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History of Hadrontherapy
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History of Hadrontherapy
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Hadrontherapy centers in the world 
 5

Particle Therapy Co-Operative Group (PTCOG)

mailto:giada.petringa@lns.infn.it?subject=


G. Petringa - INFN-LNS (Italy) - giada.petringa@lns.infn.it

 6

Physical Basics: Beth-Block

Beth-Block Formula

Bragg peak
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Biological Basics: Coventional vs Protontherapy

Protontherapyx-Ray therapy
Mirabell RA et al.  
Potential reduction of the incidence of radiation-induced second 
cancers by using proton beams in the treatment of pediatric tumor,  
Int. Jour. Rad. Onc. Phys. 2002, 54 (3) 824
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Physical advantages: 
- finite range and high inization 

density;

- lower integral dose;


Clinical advantages: 
- treatment of deep-seated, 

irregular shaped and 
radioresistant tumors


- small probability of side effects 
in normal tissue (critical 
structure)


- proton therapy suitable for 
pediatric diseases (reduced 
toxicity)

Biological Basics: Coventional vs Protontherapy

mailto:giada.petringa@lns.infn.it?subject=


G. Petringa - INFN-LNS (Italy) - giada.petringa@lns.infn.it

 9

A basic concept: dose
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Biological Basics: RBE
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Biological Basics: RBE
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The biological damage is strictly related to the radiation quality

Biological Basics: LET
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Hadrontherapy facility in Italy
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CATANA
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Cuttone et al. EPJ 126 (2011)

CATANA 
Centro di  AdroTerapia  

ed  Applicazioni 
Nucleari  Avanzate

• First Italian proton therapy 
facility

• First Patient treated on March 
2002  (about 400 treated)

• passive proton beam line

• 62 MeV of energy
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CATANA: a passive proton beam line
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Dose:15 CGE per fraction

Treatment time: 40-50 sec

Total dose: 60 CGE

Fractions:4 
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The scattering system
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Double Scattering system with one occluding central stopper

20um Ta15um Ta

brass
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The modulation system
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The dose in the SOBP can be expressed as the superimposition of many Bragg curves expressed as: 

where Bi(x,y,z) is a Bragg curve that can be determined experimentally and analytically; wi is the optimized weight 
determining the modulator shape, and accounting for the contribution of each peak i to the final SOBP. The weights can be 
obtained by the minimization of a cost function, Q, defined as 

where Dp is the prescribed dose (taken constant to atten the physical dose) and D(x,y,z) is the three-dimensional dose 
distribution of the Bragg curves, that are assumed to have a well-de ned shape and lateral profile for each depth. 
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The monitoring system
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collection 
efficiency

beam flux

mean energy needed to produce an ion pair for a charged particle of energy E 

mean free path 
in the gas 

gas density

mass electronic 
stopping power
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The final collimator system
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This collimator has a 
shape dependents by 
the particular tumour

This point is chosen in order to spare the organs at risk, 
and to maintain the best polar angle.

Fixation Point Choice

G.A.P. Cirrone, PhD cirrone@lns.infn.it

The collimator has a 
shape dependents by 
the particular tumour

This point is chosen in order to spare the organs at risk, 
and to maintain the best polar angle.

Fixation Point Choice

G.A.P. Cirrone, PhD cirrone@lns.infn.it

EyePlan - Varian

MC simulation
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Treatment optimization
 20

D
ep

th
-d

os
e 

di
st

rib
ut

io
n

La
te

ra
l d

os
e 

pr
ofi

le
 

di
st

rib
ut

io
n

mailto:giada.petringa@lns.infn.it?subject=


G. Petringa - INFN-LNS (Italy) - giada.petringa@lns.infn.it

Patient statistics 
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• First Patient treated on March 
2002  (about 400 treated)
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Some recent activities 
and R&D @LNS
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• Monte Carlo simulations and 
Radiobiological damage extimation

• Beam profiling system

• Proton Boron Capture Therapy

• ELECTRODE

 23

mailto:giada.petringa@lns.infn.it?subject=


G. Petringa - INFN-LNS (Italy) - giada.petringa@lns.infn.it

Geant4 - MC
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Geant4 - MC
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Major use cases 

Beam therapy 

Brachytherapy 

Imaging 

Irradiation study 

Nuclear medicine and radioisotopes
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PassiveProtonBeamLine
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LET calculation
New LET class based on 
G4EmCalculator:

LET track

LET dose

A comparison with experimental data is already ongoing  
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RBE calculation

U87

DU145

MDA

G. Petringa, “Estimation and validation of 
radibiologically and clinically relebant quantities using 

Geant4-based Monte Carlo simulations”, Physica 
Medica, Jan 2019
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Microdosimeter detectors

Mini-TEPCs are miniaturized gas-
filled proportional counters, 
simulating tissue volumes of 

micrometric size and density of 
1g/cm3 by means of a tissue-

equivalent gas at low pressure.

Silicon detectors
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• Monte Carlo simulations and 
Radiobiological damage extimation

• Beam profiling system

• Proton Boron Capture Therapy

• ELECTRODE
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System for on-line beam profiling
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Real time data analysis:
Image processing
Spatial Calibration
Filtering
Penumbra calculation

Light-tigh box 
(166X125X110mm) with 
supports for scintillators and 
CCD camera

CCD CMOS GCP2061M 
(resolution 2064x1544 pixels) 

EJ-204 plastic scintillators

Real time Analysis Software
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System for on-line beam profiling
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Characterisation @CATANA
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• Monte Carlo simulations and 
Radiobiological damage extimation

• Beam profiling system

• Proton Boron Capture Therapy

• ELECTRODE
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A proton enhancement technique
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DMF10 (RBE10)= 1.46 ± 0.12 

A proton enhancement technique
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• Monte Carlo simulations and 
Radiobiological damage extimation

• Beam profiling system

• Proton Boron Capture Therapy

• ELECTRODE
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A new in-vivo dosimeter
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• on-line treatment monitoring  

• not biased  

• outside the irradiation field

Adopted configuration during a proton 
therapy treatment  

electrode

ELECTRODE  (ExternaL non-invasivE approaCh for radioTheRapy dOsE monitoring)  

The idea is based on measure the net charge unbalance in a patient undergoing radiotherapy 

Patent N. 102017000087851 
CTT-INFN GRANT 
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Any questions?

Francesco Cammarata (Researcher)

Roberto Catalano (Post-doc) 
Davide Chiappara (Master student) 
Pablo Cirrone (Researcher) 
Giulia Colelli (Master student) 
Giacomo Cuttone (Researcher) 
Cinzia Gigliuto (Master student) 
Ruhani Khanna (Master student) 
Giuseppina La Rosa (Post-doc) 
Piero Lojacono (Post-doc) 
Luciano Pandola (Researcher) 
Giada Petringa (Post-doc) 
Pietro Pisciotta (PhD student) 
Sebastiana Puglia (post-doc) 
Luigi Raffaele (Researcher) 
Antonio Russo (post-doc) 
Giorgio Russo (Researcher) 
Salvatore Tudisco (Researcher) 
Filippo Torrisi (PhD student)
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