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Prediction of the position of external markers on the chest and abdomen using a recurrent neural
network trained with real-time recurrent learning for accurate and safe lung cancer radiotherapy
*Michel Pohl', Mitsuru Uesaka', Kazuyuki Demachi' and Ritu Bhusal Chhatkuli?
' The University of Tokyo, Graduate School of Engineering
? National Institute for Quantum and Radiological Science and Technology

During lung cancer radiotherapy, targeting the tumor with the treatment beam is difficult due to patient breathing
motion. In this work, we evaluate the capabilities of recurrent neural networks trained with real-time recurrent learning
to predict the position of external markers on the chest and abdomen to compensate for the radiotherapy system latency.

Keywords : Lung cancer radiotherapy, latency compensation, recurrent neural network, real-time recurrent learning,
external markers

1. Introduction

During the treatment of lung cancer with radiotherapy, positioning the X-ray beam correctly to minimize damage to
healthy tissues is difficult because of the tumor motion due to breathing. Furthermore, the treatment system latency
leads to inaccuracies in the beam delivery, which results in turn in unwanted damage to the tumor surrounding tissues.
Therefore, predicting the position of tracked surrogates such as external markers is necessary.

2. Materialsand Method

In the proposed study, we use observation records of the three-dimensional position of external markers on the chest and
abdomen of three healthy males, which constitute in total 9 time-series sequences [1]. These were acquired using an
infrared stereo camera with a frequency of 10Hz. The motion amplitude of the markers ranged from 17mm to 45mm in
the antero-posterior direction, and from 6mm to 40mm in the superior-inferior direction. We split each series into a 60s
training and development set, and the remaining test set. Prediction is performed using a recurrent neural network
(RNN) trained with real-time recurrent learning (RTRL) and gradient clipping [2], the least mean-squares (LMS)
algorithm, and multivariate linear regression, for the horizon value h=2s.

3. Results and Discussion
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Fig. 1. Prediction of the z coordinate (spine axis) of marker 3 in sequence Fig. 2. Comparison of the MAE, RM SE and maximum forecast error for
9 (normal breathing) between t=260s and t=306.1s with the RNN and the 4 different algorithms, averaged over the 9 breathing sequences.
LMS algorithm

When performing prediction with the RNN, we found a mean absolute error (MAE) of 0.9mm, a root-mean-square error
(RMSE) of 1.6mm, and a maximum error of 12.7mm of the test set. These errors are lower than with the other methods
considered, except the LMS method that has a corresponding maximum error equal to 10.2mm.

4. Summary

RNNs trained with RTRL are efficient at predicting breathing signals such as the position of external markers for
latency compensation in lung cancer radiotherapy. RNNs indeed benefit from non-linear data processing and the RTRL
learning method enables real-time adaptation to the predicted signal.

References

[1] T. Krilavicius, 1. Zliobaite, A. Vidugiriene, H. Simonavicius and L. Jarusevicius. (2015). Predicting respiratory motion for real-
time tumour tracking in radiotherapy. Arxiv. http://arxiv.org/abs/1508.00749

[2] Haykin, Simon. Neural Networks and Learning Machines, 3/E. Pearson Education India, 2010.

2021 Atomic Energy Society of Japan -2M04 -



2MO05

2021 Annual Meeting

Study of Local Heating in Combination Treatment of Hyperthermia
with Radiation Therapy for Breast Cancer Treatment
*Edmond Chen', Aditya Rakhmadi?, Kazuyuki Saito?, Youichiro Wada' and Mitsuru Uesaka'
"Univ. Of Tokyo, *Chiba Univ.

Abstract: Hyperthermia increases the temperature in the tissue, making targeted cells more sensitive to following
treatments such as radiation therapy. The local effect in the combination of hyperthermia and radiation treatment in breast
cancer therapy has been studied by comparing gene expression levels in cells receiving different treatment but contained

in the same environment.

Keywords: hyperthermia, radiation therapy, microwave antenna, gene analysis, breast cancer

1. Introduction

The damages induced by radiation therapy on tumor cells can be increased when combined with hyperthermia
treatment. The mechanism behind this sensitization effect is still unknown and has to be investigated to develop the
combination therapy modality. Previously obtained results have shown surprising behavior in gene expression levels
depending on the applied treatment. These results might have been affected by environmental conditions at which genes

are highly sensitive to.

2. Method

To study local effects in the combination of hyperthermia and radiation therapy while limiting the effects of
the environment, the experiment was designed to have a single petri dish contain cells undergoing different treatments.
By heating the center of the petri dish with a microwave antenna, a temperature gradient is created thanks to the ambient
cooling effects. The center of the petri dish undergoes hyperthermia treatment while the outer part is not heated.

The microwave antenna was designed using CST 2020 and studied through simulations. The temperature in
the petri dish was obtained by using temperature measurements and interpolation methods with Python code. After

collecting the cells, gene expression levels were studied after extraction of RNA, synthesis of cDNA and use of RT-qPCR.

3. Results and Conclusion

Differences in gene expression levels are observed in the same petri dish. Since the cells are subject to the same
environment, these differences are due to the difference in treatment modality. Increases and decreases in gene expression
levels are observed depending on the studied gene and give a better understanding of the underlying mechanisms in the

combination of hyperthermia and radiation therapy for breast cancer.
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Development of internal-dosimetry code based on the ICRP 2007 recommendations: Overview of the code
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Evaluation of internal exposure effect in consideration of internal activation during boron
neutron capture therapy
*Ryosuke Narita', Tatsuhiko Sato?, Takushi Takata®, Hiroki Tanaka® and Yoshinori Sakurai’
! Graduate school of Engineering, Kyoto University, > Japan Atomic Energy Agency, * Institute for
Integrated Radiation and Nuclear Science, Kyoto University

Abstract The internal exposure due to the activation during BNCT was estimated by a Monte Carlo code “PHITS”

with a computational phantom “MRKPs” and a risk calculation software “DCAL”. The committed effective dose due

to the internal exposure was almost 2.5 pSv and smaller than the external exposure of almost 180 mGy-eq.

Keywords: BNCT, Monte Carlo simulation, dose evaluation, activation, computational phantom

1. Introduction It is expected that boron neutron capture therapy (BNCT) using accelerator-based systems in

hospitals will become widespread in near future. From the viewpoint of radiation protection and quality assurance for

BNCT systems, it is important to estimate the exposure dose of the patient's normal tissue. Particularly, thermal and

epithermal neutrons are incident to the patient, so that components constituting the body are possibly activated.

Previous studies reported that the >*Na and 3¥Cl produced by activation were main components for the internal

exposurel'"2]. In order to evaluate the exposure dose more accurately, the effect of internal exposure for the neutron

activation in the body was evaluated.

2. Material and Methods Simulations were performed for the typical BNCT studies for brain and

head-and-neck tumors at a reactor-based BNCT system settled in Kyoto University Reactor (KUR). It was assumed

that the concentrations of boron-10 in the normal tissues and blood were 25 ppm, the value of compound biological
effectiveness (CBE) was 1.35 for normal tissue, and the irradiation time was 1 hour. First, the external exposure dose
during BNCT was evaluated using a Monte Carlo code “PHITSP” with a computational phantom “MRKPs“”.

Second, the distribution of the neutron-induced radioactivity in the body was simulated by PHITS. Third, the dose

equivalent and the effective dose for the internal exposure by neutron activation are estimated by a dose and risk

calculation software “DCALDPY,

3. Results For a case of the head-and-neck tumors, the equivalent dose due to the external exposure was

estimated to almost 180 mGy-eq on the average for the whole body including the target volume. The committed

effective dose due to the internal exposure was almost 2.5 pSv.

4. Conclusion The effect of the internal exposure due to the activation in BNCT on normal tissues was
evaluated to be five orders smaller than the external exposure. Therefore, it is not essential to consider about the
internal exposure for the daily treatment planning and QA/QC.
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