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CHIRONE

(Radio Guided Surgery)

MARIANNE

(Imaging for stadiation)

DOSE PROFILER

(Particle Therapy dosimetry)

MONDO

(Fast Neutron Detection)

FRED

(TPS with GPU)

FOOT

(RBE in PT)

NEPTUNE

(19F-MRI)

FILOBLU

(Patient-Doctor 

interactions)

NUCLEAR MEDICINE HADRON THERAPY

ARTIFICIAL INTELLIGENCE IN MEDICINE 

WIDMAPP

(Dosimetry for Target Radio 

Therapy)

PAPRICA



Collaborations

Activity driven by medical input, with involvement of  SMEs
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HADROTHERAPY



Hadrotherapy

Proton/ion beams on patient Concentrate release of  

energy inside tumor due 

to release of  energy in 

ionization.Energy loss in extended energy range

Depth[mm]

beam



Measuring the dose

Based on nuclear reactions between 
the projectile and the patient

Possible nuclear reactions

Don’t exit 
patient

No 
detectable 
signal

Reactions of 
interest

 b+ decays

• Prompt g

• Charged 
products

RF, V. Patera,
“Dose Monitoring in 

Particle Therapy”, 
Mod. Phys. Lett. A



Correlation between 
activity and dose

Projectiles & target 
fragmentation

Target fragmentation
Example of b+



To exploit the secondary particles 

detections as an online monitor, a 

Dose Profiler has been designed 

(within the INSIDE Italian project) to be 

deployed in the CNAO treatment 

center.

8

Range monitor applications

Project funded as a part of 

INSIDE Prin, INFN RDH 

and Premiale C.F. 

DOSE PROFILER

(Particle Therapy dosimetry)



Dose Profiler

Need a detector to 
simultaneously measure 
the rate of:

• charged particles with 
multilayer for track 
reconstruction

• single photons with 
compton camera

Charged trackphoton



PAPRICA



FOOT

(RBE in PT)





The FOOT Experimental 

setup

Expected performances:

• Resolution on fragment X-section < 5%

• Energy resolution < 1 MeV/u

• Measurements of Z with mistag <3%

• Measurement of A with mistag < 5%
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Tesi in Sanità
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MONDO

(Fast 

Neutron 

Detection)



GENIALE

(Low Energy Nuclear Interactions)



GENIALE: results

Example: alpha production

BLOB

BLOB

SMF

• COALESCENCE

• EXITATION ENERGY C

ORRECTION



Treatment Planning System

From the 
tumor margin 
to the beam 
sequencing 
(“Raster 
Scan”)

FRED
(TPS with GPU)



Use of GPUs
Typical times:
• Full MC 72hr
• Analytical 

commercial sw: 1hr
• GPUs → 1min
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Radio Guided Surgery
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Each tumor requires its own 
tracer

Probe adjustable to 
needs

PET/SPECT scan to 
estimate 

receptivity and 
background 

Administration 
of radio-tracer

During surgery a probe is 
used to detect 

residuals/lymphnodes

CHIRONE

(Radio Guided Surgery)



LIMITS OF g-RGS

140 keV photons

➔ attenuation in body ~8cm
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Long range of gamma’s involve:
• exposure of medical personnel
• Background from  healthy organs 

Difficult to apply in:
• Brain tumors
• Abdominal tumors
• Pediatric tumors 



• Use of b- tracers (electrons): pros

– Detect electrons that travel ~100 times 
less than γ

– Tracers with 90Y can be used (already 
used for Molecular RT)

– No background from gamma 
– Shorter time to have a response

» Smaller administered activity

– Smaller and more versatile detector

– reduced effect of nearby healthy tissues

– Reduced dose to medical staff
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A CHANGE IN PARADIGM

EXTEND RGS TO MORE 
CLINICAL CASES

e- (signal)

E. Solfaroli Camillocci et al, Sci. 
Repts. 4,4401 (2014)

NOTE: only detection at contact is possible



The probe prototype

Compact, easy to handle, 
local measurement

Simple technology: 
• scintillating crystal
• Light sensor (SiPM)

Most stringent constraints:
• Mechanics 
• electrical safety
• sterilization

Ongoing R&D:
• Detector 

improvements to 
lower energy 
threshold

• Laparoscopic 
application 
(adjustment in 
size, multiple 
reading for 
information from 
the side)

Fig: Probe  in ex-vivo tests on meningioma 



RESEARCH PATH

Probe 
Prototypes
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Lab tests 
(phantoms)

Identification of proof of 
principle

Identification of first 
clinical cases

Ex-Vivo tests on 
Meningioma 

We are here

Tests on glioma and 
GEP-NET

Development of 
specific radio-

tracers

Improve probe, 
extend to other radio-

isotopes and to 
endoscopy



Perspectives
Application to other radio-tracers

– 68Ga in prostate cancer

– Development of a CMOS sensor based device

• Extend to more radionuclides→more tumors
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Dosimetry in Target Radio Therapy

• TRT: Injection of radio-tracer that links
preferentially with tumor→ beta- radiation
for therapy

• Need to certify acquired dose on patient-by-
patient basis
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Development of sensors
(evolution of the probe)

MC simulation/data analysis
→ proof of principle
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entropy 

map

tumor

grey-level value

of each pixel/voxel

in the ROI

Automatic classification of response to 

chemoradiotherapy in rectal cancer using 3T T2-w MRI

Texture analysis of MR images

Machine learning algorithm:

Random Forest classificator

to stratify patient respnce

AUC=0.94 Paper to be submitted

to Radiology

Entropy map

Avoid surgery to 50% 

of patients that 

would not need it

S. Ciardiello, RF, R. 

Paramatti, C. Mancini 

Terracciano, C. 

Voena, et al …

MARIANNE

(Imaging for stadiation)

→ Talks by Carlo Mancini Terracciano and Cecilia Voena



Tomotherapy Quality assurance

Tomotherapy (radiotherapy by slices) is a radiotherapy

with very accurate dose profiling

Complex dose delivery

Requires accurate verification of correspondence

between estimated and measured activity

Specializzando: Daniele Carlotti



Aim of the study: develop an algorithm capable to estimate, patient by patient, the 

dose profile of TomoTherapy HiArt Delivery Quality Assurance (DQA)

Towards artificial QA

Specializzando: Daniele Carlotti

Raw Data Dose profile

Application of Machine Learning

USE OF NNETS 



 In red measured images (sample of 729)

 In gree images simulated with the developed neural network.

C

C

Virtual dose distribution



Machine learning for 

patient–doctor interactions

 Machine Learning is required to 

 Authomatic text analysis

 Data Augmentation

 Response classification

FILOBLU is an App to 

deal with post-operation

follow-up @ home

Evaluation of 

gravity of message

(including

sentiment analysis)

FILOBLU

(Patient-Doctor interactions)
→ Talk by Andrea Ciardiello



PROJECT GOAL

GOALS OF 

WP2 

(IMAGING)

Titolo Nuclear process-driven Enhancement of Proton Therapy UNravEled

Area di ricerca multidisciplinare

Responsabile nazionale G Cuttone (INFN-LNS)

Unità partecipanti LNS, Napoli, Roma1, Roma3, LNL, Milano, Pavia, TIFPA

Evaluate impact of 19F 
and 11B on particle 

therapy

Evaluate bio-
distribution of 

tracers

Evaluate 
concentration of 

samples
NA,P

V

RM1

NEPTUNE

(19F-MRI) → Talk by  Silvia Capuani



Available techniques: PET/MRI

PET has a worse resolution and tracers more difficult to 
synthetize/handle  but 1H-MRI does not show a signal …

1H-MRI PET

GLIOBLASTOMA

… but:

• gyromagnetic factor of 19F is 

only 6% away from 1H

• 19F is not present in human 

body (no physical background)



Concentrations and Performances

 Typical PET activity concentrations:

 Inject ~200MBq FDG (i.e. 3 10-12 moles), 

detect ~ 10-16 moles/ml

PET

MRI
/ml /ml /ml /ml /ml /ml

Concentration 
increases by 10 
O.o.M.   
• Toxicity?
• Uptake?

Concentrations 

required by Particle 

Therapy:

• 80 ppm

• 0.11 mg/ml

• 10 mM/ml

Cell Lines: PANCREAS(PANC-1)

Tracers:     BSH

phenylalanine



Evaluation of bio-distributions of tracers

THIS PROJECT

A) Tests on animals to have samples with the correct

concentration

B) Setup a test stand to study and improve, with INFN 

competences, the signal/noise ratio

C) Study co-registered 19F and 1H images to study the 

noise correlation and possible algorithms to enhance

sensitivity to signal



Study of co-registered 1H-19F analyses

Artificial Intelligence needed to:

 Align images

 Use autoencoders as de-noisers

 Segment 1H images

 Data augmentation

Currently 1H and 19F images are only 

superimposed for visual comparison 

(combination is just product of signals)



Possibili tesi di laurea

HARDWARE:

o Sviluppo e test di rivelatori

o Assemblaggio

o Machining componenti (stampante 3D)

o Setup e acquisizione dati di test NMR

o Setup e acquisizione dati test clinici o pre-clinici

SOFTWARE:

o Analisi dati esperimenti su fascio, fantoccio, animali 

pazienti

o Applicazioni Machine Learning

o Simulazioni Monte Carlo

o Swiluppo di software

o per simulazioni

o Per ricostruzione esperimenti

http://arpg-serv.ing2.uniroma1.it/arpg-site/index.php



Possibili tesi di laurea

• Studio di fattibilità della matrice di sensori (WIDMApp): simulazioni MC, 

analisi dati e test su fantoccio 

• Analisi test clinici e pre-clinici sonda intraoperatoria (CHIRONE)

• Caratterizzazione di nuovi scintillatori plastici per lo sviluppo di fast 

timing detector e/o pulse shape discrimination.

• Test del sensore e ricostruzione degli eventi di MONDO

• Sviluppo della camera a coppie (PAPRICA)

• Studio performance dei rivelatori di FOOT su TestBeam

• implementazione in FRED dei modelli di interazione di elettroni e fotoni 

per la IORT.

• Studio del segnale analogico delle antenne NMR tramite Software 

Designed Radio (NEPTUNE)

• Applicazione del machine learning alle immagini NMR con 19F 

(NEPTUNE)

• Applicazione del machine learning alla stadiazione dei tumori 

(MARIANNE)

Contatto: 

elena.solfaroli@roma1.infn.it, francesco.collamati@roma1.infn.it

riccardo.faccini@uniroma1.it

Contatto: 

cecilia.voena@roma1.infn.it, stefano.giagu@roma1.infn.it

Contatto: 

alessio.sarti@roma1.infn.it, vincenzo.patera@roma1.infn.it
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