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Introduction

Meningiomas are the most frequent primary tumors 
of the central nervous system (CNS) (1). Due to their 
heterogenous morphological features former and the 
current edition of the World Health Organization (WHO) 
classification of tumors of the CNS provide 15 distinct 
meningioma variants (Figure 1). Despite the morphological 
diversity, patient prognosis is often very good, which is 
mainly due to the benign, slow growing character of the 
tumors. Depending on the tumor localization, benign 
meningiomas are basically tumors that can be cured by 
neurosurgical resection (2). In line with that the extent 
of resection, reflected by the Simpson grade is a strong 
predictor of tumor recurrence (2,3). Nevertheless, in a study 
by Jääskeläinen up to 20% of benign gross-totally resected 
meningiomas recurred within 20 years (4). Consequently, 
a good argument can be made that there are subgroups of 

meningiomas that tend to recur or even show malignant 
transformation although gross-total resection was achieved.

An adequate classification system basically aims at 
providing a tool for estimating the risk of tumor recurrence 
and estimating the overall survival of a patient. In the best 
case the classification system should even take into account 
a prediction towards the response to a certain therapy.

The WHO classification of CNS tumors stratifies 
meningiomas in three major groups, reflected by the WHO 
grades I (benign), II (intermediate) and III (malignant) (5) 
(Figure 1). So far the diagnostic work flow of the current 
WHO classification for meningiomas strictly relies on 
histo- and cytomorphological criteria (5). WHO grade and 
extent of resection are still the most important predictors 
of progression-free survival (PFS) and should therefore be 
reported for every individual patient (2). However, for some 
patients WHO grading seems insufficient as (I) almost 
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20% of benign WHO grade I tumors tend to recur (4,6,7) 
and (II) adjuvant radiotherapy might not be necessary for 
all WHO grade II meningiomas (8-10). The discordance 
between clinical course and histological grade might depend 
on the application of histological criteria, which for some 
reasons are difficult to assess in meningiomas or which do 
not reflect the entire biological character of the tumor (see 
especially paragraphs “Tightrope walk between meningioma 
grades” and “Brain invasion as an individual criterion for 
atypia”).

In the current review article we discuss the diagnostic 
criteria for meningiomas as applied by the current WHO 
classification for CNS tumors (5). We present advances of 
the classification system as well as some controversies, which 
might lead to an over- or underestimation of the biological 
tumor properties. Furthermore we will illustrate the latest 
mostly genetic discoveries in meningioma research and 
provide an outlook for future meningioma classifications.

Histo- and cytopathological basis of meningioma 
classifications

M e n i n g i o m a s  a r e  s u b d i v i d e d  i n  1 5  h i s t o -  a n d 
cytomorphological variants of which nine variants correspond 
to WHO grade I, three variants correspond to WHO grade 
II, while another three variants correspond to the malignant 
type of WHO grade III meningiomas (Figure 1) (5). The 
majority of meningiomas correspond to WHO Grade I with 
an age-adjusted incidence rate of 3.68/100,000 in male and 
8.56/100,000 in female population (11). The age-adjusted 

incidence rate in WHO grade II meningiomas accounts 
for 0.26/100,000 in male and 0.30/100,000 in female  
population (11). WHO grade III meningiomas are a rare 
disease with an age-adjusted incidence rate of 0.08/100,000 
in male and 0.09/100,000 in female population (11).

The most common histomorphological subtypes are 
WHO grade I meningothelial, fibrous and transitional 
meningiomas (5). The histological criteria, applied in 
the current classification system are mainly based on the 
groundbreaking work by Perry and colleagues (12,13) who 
showed that different cyto- and histomorphological features 
were associated with tumor recurrence. Nevertheless, also 
earlier important follow-up investigations on meningioma 
classification influenced the current WHO classification 
systems (14,15). Finally, this lead to the criteria for 
considering meningiomas as being atypical (grade II) in 
case they showed increased mitotic activity [4–19 mitoses 
per 10 high power fields (HPF)] or at least 3 of 5 histo- and 
cytomorphological criteria (Figure 1). An alternative grading 
approach combines hypercellularity and mitotic count for 
the diagnosis of atypical meningioma (≥5 mitoses per 10 
HPF) (15). Furthermore, already in their 1997 study, Perry 
and colleagues suggested brain invasion as a morphologic 
criterion for higher recurrence rates (12) (see paragraph 
“Brain invasion”). Despite their partly benign appearance 
the distinct histomorphological subtypes of clear cell and 
chordoid meningiomas are considered WHO grade II, as 
these tumors tend to recur (16,17).

The basic criteria for grading meningiomas as being 
malignant or anaplastic also arose from Perry and colleagues 

Figure 1 Overview of the 2016 WHO classification system for grading meningiomas.
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in 1999 (13). In their 1999 publication the authors 
proposed a revision of the histological grading scheme 
for meningiomas including a definition of atypical and 
anaplastic meningioma (13). Meningiomas were considered 
being anaplastic in case the tumors showed 20 or more 
mitoses/10 HPF or a loss of meningothelial differentiation 
resulting in sarcoma-, carcinoma- or melanoma-like 
appearance (13) Rhabdoid and papillary meningiomas were 
considered malignant as well, as these patients showed a 
very poor prognosis with multiple recurrences and even 
distant metastases (18-21).

These cyto- and histopathological criteria contributed 
to the current WHO classification system (5) (Figure 1) 
and are still most often successfully applied in routine 
neuropathological diagnostics for grading meningiomas. 
Despite of the significance of these criteria still some of the 
histopathological features need a closer look and a potential 
revision in future classification systems.

Tightrope walk between meningioma grades

When applying the aforementioned criteria in everyday 
routine diagnostics one would always meet borderline 
cases, which make it difficult to draw a clear line between 
the grades especially between benign (WHO grade I) and 
intermediate (WHO grade II) cases. Interestingly, patients 
with WHO grade I tumors and any atypical features (one 
or two of the aforementioned five) show increased risk for 
tumor progression or recurrence, when Simpson grade I 
resection was not achieved (22). Illustrating the importance 
of documentation of the grade of resection as well as the 
documentation of single atypical features for patients risk 
stratification. Additionally, in the same study the authors 
revealed a Ki67-proliferation index >3% (assessed by MIB1 
immunohistochemical staining) as being significantly 
associated with tumor progression or recurrence (22). The 
application of a proliferation index for risk stratification 
in meningioma patients is by far not a new notion (23,24), 
as already former WHO classifications refer to the 
importance of the proliferation index when stratifying the 
risk of meningioma recurrence. Nevertheless, e.g., Ki67 
proliferation index was not considered as a clear criterion 
for atypical or anaplastic meningiomas in former and in the 
current WHO classification (5,25,26), which is most likely 
because of potential institutional differences. One further 
challenge for including Ki67 proliferation index into the 
classification system would be finding a clear threshold. 
As mentioned above some authors report on proliferation 

indices of >3% others of >5% or even >10% being 
associated with an increased risk of tumor progression or 
recurrence (2,22,27).

Ki67 is a molecule being expressed in cells that are in 
the active phase of the cell cycle (G1-, S-, G2-, M-phase). 
Thus Ki67 is related to cell division. The easiest way of 
assessing cell division is counting mitoses. The number of 
mitoses per 10 HPF is one of the fundamental criteria of 
current and former meningioma grading systems (5,25,26). 
The analysis of discordance rates in the assessment of 
mitoses per 10 HPF recently revealed a discordance rate of 
20.9% between observers, when classifying between grade 
I meningioma and atypical grade II meningiomas (4–19 
mitoses per 10 HPF) (28). Interestingly, discordance rate 
was much lower (4.7%) when classifying between grades II 
and III (>20 mitoses per 10 HPF). That means, malignant 
meningiomas, which are rich in mitotic figures can be 
assessed rather easy in comparisons to meningiomas with 
reduced mitotic activity. Some challenges in the assessment 
of mitotic figures might be the distinction between mitosis 
and apoptosis as well as the variability of cell density and 
other tissue properties such as mineralizations. Therefore, 
also in the context of detecting dividing cells additional 
immunohistochemistry might be helpful. One prominent 
candidate is the mitosis-specific protein phosphohistone-H3 
(pHH3) (29). Additional pHH3-immunostaining increases 
interobserver agreement in mitotic count when grading 
meningiomas (30).

A mitotic index which includes assessment of mitoses 
with the help of pHH3-staining is an independent predictor 
of meningioma recurrence (31).

Institutional/observer concordance of meningioma 
classification and grading has recently been investigated 
on the basis of the NRG Oncology RTOG Trial 0539 by 
a central review (28). Discordance rate between observers 
with regard to the WHO grade was quite low (WHO grade 
I: 7%; WHO grade II: 12.2%; WHO grade III: 6.4%), 
thus, leading to a reclassification of diagnosis in 12.8% of 
tumors (28). On histological level, e.g., hypercellularity, 
sheeting and the presence of macronucleoli showed highest 
discordance rates (28). But also the presence of papillary or 
rhabdoid tumor parts, which in fact has a crucial impact on 
prognosis and therapy was not always concordant between 
the observers, thus showed lower interrater reliability 
values (28). Recently, a study revealed that meningiomas 
with rhabdoid features showed recurrence rates comparable 
to grade I and II meningiomas, while just a subset of 
rhabdoid meningiomas showed an aggressive behavior. In 
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consequence of these findings the authors recommended 
to classify rhabdoid meningiomas according to grade I and 
II but with the addition, that aggressive behavior might  
occur (32). In case of just focal rhabdoid morphology and 
missing histological signs of malignancy, these tumors 
should be graded according to the aforementioned 
classical cyto- and histopathological criteria with the added 
descriptor of “with rhabdoid features”. The morphologically 
malignant phenotypes should be classified according to 
WHO grade III (5).

Brain invasion as an individual criterion for 
atypia

Interestingly, the assessment of brain invasion showed highest 
concordance levels of all investigated histopathological features 
in the aforementioned centrally reviewed NRG Oncology 
RTOG Trial 0539 (28). While histopathological signs of 
atypia such as sheeting, high cellularity, macronucleoli, 
small cells or necrosis are commonly accepted as criteria 
for atypia, brain invasion as single criterion has recently 
been questioned. Several studies lacked a clear association 
between brain invasion and tumor recurrence/progression 
(27,33-35). The 2016 edition of the WHO classification 
for CNS tumors now included brain invasion as a single 
criterion for grading these tumors directly as atypical 
meningiomas (5). Consequently, patients that show a 
histologically benign (WHO grade I) but brain invasive 
meningioma (brain invasive otherwise benign) need a 
closer look. Pioneering studies concerning with the topic 
of brain invasion just included 10 (12) or 20 (13) brain 
invasive otherwise benign meningiomas. Nevertheless, the 
authors here identified a clinical course similar to atypical 
meningiomas. Recent studies investigated 61 (27), 19 (33) 
or 20 (35) patients with brain invasive otherwise benign 
meningiomas at four independent Brain Tumor Centers 
in Europe. Most of these investigated patients showed 
a clinical course similar to WHO grade I meningiomas, 
with the exception of single patients that showed e.g., 
an increased proliferation rate, NF2 germline mutation 
or incomplete resection (Simpson grade 4) (27). The 
assessment of brain-invasive areas strongly correlates with 
tumor size, and the number of sampled blocks (27,33). 
Obviously, most of the tumor parts of meningiomas are 
not directly attached to the brain surface, thus a critical 
evaluation of these tumor parts with regard to brain 
invasion is impossible. Therefore, an adequate assessment of 
brain invasion would need a close collaboration between the 

neurosurgeon and the neuropathologist, which could just 
be guaranteed by setting clear standards for the processing 
and assessment of meningiomas. So far the WHO does not 
clearly recommend such a procedure.

Morphology and anatomy meet genetics

Already former editions of the WHO classification of 
CNS tumors point to the importance of genetic alterations 
during meningioma progression, since histologically benign 
meningiomas do not show genetic changes as their high-
grade counterparts (36-38). One cytogenetic alteration of 
meningiomas is the monosomy of Chromosome 22 (39). 
Chromosome 22 harbors the tumor suppressive NF2 
gene locus, being mutated in more than 50% of sporadic 
and neurofibromatosis type 2 associated meningiomas 
(40,41). NF2 mutations or NF2 loss mainly leads to a 
non-functional merlin protein, which in turn most likely 
serves as an early and main inducer of NF2-associated 
meningiomas (42). NF2 inactivation results in chromosomal 
instability (43) and is more often associated with atypia (44).  
Besides NF2, also other genes on Chromosome 22 such 
as INI1 (SMARCB1) have been found being mutated in 
meningiomas, which might contribute to meningioma 
genesis (45). 

Interestingly, NF2 mutated meningiomas show an 
association with localization (convexity) and histopathological 
subtype (transitional and fibroblastic) (46). The association 
of tumor localisation and/or histopathological phenotype, 
with a distinct genotype has recently been investigated 
in depth (44,47-49). These findings mainly affect NF2-
wildtype, benign WHO grade I meningiomas at the skull 
base. Anterior and medial skull base meningiomas are NF2-
wildtype, while lateral and posterior meningiomas are 
associated with NF2 loss (44). Medial anterior skull base 
meningiomas more often show SMO mutations (Hedgehog 
signaling), while AKT1 (AKT-PI3K signaling) mutation 
is found in meningothelial and transitional meningiomas 
of the sella and clivus (44,47,50). Interestingly, recent 
work investigated SMO and AKT1 mutations in olfactory 
groove meningiomas. WHO grade I meningiomas with 
SMO mutations were associated with a reduced time to 
progression. Thus, this study identifies SMO mutations as 
a prognostic marker in olfactory groove meningiomas (51).  
Recently, PIK3CA-mutated meningiomas have also been 
discovered. Most of these tumors are WHO grade I 
meningiomas arising from the skull base (52). Secretory 
meningiomas are genetically characterized by TRAF7 and 
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KLF4 mutations, these mutations occur in combination 
in almost 100% of these cases (44,48). Recently, another 
genetic subset of meningiomas has been discovered, when 
focusing on meningiomas, which lacked the aforementioned 
mutations. In a genetic screening POLR2A mutations 
were detected in benign histologically meningothelial 
meningiomas, which showed a tendency to develop from 
the tuberculum sellae (49). Interestingly, the same study 
revealed NF2 and SMARCB1 mutated meningiomas, 
which originated from the falx cerebri of the anterior cavity. 
Furthermore, PI3K pathway mutations were detected in 
TRAF7 mutated meningiomas (49).

Although, these reclassifications of histologically 
characterized meningiomas by means of gene alterations 
might somehow give the impression of excessive descriptive 
anatomical genetics, these studies are urgently needed for 
uncovering predictive molecular factors and molecular 
targets.

The last years were characterized by enormous progress 
on genetic understanding of meningioma genesis especially 
of benign meningiomas. But also former and recent 
investigations have been performed to get new insights 
in the progression of meningiomas. Mainly chromosomal 
aberrations, such as aberrations of chromosomes 1p and 
14q have been described as being associated with higher-
grade meningiomas and reduced PFS (53-56). Further 
cytogenetic investigations on chromosomal abnormalities 
(losses, gains) identified chromosome 14 abnormalities 
as being independent adverse prognostic factors in  
meningiomas (57). Additionally, alterations of the tumor 
suppressor gene CDKN2A (p16) and deletions of the 
chromosomal region 9p21 have been linked to anaplastic 
meningiomas and worse patient prognosis (58-60). Besides 
inactivation of tumor suppressors also overexpression 
of telomerase by TERT promoter mutations has been 
shown to be crucial for malignant progression in both, 
NF2-mutated (NF2-loss) as well as in NF2-wildtype 
meningiomas (61,62). Most interestingly, the analysis of 
TERT-promoter mutation is a strong prognosticator for 
meningioma patients’ risk stratification and is associated 
with rapid recurrence also in case of otherwise benign 
histology (62).

Conclusions and outlook

Up to now, meningioma classification by the WHO 
strictly relies on histopathological criteria. In many cases 
these cyto- and histopathological features help to estimate 

patient prognosis. Nevertheless, still some patients are 
misgraded, most likely due to limitations of the applied 
histopathological criteria. As an example the grading of 
brain invasive otherwise benign meningiomas as atypical 
(WHO grade II) should be revised in the next edition of the 
WHO classification as these tumors usually show clinical 
courses similar to WHO grade I. Additionally, meningiomas 
with rhabdoid features should not directly be graded as 
grade III as just a subset show malignant progression. In 
case of focal rhabdoid features but otherwise benign or 
atypical histology (not anaplastic), a descriptor of “with 
rhabdoid features” should be added. Further genetic testing 
is recommended for these rare cases. For risk stratification 
a genetic profile including genes which are most often 
associated with benign tumors (such as TRAF7, AKT1, 
KLF4, SMO, PIK3CA and POLR2A) and the assessment of 
alterations which are associated with malignant progression 
such as TERT-promoter mutation should be included to an 
integrated histopathological and molecular diagnosis.

A global classification system as desired by the WHO 
should be applicable in every neuropathological or 
pathological department worldwide, also in areas where 
high-throughput genetic screenings are not accessible in 
everyday routine. One possibility would be the assessment 
of immunohistochemical surrogate parameters, such as 
SFRP1 or STMN1 expression in AKT1 (E17K)-mutated 
meningiomas or GAB1 and STMN1 expression in SMO 
mutated meningiomas (47,50). Valuable diagnosis and 
therapy of meningioma patients need a multidisciplinary 
approach, which ideally should include information on 
macroscopy (Simpson grade), microscopy (histological 
parameters) and genetic changes.
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