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Abstract
Objective: Meningiomas arise from arachnoid cap cells and 

comprise the commonest benign tumor of the brain, accounting 
for more than one third of all intracranial neoplasms. Surgery and 
radiation therapy (RT) have been traditionally used in meningioma 
management. Radiosurgery is a sophisticated form of therapeutic 
irradiation with the capability of delivering high doses of radiation 
to well defined targets with typically steep dose gradients around the 
treatment volumes under robust stereotactic localization and image 
guidance. Target volume definition is an important part of menigioma 
radiosurgery. In this study, we assessed the use of multimodality 
imaging for target volume definition in radiosurgery of meningiomas.

Methodology: We included 27 patients receiving meningioma 
radiosurgery at our department. All patients were treated with high 
precision radiosurgery after multidisciplinary assessment of patients 
regarding lesion size, location, association with critical neurovascular 
structures, symptomatology, and previous treatments. Target volume 
determination was done based on using only CT images and also by 
incorporation of MR fusion to perform a comparative assessment.

Results: Comparative evaluation revealed improved target 
volume definition by incorporation of MRI into radiosurgery treatment 
planning for patients treated with radiosurgery for meningiomas.

Conclusion: Improved target definition is a pertinent goal of 
optimal radiosurgical treatment planning. Our study supports the 
utility of MRI in meningioma radiosurgery treatment planning. 
Clearly, further research is warranted to refine target definition for 
radiosurgical management of meningiomas.
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Introduction
Meningiomas arise from arachnoid cap cells and comprise 

the commonest benign tumor of the brain, accounting for more 
than one third of all intracranial neoplasms [1,2]. Meningiomas 

are typically benign tumors with an indolent disease course in 
the majority of patients, however, they may also cause severe 
symptoms depending on their location and association with 
nearby critical structures. Meningiomas may be located at 
several locations in the brain including the cavernous sinus, 
foramen magnum, cerebellopontine angle, olfactory groove, 
cerebral convexities, parasagittal/falx cerebri, intraventricular, 
intraorbital, sphenoid wing, petrous ridge, suprasellar region, 
tentorium, and posterior fossa. World Health Organization 
(WHO) classification is widely used for meningiomas. Benign, 
WHO grade I meningioma subtypes include the meningothelial, 
psammomatous, fibrous, transitional, secretory, microcystic, 
metaplastic, and lymphoplasmocyte-rich types [3]. WHO grade 
II and WHO grade III meningiomas have a lower incidence [3,4]. 
WHO grade II meningiomas include the chordoid, clear cell, 
and atypical meningiomas [3,4].WHO grade III meningiomas 
include the rhabdoid, papillary, and anaplastic types [3,4]. Due 
to the benign and indolent nature of the majority of menigiomas, 
a considerable number of patients may be observed with 
any intervention reserved for progression and occurrence of 
symptomatology. Nevertheless, meningiomas may cause a 
wide spectrum of symptoms depending on their location and 
association with critical neurovascular structures. Surgery 
and radiation therapy (RT) have been traditionally used in 
meningioma management [5]. Complete surgical removal has 
been standard if feasible, resulting in prompt resolution of 
meningioma related symptoms. RT plays a central role as a 
complementary or definitive treatment modality. Higher grade 
meningiomas have a high tendency for recurrence even after 
comprehensive surgical resection, which renders adjuvant RT a 
viable adjuvant therapeutic option for these patients [5]. A recent 
study has supported the use of RT for management of newly 
diagnosed WHO grade II meningiomas after gross total resection 
and for management of recurrent WHO grade I meningiomas to 
achieve improved local control [6].  
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Radiosurgery in the forms of Stereotactic Radiosurgery 
(SRS), Fractionated Stereotactic Radiotherapy (FSRT), 
Hypofractionated Stereotactic Radiotherapy (HFSRT), and 
Stereotactic Body Radiation Therapy (SBRT)  has emerged as 
a viable radiotherapeutic modality for management several 
benign and malign tumors throughout the human body including 
meningiomas, brain metastases, arteriovenous malformations, 
pituitary adenomas, vestibular schwannomas, cerebral cavernous 
malformations, craniopharyngiomas, glomus jugulare tumors, 
pulmonary oligometastases, and recurrent glioblastomas [7-25].

Primary advantage of radiosurgery is the ability to deliver 
high dose of radiation to well defined targets with typically 
steep dose gradients around the treatment volume under robust 
stereotactic localization and image guidance. This contemporary 
treatment modality offers high precision management of several 
intracranial and extracranial tumors with a condensed treatment 
schedule along with a favorable toxicity profile. In the context 
of meningiomas, several studies have reported the safety and 
efficacy of radiosurgery as a complementary and definitive 
treatment modality for meningiomas [14,23,25-27].

Target volume definition plays a central role in radiosurgical 
treatments. Multimodality imaging may be utilized for determining 
radiosurgery treatment volumes [28]. For radiotherapeutic 
management of meningiomas, Magnetic Resonance Imaging 
(MRI) has been utilized for several purposes including detection, 
localization and target definition, lesion characterization, 
differentiation of meningioma grades based on imaging features, 
prediction of clinical agressiveness, assessment of treatment 
response and prognosis [29-36]. In this context, we evaluated the 
incorporation of Magnetic Resonance Imaging (MRI) into target 
volume definition for radiosurgery of meningiomas in this study.

Materials and Methods
We identified 27 patients receiving meningioma radiosurgery 

at our department. All patients were treated with high 
precision radiosurgery after multidisciplinary assessment of 
patients regarding lesion size, location, association with critical 

neurovascular structures, symptomatology, and previous 
treatments. Computed Tomography (CT)  simulation was 
performed at the CT simulator (GE Lightspeed RT, GE Healthcare, 
Chalfont St. Giles, UK) at our department under stereoactic 
immobilization. Slice thickness was 1.25 for acquiring the 
planning images at the CT simulator, while a thin slice MRI was also 
performed for all patients using 1 mm slice thickness, typically 
within one week before radiosurgical treatment. CT simulation 
images were transferred to the contouring workstation (SimMD, 
GE, UK) for delineation of target volume and surrounding critical 
organs. Target volume determination was done based on using 
only CT images and also by incorporation of MR fusion to perform 
a comparative assessment. Determination of ground truth 
target volume for actual treatment and comparison purposes 
was performed by the expert group of treating physicians after 
thorough evaluation, collaboration and consensus using data from 
both CT and MRI.  While ERGO ++ (CMS, Elekta, UK) treatment 
planning system was used for radiosurgery planning, treatments 
were delivered using Synergy (Elekta, UK) Linear Accelerator 
(LINAC) under stereotactic localization and image guidance with 
kV-CBCT (kilovoltage Cone Beam CT) and XVI (X-ray Volumetric 
Imaging, Elekta, UK).         

Results
A total of 27 patients were included in the analysis. Median 

target volume was 8.1 cc (range: 2.3-31.8 cc) with CT-only 
imaging, 8.6 cc (range: 2.4-32.7 cc) with CT-MR fusion based 
imaging, and 8.5 cc (range: 2.4-32.5 cc) on consensus decision 
of all treating physicians with collaborative comprehensive 
assessment and colleague peer review. The ground truth target 
volumes decided by the expert group of treating physicians after 
thorough evaluation, collaboration and consensus using data 
from both CT and MRI were consistent with target definition 
based on CT-MR fusion based imaging in majority of the patients, 
and incorporation of MR images resulted in improved delineation 
of the meningioma lesions with less interobserver variability. 
Figure 1 illustrates planning CT and MR images of a patient with 
meningioma.

Figure 1: Planning CT and MR images of a patient with meningioma
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Discussion
Decision making for optimal treatment of meningiomas 

requires close collaboration among experts in neurosurgery, 
neuroradiology, and radiation oncology. Individual evaluation 
should be performed by the multidisciplinary team considering 
lesion size and location, association with critical neurovascular 
structures, patient age, availability of resources, logistical 
issues, patient symptomatology and preferences. If treatment 
with radiosurgery is decided, vigilance is required for target 
volume determination since radiosurgical treatments typically 
deliver high fractional doses for local control of the meningioma 
lesions. Precision in target definition is warranted to achieve an 
improved toxicity profile along with durable local control. In this 
context, multimodality imaging may facilitate accurate targeting 
through providing improved contrast resolution. MRI may add 
to the accuracy of contouring the meningioma lesions. While CT 
achieves improved assessment of bony anatomy, MRI remains to 
be a viable imaging modality for identification of the dural tail in 
meningiomas.    

Conclusion 
Improved target definition is a pertinent goal of optimal 

radiosurgical treatment planning. Our study supports the utility 
of MRI in meningioma radiosurgery treatment planning. Clearly, 
further research is warranted to refine target definition for 
radiosurgical management of meningiomas. 
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