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Radiation approaches in neuro-oncology

Intensity-modulated radiation therapy

Advances in technological systems

Image-guided radiation therapy

Stereotactic radiosurgery

Deepak K. et al.,  2009.

M. Baumann et al., 2016  
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Glioblastoma aggressiveness and mortality

▪ Delayed diagnosis and treatment

▪ High propensity for tumor recurrence

▪ 12-18 months as average survival time (Stupp’s 

regimen, since 2005)

F. Torrisi et al., 2022
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Ionizing radiation

Signaling pathways

Hallmarks of GBM

Hypoxia



AIM

Proton Boron Capture Therapy for GBM treatment: first preclinical study

Dr: Filipp T rrisi

• Multimodal imaging techniques

Ultrasound and photoacoustic imaging

Micro positron emission tomography assisted scanning

• Pathological analyses associated to RNA-sequencing



GBM preclinical model assessment by ultrasound and photoacoustic system 

Dr: Filipp T rrisi

Oxygen saturation

calculation

Transducer for US detection



GBM preclinical model assessment by ultrasound and photoacoustic system 

Tumor growth increased significantly comparing GBM 

xenografts model 20- and 30-days post graft (d.p.g.).

Hypoxia were found significantly increased over time

Cammarata, Torrisi, Vicario et al. submitted
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Proton beam irradiation on heterotopic GBM mouse model at INFN-LNS CATANA facility

• Experimental depth dose distribution of protons for the

SOBP creation.

• Light field allows the correct position of collimator at the

specific site to be irradiated.

• A video camera allows the remote viewing to ensure that

no movement occurs during irradiation.

Tumor
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PBCT reduces total lesion glycolysis in vivo

ΔTLG indicate a reduction of metabolic activity with FDG decrease uptake in PBCT treated mice in comparison 

with mock proton and proton groups

Cammarata, Torrisi, Vicario et al. submitted

TLG provides a

simultaneous estimation

of volumetric (MTV)

and metabolic (SUV)

information
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Images of FDG uptake after proton and PBCT treatment



PBCT increases cell death

• No significative changes were reported between 

PBCT and proton groups considering Ki67 

positive cells.

• Caspase intensity and immunopositive cells 

were found significant increased in PBCT 

groups
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PBCT increases mitophagy

• Interestingly significantly high levels of the structural protein of autophagosomal membranes

(LC3B) in PBCT vs proton irradiated GBM were observed.

• Co-localization of autophagic signals with mitochondrial staining revealed that PCBT determined

also a mitophagy response.
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Differential gene expression induced by PBCT
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• Functional enrichments analysis of

differentially expressed genes with Venn

diagrams revealed common genes able to

regulate cellular processes.

• Specific biological pathways analysis

reported down-regulation of cells

survival, growth, and viability and an up-

regulation of cell death

Upregulation in PBCT vs Control

• Apoptosis
• Necrosis

Upregulation in PBCT vs Control

• Cell survival
• Cell viability



Summary of results

• PBCT increases efficacy of proton therapy in mouse model of GBM.

• Increased autophagy and mitophagy was observed in PBCT.

• High levels of autophagy may represent self-protective mechanisms for GBM

cells.

• Reduced mitochondrial fitness are potential mechanisms underlying PBCT-

induced effects.
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Perspectives

Molecularly targeted drugs and PBCT

Schematic representation of SRC structure. 
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Cellular and molecular physiology laboratory
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