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ABSTRACT----

Background: Radiation therapy (RT) volumes for intracranial germ cell tumors (GCTs) may include focal treatment
volumes, whole ventricle irradiation, whole brain irradiation, or irradiation of the entire neuroaxis. RT doses and
volumes for management of primary intracranial GCTs have been an area of active research over the years. Improved
sparing of critical organs by use of less extensive RT volumes and lower doses has been investigated for avoiding
excessive morbidity of treatment. Herein, we assess intracranial GCT treatment volume determination.

Methods: Treatment volume definition for intracranial GCT by incorporation of Magnetic Resonance Imaging (MRI)
was comparatively assessed in our study. Reference volume for comparison purposes was defined after thorough
assessment and collaboration of the board certified radiation oncologists. Definition of radiosurgery target volume
was based solely on CT images or fusion of CT with MRI. Comparative evaluation of treatment volume determination
was performed.

Results: Ground truth target volume defined after thorough evaluation and collaboration of the board certified
radiation oncologists was similar with treatment volume definition based on CT-MR fusion based imaging.
Conclusions: In conclusion, radiosurgery treatment planning for intracranial GCTs may be improved by
incorporation of MRI into target definition process. Clearly, further studies are warranted to draw firm conclusions
on optimal target definition for intracranial GCT radiosurgery.

Keywords---- germ cell tumor (GCT), stereotactic radiosurgery (SRS), target volume, magnetic resonance imaging
(MRI)

1. INTRODUCTION

Primary intracranial germ cell tumors (GCTs) comprise a heterogeneous group of tumors accounting for less
than 5% of all central nervous system (CNS) tumors in Western countries, but the incidence is typically higher in the
Eastern regions of Asia [1-3]. Most common location for primary intracranial GCTs is the midline region of the brain
around the third ventricle, with the majority of lesions occurring in the suprasellar cistern, pineal gland, and
neurohypophseal area. Other locations for primary intracranial GCTs include the basal ganglia, thalamic nuclei, and floor
of fourth ventricle. There is male preponderance for primary intracranial GCTSs.

Primary therapeutic options for primary intracranial GCTs include surgery, chemotherapy, and radiation therapy
(RT). Surgical intervention may be utilized for establishing the histopathological diagnosis and management of
symptoms due to tumor compression. Nevertheless, extensive surgical resection may not be feasible due to the critical
location of some tumors in the vicinity of several vital structures. RT plays a major role in the management of patients
with primary intracranial GCTs.

RT volumes for primary intracranial GCTs may include focal treatment volumes, whole ventricle irradiation,
whole brain irradiation, or irradiation of the entire neuroaxis. RT doses and volumes for management of primary
intracranial GCTs have been an area of active research over the years [4-10].

Optimal sparing of normal tissues has been a pertinent goal of RT in recent years to achieve an improved
toxicity profile for patients with primary intracranial GCTs. In this context, contemporary RT strategies such as Image
Guided Radiation Therapy (IGRT), Intensity Modulated Radiation Therapy (IMRT), precision particle threapy, and
radiosurgery in the forms of Stereotactic Radiosurgery (SRS) and Hypofractionated Stereotactic Radiation Therapy
(HFSRT) have been utilized to improve the therapeutic ratio. Favorable overall survival rates achieved with advanced
technologies and effective treatments have rendered quality-of-life a critical aspect of patient management. Improved
sparing of critical organs by use of less extensive RT volumes and lower doses has been investigated for avoiding
excessive morbidity of treatment [11,12].
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Radiosurgical applications are used to treat several tumors in the central nervous system and other locations [13-
28]. Due to the high and ablative doses delivered in a single fraction or a few fractions with radiosurgery, small lesions
are best suited for radiosurgical management with improved precision in target localization. The rationale is delivery of
high doses to well-defined targets to achieve improved local control with optimal normal tissue sparing. In the context of
primary intracranial GCT management, radiosurgery may be considered for salvage treatment of recurrent lesions given
the limited tolerance of surrounding critical organs due to upfront radiotherapeutic management [29,30]. Although not
widely utilized, upfront radiosurgery has also been used for management of primary intracranial GCTs [31].
Target volume definition is a critical aspect of radiosurgery since smaller volumes are treated with high dose per fraction.
Traditionally, treatment planning for radiosurgery is based on Computed Tomography (CT). Herein, we assess
intracranial GCT treatment volume determination and provide a concise review of relevant literature.

2. METHODS

Definition of intracranial GCT treatment volumes based on incorporation of Magnetic Resonance Imaging
(MRI) was comparatively assessed in our study. Reference treatment volume was defined after thorough assessment and
collaboration of the board certified radiation oncologists. Treatment by radiosurgical management was concluded after
comprehensively evaluating patient, tumor and treatment related factors by a multidisciplinary team of experts from
neuroradiology, oncology, and neurosurgery. Computed Tomography (CT)-simulation was done and then target volumes
with surrounding normal tissues delineated. Determination of radiosurgery target volume was based on solely CT or
fusion of CT and MRI. Comparative evaluation of treatment volume determination was performed. Ground truth target
volume definition has been accomplished by the board certified treating physicians after thorough collaboration and
consensus. Synergy (Elekta, UK) Linear Accelerator (LINAC) has been utilized for radiosurgery treatment delivery.
Image Guided Radiation Therapy (IGRT) techniques such as kV-CBCT (kilovoltage Cone Beam CT) and XVI (X-ray
Volumetric Imaging, Elekta, UK) have been routinely utilized for verification of treatment.

3. RESULTS AND DISCUSSION

Definition of treatment volume for radiosurgery was assessed. Ground truth target volume defined after
thorough evaluation and collaboration of the board certified radiation oncologists was similar with treatment volume
definition based on fused CT and MRI.

A single 360-degree arc, double 360-degree arcs, or five 180-degree arcs have been selected for radiosurgery
planning to achieve optimal institutional planning objectives. Windows and levels of the planning CT-simulation images
have been adjusted to achieve improved visualization of target and critical structures. Coronal and sagittal images have
been used in addition to axial images to improve precision in target and critical structure delineation. Target coverage
and normal tissue sparing has been optimized further by utilizing the Arc Modulation Optimization Algorithm (AMOA).
Figure 1 shows axial planning CT image. Axial MRI of intracranial GCT is demonstrated on Figure 2.
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Figure 2- Intracranial GCT shown on MRI

RT serves as a major component of intracranial GCT management. Recent years have witnessed unprecedented
advances in the discipline of radiation oncology including Image Guided Radiation Therapy (IGRT), Adaptive Radiation
Therapy (ART), Intensity Modulated Radiation Therapy (IMRT), Breathing Adapted Radiation Therapy (BART), and
stereotactic irradiation with Stereotactic Radiosurgery (SRS), Hypofractionated Stereotactic Radiation Therapy
(HFSRT), and Stereotactic Body Radiation Therapy (SBRT) [32-39]. In the context of intracranial GCT management,
irradiation with less extensive treatment portals and lower doses has been investigated for improved normal tissue
sparing and quality of life. Given the relatively long survival of patients with intracranial GCTs, treatment related
morbidity has been considered as a pertinent endpoint. Contemporary technologies for RT delivery such as SRS and
HFSRT provide focused irradiation of well defined targets with optimal sparing of surrounding critical structures. SRS
and HFSRT has been utilized for management of intracranial GCT as well as several other intracranial benign and
malignant tumors [29-31]. Primary advantage of radiosurgical management is the capability of delivering high and
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effective doses with negligible normal tissue exposure. However, target definition comprises a very critical part of
radiosurgery since inaccurate target contouring may result in either geographical miss or excessive exposure of
surrounding normal tissues resulting in severe treatment related toxicity. In this context, multimodality imaging may add
to the accuracy of target definition for radiosurgery of intracranial GCTs. Indeed several other studies have demonstrated
refined treatment volume determination by including MRI to the process of target determination [39-51].

Our study adds to the growing body of evidence by reporting improved target definition by incorporation of
MRI into radiosurgery treatment planning for intracranial GCTs. Since MRI may provide additional imaging data which
may be judiciously incorporated for improved target determination, precise localization of intracranial GCTs may be
achieved by complementing the planning CT images with fusion of MRI. Nevertheless, further imaging data may be
required for improved accuracy in target definition for intracranial GCT radiosurgery to achieve optimal treatment
outcomes.

4. CONCLUSIONS
In conclusion, radiosurgery treatment planning for intracranial GCTs may be improved by incorporation of MRI
into target definition process. Clearly, further studies are warranted to draw firm conclusions on optimal target definition
for intracranial GCT radiosurgery.

5. LIMITATIONS
Although our study focuses on target definition for intracanial GCT radiosurgery which is poorly addressed in
the literature, further supporting data from future studies may be needed for establishing a consensus for precise target
definition.
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