
Proton therapy for glioblastoma mulƟforme: preclinical 
radiobiological studies and evaluaƟon of gold nanoparƟcles as 

radiosensiƟzers 
 

Ana Rita C. Teixeira1, Catarina I. G. Pinto2, Sérgio J. C. Do Carmo1,3, Sofia Silva4,5, Maria Paula C. 
Campello2,6, Pedro Santos2, Paulo Crespo7,8, Joana Lencart4,9, Célia M. Gomes10, António Paulo2,6, 
Antero J. Abrunhosa1,3, Filipa Mendes2,6, Francisco Alves1,11  

 

1 ICNAS/CIBIT — InsƟtuto de Ciências Nucleares Aplicadas à Saúde/Coimbra InsƟtute for Biomedical Imaging and 

TranslaƟonal Research, Universidade de Coimbra, Pólo das Ciências da Saúde, Coimbra, Portugal 

2 C2TN - Centro de Ciências e Tecnologias Nucleares, InsƟtuto Superior Técnico, Universidade de Lisboa, Campus 

Tecnológico e Nuclear, Lisboa, Portugal 

3 ICNAS Pharma, Ediİcio do ICNAS, Polo das Ciências da Saúde, Coimbra, Portugal 

4 Grupo de Física Médica, Radiobiologia e Proteção Radiológica, Centro de InvesƟgação do IPO Porto (CI-IPOP), IPO-

Porto, Porto, Portugal 

5 Serviço de Física Médica, IPO Coimbra, Coimbra, Portugal 

6 DECN – Departamento de Engenharia e Ciências Nucleares, InsƟtuto Superior Técnico, Universidade de Lisboa, 

Lisboa, Portugal 

7 LIP - Laboratório de Instrumentação e Física Experimental de Parơculas, Coimbra, Portugal 

8 FCTUC – Faculdade de Ciências e Tecnologia da Universidade de Coimbra, Departamento de Física, Coimbra, 

Portugal 

9 Medical Physics Service, IPO Porto, Porto, Portugal 

10 iCBR—Coimbra InsƟtute for Clinical and Biomedical Research, Faculty of Medicine, University of Coimbra, Portugal 

11 IPC - InsƟtuto Politécnico de Coimbra (Coimbra Health School), Coimbra, Portugal 

  

 

Keywords: FLASH proton therapy, radiotherapy, glioblastoma, gold nanoparƟcles, radiobiology 

 

IntroducƟon:  

Glioblastoma mulƟforme (GBM) is the most prevailing primary brain malignancy in adults and 
presently remains a fatal condiƟon[1]. Hence, proton therapy has been presented as an 
alternaƟve to convenƟonal radiotherapy treatment in GBM, since its dose-depth curve offers 
efficient tumor damage while avoiding undesired radiaƟon exposure to normal brain Ɵssue. 
Adding an extra FLASH effect to proton irradiaƟon would also reduce neurotoxicity as opposed 
to standard low-dose exposure[2]. Complementarily, the use of gold nanoparƟcles (AuNPs) to 
improve radiotherapy effecƟveness has also been proposed for glioblastoma tumors, since 
AuNPs act as local radiosensiƟzers upon interacƟon with external radiaƟon due to the release 
of Auger electrons[3]. The first goal of this work is to opƟmize a PET cyclotron-based FLASH 
proton beam for in vitro research due to the lack of biological data in this area. Later on, 
glioblastoma cells will be exposed to Co-60 γ-radiaƟon, kilovoltage X-rays and to the proton 
beam for evaluaƟon of radiobiological effects in the presence and absence of the AuNPs.  



Methods 

A PET cyclotron-based FLASH proton irradiaƟon set-up was assembled at ICNAS -University of 
Coimbra (figure 1)[4]. The dosimetry of the system was assessed using a calibraƟon curve from a 
standard radiotherapy LINAC applied to proton-irradiated EBT3 films, allowing to establish a 
direct relaƟonship between the measured integrated beam charge and the absorbed dose at 
the target. FLASH dose rate measurements were performed by determinaƟon of target exposure 
Ɵme. Later on, the glioblastoma cell lines U87 and U373 were exposed to 160 kVp X-rays, Co-60 
γ-radiaƟon and protons to compare effects on cell survival. Finally, U373 cells were subjected to 
a combined treatment including different types of radiaƟon and AuNP incubaƟon to quanƟfy 
dose enhancement effects.  Two types of AuNPs were evaluated in this study: GBM targeted 
AuNP-BBN (bombesin) and their untargeted counterparts AuNP-DOTA[5]. 

 

Results 

A calibraƟon for the FLASH proton irradiaƟon system was successfully determined by associaƟng 
the proton dose at the target to the integrated beam charge. FLASH measurements yielded a 
dose rate of 13.5 Gy/s. IrradiaƟon experiments without AuNPs showed that U373 cells are less 
radiosensiƟve to γ-radiaƟon than to X-rays and FLASH protons. An idenƟcal outcome was 
observed for the U87 cell line for doses of photon radiaƟon beyond 2 Gy. AuNP-BBN produced 
a dose enhancement effect in U373 cells when combined with kilovoltage X-rays and FLASH 
protons as opposed to Co-60 γ-radiaƟon. AddiƟonally, AuNP-DOTA did not enhance radiaƟon 
effects on U373 cells, confirming that the presence of the bombesin pepƟde is crucial to 
promote specific uptake and local radiosensiƟzaƟon.    

 

Conclusion 

A PET cyclotron-based FLASH proton beam line was successfully opƟmized for radiobiological in 
vitro research. We also presented concomitant GBM-targeted AuNP-BBN and radiotherapy as a 
novel treatment modality for glioblastoma, as AuNP-BBN induced selecƟve and local 
radiosensiƟzaƟon. Future work will include addiƟonal proton beam characterizaƟon with Monte 
Carlo simulaƟons, as well as further proton irradiaƟon studies with other cancer cell lines and 
complementary AuNP radiosensiƟzing studies. 
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Figure 1: Overall view of the PET cyclotron-based FLASH proton beam line with applicaƟon in 
radiobiological in vitro research including a cell container holder (a) as well as a transversal perspecƟve 
of the target site and the electronics for beam current assessment (b). 


