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The project

In Radioelement-Based Therapies (RBT), such as alpha targeted therapy and BNCT, the distribution of radio-emitters and the cell geometry impact the biological effect
produced by the treatment. It is therefore of utmost importance to consider models capable of predicting precisely the biological dose in RBTs, considering different scales for
dosimetry (tissues, micro and nanometric) and different cellular sensitive volumes.

The PICTURE project will address this topic by the extension of the NanOx biophysical model to include both an improved consideration of the low-energy ion biological
effects in different tissues and the consideration of extra-nuclear sensitive volumes in the response of cell depth. Based on results of cell irradiation experiments in different
conditions, the NanOx model will be able to characterize the tissue response to low-energy light ions and predict the response of an applied RBT.
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Main objective Simulation tools: Geant4, Geant4-DNA (G4DNA) and NanOx.
For a-radioimmunotherapy (RIT) and BNCT, to better understand at which scale the Geant4/G4DNA
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2- Microscopic: Influence of intra and extra cellular distributions of radioelements
Several biophysical models, like LEM, MKM and NanOx, have been developed to and of cell geometry (microscopy images) on cell survival for a-RIT and BNCT.
estimate the RBE of ions in hadrontherapy. The NanOx model [Cunha 2017; Monini 3- Implementation in NanOx of the cell survival experimental measurements with
2019, 2020] considers the full stochasticity of energy deposition at both nano- and partial and full traversal cell irradiations for proton, alpha and Li-ion beams.
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cell nucleus.. _ Radiograaff beamline [Constanzo 2014] at ALTO Tandem (Orsay, France).
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Final goal
Firstly, obtain the biological effect of light-ions. Secondarily, obtain separately the

Scales: Nanoscale (nucleus and extra-nucleus); Microscale (oxidative effects);
Macroscale (from Monte Carlo simulations); Lethal fraction (from experimental

data) biological effects due to nucleus and extra-nucleus damage events.
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alpha particles and Li-ions will take place in order to get biological data to implement in the NanOx model.

Conclusions

This highly pluri-disciplinary project (biophysics modeling, G4-DNA Monte Carlo simulations, experimental radiobiology, instrumentation, computing science for imaging) will provide
important knowledge on the radiobiological mechanisms and guidelines for future treatment planning systems and the optimization of RBT.

PICTURE project will try to answer the question:
Do we need information at sub-cellular, cellular or tissue scale to model precisely cell survival during a-RIT and BNCT radiotherapies?
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