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CLINICAL STUDY
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Abstract
Purpose  To analyse whether the WHO grade of intracranial meningiomas differs itself depending on patients and menin-
gioma characteristics at diagnosis.
Methods  Single center retrospective study of a series of consecutive patients with primary intracranial meningiomas who 
underwent surgery between January 2007 and March 2014. Patients (age, sex, outcome) and meningioma characteristics 
(histological diagnosis, tumor location, WHO grading, size, extend of peritumoral edema and tumor recurrence rate) were 
analysed.
Results  Of 240 included patients, 184 (76.7%) were female and 56 (23.3%) were male. 17 patients (7.1%) were in age group 
20–40 years, 112 (46.7%) in group 41–60 years and 111 (46.3%) were in age group > 60 years. 189 patients (78.8%) were 
diagnosed with WHO grade I, 49 (20.4%) WHO grade II and 2 (0.8%) had a WHO grade III meningioma. WHO grade II 
meningiomas were significantly more frequent in the age group 20–40 years compared to age group 41–60 years (chi-square 
p < 0.05). Convexity meningiomas were significantly more frequent classified as WHO grade II meningiomas compared to 
all other locations (chi-square, p < 0.01). Mean calculated tumor volume and the tumor volume determined by volumetric 
measurement was significantly larger in grade II meningioma patients compared to grade I (46.3 ± 40.5 cc grade II versus 
21.8 ± 27.8 cc grade I and 45.3 ± 38.2 cc versus 23.1 ± 30.0 cc respectively; t test < 0.01). Extend of the peritumoral edema 
was significantly larger in patients with grade II meningiomas (Wilcoxon test, p < 0.05). Short term outcome did not differ 
between different age groups nor was it associated with tumor size. During a mean follow up of 49 months (min 3, max 
144 months) recurrence rate was significantly higher in WHO grade II (4 out of 49 [8.2]%) compared to WHO grade I patients 
(3 out if 186, [1.6%]; Chi-square, p < 0.05).
Conclusion  In this series atypical meningioma was associated with younger age, location on the convexity, larger tumor 
size and more peritumoral edema.
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Abbreviations
WHO	� World Health Organization
CSF	� Cerebrospinal fluid
GTR​	� Gross total resection
MRI	� Magnetic resonance imaging
mRS	� Modified Rankin Scale
RS	� Radiosurgery
fSRT	� Fractionated stereotactic radiotherapy

Introduction

Meningiomas are usually slow growing extra-axial brain 
tumors deriving from arachnoid cap cells. They are the most 
frequently diagnosed benign primary brain tumor account-
ing for 33.8% of all primary brain and central nervous sys-
tem tumors reported in the United States between 2002 and 
2006 [1]. Prevalence rates for meningiomas range from 
50.4/100,000 [2] to 70.7/100,000 [3, 4]. Meningiomas can 
occur at many sites which render them amenable to micro-
surgical removal. Complete resection of the tumor and the 
dural attachment still is the primary goal of treatment. How-
ever, eloquent location and/ or encasement of critical neu-
rovascular structures preclude complete resection without 
severely compromising functional outcome. For petroclival 

 *	 Ruediger Gerlach 
	 ruediger.gerlach@helios‑gesundheit.de

1	 Department of Neurosurgery, Helios Klinikum Erfurt, 
Nordhäuser Str. 74, 99089 Erfurt, Germany

2	 Department of Pathology/ Neuropathology, Helios Klinikum 
Erfurt, Nordhäuser Str. 74, 99089 Erfurt, Germany

http://orcid.org/0000-0002-9097-3580
http://crossmark.crossref.org/dialog/?doi=10.1007/s11060-019-03293-x&domain=pdf


278	 Journal of Neuro-Oncology (2019) 145:277–286

1 3

meningiomas [5, 6] and meningiomas with involvement of 
the cavernous sinus [7, 8], this has led to a more conserva-
tive surgical strategy with intended partial or subtotal resec-
tion to improve patient´s functional outcome and quality of 
life [9].

The most common meningiomas are WHO grade I and 
have a low risk of recurrence. However, atypical meningi-
omas classified as WHO grade II exhibit increased mitotic 
activity and have a higher recurrence rate (up to 40% at 
5 years) [10-14]. Anaplastic meningiomas are malignant 
tumors (WHO grade III) with a very high rate of recur-
rence and the 5 year progression free survival (PFS) is only 
10% [15]. Since the 2007 WHO classification system has 
included brain invasion as a controversial feature for the 
diagnosis of atypical meningiomas the reported incidence 
of atypical meningioma increased from 7 to 20–30%, due to 
reclassifying of grade I cases as grade II meningiomas [10, 
16-19]. Unfortunately no imaging criteria are accepted to 
preoperatively differentiate between different WHO grades 
of intracranial meningiomas. Thus uncertainty persists 
regarding which patient’s should be operated on early versus 
followed with MR imaging.

Thus, beside patient related factors, meningioma size, 
location, extent of peritumoral edema, the assumed extent 
of resection and the potential surgical morbidity have impli-
cations for patients counselling, as well as patient’s manage-
ment and outcome. Therefore the aim of this analysis was 
to investigate the relationship of patient´s age, meningioma 
location, extent of peritumoral edema and size with WHO 
grade and potential risk factors for tumor recurrence.

Material and methods

Study design

This is a retrospective, single center observational surgi-
cal case series, performed in a tertiary referral center. 
The study was approved by the local ethics committee 
(Nr.22748/2018/6). Data of all patients who underwent cra-
niotomy for microsurgical resection of an intracranial men-
ingioma were retrieved from an electronic database. From 
January 2007 to March 2014, 240 consecutive patients with 
a newly diagnosed intracranial meningioma were included. 
Patients with Neurofibromatosis Type II or a previous opera-
tion of the same meningioma were excluded. In 1 patient, 
who was operated on 2 different intracranial meningiomas, 
each surgery was assessed separately.

Demographic data were retrieved from the hospital´s 
medical record system. Age, sex, and clinical symptoms at 
the time of diagnosis were recorded in a database. Opera-
tive notes were screened for resection status and clas-
sified according to the Simpson classification [20]. All 

preoperative MRI´s were re-evaluated for assessment of 
tumor location, size and extent of edema. Peritumoral edema 
was classified as no edema (absence of increased T2 signal 
surrounding the meningioma), mild edema (rim or crescent 
of increased T2 signal surrounding the meningioma without 
mass effect), moderate edema (more extensive increased T2 
signal surrounding the meningioma without mass effect) and 
severe edema (mass effect from edema and/or tongues of 
advancing edema) [21, 22]. In a few patients, where MRI 
was not available edema was assessed on CT scans.

Tumor volume was calculated using the formula 
AxBxC/2 at the largest dimension. In 172 patients thin 
sliced contrasted enhanced CT (35 patients) and MRI-scans 
(137 patients) were available for volumetric analysis using 
the BrainLab neuronavigation software iPlan cranial 3.0 
(Brainlab, Munich, Germany). Contrast enhanced tumor was 
manually segmented after loading the preoperative imaging 
into iPlan cranial 3.0 navigation software.

All perioperative complications were documented. Out-
come was assessed using the mRS at discharge and the latest 
follow up.

Patients had their first follow up 3 months after surgery 
and were referred to our outpatient department. Further con-
trol intervals were selected with regard to meningioma resec-
tion status, WHO grade and the short term clinical course 
of the patient. For data collection the most recent follow up 
where patients had a full clinical and radiological evalua-
tion was assessed. During all follow- up visits a standard 
contrast enhanced MRI/ (in patients with contraindications 
for MRI a contrast enhanced CT scan) was available and 
the clinical course was documented. In cases of suspected 
or obvious recurrent tumor or growth of residual tumor, an 
interdisciplinary case discussion was initiated in a certified 
neurooncological tumor board. The decision about further 
treatment options (reoperation or radiotherapy) depended on 
the recommendation of this tumor board.

Histological investigations were performed at the 
Department of Neuropathology by one neuropathologist 
(MB) according to a standardized protocol. Classification 
was done according to the WHO 2007 classification sys-
tem based on paraffin embedded tumor sections stained for 
hematoxylin–eosin (HE) and using immunohistochemical 
stainings for epithelial membrane antigen (EMA), proges-
terone receptors, somatostatin receptors (SSTR2A), mito-
sis-specific antibody anti-phosphohistone-H3 (pHH-3) and 
Ki-67 (VENTANA BenchMark ULTRA, Roche).

Surgical treatment

All patients were treated according to standard micro-
surgical principles. Surgery was performed by all staff 
members of the Department of Neurosurgery. Frameless 
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neuronavigation (BrainLab®, München) was applied 
according to the surgeon´s preference. The CUSA was 
used to debulk the tumors internally, facilitating dissec-
tion from the surrounding structures without damage.

Statistical analysis

Statistical analysis was performed using SPSS software 
version 25.0 (Chicago, USA). Patients were categorized 
into 3 age groups (20–40 years, 41–60 years and > 60). 
The Chi-square test and T-test were used to compare cat-
egorical variables and the Mann–Whitney U-test, or Wil-
coxon Test were employed when the sample sizes were 
small or the data did not approximate a normal distribu-
tion. Correlation of calculated tumor volume to the volu-
metric determined volume was done using a bivariate cor-
relation analysis. For the conducted analysis, p values less 
than 0.05 were considered to be statistically significant.

Results

Between 2007 and 2014, 240 patient (184 [76.7%] female 
and 56 [23.3%] male) were surgically treated. The mean age 
was 59.0 ± 12.8 years (Table 1).

Table 2 depicts the different locations of meningiomas 
with regard to their histological grading. Histology revealed 
grade I meningioma in 189 (78.8%) cases, grade II in 49 
(20.4%) and grade III in 2 (0.8%), respectively. Histologi-
cal grading did not differ between male and female patients 
(Chi-square, p = 0.06). Compared to all other locations, con-
vexity meningiomas were significantly more frequent classi-
fied as WHO grade II (Chi-square, < 0.01, Fig. 1).

17 patients (7.1% were in the age group 20–40 years, 
112 patients (46.7%) in the age group 41–60 years and 
111 (46.3%) in the group > 60 years, respectively. Regard-
ing the distribution in age groups, no statistical difference 
between male and female patients was found. We found 11 
(64.7%) WHO grade I and 6 (35.3%) WHO grade II men-
ingiomas in the younger age group (20–40 years). In the 
group 41–60 years 96 patients (85.7%) had WHO grade I, 16 
(14.3%) had grade II tumors and none suffered from WHO 

Table 1   Sex and Age of all 240 patients operated on intracranial meningiomas are shown

Categorization into 3 age groups according to their sex is displayed. No statistically significant difference was found

Sex Mean age ± SD [years] Age group 
20–40 years

Age group 41–60 years Age group > 60 years

Female n = 184 (77.5%) 59.0 ± 12.4 12 (6.5%) 87 (47.3%) 85 (46.2%)
Male n = 56 (22.5%) 59,0 ± 14.1 5 (9%) 25 (44.6%) 26 (46.4%)
Total 240 (100%) 59.0 ± 12.8 17 (7.0%) 112 (46.7%) 111 (46.3%)

Table 2   Depicts the different locations of the 240 surgically treated meningioma patients with regard to their histological grading

*WHO grade II meningioma were significantly more frequent at the convexity compared to all other locations (Chi-square p < 0.01)

Location of the men-
ingioma

Number (%) Calculated tumor 
volume in cc 
(n = 240)

Volumetric tumor 
volumes in cc 
(n = 172)

Histological grading

WHO grade I (%) WHO grade II (%) WHO grade III (%)

Convexity 72 (30.0) 29.2 ± 44.4 24.8 ± 32.2 42 (58.3) 28 (38.9)* 2 (2.8)*
Posterior fossa 35 (14.6) 21.1 ± 18.9 23.3 ± 20.0 30 (85.7) 5 (14.3) 0 (0)
Sphenoid wing 33 (13.8) 28.8 ± 32.7 25.1 ± 29.0 31 (93.9) 2 (6.1) 0 (0)
Falx 30 (12.5) 32.4 ± 45.5 41.8 ± 46.5 24 (80.0) 6 (20.0) 0 (0)
Frontobasal 26 (10.8) 36.1 ± 42.1 35.0 ± 36.5 23 (88.5) 3 (11.5) 0 (0)
Parasagittal 21 (8.8) 41.7 ± 90.9 32.6 ± 39.4 19 (90.5) 2 (9.5) 0 (0)
Sphenoorbital 6 (2.5) 25.7 ± 36.3 27.2 ± 28.3 6 (100) 0 (0) 0 (0)
Tentorial 10 (4.2) 26.2 ± 23.0 29.1 ± 27.7 8 (80) 2 (20) 0 (0)
Orbit 2 (0.8) 37.1 ± 51.7 2 (100) 0 (0) 0 (0)
Cavernous sinus 3 (1.3) 3.6 ± 2.2 4.2 2 (66.7) 1 (33.3) 0 (0)
Tuberculum sellae 2 (0.8) 4.5 ± 3.8 3.7 ± 3.9 2 (100) 0 (0) 0 (0)



280	 Journal of Neuro-Oncology (2019) 145:277–286

1 3

grade III meningioma. In the group of patients > 60 years 82 
patients (73.9%), 27 (24.3%) and 2 (1.8%) had a WHO grade 
I, grade II and grade III meningioma, respectively. Thus, 
WHO grade II meningioma patients were significantly more 
frequent in the younger age group (20–40 years) compared 
to the group 41–60 years (Chi-square, p < 0.05) (Fig. 2). 
However no significant difference was found between groups 
41–60 years and > 60 years or 20–40 years and > 60 years.

Tumor volume was assessed using 2 different approaches. 
Calculations to approximate the tumor volume was corre-
lated to the volumetric assessed tumor volume and showed a 
significant correlation (Pearson correlation coefficient 0.95). 
Mean calculated tumor volume was significantly larger in 
grade II meningiomas (46.3 ± 40.5 cc) compared to grade 
I meningiomas (21.8 ± 27.8 cc, t test < 0.01). Data sets for 
volumetric analysis were available for 42 patients with 
grade II meningiomas and 84 patients with grade I men-
ingiomas and confirmed the significant larger tumor vol-
ume in grade II meningiomas (45.3 ± 38.2 cc) compared to 
23.1 ± 30.0 cc (t test < 0.01). No statistical difference of the 
tumor volume was found between grade I and grade III and 
grade II and grade III meningiomas (Fig. 3). Peritumoral 
edema was significantly larger in patients with grade II and 

III meningiomas compared to grade I meningiomas (Mann 
Whitney U test, p < 0.01).

Microsurgical resection was assessed using Simpson 
grading; we achieved grade 1 in 96 patients (40.0%), grade 2 
in 99 patients (41.3%), grade 3 in 25 patients (10.4%) grade 
4 in 16 patients (6.7%), and grade 5 in 4 patients (1.7%). 
Therefore a gross total resection (Simson grade 1–3) was 
achieved in 220 patients (91.7%). Simpson grade 1 resec-
tion was significantly less frequently in patients with WHO 
II meningioma (p < 0.05) compared to grade I meningioma 
patients. Resection rate differed neither between age groups 
(Chi-square, p = 0.4) nor between males and females (U, 
p = 0.5).

Short term (3 months) outcome showed improved clinical 
status in 62.5%, while 30% of patients were unchanged and 
7.5% worsened. Complication rate did not differ between 
groups (tumor size, Simpson resection).

224 patients were available for a mean follow up of 
49.5 ± 31.7 months (Min 3, Max 144). In 27 patients (11.2%) 
residual tumor was seen on follow up MRI at 3 months (4 
[100%] patients with Simpson 5, 16 [100%] with Simpson 
4, 7 [87%] of Simpson 3 and none in Simpson grade 2 and 
1 patients, respectively).

Further treatment was indicated in all patients with Simp-
son grade 5 resection (3 patients with fSRT, 1 patient with 
RS), in 12 with grade 4 resection (7 patients with fSRT, 
5 patients with RS (3 patients were only followed and 1 
patients was lost to follow up)) Table 3. 5 patients underwent 
reoperation after progression of the residual tumor was seen 
(3 patients before fSRT, 1 patient before RS and 1 patient 
after fSRT). 2 patients underwent intentional second surgery 
before RS using a different approach both were Simpson 
grade 5 resection during their first surgery. Mean time to 
fSRT was 11.6 months (min 1, max 45) and the mean dose 
was 55.5 Gy (Table 4). for patients who underwent RS the 
mean interval was 24.4 months and the dose was 15.7 Gy. 1 
patient with WHO grade III meningioma underwent imme-
diate postoperative fSTR.
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Fig. 1   Compared to all other locations, convexity meningiomas were 
significantly more frequently classified as WHO grade II (*p < 0.01)
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Fig. 2   WHO grade II and III meningioma patients were significantly 
more frequent in the young age group (20–40 years) compared to age 
group 41–60  years (p < 0.05). No difference was found between the 
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Fig. 3   Tumor volume was significantly larger in grade II meningioma 
patients compared to grade I meningiomas (*p < 0.01). No statistical 
difference of the tumor volume was found between grade I and grade 
III and grade II and grade III meningiomas
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7 patients (2.9%) presented with recurrent tumors at either 
the convexity (n = 3), the posterior fossa, sphenoid wing, the 
tentorium and at the frontal skull base (n = 1, respectively). 
Recurrence rate was significantly higher in WHO grade II 

(4 out of 49 [8.2]%) compared to WHO grade I patients 
(3 out if 186, [1.6%]; Chi-square, p < 0.05). No associa-
tion was found between age groups and recurrent tumor (U, 
p = 0.46)). 3 patients underwent fSRT (mean 55.3 Gy) after 

Table 3   Location, histology and WHO grade, treatment modality and time interval after surgical treatment and tumor status of residual meningi-
omas

MT meningotheliomatous, f/u follow up, fSRT fractionatet stereotactic radiotherapy, RS radiosurgery

Patient number Location Histology/ WHO 
grade

2nd line treatment Dose RTx (Gy) Time between 
surgery and 2nd 
line treatment 
(months)

f/u time 
(months)

Status at last f/u

5 Temporobasal MT/ I Surgery/ fSRT 57.6 34/ 39 56 Stable
16 Spheno-orbital MT/ I fSRT/ surgery 55.8 6/ 49 60 Progressive
49 Sphenoid wing Transitional/ I fSRT 55.8 9 53 Stable
90 Cavernous sinus Transitional/ I fSRT 55.8 1 34 Stable
132 Convexity Angiomatous/ I RS 12.5 60 90 Stable
140 Spheno-orbital Transitional/ I Surgery/ RS 19.5 14/ 41 70 Stable
142 Falx Transitional/ I fSRT 55.8 5 16 Stable
143 Petroclival MT/ I RS 17.5 24 36 Stable
162 Spheno-orbital I Surgery/ fSRT 55.8 14/ 45 92 Stable
167 Convexity 1 RS 19,5 44 84 Stable
188 Posterior fossa Angiomatous/ I fSRT 55.6 2 40 Stable
196 Frontobasal MT/ I fSRT 55.8 2 12 Stable
199 Cavernous sinus MT/ I RS 13 6 77 Stable
216 Tentorial Angiomatous/ I RS 12.5 8 36 Stable
218 Sphenopetro-clival MT/ I SRT 54 28 51 Stable
269 Spheno-orbital MT/ I RS 17.5 3 45 Stable
53 Cavernous sinus Atypical/II fSRT 56 13 36 Stable
72 Falx Atypical/II fSRT 40 3 42 Stable
82 Posterior fossa Atypical/II RS 15 16 24 Stable
106 Posterior fossa Atypical/II fSRT 55.8 4 26 Stable
122 Posterior fossa Atypical/II fSRT 55.8 5 27 Stable
124 Falx Atypical/II RS 14 25 84 Stable
135 Parasagittal Atypical/2 Surgergy 

fSRT + Proton-
boost

68 24/ 31 40 Stable

Table 4   Location, histology and WHO grade, treatment modality and time interval after surgical treatment and tumor status of recurrent menin-
giomas

MT meningotheliomatous, f/u follow up, fSRT fractionatet stereotactic radiotherapy, RS radiosurgery

Patient number Location Histology/ WHO grade 2nd line 
treat-
ment

Dose RTx (Gy) Time between surgery 
and 2nd line treatment 
(months)

f/u time 
(months)

Status at last f/u

123 Tentorial Atypical/ II RS 16 5 84 Stable
147 Frontobasal Atypical/ II RS 13 22 91 Stable
171 Convexity Fibrous/ I fSRT 55.8 20 48 Stable
79 Convexity Atypical/ II fSRT 56.0 10 13 Stable
118 Convexity Atypical/ II fSRT 54.0 18 18 Stable
262 Sphenoid wing MT/ 1 RS 17.5 30 90 Stable
107 Posterior fossa MT/ 1 RS 12.5 48 96 Stable
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16 months (min 10, max 20) and 4 patients underwent RS 
(mean 14.75 Gy) after 27 months (min 5, max 48).

Discussion

Meningiomas are the most common benign intracranial 
tumors [1]. Despite the facts that patients with these tumors 
are frequently treated in neurosurgical units and that there 
is an extensive body of literature, evidence-based treatment 
recommendations are scarcer than for malignant intrinsic 
brain tumors. Recently, current guidelines for the diagnosis 
and treatment of meningiomas have been summarised by 
the EANO [23].

Meningiomas are frequently diagnosed incidently and up 
to date no reliable clinical or imaging biomarker is avail-
able to identify atypical meningioma or anaplastic variants 
prior to surgery. Radiographic findings, including brain inva-
sion, bone invasion, tumor necrosis and peritumoral edema 
in the surrounding brain, have been found to be associated 
with higher-grade meningiomas [21, 24] However, no clear 
decision-making criteria are accepted for patient counsel-
ling, especially in patients with asymptomatic meningiomas. 
We have analysed a retrospective cohort of patients with 
intracranial meningiomas to identify patient-related fac-
tors like sex, age, size, and meningioma location as well as 
atypical or malignant histopathological features that would 
possibly be associated with a higher risk for recurrence. The 
vast majority of meningiomas have a benign behaviour, but 
atypical and malignant meningiomas comprise a small frac-
tion. Following the 2007 update of the WHO classification 
of brain tumors these variants are more frequently diagnosed 
based on histopathological criteria [10]. In our study the 
overall rate of atypical meningioma and malignant menin-
giomas was 20.4% and 2.1%, respectively. This is in accord-
ance with other larger series [10, 25].

A review published by Jenkinson et al. [10] summarized 
that atypical meningiomas do not show any predilection for 
specific anatomical sites, and that their distribution is similar 
to grade I meningiomas, with the majority occurring in the 
parasagittal/falx (~25%), convexity (~19%) and sphenoid 
wing (~17%). Recently, Sade et al. reported that skull base 
meningiomas have a fourfold decreased risk of being atypi-
cal or malignant as compared with nonskull base tumors 
[26], although some of them may also have an aggressive 
growth pattern, which may require extensive resection [27]. 
Other studies, however, controversially indicated, that atypi-
cal and malignant meningiomas are more frequently found 
at the convexity [21, 25, 28]. By analysing MRI features 
and locations of intracranial meningiomas Hale et al. found, 
that location along the falx and convexity was predictive for 
atypical meningioma [21].

There are 4 important findings in our study. The first 
major finding is, that convexity meningiomas were signifi-
cantly more frequent classified as WHO grade II. The skull 
convexity is known to represents one of the most frequent 
meningioma locations [29, 30]. The majority of patients hav-
ing convexity meningiomas can undergo complete resection 
(Simpson Grade 1 and 2) with a low morbidity [31, 32]. The 
risk of recurrence was reported to be similar according to 
Simpson grade 1 or 2 resection of convexity meningiomas 
but higher for incomplete resection [33] and residual tumor 
and atypical histology are accepted risk factors for recurrent 
disease [14]. If the majority of the higher grade meningi-
omas are convexity-based and they could all be completely 
resected, then we would conclude that the surgery alone 
should be sufficient to cure all patients harbouring convexity 
meningiomas. However, while some authors analysed con-
vexity and parasagittal meningioma together as one single 
entity [21, 25] we have separated parasagittal meningiomas 
from all other meningiomas at the convexity, because they 
frequently invade the sinus, rendering complete resection 
impossible with posteriorly located tumors. Although differ-
ent strategies with complete removal of parasagittal menin-
giomas including the sinus are described [34-36] in a num-
ber of cases we (and others) feel that it is better to be more 
conservative and leave a patent sagittal sinus intact [37, 38].

Alvernia et al. [39] studied recurrence factors with special 
emphasis on the cleavage plane in a series of 100 consecu-
tive patients with convexity meningiomas. They found that 
pial and vascular invasion affected the recurrence rate in 
convexity meningioma surgery. Another important finding 
of asymptomatic meningiomas was demonstrated in a study 
by Jadid et al. who observed meningioma growth over a 
more than 10 year period in more than 35% of patients with 
incidentally diagnosed asymptomatic meningiomas [40]. 
The growth rates were similar in smaller (<2 cm) and larger 
tumors, while calcified tumors grew at a lower rate. The lat-
ter difference was, however, not statistically significant [40].

In contrast to the feasibility of a gross total resection of 
a convexity meningiomas, microsurgical resection of skull 
base meningiomas, e.g. cavernous sinus or petroclival men-
ingiomas, is associated with higher morbidity and mortality. 
Therefore a less aggressive approach was suggested by many 
experienced surgeons [5, 8, 41] and a subtotal removal fol-
lowed by watch and scan or radiation therapy (radiosurgery 
or stereotactic fractionated radiotherapy) has been recom-
mended to improve functional outcome [41-46]. This is war-
ranted not only because of the high surgical morbidity but 
also because skull base meningiomas are less likely to be 
WHO grade II or III meningiomas as indicated by this study 
and others [26, 47-50].

Like in many other studies, in the present cohort the 
recurrence rate was significantly higher in WHO grade II 
patients compared to WHO grade I patients [10, 51, 52], 
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which has prompted many surgeons to refer patients with 
WHO grade II tumors for fractionated stereotactic radiother-
apy or radiosurgery. While many authors report prolonged 
progression free survival or long term survival after surgery 
alone [11, 15, 53, 54] the benefit of adjuvant radiotherapy 
is still being debated for atypical meningioma patients [55]. 
A currently recruiting study (ROAM/EORTC-1308 trial) 
will improve scientific evidence on, whether radiotherapy 
following WHO grade II meningioma resection prolongs 
recurrence free survival [56].

Our second major finding here is, that WHO grade II 
and III meningiomas were significantly more frequent in 
the younger age group (20–40 years) compared to older age 
groups. Confirming data derived from previous studies [30, 
47]. However, age was not a significant predictor of grade II 
meningiomas in a recently published study by Magill et al. 
[25].

We found no gender associated correlation with respect 
to atypical or malignant meningioma grading. Contrary to 
our data, grade II and III meningiomas have been reported 
to be significantly more frequent in (young) men in a vari-
ety of studies [1, 25, 28, 30, 47]. Epidemiological studies 
described only a slight male predominance and age-specific 
incidence rates revealed increasing risk with age in both men 
and women for atypical and malignant meningiomas [1].

Our third major finding is that larger tumors are sig-
nificantly more often diagnosed as grade II tumors. Other 
authors have reported similar data and concluded that tumor 
volume was a robust pre-operative indicator of higher-grade 
meningioma [21, 25]. Magill et al. also found that atypical 
meningioma was significantly related to meningioma size 
in univariate and multivariate analysis. The size of 3.2 cm 
was identified as a cut-off point carrying the risk of being 
an atypical meningioma [25]. A recent study found that 20% 
of giant meningiomas were WHO grade II or III menin-
giomas and tumor location also influenced recurrence-free 
survival [57]. Hale et al. found that tumor volume was the 
most robust predictor of a higher grade meningioma [21].

The forth finding is, that meningiomas with extended 
peritumoral edema were significantly more frequently clas-
sified as WHO grade II tumors. Peritumoral edema was a 
predictor for atypical meningiomas and the degree of edema 
was positively correlated with higher grade along with tumor 
necrosis and a draining vein [21]. Including MRI and demo-
graphic variables of patients with intracranial meningiomas 
(tumor volume, degree of peritumoral edema, presence of 
necrosis, tumor location patients sex and presence of drain-
ing vein) machine learning algorithms can be developed to 
predict meningioma grade with great accuracy [22].

Beside tumor size, location and extent of resection, obvi-
ously there are other factors that may influence the biologi-
cal behaviour of the meningioma. Recently DNA methyla-
tion profiling added complementary information to known 

chromosomal rearrangements that are associated with tumor 
grades and showed that even some WHO I meningioma can 
have a high tendency to recur, while on the other side WHO 
grade III meningioma may display a more benign course 
than expected [58, 59]. These findings may even lead to 
another modification of the WHO classification in the future, 
to one based on molecular genetics. Furthermore, in addi-
tion to established mutations in the NF2 gene in meningi-
oma patients, more recently mutations have been found in 
TRAF7, SMO, KLF4, PI3K and AKT1 [60, 61]. Multiple 
independent groups have shown that TERT promoter muta-
tions are associated with shorter time to recurrence, survival, 
and overall poor prognosis [62-65]. While all these molecu-
lar factors have not been evaluated for the current data set 
yet, we have considered methylation profiling in selected 
cases where difficult therapeutic decisions have to be made 
during follow-up.

Limitations of the study

We are aware of the primary limitation of the study being 
retrospective and having included a limited number of 
patients, especially with respect to meningiomas of higher 
grades and their follow up. Also, DNA methylation based or 
molecular diagnostic was not performed on a routine basis, 
such data would be useful in future studies.

Conclusion

In our series, atypical histology of meningioma was asso-
ciated with younger age, location on the convexity, larger 
tumor size and lager peritumoral edema. This might influ-
ence patient counselling regarding surgical therapy, espe-
cially in incidentally diagnosed convexity meningiomas in 
younger patients.
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