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calculations. This study indicates that electronic portal 
imaging is suitable as a routine quality assurance tool for 
VMAT SRS for 4-10 brain metastasis using a single isocenter 
in combination with 6D couch. 
[1] Lewis D, et al. An efficient protocol for radiochromic 
film dosimetry combining calibration and measurement in 
a single scan, Med Phys. 2012; 39:6339-50 
[2] Nijsten SM, et al. A global calibration model for a-Si 
EPIDs used for transit dosimetry. Med Phys. 
2007;34(10):3872-84 
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Purpose or Objective 
For complex treatment such as VMAT, a patient-specific 
DQA (PS-DQA) is usually systematically performed. Debate 
is set up around the efficiency of controlling all plans. The 
goal of this study is to improve the efficiency and the 
workload of DQA for VMAT treatment using modulation 
indexes. 
Material and Methods 
Nine indexes have been studied considering 303 VMAT 
plans splitted in four groups (prostate, prostatic bed, 
female and male pelvis with lymph nodes). Each plan had 
DQA results based on γ-analysis (3%/3mm criteria and γ 
passing rate γPR≥95%, PTW 2Darray and Octavius). First, 
correlation test between indexes and γPR (R from 
Spearman Test), ROC analysis (AUC) and sensitivity score 
with 100% specificity were performed. Simultaneously, a 
study aimed to identify the machine parameters (leaves 
gap (DLG), gantry angle, dose rate and leaves offset) 
impacting the delivery accuracy. Finally, the use of 
automated planning optimization was investigated to 
adapt the degree of modulation to the clinical 
requirements. 
Results 
Only two modulation indexes out of 9 (MCSv1 and LOIC2) 
provide good results: the thresholds of MCSv=0.38 and 
LOIC=1.03% give R=0.44, AUC=0.73, sensitivity=36% and 
R=-0.52, AUC=0.79, sensitivity=33% respectively. 
Moreover, these indexes reflect the clinical plan 
complexity: mean values of MCSv/LOIC were 
0.50±0.11/0.97±0.53%, 0.35±0.07/1.37±0.44%, 
0.28±0.07/1.41±0.50% and 0.28±0.05/1.80±0.39% for 
prostate, prostatic bed, female and male pelvis with 
lymph nodes respectively.  Therefore, DQA could be 
skipped for plans with indexes below the thresholds.  
For plans with indexes beyond the thresholds, γPR are 
scattered and not correlated with indexes. LOIC reflects 
the plan sensitivity to DLG. The machine parameter study 
happens to show that the dosimetric impact is maximal 
with DLG whereas negligible for other parameters within 
the machine tolerance. For plans with a high LOIC, results 
of single day PS-DQA would depend on the DLG, which 
parameter varies over time. Therefore, a systematic DQA 
for these plans could be efficiently replaced by a daily DLG 
QA.  
Our TPS (RaystationV7) allows to create automated 
optimization standardizing processes and dosimetric 
objectives. Such a protocol was created for prostatic bed 
to limit optimization on femoral heads. Testing it on 10 
plans, mean values of MCSv were increased from 0.33±0.05 
to 0.47±0.04 and corresponding PS-DQA results were 
improved from 94.8±2.9% to 99.2±1.3%. Moreover, a TPS 
script calculates MCSv and LOIC during and after 
optimization process to manage the degree of modulation. 
Conclusion 
This study shows that systematic PS-DQA for VMAT is not 
useful for low-modulated plans and not efficient for high-
modulated plans. A daily DLG QA should ensure the 

dosimetric accuracy for the most sensitive plans. 
Moreover, the workflow can be improved by adapting the 
degree of modulation to the clinical requirements. 

1. Masi L. et al. Med.Phys. 2013 
2. Dechambre D. et al., Radiother. Oncol. 2018 
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Purpose or Objective 
Multiple brain metastases Stereotactic Radiosurgery (SRS) 
has proven its benefits over Whole Brain Radiotherapy for 
treating patients with a better prognosis1. SRS has become 
routine practice in a large number of centers thanks to 
advances in linear accelerators technology and dedicated 
software can now be used to treat Multiple Brain 
Metastases with one isocenter and several dynamic arcs. 
However, there are two major issues before setting up SRS 
for multiple brain metastases:  
-          How can we control the positioning for metastases 
that are at a certain distance from the isocenter? 
-          How can we realize dose quality assurance as 
targets are spread all over the brain? 
We performed an “end-to-end test” at our center using an 
anthropomorphic brain phantom filled with polymer-based 
gel in order to realize a complete control with 3D 
dosimetry. 
Material and Methods 
An anthropomorphic brain phantom was 3D-printed and 
irradiated with the same treatment plan as the patient it 
was originated from. The phantom was scanned and 
images were exported into the treatment planning system 
Elements Multiple Brain Mets SRS (Brainlab). Six non-
coplanar dynamic arc beams were placed to generate the 
single isocenter SRS plan to treat 5 metastases with the 
prescription dose of 9 Gy. Dose calculation was realized 
with a 1 mm resolution. This phantom was positioned on a 
linear accelerator TrueBeam (Varian) via the Brainlab 
ExacTrac imaging system and the six arc beams were 
delivered (Fig 1). After the treatment, 1 mm resolution 
multi-echo magnetic resonance images of this 
anthropomorphic phantom were acquired on a 1.5T 
system. MR images were remotely analyzed by RTsafe in 
order to provide profiles, 2D, 3D gamma index and Dose 
Volume Histogram (DVH) comparisons between measured 
and calculated dose distributions. 

 
 
Results 
Plans comparison showed slightly narrower profiles of 1 
mm at half maximum for measured dose (Fig 2). 2D gamma 
index calculations also showed a shift on the edge of the 
target when looking at the cartographies. The 3D gamma 
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index for 2 mm - 3 % was over 97% for all the targets except 
for one which was at 94.7%. Measured DVHs showed a loss 
of dose coverage of 10% for targets when looking at 95% of 
volume.  
 

 
 
Conclusion 
The 3D gamma index passed the acceptance criteria. 
However, other data showed a slight underdosage and a 
slight dose distribution shift of all targets. Tests are still 
undergoing to understand the origin of these 
discrepancies. This study demonstrates the need to 
perform “end-to-end tests” before setting up complex 
treatments such as multiple brain metastases SRS.  
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Purpose or Objective 
To commission and evaluate the eMC 13.6.23 algorithm in 
Eclipse. To replace the manual calculation of MU for 
electron treatments for a TrueBeam linac. 
Material and Methods 
Beam models at 6, 9, 12 and 16 MeV were built using the 
Varian representative data for TrueBeam linacs, with 
calibration points on the PDDs derived from measured 
values. A block of water was simulated in Eclipse and used 
to compare to measurements taken in a water tank or 
phantom. Profiles, PDDs, absolute dosimetry, applicator 
factors, cut-out factors and stand-off factors were 
compared using this method.  
20 patients, previously treated with manually calculated 
MU, were re-planned using eMC and the calculated 
monitor units compared. 
End-to-end tests were performed at 12 and 16 MeV. This 
was to test the accuracy of the beam model in conditions 
where the previously treated patients had large 
differences in the number of MUs between eMC and 
manual calculation. A wax dome was used to test 
curvature (figure 1) whereas stacked sheets of different 
density material (plastic, wood, cork and solid water) 
tested inhomogeneity.  
 

 

 
In-vivo skin surface measurements are performed at first 
fraction of treatment using TLDs according to local 
standard protocol. A retrospective audit of these 
measurements was performed to compare agreement to 
the predicted dose between manually and eMC calculated 
plans. 
Results 
 
The profiles and PDDs were compared using the Venselaar 
criteria [1]. All were acceptable but approach tolerance 
close to surface, where Eclipse systematically 
overestimates the dose in the first 1-5 mm by up to 3 %. 
The doses to a point in reference conditions matched to 
≤±0.8 %. Applicator factors agreed to ≤±1.2 %. Cut-out 
factors agreed to ≤±1.9 %. Stand-off factors agreed to 
≤±1.4 %. 
The average difference between eMC and the manually 
calculated MU for the previously treated patients was 6.2 
% with a maximum difference of 14.7 %. Patients with 
large differences had significant curvature and/or 
inhomogeneity, hence the need for the end-to-end tests. 
Eclipse calculated doses matched Roos measurements 
underneath the wax dome to ≤±2.0 % and TLD 
measurements at various points underneath the dome to 
≤±0.7 %. The inhomogeneity measurements agreed to 
≤±3.3 % with the plastic sheet and to ≤± 0.9 % in all 
combinations without the plastic sheet. A CT artefact in 
the plastic contributed to the poorer result when the 
plastic sheet was included. 
The results of the TLD audit are shown in figure 2. All 
measurements so far are within the local tolerance level 
of ±5 %.  
 

 
 
Conclusion 
All tests performed to validate the eMC beam model had 
satisfactory results, including in non-standard conditions. 
For some patients the eMC calculated MUs are significantly 
different to previous manual calculation. Patients planned 
using eMC in Eclipse have shown good agreement with skin 
dose TLD measurements. 
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Purpose or Objective 
Lung SBRT is a well-established alternative to surgery for 
inoperable early stage lung cancers. In our center, small 
peripheral lesions are mainly treated on a Cyberknife(CK) 
device at a dose of 3x18Gy (RTOG0236 study) usually 
prescribed on the isodose 80% with a type A algorithm 
(RayTracing [RT]). However, ESTRO ACROP 
recommendations are to use type B or type C algorithms 
when calculating doses in situations of small lesions 
surrounded by low density tissues and to prescribe 3x15Gy 
to D95-99%PTV. Nevertheless, these recommendations do not 




