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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.
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Purpose
Real-Time Interactive Treatment Planning (RTIP) is a new approach that can overcome limitations of 
manual inverse treatment planning. The idea is to generate high quality plans quickly by controlling the 
planning process in real time via a graphical user interface. This allows, for example, real-time 
adjustment of the 3D dose distribution to the individual patient’s anatomy and diagnosis. This work 
propose a method that can contribute to interactive treatment planning for spinal stereotactic 
Radiosurgery (SRS) using mixed reality (MR). It combines deliverability relevance (according to user’s 
clinical goals), and reasonable distinctiveness of treatment plans.

Conclusion
The results show that such a method for interactive treatment planning is feasible for this case of 
spinal SRS. The subset of plans found by the method defines a range of dose distributions that 
indicates how expansive a patient-specific dose distribution can be modified by a planner. This 
knowledge can be used for guiding strategies indicating the user which dose changes are feasible. 
Previous RTIP approaches were unable to produce feasible plans because the user could modify a 
dose distribution without any restrictions which was then too complex to be realized with a linear 
accelerator. It can be assumed that it will be possible to change the dose distribution in MR in real-
time, as long as it is only allowed in a limited number of areas.

Results
This work shows that for a limited set of planning parameters and constraints, a feasible set of plans 
can be found, all of which are deliverable, relevant, and reasonably distinguishable. For the test 
patient, 28 treatment plans were generated in step 1. Of these, 13 were identified as clinically relevant, 
with 9 of them being redundant. Finally, the method leads to 3 treatment plans (see Figure 2). The MR 
application provides an environment where multiple treatment plans can be quickly assessed (see QR 
code).

Fig. 2: The 3 remaining treatment plans from step 3 are distinct, but it is unclear where they differ dosimetrically. 
Step 4 identifies the regions where these plans differ most (local dose trade-offs).
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Materials and Methods
The proposed method includes six steps:

The method is tested on a patient with a metastasis in a lumbar vertebra (gross tumor volume of 6.6 
cm3, planning target volume (PTV) of 42 cm3, spinal canal as organ-at-risk (OAR) volume of 14.5 cm3). 
The variable planning parameters are the weighting of OAR and targets, sparing of normal tissue and 
modulation, while the tolerated coverage volume and number of arcs are fixed values. The impact on 
the trade-off between the maximum dose in the OAR and the PTV coverage volume is analyzed.
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Fig. 1: Overview of the proposed method for calculating and representing deliverable, relevant and distinctive treatments plans for spinal SRS
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