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Abstract

Background: Non benign meningiomas include atypical type
(WHO grade Il tumor) and anaplastic type (WHO grade llI
tumor). Usually, Gross Total Resection (GTR) at the time of
diagnosis considered as the line of management, but
subsequent prognosis and optimal management remain
unclear.

Methods: A retrospective study of 59 patients whom
diagnosed as atypical or anaplastic meningioma in our
institution from March 2006 to August 2022. Risk factors as
age, sex and tumor location, extent of tumor resection were
analyzed to determine their impact on tumor progression.

Results: This study included 59 newly diagnosed patients
with malignant meningioma (40 females and 19 males,
median age 51 years, range 3 to 80 years); attending to
Mansoura University Hospital (MUH), 62.7% of them were
in convexity, 100.0% of cases underwent total surgical
resection and postoperative radiotherapy. Recurrence
occurred in 27.1% of cases mainly in anaplastic with
significant P value. Demographic data as age, gender, tumor
location not show significant difference in atypical and
malignant type and not considered as significant risk
factors. The anaplastic meningioma was significant risk
factor than the atypical type.

Conclusion: Patients with an anaplastic meningioma may
develop a recurrent tumor than an atypical type. The
anaplastic meningioma was significant risk factor for shorter
overall survival and for shorter disease free survival. Radical
surgical excision of the tumor or administration of adjuvant
radiotherapy following initial incomplete surgical resection
appears crucial for long-term treatment.
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Introduction

In 1922, Harvey Cushing described the term meningioma
firstly in his publication as meningeal arising tumors in the spinal
cord and brain and he found these tumors arise from the
arachnoid cap cells [1-3]. Meningiomas considered as the most

existing primary intracranial extra axial tumors with an incidence
of 2.3-8.3 in 100,000 [4-6]. Usually, meningiomas are benign in
nature and slowly growing tumor (80%), but there are malignant
types as atypical (15%-20%) and anaplastic (1%-3%) varieties.
Recurrence rate of meningiomas usually low but if it happened,
patients will have bad clinical prognosis and higher mortality
[5,7-9].

There are many risk factors for malignant meningioma as sex,
age, extent of tumor resection, location of tumor and prior
radiation. The peak of meningioma’s incidence happened
around the 6t and 7t decades of life but the malignant types
exist in younger patients. Whereas benign meningioma’s are
most common in females, the malignant meningioma occur
almost in males with double incidence than female [10].
Meningioma characterized with progesterone and estrogen
receptors in approximately 70%-80% of tumor, which explained
the higher incidence in female more than male and support the
theory of tumor growth due to hormonal component. Favorable
prognosis associated with high levels of progesterone receptors,
on the other hand, aggressive nature of tumor and high
recurrence rate related to loss or absence of progesterone
receptors [11-13]. Children characterized with very low
incidence of meningioma’s, but it may happen in those exposed
to cranial ionizing with an elevated risk of malignant types.

As regard the site, non-benign meningioma’s usually occurred
in the cerebral convexities more than at the skull base. On the
other hand when these meningioma’s types exist at the skull
base, they characterized with lower recurrence rates and good
prognosis than similar tumors exist in cerebral convexities
[8,14].

Meningioma’s have WHO grading system based on many
items as histopathology, tendency for recurrence and
aggressiveness of the tumor and according the above items
meningioma’s classifies into grade | (benign), grade Il (atypical)
and grade Il (anaplastic) [7,8]. In the 2000, WHO classification of
meningioma’s not considered invasion of the brain parenchyma
as criterion for non-benign meningioma’s; but later researchers
found that the tumor behavior and high risk of tumor recurrence
associated with brain invasion. So in 2007, WHO revised their
prior classification to include invasion of brain parenchyma as a
separate criterion for malignant types of meningioma’s [7]. This
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revision lead to increase the incidence of grade Il meningioma’s
from 7 to 15%-20% [7,8,14]. In WHO 2016 grading, we not
found any new changes in grading criteria. Pathological criteria

Table 1: Histological features of high grade meningioma.
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for atypical and anaplastic meningioma’s collected in the below
Table 1 [15].

Atypical

Anaplastic

4-19 mitotic figures per 10 high power microscope field

20 or more mitotic figures per 10 high power microscope fields

Invasion of brain parenchyma, or exist of 3 of the following 5
histologic features: Hyper cellularity, small cells with high nuclear
to cellular ratio, pattern less sheet-like growth, prominent nucleoli
and spontaneous or geographic foci of necrosis

Frank an aplasia with focal, or diffuse loss of meningothelial
differentiation and their cytology often resembles carcinoma,
sarcoma, or melanoma

The chordoid and clear cell types of meningioma’s are also
considered atypical

The papillary and rhabdoid subtypes are also classified as
anaplastic

Surgical tumor excision is the primary treatment for high
grade meningioma. Small sized, asymptomatic meningioma’s
with benign features may be monitored or treated with
stereotactic radiotherapy. In 1957, Donald Simpson described his
classification related to extent of resection [16]. His classification
has five categories upon the extent of resection Table 2.

Table 2: Simpson grading for extent of meningioma resection.

Generally, Gross Total Tumor Resection (GTR) considered as
Simpson Grades I-lll, while subtotal tumor resection considered
as Simpson Grades IV-V [6,9,16-18]. Recently, a sixth grade
category (Grade 0) was added when complete tumor resection
with 2-3 cm more from the site of tumor insertion, with good
outcome [19].

Simpson grade

Grade 0 Total tumor resection with 2-3 cm more from the site of tumor
insertion

Grade | Total tumor resection with dural attachment and abnormal bone

Grade I Total tumor resection with dural attachment coagulation

Grade Il Total tumor resection without dural attachment coagulation or
resection

Grade IV Partial tumor resection

Grade V Biopsy only

Radiotherapy considered as an effective line of management
for meningioma’s. Literature based evidence concise that,
adjuvant radiotherapy is usually an important and recommended
line of management of incomplete resected grade I
meningioma’s and for grade Ill meningioma’s regardless how
much the extent of tumor resection [20-22]. However, in atypical
meningioma’s patient’s with completely tumor resection, post-
operative radiotherapy remains considerable debate and its
depend upon physician preference [4,14,17,23-25].

Materials and Methods

Clinical material

In this study, we retrospectively reviewed the data of all
patients who were diagnosed as malignant meningioma in

Neurosurgery Department, Mansoura University Hospital (MUH)
from March 2006 to August 2022. This study included 59 newly
diagnosed patients with malignant meningioma (40 females and
19 males, with the median age 51 years, ranged from 3 to 80
years). We reviewed all pathological reports of the patients.
Data were collected from our patients archiving system. All
patients data used in this study as age, gender, site of tumor,
postoperative radiotherapy and extent of surgical tumor
resection listed in Table 3. We evaluate in this work the
correlation between the above prognostic factors and
recurrence rate, Overall Survival (OS) and Disease-Free Survival
(DFS). As regard the extent of tumor resection, we include in this
study all patients with total tumor resection which collected
from operative data or postoperative Magnetic Resonance
Imaging (MRI). Postoperative follow up patient’s data was
collected from computerized data system in outpatient clinics.

This article is available from: https://neurosurgery.imedpub.com/
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Patients

Median age 51.0 (3-80)

Gender Male, (N (%)) 19 (32.2%)
Female, (N (%)) 40 (67.8%)

Type Atypical, (N (%)) 47 (79.7%)
Anaplastic, (N (%)) 12 (20.3%)

Site Convexity, (N (%)) 37 (62.7%)

Parasagittal, (N (%))

11 (18.6%)

Sphenoid, (N (%)) 3 (5.1%)
Falx, (N (%)) 2 (3.4%)
Tentorial, (N (%)) 3 (5.1%)
Olfactory, (N (%)) 3 (5.1%)

Surgical resection N (%) 59 (100.0%)
Radiotherapy N (%) 59 (100.0%)
Recurrence N (%) 16 (27.1%)
Methods Results
The age of patient at diagnosis defined as the date of first This study included 59 newly diagnosed patients with

operation for malignant meningioma. The extent of surgical
tumor resection was obtained by using the Simpson grading
scale and depend on the operative note and post-operative
radiology films. We defined tumor recurrence as a finding of
tumor recurrence in post-operative radiology in case of total
resection.

Statastical analysis

We performed statistical analysis using SPSS software
(Microsoft Windows, Chicago, IL, USA). We assessed the survival
function by using the Kaplan-Meier method and the Mantel-Cox
log-rank test was used to compare different survival functions
according to therapeutic and clinical factors.

© Copyright iMedPub

meningioma (40 females and 19 males, the median age 51 years,
ranged from 3 to 80 years); attending to Mansoura University
Hospital (MUH), 62.7% of them were in convexity, 100.0% of
cases underwent total surgical resection and postoperative
radiotherapy. Recurrence occurred in 27.1% of cases. Prognostic
factors as age, gender and tumor location and tumor types
included in Table 3.

As regard meningioma type, anaplastic type had significantly
higher recurrence rate compared to patients with atypical
meningioma. Otherwise no other significant could be detected
including demographic data as age, gender, tumor location
(Table 4).
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Table 4: Comparison of clinic pathological characteristics as regard meningioma type.
Parameters Atypical Anaplastic P-value
(n=47) (n=12)
Age’ Median (Min-Max) | 52.0 (13-80) 46.0 (3-63) 0.095
Age group <20 Count (%) 1(2.1%) 1(8.3%) 0.219
20-40 Count (%) 4 (8.5%) 3 (25.0%)
41-60 Count (%) 31 (66.0%) 7 (568.3%)
61-80 Count (%) 11 (23.4%) 1(8.3%)
Gender Male Count (%) 13 (27.7%) 6 (50.0%) 0.139
Female Count (%) 34 (72.3%) 6 (50.0%)
Site Convexity Count (%) 28 (59.6%) 9 (75.0%) 0.739
Parasagittal Count (%) 9 (19.1%) 2 (16.7%)
Sphenoid Count (%) 2 (4.3%) 1(8.3%)
Flax Count (%) 2 (4.3%) 0 (0.0%)
Tentorial Count (%) 3(6.4%) 0 (0.0%)
Olfactory Count (%) 3(6.4%) 0 (0.0%)
Surgical resection Count (%) 47 (100.0%) 12 (100.0%)
Radiotherapy Count (%) 47 (100.0%) 12 (100.0%)
Recurrence Count (%) 9 (19.1%) 7 (58.3%) 0.006
Note: Mann-Whitney test"; chi square test (fisher’s exact test), P between both groups.
Significant (P value<0.05).

COX Regression analysis conducted for prediction of shorter

covariates. The anaplastic meningioma was significant risk factor

overall survival, using age, gender, tumor location and type as for shorter OS (Table 5).
Table 5: Cox regression analysis for prediction of shorter OS.
Univariate analysis
p HR 95% ClI
Age 0.8 1.004 0.958 1.051
Gender 0.523 0.662 0.187 2.348
Tumor location Others ref 1 - -
Convexity 0.972 0.977 0.196 4.818
Parasagittal 0.841 1.223 0.172 8.704
Anaplastic vs. atypical 0.005 6.23 1.753 22.143
Note: HR: Hazard Ratio; Cl: Confidence Interval; COX regression was used.

COX Regression analysis conducted for prediction of shorter  The anaplastic meningioma was significant risk factor for shorter
disease free survival, using age, gender, and type as covariates. DFS (Table 6).

4 This article is available from: https://neurosurgery.imedpub.com/
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Table 6: Cox regression analysis for prediction of shorter DFS.
Univariate analysis
p HR 95% CI
Age 0.8 1.004 0.958 1.051
Gender 0.523 0.662 0.187 2.348
Tumor location Others ref 1 - -
Convexity 0.972 0.977 0.196 4.818
Parasagittal 0.841 1.223 0.172 8.704
Anaplastic vs. atypical 0.005 6.23 1.753 22.143
Note: HR: Hazard Ratio; Cl: Confidence Interval; COX regression was used.

Survival analysis

At the end of follow up period (12 year), OS of studied
patients estimates 87.6% at 6 year interval and 80.2% at 12 year
interval. As regard meningioma type, OS estimates 91.5% at 6
year interval and 91.5% at 12 year interval in atypical group, also
OS estimates 75.0% at 6 year interval and 42.9% at 12 year
interval in anaplastic group with significant difference between 2
groups (P<0.001) (Figure 1).

Survival Functions
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Figure 1: Overall survival analysis of studied patients.

At the end of follow up period (12 year), DFS of studied cases
estimates 79.9% at 6 year interval and 59.5% at 12 year interval.
As regard meningioma type, DFS estimates 90.7% at 6 year
interval and 66.6% at 12 year interval in atypical group, also DFS
estimates 40.0% at 6 year interval and 40.0% at 12 year interval
in anaplastic group with significant difference between 2
groups(P<0.001) (Figure 2).
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Figure 2: Disease free survival analysis of studied patients.
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Discussion

Malignant meningioma is rare tumor and its optimal
treatment is still debit in guideline. In this study, we collect data
for long period to evaluate the clinical outcome and expected
prognostic factors that affect the overall survival and disease
free survival rates of atypical and anaplastic meningioma.

Benign grade | meningioma’s are considered as 90% of all
meningioma tumors. Atypical meningioma’s represent 4.7%—
10% of all meningioma’s, while the anaplastic type account for
only 1%-2.8% of all meningioma’s [1-3]. In the diagnosis of
malignant meningioma’s we based on the WHO (2016)
classification and its upgrading included brain invasion to the
previous histological characteristic which mentioned in Table 1
[6].

Many literature studies suggests that the extent of tumor
resection, based on Simpson grade system, considered as the
most important prognostic factor for good outcome in a
malignant meningioma patients [6,26]. In our series, we select
all cases with total tumor resection (Simpson grade | resection)
to know the effect of the different prognostic factors associated
with OS, DFS as the age of patient at the time of tumor
diagnosis, site of tumor, and post-operative radiotherapy.

Age

There was no statistical significance of age of the patients as
prognostic factors. However we find the age group 41-60 years
old is the most age group for malignant meningioma in our
study with high recurrence rate 56.25% which is different to
results of Champeauy, et al., [25] reported that patients younger
than 57 years had fewer operations than those above 57 years
old since recurrence and OS were shown to be associated with
age at tumor diagnosis [25]. In different study, Aghi, et al.,,
report that age at diagnosis is closely associated with the overall
survival of atypical meningioma [17].



Gender

As regard the gander, we not find any statistical significant
between the atypical and the anaplastic type and this different
from some literature studies whom find that female gender have
been related to poor prognosis and characterized radiological
features such as peritumoral edema, heterogeneous
enhancement in post contrast studies and intra tumoural cyst
formation have been implicated with lower median recurrence-
free survival [4,5].

Tumor location

We found that the majority of malignant meningioma’s occurs
in convexity of cerebrum rather than skull base with the same
results of Hug, et al., [27]. On the other hand, the comparison
between recurrence rate in convexity and skull base malignant
meningioma, Hug, et al., [27] found that the tumor recurrence
rate was increased in skull base malignant meningioma and this
not meet our results and this may due to the limited number of
malignant skull base meningioma’s include in our study (5
cases).

Adjuvant radiotherapy

In our study, all patients sent for receiving post-operative
radiotherapy due its significant as important line of treatment
and this was compatible with literature studies which found that
post-operative radiation is a very important line of the
treatment of non-benign meningioma’s. Five year progression-
free survival increased from 15%-80% when external beam
radiotherapy was added to tumor resection for mom benign
meningioma [14,24]. Stereotactic radiosurgery is no longer used
for malignant meningioma’s due to the possibility of margin
inclusion in irradiation field with external beam radiotherapy.
However, Lubgan, et al., found an excellent outcome with
gamma knife radiotherapy when tailored as an adjuvant therapy
after complete tumoral removal or as definitive treatment
regime [28,29].

Conclusion

Atypical (grade 1) and anaplastic (grade Ill) meningioma’s
remain challenging diseases, and optimal guidelines treatment is
current unavailable. Anaplastic type had significantly higher
recurrence rate compared to patients with atypical meningioma.
Otherwise no other significant could be detected including
demographic data as age, gender, tumor location. The upcoming
studied must focus on the biological signature of these
malignant tumor, as our reported prognostic factors still
statistically insignificant.
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