14 
The general recommendation that surveillance should be 
based on gadolinium-enhanced, T1-weighted sequences 
(good practice point) remains, but the option to follow 
small meningiomas by T2-weighted imaging only may be 
considered. Several MRI-based machine learning models 
have been used in the last years to improve the accuracy 
of meningioma diagnosis and may play a role in specific 
settings in the near future.15

The use of conventional angiography in the diagnosis of 
meningioma has been steadily declining, but it may pro-
vide useful information in particular cases when a major 
sinus (lateral sinus or superior sagittal sinus) seems in-
vaded by the tumor and MRI angiography provides in-
sufficient information. 3D venous angiography provides 
accurate information concerning the patency of the sinus 
and the collateral venous drainage.16

Preoperative embolization is not recommended in cur-
rent practice and has been associated with increased risk 
of postoperative cardiovascular complications.17 A recent 
randomized trial identified as the only potential benefit of 
embolization a reduction in surgery time.18 Individual deci-
sions for embolization should thus be left to the discretion 
of the surgical team. It may be useful when the feeding ar-
teries are not accessible to the surgeons such as in petro-
clival meningiomas. In this situation, embolization aims to 
occlude the meningeal branch of the ascending pharyngeal 
artery or the tentorial branch of the internal carotid artery.

Histopathology and Molecular Pathology

The WHO classification system describes 15 different me-
ningioma subtypes, 9 of which are allotted WHO grade 1, 3 
WHO grade 2, and 1 WHO grade 3 (Table 1).19 Grading of me-
ningioma depends on mitotic rate, brain invasion, or specific 
histological features. While brain invasion has been intro-
duced as new criterion for atypical meningioma WHO grade 
2 in the 2016 WHO classification, several recent studies have 
challenged its prognostic role.20,21 However, brain invasion 
remains an independent criterion for atypical meningioma 
WHO grade 2 in the WHO classification 2021. In contrast to 
previous versions of the classification, molecular markers are 
now introduced as grading criteria for selected subtypes: be-
sides histological features, secretory meningiomas can also 
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Fig. 1  PET-CT after injection of 68Ga-DOTATATE. (A) PET-gamma-
scan in coronar plane, (B) PET-gamma-scan in axial plane, (C) com-
puted tomography in axial plane, (D) fusion of computed tomography 
and PET-scan in axial plane, (E) MRI T1-weighted with CM in coronar 
plane, and (F) MRI T1-weighted with CM in axial plane. Abbreviations: 
68Ga-DOTATATE, 68-gallium DOTA-D-Phe1-Tyr3-octreotate; CM, con-
trast medium; MRI, magnetic resonance imaging; PET-CT, positron 
emission tomography-computed tomography.
  



 1824 Goldbrunner et al. EANO guideline on meningioma

be diagnosed on the basis of detecting KLF4/TRAF7 muta-
tions. Likewise, any meningioma with TERT promoter mu-
tation and/or CDKN2A/B homozygous deletion is allotted to 
WHO grade 3, irrespective of histological criteria of anaplasia. 
Further, 2 subtypes formerly associated with WHO grade 3, 
rhabdoid and papillary meningioma, will no longer be allotted 
to a specific grade based on the subtype-specific histology 
alone. For these both subtypes, grading is now determined 
on basis of the same criteria for atypia and anaplasia as for 
other meningioma variants.

Despite adequately predicting outcomes for the ma-
jority of patients, the grading scheme has limitations. 
While patient cohorts with WHO grade 2 meningioma gen-
erally exhibit shorter intervals to tumor recurrence, there 
is a considerable number of individual patients with WHO 
grade 1 meningiomas with unexpectedly early tumor re-
lapse. Conversely, some patients with WHO grade 2 
meningiomas, especially when a complete resection can 
be achieved, experience a long indolent clinical course 
even without postsurgical radiotherapy (RT).

Despite the progress in the molecular understanding of 
meningioma, only few markers of clinical relevance have 
emerged so far. The most frequent alterations in all WHO 
grades are chromosome 22q deletions and mutation of 
the other NF2 allele. With increasing aggressiveness and 
WHO grade, NF2 mutant meningiomas accumulate copy 
number alterations, of which deletion of chromosomal arm 
1p and chromosome 10 are typically the first events, and 
with CDKN2A/B homozygous deletion indicating a highly 
aggressive course.23

In WHO grade 1 NF2 wild-type meningiomas, several 
other mutations are found with the following overall fre-
quencies: AKT1 (up to 20%), SMO (up to 11%), KLF4 (up 
to 28%), PIK3CA (up to 7%), and TRAF7 (up to 40%).24–29 
AKT1 and KLF4 mutations often occur in combination 
with TRAF7 mutations, while isolated TRAF7 mutations 
are rare. AKT1/TRAF7 and SMO mutations are typical for 
the meningothelial subtype, particularly in skull base lo-
calizations. KLF4/TRAF7 mutations constitute the driver 
alteration in secretory meningiomas and can serve as al-
ternative criterium, besides secretory granula, to identify 
this subtype.

Due to their association with meningothelial WHO grade 
1 meningiomas, mutations in AKT1 and SMO, are dis-
cussed as markers for low risk of recurrence.30,31 However, 
larger studies assessing their independent prognostic 
value are lacking, and their association with meningothelial 
meningioma is less strong than that of KLF4 with the 
secretory subtype, preventing their use as criteria for 
grading. Similarly, the correlation with morphology sug-
gests defining subtypes by mutations. Most literature on 
these mutations is, however, confounded, eg, by enrich-
ment for certain subtypes or focusing on NF2 wild-type 
meningiomas, thus precluding robust conclusions on the 
distribution across the entire meningioma spectrum.

Independent of classification, in the rare case of more 
aggressive AKT1 or SMO mutant meningiomas, these al-
terations may present promising targets for intervention 
as shown in a single case.32

Among WHO grade 2 meningiomas, virtually all clear 
cell meningiomas harbor SMARCE1 mutations (97%).26 
SMARCE1 germline mutations can pose an alternative 
to NF2 germline mutations as predisposition to pedi-
atric meningioma, which then mostly occur at a spinal 
location.33 However, no comprehensive data exist on 
what fraction of clear cell meningiomas results from 
SMARCE1 germline compared to somatic mutations. 
Among the subtypes formerly allotted to WHO grade 3, 
BAP1 mutations and deletions occur in a subset of cases 
with rhabdoid morphology. Of 6 cases with BAP1 mutant 
rhabdoid meningioma, 2 were based on BAP1 germline 
alterations.34 In papillary meningioma, 1 study identified 
enrichment for PBRM1 mutations.35 Whether BAP1 and 
PBRM1 alterations identify those rhabdoid and papillary 
meningiomas, respectively, which are exhibit the aggres-
sive clinical course of WHO grade 3 meningiomas re-
mains to be determined.

TERT promoter mutations have already been substanti-
ated as a marker of high risk of recurrence,36,37 and thus are 
an independent criterium for WHO grade 3 in the new WHO 
classification. TERT promoter mutations can evolve during 
progression and be limited to focal, more aggressive areas 

  
Table 1  Molecular Characteristics of Meningioma Subtypes

Common  
Mutations

CNVs MC

WHO grade 1

  Meningothelial AKT1(/
TRAF7), SMO

None ben-2

  Fibroblastic NF2 del 22q ben-1

  Transitional NF2 del 22q ben-1

  Secretory KLF4/TRAF7a None ben-2

  Psammomatous NF2 del 22q ben-1

  Metaplastic NF2 gain 5 ben-3

  Microcystic NF2 gain 5 ben-3

  Angiomatous NF2 gain 5 ben-3

WHO grade 2

  Atypical NF2 del 1p, del 22q int-A/B

  Chordoid (NF2) del 2p int-A/B

  Clear cell SMARCE1 None No 
spe-
cific

WHO grade 3

  Anaplastic NF2, TERT 
promotera

del 1p, 10, 
22q, homo del 
CDKN2A/Ba

Malig-
nant

Formerly WHO grade 3

  Rhabdoid BAP1 (BAP1 locus) No 
spe-
cific

  Papillary PBRM1 No specific No 
spe-
cific

Abbreviations: ben, benign; CNVs, copy number variations; del, 
deletion; homo del, homozygous deletion; int, intermediate; MC, meth-
ylation class.22

aNovel molecular criterion for subtype, besides histology features, in 
WHO classification 2021.
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of the tumor, necessitating considerate sampling for DNA 
extraction. Similarly, homozygous deletions of CDKN2A/B 
are associated with unfavorable outcome independent of 
histology, thus also sufficing as a marker for WHO grade 3 
in the new WHO classification.36,38,39

For pediatric meningiomas, YAP1 fusions can be an alter-
native driver to the often germline-associated SMARCE1, 
BAP1, or NF2 mutations.40

The implications of subjective interpretation of his-
tological criteria, and of spatial and longitudinal het-
erogeneity of mutations, may be overcome by DNA 
methylation-based subtyping of meningioma. Different 
subgroups and classifier algorithms have been proposed 
which may provide prognostic information beyond the 
updated WHO classification and candidate gene panel 
sequencing.22,41,42

These data on molecular characteristics, especially copy 
number alterations and mutations, suggest that a future 
molecularly based classification will have the potential to 
direct individualized meningioma-specific therapy (Table 
2). Tumor tissue sampling and storage for future molecular 
testing should therefore be standard of practice.

Therapeutic Strategies

Observation

The number of incidental meningiomas has increased be-
cause of the broad availability of neuroimaging. Incidental 
meningiomas are present on brain MRI of 0.9% to 1.0% of 
the general population.54 A  5-year prospective study was 
conducted to identify risk factors for tumor growth of inci-
dental meningiomas.55 None of the 64 patients with inci-
dental meningioma developed tumor-related symptoms 
during the study period follow-up of 5  years, although 
48 tumors (75%) increased by 15% or more in volume. 
However, more than 60% of the tumors displayed a self-lim-
iting growth pattern, suggesting that asymptomatic tumors 
can be safely managed by serial imaging until persistent 

radiological or symptomatic growth.55 Lee et al reported a 
series of 232 patients who had been prospectively followed 
up without treatment from 1997 to 2013. Fifty-nine tumors 
(25.4%) showed rapid growth. Tumor size (odds ratio per 
cm3 1.07, P = .000), the absence of calcification (odds ratio 
3.87, P = .004), peritumoral edema (odds ratio 2.74, P = .025), 
and hyperintense or isointense signal on T2-weighted MRI 
(odds ratio 3.76, P = .049) were predictors of tumor growth 
rate.56 The authors suggest a weighted scoring system that 
predicts the specific probability of rapid tumor growth for 
patients with untreated meningioma. The requirement for 
long-term follow-up for every patient with an incidental me-
ningioma is debatable. Islim et al developed a prognostic 
model to personalize monitoring regimes for patients with 
incidental asymptomatic meningiomas.57 By combining 
data on patient age, performance status, co-morbidities, 
and MRI features (meningioma hyperintensity, peritumoral 
edema, proximity to neurovascular structures, size) patients 
are categorized as low, medium, or high risk for growth and 
progression, and an individualized monitoring strategy can 
be developed and the calculator is freely available (https://
www.impact-meningioma.com). Moreau et  al developed 
methods and a practical app designed to assist with the di-
agnosis and prognosis of meningiomas.58 Currently, by con-
sensus, annual MRI scans are recommended in suspected 
meningiomas or meningiomas of WHO grade 1 for 5 years. 
Thereafter, intervals can be doubled (good practice point).

Surgery

The primary treatment for the majority of symptomatic 
or enlarging meningiomas is surgery. There are no ran-
domized trials comparing surgery to other therapies for 
meningioma. Evidence for the effectiveness of surgery 
as monotherapy is derived from institutional case series 
which established that extent of resection (EOR) is an im-
portant prognostic factor.59,60 This is commonly still cat-
egorized using the Simpson classification.61 However, in 
clinical trials, EOR is often defined as either gross total re-
section (ie, no residual solid tumor) or subtotal resection. 
This definition has been adopted by research organiza-
tions such as the European Organization for Research and 
Treatment of Cancer (EORTC) and the Radiation Therapy 
Oncology Group (RTOG).62

The fundamental principles of meningioma surgery are 
maximum safe resection with low morbidity and preserva-
tion of neurological function. While the aim is gross total 
resection (all involved dura and bone), EOR is determined 
by tumor location, consistency, size, and proximity or in-
volvement of critical neurovascular structures. Although 
EOR is the only modifiable risk factor for recurrence, 
striving to achieve a gross total resection should not be at 
the expense of neurological or cognitive function. When 
gross total resection is not possible, a planned subtotal 
resection should be undertaken to preserve neurological 
function. Residual meningioma can then be monitored or 
treated with postoperative conformal fractionated RT or 
stereotactic radiosurgery (SRS).

Successful surgery achieves 2 goals—relief of neurolog-
ical symptoms and mass effect and provision of tissue for 
diagnosis. Surgical risks should be fully discussed with 

  
Table 2  Molecular Targets

Drug Class Molecular Target/Biomarker

AKT inhibitor AKT1 (pGlu17Lys) mutation24,25

Hedgehog inhibitor SMO (pTrp535Leu) mutation24,25

FAK inhibitor NF2 (merlin) loss43,44

Immune checkpoint in-
hibitor

PD-L1, PD-L2, B7-H3, and CTLA-445–47

VEGF or VEGFR inhibitor VEGF or VEGFR248–50

PI3K inhibitor PI3K29

mTOR inhibitor mTOR51,52

Somatostatin analog Somatostatin receptors51

Gemcitabine Cytidin53

Abbreviation: AKT, gene coding for protein kinase B; FAK, focal ad-
hesion kinase; mTOR, mammalian target of rapamycin; PI3K, phospho-
inositol-3-kinase; VEGF, vascular endothelial growth factor.
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the patients prior to surgery including location-specific 
risks and more general risks such as seizures and hydro-
cephalus. Careful preoperative planning with attention to 
neurovascular anatomy will maximize surgical success 
and minimize morbidity. Special attention has to be paid 
to neurocognitive impairment, which might be present in 
a high proportion of patients.63,64 It may be relieved by sur-
gery.65,66 On the other hand, postoperative neurocognitive 
impairment represents a significant surgical risk.

Image guidance should be used routinely and al-
lows multiple datasets to be integrated into the surgical 
plan, including DOTATATE PET imaging for intraosseous 
meningioma.9,12 Intra-operative imaging can be used 
for emerging approaches such as adaptive hybrid sur-
gery, to intentionally leave small volume residual me-
ningioma that can be treated with postoperative SRS.67 
Intra-operative neurophysiological monitoring, eg, facial 
nerve and brainstem-evoked potentials, may help to min-
imize neurological deficits. The use of minimally invasive 
and endoscopic techniques has been assessed. Generally, 
a superiority of these approaches in the management of 
anterior skull base tumors could not be shown leaving 
open craniotomy a valid option for the resection of these 
tumors.68

Spinal meningiomas are much rarer than intracranial 
meningiomas, however, the same surgical principles 
apply. The majority of data supports strategies aiming at 
gross total resection even in elderly patients.69 Institutional 
case series support the strategy of striving for gross total 
resection since the recurrence rate ranges from 1.3% to 
14.7%.70–72 The decision to offer surgery for spinal menin-
gioma, rather than observation, should balance the benefit 
of tumor removal vs surgical risk.73

Radiosurgery

SRS has been established as an alternative therapy to sur-
gery in well-defined cases with small tumors in elderly or 
critically sick patients. Local control of small-sized intracra-
nial meningiomas of a diameter of 3 cm or less after SRS 
was comparable to Simpson Grade I resection.74

Two retrospective series found that a reduction of tumor 
size after SRS or hypofractionated RT was predictive for 
long-time tumor control after 5 and 10 years. The 10-year 
recurrence-free survival was 93.4% and 95.7%, respec-
tively, using doses above 13 Gy.75,76

Cranial nerve function is a major concern in the therapy 
of skull base meningiomas. Therefore the concept of com-
bined treatment using subtotal surgery and SRS is in-
creasingly used. Cranial nerve outcome was addressed 
in a registry-based analysis of 150 patients who received 
resection and SRS of skull base meningiomas at dif-
ferent locations. In 19% of patients, cranial nerve func-
tion improved after SRS, 10% suffered from deterioration 
10  years after SRS. The rate of deterioration increased 
with time being 3.5% after 1 year, 5.5% after 3 years, and 
7% after 5 years.

In the field of highly precise irradiation, the concept of 
fractionated radiosurgery has evolved within the last years 
with a view to preserving cranial nerve function in pa-
tients with large tumor volumes. Image-guided, frameless 

technology enables multisession procedures with stereo-
tactic precision. In several studies, this principle has been 
used for skull base meningiomas,77 particularly perioptic 
tumors.78 Two to five fractions with doses of 4-10 Gy per 
fraction are commonly used, resulting in total doses of 
18-25 Gy. A comparison of fractionated stereotactic RT (me-
dian 33 sessions) and Cyber Knife-based hypofractionated 
radiosurgery (median 5 sessions) using pooled data of 3 
centers revealed no differences regarding local control and 
toxicity making short-term hypofractionated radiosurgery 
a convenient option.77

There are little data for radiosurgery of spinal 
meningiomas which can be performed as single-dose 
radiosurgery or in a hypofractionated manner, too.76,79

Fractionated External Beam RT

Fractionated external beam RT remains an important com-
ponent in the therapeutic armamentarium for the manage-
ment of meningiomas. For patients with meningiomas not 
safely amenable to surgery, or after incomplete surgical re-
section, few large retrospective studies published over the 
past 3 years have confirmed current EANO guidelines giving 
class III evidence with recommendations B and C, on the use 
of fractionated RT.80,81 In a series of 7811 patients with WHO 
grade 2 and 1936 patients with WHO grade 3 meningiomas 
obtained from the US National Cancer Database who un-
derwent surgical resection and/or RT from 2004 to 2014, the 
5-year overall survival (OS) rate was 75.9% in patients with 
grade 2, and 55.4% in patients with grade 3 meningiomas (P 
< .0001). In patients with meningiomas grade 2, gross total 
resection and postsurgical fractionated RT were independent 
predictors of improved survival.81

Results of 2 prospective phase II trials have been pub-
lished by RTOG and EORTC. The first report of NRG 
Oncology/RTOG 0539 trial showed the initial outcome for 
patients with intermediate-risk meningiomas, ie, recurrent 
WHO grade 1 or newly diagnosed WHO grade 2 tumors 
after gross total resection who were treated with fraction-
ated RT, either intensity-modulated or 3D conformal RT, 
54 Gy in 30 fractions.82 With 48 fully evaluable patients 
for the primary endpoint, 3-year progression-free sur-
vival (PFS) was 93.8%. The estimated 3-year OS and local 
failure rates were 96% and 4.1%. No significant difference 
in outcome was observed between patients with recurrent 
WHO grade 1 and patients with WHO grade 2 tumors re-
ceiving gross total resection. Adverse events were limited 
to grade 1 and 2 only. In a second clinical outcomes report 
from the same trial, Rogers et al83 showed PFS of 58.8%, 
local control of 68.9%, and OS of 78.6% after 3 years with 
a median follow-up of 4.0 years in 53 patients who were 
treated with intensity modified radiotherapy (60 Gy/30 
fractions) for high-risk meningioma, defined by new or 
recurrent WHO grade 3 or recurrent WHO grade 2 menin-
gioma of any resection extent or newly diagnosed WHO 
grade 2 tumor after subtotal resection. Combined acute 
and late adverse events occurred in about 40% of pa-
tients and were limited to CTCAE (Common Terminology 
Criteria for Adverse Events) grades 1-3, except for 1 single 
necrosis-related death.
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technology enables multisession procedures with stereo-
tactic precision. In several studies, this principle has been 
used for skull base meningiomas,77 particularly perioptic 
tumors.78 Two to five fractions with doses of 4-10 Gy per 
fraction are commonly used, resulting in total doses of 
18-25 Gy. A comparison of fractionated stereotactic RT (me-
dian 33 sessions) and Cyber Knife-based hypofractionated 
radiosurgery (median 5 sessions) using pooled data of 3 
centers revealed no differences regarding local control and 
toxicity making short-term hypofractionated radiosurgery 
a convenient option.77

There are little data for radiosurgery of spinal 
meningiomas which can be performed as single-dose 
radiosurgery or in a hypofractionated manner, too.76,79

Fractionated External Beam RT

Fractionated external beam RT remains an important com-
ponent in the therapeutic armamentarium for the manage-
ment of meningiomas. For patients with meningiomas not 
safely amenable to surgery, or after incomplete surgical re-
section, few large retrospective studies published over the 
past 3 years have confirmed current EANO guidelines giving 
class III evidence with recommendations B and C, on the use 
of fractionated RT.80,81 In a series of 7811 patients with WHO 
grade 2 and 1936 patients with WHO grade 3 meningiomas 
obtained from the US National Cancer Database who un-
derwent surgical resection and/or RT from 2004 to 2014, the 
5-year overall survival (OS) rate was 75.9% in patients with 
grade 2, and 55.4% in patients with grade 3 meningiomas (P 
< .0001). In patients with meningiomas grade 2, gross total 
resection and postsurgical fractionated RT were independent 
predictors of improved survival.81

Results of 2 prospective phase II trials have been pub-
lished by RTOG and EORTC. The first report of NRG 
Oncology/RTOG 0539 trial showed the initial outcome for 
patients with intermediate-risk meningiomas, ie, recurrent 
WHO grade 1 or newly diagnosed WHO grade 2 tumors 
after gross total resection who were treated with fraction-
ated RT, either intensity-modulated or 3D conformal RT, 
54 Gy in 30 fractions.82 With 48 fully evaluable patients 
for the primary endpoint, 3-year progression-free sur-
vival (PFS) was 93.8%. The estimated 3-year OS and local 
failure rates were 96% and 4.1%. No significant difference 
in outcome was observed between patients with recurrent 
WHO grade 1 and patients with WHO grade 2 tumors re-
ceiving gross total resection. Adverse events were limited 
to grade 1 and 2 only. In a second clinical outcomes report 
from the same trial, Rogers et al83 showed PFS of 58.8%, 
local control of 68.9%, and OS of 78.6% after 3 years with 
a median follow-up of 4.0 years in 53 patients who were 
treated with intensity modified radiotherapy (60 Gy/30 
fractions) for high-risk meningioma, defined by new or 
recurrent WHO grade 3 or recurrent WHO grade 2 menin-
gioma of any resection extent or newly diagnosed WHO 
grade 2 tumor after subtotal resection. Combined acute 
and late adverse events occurred in about 40% of pa-
tients and were limited to CTCAE (Common Terminology 
Criteria for Adverse Events) grades 1-3, except for 1 single 
necrosis-related death.

Using the same primary endpoint of 3-year PFS >70%, 56 
patients with newly diagnosed WHO grade 2 meningioma 
who underwent gross total resection followed by fraction-
ated RT were evaluated in the EORTC 22042-26042 phase 
II study.84 The estimated 3-year PFS, OS, and local failure 
were 88.7%, 98%, and 14.3%, respectively, with a late 
toxicity of grade 3 or more observed in 14% of patients. 
Noteworthy, patients accrued in this trial were treated with 
a higher radiation dose, 60 Gy delivered in 2.0 Gy fractions, 
compared with NRG/RTOG trial.

Both US and European trials suggest potential bene-
fits of fractionated RT for patients with intermediate and 
high-risk meningiomas with acceptable toxicity; however, 
the question of whether early adjuvant RT reduces the 
risk of tumor recurrence after gross total surgical resec-
tion of WHO grade 2 meningiomas remains unanswered. 
Additionally, in the area of DNA methylation22 and molec-
ular profiling85 it may be possible to predict patient’s in-
dividual outcome based on clinicopathological features 
which could predict the probability of recurrence and to 
identify high-risk tumors who could benefit from adjuvant 
treatment.86 The use of RT may avoid the need for further 
surgical procedures but must be balanced against the po-
tential risks of long-term toxicity, which include but are 
not limited to neurocognitive impairment, hypopituita-
rism, and secondary, radiation-induced tumors. A phase 
III intergroup trial (ROAM/EORTC 1308, ISRCTN71502099) 
was activated in 2016 for these patients, randomizing 
them between observation and adjuvant RT.87 This active 
study has an accrual target of 190 patients and over 60% 
of the patients have been currently accrued in the UK, 
Ireland, Spain, Switzerland, Italy, Belgium, France, and 
Australia/New Zealand. The primary outcome measure is 
PFS (ie, time to MRI evidence of tumor recurrence) and 
secondary outcome measures include assessing the tox-
icity of RT, quality of life, neurocognitive function, time 
to second-line treatment, OS, and incremental cost per 
quality-adjusted life year (QALY) gained.88 A similar trial, 
NRG-BN003 (NCT03180268) is currently enrolling in 
the US.

The role of any type of RT in spinal meningiomas was 
addressed in a recent review using the US National Cancer 
Database. Among 10 458 patients with spinal meningioma 
between 2004 and 2015, 268 patients had received any 
type of RT; 131 patients had surgery plus R, 137 patients 
had received radiation alone (in 61% radiosurgery). Large 
tumor size and “borderline” or “malignant” histology were 
associated with increased use of RT. There appeared to be 
no association with OS, but RT was associated with a re-
duction of mortality in the subset of borderline and “malig-
nant” tumors.89

Pharmacotherapy

The role of pharmacotherapy in meningioma remains ill-de-
fined and there are no positive controlled clinical trials to 
base sound recommendations on. Still, systemic salvage 
therapy of meningiomas is commonly considered for pa-
tients in whom surgical resection or RT are no longer fea-
sible. Classical cytotoxic agents are commonly not active. 
This was also seen with trabectedin that was not superior 

to best physician’s choice in patients with WHO grade 2 or 3 
tumors who had their local treatment options exhausted in 
the EORTC 1320 trial.90 Partial responses of meningiomas 
to drugs have occasionally been described, notably with 
multikinase inhibitors.91 Furthermore, a slowing effect on 
the growth dynamics of meningiomas has been described 
using bevacizumab, thus indicating that in principle, systemic 
therapy targeting VEGF (vascular endothelial growth factor) 
and other kinase-dependent pathways may be useful.92 
However, the interpretation of most of the available studies 
is limited by several factors, in particular small patient num-
bers, the retrospective design of most studies, the heteroge-
neity of patient populations with regard to tumor type and 
prior therapies, the lack of comparator treatment arms or re-
liable historical benchmark activity parameters and the lack 
of standardized response criteria. Some recurring molecular 
aberrations indicate potential sensitivity to specific inhibi-
tors, but no clinical trials on targeted therapy of meningiomas 
have been completed.93

WHO grade 1 meningiomas
Hydroxyurea, temozolomide, irinotecan, interferon-alpha, 
Sandostatin LAR, pasireotide LAR, imatinib, erlotinib, and 
gefitinib have been studied in retrospective and single-arm 
phase II studies in WHO grade 1 meningiomas that have 
failed surgical resection and RT, without relevant activity. 
Mifepristone failed to show an advantage in failure-free 
or OS in a randomized phase III trial.94 The PFS-6 rates and 
OS times in the available studies range from 0% to 67% 
and from 7 to 13 months, respectively. None of the studied 
drugs showed clear signs of clinically relevant activity suf-
ficient to recommend them for routine clinical use. AKT 
inhibitors if available may be considered for patients with 
AKTE17K-mutant meningiomas.32

WHO grade 2 and 3 meningiomas
A variety of drugs including hydroxyurea, cyclophospha-
mide/adriamycin/vincristine chemotherapy, interferon-
alpha, megestrol acetate, medroxyprogesterone acetate, 
octreotide, Sandostatin LAR, pasireotide LAR, imatinib, 
erlotinib, gefitinib, vatalanib, sunitinib, and bevacizumab 
have been evaluated in retrospective studies and small 
prospective studies in patients with WHO grade 2 and 3 
meningiomas. PFS-6 rates ranged from 0% to 64% and me-
dian OS times from 6 to 33 months in patients recurring 
or progressing after surgery and RT. The most promising 
results have been reported for anti-angiogenic compounds 
including bevacizumab, vatalanib, and sunitinib.48,95,96 
However, these results from uncontrolled studies need to 
be confirmed in prospective controlled trials, before clin-
ical use of these compounds in patients with WHO grade 2 
and 3 meningiomas can be recommended.

A summary of therapeutic algorithms is displayed in 
Figure 2.

Cognitive Functioning

Within the last years, a strong focus has been set on 
neurocognition in meningioma patients. Cognitive 
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functioning may be impaired in meningioma patients pre- and 
postoperatively.63,64 These impairments are most pronounced 
in domains of memory, attention, and executive functions. 
Preoperative cognitive deficits in meningioma patients might 
be the result of anatomical localization, and elevated intracra-
nial pressure caused by the tumor itself or by tumor-related 
edema. Notably, frontal or temporal location, tumor size, 
and edema volume correlated with the decline of cognitive 
function. However, a clear causality could not be demon-
strated.63,97,98 Surgery generally had a beneficial effect on 
cognitive function.63,66,99–103 Postoperative cognitive deficits 
might be explained by the use of antiepileptic drugs.104 No 
clear associations between tumor lateralization and cognitive 
functioning were found in several studies in postoperative 
meningioma patients.66,101 Furthermore, meningioma patients 
with significant preoperative cerebral edema are at risk of ex-
periencing limitations in longer-term postoperative cognitive 
functioning.63,98 No correlations between RT and cognitive 
functioning were found.105,106 Other factors that are known 
to have a relation to cognitive performance such as epilepsy, 
mood, steroid intake, and quality of life were not systemati-
cally investigated.

Quality of Life

Health-related quality of life (HRQoL) is impaired in 
meningioma patients prior to surgery because of 

neurological symptoms and signs, or other factors re-
lated to illness like use of antiepileptic drugs. However, 
meningioma patients may have better HRQoL than (brain) 
cancer patients after surgery.107 Although tumor resec-
tion may improve neurological deficits rapidly, a signifi-
cant decrease of HRQoL is observed after surgery in the 
long-term108–110 notably with cognitive difficulties but 
also, emotional and social dysfunction as well as sleep 
disorders and fatigue.107,109 The number of patients able to 
drive or going to work decreases over time.109,111 Larger 
tumor size, higher WHO grade, tumor recurrence, shorter 
time since diagnosis, age of 50  years or more, more 
posttraumatic stress, personality changes, confusion, 
and left hemispheric tumor location, headache, seizures 
were all associated with lower HRQoL.107,110,111 This long-
term impact of the disease on the quality of life should be 
assessed during follow-up and appropriate interventions 
should be considered.

Future Directions

Radioimmunotherapy

The expression of receptors for somatostatin has been 
employed as a target for radionuclide therapy of menin-
gioma using ligands, such as DOTATOC or DOTATATE. 
Several small studies indicate a limited activity of such 

  

MRI: 
suspected
meningioma surgery

no mass
effect,
no symptoms

observation

SRS or RT
poor clinical
condition

therapeutic
intervention

good clinical
condition

histology, 
degree of
resection

Histology,
degree of
resection

WHO grade 1, 
GTR

WHO grade 1, 
no GTR

WHO grade 2, 
GTR

WHO grade 3

observation

observation or
RT

mass effect,
symptoms,
patient wish

observation or
SRS or RT

RT, experimental 
therapy

WHO grade 2, 
no GTR RT

observation

GTR = gross total resection
SRS = radiosurgery
RT = fractionated radiotherapy

Fig. 2  Recommendations for the therapeutic management of WHO grade 1-3 meningiomas.
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neurological symptoms and signs, or other factors re-
lated to illness like use of antiepileptic drugs. However, 
meningioma patients may have better HRQoL than (brain) 
cancer patients after surgery.107 Although tumor resec-
tion may improve neurological deficits rapidly, a signifi-
cant decrease of HRQoL is observed after surgery in the 
long-term108–110 notably with cognitive difficulties but 
also, emotional and social dysfunction as well as sleep 
disorders and fatigue.107,109 The number of patients able to 
drive or going to work decreases over time.109,111 Larger 
tumor size, higher WHO grade, tumor recurrence, shorter 
time since diagnosis, age of 50  years or more, more 
posttraumatic stress, personality changes, confusion, 
and left hemispheric tumor location, headache, seizures 
were all associated with lower HRQoL.107,110,111 This long-
term impact of the disease on the quality of life should be 
assessed during follow-up and appropriate interventions 
should be considered.

Future Directions

Radioimmunotherapy

The expression of receptors for somatostatin has been 
employed as a target for radionuclide therapy of menin-
gioma using ligands, such as DOTATOC or DOTATATE. 
Several small studies indicate a limited activity of such 
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treatments, expectedly, local control seems to be better 
in lower grade tumors that also exhibit higher target gene 
expression. However, controlled data are missing, and 
most patients in all series had undergone multiple prior 
interventions, including RT, rendering major benefit a 
priori unlikely.112,113

Neuropathology

In order to evaluate the potential impact of therapeutic tar-
gets especially in aggressive meningiomas, appropriate in 
vitro and in vivo models need to be established. Various 
meningioma cell lines have been characterized in de-
tail including their molecular features, and their different 
growth characteristics may at least partly reflect the range 
from slowly growing ordinary meningioma to the highly 
aggressive atypical or anaplastic variants.114–116 These cells 
can be used to model somatic mutations, either by using 
overexpression constructs containing either wild-type or 
mutant variants31 or by base substitution using Crisp-Cas-
mediated gene editing approaches.114–117 Generated cells 
can be used for drug testing to select candidate drugs with 
superior efficacy in mutant cells compared to wild-type 
cells.31

The next step to test in vivo efficacy of selected drugs 
should be either xenotransplantation of genetically en-
gineered cells into nude mice (xenotransplants), or treat-
ment of genetically engineered mice (GEM) harboring 
meningioma-relevant mutations with subsequent devel-
opment of meningeal tumors. Xenotransplants of menin-
gioma cells have been used for several years, and some 
meningioma cell lines have been confirmed to grow 
orthotopically in mice.118,119 Recently, xenotransplantation 
of meningioma cells containing the KLF4K409Q mutation 
characteristic for secretory meningioma has been demon-
strated as a tool to model the sensitivity of mTOR inhibi-
tors based on the presence of the specific mutation.31 In 
contrast, xenografts derived from patient tumor material 
have limited feasibility because of slow growth and small 
fraction of successfully grafted tumors.119 No studies using 
patient-derived orthotopic xenografts characterized by 
meningioma-typical mutations have been available so far.

Pharmacotherapy

Future therapeutic approaches in pharmacotherapy are 
mainly based on the identification of potential therapeutic 
targets such as NF2/merlin loss, AKT1, SMO, but also 
PIK3CA, VEGF/VEGFR2, BRAF, telomerase activity, or PD-1/
PD-L1.25,93 Yet, molecular testing is not part of routine neuro-
pathology and clinical data on the feasibility of addressing 
these targets are very limited. A prolonged response (more 
than 12 months) to AZD5363, currently under development 
for various cancers including breast cancer, has been re-
ported in a single patient with the AKT1E17K mutation.32 An 
efficacy of dabrafenib was also noted in a patient with a 
V600E mutation, CDKN2A/2B loss, and APC I13970K.120 
Immune checkpoint inhibition is currently being explored 
(NCT03279692, NCT02648997). Prospective trials with ad-
equate methodology are mandatory to validate these new 

potential approaches. A list of candidate targets is stated in 
Table 2.24,25,29,43–47,49–53

Special recommendations

Key recommendations are summarized in Table 3.

WHO grade 1 meningiomas
Treatment of WHO grade 1 meningiomas should be stratified by 
the major prognostic factors and clinical constellations sum-
marized above (Figure 2). In case of incidentally diagnosed and 
asymptomatic tumors observation by annual MRI initially is 
the management strategy of choice (evidence level III, recom-
mendation level C). Beyond routine neurological investigation, 
special attention should be directed to cognitive impairment be-
cause its presence argues in favor of intervention. Therapy is 
indicated in symptomatic or growing meningiomas with surgery 
being the first option for the following reasons: the patient can 
often be cured by Simpson grade I resection, neurological and 
cognitive symptoms and signs may be reversed, tissue-based di-
agnosis can be made, tissue is gained for molecular pathologic 
testing. Tissue should be stored for the option of future targeted 
therapies (good practice point). Conversely, possible short- and 
long-term effects of surgery on cognition and HRQoL should 
be considered. Radiosurgery may be an alternative in patients 
with relative or absolute contraindications for surgery and with 
small tumors without mass effect, although a higher grade me-
ningioma or a different histology cannot be entirely ruled out. It 
offers long-term local control in the range of 90% after 10 years. 
Moreover, radiosurgery can be used in a combination approach 
consisting of subtotal resection of large skull base meningiomas 
with a high surgical risk profile and consecutive radiosurgery of 
intentionally left residual tumor. If the tumor cannot be treated 
by a single fraction, fractionated radiosurgery or standard frac-
tionated external beam RT can be applied. In WHO grade 1 tu-
mors, there are only data for recurrent, “high-risk” meningiomas 
to support this recommendation. Patients with incompletely re-
sected WHO grade 1 meningiomas may not require immediate 
postsurgical RT, notably if no neurological symptoms or signs 
persist.
Up to date, there is no evidence for effective pharmacological 
treatment of WHO grade 1 meningiomas. For follow-up, an-
nual MRI in suspected meningiomas or after treatment is re-
commended for 5 years. Thereafter, follow-up intervals can be 
prolonged according to the age and clinical condition (good 
practice point). Somatostatin receptor II-directed PET helps 
detecting meningioma tissue with high sensitivity and specificity.

WHO grade 2 meningiomas
If a radiologically assumed meningioma shows rapid growth 
during observation, a higher grade meningioma (or metastasis 
in particular cases) has to be suspected. In meningioma WHO 
grade 2, therapy is mandatory. To gain tissue for the diagnosis 
and remove mass effect, surgery is the first option. Resection 
according to Simpson grade I should be achieved. Because of 
increased risk for recurrence, the follow-up interval should be 
6  months for 5  years; thereafter, 1-year intervals are recom-
mended. There are increasing data on fractionated RT in WHO 
grade 2 meningiomas. However, no randomized trials have 
been completed, allowing only level IV evidence regarding the 

question whether WHO grade 2 meningiomas should be irradi-
ated after resection Simpson I-III. For WHO grade 2 meningioma 
with a Simpson IV-V resection, RT is recommended. There is no 
established pharmacotherapy for these tumors.

WHO grade 3 meningiomas
These tumors are characterized by rapid growth, early recur-
rence, risk of systemic metastasis, and particular molecular 
features on genetic and epigenetic levels. Radical surgery as 
feasible is recommended, followed by fractionated RT. No role 
for pharmacotherapy has been defined.

Spinal meningioma
Surgical resection is the therapy of choice for patients with 
spinal meningiomas. Resection should be according to Simpson 
grade I  or II to decompress the spinal cord and remove the 
tumor. Gross total resection should also be attempted in elderly 
patients. There are little data about RT in spinal meningiomas.
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