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Abstract 

Particle therapy is a highly conformal radiotherapy technique which reduces 

the dose deposited to the surrounding normal tissues. In order to fully exploit 

its advantages, treatment monitoring is necessary to minimize uncertainties 

related to the dose delivery. Up to now, the only clinically feasible technique 

for the monitoring of therapeutic irradiation with particle beams is Positron 

Emission Tomography (PET). In this work we have compared a Resistive 

Plate Chamber (RPC)-based PET scanner with a scintillation-crystal-based 

PET scanner for this application. In general, the main advantages of the RPC- 

PET system are its excellent timing resolution, low cost, and the possibility 

of building large area systems. We simulated a partial-ring scanner based on 

an RPC prototype under construction within the Fondazione per Adroterapia 

Oncologica (TERA). For comparison with the crystal-based PET scanner we 

have chosen the geometry of a commercially available PET scanner, the Philips 

Gemini TF. The coincidence time resolution used in the simulations takes 

into account the current achievable values as well as expected improvements 

of both technologies. Several scenarios (including patient data) have been 

simulated to evaluate the performance of different scanners. Initial results have 

shown that the low sensitivity of the RPC hampers its application to hadron- 
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beam monitoring, which has an intrinsically low positron yield compared to 

diagnostic PET. In addition, for in-beam PET there is a further data loss due 

to the partial ring configuration. In order to improve the performance of the 

RPC-based scanner, an improved version of the RPC detector (modifying the 

thickness of the gas and glass layers), providing a larger sensitivity, has been 

simulated and compared with an axially extended version of the crystal-based 

device. The improved version of the RPC shows better performance than the 

prototype, but the extended version of the crystal-based PET outperforms all 

other options. 

Keywords: PET, in-beam, RPC, particle therapy, TOF, range deviation, 

partial-ring 

(Some figures may appear in colour only in the online journal) 

1. Introduction 

The number of particle therapy facilities for the treatment of cancer with proton or carbon 

ions (PTCOG 2014) is increasing worldwide. Particle therapy (PT) provides precise dose 

deposition and a sparing of normal tissue due to the favorable depth dose distribution of 

hadrons in matter. At the end of the particle range the specific energy loss of a particle 

energy shows a maximum (Bragg peak), producing dose distributions with high conformity. 

However, there are uncertainties resulting from patient positioning errors, conversions of 

attenuation coefficients from computer tomography (CT) to proton stopping power, intra- 

fraction motion and inter-fraction anatomy changes. These uncertainties can compromise 

the benefits of PT and can lead to under-coverage of the tumor or delivery of extra dose to 

normal tissue (Paganetti 2012, Knopf and Lomax 2013). Non-invasive monitoring of the 

particle range is highly desired. When particles (protons, carbon ions) traverse the tissue, 

positron emitting isotopes are generated due to nuclear reactions. The posterior annihilation 

of the emitted positron is followed by two coincident photons traveling in opposite directions 

that can be detected using Positron Emission Tomography (PET). The distribution of the β + 

radioisotopes is related to the dose distribution of the particle beam. Although the relation- 

ship is not straightforward, this technique can be used for the quality control of the treatment 

and currently PET is the only clinically applied technique for PT monitoring (Oelfke et al 

1996, Parodi and Bortfeld 2006, Parodi et al 2007, Min et al 2013, Remmele et al 2011). 

The feasibility of acquiring PET data during treatment (in-beam PET) was proven at GSI 

Helmholtzzentrum für Schwerionenforschung (Darmstadt, Germany) for stable carbon ions 

(Enghardt et al 2004). In Nishio et al (2006) the on-line monitoring of proton irradiation by 

PET was analyzed and Parodi et al (2007) proved by a clinical study that PET-CT measure- 

ments after proton irradiation are feasible. Other emerging techniques for treatment monitor- 

ing based on secondary radiation generated during the delivery, such prompt photons and 

protons, which are the product of nuclear reactions are beyond the scope of this article. 

When the PET acquisition is performed within the treatment room during or directly after 

one fraction of the therapeutic irradiation, the PET technique is named in-beam and in-room, 

respectively. If the PET acquisition is done out of the treatment room (usually 10–30 min 

after the irradiation), it is referred to as off-line or off-beam PET. Off-line PET suffers from a 

further reduction of activity due to two factors. On the one hand, the isotopes produced during 

treatment have a short half-life (few seconds to 20 min) so that a large fraction of β + decays 

Note Phys. Med. Biol. 60 (2015) N187 
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