Biological dose estimation for proton and carbon
ion treatment plans using the GATE platform
Eloïse Salles1, Alexis Pereda1, Yasmine Ali2,
Hermann Fuchs4, Sarah Jedidi2, Barbara Knausl4,
Dietmar Georg4, Jean Michel Létang3, Etienne
Testa2, Michael Beuve2 and Lydia Maigne1
1

Laboratoire de Physique de Clermont,
CNRS/IN2P3, Université Clermont Auvergne,
Aubière, France.
2
Institut de Physique des deux Infinis de Lyon,
CNRS/IN2P3, Université de Lyon 1, Villeurbanne,
France.
3
CREATIS UMR 5220, U1206, INSA Lyon,
Université Claude Bernard Lyon 1, UJM-Saint
Etienne, CNRS, Inserm, Lyon, France.
4
Medical University of Vienna, Department of
Radiation Oncology, Wien, Austria.
Background: One of the challenges in
hadrontherapy is the evaluation of the biological
dose. Treatment Planning Systems should optimize
treatment beams by considering the biological dose
prediction in addition to the physical dose.
Material and methods: We have developed and
tested a tool for the GATE platform
(www.opengatecollaboration.org),
the
BioDoseActor, to estimate the biological dose for
different ion beams (including protons and carbon
ions). This estimator is currently based on
precomputed databases of alpha and beta survival
parameters from mMKM and NanOx biophysical
models for the Human Salivary Gland (HSG) cell
line.
We validated the BioDoseActor for:
- passive scattering HIMAC 320 MeV/n carbon ion
beam line, in water, using the HSG cell line. For this
study, we evaluated the influence of the step
limitation and the StepFunction parametrization;
- active scanning beam line at MedAustron, for both
proton and carbon ion treatment plans of head and
neck cancer patients.
Preliminary results: We reproduced the physical
dose distribution for the HIMAC and MedAustron
beams. Then, we calculated the biological dose for
different patient treatment plans.
We also provided guidelines to adapt the
StepFunction parameters to minimize the computing
time while keeping high precision results.
GATE is now able to compute the biological dose at
voxel scale. We aim to extend the survival fraction
coefficient databases to other cell lines in the
objective to further validate the BioDoseActor for
other clinical treatment plans.

