Optimisation of Elements beam model and Integral
ality Monitor dose calculation model for single
re multiple brainmets patient specific dosimetry

Mekala Chandrasekaran?, Rachel Barlow!, Kilian Michel?,
Laura Smith', Alexandros Papangelou', Nael Khater?,
Claire Birch’
niversity Hospital Southampton NHS Foundation Trust,
g Southampton, United Kingdom 2iRT Systems GmbH,
; Koblenz, Germany

K 10 2023, Liverpool, United Kingdom

!
- of
- VY
Y4 .

\ A -y

N o
ok \) o i w,a adi 2
il LK SR

University Hospital Southampton INHS'|

NHS Foundation Trust



Background

Elements treatment planning system (Brainlab Limited, Germany) and
Integral Quality Monitor (IQM, /IRT Systems GmbH, Germany) were
acquired in our department to enable single isocentre treatment for
multiple brainmets (MBM) and patient specific dosimetry (PSD) for
Elekta Agility Versa HD linac.

This study aimed to find the best fit Elements multi leaf collimator (MLC)
parameters and improve the accuracy of the IQM dose calculation
model for small field dosimetry.
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Method

The IQM system was originally commissioned for field sizes from 1x1 cm? and above as
per default manufacturer requirement. This did not include very small fields of sub
centimetre sizes that are relevant for stereotactic treatments. To improve IQM beam model
accuracy, additional area output factors were measured for very small field sizes down to
0.3x0.5 cm? as highlighted in yellow in figure 1.
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Fig. 1: List of small field area output factors measured to improve small field IQM beam modelling
University Hospital Southampton INHS'|

NHS Foundation Trust




Method

5 different Elements beam models were generated for Elekta Agility 6MVFFF
energy, Versa HD MLC with varying minimum MLC gaps ranging from 0 to 5
mm. In addition, the number of guard leaves were set to 0 and home position of
closed leaves behind the Y diaphragm were set to be at the centre in order to
correctly mimic their position for dynamic treatment delivery.

Fig. 2: IQM attached fto linac head for measurement (left) Elements single isocentre treatment
plan for 7 MBM (right)
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Method

« Treatment plans were generated for solitary brainmets and single
iIsocentre treating 2-7 MBM using all 5 beam models.

« The treatment plan file was exported for IQM reference signal
calculation after which the plans were measured with IQM.

» Additionally, 20 clinical test plans were done with the best fit beam
model parameters and measured with IQM.
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Results

« Agreement of measurements against the calculated cumulative and
segment-by-segment signal were assessed for plans done with all 5 beam
models.

» Atotal of 128 arcs and 1903 segments were evaluated.

* A minimum leaf gap of 0 mm gave the best agreement with IQM
measurements as it accurately modelled the varying effective rounded end
leaf gap of unused MLCs between lesions.

« Distribution of data points and segment-by-segment deviation measured
against the field size.
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Results
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Fig. 3a: Distribution of data points measured against the field size
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Results
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Fig. 3b: Distribution of average segment-by-segment deviation measured against the field size
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Results

« The average segment-by-segment deviation between calculated and
measured IQM signals for small fields were found to be within 3%.

 All clinical test plans matched the final cumulative signal deviation criteria.

« All measured clinical test plans passed the watch and action level set on
the cumulative signal.

« However, only 15/20 clinical plans passed the segment-by-segment pass
rate which was attributed to high signal fluctuations between the
measured control points.

« But these clinical plans were found to be within the watch level.
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Signal Uncertainty per Segment (Cumulative)
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Fig. 4a: Measured cumulative deviation against the watch and action level tolerance corridors
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Results
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Fig. 4b: Measured segment-by-segment deviation against the watch and action level tolerance corridors
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Results

Based on the evaluation, a watch level of + 3% and action level of -6.3% and +4%
were set as the tolerance for all routine stereotactic patient specific dosimetry.

Conclusion

Best fit MLC parameters for the Elements beam model were determined and IQM
small field dose calculation model was improved enabling clinical implementation
of IQM for PSD of single isocentre treatment for MBM.
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Thank you!!
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