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Feldkirchen, Germany) can deliver safe, sequential, non-
coplanar volumetric-modulated trajectories, thus 
volumetric-modulated Dynamic WaveArc therapy 
(VMDWAT), via simultaneous rotation of the gantry and O-
ring structure. The O-ring can also safely deliver 
trajectories from the caudal direction, and VMDWAT 
appears to improve target conformity by using a variety 
of O-ring angles compared with VMAT (which delivers 
multiple straight arcs). We conducted a planning study 
using VMAT and VMDWAT to treat two brain metastases 
and compared the dose distributions to the planning 
target volume (PTV) and normal brain tissue. 
Material and Methods  
Considering the mechanical properties of the Vero4DRT, 
we included 20 patients in this study, each with two PTVs 
exceeding 2.0 cm3. VMAT and VMDWAT plans were 
created for all 20 cases. VMAT plans consisted of 1 
coplanar and 2 non-coplanar straight arcs, and VMDWAT 
plans were created using 2 non-coplanar sequential 
waved trajectories. All plans were created with a single 
isocenter and the prescribed dose was 28 Gy in five 
fractions (D99.5 = 100%). Optimization was performed to 
achieve maximum reduction in the dose delivered to 
normal brain tissue. In cases with nearby lesions, the 
conformity indices defined by the Radiation Therapy 
Oncology Group (RTOG-CI) and Paddick et al. (IP-CI) 
cannot be calculated, because the isodose lines of the 
prescribed doses merge and thus cannot be separated for 
individual targets. Thus, we modified the indices derived 
from the RTOG-CI (mRTOG-CI) and IP-CI (mIP-CI) using 
the summed dosimetric parameters of the two PTVs to 
evaluate target conformity. Data from the two plans 
were compared using the Wilcoxon signed-rank test, and 
a p-value < 0.05 was considered to indicate statistical 
significance. The treatment time included the estimated 
beam-on time and the time needed to rotate the O-ring 
and gantry between the arcs. 
 

 
 
Results  
The median PTV was 5.5 (range: 2.1–28.3) cm3. VMDWAT 
significantly improved the mRTOG-CI and mIP-CI and 
reduced the volumes of normal brain tissue receiving 25 
and 28 Gy compared with VMAT. We found no significant 
difference between the two modalities in terms of the 
volumes of normal brain tissue receiving 5, 10, 12, 15, 
and 20 Gy. The mean treatment time was significantly 
shorter for VMDWAT than VMAT (247 s and 271 s, 
respectively). 
 

 
Conclusion  
VMDWAT exhibited a significantly better dose distribution 
than did VMAT when treating two brain metastases. 
Single-isocenter VMDWAT is a promising treatment for 
brain metastases. 
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Purpose or Objective  
Radiotherapy planning for the Unity MR Linac (MRL) 
(Elekta, Stockholm, Sweden) is performed in the Elekta 
Monaco treatment planning system. The MRL can deliver 
static beam step-and-shoot and has the collimator fixed 
at 90 degrees. This investigation aims at comparing the 
clinical quality of dose plans for curative treatment of 
prostate cancer created in Monaco, including the effect 
of a 1.5 T magnetic field but without daily plan 
adaptation, to our current clinical standard treatment 
plans. 
Material and Methods  
Twenty consecutive prostate cancer patients treated with 
78 Gy to the prostate and 56 Gy to pelvic lymph nodes in 
39 fractions were included. The clinical plans were 
created in Pinnacle ver. 9.10 (Philips, WI, USA) using 
Autoplan (AP) with a 6 or 18 MV single, full-arc VMAT plan 
on a 160 leaf MLC Elekta Agility (15 patients) or 80 leaf 
MLC Elekta Synergy (5 patients). New plans were created 
for the 7 MV MRL (160 leaf MLC) in Monaco (research 
software ver. 5.19.3) on the original planning CT and 
structure set. A template was developed to match our 
clinical standard and used to set up 9 static beams. Up to 
225 segments with at least 4 MUs were allowed. 
During MRL planning, the planning time was recorded and 
the treatment planner was blinded to the clinical plans. 
The clinical quality of all MRL plans was evaluated by an 
experienced oncologist. The plan quality was also 
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evaluated by comparing DVHs and dose metrics. All 
differences were tested for statistical significance with a 
Wilcoxon signed rank test.  

 
 

 
 
Results  
All plans created in Monaco for MRL treatment were 
evaluated as clinically acceptable for delivery by the 
oncologist. DVH comparison showed similar dose 
distributions for both targets and OAR for all patients as 
illustrated by the figure and table. Small, but statistically 
significant, differences were seen in OAR doses, some 
favoring Pinnacle AP and others the MRL plans. These 
differences were assessed as clinically irrelevant. The 
MRL plans employed 137 segments on average (ranging 
from 103 to 173) and an increased number of MUs relative 
to the clinical plans. The mean planning time was 64 
minutes, of which 44 minutes were computer calculation 
time and 20 minutes spent by the planner on setup and 
optimization. 
Conclusion  
It was possible to create MRL dose plans of clinically 
acceptable quality in the presence of a strong magnetic 
field and constraints on delivery technique of the MRL for 
all patients. The time spent on MRL planning was 

acceptable. Target conformity and OAR dose was similar 
to the clinical Pinnacle AP. Future daily plan adaptation 
will allow margin reduction in clinical practice on the 
MRL and will potentially further reduce the dose to the 
OAR. 
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Purpose or Objective  
Proton therapy is more sensitive (less robust) to 
geometrical and density uncertainties than photon 
therapy. Especially in lung cancer, where breathing 
motion demonstrated to increase these uncertainties, it 
is essential to thoroughly verify the robustness of proton 
therapy delivery procedures. Pencil-beam scanned 
intensity modulated proton therapy (IMPT) has the 
potential to reduce the dose to heart and lungs. 
Therefore, the aim of this study was to test the 
robustness of IMPT on weekly 4D repeat CT scans and to 
compare the robustness and organ sparing capabilities of 
IMPT to that obtained with volumetric arc photon therapy 
(VMAT). 
Material and Methods  
Twelve lung cancer patients, scheduled for curative 
chemoradiation, underwent a 4D planning-CT (pCT0) and 
5 weekly 4D repeat-CT scans. 4D-average scans were used 
for this study. CTVs were delineated on pCT0 and on 
repeat-CT scans. For VMAT only, a PTV was created. 
VMAT plans on pCT0 were optimised for adequate PTV 
coverage (D98 ≥ 57 Gy), spinal cord dose (Dmax < 50Gy), 
and minimal heart and lung dose. IMPT plans were 
optimised with similar objectives using CTV-based robust 
planning and reviewed by a radiation oncologist. Finally, 
VMAT and IMPT plans were reconstructed on each weekly 
repeat-CT including setup (2 mm) and range (3%) error 
scenarios. Accumulated dose distributions were obtained 
by deforming and summing the weekly reconstructed 
dose distribution back to the reference pCT0 simulating 5 
fractions per repeat-CT. In case of inadequate summed 
CTV coverage on pCT0, the effect of treatment plan 
adaptation on one or more repeat CTs was simulated. 
Results  
The summed doses from the weekly repeat-CTs on pCT0 
resulted in adequate CTV coverage for all 12 VMAT plans 
and for 10 out of 12 IMPT plans (Table). In 2 patients, 
IMPT treatment plan adaptation was required. Adapted 
plans in the first week (one patient) and in the first and 
second week (one patient) then also resulted in adequate 
CTV coverage in the accumulated plan. The summed CTV 
D98 on pCT0 was > 57 Gy in all plans and patients. On 
average the D98 was 58.1 Gy with VMAT and 57.9 Gy with 
IMPT. The spinal cord tolerance dose was exceeded in 2 
patients by the VMAT plans only (with 0.5 Gy and 1.0 Gy, 
respectively). The average mean heart dose with VMAT 
was 5.5 Gy (SD: 7.5 Gy; range: 0.2 – 24.8 Gy) and with 
IMPT 0.9 Gy (SD: 1.0; range: 0.0 – 3.1 Gy; p < 0.01). The 
average mean lung dose with VMAT was 10.1 Gy (SD: 2.7 
Gy; range: 6.0 – 14.2 Gy) and with IMPT 6.6 Gy (SD: 2.1; 
range: 2.8 – 10.7 Gy; p < 0.01). 
Conclusion  
Robust planned IMPT for lung cancer, with optional 
weekly plan adaptation, resulted in adequate target 
coverage similar to that of PTV-planned VMAT. Inter-
fractional variation for breathing and anatomy were 
considered in this analysis under various error scenarios. 
With IMPT, no spinal cord dose thresholds were violated 
and significant and clinically relevant dose reductions 
were obtained for the heart and lungs compared to 
VMAT.  




