Proton therapy: real-time prompt gamma imaging
and microdosimetry
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Highlights

e According to [1], the number of patients treated with particle therapy (protons and carbon ions) varies between 0.018% (ltaly) and 0.035% (France) of the country’s population.
This leads, in the worst-case scenario, to 1 800 patients/year treatable with particle therapy in Portugal.

e A not so conservative approach states that in Portugal there are around 55000 new cancer patients/year of which about 50% will be treated with radiotherapy
(27 500 patients/year). It is expected that 12% to 15% of those will benefit from proton therapy: 3 300 patients/year [2].

e Technologies for cancer therapy with charged particle beams are in a phase of advanced development and have been strongly supported by CERN and adopted by the most
renowned international centres for oncological treatment and research. In addition, there are recent developments in the fields of micro and nanodosimetry and radiation
damage at the DNA level, including the application of the CERN originated Geant4 simulation toolkit Geant4-DNA extension [3] for modeling of biological damage induced by
lonising radiation at the DNA scale

e Given the numbers above, a proton therapy facility is under advanced planning in Portugal. This proposal aims at the development of a beam monitoring technique that
provides feedback on the dose deposition along the beam track, including the most important verification of the location of the Bragg peak. This requires deep knowledge in MC
simulations, treatment planning, dosimetry with proton beams, and operation of the cyclotron, among others. Work on this project will also contribute to the formation of a
community of experts in proton therapy in Portugal.
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o Include optical photons and photon detector in the MC;
o QOptimize shifting-TOF
o Consider neutron + all particles interactions in the sensor
o Consider new PT challenges (CT adapted to Geant4).
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2. First simulation results (CERN’s Geant4)
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