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A carbon ion 
therapy centre is 

under construction 
at the Mayo Clinic 

in Florida, USA

https://www.ptcog.site/

Georgieva, P., Dosanjh, M., 2024





The advantages of hadrontherapy



Radiobiological features of charged particles 
DNA damage

Müssig D., PhD thesis, 2013

Marx, V. Sharp shooters. Nature 2014

γ-rays iron

Cucinotta FA, Durante M., Lancet Oncol. 2006 



Radiobiological features of charged particles

Oxygen effect

The oxygen effect influences the 
radiosensitivity of tumours, which often have 

a significant number of hypoxic cells

Hirayama R. et al., J. Radiat. Res., 2005



Radiobiological features of charged particles

Cell cycle dependance

Carbon ions exhibit less cell cycle 
dependency, this could potentially result in

increased cell kill

Courtesy of A. Facoetti - Hadron Academy PhD course



Radiobiological features of charged particles

Molecular pathways

Yu W. et al., Mol. Cancer, 2023 



Radiobiological features of charged particles

Fujita M. et al., 2015

It’s not only about survival…

Irradiation induces diverse changes in 
migration capacity of different cancer 

cell lines !



https://www.youtube.com/@hitriplus9177/videos



Looking towards the future

Particle Therapy and Beyond…

➢ Expansion of heavy-ion therapy for more 
precise cancer treatment

➢ Minibeam Radiation Therapy and FLASH 
radiotherapy (ultra-high dose-rate 
radiation) 

➢ Investigation of new ion species (e.g., 
helium, oxygen) for enhanced biological
effectiveness – Multi-Ion Radiotherapy

Radiomics, AI, and Personalized Radiotherapy

➢ AI-driven predictive models to determine
patient-specific radiation responses

➢ Radiogenomics: Understanding how
genetic variations influence
radiosensitivity to tailor treatments

➢ Integration of big data and machine 
learning to optimize treatment planning 
and dose delivery

Combination Therapies

➢ Immunotherapy and radiotherapy: 
Exploring how radiation can 
stimulate the immune system to 
enhance cancer treatment

➢ Synergies between radiotherapy
and targeted drugs, such as DNA 
damage response inhibitors (e.g., 
PARP inhibitors)

New radiobiological models

➢ Microfluidic systems
➢ Patient Derived Organoids 

(PDOs)
➢ Bioprinting 3D models
➢ AI driven tumour models



https://fondazionecnao.it/

Hadrontherapy… to whom?



Radiotherapy process

3 treatment rooms: ≈ 50 patients /day 

HORIZONTAL BEAM IN THE 3 TREATMENT 
ROOMS

VERTICAL BEAM IN 1 OF THE TREATENT 
ROOMS



Radiotherapy process

Courtesy of F. Valvo – Hadron Academy PhD course

Hadrontherapy needs a 
widespread expertise 

(from technology to clinics):
Radiation oncologists,

Medical Physicists,
Radiation Biologists,

Nurses,
Bioengineers,

...

Typical treatment session:
• Total duration: ~30 min
• Positioning & imaging: ~20 min
• Beam delivery: ~5-10 min



Positioning & Immobilisation



Positioning & Immobilisation



Verification before 
each treatment 

session !

Courtesy of A. Pella – Hadron Academy PhD course
Desplanques M et al, J Radiat Res. 







Thank you for your
attention !

alexandra.charalampopoulou@cnao.it


