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Pantelis Stavrinou, Florence Lefranc, Morten Lund-Johansen, Elizabeth Cohen-Jonathan Moyal, Dieta Brandsma, Roger Henriksson, 
Riccardo Soffi  etti, Michael Weller

Although meningiomas are the most common intracranial tumours, the level of evidence to provide recommendations 
for the diagnosis and treatment of meningiomas is low compared with other tumours such as high-grade gliomas. 
The meningioma task force of the European Association of Neuro-Oncology (EANO) assessed the scientifi c literature 
and composed a framework of the best possible evidence-based recommendations for health professionals. 
The provisional diagnosis of meningioma is mainly made by MRI. Defi nitive diagnosis, including histological 
classifi cation, grading, and molecular profi ling, requires a surgical procedure to obtain tumour tissue. Therefore, in 
many elderly patients, observation is the best therapeutic option. If therapy is deemed necessary, the standard 
treatment is gross total surgical resection including the involved dura. As an alternative, radiosurgery can be done for 
small tumours, or fractionated radiotherapy in large or previously treated tumours. Treatment concepts combining 
surgery and radiosurgery or fractionated radiotherapy, which enable treatment of the complete tumour volume with 
low morbidity, are being developed. Pharmacotherapy for meningiomas has remained largely experimental. However, 
antiangiogenic drugs, peptide receptor radionuclide therapy, and targeted agents are promising candidates for future 
pharmacological approaches to treat refractory meningiomas across all WHO grades.

Introduction
Meningiomas are the most common primary intracranial 
tumours, of which most are classifi ed as WHO grade I 
lesions, with a minority classifi ed as WHO grade II or 
grade III lesions on the basis of local invasiveness and 
cellular features of atypia.1 The vast majority of patients 
can be cured by surgery alone, particularly patients 
with WHO grade I tumours in favourable locations 
(eg, convexity meningiomas, and easily accessible 
skull-base meningiomas). Beyond surgery, various 
radiotherapy approaches are often used to increase local 
control, especially if surgery alone seems insuffi  cient. 
By contrast, pharmacotherapy has thus far only had a 
minor role in the management of meningiomas.

Although management might appear to be fairly 
standardised across the world, controlled clinical trials 
are uncommon, so standards of care are defi ned by local 
experience, long-standing traditional procedures, and 
experience-based practice. However, numerous situations 
occur in which more than one approach appears feasible. 
For example, is intervention needed for incidental 
meningiomas that have unclear growth kinetics? Do 
all suspected meningioma lesions require histological 
verifi cation of the diagnosis? In cases in which 
radiotherapy is considered, when is the right time and 
what is the right fractionation approach? How will 
medical therapy develop in the future and what is the role 
of molecular profi ling? Defi ning standards of care and 
outlining answers to some of these questions is the 
purpose of this Review.

Methods
The European Association of Neuro-Oncology (EANO) 
meningioma task force assessed the available literature, 
sorted the scientifi c evidence into classes I–IV, and rated 

recommendations at levels A–C, according to the 
European Federation of the Neurological Societies 
guidelines.2 Class I denotes evidence derived from 
prospective, randomised, controlled clinical trials; 
class II is evidence derived from prospective studies, 
including observational studies, cohort studies, and 
case-control studies; class III evidence is derived from 
retrospective studies; and class IV evidence is from 
uncontrolled case series, case reports, and expert 
opinions. Regarding the recommendations A–C, 
A requires one or more class I studies or two consistent 
class II studies, B requires one or more class II studies 
or overwhelming class III evidence, and C requires 
two or more consistent class III studies. When suffi  cient 
evidence for recommendations was not available, the 
task force off ered advice as a good practice point. 
We summarise recommendations for the diagnostic and 
therapeutic management of patients with meningioma 
in general, including epidemiology and clinical 
presentation, pathogenesis and risk factors, diagnostic 
procedures, therapeutic decision making, surgical and 
radio therapeutic approaches, and pharmacotherapy 
(appendix). WHO grading is displayed in panel 1.3 
Specifi c recom mendations for the thera peutic manage-
ment of meningiomas of WHO grades I–III are outlined 
in fi gure 1.

Meningioma WHO grade I
Meningiomas can be diagnosed by MRI and additional 
CT in most cases (fi gure 2).4 They usually present as 
solitary round tumours, with close contact to the dura 
mater and strong enhancement after contrast injection. 
The typical appearance of meningioma is isointense 
on T1-weighted imaging, isointense or hyperintense on 
fl uid-attenuated inversion recovery, and with high 
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and homogeneous enhancement following gadolinium 
injection. Thickening of the dura mater at the perimeter 
of the tumour (so-called dural tail) is displayed by T1 
with gadolinium.5 CT is valuable for the detection of 
calcifi cation within the tumour, hyperostosis of adjacent 
bone, and intraosseous tumour growth, especially 
in skull-base meningiomas. Conventional cerebral 
angiography has no routine role in the diagnosis of 
meningioma, but can be used as an adjunct to treatment 
planning in selected cases. Delineation of complex 
skull-base meningiomas can be challenging. The 
expression of somatostatin receptor 2 in meningiomas 
can be used to discriminate them from healthy 
tissue, using peptide ligands such as ⁶⁸Ga-Dotatate or 
⁹⁰Y-Dotatoc as PET tracers.6,7 Therefore, an improvement 
in the diagnostic management of complex meningiomas 
can be expected in the near future.

Beyond NF2, several frequently mutated genes have 
been detected in meningiomas. For example, KLF4 and 
TRAF7 are often mutated in secretory meningioma.8 
Mutations in these genes are not randomly distributed 
but form groups with typical combinations of mutations 
and exclusion of other mutations. A molecular 
classifi cation is expected to be developed, and this 
classifi cation has the potential to direct individualised 
meningioma-specifi c therapy (tables 1, 2). Preliminary 
fi ndings suggest that TERT mutations, irrespective of 
WHO grade, are an indicator for more aggressive growth 
in meningioma.15,24 Molecular alterations associated 
with less favourable clinical courses are expected to be 
valuable adjuncts to tumour grading for identifying 
patients at high risk for meningioma recurrence or 
progression. Additional work to correlate molecular 
signatures with risk of tumour recurrence and prognosis 
is needed. However, molecular screening should mean 
that targeted therapy can be off ered to a subset of 
patients.

Therapy for patients with meningioma needs to be 
individualised because the nature of meningiomas and 
the potential consequences of diff erent treatments for 
diff erent patients vary greatly. Many asymptomatic, 
incidentally discovered meningiomas can be managed 
by observation using annual clinical and MRI tests, 
after an initial observation interval of 6 months.25 
No class I or II evidence exists to support guidelines 
for observational management of meningiomas, but 
many retro spective series25 and several reviews26 validate 
this concept27 (evidence level III, recom mendation 
level C). The suggestion to treat with surgery rather than 
to manage by observation alone should be made on the 
basis of a solid indication. Although surgery is the only 
treatment needed for the majority of patients, its 

Figure 1: Recommendations for the therapeutic management of meningiomas of WHO grades I–III

MRI: 
meningioma Surgery

Mass effect, symptoms, 
wish of patient

No mass effect, no 
symptoms

Observation

Stereotactic radiosurgery or
or fractionated radiotherapy

Poor clinical condition 

Good clinical condition 

Therapy

Histology, degree of resection 

Histology, 
degree of 
resection

WHO grade I, gross total resection

WHO grade I, subtotal or partial resection

WHO grade II, gross total resection

WHO grade III 

Observation 

Combined with stereotactic radiosurgery or fractionated radiotherapy

Observation or fractionated radiotherapy

Fractionated radiotherapy, experimental chemotherapy, or peptide receptor radionuclide therapy

WHO grade II, subtotal or partial resection Fractionated radiotherapy

Observation
 

Panel 1: WHO 2016 grading for meningiomas1

Grade I
 • Low mitotic rate, less than four per ten high-power 

fi elds (HPFs)
• Absence of brain invasion
• Nine subtypes

Grade II (atypical)
• Mitotic rate four to 19 per HPF
• Or brain invasion
• Or three of fi ve specifi c histologies: spontaneous necrosis, 

sheeting, prominent nucleoli, high cellularity, and small cells

Grade III (anaplastic)
• Mitotic rate more than 20 per HPF
• Or specifi c histologies: papillary or rhabdoid meningioma
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long-term sequelae are often overlooked; in a recent 
study28 40% of patients who underwent surgery for 
meningioma had cognitive or emotional problems 
(eg, anxiety or depressive symptoms) following surgery. 
If imaging strongly suggests meningioma, histological 
verifi cation is not mandatory; however, exclusion of 
rare diff erential diagnoses such as metastasis is 
recommended (recommendation level: good practice 
point). The diagnostic and therapeutic role of molecular 
profi ling, which makes the availability of tumour tissue 
necessary, still needs to be established. If therapy is 
needed for radiologically confi rmed growth or the 
presence of clinical symptoms, surgery is the fi rst choice 
(evidence level II, recommendation level B). The aim of 
microsurgery is complete tumour removal including 
involved dura, termed gross total resection, corres-
ponding to Simpson grade I resection. Extent of 
resection is defi ned by the Simpson grade (table 3), 
which relies on the surgeon’s assessment during 
surgery, and is an important prognostic factor for 
risk of tumour recurrence.30 Although the Simpson 
classifi cation predates modern neuroimaging, and 
several authors attach little value to it,27 it still proved to 
be valuable for assessing the risk of recurrence in recent 
series.27,31 At present, the intraoperative assessment 
of the extent of resection should be confi rmed by a 
post operative MRI that is done within 48 h after 
surgery, or after 3 months to avoid artifacts. Preoperative 
embolisation is not generally recommended; however, 
it can facilitate surgery in selected cases such as 
petroclival meningiomas, which can be embolised via 
the meningeal trunk of the ascending pharyngeal artery. 
This artery cannot be controlled by the neurosurgeon32 
(evidence level IV, recommendation level C).

For elderly patients (older than 65 years), or for 
tumours not safely accessible by surgery, or after 
incomplete surgical resection, stereotactic radiosurgery 
can be off ered for small tumours. A series of 
35 retrospective studies showed a 5-year progression-free 
survival of 86−100% after primary stereotactic radio-
surgery.33 If the tumour volume cannot be treated by a 
single fraction, fractionated radiotherapy of 50−55 Gy 
given in doses of 1·8−2·0 Gy per fraction can be applied 
(evidence level III, recommendation level B). After 
radiotherapy, control rates of 75–92% are described in 
various series.34−38 The combination of radiotherapy with 
subtotal resection is associated with disease control and 
survival rates similar to those reported for gross total 
resection.39,40 To spare sensitive neurovascular structures 
surrounding the tumour and to reduce the risk of 
long-term cognitive deterioration, intensity-modulated 
radiation therapy and fractionated stereotactic radio-
therapy are increasingly used, off ering similar disease 
control to conventional radiotherapy.41−43 In selected cases 
of small meningiomas, stereotactic radiosurgery allowed 
a single application of 14−16 Gy.9–11,44–46 The use of planned 
combination therapies consisting of subtotal resection or 

partial resection followed by stereotactic radiosurgery or 
radiotherapy allows treatment of the complete tumour 
while reducing the risk of treatment—ie, the neurological 
defi cit that can result from accessing high-risk areas 
such as the cavernous sinus11 (evidence level IV, 

Figure 2: Meningioma of the right convexity with typical radiological signs
(A) Bone window of the cerebral CT scan in coronal view showing hyperostosis facing the tumour (arrow). (B) Cerebral 
MRI (fl uid-attenuated inversion recovery) showing the tumour slightly hyperintense. The oedema of the parenchyma 
adjacent to the tumour is shown by the arrow. (C) T2 sequences in coronal view showing cerebrospinal fl uid (arrows) 
interposed between tumour and parenchyma, showing the extra-axial nature of the tumour. (D) T1-weighted MRI 
after gadolinium injection depicting intense enhancement of the tumour. The arrow shows the large contact of the 
tumour with the dura mater and the thickening of the adjacent dura mater. 

A

C

B

D

AKT1 KLF4 TRAF7 NF2 SMO TERT

Meningothelial meningioma WHO grade I 13% ·· 8% 22% 16% ·· 

Transitional meningioma WHO grade I 14% ·· 5% 33% ·· ·· 

Fibroblastic meningioma WHO grade I ·· ·· ·· 70% ·· ·· 

Psammomatous meningioma WHO grade I ·· ·· ·· 60% ·· ·· 

Secretory meningioma WHO grade I ·· 100% 100% ·· ·· ·· 

Metaplastic meningioma WHO grade I 25% ·· ·· 20% ·· ··

Microcystic meningioma WHO grade I ·· ·· ·· ·· ·· ·· 

Angiomatous meningioma WHO grade I 4% ·· ·· 10% ·· ·· 

Atypical meningioma WHO grade II 4% ·· 4% 70% ·· 6%

Chordoid meningioma WHO grade II ·· ·· ·· ·· ·· ·· 

Clear cell meningioma WHO grade II ·· ·· ·· 50% ·· ·· 

Anaplastic meningioma WHO grade III  ·· ·· ·· 70% ·· 20%

Percentages are the proportion of patients with each disease type with that mutation in that gene. Values <4% are 
indicted by ··. No data were available for lymphoplasmacyte-rich meningioma WHO grade I, rhabdoid meningioma 
WHO grade III, or papillary meningioma WHO grade III.

Table 1: Mutations in meningiomas9–14
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recommendation level C). After therapy, annual MRI 
follow-up assessments for 5 years are suffi  cient, followed 
by biannual follow-ups. Data supporting the use of 
pharmacotherapy in meningiomas of WHO grade I are 
weak,47−50 but the strength of the evidence might soon 
improve with the identifi cation of targetable mutations 
(see table 2). Peptide receptor radionuclide therapy has 
shown an eff ect in small case series and will be 
investigated in clinical studies.51−55 Key recommendations 
regarding therapy are summarised in panel 2.

Meningioma WHO grade II
No clear radiological criteria distinguish WHO grade I 
and grade II meningiomas. Exposure to ionising radiation 
has been fi rmly linked to an increased risk for 
meningioma, and radiation-associated meningiomas are 
more likely to be atypical or malignant and multifocal 
than sporadic meningiomas (ie, those that are not 
attributable to a particular causative factor).56−60 Data 
allowing the molecular genetic characterisation of atypical 
and malignant meningiomas have accumulated—eg, 
TERT mutations are associated with higher meningioma 
grades.12,24

Surgery is the fi rst choice of treatment and should aim 
to achieve Simpson grade I resection (evidence level III, 
recommendation level B). The diagnosis of WHO grade II 
meningioma implies an increased risk of recurrence, 
requiring shorter control intervals (every 6 months 
instead of annually) than in WHO grade I.61 The role of 
radiotherapy as an adjuvant therapy is still unclear. 
Retrospective series on adjuvant radiotherapy after gross 
total resection led to diff ering results, and prospective 

data on adjuvant radiotherapy after gross total 
resection are missing.62−68 The ROAM/EORTC 1308 trial 
(ISRCTN71502099) is recruiting patients with newly 
diagnosed atypical meningioma (WHO grade II) who 
have undergone gross total resection (Simpson grade I–III) 
and will be randomly assigned to either early adjuvant 
radiotherapy (60 Gy in 30 fractions) or observation to 
investigate whether radiotherapy reduces the risk of or 
delays tumour recurrence.29 For incompletely resected 
tumours, adjuvant radiotherapy (54–60 Gy given in 
1·8−2·0 Gy per fraction) should be considered (evidence 
level III, recommendation level C). In cases of 
progression, radiotherapy should be given if not already 
done following the initial surgery, with or without second 
surgery (evidence level III, recommendation level C). 
If the diagnosis of a WHO grade II or III is made, 
fractionated radiotherapy is preferred over stereotactic 
radiosurgery techniques, although stereotactic radio-
surgery off ers similar results for small tumours or 
tumour remnants.69−71 No data are available about peptide 
receptor radionuclide therapy in meningioma WHO 
grade II, and as a result of there being no defi nite data 
regarding adjuvant radiotherapy, and considering the 
potential long-term eff ects of radiotherapy, discussion 
with the patient before any decision is made is mandatory. 
The patients should be informed about potential 
long-term toxicity, which can occur in up to 53% of cases 
after radiotherapy, after mean follow-up of 12 years.40,72 
Retrospective studies and small prospective studies have 
assessed a range of drugs, including hydroxycarbamide, 
cyclophosphamide–doxorubicin–vincristine chemotherapy, 
interferon-alfa, megestrol acetate, medroxyprogesterone 
acetate, octreotide, pasireotide (long-acting release), 
imatinib, erlotinib, gefi tinib, vatalanib, sunitinib, and 
bevacizumab in WHO grade II and III meningiomas.47 
6-month progression-free survival ranged from 0% to 
64% and median overall survival ranged from 6 to 
33 months, increasing after surgical resection and 
radiotherapy.47 The most promising results have been 
reported for bevacizumab, vatalanib, and sunitinib—all 
drugs with antiangiogenic properties.47,73−76 However, these 
results need to be confi rmed in prospective controlled 
trials before clinical use of these compounds in WHO 
grade II and III meningiomas can be recommended. 
An ongoing EORTC phase 2 trial (NCT02234050) is 
studying the effi  cacy of trabectedin, a tetrahydroiso-
quinoline that has shown promising activity in recurrent 
WHO grade II and grade III meningiomas.23 Overall, 
pharmacotherapy should be considered after further 
progression of WHO grade II meningiomas (evidence 
level IV, recommendation level C).

Meningioma WHO grade III
Anaplastic meningiomas are often more irregularly 
shaped and display a higher relative cerebral blood 
volume than WHO grade I and II tumours.4 They have 
a strong tendency to recur and can metastasise 

Molecular target or biomarker

AKT inhibitor AKT1 (pGlu17Lys) mutation13,14

Hedgehog inhibitor SMO (pTrp535Leu) mutation13,15

FAK inhibitor NF2 (merlin) loss16,17

Immune checkpoint inhibitor PD-1 or PD-L118

VEGF or VEGFR inhibitor VEGF or VEGFR219–21 

PI3K inhibitors PI3K22

Trabectedin DNA, tumour-associated macrophages, 
angiogenesis23

Table 2: Potential drug classes and their targets for future therapies

Defi nition Extent of resection

Grade I Gross total resection of tumour, dural attachment, and abnormal bone Gross total resection

Grade II Gross total resection of tumour, coagulation of dural attachment Gross total resection

Grade III Gross total resection of tumour without resection or coagulation of dural 
attachments, or extradural extensions (eg, invaded or hyperostotic bone)

Gross total resection

Grade IV Partial resection of tumour Subtotal resection

Grade V Biopsy of tumour ··

EORTC=European Organisation for Research and Treatment of Cancer. RTOG=Radiation Therapy Oncology Group.

 Table 3: Simpson grades of resection and corresponding EORTC/RTOG defi nitions29 of extent of resection
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systemically. WHO grade III meningiomas contain a 
high proportion of NF2 mutations (table 2), and diff use 
growth and invasion of the cortex is often described.77 
Surgical resection should be as radical as possible 
(evidence level III, recommendation level C) and needs 
to be followed by fractionated radiotherapy with a dose 
of at least 54 Gy in 1·8−2·0 Gy fractions (evidence 
level III, recom mendation level B). Clinical trials that 
are investigating dose are the RTOG 0539 trial 
(NCT00895622), in which WHO grade II meningiomas 
are being treated by radiotherapy with 54 Gy in 
30 fractions after gross total resection, whereas 
high-risk meningioma (ie, WHO grade II recurrent 
disease, WHO grade II after subtotal resection, and all 
WHO grade III) are receiving up to 60 Gy. In the 
EORTC 22042-26042 trial (NCT00626730), WHO 
grade II and III tumours were irradiated with 60 Gy in 
30 fractions subsequent to gross total resection. After 
subtotal resection, 60 Gy plus a 10 Gy boost on the 
remaining tumour volume were delivered. Results are 
pending. Follow-up should be done 3 months after 
initial therapy, then every 3 or 6 months depending on 
initial growth kinetics. Pharmacotherapy options 
remain experimental (evidence level IV, recom-
mendation level C) and data on the effi  cacy of 
antineoplastic drugs in WHO grade III meningiomas 
are scarce. No clinical trials have focused on WHO 
grade III tumours, but small numbers of these 
neoplasms have been included in most studies together 
with WHO grade II tumours. Consequently, no specifi c 
recommendations can be made for pharmacotherapy of 
WHO grade III meningiomas.

Spinal meningiomas
Surgical resection to remove the tumour and 
decompress the spinal cord is the therapy of choice for 
patients with spinal meningiomas. Most data support 
surgical strategies striving for completeness of excision. 
The proportion of spinal meningiomas that recur after 
surgical resection has been reported to be 1·3–14·7%.78−81 
Incomplete resection is generally agreed to be a risk 
factor for recurrence, but whether Simpson grade I 
resection achieves better long-term outcomes than 
Simpson grade II resection is unclear.78,81−83 The majority 
of papers report lower recurrence after resection of the 
involved dura, but at the cost of increased complications, 
especially for meningiomas located unfavourably 
(eg, those positioned ventrally from the spinal cord) or 
with severe calcifi cation.80 Therefore, Simpson grade I 
resection should be the aim in all cases of spinal 
meningioma with a favourable location (eg, those 
positioned laterally or dorsally from the spinal cord), 
but only if this level of resection can be achieved 
without compromising neurological function and if a 
safe and uncomplicated dural repair is feasible 
(recommendation level: good practice point). For 
patients with ventrally located meningiomas or with 

calcifi ed dural attachment, excision of the dura should 
not be the goal—coagulation of the dural attachment is 
suffi  cient. For rare cases in which surgical resection 
cannot be done for any reason, or decompression of 
the spinal cord does not seem necessary, stereotactic 
radiosurgery or hypofractionated radiotherapy is an 
alternative to surgical resection84 (recommendation 
level: good practice point). Adjuvant therapy is done 
according to WHO grade and resection status as stated 
above for cranial meningiomas.

Surveillance and follow-up
Follow-up is needed to prevent future potentially 
irreversible neurological defi cits and to fi nd the optimal 
timing for potential intervention or re-intervention. 
Data for the best follow-up schedule for meningiomas 
are weak, because most retrospective studies do not 
report on monitoring intervals, and prospective studies 
have had variable follow-up protocols, usually tailored to 
fi t the treatment visits.85,86 Therefore, the following 
recommendations are based more on expert consensus 
opinion than evidence (recommendation level: good 
practice point).

Panel 2: Key recommendations for the management of meningiomas

Diagnosis
• Radiological diagnosis of meningioma should be made by MRI
• Conventional angiography should be restricted to selected cases
• Tissue for future molecular analysis should be stored if available
• Histological verifi cation of meningioma is not mandatory in all cases

Treatment
• Asymptomatic patients can be managed by observation
• If treatment is indicated in meningioma of any WHO grade, surgery is the fi rst option
• Complete removal (Simpson grade I) is the primary goal of surgery
• Degree of resection should be confi rmed by MRI
• Embolisation should be restricted to selected cases
• Radiosurgery might be the fi rst option in small WHO grade I meningiomas in specifi c 

locations
• Patients with WHO grade I meningioma who cannot undergo surgery can be treated by 

fractionated radiotherapy or radiosurgery
• Combining subtotal resection and radiosurgery or fractionated radiotherapy should be 

considered to allow comprehensive tumour treatment while reducing the risk of 
adverse eff ects from treatment in WHO grade I meningiomas

• Patients with incompletely resected WHO grade II meningiomas should receive 
fractionated radiotherapy

• Pharmacotherapy is experimental in any grade of meningioma and should only be 
considered if no further surgical or radiotherapy options exist

Follow-up 
• Follow-up of WHO grade I meningiomas should be done annually, then every 2 years 

after 5 years 
• Follow-up of WHO grade II meningiomas should be done every 6 months, then 

annually after 5 years 
• Follow-up of WHO grade III meningiomas should be done every 3–6 months 

indefi nitely
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Follow-up should be done clinically by an experienced 
neurosurgeon or neuro-oncologist and should be 
accompanied in some cases by additional specialists—
eg, if cranial nerve function is threatened. Follow-up 
intervals vary substantially, possibly depending not only 
on resection status, size, and location of the tumour, 
but also on age and the patient’s general and 
neurological status.

Our proposed approach for the management of small, 
asymptomatic meningiomas is to assess the dynamics of 
the tumour with MRI with contrast medium 6 months 
after initial diagnosis, and then annually as long as the 
patient remains asymptomatic. After 5 years, this 
interval can be doubled. In patients with short life 
expectancy as a consequence of old age or severe 
comorbidities, follow-ups can be omitted if the 
radiological diagnosis of a benign meningioma seems 
clear.

Monitoring after initial treatment depends on the 
extent of resection and grading of the tumour. For WHO 
grade I meningiomas resected totally, 10-year recurrence 
varies from 20% to 39%.34,39,87 Therefore, a baseline MRI 
within 48 h or after 3 months is advised to assess the 
extent of resection. Thereafter, we propose annual MRI 
controls until 5 years after treatment, then every 2 years. 
If resection is known to be incomplete, the extent of 
resection should be documented by early postoperative 
MRI within 48 h. For WHO grade I tumours after 
subtotal resection, 10-year progression varies between 
55% and 100%, suggesting a more vigilant long-term 
follow-up.87,88 For those cases, MRI at 6 and 12 months is 
recommended, then annually. The natural history of 
WHO grade II meningiomas is less clear. The 5-year 
recurrence or progression could be as high as 30% after 
gross total resection and 40% after subtotal resection.62,63 
In these tumours, we suggest an early postoperative 
MRI within 48 h. Follow-up MRI should be done every 
6 months for 5 years, then annually. For WHO grade III 
meningiomas, the 5-year progression-free survival 
ranged from 12% to 57%, even after resection and 
radiotherapy.89 Therefore, these tumours must be 
followed up very closely. After the initial MRI following 
treatment, cranial imaging should be routinely 

done every 6 months, and every 3 months in rapidly 
growing cases. Key recommendations for follow-up are 
summarised in panel 2.

Supportive care and patient management
Most meningiomas are diagnosed in asymptomatic 
patients,25 but patients with larger tumours might 
develop epilepsy, focal neurological defi cits, vascular 
complications (particularly deep venous thrombosis and 
pulmonary embolism), chronically raised intracranial 
pressure, and neurocognitive impairment (see references 
7−11 in appendix). Acute and long-term treatment of 
these aspects of meningiomas are similar to the 
management of patients with other intracranial tumours, 
such as gliomas.90−92

Future directions
Promising progress has been made in several areas of 
the diagnosis and treatment of meningiomas. The new 
WHO classifi cation of tumours of the nervous system3 
has refi ned the subclassifi cation by morphology and 
grade for meningiomas, and recent high-throughput 
studies have defi ned novel driver mutations that are 
potentially targetable in subsets of tumours. Diagnosis 
of the extension of complex meningiomas—eg, 
pretreated intraosseous skull-base tumours—remains 
challenging. New PET tracers binding to somatostatin 
receptor 2 is a promising technique that will have an 
increasingly important role for delineation of these 
tumours and therapy planning. This imaging technique 
might also fi nd a place in the Response Assessment in 
Neuro-Oncology criteria33 for meningiomas, which are 
currently under development. Surgical techniques and 
approaches are becoming more refi ned in terms of 
individualised risk assessment. In the case of skull-base 
meningiomas, therapeutic concepts combining subtotal 
resection and radiosurgery will be used more frequently 
to minimise treatment risk. Multidisciplinary diagnosis 
and therapy of meningiomas planned in dedicated brain 
tumour boards should become standard of care. 
An increasing number of prospective studies assessing 
effi  cacy and safety of novel systemic therapies are on 
their way. These studies will help to generate higher 
levels of evidence for future treatment concepts and 
hopefully improve outcomes for the minority of tumours 
that are still diffi  cult to control.

Conclusion
The levels of evidence for the diagnosis and treatment 
recommendations for patients with meningiomas are 
low, allowing only recommendations of level B, C, and 
good practice points, despite the high frequency of such 
tumours. Numerous eff orts to generate new evidence by 
doing prospective studies pointing at this unmet need in 
neuro-oncology are ongoing. The key recommendations 
of the EANO task force, which represent the state of 
knowledge as of June, 2016, are outlined in panel 2.

Search strategy and selection criteria 

We searched the Cochrane Library, MEDLINE databases, 
Embase-Ovid, Cancer Net, Science Citation Index, and articles 
published between January, 1990, and May, 2016, were 
selected. Sensitive and specifi c keywords as well as 
combinations of keywords were used, including 
“meningioma”, “atypical”, “anaplastic”, “outcome”, “surgery”, 
“radiosurgery”, “radiotherapy”, “chemotherapy”, 
“observation”, and “embolisation”. We only considered 
publications published in English . The search started on 
May 1, 2015, and fi nished on May 16, 2016.

Downloaded for Anonymous User (n/a) at CONSORTIUM MEDICAL LIBRARIES - ISRAEL -Medical Center Rambam from ClinicalKey.com by Elsevier on February 14, 2018.
For personal use only. No other uses without permission. Copyright ©2018. Elsevier Inc. All rights reserved.

orit_
Highlight

orit_
Highlight

orit_
Highlight

orit_
Highlight

orit_
Highlight

orit_
Highlight

orit_
Highlight

orit_
Highlight



Review

www.thelancet.com/oncology   Vol 17   September 2016 e389

Contributors
All authors contributed to the preparation of the report and literature 
search, did data analysis and interpretation, reviewed the paper, and 
approved the fi nal version. EH provided the fi gures. RG and MW 
developed the concept for the guidelines. RG composed the fi nal draft.

Declaration of interests
RG has received honoraria for advisory boards from MagForce, 
Bristol-Myers Squibb, and Roche. MDJ is the chief investigator of the 
ROAM trial investigating radiation versus observation following 
surgical resection in atypical meningioma and has received a research 
grant from the National Institute for Health Research-Health 
Technology Assessment. MP has received research grants from 
Boehringer Ingelheim, GlaxoSmithKline, Merck Sharpe and Dohme, 
and Roche, and honoraria from Bristol-Myers Squibb, Novartis, Gerson 
Lehrman Group, GlaxoSmithKline, CMC Contrast, Mundipharma, and 
Roche. MW has received research grants from Acceleron, Actelion, 
Isama, Merck Sharpe and Dohme, Merck Serono EMD, Novocure, 
Piqur, and Roche, and honoraria from Isama, Merck Sharpe and 
Dohme, Merck Serono EMD, Novocure, Roche, Celldex, 
Immunocellular Therapeutics, Magforce, Northwest Biotherapeutics, 
Pfi zer, and Tewa. GM, KS, EH, AvD, PS, FL, ML-J, EC-JM, DB, RH, and 
RS declare no competing interests.

References
1 Louis DN, Ohgaki H, Wiestler OD, et al. The 2007 WHO 

classifi cation of tumours of the central nervous system. 
Acta Neuropathol 2007; 114: 97−109.

2 Brainin M, Barnes M, Baron JC, et al, Guideline Standards 
Subcommittee of the EFNS Scientifi c Committee. Guidance for the 
preparation of neurological management guidelines by EFNS 
scientifi c task forces—revised recommendations 2004. Eur J Neurol 
2004; 11: 577−81.

3 Louis DN, Perry A, Reifenberger G, et al. The 2016 World Health 
Organization classifi cation of tumors of the central nervous system: 
a summary. Acta Neuropathol 2016; 131: 803−20.

4 Zhang H, Rödiger LA, Shen T, Miao J, Oudkerk M. Preoperative 
subtyping of meningiomas by perfusion MR imaging. 
Neuroradiology 2008; 50: 835−40.

5 Takeguchi T, Miki H, Shimizu T, et al. The dural tail of intracranial 
meningiomas on fl uid-attenuated inversion-recovery images. 
Neuroradiology 2004; 46: 130−35.

6 Collamati F, Pepe A, Bellini F, et al. Toward radioguided surgery 
with β-decays: uptake of a somatostatin analogue, DOTATOC, in 
meningioma and high-grade glioma. J Nucl Med 2015; 56: 3−8.

7 Rachinger W, Stoecklein VM, Terpolilli NA, et al. 
Increased 68Ga-DOTATATE uptake in PET imaging discriminates 
meningioma and tumor-free tissue. J Nucl Med 2015; 56: 347−53.

8 Reuss DE, Piro RM, Jones DT, et al. Secretory meningiomas are 
defi ned by combined KLF4 K409Q and TRAF7 mutations. 
Acta Neuropathol 2013; 125: 351−58.

9 Colombo F, Casentini L, Cavedon C, Scalchi P, Cora S, 
Francescon P. Cyberknife radiosurgery for benign meningiomas: 
short-term results in 199 patients. Neurosurgery 2009; 
64 (suppl): A7−13.

10 Tuniz F, Soltys SG, Choi CY, et al. Multisession cyberknife 
stereotactic radiosurgery of large, benign cranial base tumors: 
preliminary study. Neurosurgery 2009; 65: 898−907.

11 Jung HW, Yoo H, Paek SH, Choi KS. Long-term outcome and 
growth rate of subtotally resected petroclival meningiomas: 
experience with 38 cases. Neurosurgery 2000; 46: 567−75.

12 Sahm F, Schrimpf D, Olar A, et al. TERT promoter mutations and 
risk of recurrence in meningioma. J Natl Cancer Inst 2016; 
108: djv377.

13 Brastianos PK, Horowitz PM, Santagata S, et al. Genomic sequencing 
of meningiomas identifi es oncogenic SMO and AKT1 mutations. 
Nat Genet 2013; 45: 285−89.

14 Clark VE, Erson-Omay EZ, Serin A, et al. Genomic analysis of 
non-NF2 meningiomas reveals mutations in TRAF7, KLF4, AKT1, 
and SMO. Science 2013; 339: 1077−80.

15 Sahm F, Bissel J, Koelsche C, et al. AKT1E17K mutations cluster 
with meningothelial and transitional meningiomas and can be 
detected by SFRP1 immunohistochemistry. Acta Neuropathol 2013; 
126: 757−62.

16 Shah NR, Tancioni I, Ward KK, et al. Analyses of merlin/NF2 
connection to FAK inhibitor responsiveness in serous ovarian 
cancer. Gynecol Oncol 2014; 134: 104−11.

17 Domingues P, González-Tablas M, Otero Á, et al. Genetic/molecular 
alterations of meningiomas and the signaling pathways targeted. 
Oncotarget 2015; 6: 10671−88.

18 Du Z, Abedalthagafi  M, Aizer AA, et al. Increased expression of the 
immune modulatory molecule PD-L1 (CD274) in anaplastic 
meningioma. Oncotarget 2015; 6: 4704−16.

19 Kaley TJ, Wen P, Schiff  D, et al. Phase II trial of sunitinib for 
recurrent and progressive atypical and anaplastic meningioma. 
Neuro Oncol 2015; 17: 116−21.

20 Baumgarten P, Brokinkel B, Zinke J, et al. Expression of vascular 
endothelial growth factor (VEGF) and its receptors VEGFR1 and 
VEGFR2 in primary and recurrent WHO grade III meningiomas. 
Histol Histopathol 2013; 28: 1157−66.

21 Preusser M, Hassler M, Birner P, et al. Microvascularization and 
expression of VEGF and its receptors in recurring meningiomas: 
pathobiological data in favour of anti-angiogenic therapy 
approaches. Clinical Neuropathol 2012; 31: 352−60.

22 Abedalthagafi  M, Bi WL, Aizer AA, et al. Oncogenic PI3K mutations 
are as common as AKT1 and SMO mutations in meningioma. 
Neuro Oncol 2016; 18: 649−55.

23 Preusser M, Spiegl-Kreinecker S, Lötsch D, et al. Trabectedin has 
promising antineoplastic activity in high-grade meningioma. 
Cancer 2012; 118: 5038−49.

24 Goutagny S, Nault JC, Mallet M, Henin D, Rossi JZ, 
Kalamarides M. High incidence of activating TERT promoter 
mutations in meningiomas undergoing malignant progression. 
Brain Pathol 2014; 24: 184−89.

25 Vernooij MW, Ikram MA, Tanghe HL, et al. Incidental fi ndings on 
brain MRI in the general population. N Engl J Med 2007; 
357: 1821−28.

26 Sughrue ME, Rutkowski MJ, Aranda D, Barani IJ, McDermott MW, 
Parsa AT. Treatment decision making based on the published natural 
history and growth rate of small meningiomas. J Neurosurg 2010; 
113: 1036–42.

27 Sughrue ME, Kane AJ, Shangari G, et al. The relevance of Simpson 
grade I and II resection in modern neurosurgical treatment of 
World Health Organization grade I meningiomas. J Neurosurg 2010; 
113: 1029−35.

28 van der Vossen S, Schepers VP, Berkelbach van der Sprenkel JW, 
Visser-Meily JM, Post MW. Cognitive and emotional problems in 
patients after cerebral meningioma surgery. J Rehabil Med 2014; 
46: 430−37.

29 Jenkinson MD, Javadpour M, Haylock BJ, et al. 
The ROAM/EORTC-1308 trial: radiation versus observation 
following surgical resection of atypical meningioma: study 
protocol for a randomised controlled trial. Trials 2015; 16: 519.

30 Simpson D. The recurrence of intracranial meningiomas after 
surgical treatment. J Neurol Neurosurg Psychiatry 1957; 20: 22−39.

31 Gousias K, Schramm J, Simon M. The Simpson grading revisited: 
aggressive surgery and its place in modern meningioma 
management. J Neurosurg 2016; 29: 1−10.

32 Sawlani V, Browing S, Sawhney IM, Redfern R. Posterior circulation 
stroke following embolization of glomus tympanicum—relevance of 
anatomy and anastomoses of ascending pharyngeal artery. A case 
report. Interv Neuroradiol 2009; 15: 229–36.

33 Rogers L, Barani I, Chamberlain M, et al. Meningiomas: 
knowledge base, treatment outcomes, and uncertainties. A RANO 
review. J Neurosurg 2015; 122: 4–23.

34 Condra KS, Buatti JM, Mendenhall WM, Friedman WA, 
Marcus RB Jr, Rhoton AL. Benign meningiomas: primary 
treatment selection aff ects survival. Int J Radiat Oncol Biol Phys 
1997; 39: 427−36.

35 Dufour H, Muracciole X, Métellus P, Régis J, Chinot O, Grisoli F. 
Long-term tumor control and functional outcome in patients with 
cavernous sinus meningiomas treated by radiotherapy with or 
without previous surgery: is there an alternative to aggressive tumor 
removal? Neurosurgery 2001; 48: 285−96.

36 Goldsmith BJ, Wara WM, Wilson CB, Larson DA. Postoperative 
irradiation for subtotally resected meningiomas. A retrospective 
analysis of 140 patients treated from 1967 to 1990. J Neurosurg 1994; 
80: 195−201.

Downloaded for Anonymous User (n/a) at CONSORTIUM MEDICAL LIBRARIES - ISRAEL -Medical Center Rambam from ClinicalKey.com by Elsevier on February 14, 2018.
For personal use only. No other uses without permission. Copyright ©2018. Elsevier Inc. All rights reserved.



Review

e390 www.thelancet.com/oncology   Vol 17   September 2016

37 Mendenhall WM, Morris CG, Amdur RJ, Foote KD, Friedman WA. 
Radiotherapy alone or after subtotal resection for benign skull base 
meningiomas. Cancer 2003; 98: 1473−82.

38 Nutting C, Brada M, Brazil L, et al. Radiotherapy in the treatment 
of benign meningioma of the skull base. J Neurosurg 1999; 
90: 823−27.

39 Soyuer S, Chang EL, Selek U, Shi W, Maor MH, DeMonte F. 
Radiotherapy after surgery for benign cerebral meningioma. 
Radiother Oncol 2004; 71: 85−90.

40 Taylor BW Jr, Marcus RB Jr, Friedman WA, Ballinger WE Jr, 
Million RR. The meningioma controversy: postoperative radiation 
therapy. Int J Radiat Oncol Biol Phys 1988; 15: 299−304.

41 Douw L, Klein M, Fagel SS, et al. Cognitive and radiological eff ects 
of radiotherapy in patients with low-grade glioma: long-term 
follow-up. Lancet Neurol 2009; 8: 810−18.

42 Combs SE, Adeberg S, Dittmar JO, et al. Skull base meningiomas: 
long-term results and patient self-reported outcome in 507 patients 
treated with fractionated stereotactic radiotherapy (FSRT) or 
intensity modulated radiotherapy (IMRT). Radiother Oncol 2013; 
106: 186−91.

43 Soldà F, Wharram B, De Ieso PB, Bonner J, Ashley S, Brada M. 
Long-term effi  cacy of fractionated radiotherapy for benign 
meningiomas. Radiother Oncol 2013; 109: 330−34.

44 dos Santos MA, de Salcedo JB, Gutiérrez Diaz JA, et al. Long-term 
outcomes of stereotactic radiosurgery for treatment of cavernous 
sinus meningiomas. Int J Radiat Oncol Biol Phys 2011; 81: 1436−41.

45 Song CW, Kim MS, Cho LC, Dusenbery K, Sperduto PW. 
Radiobiological basis of SBRT and SRS. Int J Clin Oncol 2014; 
19: 570−78.

46 Goldsmith B, McDermott MW. Meningioma. Neurosurg Clin N Am 
2006; 17: 111−20.

47 Kaley T, Barani I, Chamberlain M, et al. Historical benchmarks for 
medical therapy trials in surgery- and radiation-refractory 
meningioma: a RANO review. Neuro Oncol 2014; 16: 829−40.

48 Norden AD, Ligon KL, Hammond SN, et al. Phase II study of 
monthly pasireotide LAR (SOM230C) for recurrent or progressive 
meningioma. Neurology 2015; 84: 280−86.

49 Ji Y, Rankin C, Grunberg S, et al. Double-blind phase III 
randomized trial of the antiprogestin agent mifepristone in the 
treatment of unresectable meningioma: SWOG S9005. J Clin Oncol 
2015; 33: 4093−98.

50 Chamberlain MC, Tsao-Wei DD, Groshen S. Temozolomide for 
treatment-resistant recurrent meningioma. Neurology 2004; 
62: 1210−12.

51 Bartolomei M, Bodei L, De Cicco C, et al. Peptide receptor 
radionuclide therapy with (90)Y-DOTATOC in recurrent 
meningioma. Eur J Nucl Med Mol Imaging 2009; 36: 1407−16.

52 Kreissl MC, Hänscheid H, Löhr M, et al. Combination of peptide 
receptor radionuclide therapy with fractionated external beam 
radiotherapy for treatment of advanced symptomatic meningioma. 
Radiat Oncol 2012; 7: 99.

53 Makis W, McCann K, McEwan AJ. Rhabdoid papillary meningioma 
treated with 177Lu DOTATATE PRRT. Clin Nucl Med 2015; 40: 237−40.

54 Minutoli F, Amato E, Sindoni A, et al. Peptide receptor radionuclide 
therapy in patients with inoperable meningiomas: our experience 
and review of the literature. Cancer Biother Radiopharm 2014; 
29: 193−99.

55 Seystahl K, Stoecklein V, Schüller U, et al. Somatostatin-receptor-
targeted radionuclide therapy for progressive meningioma: 
benefi t linked to 68Ga-DOTATATE/-TOC uptake. Neuro Oncol 2016; 
published online April 21. DOI:10.1093/neuonc/now060.

56 Al-Mefty O, Topsakal C, Pravdenkova S, Sawyer JR, Harrison MJ. 
Radiation-induced meningiomas: clinical, pathological, 
cytokinetic, and cytogenetic characteristics. J Neurosurg 2004; 
100: 1002−13.

57 Preston-Martin S, Mack W, Henderson BE. Risk factors for gliomas 
and meningiomas in males in Los Angeles County. Cancer Res 1989; 
49: 6137−43.

58 Rubinstein AB, Shalit MN, Cohen ML, Zandbank U, Reichenthal E. 
Radiation-induced cerebral meningioma: a recognizable entity. 
J Neurosurg 1984; 61: 966−71.

59 Sadamori N, Shibata S, Mine M, et al. Incidence of intracranial 
meningiomas in Nagasaki atomic-bomb survivors. Int J Cancer 
1996; 67: 318−22.

60 Sadetzki S, Chetrit A, Freedman L, Stovall M, Modan B, Novikov I. 
Long-term follow-up for brain tumor development after childhood 
exposure to ionizing radiation for tinea capitis. Radiat Res 2005; 
163: 424−32.

61 Marosi C, Hassler M, Roessler K, et al. Meningioma. 
Crit Rev Oncol Hematol 2008; 67: 153−71.

62 Aghi MK, Carter BS, Cosgrove GR, et al. Long-term recurrence rates 
of atypical meningiomas after gross total resection with or without 
postoperative adjuvant radiation. Neurosurgery 2009; 64: 56−60.

63 Hammouche S, Clark S, Wong AH, Eldridge P, Farah JO. 
Long-term survival analysis of atypical meningiomas: survival rates, 
prognostic factors, operative and radiotherapy treatment. 
Acta Neurochir 2014; 156: 1475−81.

64 Komotar RJ, Iorgulescu JB, Raper DM, et al. The role of 
radiotherapy following gross-total resection of atypical 
meningiomas. J Neurosurg 2012; 117: 679−86.

65 Mair R, Morris K, Scott I, Carroll TA. Radiotherapy for atypical 
meningiomas. J Neurosurg 2011; 115: 811−19.

66 Park HJ, Kang HC, Kim IH, et al. The role of adjuvant radiotherapy 
in atypical meningioma. J Neurooncol 2013; 115: 241−47.

67 Stessin AM, Schwartz A, Judanin G, et al. Does adjuvant 
external-beam radiotherapy improve outcomes for nonbenign 
meningiomas? A surveillance, epidemiology, and end results 
(SEER)-based analysis. J Neurosurg 2012; 117: 669−75.

68 Yoon H, Mehta MP, Perumal K, et al. Atypical meningioma: 
randomized trials are required to resolve contradictory retrospective 
results regarding the role of adjuvant radiotherapy. 
J Cancer Res Ther 2015; 11: 59−66.

69 Lo SS, Cho KH, Hall WA, et al. Single dose versus fractionated 
stereotactic radiotherapy for meningiomas. Can J Neurol Sci 2002; 
29: 240−48.

70 Sibtain A, Plowman PN. Stereotactic radiosurgery. VII. Radiosurgery 
versus conventionally-fractionated radiotherapy in the treatment of 
cavernous sinus meningiomas. Br J Neurosurg 1999; 13: 158−66.

71 Mantle RE, Lach B, Delgado MR, Baeesa S, Bélanger G. 
Predicting the probability of meningioma recurrence based on the 
quantity of peritumoral brain edema on computerized tomography 
scanning. J Neurosurg 1999; 91: 375−83.

72 Kaur G, Sayegh ET, Larson A, et al. Adjuvant radiotherapy for 
atypical and malignant meningiomas: a systematic review. 
Neuro Oncol 2014; 16: 628−36.

73 Furtner J, Schöpf V, Seystahl K, et al. Kinetics of tumor size and 
peritumoral brain edema before, during, and after systemic therapy 
in recurrent WHO grade II or III meningioma. Neuro Oncol 2016; 
18: 401–07.

74 Lou E, Sumrall AL, Turner S, et al. Bevacizumab therapy for adults 
with recurrent/progressive meningioma: a retrospective series. 
J Neurooncol 2012; 109: 63−70.

75 Nayak L, Iwamoto FM, Rudnick JD, et al. Atypical and anaplastic 
meningiomas treated with bevacizumab. J Neurooncol 2012; 
109: 187−93.

76 Puchner MJ, Hans VH, Harati A, Lohmann F, Glas M, 
Herrlinger U. Bevacizumab-induced regression of anaplastic 
meningioma. Ann Oncol 2010; 21: 2445−46.

77 Lin BJ, Chou KN, Kao HW, et al. Correlation between magnetic 
resonance imaging grading and pathological grading in 
meningioma. J Neurosurg 2014; 121: 1201−08.

78 Gezen F, Kahraman S, Canakci Z, Bedük A. Review of 36 cases of 
spinal cord meningioma. Spine 2000; 25: 727−31.

79 Gottfried ON, Gluf W, Quinones-Hinojosa A, Kan P, Schmidt MH. 
Spinal meningiomas: surgical management and outcome. 
Neurosurg Focus 2003; 14: e2.

80 Kim CH, Chung CK, Lee SH, et al. Long-term recurrence rates 
after the removal of spinal meningiomas in relation to Simpson 
grades. Eur Spine J 2015; published online Nov 5. DOI:10.1007/
s00586-015-4306-2.

81 Klekamp J, Samii M. Surgical results for spinal meningiomas. 
Surg Neurol 1999; 52: 552−62.

82 Nakamura M, Tsuji O, Fujiyoshi K, et al. Long-term surgical 
outcomes of spinal meningiomas. Spine 2012; 37: E617−23.

83 Tsuda K, Akutsu H, Yamamoto T, Nakai K, Ishikawa E, 
Matsumura A. Is Simpson grade I removal necessary in all cases of 
spinal meningioma? Assessment of postoperative recurrence during 
long-term follow-up. Neurol Med Chir 2014; 54: 907−13.

Downloaded for Anonymous User (n/a) at CONSORTIUM MEDICAL LIBRARIES - ISRAEL -Medical Center Rambam from ClinicalKey.com by Elsevier on February 14, 2018.
For personal use only. No other uses without permission. Copyright ©2018. Elsevier Inc. All rights reserved.



Review

www.thelancet.com/oncology   Vol 17   September 2016 e391

84 Kufeld M, Wowra B, Muacevic A, Zausinger S, Tonn JC. 
Radiosurgery of spinal meningiomas and schwannomas. 
Technol Cancer Res Treat 2012; 11: 27−34.

85 Norden AD, Raizer JJ, Abrey LE, et al. Phase II trials of erlotinib or 
gefi tinib in patients with recurrent meningioma. J Neurooncol 2010; 
96: 211−17.

86 Raizer JJ, Grimm SA, Rademaker A, et al. A phase II trial of 
PTK787/ZK 222584 in recurrent or progressive radiation and 
surgery refractory meningiomas. J Neurooncol 2014; 117: 93−101.

87 Mirimanoff  RO, Dosoretz DE, Linggood RM, Ojemann RG, 
Martuza RL. Meningioma: analysis of recurrence and progression 
following neurosurgical resection. J Neurosurg 1985; 62: 18−24.

88 Barbaro NM, Gutin PH, Wilson CB, Sheline GE, Boldrey EB, 
Wara WM. Radiation therapy in the treatment of partially resected 
meningiomas. Neurosurgery 1987; 20: 525−28.

89 Sughrue ME, Sanai N, Shangari G, Parsa AT, Berger MS, 
McDermott MW. Outcome and survival following primary and 
repeat surgery for World Health Organization Grade III 
meningiomas. J Neurosurg 2010; 113: 202−09.

90 Soffi  etti R, Baumert BG, Bello L, et al. Guidelines on management 
of low-grade gliomas: report of an EFNS-EANO task force. 
Eur J Neurol 2010; 17: 1124−33.

91 Weller M, Stupp R, Wick W. Epilepsy meets cancer: when, why, and 
what to do about it? Lancet Oncol 2012; 13: e375−82.

92 Weller M, van den Bent M, Hopkins K, et al. EANO guideline for 
the diagnosis and treatment of anaplastic gliomas and glioblastoma. 
Lancet Oncol 2014; 15: e395−403.

Downloaded for Anonymous User (n/a) at CONSORTIUM MEDICAL LIBRARIES - ISRAEL -Medical Center Rambam from ClinicalKey.com by Elsevier on February 14, 2018.
For personal use only. No other uses without permission. Copyright ©2018. Elsevier Inc. All rights reserved.


	EANO guidelines for the diagnosis and treatment of meningiomas
	Introduction
	Methods
	Meningioma WHO grade I
	Meningioma WHO grade II
	Meningioma WHO grade III
	Spinal meningiomas
	Surveillance and follow-up
	Supportive care and patient management
	Future directions
	Conclusion
	References




