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Hadrontherapy ? 

 

 

 

Nucleo più  

semplice:  

il protone   
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neutroni  

 

 

Electrons  (X-rays):  

conventional  radiotherapy  

Simplest  nucleus : 

the proton  (p) 

Nucleus of Carbon 

made of 6 protons  (p) 

and 6 neutrons  (n)  

p 

 

Proton is 2000 times  heavier  than  electron  

Carbon ion is 12 ×2000 times  

heavier than electron  



Conformal irradiation of tumour volume  

(= reduced damages to healthy tissues)  

Which advantages  with  hadrons  ?   

+ PRECISION 
 



Precision in hadrontherapy  

Beam direction in the patient body  

Tumour  

position  



Irradiation  

technique  

active scanning  

 

 

 

 

(Courtesy of Siemens Medical)  

(Courtesy of GSI) 









Increased radiobiological efficacy of carbon ions wrt X -rays 

(= DNA of tumour cells directly destroyed in multiple hits)  

Which advantages with hadrons ?   

+ EFFICACY 
 



 
d=200 nm 

25 cm 

X-rays: sparse damage and indirect effects  

X-rays beam 

 
d= 4 nm 

 
d= 0.3 nm 

Carbon ions beam 

Carbon ions: clustered damage only on tumour   

and direct effect  



Hadrontherapy in Italy  

Number of  potential  patients  
ITALY: 60 MILLIONS HABITANTS 

 

X-Ray therapy (photons  5 �± 20 MeV) 

               New patients per year:  150'000 pts/y  

 

Protons 

 Categoria A:   elective patients =         1'000 pts/y 

 

     

(Commission Ministry of Health ð Year 2009)  

 Categoria B:   good indications =     12'000 pts/y    

 

Carbon ions 

  % radioresistant tumours                    1'500 pts/y  

1 dual centre (p and C): CNAO  

Possibly 1 protontherapy centre every 10 M citizens  


