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Abstract

Aims: The current study aimed to evaluate the efficacy, side effects of radio-
therapy and factors influencing treatment outcome in patients received radi-
otherapy for cerebral meningiomas. Methods and Material: In the last two
decades, a total of 35 patients with cerebral meningioma who received radio-
therapy in our clinic were evaluated statistically in terms of survival, toxicity
and prognostic factors. The records of patients diagnosed with cerebral me-
ningioma who underwent postoperative radiotherapy were retrospectively ana-
lyzed. Statistical analysis used: Statistical comparisons were made using IBM
SPSS v24.0. Kaplan-Meier method was used to compare survival times. Re-
sults: Five of the patients had grade I meningioma showing recurrence, 18
were grade II meningioma and 12 were grade III meningioma. Patients were
treated with 54 or 60 Gy adjuvant radiotherapy with 2 Gy daily fractions ac-
cording to histopathological grade and operation type. Three and five-year
overall survival rates were 56% and 40%, respectively and median overall sur-
vival was 36 months. Progression was observed in 15 of the 35 patients in-
cluded in the study. Three and five-year progression-free survival (PFS) rates
of the patients were 56% and 50%, respectively. There was a statistically sig-
nificant correlation between histopathological grade and overall survival among
patients. However; no statistical difference found in overall survival of pa-
tients in terms of tumor location, operation type and age. Conclusions: In
the treatment of cerebral meningiomas, changes in radiotherapy dose and field
designs can be predicted according to the tumor grade and operation type. In
addition, it is thought that large scale studies are needed to determine prog-
nostic factors more meticulously.
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1. Introduction

Meningiomas are the most common central nervous system tumors in adults,
constituting 36.8% of central nervous system located tumors and are more com-
mon in women [1]. Histopathological grade, tumor size, tumor localization and
age have been demonstrated as prognostic factors in cerebral meningiomas [2].

Meningiomas are divided into three pathological grades according to the
World Health Organization (WHO) definition [3] [4]. 80% of cerebral menin-
giomas are grade I, 20% are grade II and III [1]. Recurrence and progression are
observed earlier in high grade meningiomas than others [5]. Resection size in
cerebral meningioma is classified using the Simpson grading system, Simpson
grade I - III is evaluated as gross total resection and Simpson grade IV - V sub-
total resection [6].

Although the removal of tumor is accepted as the primary treatment, the ne-
cessity of postoperative radiotherapy after tumor resection depends on the pres-
ence of residual tumor and tumor grade [7]. While the use of radiotherapy in
benign meningiomas is controversial, postoperative radiotherapy is recommended
in anaplastic and clinically aggressive atypical meningiomas [8] [9]. Radiothera-
py is preferred as the primary treatment in patients with severe comorbid condi-
tions and in patients where tumor localization is risky for surgery [10].

In our study, prognostic factors, survival results and radiotherapy-related side
effects were evaluated in patients with cerebral meningioma who underwent

postoperative radiotherapy.

2. Method

A total of 35 patients, 22 women and 13 men, who received postoperative radio-
therapy due to cerebral meningioma between 2000 and 2019, were included in
this study. The age range of patients varies between 20 and 77 (median: 55). Pa-
tients aged 20 years and above who were operated for cerebral meningioma and
received postoperative radiotherapy were included in the study. Patients with
extracranial meningioma, multiple meningioma, optic nerve meningioma, pre-
viously receiving cranial radiotherapy, patients with neurofibromatosis, patients
with severe comorbid disease and patients under 20 years of age were not in-
cluded in the study. Patient examination data and hospital medical records were
used to obtain clinical evaluation and radiotherapy data, side effect evaluations
and survival results after radiotherapy.

In the pre-treatment patient simulations, customized thermoplastic head and
neck masks were used to provide immobilization, and computerized tomogra-
phy sections were taken from the patients in a supine position, 2 mm section
thickness. Nineteen patients who received treatment before 2009 received 2-dimen-
sional conformal radiotherapy with linear accelerator device and 16 patients who
received treatment in 2009 and after, 3-dimensional conformal radiotherapy or
Intensity Modulated Radiation Therapy (IMRT) were performed. Patients with

recurrent postoperative grade I meningioma, subtotal or gross total operative
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grade II and III meningioma cases were included in the study and 54 or 60 Gy
adjuvant radiotherapy was applied according to histopathological grade and op-
eration type.

During radiotherapeutical planning, brainstem, spinal cord, eyes, lenses, optic
nerves, optic chiasm, cochleae were defined as organs at risk. To achieve the
planned risk volume (PRV), 0.3 cm margin was given to the organ volume. Gross
tumor volume (GTV) of the patients were created by cross-section drawing in
contouring tomography via pre-op and post-op magnetic resonance images (MRI).
Cerebral edema is not included in GTV. Clinical target volume (CTV) was
created by giving 1 - 2 cm margin to tumor bed and planning target volume
(PTV) was created by giving 3 - 5 mm margin to CTV. During the planning,
when critical levels of organs at risk volumes were exceeded, manual corrections
of PTV volume up to 3 mm were made.

All patients were systemically examined once a week for acute reactions dur-
ing the radiotherapy process. After radiotherapy, patients were called to routine
controls in the first month, and every three months in the first two years, and
the brain was followed up with MRI. After the second year, patients were eva-
luated every six months for five years, by examination and brain MRI. Treat-
ment responses were evaluated according to neuro-oncological criteria. Early
and late side effects were evaluated according to Common Terminology Criteria
for Adverse Events v3.0 grading system.

Statistical comparisons were made using IBM SPSS v24.0. Descriptive analyzes
were used to classify patients. The overall survival evaluation was based on the
duration from the operation date to the date of death for all patients. PFS was
calculated based on the time from the operation date to the date of progression.
Kaplan-Meier method was used to compare survival times. Possible prognostic
factors such as age, histopathological grade, tumor resection pattern, tumor lo-
cation were also analyzed. Log-rank test was used to identify predictors of sur-
vival by univariate analysis. Statistically, p value of 0.05 or less was considered
significant. This study was approved by Akdeniz University Faculty of Medicine
Clinical Research Ethics Committee on 27.11.2019 (Decision No. 1097).

3. Results

Eighteen of the patients included in the study had frontal, 11 were parietoocci-
pital and 6 were temporally located meningioma. Gross total excision performed
in 11 patients and subtotal excision for remaining 24 patients. Five of the pa-
tients were grade I recurrent meningioma, 18 were grade II and 12 were grade
IIT meningioma. Grade I and grade II meningiomas are included in the low
grade group, grade III meningiomas are included in the high grade group.
Opverall survival rates of one, two, three and five years were 90%, 74%, 56%,
40%, respectively and median overall survival was 36 months. While the median
overall survival was 93 months in the low grade meningioma group and 21

months in the high grade meningioma group. Overall survival was statistically
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significantly better in the low grade group than high grade group (Table 1).

When gross total excision and subtotal excision groups were compared statis-
tically, no significant difference was found between the two groups in terms of
overall survival. When the relationship between tumor location and overall sur-
vival is evaluated, median overall survivals were; 36 months in the frontally lo-
cated meningiomas, 58 months in the parietooccipital localization and was 93
months in the temporally located group. Statistically, no significant difference
was found between the 3 groups. Median overall survival was 58 months under
the age of 55, 26 months at the age of 55 and above, but when the two groups
were compared statistically, there was no significant difference between them
(Table 1).

Progression was observed in 15 of the 35 patients included in the study. One,
two, three and five-year PFS of the patients were 84%, 60%, 56% and 50%, re-
spectively. A total of 18 patients died, 11 of the low grade meningiomas and 7 of
the high grade meningiomas. Fifteen patients died due to disease and 3 patients
died non-disease reasons.

The most common acute side effect was skin toxicity, seen in 26 patients.
Alopecia was observed in 14 of these patients and dermatitis in 12. Headache
was observed in 15 patients and loss of balance in 4 patients. Among the late side
effects, cognitive disorders were the most common.

Four patients had seizures in the post radiotherapy period and one patient had
decreased vision. Corticosteroids and other necessary medications have been
used in the prophylaxis and treatment of cerebral edema. Acute and late side ef-

fects of the radiotherapy are summarised in the Table 2.

Table 1. Statistical evaluations of prognostic factors for cerebral menengiomas (*: Num-
ber of patients).

Variable n* % Overall Survival (Months)  p value
Histopathological Type 0.03
Low Grade 23 66% 93
High Grade 12 34% 21
Operation Type 0.9
Gross total excision 11 31% 36
Subtotal excision 24 69% 36
Tumor Localization 0.85
Frontal 18 52% 36
Parieto-occipital 11 31% 58
Temporal 6 17% 93
Age 0.3
<55 16 45% 58
=55 19 55% 26
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Table 2. Acute and late side effects of the radiotherapy (1: Grade).

Acute Side Effects G'1 G2 G3 G4 Sum
Alopecia 8 6 0 0 14
Dermatitis 7 5 0 0 12
Headache 10 5 0 0 15
Balance Loss 2 1 1 0 4

Late Side Effects Gl G2 G3 G4 Sum
Cognitive disorder 12 7 0 0 19
Seizure 1 2 1 0 4

Decreased vision 0 0 1 0 1

4. Discussion

Gross total tumor excision including dura is recommended as the first-line
treatment for cerebral meningiomas [7]. Although there is a consensus that anap-
lastic meningiomas should receive adjuvant radiotherapy, the role of adjuvant
radiotherapy in the treatment of atypical meningiomas has long been the subject
of debate [11] [12]. Many studies have been conducted to determine the effects
of adjuvant radiotherapy on PFS and overall survival in cerebral meningiomas
[13] [14] [15] [16].

Milosevic et al showed an improvement in overall survival for atypical and
anaplastic meningiomas with adjuvant radiotherapy at doses of 50 Gy and above.
Radiotherapy was recommended to all patients in the early postoperative period
[13].

Goldsmith et al suggested that adjuvant radiotherapy should be the standard
treatment following subtotal resection in their study with 140 patients with ce-
rebral meningioma. They reported that if postoperative radiotherapy is post-
poned until recurrence, the effectiveness of the treatment decreases as the tumor
undergoes malignant transformation or tumor size increases [14].

In a study of 2515 patients with atypical meningioma, Wang et al showed that
adjuvant radiotherapy after subtotal resection provided a statistically significant
increase in overall survival and reported that adjuvant radiotherapy after gross
total resection did not significantly improve overall survival [15].

In a study evaluating 45 patients with atypical meningioma who underwent
gross total resection, patients were divided into two groups as those who re-
ceived adjuvant radiotherapy and those who were observed. Thirty two of the
patients were in the observation group and 13 were in the adjuvant radiotherapy
group. Median PFS was 19 months in the observation group, and 52.5 months in
the adjuvant radiotherapy group [16].

In the study of Rogers et al which included 53 patients (RTOG 0539), patients
were divided into three risk groups depending on the histopathological grade,
type of operation, and the presence of recurrence. High-risk meningioma group

included grade III meningiomas of any resection extent, grade II meningiomas
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with subtotal resection and recurrent grade II meningiomas of any resection ex-
tent. Adjuvant radiotherapy from 60 Gy high dose and 54 Gy low dose areas was
applied to this high risk group with simultaneous integrated boost (SIB) tech-
nique. In the study, 3-year PFS was the primary endpoint, the 3-year PFS rate
was 59%, and the 5-year PFS rate was 47%. In the study, the 3-year overall sur-
vival rate was 78% and the 5-year overall survival rate was 59% [17]. In our
study, the selected patients were mostly in the subtotal resection group, and the
majority of patients who underwent gross total resection were grade III menin-
giomas. These patients received 54 or 60 Gy adjuvant radiotherapy and 3-year
PES rate was 56% and 5-year PFS rate was 50%. The 3-year overall survival rate
was 56%, the 5-year overall survival rate was 40%. It was thought that the proba-
ble cause of these survival differences might be other factors belonging to the pa-
tients (race, diet, etc.) or SIB technique was not used in our study.

Some studies have shown that patients undergoing gross total resection are
associated with a longer overall survival than patients with subtotal resection
[18] [19]. In the study, which included 119 patients with atypical and anaplastic
meningioma Pasquie ef al reported that the extent of surgical resection was not
a significant prognostic factor [20]. Similarly, no significant relationship was
found between the type of operation and the overall survival time in our cases.
However, this may be related to performing statistical analyzes for the extent of
surgical resection in the whole group. Subgroup analyzes might reveal, the effect
of surgical resection extent considering tumor grade.

In a study conducted with 74 patients (33 atypical, 41 anaplastic meningi-
omas) evaluating the prognostic effects of clinicopathological features of the
atypical and anaplastic meningiomas, the overall survival time was 142 months
in the atypical meningioma group and 39 months in the anaplastic meningioma
group, and a statistically significant difference was found between the two groups
[21]. Similarly, in our study, the overall survival time was found to be signifi-
cantly longer in the low grade meningioma group than in the high grade menin-
gioma group.

Again in a series of 45 cases in which prognostic factors were evaluated in pa-
tients with atypical meningioma, the overall survival time was found to be sig-
nificantly lower in the patient group over 60 years of age [22]. This situation is
similar to our study, and in our study, the overall survival time was lower in the
group over 55 years of age. However, this difference was not statistically signifi-
cant (p = 0.3).

5. Comments

In the treatment of cerebral meningiomas, changes in the radiotherapy dose and
field designs can be predicted according to tumor grade and type of operation.
This study reflects a single center experience which includes regional patient da-
ta. The results of this study are expected to contribute data to the radiotherapy of

patients with cerebral meningioma. It is important to conduct meta-analysis of
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studies by collecting multiple center data. With future multicentre studies, radi-
otherapy doses, toxicity and survival data will be rationalized in cerebral menin-

gioma treatments.
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