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ABSTRACT

Objective: To evaluate the impact of stereotactic radiosurgery (SRS) with a cyberknife system on intracranial meningioma in terms of
disease control / clinical outcome and radiological assessment according to the site and histological grading.

Study Design: Observational study.

Place and Duration of the Study: Cyberknife Department, Jinnah Postgraduate Medical Centre, Karachi, Pakistan, from March 2023 to
May 2024.

Methodology: The study comprised 196 patients, out of which 138 were preoperative and 58 were postoperative patients. Inclusion
criteria were biopsy-proven patients or those confirmed via imaging having lesions either unsuitable for surgery or having residual
disease after surgery. Patients with atypical features of meningioma / asymptomatic were excluded from the study. The 3D T1 contrast
and FLAIR sequence were used for preoperative planning; BTFE sequence was also used in cases of CP angle meningioma. Mean radia-
tion dosage 24.3 + 23.0 Gy was used in 3-5 fractions. Following radiosurgery, all patients underwent six months of clinical and radiolog-
ical follow-up with contrast-enhanced MRI of brain.

Results: The mean age of patients was found to be 47.25 + 13.91 years (10-81 years). Female gender was more frequently reported (n
= 126, 64.29%) as compared to males (n = 70, 35.71%). The right side of the brain was more involved than the left. The most common
sites were cerebellopontine angles in 61 (31.1%). The most common symptom was headache in 84 (42.85%) patients. About 32
(16.32%) cases were biopsy-proven Grade | and 14 (7.14%) cases were Grade Il, while the rest 150 (76.53%) were selected on imaging.
On follow-up imaging, radiological findings on MRI showed that the disease was stable in 126 (65.0%) patients and reduced in 64
(33.0%) patients with no oedema.

Conclusion: This study concluded that radiosurgery is a safe option for treating intracranial meningioma with a satisfactory radiological

response and clinical improvement.
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INTRODUCTION

Overall, meningiomas represent 36.6% of all adult brain tumours
and 54.5% of non-malignant brain tumours in accordance with
the Central Brain Tumour Registry of the United States
(CBTRUS). In Pakistan, meningiomas constitute 15.6% of all
intracranial tumours making them one of the prevalent
tumours." It occurs more frequently in females than in males and
if left untreated it can grow and affect various areas of the brain
causing severe disease."* Some patients exhibit symptoms upon
initial diagnosis such as seizures, headache, vision abnormali-
ties, and extremity weakness. Many are without symptoms,
making them one of the most frequently discovered incidental
braintumoursonimaging.’
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The gold standard for categorising histological and aetiological
meningioma factors is the World Health Organization's (WHO)
grading system which divides the meningiomas into three
grades: Benign (grade I), atypical (grade Il), and anaplastic
(gradelll), further comprised 15 subtypes.*’

The conventional recommendation for small, asymptomatic
meningiomas is to wait and observe. However, surgical proce-
dures are the preferred method for treating symptomatic menin-
giomas. Eventhough meningiomas are benign tumours, the high
incidence rates and complicated surgical interventions present
challenges for practitioners.®’ Stereotactic radiosurgery (SRS)
is a distinct discipline which is now more frequently being
conducted as compared to the past, predominantly for residual /
recurrent disease aftersurgical removal and difficult areas of the
brain where surgery is not possible.? It utilises highly accurate,
ablative cancer-killing doses of radiation to inactivate or eradi-
cate a defined target without the need to make an incision while
minimising radiationto healthy tissueand critical structures.’

Therefore, theaim ofthis study wastoassess the response of SRS
to meningioma radiologically and clinically in patients attending
theRadiology Department.
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METHODOLOGY

This prospective observational study was conducted from
March 2023 to May 2024 at the Department of Cyberknife,
Jinnah Postgraduate Medical Centre (JPMC), Karachi, Pakistan,
using a consecutive non-probability sampling method. The
study was approved by the Institutional Review Board (IRB) of
the JPMC. One hundred and ninety-six patients were included
inthestudy, outofwhich 138 were preoperative (suchascaver-
nous sinus meningioma, those in supra sellar location or close
to optic chiasm) with either difficult surgical approach/inoper-
able due to closely abutting importing anatomical struc-
tures/vessels and 58 were postoperative patients’ majority
biopsy-proven Grade | meningiomas and residual tumours
were included in the study. Patients with atypical features of
meningioma / asymptomatic were excluded from the study
due to variations in the grade and separate radiation dose
requirements.

All patients signed an informed consent that permitted the use
of clinical, pathological, and imaging data with confidentiality
atthetime of hospitalisation. The planning involved the use of
3D T1 contrast and the FLAIR sequence, although some
patients underwent BTFE sequence use, particularly in cases
of CPangle meningioma. The mean radiation dosage was 24.3
+ 23.0 Gy (18-30 Gy), used in 3-5 fractions. Following radio-
surgery, all patientsunderwentsixmonthsand oneyearofclin-
ical and radiological follow-up, including an MRI of the brain
with contrast. After five years, patients who still showed no
symptoms were scheduled for annual follow-up examination
for observation only. The age and gender of the patients were
noted in medical charts that were checked and entered into an
identified database. Seizures, loss of memory, visual distur-
bances, migraines, nausea, vomiting, cranial neuropathy,
hearing impairment, ataxia, and paresthesia were among the
symptomsthat were examined.

The data were analysed using the software SPSS version 20.0.
Means and standard deviations were used to express age and
radiation dosage. Demographic features, including gender,
side involvement in meningioma, distribution of tumour loca-
tion, presenting signs and symptoms, grading, and clinical
outcome after radiosurgery, were expressed as frequencies
and percentages.

RESULTS

Outof196 patients, themeanagewas47.25 = 13.91years, with
female predominance (F>M), i.e., 126 (64.29%) femalesand 70
(35.71%) males. Theright side of the brain was more frequently
involvedin110(56.12%) cases than the left side in 86 (43.88%)
cases.

The distribution of tumour location revealed that the most
common sites were cerebellopontineanglein 61 (31.1%) cases,
parasagittal/parafalcine in 30 (15.3%), temporal in 20 (10.2%),
parietal region in 20 (10.2%) cases, sphenoid wing in 32
(16.32%) cases and optic canal 5 (2.55%) each, and the rest of

the 23 (11.73%) included frontal, cavernous, choroid, olfactory
groove, petroclival,and suprasellarregions.

As far as the presenting complaint of meningioma is concerned,
the most common symptom was headache in 84 (42.85%)
patients, vertigoin 38 (19.4%), visual symptomsin 35(17.85%),
body weakness was reported in 18 (9.2%) patients, fits in 14
(7.1%), and 7 (3.57%) patients had other symptoms such as
hearing loss, facial palsy, and vomiting, according to the pres-
sure effectandsite ofthe tumour.

It was established that approximately 58 (29.6%) patients had
undergone previous surgery and were referred to radiosurgery
for residual/recurrent disease while 138 (70.4%) patients had
no history of surgery and were selected on imaging. About 32
(16.32%) cases were biopsy-proven Grade |, and 14 (7.14%)
cases were Grade I, while the rest were not proven by histo-
pathology. The mean radiation dosage was 24.3 £ 23.0 Gy
(range 18-30 Gy), offeredin 3-5 fractions. On follow-upimaging,
radiological findings on MRl showed that the disease was stable
in 126 (65.0%) patients, reduced in 64 (33.0%) patients with no
oedema and reduced enhancementand necrosis, and had clini-
cally improved symptoms, while 4 (2.0%) patients showed mild
or moderate oedema after radiosurgery, which resolved on
subsequent follow-up imaging. Clinically, the disease was
stable in 32 (16.0%) patients and reduced in 160 (82.0%)
patients. Clinically, four cases, and radiologically, two cases of
Grade Il meningioma were seen with the progression of the
diseaseasshowninFigure 1.
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Figure 1: Illustration of outcomes of SRS on intracranial
meningioma.

DISCUSSION

Cyberknife stereotactic radiosurgery is the preferred treat-
ment option globally. In Pakistan, itis gaining popularity and is
considered in the management of meningioma. It ablates
tumours while minimising radiation to healthy tissue and critical
structures.'®'" The main reason for conducting this study was
limited local data on SRS response to meningioma in Pakistan.
The results of the current study have shown commendatory
outcomes of SRS with no presentation of complications. A
thorough review of the literature revealed below-mentioned
similardatafrom Pakistan.

Shah et al. in a cohort sub-analysis included 32 centres which
indicated that meningiomas represent 15.6% of all intracranial
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tumoursin Pakistan with more occurrenceinthe female popula-
tion (236, 55%) than in males. The mean age at diagnosis was
43.7 + 19.9 years. Meningiomas had a predominance for the
right hemisphere of the brainat 203 (47.32%) tumours and 267
(62.2%) of the tumours in the frontal and parietal lobes. The
study found that 174 (61.3%) of all meningiomas diagnosed in
Pakistan in 2019 were Grade | tumours, which was also the most
commonly occurring tumour grade.**** The demographics of
the present study are partially consistent with this study and
revealed that the mean age of the meningioma patients was
47.25 + 13.91 years, with female predilection 126 (64.29%) over
males 70 (35.71%). About 32 (16.32%) cases were biopsy-proven
Gradeland14(7.14%)caseswere Gradell. Asfarasthelocation of
meningioma was concerned, the most common sites in the study
werethe cerebellopontineanglein61(31.1%) cases, parasagittal
/parafalcine 30 (15.3%), however, according to Shahetal., frontal
regionismost-commonly affected.

Several studies identified the benefits and complications of
radiosurgery in patients with meningiomas.

In Pakistan, the treatment response of SRS on different benign
aswellas malignanttumours has been reported as Saeed et al.
discussedthe outcomesof SRSon pituitaryadenoma, neverthe-
less, SRS response on meningioma has only been reported in
international journals.*

Huang et al. found effective and well-tolerated outcomes in
intracranial meningioma without significant side effects. The
planningwasdoneon 3D T1 contrastand FLAIR sequences. SRS
with a mean radiation dose of 12-22 Gy (mean 15 Gy) was
given to 26 lesions. Contrast-enhanced MRI was utilised in the
follow-up of the patients. The tumour control rate was 92.3%in
SRS group, with 2 patientsinthe SRS group suffering fromwors-
ening neurological deficits.”>" In the current study, the mean
radiation dosage was 24.3 £ 23.0 Gy (range 18-30 Gy), offered
in 3-5 fractions. In planning additional BTFE sequence was
utilised, especially in CP angle meningioma to assess cranial
nerves and follow-up after SRS was done on MRI brain with
gadolinium as in the above study. On follow-up imaging, the
disease was stable in 126 (65.0%) patients, reduced in 64
(33.0%) patients with no oedema and reduced enhancement
and necrosis, and had clinically improved symptoms. Four
(2.0%) patients showed mild or moderate oedema after radio-
surgery whichresolved on subsequentfollow-upimaging.

Pollock et al. reported radiation-related complications in 4.8%
of patients and Hanna et al. reported a complication rate in 8%
of their patients.”*®* However, in the present study complica-
tionrateisaslowas2%.

There are a few limitations of this study. For instance, tumour
size was assessed but not included in the variables. Further-
more, the follow-up assessment period was limited to one year
in the current study. Despite these limitations, there are many
benefits of this study. Firstly, this study has reported a signifi-
cant number of meningioma cases, undergone SRS treatment
and follow-up.**?"

Very few patients reported radiation-induced complications in
this study, which proves that cyberknife stereotactic radio-
surgery is the preferred treatment, especially for patients with
recurrent / residual diseases. Finally, this study provides data
from one of the largest tertiary care hospital of Pakistan that
offersrobotic surgery free-of-cost.

CONCLUSION

This study concluded that radiosurgery is a safe option for
treating intracranial meningioma with good radiological
response and clinical improvement and a good palliative
modality for recurrent disease. MRI brain with contrast is found
to be helpful in radiological assessment. Longer follow-up with
conventional MRlismandatory.
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