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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
One step towards automated treatment planning in stereotactic radiosurgery (SRS) is the 
standardization of dose planning to achieve high-quality plans regardless of clinic and patient specific 
characteristics [1].  
The objective of this work was to analyze geometric, treatment and plan parameters of clinical Plan 
Analytics Data (PAD) from different institutions to identify differences and correlations in the SRS 
treatment planning landscape for multiple brain metastases.

Materials and Methods
Retrospective datasets from six clinics with a total of 451 approved treatment plans and 2,077 target 
volumes were investigated. The plans were created with Multiple Brain Mets SRS (Brainlab AG, 
Munich, Germany) treatment planning software and extracted as DICOM-based PAD to process plan 
meta data with an internal Python-based function library. 
Statistical methods like the Kruskal-Wallis rank sum test, Pearson’s correlation coefficient and a 
Bonferroni correction were applied to analyze the distributions and correlations as well as 
differences in

• Geometric (e.g., size and shape of a metastasis), 
• Treatment (e.g., fractionation and prescription dose) and 
• Quality (e.g., local Vx, CI and GI)

characteristics of single lesions between all institutions.
Furthermore, machine learning (ML) was used to determine whether outcome for single metastases 
(i.e., local CI and GI, bridging dose and local V50%) can be predicted based on lesion geometry and 
treatment parameters. For this, various regression models were trained and evaluated with the 
available PAD.

Conclusion
To further automate treatment planning in SRS, model based optimization can support clinical trade-off 
decisions like delivery efficiency vs. dosimetric outcome. The results of the PAD analysis show that 
both input and outcome of treatment plans differ significantly between multiple institutions. With 
increasing number of data from different clinics, models can be developed to further drive 
standardization in SRS treatment planning while accounting for personalized treatment decisions.Results

The results of the Kruskal-Wallis rank sum test showed significant differences in lesion geometry and 
treatment parameters between the institutions (Figure 1). Also, resulting quality characteristics for 
single metastases differed significantly from clinic to clinic.
Some of the geometric and treatment parameters (e.g., volume, convexity and prescription dose of a 
lesion) were highly correlating with quality characteristics like local CI and V50%.
The resulting R2 scores of the ML models for the prediction of outcome parameters for single lesions 
ranged from 0.5 to 0.9. Figure 2 shows the predicted values compared to the actual values for local CI.
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Figure 1: Distribution of lesion volume 
and prescription per clinic.

Figure 2: Prediction results for local CI.
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