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ABSTRACT

Objectives: The World Health Organization (WHO) grade I intracranial meningiomas (IMs) maintain a certain risk of recurrence (~10%) even if a gross
total resection is achieved. Most studies analyzing predictive factors of benign meningioma recurrence focus on histological changes and factors related
to radiologic-therapeutic follow-up. Few authors have speculated on the role of meningioma-related epilepsy on the risk of developing recurrence. The
presence of seizures and the factors predictive of their onset have remained relatively understudied to date in meningioma patients.

Materials and Methods: In this retrospective observational analysis, we studied clinical, radiological, and biological factors in 291 grade I IMs. In
multivariate analysis of radiological and clinical variables, we evaluated the outcome and the risk of recurrence. A special focus was given to the presence
of seizures: We reported patients who had seizures at onset and compared them with patients who experienced seizures in the postoperative phase and
who developed secondary epilepsy after surgery.

Results: We found that grade I IMs who developed a secondary form of epilepsy after surgery have a significant correlation with the presence of recurrence
diagnosed during the follow-up (17/50 patients with seizures 34%, P = 0.02). Yet, IM patients who debuted with seizures do not have a significant risk
of developing recurrence during follow-up. We recognize that there is a significant difference in the expression of ki67% (¢ = —2.03; df = 105; P = 0.04)
between the group that showed recurrence (M = 8.79) and the one that never had recurrence (M = 5.14).

Conclusion: Our analysis suggests the role of post-operative epilepsy as an independent prognostic factor, not correlated with pre-operative seizure
on meningioma recurrence. We confirmed that a significant cell replication factor such as ki67 significantly correlates with the risk of recurrence and
probably indirectly correlates with the risk of developing post-operative epilepsy.
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INTRODUCTION supposed predictors of post-operative recurrence are tumor
location, size, invasion, peritumoral brain edema (PBE), age,
and gender.’’ Some studies®**1?! analyze other predictive
factors of benign meningioma recurrence, focusing on
histological changes and factors related to radiologic-

Intracranial meningiomas (IMs) are the most common
non-malignant head tumors in adults.!" The World
Health Organization (WHO) classification distinguishes
three histological grades (1-3) and 15 subtypes®® without
any update in the WHO 2021. Although most IMs are therapeutic follow-up.""”

histologically benign, recurrence is common, even for the  However, few clinical elements have been analyzed as risk
WHO type [ meningiomas."* factors, considering that most modern studies consider
Meningioma recurrence is one of the most critical factors ~ national cancer databases and registries (e.g., Surveillance,
directly impacting the patients outcome,”’ whereas  Epidemiology, and End Results in the United States) without
histology'® and the extent of resection (EOR) (measured  having the opportunity to study cases treated at their referral
using the Simpson grade) are the main responsible.® Other ~ centers and thus having all the anamnestic and clinical
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outcome data. Some patients develop seizures resulting from
tumor growth. Seizures are, for some, a presenting symptom,
while in others, the seizures develop after surgical removal
of the tumor. It is assumed that the pathophysiology behind
seizures is a combination of the tumor’s mass effect on the
epileptogenic cortex, disturbances of neurotransmitter
pathways, and/or acid/base derangements from cerebral
edema.

The presence of seizures and the factors predictive of their
onset, especially their control, have remained relatively
understudied to date!"'! in meningioma patients. Several
times over the years, some authors have speculated on
the possible role of meningioma-related epilepsy on the
risk of developing recurrence.'*!® In this retrospective
observational analysis, we studied clinical, radiological, and
biological factors in benign meningiomas (WHO grade I)
to investigate the possible role of seizures in the risk of
recurrence.

MATERIALS AND METHODS

We performed a retrospective observational study of a
consecutive surgical series of patients suffering from benign
IMs operated between January 2016 and December 2020.
Our institutional review board approved this study’s method,
which included ethical considerations. Informed consent
was obtained from all participants. Our study included
340 patients diagnosed with IMs. We documented various
patient characteristics at the time of diagnosis, including
age, gender, duration of hospital stay and follow-up, initial
symptoms, tobacco use, existing health conditions (with
emphasis on heart disease and high blood pressure), and
functional status (assessed with Karnofsky performance
scale). In addition, we recorded results from neurological
and clinical examinations, as well as the occurrence
of seizures at onset, which were confirmed through
electroencephalography (EEG).

Regarding the final histological diagnoses, we selected
WHO type I IM reporting the histological subtypes and
proliferation index measured with immunohistochemistry
with Ki67%. For the radiological assessment, we documented
various parameters including the intracranial position of the
lesion (noting the affected side and primary lobe), whether
the subtentorial compartment was affected, the maximum
tumor diameter (in cm), and tumor volume (in cm’) utilizing
isotropic  volumetric  contrast-enhanced = T1-weighted
sequences before and after intravenous injection of the
paramagnetic contrast agent (gadolinium). T2-weighted and
fluid-attenuated inversion recovery sequences were employed
to determine edema volumes (in cm?® before antiedemigen
therapy). The volume of the contrast-enhancing lesion and
PBE was determined by outlining a region of interest in a
volumetric enhancing post-contrast study weighted in T1

(a multivoxel study) and T2, conforming to the boundaries
of the contrast-enhancing lesion using the Horos software,”
in accordance with our previously established institutional
protocol for IM.

Our institution’s digital database obtained clinical and
radiological information, whereas telephone interviews were
used to obtain outcome data.

Our follow-up plan necessitated that each patient receive a
contrast-enhanced magnetic resonance imaging (MRI) within
72 hours after the procedure, which utilized Simpson’s grade to
confirm the extent of surgical resection and identify patients
with a gross total resection (GTR). Following this, patients
underwent clinical (with performance status evaluation) and
MRI imaging evaluations at 1 month, 6 months, and 1 year.
If recurrence was detected, the patient was reevaluated for
a second surgical procedure or considered for a stereotactic
radiosurgery protocol. Our study documented the occurrence
of complications, disease recurrence, and the subsequent
requirement for additional interventions.

Specific focus was given to the occurrence of seizures.
Initially, we documented patients who had seizures at the
beginning. We conducted a group analysis comparing
patients who experienced seizures in the late post-operative
period (only including those patients who had multiple
seizures 1 week after surgery, Group A) with patients who
did not have seizures and did not require antiepileptic drugs
(AEDs, Group B). Epilepsy was defined as a “characteristic
cluster of clinical and electroencephalographic features, often
supported by other specific etiological findings” following
the international league against epilepsy (ILAE) definition;"”!
after performing EEG and neurological evaluation, it was
submitted to chronic therapy with AEDs.

Statistical methods

The sample was analyzed using the Statistical Package for
the Social Sciences version 25. We conducted univariate and
multivariate analyses to examine the relationship between
the factors and brain edema. Comparisons between nominal
variables were made with the Chi-squared test. We used
the one-way and multivariate analysis of variance analysis,
contrast analysis, and post hoc tests to compare the mean
of the EOR, which was measured with Simpson Grade.
Pearson’s bivariate correlation was used to investigate the
correlations between continuous variables. The threshold for
statistical significance was set at P < 0.05.

RESULTS

The study’s final analysis included 291 IMs WHO type 1.
Following the application of inclusion-exclusion criteria, 37
individuals were omitted due to lack of follow-up imaging,
10 were excluded because of loss to follow-up, and 2 were
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removed for not providing informed consent for scientific
data processing.

The resulting cohort comprised 101 males (34.7%) and
190 females (65.3%), with a mean age of 60.38 + 13.56 years,
ranging from 20 to 90 years old. Details on patient
demographics and clinical data are shown in Table 1. Our
cohort’s demographics, hospitalization time, and follow-
up were consistent with previously reported extensive
studies.?22

The most frequent clinical onset leading to the IMs
radiological diagnosis was a seizure in 88 patients (30.2%),
followed by the onset of focal motor or sensory deficits in
60 patients (20.6%), incidental finding following imaging
performed for other reasons in 42 patients (14.4%), mental
status alteration or mood disturbance in 35 patients (12%),
headache in 34 patients (11.7%), and dizziness and alterations
in walking in 32 patients (10.9%). Every patient who

experienced a seizure was treated with (AEDs, levetiracetam
in 77.6% of cases). Recurrence with radiological evidence
of meningioma regrowth was found during follow-up in
33 patients (11.3% of the population).

We analyzed the histological type of WHO grade I
meningiomas and its location site in our series: We show that
histological type and site do not significantly (both P = 1)
influence the risk of recurrence.

Our recent study® on the same patient series reaffirmed that
neurological function recovery and performance grade post-
surgery remained significantly lower in relation to age, both
immediately after the operation and during the final follow-
up assessment (both P < 0.01). Multivariate analysis revealed
a correlation between increasing age and higher ki67 values
and mitotic index. However, these factors were not associated
with edema volume, recurrence rate, Simpson grade, or
survival (P=1).

Table 1: Population study.

Patients No. 291

Age Mean: 60.38 Median: 62 Sd: 13.56 Min: 20 Max: 90

Sex (Female) F: 190-65.3% M: 101-34.7%

Smoke 98=33.7%

Hypertension 108=37.1%

Clinical Debut Incidental (1)=42-14.4% Headache (4)=34-11.7%

Dizziness (2)=32-10.9%

Seizure (5)=88-30.2%

Hospitalization (330 pts)
Follow-up (months)
Hystological type

Biological type switch

Location/position

Gross total resection (Simpson Grade I)
Ki67/MIB-1

Epilespy after surgery
Seizure therapy

Recurrence

Focal deficit (3)=60-20.6%
Mean: 17.76 Median: 13 Sd: 17.23
Mean: 47.76 Median: 47 Sd: 14.82
I=meningothelial-205-60.3%
2=Psammomatose-16-4.7%
3=Transitional-22-6.5%
4=Microcystic-8-2.4%
5=Fibrous - 13-3.8%

3/291-1%

1=clinoid-11-3.8%
2=APC-12-4.1%
3=falx-39-13.4%

4=parasagittal parietal-19-6.53%
5=parasagittal frontal-26-8.9%
6=olfactory groove-14-4.8%
7=frontal convexity-85-29.2%
253=87.4%

Mean

DS

41=14.1%

88=30.2%

33=11.3%

Mental alteration (6)=35-12%
Min: 5 Max: 209

Min: 12 Max: 72
6=Fibroblastic-13-4.4%
7=Secretory-12-3.5%
8=Angiomatous-9-2.6%
9=Lymphoplasmacitic-1-0.3%
10=Metaplastic-5-1.5%

8=occipital convexity-12-4.12%
9=sphenoid wing-20-6.87%
10=tuberculum sellae-9-3.1%
11=planum sphenoidal-8-2.75%
12=subtentorial-21-7.22%
13=temporal convexity-15-5.15%
14=sphenopetroclival-12-4.12%
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The grade I meningothelial form was the most common
histological subtype. Cluster analysis examined the
relationship between histologic type and recurrence risk
but did not identify any specific histotype as having a higher
likelihood of recurrence during follow-up.

Regarding surgical radicality, 253 patients (87.4%) achieved
a Simpson type I grade resection, as evaluated by the initial
post-operative MRI. This finding logically corresponds to a
non-significant difference in recurrence rate (P = 0.598) and
clinically to the progression of the lesion to a higher grade
and/or malignancy (P = 0.59).

We analyzed immunohistochemical data, particularly ki67,
as the main index of cell replication and a known risk factor
for recurrence risk. We also recognize in our series that
there is a statistically significant difference in the expression
of ki67% (t = —2.03; df = 105; P = 0.04) between the group
that showed recurrence (M = 8.79) and the one that never
had recurrence (M = 5.14, [Figure 1]). In contrast, we did
not show a statistically significant difference (t = —0.23;
df = 72; P = 0.818) between the group that had post-operative
epilepsy (M = 6) and the group that did not (M = 5.52).

Group analysis

The study analyzed the onset of drug-dependent epilepsy
in the post-surgical follow-up phases by examining clinical,
radiological, and surgical variables [Table 2]. No correlation
was found between radiological and clinical variables,
including age, sex, hypertension, cigarette smoking, tumor
diameter, volume, edema, multiple lesions, progesterone
expression, ki67%, subtentorial lesion, and presence of
complications, and the presence of post-surgical epilepsy.
Patients with seizures at the time of surgery were found to
be at the highest risk of developing epilepsy after surgery
(17/50 patients, 34%, P = 0.02, [Figure 2]). However,

180
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166
*

245 16
* *

61
.
Mean: 5.13 Mean: 8.79
306
244
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10 057
284 100

RECURRENCE

ki67 %

NOT RECURRENCE

Figure 1: Box-plot of analysis of ki67% immunohistochemical data
(t-student test). We also recognize a significant difference in the
expression of ki67 (¢ = —2.034; df = 105; P = 0.044) between the
group that showed recurrence (M = 8.79) and the one that never
had recurrence. °: Isolated results, *: Outliners of data

patients with meningioma who developed seizures did
not have a significant risk of developing recurrence during
follow-up [Figure 3a]. Among IM patients who developed
pharmacologically treated epilepsy after surgery, there was
a significant correlation with the presence of recurrence
[Figure 3b]. Interestingly, there was no statistically
significant correlation between the risk of recurrence and the
administration of anti-epileptic drugs (21 patients, P = 0.49).

DISCUSSION

The WHO type I meningiomas have a typically low risk of
recurrence (~10%) ifa GTR is performed.[®7132324 We confirm
an overall recurrence rate of 11.3% (33 patients) within a
median of 22.4 months, whereas 87.4% (253 patients) of
meningioma patients underwent Simpson grade 1 excision.

With this study, we report two identified clinical and
histological predictive factors of recurrence.

First, we report that the onset of post-operative epilepsy
can be considered a predictive factor of tumor recurrence.
In this series, Grade I meningioma patients who developed
a secondary form of epilepsy after surgery have a significant
correlation with the presence of recurrence diagnosed during
the follow-up.

This is not the first time a study has hypothesized a correlation
between post-operative epilepsy and the onset of recurrence:
A study by Zheng et al. reported that 66.7% of those who
developed tumor progression and recurrence experienced
late post-operative seizures.”” Xue et al.® reported that
14.1% of patients with late post-operative seizures developed
recurrence, identifying a trend for higher seizure frequency
in conjunction with signs of tumor recurrence.

Among several post-operative symptoms that may occur,
seizures are recognized in 30-40% of meningioma patients.**’!

Post-operative

200 epilepsy
E No
p-value: 0.02 OvYes

152

150

100

N° of patients

Clinical debut with seizure

Figure 2: Chi-square analysis shows that meningioma patients who
clinically debut with seizures are most frequently associated with an
elevated risk of developing epilepsy even in the post-operative phase
(17/50 patients with seizures 34%, P = 0.02).
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Figure 3: Chi-square analysis shows a significant difference between
(a) meningioma patients who debuted with seizures that do not
have a significant risk of developing recurrence during follow-up
and (b) patients who developed a pharmacologically treated form of
epilepsy after surgery (P < 0.01).

Table 2 : Group analysis between clinical, radiological, and surgical features in patients who develop epilepsy after surgery.
Group A Group B P-value
Epilepsy after surgery (50 patients) Seizure-free (241 patients)
Female gender 30 134 0.537
Older age (>65) 20 82 0.402
Smoke habit 12 43 0.543
Hypertension 11 54 0.156
Multiple 5 5 1
Subtentorial 2 20 0.183
Progesteron+ 6 25 0.577
Ki67% (mean) 6 5.52 0.818
Complications after surgery 10 28 0.127
Bleeding after surgery 1 4 0.7
Ischemia after surgery 1 5 0.695
Surgical site infections 3 14 0.616
Seizure symptoms at diagnosis 17 33 0.002
Major diameter (mean, cm) 4.64 4.21 0.156
Lesion volume (mean, cm?) 3991 34.86 0.442
Edema volume (mean, cm?) 27.3 31.96 0.644
N Recurrence Most cases of s.ei.zures in pati?nts With meningioma are
)10 e 052 m o related to a p031t.1ve prejoperatn.fe b1st0ry .of selzure.s.[“’“]
In 10-15% of patients with meningioma without a history
* of epilepsy,¥% seizures may occur postoperatively. Several
‘g factors have been hypothesized to cause post-operative
B seizures, including tumor location, degree of infiltration,
-g' size, and edema. However, our analysis did not reveal
s any significant relationships, and it was not possible to
& demonstrate the degree of meningioma adhesion to the brain
" 30 parenchyma in a retrospective analysis.
0 — We identified how a patient with a history of pre-operative
a " Clinical debut with sein:: seizures shows an increased risk of developing post-operative
N Recurrence epilepsy but does not show a risk of developing recurrence per se.
p-value: 0.03 B Vs Second, analyzing the biological variables, we found an
2 interesting correlation with the expression of Ki67. The Ki67
2 protein is found in cells undergoing division, and its quantity
.§ strongly correlates with tissue proliferation rates.**? As a
g 100 good indicator for identifying the proliferative fraction of a
B cell population,® Ki-67 has been shown in numerous studies
= to have a significant association between increased labeling
” ” 31 index and tumor recurrence. 33!
D ’—‘ - [LI In meningiomas, the Ki-67 labeling index rises in
No Yes conjunction with the WHO grade. Notably, recurring WHO
B Epilepsy after surgery grade T tumors exhibit a higher Ki-67 labeling index.!13+3¢

It is important to note that the significant cell replication
factor such as ki67 significantly correlates with the risk of
recurrence, as already reported in the literature, and probably
indirectly correlates with the risk of developing post-
operative epilepsy.
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The reason for this clinical-pathological association may
be twofold. Suppose a patient develops secondary epilepsy
postoperatively, in that case, it may mean that there may
be a tumor active micro-residue that is not shown on the
MRI performed within 72 hours after surgery but still
causes cortical irritation. This aspect is well known in other
intracranial tumors, whereas freedom from seizures after
surgery is predicted by GTR.M Further, seizures inevitably
leading to a pathophysiological state of post-critical edema
may promote residual tumor cells’ rooting and biological
activity (measurable indirectly with ki67%),°** leaving
the patient less prone to but not completely free of seizures
after the tumor resection.””? The disease recurrence, starting
from a proliferative cellular level, can stimulate the onset
of new PBE, stimulating the epileptogenic region. In the
multivariate analysis, we studied the other variables that
may be concomitant with the development of epilepsy, high
ki67%, and the risk of recurrence; among them, we analyzed
the impact of tumor size, PBE, and site, but we did not find a
significant correlation.

Most of the studies indicate that the majority of post-
surgery seizures occur within the first week following
the operation, with less than one-third of patients
developing a secondary form of epilepsy.® Various
factors can contribute to the onset of post-operative
seizures, particularly in patients who have not previously
experienced seizures. These factors include strong
adhesions encountered during surgery, the necessity for
microdissection, and potential damage or irritation to the
cortical surface.[! In cases involving skull base lesions, the
need for retraction and manipulation to achieve complete
resection can result in additional cortical damage and
swelling.!*”! This process is further exacerbated by increased
cellular proliferation in the affected area.

Further studies and limitations

One of the main limitations of this study was that it was
conducted retrospectively, which made it impossible to
effectively conduct a risk assessment through randomization.
Further, part of the analysis and follow-up protocol
was achieved during the COVID-19 pandemic with its
limitations.™!!

Apart from the biological markers mentioned earlier, other
important molecular factors have also been identified
in meningiomas. The epithelial membrane antigen and
progesterone receptor (PR) are frequently used diagnostic
markers for these tumors.">*!! Moreover, recent research
has confirmed a link between deoxyribonucleic acid
methylation in meningiomas and the risk of recurrence.
Our study did not examine the role of AED therapy in pre-
operative seizures or preventing the development of seizures.
Different studies have reported no significant differences

in the incidence of early seizures and prophylactic AED
therapy.>* Yang et al.”! showed that prophylactic use of
AEDs did not impact the seizure rate for several reasons.
They suggest that surgery is effective in removing the tumor
without damaging surrounding brain tissue because of the
benign origin of the neoplasm and its most intact and well-
defined border. As a result, the likelihood of a seizure attack
after surgery is relatively low. Seizure attacks can be reduced
by controlling relevant factors, and we strongly agree with
this assumption.

CONCLUSION

With this retrospective study, the authors suggest a possible
role of epilepsy as an independent prognostic factor, not
correlated with pre-operative seizure, on early benign
meningioma recurrence. Seizures are a relatively common
presentation in meningioma patients. They are likely to
have tumors with a higher grade, atypical histology, elevated
Ki-67 expression, and brain invasion. Although there is no
correlation with the onset of seizure, the post-operative onset
of epilepsy in post-operative time has a positive correlation
with tumor recurrence.
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