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Beyond State-of-the-Art
Sensors for
the Green Deal

Cutting-Edge
Sensor for Health

WP3

HPC and Quantum
Modeling for One
Health

QUASIMODO

- Cutting-Edge Technologies for Health

Scope of WP 1.2 is twofold:

: | ®* development of pioneering par’ri,"

detectors and their application

(o

Compton Camera exploitin: '
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Fast Scintillating He
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COMPTON CAMERA FOR HADRONTHERAPY

Hadrontherapy provides a unique benefit for cancer
therapy, allowing for dose escalation to the tumor
and a reduction of exposure for the surrounding
healthy tissues

In vivo beam monitoring of the Bragg peak is
essential to guarantee the treatment effect of
hadrontherapy.

Compton Cameras do not yet allow an on-line
monl’rorlng of the treatment, which requires high-

|mqg|ng of direct gamma sources to be

a ’rlme of a few seconds.
T -

o b



COMPTON CAMERA BASED ON PIXEL
CHAMBER

The Pixel Chamber would offer the extraordinary C,;
possibility to also reconstruct the direction of the
emiﬁed elec’rron Scatterer (with tracking capability) |

N
- o, : : : - ~ o Xun
With this additional piece of information, the original a
direction can be already constrained using a single
photon |

/ E2, X2, V2, Z
Absorber 2 X0 Vo 22

Fig.4 - General design of a standard Compton camera with electron tracking,
with definition of SPD and ARM parameters of merit. A typical Compton
interaction, and the kinematic information that can be measured, are

highlighted.

BRINEERE 1roject "A pioneering Compton Camera for hadrontherapy with a 3D silicon Pixel
Chamber” - Three units: UniCa F. Fionda (PI); INFN Bari F. Colamaria; Poliba G.Bruno

In this project the Pixel chamber is mostly based on the ALPIDE chips used for the ITS2 of the
ALICE experiment



DIAGNOSTICS: FAST SCINTILLATING
HETEROSTRUCTURES FOR TOF-PET
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FLASH Radiotherapy with high
Dose-tate particle beAms

Detector AW,
Module . o s G , o
« Distribution of biomarkers labelled wit
Line of radioactive isotope which undergoe
response -
(LOR) decay y

- Emitted e* annihilates in the tisst

Patient e two collinear 511 keV gammas
= = - Detect such energetic photc
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TIME OF FLIGHT PET

The image quality (SNR) can be drastically
improved by using time of flight (TOF)

\ Delestor information to estimate the emission
position.

Low dose CT non-TOF PET TOF PET
D
- o 1>/ er [/ T />/

B NN , N

/ /\A |

511keV

Point of
gamma emission




FAST TIME SCINTILLATING NANOCRYSTALS

Typical perovskite chemical formula ABX;

A: cation, organic (i.e. CH3NH;*, CH(NH,),")
or inorganic (i.e. Cs*, Rb*)

B: metal cation (i.e. Pb?*, Sn?*, Ge?")

X: halogen anion (i.e. F, CI, Br, I)

Fanizza et al. Nano Research 2
i

Perovskite Material ABXj: large s

high mobility lifetime product,

large bulk resistance, low ¢

® High photoluminescen

CsPb(CI/Br), CsPb(1/Br),
CsPbCl,  CsPbBr, CsPbl, e Tunable band=c

I

FWHM ossibility to synthesize 3D nano-dots, nano-wire and
12nm-42nm [

nano-plates

Norm. PL
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Wavelength (nm)




HETEROSTRUCTURED SCINTILLATORS FOR FAST
TIMING

Hybrid structures in which high-Z inorganic scintillator is combined with scintillating nano-

(NC) for time tagging.

Alternating layers of a high-Z and a fast erovskite-polym.

1 Photoelectric conversion 2 Recoil e- travel path

. @> .t

!

e 7 For some events, the energy of the recoil e-

¥ high-Z scintillator (100-200 um) _, can be deposited in both materials

vfast scintillator




Decay timeg; (ns)
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ONGOING R&D _
ors for medical

| HEP (
Collaboration
® doped plastic scintillators
(Aidqlnnovd)

Despite the low light output, the timing
obtained is at the level of state-of-the-art
inorganic scintillators,

leaving a rather large room for
optimization.




PEROVSKITES NCS SYNTHESIS AND DEPOSITION

Synthesis and Characterization Heterostructures Fabrication

Hot injection synthesis

PUMP

Cs oleate
% %]

PbBr,, Ligands Ice
Octadecene (ODE) bath

® Dispersion into polymeric host matrix
® Perovskite NCs solid-state films depositions for
scintillator device fabrications:

PL/Counts

Polar solvent-free ligand assisted reprecipitation B

O Drop-casting (CNR)

PIIA . .
o — O  Spin coating (CNR)
,,,,,,,,,,,, . = /
Ethyl Acetate addition | 4
* TOPO addition
* TOAS [ Toluene .
T ome | * g B T supernatant
oum e f | recovering
s =
\

O Laser Ablation (INFN-Le and Unile)

Lead/bromide precursor
solution

Fig. 2: Scheme of the synthetic approaches for the preparation of colloidal perovskite NCs with tuneable
size and shape. TEM (scalebar 50 nm) and SEM-FEG characterization of the perovskites. Time decay
recombination of nanocomposites with PMMA and PS host matrices and structure of the PVK NCs.
Picture under UV light of colloidal NC solution and film.

- Collaboration: CNR-Bari (perovskites synthesis and deposition).
- Facilities dedicated to these activities are foreseen within this project. We are building the setup to characterize the time performance of the scintillator using pulsed X-rays.

- Our group has been granted funds for the project “Development of Ultra-fast Perovskites ScinTillAtoR for TOF-PET (UPSTART)” Collaboration: CNR-Bari (perovskites synthesis and
deposition), INFN-Lecce (deposition using laser ablation)

- Existing INFN-project “Plastic Scintillators Phantom via additive manufacturing techniques” (Responsible Anna Paola Caricato INFN-Lecce)
- Perovskite-polymer nanocomposite and polysiloxanes-based resin for 3D-printable scintillators.
- Collaboration: INFN-Lecce, LNFN-LNS, TIFPA



THE PROTON THERAPY (DOSIMETRY)

Depth-dose distribution for X-rays, o

protons and carbon ions

v L v v v L v Ll v L LA v T v L
Bragg peaks 4
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® Radiotherapy: use of ionizing radiation to

damage cancer cells preserving as much as .
carbon Jions

possible healthy tissues
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BEAM QUALITY ASSURANCE (QA) IN PBT

Each proton therapy centre has a rich program of Quality Assurance (QA) controls
necessary to ensure a safe treatment to the patient.

QA checks are:
* Daily
* Monthly
e Annually

Daily checks include the
measurement of beam parameters » Daily beam QA checks are time-consuming

such as the proton beam range,
spot size, spot position and dose.

operations (~44 min/day/treatment room).




BEAM DAILY QA STATUS OF ART

Commercially available devices are:
* IBA Giraffe detector for the Bragg peak
measurement in a one single proton beam shot. It ] HH\ il

suitable for pencil beams.
* IBA Lynx detector for beam spot characterization

(Main) Disadvantages: AN I HHH LA

Fast acquisition time but long setup time

No device exists to make simultaneous
measurements of different beam parameters




FAST DOSE DELIVERY: THE FLASH
RADIOTHERAPY

® FLASH radiotherapy: new radiation delivery technique at ultra-

high dose rate (>40 Gy/s) using short-duration pulses.
CONV FLASH

® FLASH effect: reduces the trauma to normal tissue around the

tumour, whilst equalling the anti-tumour effect of conventional

B > >
dose rate radiotherapy. AT v
» v »
® Commercial Dosimetric Detectors: Healthy tiesus Healthy tisslie

O Radiochromic films and Alanine (passive detectors, no online
.
)
measurements) :o%. 4 %.

Vasculature Vasculature

O Scintillators (dose rate independent) Teodielfy Leas foxicify

O lonization Chambers (dose rate dependent)

A =ROS ® =0

2

® No Dosimetric protocol available for FLASH
e None of the existing QA device is scalable at
FLASH rate.



SCINTILLATOR-BASED DETECTOR FOR CLINICAL
PROTON BEAM QA

RN

I N !iuN FLASH Radiotherapy with high

Dose-tate particle beAms

Integrated system for range, spot position and size reconstructed with single bea /e

RANGE MODULE
« stack of plastic scintillatc
* reconstruction of th e ¢

beam profile i

BEAM TRACKER




RANGE VERIFICATION

Beam E = 106.2 MeV

Il]llllIIIIIll|IIlI|IIIIlIIll|IIlIIlIIlIIII

e  Measured Depth-Light Curve /|

— Fitted Quenched Bragg Curve
Reconstructed Bragg Curve

dE/dx (MeVent/g)
w
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—— Reference Bragg Curve
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Scintillator Sheets

“Photodiodes

3 mm

optically isolated polystyrene scintillator sheets
el - i



KODEL preliminary

y (cm)

MRPC prototype covered with 2 cm
thick lead bricks

1D collimator 1-cm pitch made of
twenty 5 x 5 x 100 mm?3 tungsten bars

4.74 GBq Cs-137 gamma source
detector 30 cm apart

100 s with a lineal velocity . e e
- 0f0.64 cm/s A g

6

Counts (a.u.)
Counts (a.u.)

s le b e b b Lo n Law o |
10 12 14 16 18 20 22 24




ONITORING IN HADRON THERAPY

& C LINE-SCAN MEASUREMENTS BEAM
\\

MRPC Vertical
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_ SPOC - SPect for Online boron dose verification i
bnCt (Boron Neutron Capture Therapy)



Working Principle and Worldwide Diffusion of

BNCT is a targeted hadrontherapy technique:

 Tumor cells are loaded with 19B-enriched molecules and then
irradiated with thermal neutrons

+ Neutron undergo to capture reaction with boron-10:

10B(n,alpha)Li

- Energetic charged particles released by reaction produce
damage to the tumour cells.

ofiace ' ot
Nomal cell — Cancer cell

oo -
.o °§° o o\
ao olro)( |
DIC °§° Y ovo,

Boron compounds are Irradiation of Within a cancer cell, Only cancer cells are
taken into cancer cells thermal neutrons. the nuclear reaction of destroyed.
selectively. boron and a neutron

generates radiation.

\\\\\

Epithermal
neutrons a
E = 1.47 MeV

Ty
*ee?

-gained significant attention
to the development of
T (AB-BNCT) facilities [1].

@ Caserta

[1] Advances in Boron Neutron Capture Therapy. in Non-serial Publications. Vienna:
INTERNATIONAL ATOMIC ENERGY AGENCY, 2023. [Online]. Available:

https://www.iaea.org/publications/15339/advances-in-boron-neutron-capture-therapy


https://www.iaea.org/publications/15339/advances-in-boron-neutron-capture-therapy

The Dosimetry Issue in
Boron Neutron Capture Therapy (BNCT)

Delivered dose is currently estimated offline using:

- Direct/indirect measurements of Boron concentration in tissues (ICPS, PET)
+ Neutron flux in treatment room

- Monte Carlo calculations

Possible alternative method: online SPECT imaging of 478-keV gamma rays
emitted by ’Li produced in capture reaction (personalized dosimetry). O

- SPECT main specifications: o ey
- Go d eff|c|ency and energy resolution at 478keV (to separate it from HESERIN

/ ann hllatlon photons)
ution: 5- 10mm (limited by the collimator)
cy up to 2.2MeV (H-capture) for neutron qux

it e

e . il
L IR (1
BRI S & s



SPOC - SPect for Online boron dose verification in bnCt
Aims of the Project

hBI‘g
scintillator

PROJECT GOAL: design a dedicated SPECT system for
BNCT dose verification, build the first prototype (few
modules), and test it with realistic irradiation conditions.

SiPMarrays
ASICs i

Prompt gamma
rays at 478 keV

. “E

Proposed SPECT system:
- Detector: gamma camera based on LaBr3(Ce+Sr)
square crystal + SiPMs
-+ Channel edge pinhole collimator
-~ Optimized detector shielding to avoid detector

Tumour [T I 4
R S

loaded || ‘3‘1@

with B | -




SPOC - SPect for Online boron dose verification in bnCt
INFN funds & Synergies

Funds: The 3 years project is funded by INFN for about 96k Euro

Synergies: The project will take profit of the synergy with the _proiec’r
with the tittle “Development of a SPECT (Single Photon Emission Computed

Tomography) detector prototype for dose measurements in BNCT (Boron Neu’rron’f

Capture Therapy) . Duration of the project: two year (2024 — 2025) .
Collaboration: Politecnico di Milano (PI), Univerista di Pavia, Politecnico di Bq |
Bari Member: G. Pugliese (RU), G. laselli, D. Ramos
Funded for about 270k Euro

- Feasibility study for the development of advanced techn qu
~ beam radlotherapy
> synergy with ITEL Linearbeam s.r.l. facility for protontherapy

y study to become a protontherapy facility



Radio-Guided Surgery: a potential application in oncology

How does it work?

1. Before operation: administration of specific pharmaceutical linked to a radio-nuclide (radl o8
2. The pharmaceutical is preferentially absorbed by tumors rather than healthy tissues ’
3. With an intra-operative probe capable of detecting emitted radiation, the surgeon ca n\
“ mor resectlon and presence of residuals during the operation

(P @ .psure a complete surgical resection of all tumoral i

fains.,

people F. Colamarla and oth galetti, D. Creanza, D. Colella, G.Bruno

P
O
R o

An exploratory study was conducted (INIDERAS project) with thin silicon detectors

—> encouraging results

A new project founded for the call Prin2022_pnrr



Radio-Guided Surgery: a potential application in oncology

Different kind of radio-tracers for different kind of RGS

y-emitting radio-tracers (e.g. ®°Tc-m)
used in combination with gamma-probes or cameras for scintigraphy
e y-radiation highly penetrating! (140 keVy ~ 8 cm in body)
» high-level of background y due to uptake of radio-tracer from far
and healthy tissues.
» not well suited for imaging and for tumors requiring precise spatial
delineation (e.g. brain, abdominal and pediatric tumors)

B emitting radio-tracers

¢ much shorter range (1 MeV e ~5 mm in body)
* high-spatial resolution for clear delineation of radioactive tissue

] B*-emitting radio-tracers (e.g. 'F-FDG)
* wider clinical applicability
* can be used with well-known protocols (PET)

B-emitting radio-tracers
(e.g. *°Y-DOTATOC)

* promising, but still limited

clinical applicability

Two anti-parallel 511
photons produced

e

¥ but applicability is limited by annihilation photon

background! (e*e=>vyy)
* typically requires probes implementing
background subtraction techniques..

Y

Positron combines with
electron and annihilates



Radio-Guided Surgery: a potential application in oncology

30 mm

The ALPIDE chip matches all requirements
for a usage as RGS probe, in association
with both and B* and B~ radiotracers:

Specific RGS needs ALPIDE features

> High charged particle efficiency v &4 >99% also at lower p; values \% - i::"r::::‘;zig . LRIEE oo 2
> LOW nOise and fake'hits rate ‘/ Fake h|t rate Of 10-5 pixel'l eventl >% 21121_ = Alternative config. B Systematic unc. E
» Very low sensitivity to photon v Due to small tickness, €,(662 KeV) < 0.1% § O.E_ E
radiation (for usage w/ B* 000 4 + ! + + f } E
radiotracers) v Pixel size =27 x 29 pum? > spatial resolution much ~ oosf- + \ E

> High spatial resolution smaller than request, 0(0.1 mm) - E
v" Capable of 2D imaging with appropriate readout 008E st

Possibility of imaging and data processing

: v" Chip is small, no explicit request for attached
electronics readout/processing system

v Only 40 nW/pixel

v No reverse bias or high voltage required

Potentially, excellent capabil

o Sk

Study of the photon rejection of the ALPIDE pixel
detector for medical applications

F. Colamaria!, G. Trombetta!, G. E. Bruno!:2, G. De Robertis!, V. Manzari!, A. Mazzone!-3, C. Pastore!
stituto Nazionale di Fisica Nucleare, Sezione di Bari, Italy
2Politecnico di Bari, Italy
3Consiglio Nazionale delle Ricerche, Bari, Italy

978-1-7281-0557-4/19/$31.00 ©2019 |IEEE |




Feasibility studies

After demostrating the excellent photon rejection, we have performed various feasibility studies of the ALPIDE used as aw
sensitive device, in association with positron-emitting radiotracer (18F-FDG):

e

* Performance studies with ALPIDE + radiotracer drops / sponges soaked with radiotracers @ ITEL in Ruvo di Pugliz :

Cumulative cluster map hsimProjCentered
_ clusmap wb
300 “{Enwies 71601 E
.| Mean x 4718 E
:| Mean y 191.1 =
v | RMS x 1305 _E
400 [RMsy 8723 3

300
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200
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G. Galati

FOOT: measure the impact of Nuclear Interaction in Particle Therapy

* Charge Particle Therapy efficiency currently limited by the
lack of knowledge of the nuclear fragmentation cross sections
in body tissues

Arbitrary units

L) ALY LLLLY LLLL L

9
8
7
6
5
4
3
2
1
0

7]
o
* The FOOT (FragmentatiOn Of Target) experiment aims at L e
£ secondary agments
measuring nuclear fragmentation cross sections to develop T e SR
more precise Treatment Planning Systems for proton and 100 e i msmes 300, vuow G 55 200

thef apy Start Counter

~ | Beam Monitor

Emulsion chamber

* Produced fragments <100 um: inverse kinematic to measure e
fragmentation cross section

A 4

¢ 2 complementary fable-top setups: nuclear emulsions
spectrometer to measure Z=3 + electronic setup to measure

. /723
- NUCLEAR EMULSIONS SPECTROMETER SETUP

NEW: PRIN “DAMON: Direct meAsureMent of target fragmentatiON”

* direct measurement of target fragments produced by a proton beam using Nano
Imaging Trackers emulsions and optical microscopes overcoming the diffraction
limits




IMAGING METHODS FOR BNCT

People: D. Ramos, G. Iaselli, G. Pugliese, T. Maggipinto, A. Monaco, etc...

Monte Carlo set-up

General goal: Develop an alternative method for a possible imaging protocol
based on the measurement of the prompt gamma-ray of 478 keV with a CZT
Compton camera type detector.

* Monte Carlo methods to simulate a Compton image data-set within a

BNCT approach.
* Reconstruct the normalized simulated distributions using three methods: the source oal detector
classic Maximum Likelihood Expectation Maximization (MLEM) iterative
. . . phantom
method, a method based on image processing operations, and -
Convolutional Neural Networks (CNN) approach.
(CNN) app 6" GEANTS4 l
3D CZT detector

CZT single unit: 20x20Xx5 mm?,
. planar transversal field (PTF),
orthogor .rlft sirlp electrodes

TP
TP+ FP

TP

Accuracy = TP+ FN

Sensitivity =



DOSE
MONITORING

Maximum Likelihood
Expectation
Maximisation (MLEM)
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_ ResNet50(ImageNet)
Convolutional Neural Network Property | Value |

tumor monitoring Data augmentation + Layers 206 x 1 Layer

Connections 227 x 2 table

1 InputNames \ 1 x1 cell H
TranSfer Learnlng OutputNames | 1 x 1 cell H

5 point-like on air Cubic on air Point-like on air Ring on tissue

Ground truth

Source

segmented

Overlap

T/N=2 T/N=5 Spheric on air
Accuracy | Sensitivity

5 point-like on tissue 3.81% 100%
Cubic on air 86.09% 96.27%
point-like on air 0.55% 100%
Ring on tissue 13.46% 59.20%
Spheric T/N = 2 4.83% 100%
Spheric T/N =5 3.81% 100%
Spheric on air 99.73% 77.99%




Le CT sono oggi eseguite con la ik )
. . - antry -Ray Tube

tecnica convenzionale che utilizza

raggi X.

Gli esami CT rappresentano circa il

- 10% degli esami radiologici eseguiti
e .nte- Essi sono

1sabili di circa la meta della

e |ssiva

PG

Studio di fattibilita di un sistema di tomografia computerizzata che utilizzi
un fascio di protoni



MOTIVAZIONE DELLA ATTIVITA

Healthy Tissue Tumor Healthy Tissue
Lo SViIUppO di un sistema per CT che utilizzi un A s [ X-rays | Spread-out Bragg Peak
(] . . . 4 ° // \‘\x‘\ = / ’_—
fascio di protoni anziché la tecnica / ] Willnotreach ]
~ i ealtny tissues
“

convenzionale coi raggi X ridurrebbe in

Adjusted Protons Synthesize

Bragg peaks

Non-adjusted Protons

maniera significativa la dose associata

Radiation Dose

......
=

all'esame diagnostico.

Dalla misura ¢

nei tessuti si pud re

pr t;ﬂcq.



DESCRIZIONE DELLA ATTIVITA

Studio di fattibilitd di un sistema di rivelazione per la tomografia protonica, basato su innovativi
rivelatori a pixel di silicio di grandi dimensioni intervallati con assorbitori disposti a sandwich,

per realizzare un cosiddetto "calorimetro” ibrido ad alta segmentazione.

=] absorhar

1 silicon pixel detector —>
~inceming
~ particles

(protons)

dote collection |
ang
signal nerdling



RADIOISOTOPI TERANOSTICI

Un radiofarmaco teranostico rappresenta un approccio combinatorio di
diagnosi (mediante imaging) e terapia della malattia, che mira a trattamenti

Radioisotopo A 2k e _
terapeutici piu tempestivi e a migliorare la cura del paziente.

Esempi di Imaging: PET e SPECT

N | . 2B
/ < >¢ K

@A—r ? . psva. @
PSMA+
L

100%

ot

o2
e

B
()
Auger e

gl

Radioactive Linker Targeting
Compound Molecule

a PET/CT b PETICT C SPECT/CT

Interested people: M. Mastromarco, N. Colonna and other INFN colleagues

, working on the - project

“Produzione di Radioisotopi per la Teranostica con Fasci di Neutroni e Protoni”
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PROGETTI PNRR

Spoke8 - ICSC - Development of a Processing

Pipeline for Medical Images and Omics Data in
Patients with Pancreatic Cancer

* DARE
* Gia presentato in INFN-LS
® ITINERIS

® Progetto sulla Biodiversita: INFN-Bari si occupa di fornire
risorse di Calcolo e Servizio Cloud evoluti per supportare
la comunita nazionale e internazionale che lavora
nell’ambito del monitoraggio della biodiversita

® UNIBA come ReCaS-Bari partecipa ad altri progetti:

I S SR £ i

® Centro Nazionale 3 (Omics)

® ElixirXNextGenlT

® Infrastruttura di ricerca per la realizzazione di una

piattaforma nazionale di sequenziamento, analisi e gestione
dati.

® ReCaS-Bari fornisce risorse e tecnologie cloud

Mo

PROGETTI CALCOLO IN

AMBITO HEALTH — BARI
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EXPLAINABLE ARTIFICIAL INTELLIGENCE

FOR HEALTH APPLICATIONS

5 55 Exposome <

feete Signs and Symptoms
T -~ Genome
I =« Epigenome
= Microbiome
"% % Other Types of Patient Data

el et S % Individual Patients

o Risk factors

Disease

e Age of onset
e Prevalence
e Symptoms

e Biomarkers
e Progression and prognosis
o Effectiveness of treatments

B




Public large-scale validation studies

Segmentation and classification results can be exploited to design computer aided detection systems.

The lack of an unbiased comparison among different studies has motivated in recent years a number of
international challenges have been promoted to compare algorithms and methodologies within a common

framework.

Preterm Birth Prediction: Microbiome

DREAM Challenge

m) z @] University of Colorado

NICHD  WAYNE STATE  wicaican mepicine Anschutz Medical Campus
School of Medicine U™ or i

Challenge on Computer-Aided

Diagnosis of Dementia | - azheimer's Disease Big Data DREAM Challenge Jf A

based on Structural MRI Data

)\

SANOFI

AddNeuroMed 0

Esther E. Bron, MSc

Marion Smits, MD, PhD
Prof. John C. van Swieten, MD, PhD
Prof. Wiro J. Niessen, PhD
Stefan Klein, PhD

Erasmus MC, Rotterdam, the Netherlands
http://caddementia.grand-challenge.org

Study  [UROTEAN MEDCONIS GACY

ation

L SageBionetworks

Stanford M
fornia University ‘
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International challenge for automated prediction of MCI from MRI data.
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Conclusions

~ we are just at the beginning.. |
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® EuroScienceGateway:
* START: 01/09/2022 || END 31/08/2025
* Obiettivo:

Euro! c'enceGa’rewqy will leverage a distributed computing netwo

@ cesnet (@i of bt i CGEEE

Accessible e-Infrastructure resources for European scientists to enable pioneering data-driven res
across scientific domains.

Support the varieties of analysis types and diverse usage patterns through efficient and s
distribution to appropriate and sustainable infrastructures. 3 

The application of FAIR principles to workflows and adoption of FAIR Digital Objects
and reproducible research and enable the EOSC Interoperability Frcmework r i

Adoption of the EuroScienceGateway by researchers in diverse saen’rlflc d|

q 6 national, user-friendly web portals, fccmtq
Eu.rope as weII as to da’ra, ’ro or






SPOC - SPect for Online boron dose verification in bnCt

Collaboration:

Project Organization: 4 Work Packages and 2 Milestones for each WP

Month:] 1-3 T 3-6 | 7-9 [10-12]13-15]16-18] 19-21] 21-24
- WP1
B |WP2

WP4

2024

SPOC - SPect for Online boron dose verification in bnCt




Preliminary Results

} Y Ray

Scintillator
crystal |

=5 7%

SiPMs
matrix

3

SiPM
matrix

Electroni
cs boards
. ASICs

|

Temperature
Measurement &
SiPM bias circuit

A\

16-channel GAMMA ASIC x4

Global logic &
SPI Controller

~

%

other ASICs

L
To the g
other

|

STM32F4
Microcontroller |

SPOC - SPect for Online boron dose verification in bnCt

Artix-7
FPGA

2-bit ADCs|
x4

CONV

CLK

8.5cm




Preliminary Results )
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Overview of previous/ongoing projects
RIPARTI - Feasibility study for the development of advanced techniques in neutron
beam radiotherapy <

Bari task s synergy with ITEL Linearbeam s.r.l. facility for protontherapy

e
-

1 post-doctoral position

General goal: Feasibility study to become a protontherapy facility into Accelerator-based BNCT facility by introduct
of a target system: Beam Shaping Assembly (BSA)

. Proposed target materials: Lithium and Beryllium — highest cross section for the reacctions p(’Be,’B)n and Pl :

I‘(‘ o

Filter
Moderator

* Function: Thermalize and moderate neutrons

Preliminary BSA layout

3. : - im¢
4. Reflecto Bt

Collimator

Reflector



Overview of previous/ongoing projects

SPOKE 8 - Development of a Processing
Pipeline for Medical Images and Omics Data in
Patients with Pancreatic Cancer

Objectives
Image analysis for the study of neoplasms of internal organs with particular attention to pancreas neoplasms.
Extraction of data useful for the treatment of patients and to establish correlations with clinical data and genome
Tools
Radiological images (before and after surgery), digitized biopsies, ultrasound, clinical picture, genomic seqt

=

Two main public datasets available as pipeline workflow input data * MSD Used for training

o g 7 i * 281 segmented CT images * More samples
Medical Segmentation Decathlon - Task07_Pancreas - Classos: tumor, pancroas, - Pancreas Sogmentation

e CPTAC-PDA background helps during training

‘ - 4\ .‘ Used for test
B * Generalization of the

* CPTAC-PDA model is assessed
* 134 segmented CT images * More complete
* Classes: tumor, background * Multi-omics analysis can

be validated using this
dataset

26/09/2023



Overview of previous/ongoing projects

SPOKE 8 - Development of a Processing
Pipeline for Medical Images and Omics Data in
Patients with Pancreatic Cancer

Preliminary results from segmentation models

Example 1 (dice = 80.4%)

Mean dice score for the tumor class

MSD

e Full CPTAC-
valiaarion PDA
set
SRSNet_v05 37.5% 42.1%
(ours)

nnU-Net (3d
- model)

53.1% 46.7%

100 0 200 150

[ Tumor - manual segmentation (ground truth)

I Tumor - automatic segmentation

Il Pancreas - automatic segmentation

26/09/2023



FUNDED PROJECTS / INFN-COLLABORATIONS

FUTURE PLANS

s

® Main challenges will be mecha
.:Jq”‘-

sl of range module -
| FLASH Radiotherapy with high ® Test the integrated sys

Dose-rate particle beAms — beams.
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* Una coll ersita italiane che hanno

I'obiettivo di cr 2ar per la




gestire
biomedicali e

dati critici

* Per la prima volta si puntaa

servizi piu evoluti che il solo laa$S

New scope

Coprogettazione, sviluppo

e manutenzione di soluzioni
software di DataCloud per il settore
della ricerca.

Erogazione di servizi di DataCloud

- laas, SaaS e PaaS in community

deployment model.




Artificial intelligence for Medicine in digital age

S. Tangaro, R. Bellotti, D. Diacono, A. Monaco, N. Amoroso, L.

Bellantuono, M. Larocca, E. Pantaleo, ...

Individual characteristics and Social and economic
Physical environment
behaviours environment
e Sexand gender L) Income and social status A%
; 3 e  Employment and working conditions
B Genetics @ Education :
- : e Food and agriculture

° Personal behaviour 2 Social support networks & R

2 : 7 i e  Housing, transport, urbanisation
° Psychological coping skills - Culture, traditions, and beliefs . AT A Y
° Nutrition, lifestyle habits ° Health services ' 8y, L

l

Physical and mental
health and wellbeing
outcomes




A—

e

Exposome <
Signs and Symptoms

= Genome
Epigenome
= Microbiome
" Other Types of Patient Data

“ * Individual Patients

| e |

Subclinical

® Risk factors

Disease

o Age of onset
e Prevalence

e Symptoms

e Biomarkers

e Progression and prognosis
o Effectiveness of treatments
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TWORK NEUROSCIENCE

Perception-action coupling
Brain-behavior interactions

Diffusion MR imaging
Histological tract tracing

EM imaging
and reconstruction

Metabolic pathways
Interactome Transcriptional and gene

| networks regulatory networks

Danielle S Bassett & Olaf Sporns, 20 (3) Nature 2017




®* Machine learning

® Reinforce

®* Process mining

e
DS e

* temporal pattern discovery

(physiological phenomena result from a
complex series of interactions that occur hierarchically)

® Dynamic interactions

® Emergence




imaging /electrophysiological
recordings

SYSTEM
localization of functe
behawour / symptoms

NETWORK
emergent Properties

NEURON
INEINSIC PrOPerties

CURRENT
/CHANNEL

MOLECULE
pathogeness;
disease process

Complexity and emergent
behaviour: cognitive and
physiological phenomena
result from a complex series
of interactions that occur
hierarchically.

\ﬁ\‘z THE BRAIN AS A COMPLEX SYSTEM
\ Z e — scale observations:

Many components
Dynamic interactions
Emergence




next_AIM - Artificial Intelligence in Medicine: next steps

INFN-CSN5

Project coordinator:
A. Retico, Pisa

13 Research Units:
Bari (S. Tangaro)
Bologna (D. Remondini)
Cagliari (P. Oliva)
Catania (M. Marrale)
Ferrara (G. Paterno)
Firenze (C. Talamonti)
Genova (A. Chincarini)
Lab. Naz. Sud (G. Russo)
Milano (C. Lenardi)
Napoli (G. Mettivier)
Pavia (A. Lascialfari)
Padova (A. Zucchetta)
Pisa (M.E. Fantacci)

WP1

Challenge I:
no-so-big data

Strategies for efficient learning with
limited data samples.

Evaluation of robustness and
reliability of trained models.

WP2

explainable Al (XAl)

Make Al results understandable to
humans.

Which image/data features are
relevant to make a decision?

Challenge II:

~

SEmm——
WP3

Evaluation of the robustness of radiomic
features in multiparametric MRI and its impact
on predictive value of Al models

Whole Tumor Edema (ED)  Tumor Core (TC)

MRI modalities:
e T
. TiGd
. T2
Y . T2-FLAR
Tumor region considered:
«  Tumor core (TC)

Edema

. (€D)
- - -

Training labels
(Glioma grade)

ML Classifier
Pray (Random Forest)

Tumor Image Feature Performanc
Evaluation (AUCin
5-fold CV)

Bin
el 8,16,128,
Brainstem si2

count:

Ubaldi L, Saponaro S, Giuliano A, Talamonti C, Retico A. Deriving
quantitative information from multiparametric MRI via Radiomics...
Phys Medica 2023;107:102538
https://doi.org/10.1016/j.ejmp.2023.102538.

ASSOCIAZIONE ITALIANA
di FISICA MEDICA e SANITARIA

La Fisica al servizio della salute

Applications to real-world

data samples include ....

Robust implementation of explainable Al methods| -

TRAINING SET

SubjectN

g
g~
e

Xrgst
I
(Subjectr )

Shap matrix
Lombardi A, Diacono D, Amoroso N, Biecek P, Monaco A, Bellantuono L,
... Tangaro S, Bellotti R. A robust framework to investigate the reliability
and stability of explainable artificial intelligence .... Brain Informatics
2022; 9:17. https://doi.org/10.1186/s40708-022-00165-5.

Computing
resources
and SW repository
organization
ReCaS, IBiSCo, INFN-
Cloud + local HW
resources

Exploitation
of research
results and

communication
conferences, publications

and outreach,
collaboration with




TELE N EU RART | Rete Nazionale Pediatrica per il tele-monitoraggio e la tele-riabilitazione dei disturbi e delle disabilita del neurosviluppo tramite

I'individuazione e I'analisi di biomarker digitali, identificati tramite intelligenza artificiale

Design of a dedicated platform for medical data analysis with. f

- '
~— — -
— - 8 Source C
%
-

The joint effort by the Medical Physics and High Energy

Physics communities led to the design of a dedicated o .
computing infrastructure which can link Clinical, Medical §; 150 Coruied NEN Cloua ig'ﬁ.
Research and Technical Research Centers. Fteancn, ) i e

The INFN-cloud based computing infrastructure is:
- especially suited for training Al models
. = equipped with secure storage and communication | = = AN 5
! systems (ISO/IEC 27001 27017 27018) setsvumens oodhateten
- compliant with data protection regulation (GDPR)

It would be able to accelerate the development and L\_
extensive validation of Al-based solutions for Medical - :
Imaging. Ll ) Fr T

e, o Kick-Off Meeting
— 2-3 Ottobre 2023

PIANO OPERATIVO SALUTE



Studio degli eventi G eSi in aree ad Alto Tasso di

va
O

CAPOFILA

’ PARTNER
]
’ l;ﬂé‘ S17¥3T0 ORTOPEDICO RIZZOL
GENESIS _A I I ‘ : INFN  istituto Nazionale di Fisica Nucleare
i ‘:“}

Studio degli eventi GENEtici alla baSe della carclnogeneSi in aree ad Alto Tasso .4
di Inquinamento per tipologia produttiva.

Obiettivo del progetto

Obiettivo del progetto e mettere in relazione i dati ambientali forniti da ARPA Sicilia,
relativi alla presenza di sostanze chimiche e alla loro concentrazione in acque superficiali
e profonde, con i dati clinici di pazienti oncologici, gia presenti nel Registro Tumori gestito
dall’ASP di Ragusa; oltre all’analisi retrospettiva dei dati gia presenti nel database di ARPA
Sicilia e nel Registro Tumori, il progetto prevede lattivazione di studi clinici condotti
dall’Universita di Palermo e dallo IOR con il coinvolgimento di soggetti residenti a zone a
rischio alto e basso, con lo scopo di creare un setting predittivo di potenziali malattie
tumorali correlate o comungue condizionate dalla presenza di agenti ambientali
inquinanti.







RANGE MODULE

Beam E = 106.2 MeV
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*Series of optically isolated polystyrene scintillator sheets of size: 10 cmX10 cm X 3 mm.
*Photodiodes coupled to fast, modular ADC electronics read light levels at over 5 kHz.
*Measure depth-light curve to reconstruct Bragg depth-dose and proton range with accuracy <
0.5mm.

*Modular design: one detector module (32 sheets, 26 mm total depth) can test pencil beam

energies between 70—130 MeV. Possibility to daisy chain to cover the full clinical energy range.

*Real-time range reconstruction: 6 kHz data-rate, 40 Hz range fitting.




SCALING TO FLASH

Range QA measurements for FLASH proton
therapy using the Quality Assurance Range
Calorimeter

® Dose-rate for FLASH estimated around 40 Gy/s.
O Estimated delivery time of 100 ms
O Corresponds to a current of 600 nA to the patient.
® Due to the nanosecond decay time of the plastic scintillator and

the large dynamic range of the detector, range measurements

re also possible at FLASH dose rates.

scinfillation light output scales linearly with dose-rate.
m performed at UCLH in 2022 has 300 nA

proton therapy, plastic scintillator, FLASH, quality assurance

Submitted to: Phys. Med. Biol.

Saad Shaikh!, Sonia Escribano-Rodriguez!, Raffaella Radogna®,
Connor Godden', Matthew Warren', Derek Attree', Ruben
Saakyan', Samuel Manger®*, Nicholas Henthorn®!,
John-William Warmenhoven?®!, Michael Taylor?!, Karen
Kirkby*!, Marc-Jan van Goethem®, Alexander Gerbershagen®,
Simon Jolly!

"Department of Physics and Astronomy, University College London, London, UK
2Department of Physics, University of Bari, Bari, Italy

3Division of Cancer Sciences, School of Medical Sciences, Faculty of Biology,
Medicine and Health, The University of Manchester, Manchester, UK

4The Christie NHS Foundation Trust, Manchester Academic Health Science Centre,
Manchester, UK

SPARTREC, UMCG, University of Groningen, The Netherlands

E-mail: saad.shaikhQucl.ac.uk

Abstract. The purpose of this work was to demonstrate the design and performance
of a full-sized clinical prototype of the Quality Assurance Range Calorimeter (QuARC):
a d large-vol intillator-based detector for fast, accurate proton range
quality assurance (QA) measurements. The detector used 128 scintillator sheets
of size 105 x 105 x 3mm arranged into 4 modules of 32 sheets, where each sheet
was directly coupled to a photodiode. Fast anal to-digital ion facilitated
measurement of scintillator sheet light output to 20-bit precision at 6kHz, with a
dynamic range of up to 350 pC. Proton range measurements with the full-size detector
were performed at The Christie at clinical (approx. 1nA nozzle current) dose-rates,
where the range accuracy of the QUARC was found to be within 0.4mm of facility
reference across the full clinical energy range. The QUARC was successfully able to
perform range measurements of the 245 MeV beam at FLASH dose-rate (approx. 50nA
nozzle current), where the fitted range agreed with the clinical current measurement
to 0.3mm. Follow-up measurements with 2 detector modules at UMCG PARTREC
investigated the linearity of the scintillator light output with beam current, which
found non-linearity effects of up to 25% between beam energies of 60-150 MeV.
Several convoluted variables are discussed as possible causes to this effect as well as
improvements to the detector design for future experiments.




BEAM TRACKER

The potential for an integrated QA solution for FLASH PBT

® First detector prototype now produced in 2023 and under test @INFN-Bari r
® 10 cm x 10 cm arrays made of BCF-60 plastic scintillating fibers by the Saint-Gol

0.50 mm diameter.

emission peak at 530 nm. |

Experimental Data
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SPOC - SPect for Online boron dose verification in bnCt

Milestones:

M1 (12m): Simulations of irradiation fields as well as signal and background on the detector.
M2 (12m): First prototype of the detector ready, including subcomponents for the detector
procured (scintillator, SiPMs, ASICs) and DAQ system.

M3 (12m): First release of the Tomography reconstruction algorithm. C:I

M4 (12m): Characterization of neutron beam at UNIPV LENA PGNAA facility using neutron
activation measurements and Bayesian unfolding methods.

M5 (18m): Conclusion of shieldings studies and procurement.

Bari

Milestones:
M6 (24m): Simulations of the optimized scanner geometry.
e M7 (24m): Tomography reconstruction algorithms ready.
. | M8 (30m) Development of further detector modules (up to
‘ tructlon of SPECT prototype system concluded '
6m): Results from beam tests of the protc

s i oo ot EL
AT me o L o

SPOC - SPect for Online boron dose verification in bnCt 26/09/2023



Preliminary Results

Pubblicazioni:

1- D, Dayron, G. Pugliese, G. laselli, N. Amoroso, C. Gong, V. Pascali,
S. Altieri, and N. Protti. 2023. "Study of Alternative Imaging Methods for In Vivo Boron,"
Neutron Capture Therapy» Cancers 15, no. 14: 3582.
DOI:

“ 2- D. Ramos on behalf of G. M. I. Pugliese, G. laselli, N. Protti, S. Altieri, C. Gor

" 023 “Monte Carlo study of 3D image reconstruction for boron dose dlst

T with CZT-based Compton camera” IL NUOVO CIMENTO 46 C

T 1 10 1393/ncc/|2023 23073-2
O
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https://doi.org/10.3390/cancers15143582

Overview of previous/ongoing projects

Bari task: Imaging methods for BNCT < synergy with University and INFN of Pavia

General goal: Develop an alternative method for a possible imaging protocol based on the measurement of the
prompt gamma-ray of 478 keV with a CZT Compton camera type detector.

« Monte Carlo methods to simulate a Compton image data-set within a BNCT approach.

* Reconstruct the normalized simulated distributions using three methods: the classic Maximum Likelihc ¢
Expectation Maximization (MLEM) iterative method, a method based on image processing operatlo '
Convolutional Neural Networks (CNN) approach. g

3D CZT detector
CZT single unit: 20x20x5 mm?,
1 Ianar transversal ﬁeld (PTF),

TP
Accuracy = TP+ FP

TP
TP+FN

E,=E + Es>

-, First Scattering

Sensitivity =

E,®" ] Photon Absorption

26/09/2023



Property Value ‘ ‘

. . Layers 206 x 1 Layer
Data augmentation + Trasfer Learning Connections | 227 x 2 table
ResNet50 model InputNames 1x1cell |
OutputNames 1x1cell |
5 point-like on air Cubic on air Point-like on air Ring on tissue
Ground truth
Source
reconstructed
Overlap
T/N =2 TIN=5 Spheric on air Accuracy | Sensitivity
5 point-like on tissue 3.81% 100%
Cubic on air 86.09% 96.27%
point-like on air 0.55% 100%
Ring on tissue 13.46% 59.20%
Spheric T/N = 2 4.83% 100%
Spheric T/N =5 3.81% 100%
Spheric on air 99.73% 77.99%

5%/ INFN



Imaging sensor genetic Microbiome socio-economical
data data data data

Subclinical ® Risk factors
F o Age of onset
e Prevalence
Disease [emptoms
e Biomarkers

e Progression and prognosis
o Effectiveness of treatments



A GENERAL APPROACH FOR MEDICAL BIG DATA
ANALYTICS

4 )

COHtI'OlS Leosie=e Signs and Symptoms
Patients I B
||:> =, [ Quantitative ]
Risk m— features
Subject

o % 7 % " OtherTypes of Patient Data @
LT T Individual Patients A



