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Cancer —a scare and a challenge

Statistics

1in 4 deaths caused by cancer in the EU

(Poland close to this average)

responsible for more than 35% of deaths among
those aged less than 65, and under 25% amongst

those aged 65 and over

>3.7 million new cases and ~1.9 million

deaths/year make cancer the second most

important cause of death and morbidity in Eur@&
,'

main causes: tobacco and alcohol consumption,

OSt
! es: tobacco and alcohol cons! at
inappropriate diet, obesity and insufficient Q

physical activity, longer life

trend: increasing...

Treatment methods
* Surgery

Chemotherapy

Radiotherapy

Immunotherapy (Nobel 2018)
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X‘ ray Vers US h a d rO n *  Tumour irradiation — important way of treatment

* Advantages of hadron therapy compared to X-rays:

*  Conformal dose distribution

* Biological effectiveness

beam direction

SOBP region

(12 proton beams)

tissues
tissues

shallow

umor

4

Levin et al.., British J of Cancer 2005

A. Wronska, 20th GGSB Annive



Proton therapy - history

Hans Bethe 1930:
interaction of
hadrons with matter

Ernest 0. Lawrence 1932:
construction of cyclotron

() - 22 () [m(FEE) -

Robert Wilson 1946:
use of proton beams
for cancer therapy
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Krakow proton thera py centre: Modern equipment, iba Proteus C235 cyclotron, 2 gantries + eye
Cyclotron Centre Bronowice 2013 — first beam

2016 — first patient

Experienced team

* Today: ~40 patients / day, including children
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Can we do better in
proton therapy?

* Safety margins: fromafew mmupto>1cm

Patient positioning
Anatomical changes

* Infections
Uncertainties of treatment planning

Reduction of margins?

Online monitoring of therapy
* Determination of Bragg peak
position in real time, spot-by-spot

Maybe even spatial dose
distribution...?

tumor

(a) nominal
situation i
soft tissue
i heart (OAR)
I beam direction > B lung
dose
h :."0‘. a
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: 'o. 1
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,l range
/ effects?
(b) “uncertain”
depth
protons (SOBP)

protons (Bragg Peak)

situation
photons

......
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How to monitor PT?

Secondary radiation correlated with dose distribution

e
S T— S
i S

* Protons, neutrons - useful in C-ion therapy:
* Dose Profiler (CNAO)
* MONDO (CNAO)
* B+ emitters (PET):
* INSIDE (CNAO)
* J-PET (UJ)
* Prompt-gamma radiation:
* OncoRay+IBA (Dresden)

- - “\“‘

B W 0

* MGH Boston

* Many others

L 7 <A. Wroniska, 20th GGSB Anniversary, Thilisi/Kutaisi 11.09.2024



emitted light fragments:
p, N, d, etc.

o '
®
° B S Prompt gamma —

nucleus in tissue,
e.g. 2Cor 10O

beam ion

o %. === working conditions

* Large count rates (nx10° s)

=~

* Typical spot: t=10 ms, Np~108
* Background from other secondaries (neutrons)
* N,/N,~0.15

* Energy range 1-7 MeV
(continuum + discrete transitions)

=
Q
S

H
1

\ * Detection system of large efficiency, rate
capability and fast DAQ needed
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Prompt-gamma radiation (PG)

Status Dream
* Beam range monitoring under * Registeration of PG vertex
tests in clinical conditions distribution (Compton cameras)

(PG spectroscopy, slit camera) e "Translation" of this distribution

to the spatial distribution of
e 1d information deposited dose

e Full 3d information

uuuuu
ooooo
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PG — our activities
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vCCB — experimental characterization of PG
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Experiments: CCB, HIT, CCB
Spectroscopy HPGe detector with ACS

Phantoms with different elemental
composition

T,=70, ..., 230 MeV

Different detection angles

Focus: lines 4.44 MeV and
6.13 MeV

Results confronted with TALYS and
literature data

Details of correlation PG-dose

13



vCCB — validation of simulations

_ _ s
Comparison of simulated @ G EANT4 E Ll
and measured PG emission R i A SIMULATION TOOLKIT %355
from a PMMA phantom %22
irradiated with prOtOn Beam energy Proton range Beam current Facility “3205
(MeV) (mm) (nA) sk
bea_m . 70.54 35.06 0.5 HIT 3 10k
Various G4 versions and 130.87 105.46 0.5 HIT < of
: . 130 104.23 50 CCB ZF
physics lists 180 184.10 10 CCB i : 5
Newest not always means 230 280.35 L5 cCB = f
best... e |
Best match for G4 v10.4.2, Physics list GEANT4 version Label Lo |
QGSP BIC HP QGSP_BIC_HP 10.4.2 A* D' | 3
. 10.5.1 B* 3
Theoretically better 10.6.3 C ; ﬁ ; %
QGSP_BIC_AIlIHP does not 10.7.1 D* e %%»/*“M 3
reproduce “ne Shapes (QGSP_BIC_AHHP 10.6.3 c* g o ) LR 4
10.7.1 D*® »
...but best match e Lo
. TT-BP
also has issues fmm]
(u nphySICal Ilnes In Figure 7: Comparison of gamma emission depth profiles for the 4.44 MeV line obtained from
the simulations and the experiments for the beam energies 70 MeV, 130 MeV, 180 MeV and
spectrum) 230 MeV.
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SIFI-CC: Compton  ssssssss
camera for PG|

* SiPM and scintillating Fibers based

Compton Camera

* Arrays of LYSO fibres => large efficiency

* Imm x Imm x 100 mm (small prototype)

2mm x 2mm x 100 mm (full-scale)

e Dual readout via SiPMs:

e 1:1 coupling (small)
* 4:1 coupling (full-scale)

e Granularity => pHe-up !

 DAQ with selective coincidence trigger

=> large data throughput
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By-product: coded-mask setup (CM)

Beam 2

Bea * Technique used in astronomy,
Coase a—-‘ti. also for y sources (far field)

e So far not tested experimentally
for PT

L]
By Cmglee - Own work, CC BY-SA 3.0, o 2 d I m a ge

https://commons.wikimedia.org/w/index.php?c
urid=47569900

Shadow pattern

 Larger statistics than in a single-

% @] ©oJO aperture camera
i % e Will this work for the near
OBJECT APERTURE RE&%%DEED P%%%OE%SSE RECONSTRUCTION fi e I d ?

E. E. Fenimore and T. M. Cannon, Coded aperture imaging with uniformly redundant arrays,
Appl. Opt. 17,337-347 (1978)
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SIFI-CC - prototyping

 |nvestigation of fibre properties
o Energy resolution?
o Position resolution (along the fibre)?

Construction of a small module prototype

o 4 layers
o 64 fibres
o re-arrangable

Data analysis software

Image reconstruction software

FEE+DAQ — classical/digital SiPMs

A. Wronska, 20th GGSB Anniversary, Thilisi/Kutaisi 11.09.2024
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SiFi—CC
EEEEEEEEEE »
U SiFi-CC — setup lab tests | 3
|
i Calibration - =-°-89‘mmlf°=1»5:gm:e :Z e
* Collective effects - . J
(optical cross-talk) " -

. Test CM setup

1d with our prototype +
PowerTiles

e 2d with PET stack +
PowerTiles

e This works!

* Next step: continuous
source
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FEE+DAQ — comparative studies

 Compared features:
o energy & time resolution
o deadtime
o efficiency
o dynamic range

Wong, M.-L. et al. (2024). JINST 19 P01019

5 FEE+DAQ systems: TOFPET2c, A5202, 11
KLauS6b, TwinPeaks+TRB5sc, DT5742

photomultiplier applications

]iﬂst Puptisien ny 1OP Puspisiing ror Sissa Mepiaran

Accurmer: December 6,

Comparison of readout systems for high-rate silicon
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SIFi-CC

19



_s_l_F_l_-_g_C_ First detector module

_ Top and bottom SiPM boards shifted diagonally by half pitch
First module - scatterer

7 layers of LYSO fibers, 55 fibers in each layer + Al wrapping
Fiber pitch 2 mm

Broadcom SiPM arrays (4 x 4 pixels, 16 x 16 mm?) mounted on custom PCBs
DAQ: TOFPET2 by PETsys

Tested with the proton beam at HIT in coded mask mode (1D and 2D)

]

LR
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Sl

First tests with a proton beam at Hl

Irradiation plan:
' 13.2¢cm

10cm

iem T

f— 9.00 cm

-

o%
Ne
e

o® = *y

wne
we
-

Phantom

Cracow coordinate system
Phantom PMMA 50 x 50 x 90 mm?®

FOV

 —

Hit map - input for MLEM algorithm

measurement

DFP ~ beam range

i 88 &8 8B
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i What's next with SiFi-CC?

Tests with a proton beam in Construct absorber,
the coded mask mode full detector ready

Scatterer reassembly

absorber: 15 layers with 63
fibers each

scatterer: 7 layers
with 55 fibers each
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Tests with a proton beam in
the CC mode
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PG = a footprint of elemental composition

Idea in a cartoon

Cai et al., Molecules 25, 2020 E A A A A A A A
Maughan et al., Med. Phys. 24, 1997 ] ' j

Are cancerous tissues significantly different from the healthy ones? \\[ea:\il

Can we selectively deliver a selected element to tumour?? (PET, BNCT)

Limitations:
* Lack of toxicity
e Absentin body
* Selective delivery feasible
* Stable, emits gamma only when excited by proton beam

* Unique energy of discrete transitions, preferably 1.5-3 MeV

* Short deexcitation time
Gamma from

l ) excitation of tissue
© components,

e large cross section at Bragg peak, i.e. for small proton energies

Similar in concept (though inversed logic) to e.g.0orC

Magalhaes Martins, Sci. Rep. 11, 2021 * Gamma from
de-excitation of
tracer

Method proposed by several people about the same time (A. Stahl,
G. Gazdowicz from SiFi-CC, also G. Cartechini from Trento Uni.)

https://agenda.infn.it/event/23656/contributions/120652/
A. Wronska, 20th GGSB Anniversary, Thilisi/Kutaisi 11.09.2024
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Range in water (mm)
0.35 12 2.48 417
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) 100
* How to selectively deliver to tumour? Nanoparticles! 1o
Biology: a group of M. Parlinska from INP PAS in Krakow N T Y R
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* Initial results:
* 2% mass concentration feasible for Si and Ti (MTS tests)
» Signal appears for a proximal layer when BP contained in the B - 4 E = 1.78 MeV (8.1- 10° p+)
tumour Eg%ﬁ: @ B acceptance
. ﬁ‘.St:m » =z 30001 ir\RPH‘ i,
 Signal drops when BP moves downstream of tumour hesem V) s i ! +
* Results of cell-culture studies encouraging o ™
2000f % {
N 15005 f }

Paper under review in

1000} +

Int. J. Radiat. Oncol. Biol. Phys.

500}
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Energy [MeV]
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summary

PG radiation is a hot topic in medical physics
Within the yCCB and SiFi-CC projects:
. We characterized in detail the PG emission in PT

. We validated the simulation tools
(GEANT4, TALYS)

. We are building a dual-modality SiFi-CC setup
for beam range monitoring in PT

. We are testing a method of tumour tracers
activated by a proton beam

Educational aspects: work done mainly by students
and PhD students.

Example of an intenese (though informal) Polish-
German collaboration, with a Georgian support.
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