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Purpose
Tumour motion management (TMM) typically consists of measuring, quantifying and 
mitigating the tumour motion. Each of these steps is affected by latencies (eg. image 
acquisition, data transfer, etc) in the order of a few 100 ms. For tumour motion tracking 
these latencies are not negligible. Thus, motion prediction is required.
In our work, we developed and validated a long short-term memory (LSTM) neural network 
for breathing motion prediction of an optical surface scanner signal.

Materials and Methods
The training data for the LSTM network was based on breathing data of 25 healthy 
volunteers performing 5 min of regular breathing followed by 1 min of chest breathing and 
1 min of abdominal breathing. The validation dataset was based on four patients 
undergoing treatment with concurrent surface scanner imaging.
For training of the LSTM model the breathing signal of the healthy volunteers was divided 
into training data and test data to perform hyper-parameter tuning. The best model was 
validated by performing a prediction on the patient dataset with a prediction horizon of 500 
ms. The quality of the prediction was quantified by calculating the root mean square error 
(RSME) of the predicted data compared to the actual breathing 
signal for both the amplitude and the breathing phase.
.

Results
The mean breathing amplitude of the healthy volunteer dataset was 6.6 mm. For 
Patient 1, 2, 3 and 4 it was 1.2 mm, 4.5 mm, 1.0 mm and 20 mm, respectively.
The RSME for a prediction horizon of 500 ms for Patient 1, 2, 3 and 4 was for the 
breathing amplitude 0.15 mm (12 %), 0.08 mm (2 %), 0.05 mm (5 %) and 0.3 mm 
(2 %) and for the breathing phase 24°, 7°, 15° and 7°, respectively. The mean 
runtime required for performing a prediction was 11.2 (+/-1.18) ms.

Conclusion
Our LSTM neural network trained with breathing data of a low number of healthy 
volunteers was able to predict the breathing amplitude and breathing phase with a 
prediction horizon of 500 ms. This prediction horizon is sufficient to compensate for 
imaging and image processing latencies as well as mechanical MLC movement 
required for tumour tracking.
In this study the breathing data obtained by a surface scanner was used, which is only 
a surrogate of the actual tumour motion. Adding patient specific correlation between 
surface scanner data and the internal tumour motion using 4D-CT data as well as 
intrafractional kV-imaging will be investigated in future work.

INTRODUCTION
Modern treatment planning systems (TPS) have enabled
optimization for linear accelerator-based cranial stereotactic
radiosurgery (SRS) treating multiple brain metastases using dynamic
conformal arcs and a single treatment isocenter. Because the
volume of tissue receiving 12 Gy or more (V12) is linked to the
probability of developing symptomatic necrosis [1], simultaneously
balancing V12 and target coverage is critical to SRS plan quality.

In this work, we compare the effect of optimization using 70-90%
prescription isodose lines on V12 and Monitor Units (MU) for
cranial multi-met SRS plans.

CONCLUSIONS
Results show that tissue sparing is affected by selection of the prescription isodose line. Relative to 
optimization at the 80% prescription isodose line, the optimization at the 75% or lower prescription 
isodose line significantly improved tissue sparing over the 85% or higher isodose lines (p<0.001), 
however, they also required greater treatment MU (p<0.05). The effects described seem to hold true 
regardless of the number of treated metastases. 

Though there is significant benefit in using a prescription isodose line below 90%, results show little 
change in sparing below the 80% IDL (fig. 2 a,b).  The 80% IDL was thus chosen as standard for our 
clinic, as it best balanced tissue sparing, hot spot, and treatment MU. Clinics implementing LINAC-
based cranial SRS programs may consider similar analyses when developing their standard protocols. 

RESULTS

METHOD
Using the Brainlab MultiMet Elements 3.0 TPS (Brainlab, Munich,
Germany) on 12 SRS plans treated at our clinic on an Elekta Versa
HD linear accelerator (Elekta, Stockholm, Sweden), we calculated
V10, V12, V15, and monitor units (MU) for plans simultaneously
treating 2-8 brain metastases.

Using “SRS Prescription” mode, we compared tissue sparing and
MU for optimizations using 70%-90% prescription isodose lines in
5% increments.
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Eq 1. Definition of V12. We used V12 as equal to the volume of brain 
receiving at least 12 Gy, minus the gross tumor volume (GTV). V10 and V15 
were defined accordingly.

Fig 1. Beam’s eye view comparison of optimization using the 90% prescription IDL 
(left) and 70% IDL (right). The use of greater negative margins (70% IDL) allows the 
TPS to close MLC apertures around each target in the arc.
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Fig. 2: a: Volume of tissue vs. 
dose for representative plan 
treating 2 brain metastases 
optimized using 70-90% IDLs. 
b: Volume of tissue vs. dose for 
representative plan treating 6 
brain metastases optimized using 
70-90% IDLs. 
c: V12 percent difference to 80% 
IDL for plans treating 2 mets. 
d: V12 percent difference to 80% 
IDL for plans treating 3+ mets. 
e: MU percent difference to 80% 
IDL for plans treating 2 mets.
f: MU percent difference to 80% 
IDL for plans treating 3+ mets.

Analysis performed for plans 
treating:
• 2 metastases (N=7)
• 4 metastases (N=2)
• 6 metastases (N=1)
• 7 metastases (N=1)
• 8 metastases (N=1)
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