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La radioterapia

La radioterapia e’ una tecnica che utilizza le
radiazioni ionizzanti per la cura dei tumori.

Le radiazioni dirette contro la massa tumorale,
danneggiano il DNA delle cellule bloccandone |a
crescita e la replicazione.




'adroterapia

'adroterapia e una particolare forma di
radioterapia che utilizza particelle cariche
pesanti (protoni e ioni carbonio) invece della
radiazione convenzionale (fotoni ed elettroni)
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PERCHE’ LADROTERAPIA

M. G. Bisogni, Fisica e medicina: utilizzo della PET in adroterapia, Pisa 24/5/2017 Clin Cancer Res. 2013 December 1: 19(23): 6338—6343.



Cranio-spinal irradiation: medulloblastoma
3D-CRT IMRT IMPT
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Review

Dosimetric Comparison and Potential for Improved Clinical
Outcomes of Paediatric CNS Patients Treated with Protons
or IMRT

Cancers 2015, 7, 706-722;

Kris S. Armoogum **¥# and Nicola Thorp 2

ependymoma. Results: This review found that while proton beam therapy offered similar

clinical target coverage, there was a demonstrable reduction in integral dose to normal

structures. Conclusions: This in turn suggests the potential for superior long term outcomes
for paediatric patients with CNS tumours both in terms of radiogenic second cancers and
out-of-field adverse effects.
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Efficacia Biologica

Heavy-ion
track



Proposta da R. R. Wilson, 1946
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¢ 15t patient treated with proton beams in 1954 e »
(since 1990 more than 100000 pts so far) O doibiras o <t

* since 1994, more than 15000 pts treated using

carbon ions (NIRS Chiba, GSI, ...) In Italia 3 centri clinici

52 proton facilities i tion (15 in E | CATANA (INFN-LNS, 2002)
proton facilities in operation in Europe) e CNAO (2011)

10 using carbon ions (3 in Europe)

Centro Protonterapia Trento (2014)

e facilities under construction or in planning stage:

48 protons (15 in Europe) e 3 carbon ions (1 in
Europe) Nel marzo 2017 I'adroterapia €’ stata inserita

https://www.ptcog.ch/, dati aprile 2017 nei Livelli Essenziali di Assistenza (LEA)
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Synchrotron-based facility
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Radiation Control
‘adifferent beam
range. The treated

elements are
shown in green.
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INCERTEZZA SUL RANGE DELLE PARTICELLE
szr?ft)i;sue

(a) nominal
situation
< heart (OAR)
l beam direction > B lung
dose .

range

(b) “uncertain”
situation o
1 kev |
p photons ' protons (SOBP)

ose oari |
LY ! particles |

Antje-Christin Knopf and Antony Lomax., H : [
“In-vivo proton range verification: a review” ] ‘:-..';f | Bedm ;’
Phys. Med. Biol. 58 (2013) R131-R160 ) "':mu | |
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PET monitoring: complicazioni
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J Pawelke et al., Proceeding: lon
Beams in Biology and Medicine
(IBIBAM), 26.-29.09.2007,
Heidelberg, Germany
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PET Monitoring e verifica del trattamento

23 ]
Inter-fractional comparison: Comparison to expectation (MC):
PET, - PET, MCPET, - PET,
— Reproducibility » Accuracy & Reproducibility

TP+Irrad data

| ‘ Si/
|

MCPET
A

MC PET2

“

MC PETX

Courtesy of J. Bauer, HIT
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Xuping Zhu and Georges El Fakhri, Proton
Therapy Verification with PET Imaging,
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PET monitoring: complicazioni

e Radioisotopi B+ a breve

emivita

—11C (20.3 min),13N (9.97
min),>0 (2.03 min).

e Bassi livelli di attivita’

Registered events/s™
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e Wash-out

M. G. Bisogni, Fisica e medicina: utilizzo della PET in adroterapia, Pisa 24/5/2017




Xuping Zhu and Georges El Fakhri, Proton
Therapy Verification with PET Imaging,

D ive Fse rea | I 272a2 I on | Theranostics. 2013; 3(10): 731-740.




DOPET: an in-beam PET monitor for particle therapy

9 modules
per head

Two planar PET heads

The total sizeis 15cm x 15 cm
In-beam operation

Portable

V. Rosso

University and INFN
Pisa, INFN RDH
experiment




DOPET: 15 cm x 15 cm prototype

Detecting module 5cm x 5cm

=LYSO matrices, each 23 x 23 crystals, 2mm pitch)
=PS-PMT 8500 Hamamatsu

=Dedicated front-end electronics

/7

5 g ” - : e modul **»  Modularized acquisition electronics

etecting modules the single module ..
s & — @w ** FPGA based acquisition and coincidence
. | | | ' processing

** Coincidence time window ~5 ns

» 3D-activity distribution is reconstructed with Maximum
Likelihood Estimation Maximization (MLEM) Iterative
algorithm

The reconstruction is performed in less than 1 minute (8
core Intel Xeon e5620 @2.4 GHz)

S. Vecchio et al., IEEE Trans. Nucl. Science 56 (2009) 51-56
G. Sportelli et al., IEEE Trans. Nucl. Science 58 (2011) 695-702
N. Camarlinghi et al., JINST 9 (2014) C04005 1-12
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the DoPET system @ Trento

Ready for data taking in 30’ !



CATANA

TRENTO

G. Sportelli et al., JINST, 10, C12029 (2015) 1-11

V. Rosso et al., Nucl Instr Meth, A824, (2016), 228-232

CATANA

CNAO
(Pavia)

Trento

A. Kraan et al., Physica Medica 30 (2014) 559-569

V. Rosso et al., 2016_JINST_11_C12029

Protons

Protons/
C-ions

Protons
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62 MeV  Cyclotron passive
Up to Synchrotron active
230MeV
Up to Cyclotron active

230Mev



Interconfronti tra i tre centri di adroterapia italiani
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Antropomorphic phantom irradiation

R
SOBP, collimator: @ 3 cm, D= 15Gy
At in-treatment= 705“ -
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In & after treatment

after treatment
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La tecnologia PET e’ in.continua evoluzione
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nno fatto compiere alla tecnolog



particelle ca
Lo scopo e’ .misurare,

entro unasessione di
trattamento,
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In-beam PET Panels

10x 25 x5 cm?
Distance from the 256 LFS pixel crystals (3x3x20mm?3) coupled one to one to
isocenter=30 cm MPPCs (Multi Pixel Photon Counters, SiPMs).

20xFE board
(4 Tofpet ASICH
each)

20xFPGA Xilinx
Spartan6-SP605

[1] Work partly funded by the European Union 7th Framework Program (FP7/ 2007-2013) under Grant Agreement No. 256984 EndoTOFPET-US and supported by a Marie
Curie Early Initial Training Network Fellowship of the European Union 7th Framework Program (PITN-GA-2011-289355-PicoSEC-MCNet).

Courtesy of Francesco Pennazio, INFN Torino



Commissioning

e CNAO test beams

h:aEJl — Protons, Carbon lons
— Pencil beams, Energy layers and
: % /Beam Treatment Plans (TP)
Ly — Energy 60-210 MeV (protons)
PMMA Ph%’—z | |
4 ﬂ e PMMA (w air/bone inserts)
and Anthropomorphic
phantoms
Bed
- PET
head 2

On-line or off-line 3D PET image reconstruction
Maximum Likelihood Estimation Maximization
(MLEM) iterative algorithm, five iterations

FOV 224 x 112 x 264 mm3

Voxel 1.6x1.6x1.6 mm3
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Treatment Plan Delivery e

Tool for range comparison

\a X
between measured and
reference (simulated or
measured in previous
sessions) distributions V2
Energy range 82-150 MeV 62-129 MeV
Dose 1 Gy 1Gy VELL
E&o
tgfoincidence
iofVe GhUKA
y,nd00 s treaumnent M2

n+after treatment




Activity range
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First clinical test @CNAO, 1-2 Dec. 2016

Time-resolved image reconstruction

Measured activity
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Results of the INSIDE Project, Torino, February 242017, francesco.pennazio@to.infn.it



Quantitative comparison

4
O | . contour diff mean

3 . I 0 contour diff std. dev.
E “d
£ 2
8 ad I

e O

S 1 *
z L * O ¢ . *
© - o . .
5 0 I * o0 0 ¢ P
S . l OgOo 0 pogpg
g =1 | = 0
Q . I O o .
g -2
> |

_3 i

|
_4 T T T T T T T T T T T
0 20 40 60 80 100 120 140 160 180 200 220 240 260 28
acquisition time (s)

4.0

3.5

3.0

2.5

2.0

1.5

1.0

0.5

0.0
0

contour distance std. dev. (mm)

Comparison - after 120 s avg. contour distance <1 mm

=
INFN

L’/ Istituto Nazionale

di Fisica Nucleare

Results of the INSIDE Project, Torino, February 242017, francesco.pennazio@to.infn.it




della PET sul workflow
paziente de.CNAO.
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la fisica esplora il corpo

design Cristina Chiappini
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Il nostro corpo & un mondo straordinario,

che nasconde sorprese ed enigmi, come gli spazi
cosmici pill remoti o il nucleo infinitamente
piccolo della materia.

Abbiamo cominciato a studiarlo fin dall'antichita,
per interpretare i sintormi e curare le malattie.

Sono state pero alcune grandi scoperte della fisica
moderna, come i raggi X e la radioattivita,

a spalancare le porte di quell'universo misterioso,
che siarmo noi stessi.

Uomo Virtuale racconta I'avventura di questa
esplorazione, per cui abbiamo costruito strumenti
sempre pill potenti: Ia tomografia computerizzata,
la risonanza magnetica, I'ecografia... Veri e propri
‘telescopi' e sonde per osservare dentro di noi i
dettagli pitt nascosti degli organi e la trama invisibile
della vita. E abbiamo anche inventato nuove
tecnologie per curare, come bisturi fatti di particelle
per colpire i turmori con sempre maggiore precisione.
Fino a sognare, oggj, di potenziare il corpo con organi
artificiali e affacciarci a scrutare le connessioni tra

i singoli neuroni del nostro cervello. Luomo virtuale,
ricostruito al computer, diventa realta.

Informazioni sulla mostra Promossa da Acuradi

e percorsi didattici Fondazione
www.palazzoblu.it Palazzo Blu

Istituto Nazionale
di Fisica Nucleare

www.infn.it/comunicazione

)
INFN

~ Bstituto Nazionale
PALAZZO D'ARTE di Fisica Nucleare
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