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Abstract
Meningiomas are the most common primary intracranial neoplasm with diverse pathological types and complicated clinical
manifestations. The fifth edition of theWHOClassification of Tumors of the Central Nervous System (WHOCNS5), published in
2021, introduces major changes that advance the role of molecular diagnostics in meningiomas. To follow the revision of WHO
CNS5, this expert consensus statement was formed jointly by the Group of Neuro-Oncology, Society of Neurosurgery, and
ChineseMedical Association together with neuropathologists and evidence-based experts. The consensus provides reference points
to integrate key biomarkers into stratification and clinical decision making for meningioma patients.
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Introduction

Meningiomas are the most common primary tumors of
the central nervous system with diverse pathological types
and complicated clinical manifestations.[1] It is considered
a single type in the WHO Classification of Tumors of the
Central Nervous System (WHO CNS5), with its broad
morphological spectrum reflected in 15 subtypes.[2] Approx-
imately 80% of cases are benign lesion and correspondence
to grade 1 according to the current WHO classification,
whereas up to 20% of cases show signs of malignancy at
histology and correspond to grade 2 or grade 3 meningio-
mas.[1] Most low-grade meningiomas can be cured by
surgical resection and/or radiotherapy. However, meningio-
mas that are at surgically inaccessible locations, incompletely
resected and/or with features of aggressive histology (WHO
grade 2 and 3) tend to grow progressively or recur, and
thereby pose a therapeutic challenge.[3,4] In the past few
years, key genetic and epigenetic alterations that are strongly
associated with clinicopathologic features, such as localiza-
tionandprognosis,havebeen identified inmeningiomas,and
couldrepresent targets formolecularlydriven therapies.[1,5-8]

However, some uncertainty still remains as to whether
histopathological evaluation is the single best criterion for
risk assessment in meningiomas. The inclusion of the newly
identified recurrent molecular alterations in the diagnostic
assessment might further improve accuracy in the identifica-
tion ofmeningiomapatientswhoneed close surveillance and
moreaggressive treatment.[1,5-8]Consistentwith theupdated
WHO classification of brain tumors published in 2021, the
presentexpertconsensusaimsto incorporatesomemolecular
features, laying the foundation for improving future
diagnosis and therapeutic efforts of meningiomas through
the integration of essential molecular findings.

Advances in WHO Classification of Tumors of the Central
Nervous System

Since 1979, the WHO has periodically published consen-
sus classification and grading criteria of the CNS tumors to

ensure uniform histopathologic diagnostic criteria world-
wide.[5-8] In 2016, the WHO published the fourth edition
of the classification of CNS tumors that represents the
consensus of 117 contributors and for the first time uses
molecular parameters in addition to traditional histology to
diagnoseCNS tumors.[9]This results inmajoradjustmentof
the classification for many tumors, especially gliomas,
ependymomas, and medulloblastomas.[9] In contrast to
previous versions of the classification, the WHO CNS5
introducesmajorchanges thatadvance the roleofmolecular
diagnostics in meningioma for the first time.[2,10]

The WHO classification system describes 15 different
meningioma subtypes, nine of which are WHO grade 1,
three are WHO grade 2, and one is WHO grade 3
[Table 1].[2,10] Besides histological features, secretory
meningiomas (WHO grade 1) can also be diagnosed on
the basis of detecting KLF4/TRAF7 mutations.[2,10,11]

Among WHO grade 2 meningiomas, virtually all clear cell
meningiomas harbor SMARCE1 mutations (97%).[2,10,11]

Likewise, regardless of the histological criteria of anaplasia,
any meningioma with TERT promoter mutation and/or
CDKN2A/B homozygous deletion is allotted to WHO
grade 3.[2,8,11]

Integrated Grading Scheme Varied from the WHO Grade
System of Meningiomas

Genome-widemolecular-profiling studies have revealed the
characteristic genetic alterations and epigenetic profiles
associated with different types of meningiomas.[3,4,12,13]

However, the development of prognosis relevant grading
scheme with combined histologic and molecular features
remains inchoate for meningioma.[3,4,14,15] In 2017, Sahm
et al[14] demonstrated that unsupervised clustering of DNA
methylation data divided meningiomas into two distinct
subgroups associated with recurrence-free survival. After
adjusting for clinical factors, such as WHO grade and
Simpson grade, a statistically significant association

Items Subtypes Common mutations CNVs

WHO grade 1 Meningothelial AKT1 (/TRAF7), SMO del 22q
Fibroblastic NF2 del 22q
Transitional NF2 del 22q
Secretory KLF4/TRAF7

∗
Unknown

Psammomatous NF2 del 22q
Metaplastic NF2 gain 5
Microcystic NF2 gain 5
Angiomatous NF2 gain 5
Lymphoplasmacyte-rich Unknown Unknown

WHO grade 2 Atypical NF2 del 1p, del 22q, del 14q
Chordoid None del 2p
Clear cell SMARCE1 None

WHO grade 3 Anaplastic NF2, TERT promoter
∗

del 1p, 10, 14, 22q, homo del CDKN2A/B
∗

2016 WHO grade 3 Rhabdoid BAP1 BAP1 locus
Papillary PBRM1 No specific

∗
Novel molecular criterion for subtypes, besides histology features, in WHO classification 2021. CNVs: Copy number variations; del: Deletion; homo

del: Homozygous deletion; WHO: World Health Organization.
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Supplementary Table 1: Molecular characteristics of meningioma subtypes in WHO classification 2021.
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betweenDNAmethylationsubclassesandtumorrecurrence
was found. Later, Maas et al[4]conducted a comprehensive
investigation of 3031meningiomas onmultiple levels, from
copy number through epigenomics to mutations. In 2021,
Nassirietal[3]definedfourmoleculargroupsofmeningioma
by combining somatic copy-number aberrations, somatic
DNA point mutations, DNA methylation and messenger
RNAabundance inaunifiedanalysis.Eachmoleculargroup
showed distinctive and prototypical biological character-
istics (immunogenic type, MG1; benign NF2 wild-type,
MG2; hypermetabolic type, MG3; and proliferative type,
MG4). Importantly, these molecular groups more accu-
rately predicted clinical outcomes compared with existing
classification schemes. Besides, Driver et al[16] formulated a
grading scheme that incorporates mitotic index and
multiple high-risk copy number alterations (CNAs) to
identify patients at risk for tumor recurrence.

On the basis of WHO CNS5, a consensus integrating
molecularparameterswith traditionalhistologytodiagnose
and manage meningioma might promote the development
and clinical translation of novel pathogenesis-based
therapeutic approaches, thereby paving the way towards
precision medicine in meningiomas.

Consensus Development Process

Thecurrent consensus statementswere formed jointlyby the
Group of Neuro-Oncology, Society of Neurosurgery,
Chinese Medical Association together with neuropatholo-
gists and evidence-based experts. All clinical questionswere
developed using the Population, Intervention, Comparison,
and Outcome format, which is beneficial for developing
inclusion and exclusion criteria for retrieved literature and
identifying relevant studies for inclusion. The consensus has
registered on the International Practice Guideline Registry
Platform (Registration number: IPGRP-2022CN234;
Supplementary Figure 1). All statements were assessed
andgradedusing the criteria for the recommendationgrades
of Chinese Society of Clinical Oncology clinical practice

guidelines [Tables 2 and 3].[17] The consensus process
was based on three rounds through online-meeting in 2021.
Eachmember voted each statement according to the Delphi
method.[18] Statements with agreement <75% (threshold
value) were revised and entered in the subsequent round.
The consensus document consists of 23 statements
which benefited from expert discussion and fine-tuning,
serving clinicians and researchers following patients with
meningioma.

Key Biomarkers Screening in Meningiomas

The consensus focus on epigenomic and genomic features
of sporadic meningiomas. Key biomarkers screening was
performed by collecting available evidence on molecular
landscape of meningiomas [Figure 1]. The following
databases were queried for literature review: Medline
(PubMed interface, www.pubmed.gov) and National
Guidelines Clearinghouse (www.guideline.gov).

Key Molecular Alterations of Meningiomas Impacting on
Clinical Management

Copy number alterations

Loss of chromosome 22q

Somatic CNAs play a critical role in meningiomagenesis by
dysregulating oncogene and tumor suppressor activity.[1]

The first cytogenetic study on meningiomas, published in
1967, showed loss of a G-group chromosome (either
chromosome 21 or 22) in all tumor samples under
investigation and multiple chromosomal aberrations in
half of the samples.[1] Subsequent studies validated the
increased incidence of monosomy 22 in meningiomas.[19]

These landmark studies led to the critical insight that loss of
chromosome 22 is pivotal inmeningiomagenesis for a large
subset of the tumors. Convexity and spinal meningiomas
predominantly harbour 22q loss, whereas skull-
base meningiomas are characterized by other recurrent

Level of evidence

Categories Quality of level Evidence sources CSCO expert consensus

1A High Based on data from well-structured and rigorously
controlled meta-analysis, and/or large-scale,
randomized controlled clinical trials.

Uniform consensus achieved
(support level: ≥80%).

1B High Based on data from well-structured and rigorously
controlled meta-analysis, and/or large-scale,
randomized controlled clinical trials.

Consensus achieved with minimum
disagreement (support level:
60%–80%).

2A Relatively low Based on data from meta-analysis, small-scale
randomized controlled trials, well-designed large-scale
retrospective studies, and/or case-control studies.

Uniform consensus achieved
(support level: ≥80%).

2B Relatively low Based on data from meta-analysis, small-scale,
randomized controlled trials, well-designed large-scale
retrospective studies, and/or case-control studies.

Consensus achieved with minimum
disagreement (support level:
60%–80%).

3 Low Based on data from single-arm clinical studies, case
reports, and/or expert opinions.

No consensus reached and had
major disagreement (support level:
<60%).

CSCO: Chinese Society of Clinical Oncology.
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Supplementary Table 2: Categories of evidence of CSCO clinical practice guidelines.
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tumorsand75%to85%prevalence inWHOgrades2and3
tumors.[22-24] In 2004, Pfisterer et al[25] concluded the
deletion of 22q was significantly associated with radiologi-
cally detected recurrence in 77 paraffin-embedded menin-
gioma samples (P < 0.05). Hilton et al[26] investigated the
expression and activation of epidermal growth factor

1p/22q co-deletion responding to sunitinib in a patientwith
multiple recurrentmeningiomas.Thefirst identificationof a
specific genetic aetiology ofmeningiomaswas the discovery
of alterations in the tumor suppressor geneNF2, located on
chromosome 22, which encodes the protein Merlin.[28] A
few clinical trials of drugs targeting NF2 alterations have

Recommendation grades Criteria

Grade I Evidence level 1A and some Evidence level 2A: Grade I recommendations include Evidence level
1A and some Evidence level 2A which obtained high consensus from the expert panel and
have suitable applicability for Chinese patients with meningiomas. Specifically, in the CSCO
Guidelines, Grade I recommendations include the following: universally acceptable measures
with clear indications for diagnosis and treatment, which have adequate applicability for
Chinese patients with meningiomas, and are included in the National Reimbursement Drug
List (NRDL). The priority for allocating Grade I recommendations is solely for the benefits of
the patients and is independent of the changes of commercial medical insurance.

Grade II Evidence level 1B and some Evidence level 2A: Grade II recommendations include Evidence level
1B and some Evidence level 2A which obtained satisfactory consensus with minimum
disagreements from the expert panel and has limited applicability for Chinese patients with
meningiomas. Specifically, Grade II recommendations include the following: high-level evidence
provided by multi-center studies that have been randomly controlled on internationally or
domestically (in China), but may have limited applicability for Chinese patients or low potency
ratio, in addition to drugs or treatments that may exceed the purchasing power of the general
public; treatments that are expensive but may have substantial benefits for the patients are also
regarded as Grade II recommendations.

Grade III Evidence level 2B and 3: Despite lack of strong evidence-based data, however, these are
recommendations that have obtained satisfactory consensus with minimum disagreements from
the expert panel and are provided as a reference for medical personnel usage.

Not recommended/objection Recommendations for which the expert panel has uniform consensus that there are adequate
evidences to prove that the drugs or medical technologies do not have sufficient benefits or
may even cause harm to Chinese patients. These are labeled as “experts do not recommend”
or, when applicable as “experts’ disapproval”. It can be allocated to any grade
recommendations.
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Supplementary Table 3: Criteria for the recommendation grades of Chinese Society of Clinical Oncology (CSCO) 
clinical practice guidelines.
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