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Background and Purpose: Stereotactic radiosurgery (SRS) utilizes 

“step-and-shoot” irradiation techniques, delivering the planned dose 

sequentially through either isocentric radiation shots (e.g., Gamma 

Knife ) or non-isocentric pencil beams (e.g., CyberKnife ). These 

methods create complex spatial and temporal dose variations, 

influencing radiation-induced DNA damage repair and ultimately 

affecting treatment outcomes. This study aims to compare the 

radiobiological effects of the two most widely used "step-and-shoot" 

SRS techniques—those implemented in the Gamma Knife (GK) and 

CyberKnife (CK) systems—for treating intracranial benign tumors.

Materials and Methods: Vestibular Schwannoma (VS) cases – with 

Koos grading scale score of 1 to 3 – treated with GK-SRS in a single 

fraction were retrospectively analyzed. A therapeutic dose of 12 Gy 

was prescribed in all cases. The VS cases were replanned in a CK 

(model VSI, Linac output rate: 800 MU/min) system employing the 

fixed collimators. Computed Tomography (CT) images, HU-to-density 

calibration data, and contoured structures utilized in GK treatment 

planning were used for CK planning. CK plan optimization strategy 

resulted in clinically deliverable plans, with a sole obligation to keep 

the VS target coverage (by the prescription dose iso-surface) higher 

than 95% to match the corresponding property of GK plans. 

For each case, the plan data were extracted from both GK and CK 
systems and used to independently calculate the dose and dose rate 
distributions for each radiation shot (for the GK system) or irradiating 
beam (for the CK system) on a voxel-by-voxel basis. The resulting 
dosimetry data were then used to obtain corresponding BED 
distributions accounting for sublethal repair effects, using the Millan 
and Canney formula [1], as revised by Pop et al [2] and employing an 
a/b ratio of 2.47 Gy.

Results: Fifteen cases were retrospectively analyzed, with clinical and 
planning details summarized in Table 1. Key findings include:
1. Different isodose lines are used to prescribed the therapeutic dose, 

with GK dose distributions being more inhomogeneous than CK 
distributions. 

2. Treatment times were similar, but beam on time (BOT) was 
significantly shorter in CK. 

3. Plan quality indices were comparable, except from coverage and 
gradient index, where GK plans showed higher coverage and lower 
gradient indices than CK plans. These findings should be interpreted 
with caution due to the retrospective nature of the study and the 
small VS tumors analyzed (median volume: 0.36 cm3)

4. GK plans exhibited higher Dmax, Dmean and marginal dose (D98) 
than CK plans, attributed to the higher inhomogeneity of the GK 
dose distributions and the small tumor volumes studied

5. BEDmin and marginal BED (BED98) were similar between the plans 

from the two systems, whereas BEDmax, and BEDmean were higher 

in GK plans due to the higher inhomogeneity of the GK dose 

distributions and the relatively small volume of the studied tumors. 

Conclusion: Robot trajectory time significantly contributes to the total 

CK treatment time, whereas in GK, treatment time depends on the 

number of radiation shots and the activity of Co-60 sources. No 

statistically significant difference was observed in BED98 delivered to the 

VS targets. Differences in mean and max dose and BED levels reflect the 

different dose prescription policy in the two SRS platforms. 
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Table 1. Statistical analysis of the studied CK and GK plans
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