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Abstract

Background: The significance of histological grading and peritu-
moral edema (PTE) in predicting intracranial meningioma recurrence
among Saudis is often neglected. This study aimed to evaluate the
impact of these factors over a 10-year follow-up period.

Methods: A retrospective cohort of 124 patients with intracranial
meningioma was analyzed over the period from 2011 to 2021. All
patients underwent gross total resection (GTR) of the tumor. Post-
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surgical radiotherapy (RT) was offered to patients with grade II-III
meningiomas. The impact of histological grading, PTE, and RT on the
recurrence-free interval (RFI) was investigated.

Results: The mean age of the patients was 49 years (range: 18 - 84),
with 87 females (70.2%) and 37 males (29.8%). Most tumors (88.7%,
n = 110) were supratentorial, while 11.3% (n = 14) were infratento-
rial. The World Health Organization (WHO) grading classified 101
tumors (81.5%) as grade I, 17 (13.7%) as grade II, and six (4.8%)
patients as grade III. Grading was significantly associated with RFI
(P=0.013), with grade I meningiomas having the slowest recurrence.
The overall recurrence rate was 16.9%, with 38.1% (n = 8) of grade
Tand 61.9% (n = 13) of grade II-III meningiomas recurring within 5
years post-GTR and RT. There was no significant difference in RFI
between RT-exposed and non-exposed patients (P = 0.15). PTE was
present in 76 cases (61.3%) and absent in 48 (38.7%), significantly
affecting RFI (P = 0.014), with shorter RFI in PTE cases. Overall,
95.2% (n = 118) of patients survived, while 4.8% (n = 6) died; five
had grade II-II1, and one had grade I meningioma.

Conclusions: Totally, resected intracranial meningiomas with grade
II-11I features and PTE were associated with earlier tumor recurrence
and poorer patient survival. Post-surgical RT had an insignificant ef-
fect on the RFI.

Keywords: Meningioma; Epidemiology; Peritumoral edema; Grad-
ing; Recurrence

Introduction

Meningiomas are the most common primary tumors of the cen-
tral nervous system (CNS), comprising 37.6% of all primary
CNS tumors and 53.3% of benign CNS tumors [1]. These typi-
cally benign, slow-growing, extra-axial neoplasms are believed
to originate from arachnoid cup cells [1, 2]. The incidence of
meningiomas increases with age, with the median age at diagno-
sis being 66 years old [3]. The incidence rate of meningiomas is
18.69 per 100,000 in individuals aged 40 and above and 0.16 per
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100,000 in those aged 0 - 19. Meningiomas are more common
in females than males [3]. The 2021 World Health Organization
(WHO) fifth edition classified meningiomas into 15 subtypes
based on different histological gradings, which are determined
by mitotic rate, brain invasion, and specific histological features
[4]. Atypical meningioma (grade 2) is diagnosed by the presence
of 4 - 19 mitotic figures per 10 high-power fields (HPFs) or un-
equivocal brain invasion. Certain histomolecular features, such
as choroid type, TERT promoter mutations, or CDKN2A/B dele-
tions, now result in higher-grade classifications [4, 5]. Rhabdoid
and papillary meningiomas are no longer automatically classi-
fied as grade III; their grading is based on the same criteria used
for other meningioma types [4, 6].

Histological grading is considered the most reliable
prognostic factor of meningiomas, followed by the extent of
tumor resection (Simpson grade) [6]. For instance, partially
resected grade I meningioma may recur slower than totally
resected grade Il meningioma. Other factors associated with
an increased risk of recurrence are intracranial invasion, bone
involvement, venous sinus invasion, and peritumoral brain
edema (PTE) [6-9]. These factors are not always associ-
ated with tumor progression or recurrence and may depend
on tumor grading and the extent of tumor resection. PTE is
common in meningioma, and its relationship with prognosis
is still underestimated [10]. Frati et al found that a higher
edema/tumor ratio was associated with a higher frequency
of recurrence but not with the size of the contrast-enhancing
lesion [11]. The combination of necrosis and brain invasion
in atypical meningioma was also found to be a strong pre-
dictor of tumor recurrence, regardless of the extent of tumor
resection or the effect of radiotherapy (RT) [12]. Gross total
resection (GTR) is also associated with a lower risk of recur-
rence compared to subtotal resection (STR) [13]. This was
demonstrated in a meta-analysis of 18 observational studies
involving 1,589 patients with grade Il meningiomas [13]. Ad-
ditionally, a Ki-67 proliferative index greater than 3% was
associated with a higher risk of recurrence in any type of
meningioma [13].

For grade II and III meningiomas, post-surgical RT had
an insignificant effect on tumor recurrence [13]. Pollock et
al found no difference in the 7-year progression-free survival
(PES) rate between STR and GTR [14]. Recently, molecular
markers like TERT and CDKN2A/B, which classify meningi-
omas into higher grades, have also become essential prognos-
tic indicators for all meningiomas [15]. The recurrence rate of
meningiomas after surgery was estimated to be between 15%
and 40% [16]. The recurrence rate of WHO grade I meningi-
oma after GTR is relatively less than partially resected grade I
meningioma [16]. The 5-year recurrence rates following Simp-
son grade I GTR for WHO grade I, I, and III meningiomas are
7-20%, 30-50%, and 70-80%, respectively [17]. The 10-year
overall survival (OS) rates for WHO grade 1, II, and III tumors
are 85%, 55%, and 0%, respectively [5].

In Saudi Arabia, clinical data on the incidence and preva-
lence of intracranial meningiomas remain limited. Most stud-
ies have focused on specific regional populations. A study
by Mohammed et al examined 227 brain tumor cases in the
Madinah region, revealing that about 30% were meningiomas,
identifying it as the most common primary CNS tumor [18].

A larger study conducted in 2020 at the National Neurological
Institute of Saudi Arabia analyzed 992 cases of primary CNS
tumors over 10 years [19]. Non-malignant tumors, including
meningiomas, were predominant in the adult population. Kur-
di et al conducted the first tumor registry for the Western Prov-
ince of Saudi Arabia, describing primary CNS tumors’ distri-
bution and epidemiological patterns [20]. Their retrospective
analysis included 663 patients. Meningiomas were identified
as the second most common primary brain tumor, accounting
for 15%, with an overall recurrence rate of 8% [20]. Another
2024 retrospective analysis of 74 Saudi patients with grade II
meningiomas in the central region found no significant differ-
ence in recurrence rates across different types of grade II men-
ingiomas [21].

Current studies on meningiomas face several limitations,
including limited data on molecular markers, comorbidities,
post-surgical treatments, and inadequate long-term follow-
up to assess recurrence and survival. Regional differences in
healthcare systems and treatment protocols, particularly in
Saudi Arabia, further hinder generalization.

Our study aims to evaluate the impact of 2021 WHO grad-
ing, PTE, and post-surgical RT on the recurrence and intracra-
nial meningiomas in Saudi patients of Arabic descent.

Materials and Methods

Patients’ stratification

Patients were randomly selected from two tertiary hospitals in
the city of Jeddah in Saudi Arabia during the period between
2011 and 2021. The study was conducted according to the
guidelines of the Declaration of Helsinki on human subjects
and approved by the Biomedical Ethics Committees at King
Absulaziz University under general ethical agreement between
King Faisal Specialist Hospital and Research Center, Jeddah
(CA number: 2020-6) and King Abdulaziz University Jed-
dah (Institutional Review Board (IRB) number: 190-19). The
124 eligible patients enrolled in this study were adults of both
genders with histologically proven intracranial meningioma.
The clinical data were retrieved from the hospital records, in-
cluding radiological features seen through magnetic resonance
imaging (MRI), histopathological grading, post-surgical treat-
ment, time to recurrence, and patient survival.

Study design with inclusion and exclusion criteria

Patients with intracranial meningioma in our study were classi-
fied into grade I-1II meningiomas according to the fifth edition
of the WHO classification of CNS tumors [4]. Sex and tumor
location were key determinants in our research. Supratento-
rial locations included meningiomas located on the cerebrum
and attached to the dura. In contrast, infratentorial locations
encompassed meningiomas in the posterior fossa, cerebellum,
or cerebellopontine angle (CPA), also attached to the dura.
Grade I meningioma was diagnosed when there was no brain
invasion, and mitotic activity was less than four per 10 HPFs.
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Figure 1. Decision tree of the 124 patients enrolled in this study was segregated by sex, tumor location, WHO grading, treatment,
and recurrence-free interval (RFI). WHO: World Health Organization; RT: radiotherapy.

Grade II meningioma was characterized by the presence of
unequivocal brain invasion, elevated mitotic activity (four to
19 per 10 HPFs), or specific histological features or subtypes,
such as chordoid meningioma. Grade III meningioma was
identified when mitotic activity exceeded 19 per 10 HPFs or
when the tumor exhibited distinct histological characteristics,
such as frank anaplasia or extensive rhabdoid features [5]. All
patients in our study underwent GTR, and the post-surgical
RT were only offered to 19 patients with grade II-III meningi-
omas. None of the patients have received chemotherapy. Tu-
mor recurrence was estimated by identifying newly developed
lesions after contrast-enhanced brain MRI. Recurrence-free
interval (RFI) was estimated from the first day after surgery,
including the period of post-surgical RT, to the first day of tu-
mor recurrence. Our study has neglected patient comorbidities
and the extent of radiation dose used.

Statistical interpretation

Data were described as frequencies and percentages. Deci-
sion tree analysis with Chi-square tests was applied to visually

represent the complex interactions among sex, tumor location,
WHO grading, and post-surgical RT in relation to RFI. Sur-
vival analyses were performed using the Kaplan-Meier (KM)
method with two-sided log-ranks to compare the RFI across
different WHO grades and the presence of PTE. Statistical sig-
nificance was determined at the P value < 0.05 level. All stat-
stics were performed using IBM SPSS1 version 24 statistical
software (IBM Corp., Armonk, NY, USA).

Results

The decision tree illustrated in the Figure 1 presents data
on meningioma prevalence and recurrence among 124 indi-
viduals, categorized by sex, tumor location, WHO grading,
and post-surgical treatment. The mean age of the patients
was 49 years (standard deviation (SD) 13.2; range: 18 - 84
years), segregated into 87 (70.2%) females and 37 (29.8%)
males (Table 1). Tumor locations are classified as infraten-
torial and supratentorial. WHO grades ranged from I to III,
and post-surgical treatments included “none” or “radiation”.
About 88.7% (n = 110) of the tumors were supratentorial (78
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females and 32 males), and 11.3% (n = 14) were infratentorial
(nine females, five males). Supratentorial region was the most
predominant location for meningiomas in both genders (Fig. 1).
The most common supratentorial location was frontal lobe (n =
40, 32.2%), followed by sphenoidal wing (n = 12, 9.7%) (Table
1). WHO grading revealed that 101(81.5%) tumors were classi-
fied as grade I (79 females and 22 males), 17 (13.7%) tumors as
grade II (eight females and nine males), and six (4.8%) tumors
as grade III only males (Table 1, Fig. 1). Histologically, the most
frequent grade I meningiomas was meningothelial subtype (n =
93, 75%), followed by atypical grade II meningiomas (n = 16,
12.9%). All rhabdoid meningiomas in our study (n = 4, 3.2%)
showed grade III features. PTE was observed in 76 (61.3%)
cases, while 48 (38.7%) cases had no PTE (Table 1).

Recurrence and survival

All patients underwent GTR of the tumor. Post-surgical RT
was offered to patients with grade II and grade III meningi-
omas (Fig. 1). There was no statistically significant difference
in the mean age at diagnosis among patients with and without
tumor recurrence (P value = 0.594) (Table 2). However, recur-
rence was observed to be higher in males with supratentorial
tumors (38%, n = 13), whereas females showed a recurrence
rate of 9% for the same location (Fig. 1). Different meningi-
oma grades showed a significant association with tumor recur-
rence (P value = 0.013), with grade I meningiomas exhibiting
the slowest recurrence compared to grade II and III menin-
giomas (Fig. 2, Table 2). Over the 10-year follow-up period,
approximately 90.3% (n = 93) of patients with grade I menin-
gioma showed no tumor recurrence, representing the majority
of nonrecurrent cases (Table 2).

Our study’s overall recurrence rate among all meningioma
cases was 16.9%. Among all recurrent tumors in our study,
38.1% (n = 8) of grade I meningiomas exhibited tumor recur-
rence during the 10-year follow-up period (Table 2). Except
for two patients who experienced recurrence within 2 years
of GTR with imaging scans showing extensive PTE, all other
cases recurred after 5 years post-GTR (Fig. 1). For the higher-
grade meningiomas, nine cases (8.7%) of grade II and one case
of grade III showed no recurrence over the 10-year follow-
up period, regardless of post-surgical RT (Fig. 1, Table 2). In
contrast, 13 cases (61.9%) of grade II and grade III menin-
giomas experienced tumor recurrence within 5 years of GTR
and post-surgical RT (Table 2). While there was a statistically
significant difference in RFI among grade II-III meningiomas
(Fig. 2), the difference in RFI between patients who received
RT and those who did not was not statistically significant (P
value = 0.15). However, post-surgical RT was correlated with
increased recurrence in certain instances, notably in male pa-
tients with grade III tumors (Fig. 1). The presence or absence
of PTE in all meningioma patients showed a significant differ-
ence in RFI (P value = 0.014) (Fig. 3). Meningiomas with PTE
had a shorter RFI and earlier tumor recurrence compared to
those without PTE. Overall, the survival data showed that 118
(95.2%) patients survived, while six (4.8%) patients died (Ta-
ble 1). Of those who died, five patients had grade II-III menin-

Table 1. Characteristics of 124 Patients With Intracranial Men-
ingioma

Overall (n = 124)

Age at diagnosis

Mean (SD) 49.0 (13.2)

Range 18.0 - 84.0
Sex

Female 87 (70.2%)

Male 37 (29.8%)
Tumor location

Supratentorial 110 (88.7%)

Infratentorial 14 (11.3%)

Presence of peritumoral edema (PTE)
Present 76 (61.3%)
Not present 48 (38.7%)

2021 WHO grading

Grade | 101 (81.5%)
Grade 11 17 (13.7%)
Grade III 6 (4.8%)

Histological subtype

Meningothelial 93 (75.0%)
Fibrous 4 (3.2%)
Angiomatous 2 (1.6%)
Secretory 1 (0.8%)
Microcystic 1 (0.8%)
Atypical 16 (12.9%)
Chordoid 1 (0.8%)
Anaplastic 2 (1.6%)
Rhabdoid 4 (3.2%)
Post-surgical treatment
Radiotherapy (RT) 19 (15.3%)

Tumor recurrence
No recurrence 103 (83.1%)
Recurrence 21 (16.9%)
Survival status
Survived 118 (95.2%)

Died 6 (4.8%)

WHO: World Health Organization.

giomas, and one had a grade I meningioma.

Discussion

Patients with intracranial meningioma may experience no recur-
rence for several years, especially for grade I tumors. This is
primarily determined by the extent of surgical resection. How-
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Table 2. The Relationship Between Patients’ Age, 2021 WHO Grading, and the Recurrence Rate Among 124 Meningioma Cases

No recurrence (n = 103, 83.1%) Recurrence (n =21, 16.9%) Total (n = 124) P value
Age at diagnosis, mean (SD) 48.7 (13.3%) 50.4 (12.8%) 49.0 (13.2) 0.594
WHO grading
Grade | 93 (90.3%) 8 (38.1%) 101 (81.5) <0.001
Grade II 9 (8.7%) 8 (38.1%) 17 (13.7)
Grade IIT 1 (1.0%) 5(23.8%) 6 (4.8)

WHO: World Health Organization; SD: standard deviation.

ever, other factors in literature were explored. In our study we
found that recurrence was higher in males with supratentorial
tumors. Higher recurrence rates in males with supratentorial
meningiomas may stem from several factors. Biological dif-
ferences linked to sex suggest that males are at greater risk for
recurrence, as studies - including the Brain Tumor Registry of
Japan - identify male sex as an independent risk factor for men-
ingioma recurrence [22]. Supratentorial tumor locations, partic-
ularly on the convexity, are associated with aggressive behavior
and challenges in achieving complete resection, contributing
to higher recurrence rates [23]. Molecular alterations, such as
increased DNA methylation and global copy number changes
in recurrent meningiomas, further highlight inherent biological
aggressiveness [24]. GTR is usually associated with slow tu-
mor recurrence and longer survival compared to STR [12, 13,
17, 25, 26]. However, a subset of patients, mainly those with
grade II-III meningiomas, may experience recurrence not only
at the original resection site but also outside the resection cavity
[27]. As a result, post-surgical RT has been used as an additional

Survival curves for WHO Grading
Based on Kaplan-Meier estimates

treatment for grade II and III meningiomas, with the primary
goal of reducing tumor recurrence rates [27]. Despite ongoing
research, the role and clinical impact of RT for meningiomas
remains unclear due to conflicting findings [28]. Sanikommu
et al found that post-surgical RT has an insignificant effect on
the recurrence process [13]. Conversely, a recent study demon-
strated that adjuvant fractionated RT is linked to improved PFS
in intracranial meningiomas compared to salvage RT [29]. Al-
though WHO grading remains the primary predictor of patient
outcomes, other independent factors may influence the likeli-
hood of tumor recurrence, including age, intra-tumoral necrosis,
PTE, progesterone levels in females, clinical Simpson grading,
and the Ki-67 proliferative index [7, 30]. Recently, genetic mu-
tations in the tumor and the patient’s race have also been inves-
tigated as potential predictors of meningioma recurrence [5, 31].

Our cohort investigated the impact of WHO histological
grading, PTE, and post-surgical RT on the recurrence of 124
Saudi patients with totally resected intracranial meningioma
over a 10-year follow-up period. We found that WHO grading
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Figure 2. The relationship between WHO grading and RFI among all 124 patients with intracranial meningiomas. RFI: recur-

rence-free interval; WHO: World Health Organization.
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Figure 3. The relationship between peritumoral edema (PTE) and RFI among all 124 patients with intracranial meningiomas.

RFI: recurrence-free interval.

is the most significant factor for tumor recurrence and patient
survival among Saudi patients (Fig. 2), consistent with other
studies’ findings [9, 32]. Grade I meningiomas had a slower
recurrence rate compared to grade II-III meningiomas. Among
all grade I cases, approximately 92% of patients showed no
recurrence over the 10-year follow-up, while 8% (8/101) ex-
perienced recurrence. Of these eight cases, all but two recurred
after 5 years post-GTR. The two earlier recurrences occurred
within 2 years and were associated with significant PTE on
imaging. In contrast, grade II and III meningiomas recurred
earlier than grade I (Fig. 2). About 56% (13/23) of grade II-1II
meningiomas recurred within 5 years after GTR and post-sur-
gical RT (Fig. 1). Thus, RT did not significantly reduce tumor
recurrence in grade II-III meningioma cases in our study (P
value > 0.05). This finding aligns with evidence suggesting
that post-surgical RT may not impact PFS in patients with
higher-grade meningiomas [13], or that the tumor bed may
be resistant to radiation. Grade III tumors, brain invasion, and
high Ki-67 were found to be factors to predict treatment fail-
ure in these patients [33]. Variability in treatment protocols,
including RT dosage and delivery methods, might also reduce
its effectiveness in targeting residual aggressive tumor cells.
Additionally, the inherent resistance of high-grade tumors to
RT, coupled with factors like incomplete resection or extensive
PTE, could overshadow the potential benefits of RT.

On the other hand, PTE showed a significant impact on tu-
mor recurrence (RFI) in both low-grade and high-grade menin-
giomas, with those exhibiting PTE recurring earlier than those
without PTE (Fig. 3). A study by Frati et al on 216 patients
with intracranial meningioma found that PTE is associated

with a high recurrence rate [11]. PTE refers to the swelling
of the brain tissue surrounding the tumor (Fig. 4). This swell-
ing may increase intracranial pressure and cause herniation if
not adequately managed and controlled [34]. Although PTE in
meningiomas is frequent, the mechanisms behind its develop-
ment are not clearly understood [35]. The extent of edema can
vary depending on the size and location of the meningioma.
Larger tumors with high vascularization and close to sagittal
sinus may cause more edema [36, 37]. Supratentorial menin-
giomas were found to have more extensive PTE compared to
infratentorial meningiomas, suggesting that the latter may be
diagnosed and treated earlier. The secretory subtype of men-
ingioma is also commonly linked to PTE; however, our study
did not confirm this association. It is also believed that tumor
growth and local tissue hypoxia stimulate angiogenesis, con-
tributing to the development of PTE [38, 39]. The angiogenic
protein vascular endothelial growth factor (VEGF-A) plays
a crucial role in promoting blood vessel growth and increas-
ing vascular permeability [40, 41]. Meningiomas with strong
VEGF immunostaining were associated with a higher inci-
dence of PTE and a greater edema index compared to VEGF-
negative meningiomas [42]. Some studies have also suggested
a potential correlation between meningioma grade and the
presence of mast cells, though the findings remain inconclu-
sive [43]. Other theories focus on matrix metalloproteinases
(MMPs) and the blood-brain barrier (BBB). In meningiomas,
MMP-9 expression appears to be linked to the development of
PTE [44]. The integrity of the BBB is compromised by men-
ingiomas, allowing fluid to enter the surrounding brain tissue
[45]. Additionally, damage to the BBB caused by smoking
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Figure 4. Peritumoral edema (PTE) around the intracranial meningioma. The left image is created using an artificial intelligence

(Al) program, ChatGPT 4-DALL 2 plus.

may contribute to increased PTE volume [11]. Patients with
PTE are more likely to have preoperative symptoms, neurolog-
ical deficits, and post-surgical complications. Imaging studies,
such as MRI scans, are often used to assess the presence and
extent of PTE in meningioma [46].

PTE is a stronger predictor of tumor recurrence than RT
due to its significant impact on the tumor microenvironment,
surgical resection, and residual disease. PTE reflects increased
vascular permeability and inflammatory responses, creating a
pro-tumorigenic environment that facilitates tumor invasion and
growth. It is often associated with larger, more invasive tumors,
which are harder to completely resect, leaving residual cells that
contribute to recurrence [38, 39]. While RT targets microscopic
residual disease, its efficacy may be diminished by tumor resist-
ance, particularly in aggressive tumors linked to PTE.

Limitations

The limitations in our study are acknowledged, which include
its retrospective design, potential selection bias, and the lack
of detailed information on key factors such as the extent of
PTE, radiation dose, and patient comorbidities. Additionally,
the study was constrained by a limited number of cases with
higher-grade tumors.

Conclusions

The probability of recurrence of intracranial meningioma
poses a significant challenge in clinical practice. Our research

indicates that meningioma recurrence rates are higher in grade
II-IIT tumors compared to grade I and in tumors that are asso-
ciated with PTE. Additionally, post-surgical RT did not affect
recurrence rates in high-grade meningiomas.
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