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swallowing organs (Table 1, bold) varied from zero to 
several months. 
Results  
All target volumes were covered and all critical organs, 
such as spinal cord and brainstem were well spared in all 
dose plans. However, for the swallowing organs large 
variations were observed with standard deviations (SD) of 
up to 6.6Gy (lower pharyngeal constrictor muscle, PCM) 
from the mean, corresponding to a dose difference of 
10Gy between the lowest (35Gy) and the highest (45Gy) 
dose to the lower PCM, see Fig. 1 (blue), which also 
shows the results for contralateral parotid (red). Other 
organs with large differences in obtained sparing were 
glottic (SD=5.5Gy) and supraglottic larynx (SD=5.1Gy). In 
general, the SD of the mean dose to the swallowing OARs 
varied between 2Gy and 7Gy indicating large differences 
in the sparing of these organs (Table 1).  
 

 
 
 

 
Conclusion  
In general, the majority of the dose constraints to the 
OARs were respected. However, the large variations in 
obtained mean doses to the swallowing OARs indicates a 
need for additional training, exchange of experience, 
more dummy runs and workshops to improve treatment 
quality. 
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Purpose or Objective  
In SBRT, non-coplanar beam set-ups are often used to 
minimize the dose to normal tissues. Generally, 
volumetric modulated arc therapy (VMAT) results in 
reduced dose conformality, but allows much shorter 
treatment delivery times. In this study, we quantified for 
prostate SBRT the potential of improving the coplanar 
VMAT dose distribution by adding a single, computer-
optimized non-coplanar IMRT beam (VMAT+1). 
Material and Methods  
For 20 prostate SBRT patients prescribed to 38 Gy in 4 
fractions, VMAT+1 plans were benchmarked against a) 
VMAT plans b) VMAT plans with 3 or 5 computer-
optimized non-coplanar IMRT beams (VMAT+3 and 
VMAT+5, respectively) and c) IMRT plans with 30 
computer-optimized non-coplanar beams (30NCP). VMAT 
was always delivered with two full coplanar arcs. All 
plans were clinically deliverable at an Elekta linac, and 
were generated using our platform for fully automated 
multi-criterial treatment planning. Non-coplanar IMRT 
beam directions were defined by beam angle 
optimization as implemented in the optimizer.  
Results  
For comparison, all plans were normalized to have 
identical PTV coverage (i.e., V38Gy = 95%). With VMAT+1, 
doses to rectum and bladder were significantly reduced 
compared to VMAT, with mean percentage differences of 
3-16% for rectum D2%, Dmean, V40GyEq and V60GyEq, and 
bladder D2% and Dmean (all p ≤ 0.001, see Fig. 1). The 
patient integral dose, quantified by V5Gy, V10Gy, V20Gy and 
V30Gy was significantly lower with VMAT+1, with mean 
reductions of 6%, 7%, 4% and 1%, respectively (p ≤ 0.006) 
compared to VMAT. This improvement in plan quality only 
required 7% longer beam-on time (p = 0.091). The weight 
of the non-coplanar IMRT beam in the VMAT+1 plan was 
6.2% ± 5.6% on average. Rectum V40GyEq, V60GyEq and 
integral dose parameters could be reduced more by using 
VMAT+3 or VMAT+5, but this required significantly longer 
delivery times. This applied even more for 30NCP plans 
(Fig. 1). 
 

 
Conclusion  
For prostate SBRT, combining VMAT with a single 
computer-optimized non-coplanar IMRT beam 
significantly enhanced plan quality with a minor increase 
in beam delivery time. 
 
 
 




