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Abstract: Background: Determining factors that could accurately predict pathological features of meningiomas be-
fore histological diagnosis would help surgeons to proper balance the risk of operation and the resection grade. The 
aim of this study was to explore the potential risk factors for atypical (WHO Grade II) and anaplastic (WHO Grade 
III) meningiomas. Methods: Records of 1,239 patients between January 2009 and January 2013 were included in 
this research. Furthermore, immunohistochemistry with Ki67 was analysed in 368 samples. Results: The Pearson’s 
chi-square test showed an increased risk for male gender for atypical and anaplastic meningiomas (P < 0.001) and 
an increased risk for cerebral convexity for atypical and anaplastic meningiomas (P < 0.001). However, significant 
differences in the terms of falx/sagittal sinus and intraventricular were not found. Patients with a Ki67 index ≥ 5% 
were significantly more likely to have atypical and anaplastic meningiomas than those patients with a Ki67 index < 
5% (P < 0.001). In addition, the percentage of patients with a Ki67 index ≥ 5% in cerebral convexity meningiomas 
was higher than in non-cerebral convexity location (P = 0.006). Conclusions: The results indicate that male gender, 
cerebral convexity are significant risk factors for atypical and anaplastic meningiomas.
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Introduction

Meningiomas are slowly growing tumors, and 
represent the common intracranial neoplasms 
in adults [1]. About 90% of meningiomas are 
benign (Grade I), and 5-7% are atypical (Grade 
II), while 1-3% are anaplastic (Grade III) [2]. 
Benign meningiomas have the lowest rate of 
recurrence following surgery with or without 
additional radiotherapy [3], however, due to 
their aggressive behavior, atypical and ana-
plastic meningiomas have a higher rate of 
recurrence, despite underwent standard thera-
py ( surgery and radiation). At present, the 
pathologic examination as the gold standard 
for diagnosing the meningiomas, whereas, for 
patients with small meningiomas, gamma knife 
surgery is considered as the initial treatment 
strategy, and once if they proved to be higher-
grade pathology, further treatment becomes 
difficult [4]. Without a pathologic diagnosis, 
higher-grade tumors will be missed and treated 
with primary gamma knife surgery or observed 

inappropriately [5]. So, an understanding of the 
probability that a lesion is higher-grade pathol-
ogy before treatment initiation may help guide 
treatment strategies.

The aim of this study was to explore the poten-
tial risk factors for atypical and anaplastic 
meningiomas from a single centre. In this retro-
spective study, a series of 1,239 meningiomas 
were included. They consist of 1,048 benign 
meningiomas and 191 atypical/anaplastic 
meningiomas diagnosed by histopathology.

Methods

Patients and tissue specimens 

Patients who underwent a primary operation 
between January 2009 and January 2013 were 
included in this research. Patients who under-
went prior radiotherapy were excluded from our 
study. Patients with spinal meningiomas and 
multiple meningiomas were also excluded from 
our study. As to patients with repeated resec-
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tion, only the primary operation was collected 
in our data analysis. The information collected 
included gender, age, histology of the tumor, 
and location of the tumor.

Pathologic review

All meningiomas samples were assessed and 
graded according to the 2007 WHO guidelines 
[6]. The tissue in these cases was fixed in 4% 
buffered formalin, routinely processed, and 
embedded in paraffin; 2-4 μm thick sections 
were stained with hematoxylin and eosin. For 
368 (29.7%) samples, representative sections 
of were stained immunohistochemically for 
Ki-67 (1:100, MAIXIN-BiO, Mouse monoclonal, 
clone: MIB1) by the method of Envision. The 
Ki67 proliferative index was determined by 
counting the number of Ki67-positive cells with-
in at least 1000 tumor cells. In addition, the 
Ki67 index was analysed with a cut-off value of 
5%.

Tumor location

The evaluation of anatomical location was 
based on radiological records and/or operation 
notes. The locations of the meningiomas were 
as follows: skull-base (n = 458), cerebral con-
vexity (n = 572), falx/sagittal sinus (n = 57), 
intraventricular (n = 50) and other (n = 102). In 
order to facilitate statistical analysis, tumors 
located in the skull-base were assigned in the 
group of skull-base tumors, and the others in 

the group of non-skull-base tumors. Tumors 
located in the cerebral convexity were assigned 
in the group of cerebral convexity tumors, and 
the others in the group of non-cerebral convex-
ity tumors. Tumors located in the falx/sagittal 
sinus were assigned in the group of falx/sagit-
tal sinus tumors, and the others in the group of 
non-falx/sagittal sinus tumors. Tumors located 
in the intraventricular were assigned in the 
group of intraventricular tumors, and the others 
in the group of non-intraventricular tumors.

Statistical analysis

SPSS software (version 21.0, IBM) was used for 
statistical analysis. A P-value greater than 0.05 
was treated as no statistical significance.

Results

A total of 1,239 patients were included in our 
study. The information of these patients was 
summarized in the Table 1. The results of the 
Pearson’s chi-square test are listed in the Table 
2.

There were 884 females and 355 males 
(female-male ratio, 2.5) included in this study. 
There were 77 males had atypical and anaplas-
tic meningiomas, while 114 females had atypi-
cal and anaplastic meningiomas. The Pearson’s 

Table 1. Clinical information of patients (n = 
1,239)
Characteristic Number Value (%)
Gender
    Male 355 28.7
    Female 884 71.3
Age (years)
    < 65 1,033 83.4
    ≥ 65 206 16.6
Tumor location
    Skull base 458 37.0
    Cerebral convexity 572 46.2
    Falx/sagittal sinus 57 4.6
    Intraventricular 50 4.0
    Other 102 8.2
Histology
    Benign 1,048 84.6
    Atypical and anaplastic 191 15.4

Table 2. The Pearson’s chi-square test of po-
tential risk factors for atypical and anaplastic 
meningiomas

Characteristic
No. of 

atypical and 
anaplastic

P value

Gender
    Male 77 < 0.001
    Female 114
Age (years)
    < 65 161 0.711
    ≥ 65 30
Tumor location
    Skull base 36 < 0.001
    Non-skull base 155
    Cerebral convexity 122 < 0.001
    Non-cerebral convexity 69
    Falx/sagittal sinus 9 0.936 
    Non-falx/sagittal sinus 182
    Intraventricular 8 0.907
    Non-intraventricular 183
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chi-square test showed an increased risk for 
male gender for atypical and anaplastic menin-
giomas (21.7% vs. 12.9%, P < 0.001).

The mean age of the patients was 51.76 years 
old, ranging from 0.4 to 85 years old. Patients 
with benign meningiomas and atypical/ana-
plastic meningiomas had about the same mean 
age (51.8 vs. 51.3 years; P = 0.064, t-test). The 
Pearson’s chi-square test showed that there 
was no statistical significance between age < 
65 years and age ≥ 65 years for atypical and 
anaplastic meningiomas (15.6% vs. 14.6%, P = 
0.711).

The most common site of atypical and anaplas-
tic meningiomas was the cerebral convexity (n 
= 122, 63.9%), followed by the skull base (n = 
36, 18.9%), other (n = 16, 8.4%), the falx/sagit-
tal sinus region (n = 9, 4.7%) and the intraven-
tricular region (n = 8, 4.2%). The Pearson’s chi-
square test showed a decreased risk for skull 
base for atypical and anaplastic meningiomas 
(7.9% vs. 19.8%, P < 0.001). And an increased 
risk for cerebral convexity for atypical and ana-
plastic meningiomas (21.3% vs. 10.3%, P < 
0.001). There was no statistical significance 
between the falx/sagittal sinus region and the 
non-falx/sagittal sinus region for atypical and 
anaplastic meningiomas (15.8% vs. 15.4%, P = 
0.936, the Pearson’s chi-square test). And 
there was no statistical significance between 
the intraventricular region and the non-intra-
ventricular region for atypical and anaplastic 
meningiomas (16.0% vs. 15.4%, P = 0.907, the 
Pearson’s chi-square test). The Ki67 index was 
obtainable in 368 (29.7%) cases. When anal-
ysed with a cut-off value of 5%, 203 (55.2%) 
cases were < 5% and 165 (44.8%) were ≥ 5%. 
Patients with a Ki67 index ≥ 5% were signifi-
cantly more likely to have atypical and anaplas-
tic meningiomas than those patients with a 
Ki67 index < 5% (49.7% vs. 6.9%, P < 0.001, 
the Pearson’s chi-square test). In addition, the 
percentage of patients with a Ki67 index ≥ 5% 
in cerebral convexity meningiomas was higher 
than in non-cerebral convexity location (52.8% 
vs. 38.5%, P = 0.006, the Pearson’s chi-square 
test).

Discussion

Determining factors that could accurately pre-
dict pathological features of meningiomas 
before histological diagnosis would help sur-

geons to proper balance the risk of operation 
and the resection grade. This is also critical for 
a non-invasive treatment modality. In this study, 
we stratified the case according to anatomical 
locations. The results indicate that male gen-
der and cerebral convexity are significant risk 
factors for atypical and anaplastic meningio-
mas. Although female gender has an overall 
higher incidence of meningiomas [7, 8], our 
results showed an increased risk for male gen-
der for higher-grade meningiomas which was 
according to the previous studies [4, 5, 9-15]. 
The possible reasons for the male gender asso-
ciation with higher-grade meningiomas are still 
unclear. The chromosome abnormalities, hor-
mone receptor status and hormone levels 
might affect the trend for higher grade tumors 
[4].

In our study, patients with benign meningiomas 
and atypical/anaplastic meningiomas had 
about the same mean age (51.8 vs. 51.3 years; 
P = 0.064, t-test). This is in line with previous 
findings [16]. In contrast, Wang et al. [15] 
reported that the mean age of patients with 
higher-grade meningiomas was significantly 
lower than those with benign meningiomas. 
Based on prior studies [5, 10], we did not find 
that patients ≥ 65 years correlated positively 
with atypical and anaplastic meningiomas. 
Therefore, the relationship of age and meningi-
oma grade is still controversial.

The observations that non-skull base meningio-
mas are more likely to be the higher-grade 
meningiomas is supported by many studies [4, 
5, 10, 14]. This was also confirmed by our pres-
ent study. Based on the further detailed ana-
tomical stratification of non-skull base location, 
we found that the most common site of atypical 
and anaplastic meningiomas was the cerebral 
convexity. Based on the Pearson’s chi-square 
test, we found that meningiomas with cerebral 
convexity location have an increased risk of 
atypical and anaplastic meningiomas. However, 
significant differences in the terms of falx/sag-
ittal sinus and intraventricular were not found. 
Furthermore, we found the Ki67 index signifi-
cant increased with the grade of meningiomas, 
this is in line with previous study [17]. 
Additionally, the percentage of patients with a 
Ki67 index ≥ 5% in cerebral convexity meningio-
mas was significantly higher than in non-cere-
bral convexity location. This result corroborates 
our conclusion that cerebral convexity location 
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is a risk factor for atypical and anaplastic 
meningiomas. Hasseleid et al. [18] reported 
that patients with meningiomas underwent 
Simpson Grade I resection have a lower recur-
rence rate than those underwent Simpson 
resection Grades II and III. Therefore, they 
believe that convexity meningiomas should 
reach the goal of Simpson Grade I resection. 
This is in line with our clinical practice (Figure 
1).

In this large series, we found that cerebral con-
vexity, male gender are preoperative risk fac-
tors for atypical and anaplastic meningiomas. 
Significant differences in the terms of falx/sag-
ittal sinus and intraventricular were not found. 
However, the limitations of this research should 
be acknowledged. First, this is only a retrospec-
tive study. Second, the possible association 
between the anatomical locations and the sur-
vival time of patients with meningiomas was 
not performed. Because the duration of follow-
up in this study was so short, that it could not 
be statistically analyzed. This remained to be 
carried out in future research.
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