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between MCO VMAT plans and standard optimization (SO) 
VMAT plans. 
Material and Methods 
SO VMAT plans and MCO VMAT plans were created for 15 
patients with head and neck cancer. Three levels of dose 
were prescribed to all patients: PTV 70Gy, 63Gy, 56Gy in 
35 fractions.Acceptable SO VMAT plans with minimal 
average dose to OARs were chosen for comparison with 
deliverable MCO VMAT plans. All the plans were reviewed, 
and the dose-volume parameters were compared between 
the MCO plans and the SO plans.VMAT pretreatment QA 
are performed comparing measured and calculated dose 
distribution in phantom (ArcCheck, SunNuclear) by means 
of gamma index (3% 3mm, Threshold 10%). A complexity 
metric of the MLC, calculated as a function of the shape 
and the aperture of MLC, and the monitor units (MU) 
number were compared. 
Results 
For both types of optimization, the dose values required 
to validate target coverage (D98% and D2%) were 
respected (< 1% difference). The dose to OARs and the 
conformation number (CN) for each PTV were compared, 
and a Wilcoxon signed-rank test was performed. MCO 
provided statistically significant reduction of Dmean (10% 
to 20%) for: parotid gland, larynx, oral cavity and Dmax 
for brainstem (p < 0.05) in which the magnitude was 
related to the overlapping volume of the corresponding 
OAR and targets.The CN with MCO allowed a gain between 
5% and 15%, and especially on the PTV 56Gy (p < 0.05). For 
the spinal cord and the brachial plexus, the study did not 
show a significant difference (p> 0.05). The active 
planning time was the same. The QA passing rate with 
gamma analysis was > 99% for both types of optimization. 
The complexity metric and the MU number are higher with 
MCO plans compared to SO plans (5% and 10% respectively) 
Conclusion 
MCO is feasible in head and neck cancer treatments 
and MCO plans significantly reduced the dose of OARs, 
without compromising the target coverage comparing to 
standard VMAT optimization. All the plans are deliverable 
by a Linac. MCO, with the navigationof Pareto plan, 
enables physicians to provide greater active clinical input 
into the VMAT planning process. 
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Purpose or Objective 
PTV margins do not account for organs at risk (OARs). 
Using more advanced techniques such as robust or 
probabilistic planning can potentially help spare OARs 
close to the CTV while still guaranteeing CTV coverage. In 
this study we compared the robustness for random and 
systematic errors of head and neck (H&N) VMAT patients 
for PTV-based and robust plans. 
Material and Methods 
Data from 8 H&N cancer patients, all treated with 2 dose 
levels of 66Gy and 54Gy over 30 fractions were used. 
Delineations for CTV1, CTV2, brainstem, spinal cord (SC), 
and parotids were used for planning, using RayStation 
v6.99. Margin plans were created following clinical 
guidelines using 4mm isotropic PTV margins and 5mm PRV 
margins for the SC and brainstem. Robust plans included 
an isotropic robustness setting of 3mm for both CTVs and 
kept the rest of the objectives the same as the margin 
plan. 
A plan evaluator was implemented to simulate treatments 
with different random and systematic translational set-up 
errors and collect relevant DVH parameters. For each 

simulated treatment, one systematic error and 30 random 
errors were selected from a Gaussian distribution, and 100 
treatments were simulated for each combination of 
random and systematic error SDs of 1, 2, 3 mm. The 
number of treatments achieving the clinical goals (Figure 
1) were counted. 
 
 

 
 
Results 
Figure 2 shows the mean and SD (over all patients) of the 
percentage of simulated treatments reaching the clinical 
goals for CTV1 and the SC as function of random and 
systematic error SD.  These percentages decrease as the 
errors increase for both the OARs and the targets, with 
systematic errors having more effect than the random 
errors, as expected.  
Comparing the two sets of plans, the margin plans have a 
consistently higher percentage of treatments in which the 
minimum dose across 1cc of CTV1 was above 90% of the 
prescribed dose. This same trend was seen in CTV2. At an 
SD combination of (1, 2 mm) the margin plans have ~90% 
of simulated treatments meeting the CTV1 constraint, 
which is consistent with the PTV margin used (2.5*1mm + 
0.7*2mm ~ 4mm).  The lower CTV coverage in the robust 
plan indicates that the robustness setting was too narrow 
compared to the utilised margin, and the closest to 90% 
coverage is the SD combination (1, 1 mm).  
 

 
 
Comparing the SD combinations with close to 90% CTV 
probability, the percentage reaching a max dose of <48Gy 
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to the SC is 92.2% for the margin plan and 98% for the 
robust plan. This same trend was seen for the other OARs. 
That is, at a similar probability of CTV coverage the robust 
plan gives a higher probability of sparing the OARs.  
Conclusion 
A 3mm robustness setting is narrower in terms of CTV 
coverage compared to a 4mm margin plan. However, at a 
similar probability of CTV coverage, the robust plan gives 
a higher probability of sparing OARs.  Future work will 
include analyses for varying robustness settings and 
include more complex uncertainties. 
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Purpose or Objective 
To compare 2 recent VMAT optimization algorithms used 
by 2 separated TPS for the radiotherapy treatment of 
breast cancer. For this purpose, complexity of each 
optimized plan was evaluated using complexity metrics 
and pre-treatment QA measurements. 
Material and Methods 
10 patients treated for non-metastatic breast cancer were 
included in the study. All patients received breast and 
lymph nodes irradiation along with a simultaneous 
integrated boost to the tumour bed. Prescription dose was 
50.4 Gy in 28 fractions to the breast/lymph nodes, and 63 
Gy in 28 fractions to the tumour bed. For all patients, 
VMAT plans were generated with 4 partial arcs of 230° 
amplitude each using both Eclipse (v.13.6) and RayStation 
(RS, v.7) TPS. Eclipse and RS optimization were 
respectively performed using Photon Optimizer and RS 
VMAT optimization algorithms. Plan optimization 
objectives, consistent for both TPS, were set to ensure 
acceptable PTV coverage and minimize dose to the 
surrounding OAR. For all plans, the following complexity 
metrics were calculated: MU (mean monitor unit per 
plan), MI (Park et al., 2014), MCSv, LT and LTMCS (Masi et 
al., 2013), and SAS with threshold 2 and 5 mm (Crowe et 
al., 2014). Pre-treatment QA were calculated using 
Varian’s Portal Dose Image Prediction (PDIP) algorithm and 
delivered on a Varian TrueBeam. Agreement between 
planned and measured dose was evaluated using Varian 
Portal Dosimetry (PD) tool with global gamma index 
analysis (criteria: 3%/3mm). In order to use PD for both 
TPS, RS plans were recalculated with fixed MU on Eclipse. 
Statistical significance (p<0.05) was evaluated using a 
paired two-sided Wilcoxon signed-rank test. 
Results 
All plans were considered clinical acceptable and no 
statistical significance was observed between Eclipse and 
RS plans for PTV coverage and mean doses to the main OAR 
(p>0.05). Significant differences were found between 
Eclipse and RS for the metrics MU, MCSv and LT indicating 
that plans optimized with RS may be less complex than 
plans optimized with Eclipse and PO algorithm, unless for 
LT which showed more important leaf travel for RS plans 
(p<0.05). However, no statistical significances were found 
for MI, LTMCS and SAS metrics (Fig. 1). Pre-treatment PD 
QA showed significantly better gamma passing rate for RS 
plans (p<0.005) indicating a better agreement between 
calculated and measured dose (Fig. 2).  
 

 
 

 
 
Conclusion 
Both VMAT optimization algorithms can produce 
equivalent dose plans regarding target coverage and OAR 
sparing for all patients of the study. Part of the complexity 
metrics analyzed in this work shows that, for a comparable 
dosimetric result, plans optimized with RS may be less 
complex than plans optimized with Eclipse and PO 
algorithm. PD results showed a higher degree of 
agreement for RS plans, indicating the influence of VMAT 
optimization algorithms on plan deliverability. Further 
work will include in depth analysis of the complexity 
metrics to better understand the impact of optimization 
algorithms on treatment delivery. 
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Purpose or Objective 
Eclipse TPS version 13.7 introduced Photon Optimizer (PO) 
optimisation algorithm. The previous Progressive 
Resolution Optimizer (PRO) engine is also available. The 
aim of this work is to evaluate the performance of PO 
against PRO for prostate VMAT treatments, both in terms 
of dosimetric quality and plan complexity, to aid choosing 
which one to use in clinical practice. 
Material and Methods 




