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On behalf of the Organizing Committee, we wouldelito welcome you to the Conference
“Physics & Medicine. Toward a future of integratiori in Trento.

The relationship between physics and medicineahagnt roots that sink to the dawn of medicine
with the use of physical techniques, like heat legitt, to diagnose and treat diseases. In the dé&titury,
with the advent of the experimental method, thehmaistic description of nature was soon extended to
living creatures. At the University of Padua, whealileo was still there to teach, started the stlodo
latro-mechanics that was concerned with fundamequaktions about the function of the human body
and the nature of life itself. Along these linetygics contributed both to the establishment of new
medical disciplines such as biomechanics, elecymiptogy and ophthalmology and supported many
other clinical practices and medical researchesutiir the development of a huge number of physics-
based devices for clinical measurement, diagnosé teeatment. However, medical physics, as we
usually understand the term, emerged as a distiscipline in the 28 century in response to the growing
use of ionizing radiation in both diagnosis andatineent. The urgent need to associate to the team of
health professionals dealing with ionizing radiat@a physicist with the central role of warrantortio¢
safe and effective use of radiation became soaeaviand led to a new health-care profession: médic
physics.

In Italy, the Conference “Conversations on theal®ehs between Physics and Medicine” held in
Levico Roncegno Terme (Trento) from Septembét 419" 1964, was of paramount importance to the
activation of the Medical Physics services in thealthcare facilities. Moreover that Conference
emphasized the need for basic training in physms fliture physicians thus contributing to the
establishment of Chairs in Medical Physics at tbleoBls of Medicine.

The actual Conference “Physics & Medicine. Towarfiture of integration” has been organized by
the University of Trento, the Azienda Provinciaker p Servizi Sanitari of Trento and the Associagion
Italiana di Fisica Medica, on the 50th anniversaf'yhe Levico Roncegno Terme event. Since then the
life sciences experienced a true scientific andnhrietogical revolution with significant clinical
implications demanding to physics and medicinecgiffe patterns of integration . Therefore the gaxls
the meeting are:

* to review the current status of main topics of maldiphysics and give a vision of coming
developments;

» to consider the profession and the role of the oa&dlihysicist projected in the new organizational
models of health services;

» to analyze patterns of training and retraining afdmal physicists as well as the basic training
programs for future physicians;

* to discuss the contribution of research in physssapplied to medicine as an engine for
innovation in health care;

The event is organized in conjunction with theernational Day of Medical Physics proposed
by the International Organization of Medical Phgs{¢tOMP) for the day November 7th, in which it
celebrates the anniversary of the birth of Marieo8&wska-Curie. In this year IOMP proposes the them
"Looking into the Body: Advancement in Imaging thgh Medical Physics.

The Conference Program also includes two joinsieas with the event “Giornate di Studio sul
Piano Triennale 2015-2017" of INFMl&tional Institute of Nuclear Physics).

We wish you a wonderful experience in this sciengvent, and we also hope that you will be



able to find time before or after the Conferencen@y the many exciting experiences that the Tment
Province has to offer.

Renzo Antolini Aldo Valentini
Department of Physics Department of Health Physics
University of Trento Azienda Provinciale per | Sensanitari - APSS, Trento

renzo.antolini@unitn.it aldo.valentini@apss.tn.it
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Thursday, Novembre 6th

MUSE, Science Museum
corso del Lavoro e della Scienza 3, Trento

16.30 Registration

18.00 Conference opening and greetings from Atttesrand Scientific Associations
19.00 Guided tour at the Museum

20.30 Welcome aperitif

Friday, November 7th

Federazione Trentina della Cooperazione
via Segantini 10, Trento
Joint scientific sessions with the Istituto Naziendi Fisica Nucleare

08.30 Session 1: Physics of Cancer
Chairs:Luigi Tomio (Azienda Provinciale per i Servizi Sanitari, T@nMarta
Paiusco(lIstituto Oncologico Veneto, Padova)

08.30 Transport oncophysics
Mauro Ferrari (Houston Methodist Research Institute, HoustorAJS
(in videoconferenza)

09.00 Hitting genomic stability: from cancer cause to ceer cure
Antonio Giordano (Sbarro Institute for Cancer Research and Moleddkdicine, Temple
University, Philadelphia, USA)

09.30 Perspectives in particle radiobiology
Marco Durante (GSI Helmholtz Centre for Heavy lon Research eheal University,
Darmstadt, Germany)

10.00 Physical aspects in the evolving models of canceatment with radiations
Alessio Morganti (Universita Cattolica del Sacro Cuore, Roma)

10.30 Coffee break

11.00 Session 2: Physics in Medical Imaging
Chairs:Carlo Cavedon(Azienda Ospedaliera Universitaria Integrata, YiejoPeter Lukas
(Medizinische Universitaet Innsbruck, Austria)

11.00 100 years of imaging in radiotherapy — and what'sxt?
Frank Lohr (University Medical Center Mannheim, Universitaeéslizin Mannheim, Germany)

11.30 Development of in-vivo imaging techniques for chadj particle therapy
Giuseppe Battistoni(Istituto Nazionale di Fisica Nucleare, Sezion®idano)



12.00 Technologies for dose reduction and monitoring imdnostic radiology
Davide Caramella(University of Pisa)

12.30 PET/CT and molecular imaging
Stefano Fanti(University of Bologna)

Faculty of Giurisprudenza
via Rosmini 27, Trento

13.30 Lunch & poster session

14.30 Session 3: Physics in Precision Medicine
Chairs:Enzo Galligioni (Azienda Provinciale per i Servizi Sanitari, T@npiAlessandro
Quattrone (University of Trento)

14.30 Lecture title pending
Gerhardt Attard (Institute of Cancer Research e Royal Marsden itadspondon, UK)

15.30 Session 4: Physics of Brain
Chairs:Franco Chioffi (Azienda Provinciale per i Servizi Sanitari, T@ntNathan Weisz
(University of Trento)

15.30 Cracking the neural code using tools and conceptsnh statistical physics
Stefano Panzeri(Istituto Italiano di Tecnologia, Center for Nesectence and Cognitive Systems,
Rovereto)

16.00 Functional imaging of the human brain using MEG anétMRI
Gian Luca Romani (Universita “G. d’Annunzio”, Chieti)

16.30 Diffusion tensor imaging and modern neurosurgeryoward a connectomic approach to brain
surgery
Silvio Sarubbo (Azienda Provinciale per i Servizi Sanitari, Tr@nt

17.00 Coffee break & poster session
17.30 Oral presentation of selected posters

Chair:Otello Nibale (Associazione Italiana di Fisica Medica, Triveneto

19.30 Departure by bus to the social dinner (@ad?ca, Trento)
20.00 Social dinner, Cantine “Rotari” of Mezzoawap Trento
(joint social event with the Istituto Nazionalekisica Nucleare)



Saturday, November 8th

Faculty of Giurisprudenza
via Rosmini 27, Trento

08.30 Round Table 1:The future role of the Medical Physics Depaaents in the new
organizational models of health services

Danilo Aragno (Azienda Ospedaliera San Camillo Forlanini of Rm

Luisa Begnozzi (President of Associazione Italiana di Fisica Majl

Pier Paolo Benetollo  (Direttore Sanitario Azienda Ospedaliera Integthtéaria of Verona)

Onelio Geatti (President of Associazione Italiana di Medicinachkéare)

Michele Stasi (IRCC, lIstituto per la Ricerca e la Cura del Garai Candiolo e Azienda
Sanitaria Ospedaliera Ordine Mauriziano, Torino)

Franco Vimercati (President of FISM, Federazione delle Societaibte8cientifiche Italiane)

09.30 Round Table 2Patterns of training and retraining of medical phiygsts

Marta Bucciolini (University of Firenze)

Marco Ferdeghini (University of Verona)

Pier Giorgio Montarolo (University of Torino)

Cristiana Peroni (University of Torino)

Gian Luca Romani (Universita “G. d’Annunzio”, Chieti)

10.30 Coffee break & poster session

11.00 Round Table 3:The research in physics as applied to matkcias an engine for
innovation in health care

Silvio Aime (Universita di Torino e Presidente di 2i3T, Inatdre d’Imprese
dell’'Universita di Torino)

Renzo Antolini (University of Trento)

Luciano Flor (Direttore Generale dell’Azienda Provinciale p&ervizi Sanitari, Trento)

Cino Matacotta (INFN, Comitato Nazionale per il Trasferimentaiielogico)

12.00 Oral presentation of selected posters
Chair:Aldo Valentini (Azienda Provinciale per i Servizi Sanitari, Tr@nt

13.00 Conference closing

Azienda Provinciale per i Servizi Sanitari di Tren
Proton Therapy Facility
via Al Desert 17, Trento

15.00 Guided tour
(Warning: minors and pregnant women are not alloiwedk areas)



# Speaker Title

1 | Mauro Ferrari Transport oncophysics

> | Antonio Giordano Hitting genomic stability: from cancer causeto
cancercure

3 | Marco Durante Perspectives in particle radiobiology
Physical aspects in the evolving models of

4 | Alessio G. Morganti cancer treatment with radiations.

5 | Erank Lohr 100 ¥ears of Imaging in Radiotherapy — and

—_— what's next?

6 | Giuseppe Battistoni Developmen.t of in-vivo imaging techniques for
charged particle therapy

7 | Davide Caramella Tech_nol_ogl_es f(_)r dose_reduqtlon and
monitoring in diagnostic radiology

8 | Stefano Fanti PET/CT and molecular imaging

9 | Gerhardt Attard Lecture title pending

10 | Stefano Panzeri Cracking the neura}l g:ode using tools and
concepts from statistical physics

: . Functional Imaging of the Human Brain using

11 | Gian Luca Romani MEG and fMRI
Diffusion Tensor Imaging and modern

12 | Silvio Sarubbo neurosurgery: toward a connectomic approach

to brain surgery.




Transport oncophysics
Mauro FerrariPh. D.

Ernest Cockrell Jr. Presidential Distinguished Qhai

President and CEO, Houston Methodist Researchtlsti

Director, Institute for Academic Medicine at Houstdethodist Hospital
Executive Vice President, Houston Methodist Hosfiyatem
www.tmbhri.org

6670 Bertner St., M.S. R2-216, Houston, TX 77030

e-mail: mferrari@tmhs.org

Tel (713) 441 8439

Senior Associate Dean and Professor of Medicine
Weill Cornell Medical College
New York, NY

Transport Oncophysics studies cancer as a prdiferdisease of mass transport dysregulation at
multiple scales, from the molecular to the ceisstie-, organ-, and organism-level.

The fundamental characteristics of the mass trahsjiiberentials in cancer are associated with
the pathological modifications of biological barsghat accompany carcinogenesis. Examples of these
are the hyper-permeabilization of vascular end@h#ie flow patterns in highly anastomotic angioig
vasculature; stromal hypertrophy; and overexpressibionic and molecular efflux pumps in tumor-
initiating and therapy-resistant cells.

Employing methods of Transport Oncophysics it isardy possible to develop novel biomarkers
of disease and therapeutic response, but alsovisi@m novel modalities of treatment, especiallythe
context of metastatic disease, and with the usikaefpeutic carriers optimally designed to addthss
mass transport challenges that pertain to caneérita pathological modification of biological bins.

In this presentation | will review the fundamentafsTransport Oncophysics, review some recent
advances in its clinical application to cancer d@gjic and prognostics; and present some
nanotechnology-based transport solutions and agjaitin preclinical models of metastatic disease.



Hitting genomic stability: from cancer causeto cancercure.

F. Pentimallt and A. Giordanb®?
(1) Oncology Research Center of Mercogliano (CROBt)tuto Nazionale Per Lo Studio E La Cura Dei
Tumori “Fondazione Giovanni Pascale”; IRCCS; Naplésly
(2) Department of Medicine, Surgery and Neuros@ehmniversity of Siena, Siena, Italy
(3) Sbarro Institute for Cancer Research and Molactviedicine, Center for Biotechnology, College of
Science and Technology, Temple University, Phif@dalPA, USA

The association between cancer and the environdates back to the T&entury, long before the birth
of modern epidemiology. Among the environmentakdes associated with cancer, physical agents, X
rays in particular, were early recognized as capalblincreasing cancer rates, inducing tumors that
developed at sites of irradiation [1]. Although @aditcarcinogens are mutagenic to DNA, many chelmica
and physical agents act directly or indirectly oNA) challenging genome stability. Whereas ionizing
radiations induce DNA double strand breaks, UV riayhice the formation of cyclobutane pyrimidine
dimers (CPDs), highly mutagenic species that hartieDNA replication process.

The ability of many chemotherapy drugs and of imgzradiations to damage the DNA of the highly
proliferating cancer cells has been the mainstaantiftumoral treatments in the clinical settingwéwer,
during the past decades we have moved from a aeefits-all approach, typical of cytotoxic
chemotherapy, to a personalized medicine strategfyaims to develop molecularly targeted drugs able
exploit particular genetic addictions, dependenaies weaknesses of cancer cells.

Unfortunately, however, cancer cells are highlyehegeneous at the molecular level and tumours
continuously evolve managing to escape therapéa@tments. The main cause of such heterogeneity is
the underlying genomic instability, which has beecently defined as one of the key hallmarks engbli
cancer development and progression [2]. Recentyyynmolecular mechanisms that drive the complex
cell response to DNA damage have been identifidd¢chy not only helped to shed light on the events
triggering tumour development and progression, &lsb provided new targets for more specific
anticancer therapeutic approaches, the best exdajplg the use of PARP inhibitors for the treatnmant
breast and ovarian cancer owed to faulty BRCA gewith PARP and BRCA both involved in DNA
repair pathways [3]. In our lab we study the medas that regulate cell cycle, which are strictly
connected to the cell response to DNA damagingtagend test new strategies that could function as
synthetic lethal approaches to sensitize cancds t®IDNA damaging agents, including radiations and
chemotherapy drugs [4,5].

References:

[1] RA Weinberg. The biology of cancer. Garland BRCE, Taylor and Francis Group, LLC 2007.

[2] Hanahan D, Weinberg RA. Hallmarks of cancee thext generation. Cell. Mar 4;144(5):646-74
(2011).

[3] Turner N, Tutt A, Ashworth A. Targeting the DNrfepair defect of BRCA tumourLurr Opin
Pharmacol. Aug;5(4):388-93 (2005).

[4] Indovina P, Marcelli E, Di Marzo D, Casini NpR&e IM, Giorgi F, Alfano L, Pentimalli F, Giordano
A. Abrogating G/M checkpoint through WEEL1 inhibition in combinatiovith chemotherapy as a
promising therapeutic approach for mesotheliomac€aBiol Ther. 15(4):380-8 (2014).

[5] Di Marzo D, Forte IM, Indovina P, Di Gennaro Rjzzo V, Giorgi F, Mattioli E, lannuzzi CA,
Budillon A, Giordano A, Pentimalli F. Pharmacolaglidargeting of p53 through RITA is an effective
antitumoral strategy for malignant pleural mesatmea. Cell Cycle 15;13(4):652-65 (2014).



Perspectives in particle radiobiology
Marco Durante

Department of Biophysics — GSI Helmholtz Centeasnitadt, Germany.
Department of Condensed Matter Physics - Univerdityarmstadt — Darmstadt, Germany

Radiotherapy is an essential tool for curing canGeer 50% of all
patients with localized malignant tumors receivéiagtherapy as par
of their initial therapy, either alone or, more duently, in
combination with surgery and chemotherapy. loniziragliation
effectively kills human cells, and sufficiently higloses of radiatio
can sterilize any tumor and achieve nearly 100%otucontrol
probability. However, in external-beam therapy ttealtissue is
unavoidably exposed to radiation, therefore indrepshe normal
tissue complication probability. Over 90% of thdig@ats worldwide
are treated with high-energy X-rays produced by ctet@s
accelerated to several MeV in linear acceleratolimads).
Controlling tumors non-invasively using high-energsharged
particles (protons or carbon ions) offers advargagever
conventional X-ray therapy, since a lower radiatimse is delivered
to healthy tissues. Protons and heavy ions depositgy far more
selectively than X-rays, allowing a higher locahtrol of the tumor,
a lower probability of damage to healthy tissuew loisk of
complications and the chance for a rapid recovdtgr aherapy.
Charged particles are also useful for treating tignhacated in areag
with radiosensitive surrounding tissues, such astiain, spinal cord
and kidney and in anatomical sites where surgiceéss is limited.
Current trial outcomes indicate that accelerates imay be capablg
of replacing surgery for radical cancer treatmemtsich may be
beneficial as the success of surgical cancer teyasnare largely
dependent on the expertise and experience of ttyge@u and the
location of the tumor. However, only a small numbércontrolled
trials to date have made comparisons between [eathierapy and
X-rays, making comparisons difficult. Research iadimcal physics
and radiobiology is concentrating on reducing thestg and
increasing the benefits of this treatment.

Radiation biology is a potential breakthrough idiogherapy. DNA
damage induced by charged particles is quite distirom the
damage induced by X-rays, as it can be seen usargars of DNA
damage (such as the histogel2AX — see figure) and high-

resolution microscopy. We will present recent resshowing that charged particles elicit a distinct
dmage response signal cascade, which can be usexptimizing the treatment in combination with

specific drugs. Particularly important are druggeésing the DNA resection pathway and immunotherapy
drugs, which enhance the immunogenic response @dus@calized high doses of heavy ions. Physics
and biology are entangled in particle therapy, #ms interaction may lead to major breakthroughs in

treatment of several lethal cancers.

References:
[1] J.S. Loeffler and M. Durante, Charged partitierapy--optimization, challenges and future dicet.
Nat Rev Clin Oncol201310:411-24.

[2] M. Durante, N. Reppingen and K.D. Held, Immuwugatally augmented cancer treatment using

modern radiotherapyrends Mol Med201319:565-82



Physical aspects in the evolving models of canceeatment with radiations.

Alessio G. Morgant{1, 4), Savino Cilla (2), Gabriella Macchia (1yakcesco Deodato (1), Milly
Buwenge (1), Angelo Piermattei (3), Vincenzo Vaien).

Radiotherapy Unit (1), Medical Physics Unit (2),ilrsita Cattolica del S. Cuore, Campobasso, Italy;
Medical Physics Department (3), Radiation OncolBgpartment (4), Universita Cattolica del S. Cuore,
Roma, Italy.

Radiation therapy is an important therapeutic ues® in treating cancer. Over the past decades
there has been a gradual evolution in the intesipogt models of the effect of radiation.

Initially, particular attention was paid to theysical and chemical mechanisms underlying the
DNA damage. This interest stimulated the reseancthe field of therapy with hadrons, in some cases
with higher biological effectiveness, and a sedéstudies on the so-called “oxygen effect”, namaty
the radioresistance of tissues (especially canodhe absence of OIn fact, more and more evidences
have identified chronic hypoxia as one of the nfagtors responsible for the lack of success otineat
with radiations. These studies have focused ompdissible use of blood transfusions or erythropoittr
the treatment of anaemia and on the possible udeypérbaric chambers. Another line of research
focused on the time-effect, meaning both total tlomaand fractionation of radiotherapy. As parttlos
trend several trials on the use of acceleratednfieease the chance of cure) and hyperfractiondted
reduce the risk of late side effects) regimenshmamcluded.

More recently, interest has shifted mainly on dgital-genetic factors able to provide an
interpretation of the radiotherapy antineoplastieat and in particular of the radioresistance ahaer
cells. This interest stimulated the search for gentherapies capable of reversing radioresistance
mechanisms in order to increase the probabilitguré. At the same time, the introduction of the eisd
of Tumor Control Probability (TCP) and Normal TissuComplication Probability (NTCP) allowed to
deepen the knowledge of the so-called “volume-&ffdhis knowledge, in turn, allowed the testing of
treatment techniques aimed at reducing the NTCBe(ally in tissues with “parallel” functional
organization), thanks to a reduction of the irrtetlavolume, and the increase of the TCP due to dose
escalation. The result of these investigationemasented by the rapid acceleration in the eaubf
treatment techniques, aimed at an increased dos®oromtion (conformal radiotherapy, intensity
modulated radiotherapy, image guided radiotherstgyeotactic radiotherapy or radiosurgery).

Even more recently, interest has shifted outsidaecellular environment and in particular to the
"microenvironment” [1]. In fact, the extracellulapace is considered today as the home of several
phenomena related to the progression of cancetatite anti-tumor effect of radiations. Togethethwi
the so-called "acute hypoxia”, due to short incneis@f intratumoral pressure, it was observed tinat
same condition of hypoxia is able to change thestglity of the extracellular matrix, promoting
ultimately both tumor progression and the same kigpd-urthermore, it was observed that radiatioms a
able to act on the same mechanisms stimulated pgxgy, thus favouring phenomena such as radio-
induced tumor invasion and radiation-induced hyadkigure 1). From these observations, new lines of
research emerged aimed at identifying and inadtigaseveral targets responsible for this somewhat
paradoxical phenomenon.

In conclusion, the evolution of models addresshmyantitumor effect of radiation allowed, over
time, the definition of new therapeutic stratedmsthe treatment of cancer.



References

1. Hanahan D, Weinberg RA, Hallmarks of cancer:riet generation. Cell 2011; 144: 646-674.
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100 years of Imaging in Radiotherapy — and what's ext?

Frank Lohr, M.D.

Dept. of Radiation Oncology, University Medical @rMannheim, University of Heidelberg, Germany

Radiotherapy established itself as a significaal ito oncology surprisingly fast after the discoyerf X-
rays. With an almost simultaneous inception, diagjooand therapeutic radiology remained closely
linked and in the same hands for the better patheflast century and only in the late 1980s tbéfi
divided into two specialties.

Imaging related to radiotherapy is of supreme irtgpare in two main areas:

Diagnostic radiological images provide essentifdrimation for target (tumor) identification, the
assessment of tumor spread into neighbouring astdrditissues as well as providing information
about localization and mobility of normal structsirthat have to be spared from therapeutic
radiation doses. While planar X-ray imaging hadilfetl these functions in some situations,
volume imaging based on Ultrasound, Computed Toapgr (CT) and Magnetic Resonance
Imaging (MRI) have dramatically changed the rackotipy workflow. While initially only
morphological information was provided even by srssctional/volume imaging, increasingly
functional information can be obtained from both @With dual source CT as a fundamentally
new modality) and MRI and, more recently and withlethora of possibilities, Positron Emission
Tomography (PET). Finally, quantification of tumoesponse with imaging provides more
objective data than clinical exams, an absolutessty within the framework of clinical trials.

Imaging innovations at the treatment device sucht@goscopic X-ray-imaging and particularly
Cone Beam CT (CBCT) have dramatically increasepaand tumor positioning accuracy. Real
time tumor tracking or fast image guided breathhoéétments have become clinically feasible
and hold the potential to further improve clinicasults.

Despite all these advances, the development ofimgafpr and during radiotherapy has not lost its
dynamics:

Online Imaging during treatment with Ultrasound &Rl is currently becoming a clinical reality
providing 4D-imaing information during dose deliyeWhile established only for photon
radiotherapy, it is a necessity to fully unlock fhatential of radiotherapy with charged particles.
Based on the constant refinement of detector tdoggoimaging modalities such as Cherenkov
imaging that have been a theoretical possibility decades are now becoming technically
feasible.

In vivo imaging is venturing into dimensions clogerthe cellular level. This will first provide
further insight into tumor biology and systems b@l in general (supremely important for
immunological interventions) in animal models buill gradually also improve the imaging
armamentarium in human subjects.



Development of in-vivo imaging techniques for chargd particle therapy
G. Battistont

(1) INFN, Sezione di Milano

Purpose: Charged particle therapy (hadron therapy) is a Ihighdvanced technique of cancer
radiotherapy that uses beams of charged hadrooso(sr or light ions) to destroy tumour cells. While
conventional X-rays traverse the human body depagsiadiation as they pass through, ions delivestmo
of their energy at one point. Hadron therapy is thhamlvantageous once the position of the tumour is
accurately known, so that healthy tissues can begied. Accurate positioning is a crucial chalkefgy
targeting moving organs, as in lung cancer, andaftapting the irradiation as the tumour shrinkshwit
treatment. Therefore, quality assurance become®biine most relevant issues for an effective oteo
of the cancer treatment. In order to improve thaliguassurance tools for hadron therapy, the sifien
community is studying specific imaging approachasréal-time non invasive monitoring, quantitative
imaging and precise determination of delivered désst feedback for optimal treatment planning and
real-time response to moving organs. Some of reesnlts will be reviewed.

Methods and materials Several research institutions are active in neteand development of imaging
for particle therapy. The main activities conceim@-of-Flight In Beam PET, In-beam single particle
tomography, in-vivo dosimetry for particle theragyd moving target volumes, combination of in-vivo
dosimetry, treatment planning and Monte Carlo satioh of in-vivo dosimetry.

In the last years, the topic received a boost imof® also thanks to ENVISION (European NoVel
Imaging Systems for ION therappgroject. funded by European Commission in the &awork of the VII
Framework Program for Research in the period 2001142

Results: Many have been the outcomes of these projectgresient, the main preferred directions remain
the detection of annihilation photons from induteda+ activity and prompt gamma imaging. This last
solution received a particular attention within EISYON project in terms of valorisation and
development of industrial devices ready for clihie@aluation. New ideas are also emerging, althaatgh
a very early stage, like the proposal of detecsiagpondary charged particles.

Conclusion: Many achievements have been obtained in recems yeahe field of imaging of charged
particle therapy. However more work is still neetietring the proposed techniques to a mature level
clinical application. Centers for hadrontherapy aRtiysics research institutes are establishing
cooperation agreement to test and develop protstgpd new approaches.

References:
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Technologies for dose reduction and monitoring in ignostic radiology
Davide Caramella
Diagnostic and Interventional Radiology, UniversitiyPisa

Purpose: In the last decades there has been a significamivtr of the number of radiological
examinations, resulting in an increase of radiatiose per capita. Multidetector computed tomography
(MDCT) nowadays makes the largest contribution agné+ray imaging techniques to the collective dose
of a population. Data from literature indicate thailtiple imaging procedures are frequently perfedm
with patients receiving CT scans correspondingni@fective cumulative dose of tens of mSv. Fos thi
reason, it is important to reduce the radiatioredgigen to patients in every MDCT examination witho
impairing its diagnostic quality, following the &tr guidelines contained in the new European Divect
2013/59/EURATOM of 5 December 2013, that gives lemging targets to all stakeholders in terms of
justification, optimization and patient information

Methods and materials: Despite the evidence that MDCT provides invaluatilermation for diagnosis
and patient management, the cancer risk associhatiedhe radiation dose in MDCT is not zero andsit
clear that reducing radiation dose must continubetmne of the top challenges in radiology. Theee a
some technical strategies that are commonly usedatbation dose reduction in MDTC. One common
method is to adjust the x-ray tube current usirggAbitomatic Exposure Control (AEC), which aims to
automatically modulate the tube current to accomatedlifferences in attenuation due to patient
anatomy, shape and size. The tube current may hlellated as a function of projection angle (angular
modulation), longitudinal location along the patger(z-modulation) or both. It is also possible to
minimize radiation dose by using lower tube potst{kV) in MDCT imaging.

Recently, iterative reconstruction has introducedevant changes in the practice of MDCT. In
comparison with the conventional filtered back pobjon techniques, by using iterative reconstrunctio
the number of projection views can be significamédgluced without sacrificing image quality. Therefo
iterative reconstruction algorithms have significpatential to reduce radiation dose in MDCT.

In the last few years, there is also wide interagpatient exposure tracking. Constant and systemat
monitoring of radiation dose is indispensable ideorto increase the quality of radiological sersice
Radiation exposure tracking can be either for agividual patient or for quality assurance and
benchmarking purposes. Many vendors already praviéans to track patient exposure history with new
software tools that can automatically retrieve restand analyze dosimetric data stored in a Picture
Archiving and Communication System (PACS). Thiswist can lead to performance control, protocol
optimization and rapid correction of wrong practicdhe principal aim of the dose tracking is to
minimize the dose variability in radiological praltges, which is clinically not justified.

Results: New technologies for dose reduction and patienbswe tracking are crucial elements in order
to reduce radiation dose in diagnostic radiology #nimprove the radiologic quality management.
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PET/CT and molecular imaging

Ghedini PY, Svirydenka HY, Tabacchi EY, Fanti S*
[1] Nuclear Medicine Department, Policlinico S.OtapUniversity of Bologna.

Radionuclide imaging is the most popular form o&gimg used for oncological molecular imaging (Ml).
MI can be broadly defined as in vivo character@atand measurement of biologic processes at the
cellular and molecular level. Molecular imagingheijues such as PET (positron emission tomography)
have been introduced in the clinical practice tadgtthe molecular pathophysiology and to assess
treatment responses. Molecular imaging rapidlyettgyed in the early 90's, due to parallel evoluizonl
integration of many different disciplines, includimedical imaging, molecular biology, pharmacology,
and medical physics.

PET is a functional imaging technique of Nucleardd@e that produces 3d images allowing the
visualization and quantification of complex pathggiblogical and biochemical processes presentirgy in
living system [1]. PET uses specific radionuclidaselled to molecular probes in order to genemate i
vivo images of physiological processes but alsadentify and characterize many kind of disease,
including cancer, endocrine, gastrointestinal, akgical disorders, heart disease, infections and
inflammatory disease that could be anticipated atmscopically evident changes. PET can also be an
ideal tool for the development of new drugs, byrahterizing their behaviour in the human body, rarti
as a bridge between preclinical and clinical resear

Combination of PET with CT or MRI provides the chjisy of acquiring simultaneously anatomical and
functional images for any part of the human bodwpdikrn PET/CT scanners integrate high-end multi-
detector-row CT scanners with Time-of-Flight (TGHGT scanners[2].

The tracer most widely used in PET imaging is 18kfodeoxyglucose (FDG), that has indeed
revolutionized the imaging evaluation of patienithviumour and has been used for about 25 yeath, wi
more than 1.5 millions scans performed annuallyldvade. FDG, a glucose analogue, becomes trapped
in the human cells after injection, through uptakel phosphorylation: FDG-PET resulted a specific,
sensitive and reproducible imaging techniques tia\sng cancer. [3]

18F-FDG was originally proposed in the 70’s foribasvestigations of cerebral glucose metabolie rat
and thereafter it was discovered useful for camoaging [4]. The link between glucose metabolisrd an
tumoral cells derived from Nobel prize laureatescoarburg who hypothesized that glucose metabolism
would increase in the tissues affected by canceromelation with the malignancy. Tumour hypoxia
could switch the metabolic pathway to glycolysi®nir oxidative phosphorylation, and glycolysis
guarantees cancer cells growth with a faster enprgguction. This aspect remains, today, a major
indicators of tumour proliferation [5-6-7].

PET radionuclides are unstable nuclides that ddmayhe emission of a positron. The subsequent
annihilation produces two anti-parallel gamma phstdooth with energy of 511 keV. PET scanner dstect
the coincidence of these gamma photons. PET radrapdceuticals are usually administered, before the
scanning procedure, as bolus in vivo injectionsiegally there is a delay before scanning to allbes t
tracer to accumulate in the target. [8]

Limitation of FDG-PET for cancer imaging include:
» Limited reconstructed spatial resolution (about 4#ABn in recent scanners), subsequently a
negative scan cannot exclude the existence ofyasveall cancer;
= Some tumours (such as mucinous carcinomas) may adeev FDG uptake and may not be
detected using such tracer;
» [nflammation and other conditions can show moderateéhigh glucose uptake. Discriminate
cancer from inflammation/other conditions could stime be difficult [8-9]



In the recent years various other tracers (non-FB&Je been developed and used in PET molecular
imaging. An example of a cancer specific, non-FBB] tracer is the carbon-11 labelled form of Clmlin
(11C-Choline), a precursors for the synthesis obspholipids that can marking out membrane
metabolism. The clinical value of 11C-Choline ikev@nt in prostate cancer relapse in previousigtée
patients [10].

11C-Methionine is an other example of tracer useéfulevaluate protein metabolism, significantly
increased in malignant tumour, especially in b{amain clinical application) and head and neck turaou
[11]. 18F-Dihydroxyphenylalanine (18F-DOPA) [12]siginally introduced for studying of movement
disorders, was successfully used in the study ofaendocrine tumours (NET).

68Ga-DOTA-peptides (such as TOC and NOC) take d@dganfrom overexpression of somatostatin
receptors in NET, are therefore are excellent tearethe evaluation of NET, either for stagingd arther
clinical applications [13-14].

18F-fluorothymidine (18F-FLT) is a marker of ceHulproliferation and correlates with DNA synthesis
and cellular growth. 18F-FLT has been suggestestweral malignancies, such as lymphomas, sarcomas,
lung or gastrointestinal tumours [15].

The list of new potential PET tracers is contindpuscreasing and new applications of PET/CT are
rapidly growing, in the study of cancer and othisedse: they are likely to be introduced in thaicél
practice in the next future.
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Cracking the neural code using tools and conceptsoim statistical physics

Stefano Panzeri
Istituto Italiano di Tecnologia
Center for Neuroscience and Cognitive Systems,rBiov@ N)

In this talk, I will give an overview of our reseérline that uses some of the concepts from statist
physics (such as entropy and mutual informatiorgréek the code used by neurons in the cerebredxcor
to transmit and exchange information about impargaents in the sensory world.



Functional Imaging of the Human Brain using MEG andfMRI
Gian Luca Roman?

(1) Department of Neuroscience, Imaging and Clin®eaences, "G. D'Annunzio” University, Chieti;
(2) Institute for Advanced Biomedical Technolodl&sB), "G. D'Annunzio” University, Chieti.

Purpose:the use of non invasive techniques such as furatiglagnetic Resonance Imaging (fMRI) or
MagnetoEncephaloGraphy (MEG) permits powerful imigegion of brain functions, specifically
providing an accurate identification of active @ well as a precise description of the timingrain
response. Recently, a combined approach of bothalitied and successive integration of the reswdss h
proved to be extremely useful for the understandiihghore complex mechanisms, namely "resting state
networks", that have been supposed to likely acctmrra large part of the basic energy consumptibn
the brain. In this presentation some basic concepthe two methodologies will be briefly described
with the aim at pointing out respective advantagas limitations and the possible benefits provitdgd
their integration. Then some recent results obthisgplying the two techniques in basic neuroscience
will be illustrated.

Methods and materials: fMRI, uses the Blood-Oxygen-Level-Dependent (BOLdontrast method to
identify - with high spatial resolution - neuralgd® where the energy consumption has increasedgluri
sensory stimulation or execution of a task. Howgserce this technique relies on the hemodynamic
response, its temporal resolution is in generaheforder of 1s. On the other hand, MEG measures th
tiny electric fields associated with bioelectrictiaity of groups of neurons and, with respect to
ElectroEncephaloGraphy (EEG), offers the importhtantage of permitting identification of the at¢tua
sources of the signals with no- or minimum inteefere by the medium surrounding the sources
themselves. However, the unavoidable need of splthe inverse problem reduces the spatial resalutio
to a few mm at the best and only in the case ofp$hdocalized sources. Additionally, the extreme
weakness of signals requires the use of superctinqumagnetometers, namely SQUIDs, and that of a
magnetically shielded room to perform the measurgnf&ince the recording bandwidth of these devices
is relatively large, it is possible to record néwetivity with a time resolution of 1ms or leshi3 makes
MEG technique the ideal complement of fMRI to kiécain activity in time and space.

Results: two examples will be provided. The first will ilitrate how integration between fMRI and MEG
permits to follow neural current density distrilmutiduring a time span of about 500ms, as a conseque
of a picture-naming test. The second will show HRe@sting State Networks (RSNs) are identified using
fMRI and MEG and the different kind of informatidhat can be obtained with the two approaches. In
particular the dynamic activity of RSNs, as meaduby MEG only, will be shown, as a result of
analyzing in specific bandwidths the spontaneotisigcof the brain.

Conclusions: fMRI and MEG represent two unique tools to
investigate brain activity. Their combined appro&iproving

to provide a synergic effect, in simple source tdation, in
understanding of hierarchical processing of infdiom and in

the investigation of the dynamic correlation betwekdferent
brain RSNs that - with their relation to spontareaativity -
likely account for a large part of energy consuomptn the
brain.

Modified from de Pasquale et al., PNAS 2010.




Diffusion Tensor Imaging and modern neurosurgery: tward a connectomic approach to brain
surgery.

Silvio Sarubbd? Monica Dallabong Giuseppe Pulcrand, Enzo Colarussd, Francesco Corsihf,
Giovanna Farac&, Umberto Rozzanigo Mattia Barbareschi Franco Chiofft?

!Division of Neurosurgery’Structural and Functional Connectivity Lab (SFC )afDepartment of
Radiology,*Unit of Surgical Pathology, “S. Chiara” Hospitalirento APSS, 9 Largo Medaglie d’Oro,
38122 Trento, Italy

Purpose Technical and methodological advancements in pRysiovided new insights in neurosciences
and neurosurgery. Particularly, introduction anghiovements in diffusion tensor imaging (DTI) opened
a new door in the study of human white matter (\WIY)[The fascinating tractographic reconstructions
renewed the interest for structural connectivityd ats role in the models of organization of brain
functions, moving on the connectome era[2]. Everirbfunction is the result of complex and largalsc
integrations of multimodal analyses, subserved hyalfel and distributed networks connected by
different long and short bundles. Even if highlynsitve and continuously improved, the DTI has
different technical limitations. It produced a rema interest for WM anatomical dissection and these
data were extensively integrated[3,4]. However,hbtitese techniques do not provide functional
informations. Direct electrical stimulation (DES)rahg awake surgery for cerebral gliomas is a uaiqu
opportunity and a validated technique to obtairlio@-and reliable functional informations regardihg
subcortical connectivity. The challenge is now ititegration of functional and structural data idenrto
understand the role of the different bundles arel @ahatomical connections subserving the different
networks.

Materials and Methods For DTl we adopted a 60 directions diffusion-weegh imaging brain
tractography with 1.5-T MRI scanner (GE Healthcad¥) and an eight-channel head coil. It is
performed using a single-shot multislice spin eduotie planar sequence with the following attributis:
slices; slice thickness: 2.4 mm; matrix 256 x 2BR; 10,000; TE: 92,7; flip angle: 90. Pre-procegsin
diffusion tensor calculation and tracking are perfed with FMRIB Software Library (FSL;
http://fsl.fmrib.ox.ac.uk/fsl/fslwiki/), DiffusionToolkit and TrackVis littp://trackvis.ord, respectively.
Specimens for dissection were fixed in a formabdclsolution and then frozen at -80° C. Intraopeeati
DES during asleep-awake-asleep surgery for resedfidrain tumors provided the functional data. All
patients underwent to extensive pre-operative mpmyahological assessments integrated with DTI
imaging.

Results DTI reconstructions of the peri-sylvian WM showesdlot main streams. A dorsal pathway
composed of three main bundles: the anterior anstepor indirect components of the superior
longitudinal fascicle (SLF) and the arcuate fasci¢AF). The dissection confirmed these data
demonstrating terminations of the indirect anteBaF within the ventral pre-motor cortex (VPMC) and
posterior third of the middle frontal gyrus (MFGJhe AF directly connects the VPMC, the pars
opercularis and the MFG to the posterior thirdshef superior and middle temporal gyri and the n&ddl
third of the inferior temporal gyrus. The DES dermsinated the role of the AF as the main phonological
stream. The indirect anterior SLF is involved ire tarticulatory loop for language production. The
indirect posterior portion was proposed as a ptssibmantic retrieval bundle. AF and the anterid a
posterior indirect components of the SLF constithemost long associative bundles of the latetaten
matter of the frontal, temporal and parietal lolnel @rovide a horizontal connection between the main
language territories. The inferior-fronto-occipifakcicle (IFOF) constitutes the ventral pathwagcént
dissection evidences demonstrated new terminabdBOF within the parietal lobe and a deeper and
more ventral component directed to the dorso-lagaefrontal cortex. DTI confirmed these structura
data and DES supported the role of this tract énstmantic network.

ConclusionsDTI and recent advancements in brain imaging eragmd and supported the structural and
functional study of the human WM from both a corta@pa practical point of view. Tractography joined
the clinical practice and it is now a valid andiakle tool for surgical treatment of lesions hanbgr




eloquent regions. The integration of DTI with stural data of dissections and with functional ewicks
of DES improved our comprehension of brain netwankgnization.
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Purpose: Some kind of hepatocarcinomas (HCC) can be treatdda recent radiotherapy technique:
hepatic radioembolization (TARE). In order to irmse the treatment efficacy, an improvement of the 3
dose calculation methods is crucial, for both nasfi¢ and healthy tissues. The aim of this worlois
estimate the: radiobiological parameter of the linear quadratizdel in order to perform a personalized
calculation of the activity to be injected to tregipnt.

Material and Methods: The radioembolization involves an activity admiration, through an intra-
arterial injection of biocompatible microspher® loaded.®®Y is mainly ap™ emitter, therefore the
electron short range is suitable to release highedim a small region of neoplastic tissue. The
radionuclide spatial distribution is not unifornor fthis reason a 3D dose calculation is needediHi®r
calculation CT-SPECT images, obtained injecting gatient before the treatment with Technetium

99mrc albumin aggregated®('Tc-MAA) in the same site where microspheres aregad be injected,
were used to obtain the activity distribution, thisocedure makes sense assuming tH&Fc-MAA
behave as microspheres. The counts obtained armmeddo be proportional to the dose for each voxel,
with a proportionality constant calculated as diésct in [1]. After the treatment the evaluationttoéd cell
survival fraction was performed by using the lingaadratic (LQ) model, which is the radiobiological
reference model in radiotherapy. The main paranadtéinis model, in linear approximation, aswhich
describes the radiobiological response to a detestrd fatal damage due to ionizing radiationsotder

to estimatea, a group of 16 patients (3 cholangiocarcinoma &BdHCC) was followed after the
treatment for a period of time up to 9 months: reess of the tumor was measured every 3 months and
the minimum value was considered; the voxel-by-Véxenulation of the LQ model was employed with
the 3D dose and the final mass.

Results: The value obtained for is 0.22 + 0.22 Gy and 0.20 + 0.23 GY for HCC and
cholangiocarcinoma patients respectively. Thesaeghre the mean and the standard deviation of the
values calculated for each patient and agree wilotder of magnitude of the same parameter propose
by AAPM [2].

Conclusions: The hepatic radioembolization wit!fY microspheres is a recent and promising technique.
The estimate of the radiobiological parameter is crucial for the pea@ed calculation of the activity
to be injected, which is fundamental for improvihg efficacy of the treatment.
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Purpose: Thermoluminescence dosimetry is one of the mostelyidised and cheap techniques of
radiation dosimetry. Thermoluminescence dosimefétd) features many advantages such as small
detector size and close tissue equivalence that ntakseful for application in radiotherapy vivo
dosimetry. Due to their small size, TLDs are coneenfor point dose measurements in phantoms ds wel
as forin vivo dosimetry on patients during radiotherapy treatnigh The response of TLDs is energy
and dose-per-pulse rate dependent. Intra OperBadation Therapy (IORT) is a treatment modality
where a large single radiation dose is delivereahdua surgery, either with or without a resectaima
neoplastic mass. Accelerators specifically desigieedORT are characterized by dose-per-pulse rate
(about 3-12cGy/pulse) several times higher tharveational accelerators (0.1-0.6cGy/pulse) [2]. The
behaviour of TLD dosimeters when irradiated by hidbse-per-pulse beam was not been fully
investigated. In the present study, a charactésizaif TLD’s response to high dose-per-pulse etectr
beam from an IORT device was carried out.

Methods and materials Of the many types of TLDs available, the lithiuthnoride doped with
magnesium and titanium LiF:Mg,Ti (TLD-100) is theost widely used dosimeters in routine personal
dosimetry, environmental monitoring and space desiynThis popularity is due to its approximatestis
equivalence (effective atomic number of 8.2, simta 7.4 for tissue) which is an important factor i
personal dosimetry and in medical application, sagnal fading (5 - 10% per year), wide linear resm
range and high sensitivity for very low dose measwents. In particular, it is known that the
thermoluminescence response of TLD-100 at convealicadiotherapy photon beams is linear for doses
<10 Gy [3]. Forty-five TLD-100 (Harshaw Chemical @pany) chips with nominal dimensions o2 ¥

3.2 x 0.89 mm were irradiated with an electron beam produmean IORT specific accelerator (nominal
energy 9MeV). The dose dependence of TLD-100 wadied in the range 0-10 Gy, i.e. the range of
interest in IORT technique. Regression analyses pearmed to establish the response variation of
thermoluminescence signal with dose and energy.
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Statistical analysis: For each point of measurements (0-10 Gy in step Gfy) the mean and standard
error of the response of 9 TLD’s was calculatedingar and a no-linear (quadratic) regression was
performed between TLD response and doses; the gesdf the fit was evaluated by thé d®efficient.
The better performance of the two models was asddBsF test.

Results: The linear model has arfR0.994 while the quadratic model has &+F0.999. The result of F
test was approving the quadratic model (p<0.0045).

Conclusion: The thermoluminescence response of TLD-100 isggrend dose-per-pulse rate dependent:
when irradiated with a conventional radiotherapptph beams this response is linear for low doses. |

this preliminary work we found that to describe tipendence of thermoluminescent signal of TLD with
the absorbed dose when irradiated by a IORT desticatcelerator a quadratic model performs better
than a linear model.
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Purpose: Medical imaging with ionizing radiation is the nonasive technique most widely used to
identify internal injuries and lesions and effeetidoses given in a single medical imaging expoatge
universally within the low-dose range (<100 mSvisk8 associated to ionizing radiation from medical
imaging techniques have focused the attention aficaésociety and general population and some tecen
epidemiological studies showed an increased inceleaf cancer in patients who underwent to
radiological examinations [1]. Therefore, it is assary to balance the benefit/detriment relatignsii
such examinations in order to establish the camutiunder which its use is justified. Constant and
systematic monitoring of radiation dose is indigabie in order to increase the quality of radiatagi
services to patients.

Methods and materials: The purpose of dose tracking is to strengthen tbhegss of justification and
optimization with the intent to achieve better pation of patient [2]. Constant and systematic
monitoring of radiation dose is indispensable ideorto reduce the dose given to patients in every
examination without impairing its diagnostic qugliaccording to the ALARA (As Low As Reasonably
Achievable) principle. Dose monitoring can leag&formance control, protocol optimization and dapi
correction of wrong practices. Lawmakers are irgiee in monitoring and reducing radiation doses, as
shown by the newly published European Directive BURM/59/2013 that contains more stringent
radiation protection rules, especially concerniaggnts’ protection. In particular, the Europeanebiive
requires that patients are informed about the aiséociated with ionizing radiation, and that detil
information about radiation dose is included in rgverocedure's report. EU Member States must
transpose the requirements of this Directive ifir thational laws by 8 February 2018.

In the last few years, most vendors already prowasns to track patient exposure history with new
software tools that can automatically retrieve restand analyze dosimetric data stored in a Picture
Archiving and Communication System (PACS). Theskwsoe can be installed on hospital networks,
and are in most cases web-based, ensuring easssdocal authorized users.

In Pisa University Hospital we established a migtigblinary dose team composed of radiologists,
technologists, engineers and physicists, and riycstiairted to evaluate some commercially availalolee
management systems. Thanks to dose monitoring aafvour dose team recovered and analyzed from
1% January 2014 up to now more than 130,000 TC sabwyt 7,000 mammography procedures and
nearly 123,000 traditional radiography exams. Onalgsis showed relevant dosimetric differences
between examinations performed on similarly-sizestigmts and auditing, training and protocol
optimization were used to ensure a better homogeatdosimetric values. The principal aim of thesd
team is to minimize the variability which is climity not justified.

Results: Dose monitoring software represents an essentidl gdaradiologic quality management by
allowing the systematic control of dose performantg contributing to the reduction of wrong prees,
and by supporting protocol optimization.
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Purpose Preclinical studies are critical steps in the rmo@&desearch process. Small animal external beam
irradiation is one of the delicate fields in whittte different anatomical scale impact the most ted
technique may do the difference. For those centevehich both preclinical and clinical researches a
conducted, the possibility of exploiting clinica¢wdces for preclinical purposes may be of econolmica
and scientific interest, besides a technical chgke Small subcutaneous volumes coverage and short
irradiation times are the main demands. In thegmesvork the feasibility of using TomoTherapy for
preclinical irradiation and the optimal setup haeen analyzed.

Methods and materials Six groups of immunocompromized NOD SCID Xenotgahave been
irradiated during the period February-June 2014enwere anesthetized and placed in a Plexiglas cage
pie (2Biologicallnstruments). All of the irradiatedice were subcutaneously inoculated with human
xenogratft glioblastoma multiforme cells.

High-resolution CT scans were acquired and recoct&d with a slice thickness equal to 3 mm for
treatment planning purposes. Gross Tumor VolumeM)G¥as delineated in between the low-abdomen
region and the upper leg, where tumor cells wemgdanted. A Planning Target Volume (PTV) margin of
2 mm was used. In order to confirm the locatiorihef tumor, lead markers were applied on the skin of
the mice. Prescribed total dose to lesions was éhGyfractions delivered with 6 MV TomoTherapy Hi-
Art and TomoTherapy HD (Accuray, Inc., Sunnyvalé)CThe two systems do not differ substantially in
hardware or software implementations.

TomoDirect Intensity Modulated Radiation Therapp(IMRT) technique was applied with gantry fixed
at 0° and 180°. Field width and Pitch were setdgdal to 1.05 cm and 0.1.

During 3 irradiations, in order to obtain a betteverage, a bolus layer has been placed upon rbiceis

to deposit radiation also in the superficial layidgre mean number of mice per cage pie irradiatédoart
bolus (WOB) and with bolus (WB) were 5 and 7, resipely, for a total amount of 15 mice irradiated
WOB and 20 mice irradiated WB. Treatment planning dosimetric results of the two setups have been
compared in order to determine the importance isfébpedient.

Before the delivery of each RT fraction, a Megasgié Computed Tomography (MVCT) image has been
acquired in order to correct irradiation setup.

Results: The average body volume of a single irradiated seowas (19+2) cfhand PTV volume was
(5+4) cn? and (2+1) cm for WOB and WB, respectively. On average, theltdiivery time was
(377+22) s and (360+27) s for WOB and WB, respetyivin particular, the average time of irradiatimin

a single mouse (total time/number of mice) was 7&ng 54 s, for WOB and WB, respectively. The
average modulation factors (MFs) used for the ogtaition were 2 for WOB and 1.5 for WB.

The average dose to PTV was 6 Gy for both groupls avimaximum dose to the target equal to 6.7 Gy
(112%) for WOB and 6.4 Gy (107%) for WB.

Discussion and Conclusionsthe good PTV coverage results show that it is iptes$o irradiate small
animals by using Tomotherapy. Moreover, by adoptapgcific expedients it is possible to reduce
irradiation time while achieving equivalent PTV eoage and higher dose homogeneity. Nevertheless,
the time which can be dedicated to preclinical igtsids limited by patients' treatments and clinical
imaging devices do not allow a precise contourifhtpe target nor of the OARs.

Tomotherapy systems may be a useful mean for samathals irradiation. Nevertheless, clinical-to-
preclinical adaptation is not easy to implement famther work is needed.

Preclinical results are still under investigation.

Acknowledgments: The present work was financially supported by ttaian 5 per Mille, 2008
Ministero della Salute - FPRC Onlus.
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Introduction: Multiple Sclerosis (MS) is a chronic demyelinatitdigease of the central nervous system.
During the last years functional Magnetic Resonantaging (fMRI) studies have shown that cortical

reorganization consistently occurs both in acutk@imically stable MS patients [1].

Experimental Autoimmune Encephalomyelitis (EAE)cansidered a good model of MS both in rodents
and non-human primates. In the present work we hawestigated through fMRI and Voxel-Based-

Morphometry (VBM) the functional and morphologidieration in rats with induced chronic EAE.

Materials and Methods: EAE was induced as described in the literature [Rats were investigated
prior to EAE induction, 30 and 60 days post induct{dpi). To increase the sensitivity of the fMRI
experiment, a SPIO contrast agent was administ&ledtrical stimulation was delivered through needl
electrodes inserted in the right forepaw. T2 wedhRARE images, acquired at high resolution, were
analysed by VBM in order to investigate voxel-wikierences in local Grey Matter (GM) volume.

Results: In healthy DA rats, fMRI revealed thaf,
most of the activated volume (AV) was observed | ’ ’ ’ ’ "
the controlateral hemisphere and specifically e th e - 3

S1 cortex with a relevant percentage in the moto v ' ’ * Q’
cortex (fig.1A). On 30 and 60 dpi, the activati(? . . : . .
pattern was substantially altered compared to th

pre-induction stage and heterogeneous amo m 0 n m 0
different EAE rats. Activation was also detected i
the ipsilateral right cortex and in some extra-icait
areas (Fig.1B-C). The qualitative comparison o
fMRI maps showed an increased AV after E@E
induction in all investigated rats. The total AV
increased by about 80% (p<0.01) on 60 dpi vs. 3
dpi. The Laterality Index (LI) is an index of
hemispheric dominance in functional response. | ' ' " il
our MS model, LI strongly decreased on 30 dp 2\ 4 ﬁ '? 59 ?ﬁ
(0.02+ 0.16) compared to the pre-induction valgs
(0.97+0.09) (p<0.05) while on 60 dpi it showeda ] " Y " "
tendency toward recovery (0.12 + 0.19) remaining @ @ m A

definitely lower than in healthy animals. Statiatic 8 '8 — oa—y
maps (p<0.01) relative to VBM analysis showed a
W|despread reducfuon Of.GM volume in t_he cortex éitgure 1: Functional activation maps in EAE ratsidre (A), 30 (B)

30 dpi vs. pre-induction stage. This further and 60 (C) dpi.

progressed at 60 dpi. A statistical significant

decrease (p<0.01) of the whole brain GM volume feasd at 30 dpi (818.3 mm3 £ 4.6) and 60 dpi
(816.8 mni + 2.5) vs. pre-induction stage (850.2 . 3).




Conclusion: The present work is the first attempt to defineeable model to dissect brain plasticity
phenomenon occurring in MS patients. Such a toallcc@lso be used as a sensitive indicator of
therapeutic intervention in preclinical studiesisiWork was supported by Fondazione Italiana Sslero
Multipla (FISM), grant support (FISM 10/12/F14 /201
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Inhibition of tumor growth in a xenograft model of glioblastoma treated with MSR-1
Magnetosomes and Alternating Magnetic Field.
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Introduction: Magnetic Fluid Hyperthermia (MFH) involves the usd iron-based magnetic
nanoparticles injected into the tumor mass [10Xdlectively heat malignant tissues. In 1963 thkah
scientist Salvatore Bellini reported the first dgsiton of magnetotactic bacteria (MTB), which natily
produce iron-nanoparticles named magnetosomes (MIR&cently it has been reported that
magnetosomes extracted from bacteria could havewapotential role in cancer treatment of MNs as
“theranostics” agents [3,4,5].

Material and Methods: Magnetosomes we
extracted from a bacterial straiagnetospirillun
griphiswaldense. In vivetudies were performed
subcutaneous tumors obtained by injecting Ht
Glioblastoma cells (U87 MG) in mice. MNs (
were injected in the tumor tissue. Animals tre
MNs were exposed three times in a week fo Figure 1: a shows the organization of MNs in chamthe bacteria
minutes to an alternating magnetic field (AP (scale bar, 500 nm). Panels b-c show that the gfionformation of -~ With
23 mT strenght and 110 kHz frequency. chains is maintained after isolation of MNs. Sdades: b > 200 nm,

efficacy of the treatment was assessed meas tumor
volumesin vivo by magnetic resonance imag gF

(MRI) (Figure 2) andex vivoby histology. MRI | was
used to map the injection site and distributio o \ MNs

in the neoplastic mass. e 2: MRI anmal treated with MNS nfection hisME
. H H . ljgure 2: animal treated wit| S |nject|on Images
Results: Transmission Electron Microscopy (TE acquired before MNs injection (a), 24 h (b), onekvéc) and two

shows the cuboctahedral structure of magnetos weeks (d) after MNs injection. and
their organization in chains (Figure 1la-c).

Alterations in signal intensity of tumor tissuesreveisible in MRI images due to the presence of iro
nanoparticles (Figure2). At histological examinatiotumors treated with MNs and AMF were
characterized by degenerating unclustered cellsidatl by extracellular matrix with evidence of
edematous and necrotic phenomena. A mild inhibibbrihe tumor growth was observed in animals
treated with MNs and exposed to AMF, compared tatrots. In a small number of animals an almost
complete reduction of tumor mass was observed atienMFH treatment.

Conclusion Magnetic Fluid Hyperthermia mediated by iron-lwhe@noparticles naturally produced by
magnetotactic bacteria has been applied in an Empetal model of glioblastoma. Although preliminary
our results show a mild inhibition of tumor growthn addition, our results demonstrate that MRedet
both the injection site of MNs and the dynamicsumhor size evolution. Theranostic is a combinatbn
diagnosis and therapy; although further investayetiare necessary, our data confirms that MNs #@xhib
some core characteristics of the so called “thestimagents”.
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Multiphoton Optical Biopsy of Human Skin: Benefit-risks assessment.
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Purpose: The feasibility of a noninvasive analysis of humskin tissue samples with nonlinear
microscopy techniques, like two-photon-excited #Hutwescence and second harmonic generation
imaging, was evaluated in a preclinical study. @drgoints were the resolution of subcellular stnues
allowing for a noninvasive tumor diagnostics anel éxtension of the maximum imaging depth by power
compensation without inducing tissue damage.

Methods and materials Fixed biopsy tissue samples (healthy skin
and neoplastic lesions) were used to study oppiaedmeters which
could allow to identify malignant lesions.

Results were compared with subsequent histologaraédlysis.

Different exposure protocols were applied to testssible

photodamage mechanisms induced by femtosecond ragde&tion

and their dependency on laser power, imaging depith,number of
exposures.

Results: Combining autofluorescence and second harmonic
generation data allowed to discriminate subcellstauctures and
their distribution within skin layers [1]. Differén damage
mechanisms  like  photobleaching, photoionization, d an
thermomechanical damage were characterized, antl dagd power
limits could be determined.

Based on these limits a damage-free power compensstheme
was defined, allowing for deep tissue optical biep$2].
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Machine Learning Techniques Implemented on Structual MR Images of Children with Autism
Spectrum Disorder at Different Dimensional Scales
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The use of pattern classification methods is talgtege as alternative approach to standard uniearia
analyses of structural brain Magnetic Resonanceajiimga(sMRI) data. The machine learning technique
has the advantage of intrinsically taking into agdointer-regional correlations and it allows expig

the predictive power of sSMRI. Despite these methadspotentially suitable to infer a large variety
neurological and neuropsychiatric disorders, inpghesent study we have implemented Support Vector
Machines (SVM) to detect structural brain altenasian children with Autism Spectrum Disorder (ASD),
a widespread neurodevelopmental disorder whoseamieémpact on the neuroanatomy is still poorly
investigated.

The sMRI data of 41 male children (2-6 years, 2DA8Batched to 20 control subjects for age and Non-
Verbal Intelligence Quotient (NVIQ)) were preprosed according to two different analysis protocols t
finally extract brain features at different spatsdales. In the first place, the standard voxektas
morphometry (VBM) image preprocessing using SPM&pge was applied to analyze images and to
extract whole-brain features (gray matter (GM), tehmatter (WM) and cerebrospinal fluid (CSF)
segmented tissue volumes) and GM voxel-based f&=atun the second place, the Freesurfer image
analysis suite version 5.1.0 was used to obtaindRegf-Interest (ROI)-based features. It allows the
cortical parcellation of each sMRI scan in 62 des, according to the Desikan-Killiany-Tourville
(DTK) atlas and it computes five surface baseduiestfor each DTK structure. To investigate which a
the most relevant brain features to distinguish A& control subjects, we classified the threéedént
sets according to the classification protocol basadlinear kernel Support Vector Machine (SVM)
classifiers. The classification capability of SVM evaluated in terms of the Receiver Operating
Characteristic (ROC) curve, computing the globafgenance index of the area under the ROC curve.
The leave-pair-out cross-validation protocol hasrbadopted to reach the classifier performanceowrtth
undesired bias, and the nested cross-validationimlemented to optimize free model parameters. The
most discriminant brain regions in a case-contiadly have been visualized in discrimination mapthwi
statistical significance (p<0.05) obtained thropginmutation tests.

The relevance of ASD features in a binary discration problem emerges at the intermediate scale of
GM subregions. The best classification performas@chieved in the classification of regional feas,
reaching the AUC of 74%. This value is enhancedB@®% when considering only subjects without
developmental delay (NVIQ 70). By contrast, when the number of features l@&solarge with respect
to the number of training cases (voxels-based fegflor too poor (whole brain features), the cfessi
lack sufficient power. The discrimination maps fiéag from the permutation tests implemented atetox
and at ROI levels identify cortical regions thaldog mainly to frontal, temporal and parietal lobes

In conclusion, the application of the machine leagntechnique to sMRI data leaded to highlight the
salient features in the ASD-control classificattasks and to identify abnormalities in the neuroama

of young ASD children consistently at voxel and R®I dimensional scales. The morphological
abnormalities detected in this analysis involve thetical networks linked to the common deficits of
ASD subijects.



New semi-automatic tool for 3D quantification and ® volumetric visualization of left atrium
fibrosis based on integration of LGE-MRI and MRA images.
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Purpose: This work presents a new semi-automatic tool for S&gmentation, quantification and
visualization of cardiac left atrium fibrosis, bdsen two type of image data: late gadolinium
enhancement magnetic resonance imaging (LGE-MRHgem and magnetic resonance angiography
(MRA) images. A comparison with the quantificatiand 3D visualization obtained from 3D bipolar
voltage maps, the clinical reference standard tgcienfor atrial substrate characterization was gl
The aim is to develop a non-invasive, semi-autaenatid robust 3D segmentation, quantification and
visualization of LA fibrosis tool, allowing fast aifability, accuracy of results and possibility stratify
patients with atrial fibrillation (AF) that are adidates for radiofrequency catheter ablation (RECA)
Methods and materials In this study 10 consecutive patients sufferirkgwith different grades of atrial
fibrosis candidates for RFCA were considered at Hbectrophysiology Laboratory of Cardiology
Department of the S. Chiara Hospital in Trento,
Italy. Using a 3D bipolar voltage map registeregd , .
with the EAM system before RFCA, patients . i 3
suffering AF were divided into four stages, basétl ‘ ~ 4

on the percentage of LA fibrosis extent (FEkg I 7
Minimal (FE<5%), Mild (5%FE<20%), g
Moderate (20%FE<35%20% = FE < 35%) and M
Severe £E = 35%). LGE-MRI and MRA images ; ;. . _ ,
were used to detect and quantify fibrosis of tie | = \ YR G oY )
left atrium using a threshold and 2D skeletdﬁl‘ ' : \ /
based approach. Quantification and 3B I
volumetric views of atrial fibrosis were compareg
with quantification and 3D bipolar voltage map3
measured with EAM considering these voltag“é
maps as surrogate for fibrosis.

Results: Bland-Altman plot of the measurements of fibrosident based on the EAM system and on
LGE-MRI was generated. Mean difference betweenleemethod measurements (0.2%) confirms that
there is no substantial bias of the LGE-MRI basibdo$is quantification (discrepancies in fibrosis
quantification less than 4% from EAM results). Thgure shows the 3D LA wall in white with
segmented fibrosis in red for the antero-postemiod postero-anterior views, in comparison with 3D
bipolar voltage maps of the EAM system for all thar fibrosis classes, selected as example. Bipolar
voltage maps are reported with a color bar thatvidet for potentials upper 0.5 mV (healthy
myocardium) and reaches red for potentials low&5 OnV (fibrosis). Very good agreement in the
localization of fibrosis areas is achieved.

Conclusion: The novel 3D visualization and quantification tbaised on LGE-MRI allows detection of
cardiac left atrium fibrosis areas. This non invasmethod provides a clinical alternative to EAM
systems for quantification and localization of atiiibrosis, proving to be clinically reliable angmall
different fibrosis stages and yielding accuratev@limetric views.
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Purpose: orthopedic implants can nowadays be realized witih lperformance polymers such as
polyether-ether-ketone (PEEK) and its carbon-fileénforced composite (CFR-PEEK) in addition to the
most routinely used ultra-high molecular weightyaethylene (UHMWPE) [1]. These materials can be
coated by plasma-spray or thermal-press technigitbgitanium (Ti) or hydroxyapatite (HA) powders t
improve osseointegration of the polymeric componBualymers are radiolucent to X-rays and coatings
may allow the visualization of the implanted devineclinical X-ray imaging without the addition of
metallic markers. This work aimed at developingyatisetic tissue
equivalent phantom and checking its suitability dstimating the
radiological contrast of different polymeric sulasés coated with Ti o
HA powders for orthopedic implant applications.

Methods and materials an X-ray tissue-equivalent modular phanto
was designed to simulate the anatomical tissue riroes of the
human hip (Figure 1). Soft tissues, trabecular bame cortical bone
were differentiated within the phantom by usingethtissue-equivalen
synthetic materials. Seven different substratemsgatombinations
were considered. For each of them the substratkribss was also
varied (6, 8, 10, 12 mm) thus resulting in 28 téswoupons.
Radiographic contrast of the coupons was assessedhe phantom
using a clinical antero-posterior pelvis image asijon protocol by a
state-of-the-art clinical digital radiography apgass. ContrastAPI)
values were than compared to a minimum contrastshtimid for
detectability APIr=0.05) in compliance with ASTM 640-07 [2].
Results: contrast valuesAPI) of tested coupons ranged from 0.02
about 0.27. Both the polymeric substrate and tta¢irmg contributed to
the measured contrast of the coupons, dependitigeocombination of
polymer type, substrate thickness, coating mateciating thickness °°“ﬁg“fa“°“l§t°l°) i‘lnd ‘tﬁf’ and LL

and porosity. A sufficient radiographic contrastswaund in 18 out of =P Sted W he Asiom

the 28 tested coupons. Thin titanium coatings teduh a sufficient

contrast when deposited on PEEK or CFR-PEEK thithen 10 mm. Medium thickness coatings with
little porosity and thick coatings with higher peity were above the threshold when associatednon8

or more of CFR-PEEK. Differently, titanium alloyepsintered grid was clearly distinguished even when
attached to 6 mm thin UHMWPE.

Conclusion: the proposed phantom represent a valid tool tosasdetectability of polymeric coated
implants by X-ray plain radiography. Considering@ thide range of coatings and polymers nowadays
available, information obtained from the tissue+ieglent phantom are essential in optimizing micnd a
macro design of polymeric coated implants.

Acknowledgment This study has been financially supported by Eocabing S.p.A. through a grant of
Provincia Autonoma of Trento (project “Inspired”).
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Figure 1: The phantom in the open
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Purpose: Overranging (OV) increases the dose delivered tiieqia undergoing helical Computed
Tomography (CT) examinations. This side effect ofiltrelice helical CT is due to X-ray data
interpolation along the craniocaudal direction athW¥eference to figure, the delivered dose toqutis
described by the accumulated total dose profilg,Dig
equilibrium value [(0) at the scan centre z=0, and
Dose Line Integral (DLI), represented as the gnaaa
The ratio DLI/D.{0) defines the scan length L. OV is?<® _ |__
given by subtraction of the imaged Planned Length
(PL), indicated on the operator’s console, from the
value. OV leads to some concerns, especially when f*
radiosensitive organs are in close proximity to shan /;
extremes. This work proposes and evaluates an !
alternative new method of estimating the OV inds|

CT, using a real-time dosimetry based on a standard

pencil chamber (PC). The OV values (QVare compared with those obtained from measuresmneiti

film (OVsim), considered the benchmark technique. The new adeih suitable for modern scanners
equipped with adaptive collimation (AC) (i.e. thgndmic closure of the X-ray collimators at the scan
extremes). This method extends the dose-slope mhgttaposed by van der Molen [1], in which OV is
quantified without films only on CT scanners with&C.

Methods and materials: The O\, was measured direct from the dose profile, byraghihg PL from

L#im using Gafchromic films (GF type XR-QA2 ISP). Th¥ & was evaluated by means of a PC coupled
to an electrometer (10X5-3CT Radcal Corporationjhva charge-collection-length of 100 mm. Two
different PC settings were alternatively selectib@ Dose Rate mode (DR), providing one reading per
second (measurement denoted ag Bnd expressed in mGy.cm/min units) and the Dossudelate
mode (DA), providing an integral readingg&Rin mGy.cm units). The OV was then quantified as: QV

= Lt - PL = v(Rpa/RoRr) - PL, with the scan speed v calculated as: nohtolimationpitch / rotation
time. The OV, evaluation method was tested on three CT scanhkes. were a Philips Brilliance 16S
installed at the S. Chiara Hospital of Trento (Tgmaph A) not equipped with AC, a Siemens Somatom
Definition AS 128S operating in the same hospifaingograph B), and a General Electric Discovery TM
CT750 HD 64S installed at the S.M. della Misericardospital, Udine (Tomograph C). In an attempt to
evaluate a wide range of OV values, very diffei@htscans were considered.

Results: OV, and OVi,m, have a good overlap for all Tomographs with absotliscrepancies always less
than 2.1 mm. This means that all discrepancieseasethan 10% of the measured absolute valueseThes
results are in agreement with other OV evaluatioased on van der Molen method. Moreover the new
real-time OV evaluation approach proposed in thiskwcan be used also for modern CT scanners with
AC.

Conclusions: The present study proposes an uniform approachvire@luation, i.e. not depending on
the presence or not of AC. The real-time PC bappdoach described is satisfactory as regards acgura
as well as precision. Advantages of the new methredts simplicity of implementation, because oaly
standard PC is required, the cost and time savmdgtiae elimination of tedious procedures requirgd b
films.
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INSIDE: INnovative Solutions for In-beam DosimEtry in Hadrontherapy
G. Pirroné on behalf of the INSIDE collaboration
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Hadrontherapy is a promising radiotherapy technigugecially for tumors that are in proximity of
critical organs, because it offers the possibility deliver high dose in well-defined volumes. Its
effectiveness is relies on the knowledge of thatposof the Bragg peak within the patient, thah dze
calculated from the well known Bethe-Bloch equatidhe precision of the treatment could be impaired
if the range during the treatment varies from thé&wated one, due to the temporary physiological
modifications of organs and tissues. Positron Boms§omography (PET) is one of the techniques which
allows to control the Bragg peak location during tteatment.

The INSIDE project aims to develop a dedicated earh PET scanner (Figure 1) for head and neck
region able to reconstruct the Bragg peak postifoer a fraction of the dose delivered to the peitend
capable of handling the expected count rate duhadreatment.

The PET scanner will be made by two planar heaats) 40 cm (axially) x 25 cm (transaxially), with a
gantry aperture of about 55 cm. Each head is coetpot2 x 5 pixelated LFS scintillator matricesbot

5 cnt, with 16 x 16 pixels (3 x 3 x 20 minof 3.2 mm picth. Each scintillator is coupledatanatrix of 16

x 16 Multi-Pixel Photon Counters (MPPC) arrays fréfamamatsu with a one-to-one crystal-detector
coupling.

Every detector is connected to a 4 custom-desigivedhannels TOF-PET ASIC [1]. Its read-out
channels are composed of an analougue front-enchthglifies the input signal and delivers two dait
signals to a mixed-mode TDC, which output is a datacontaining information on the time of the geg
and the time-over-threshold of the processed isjgual.

Each front-end is controlled by a FPGA-based bdaati calibrates the data and prepares the eveat dat
packet for its transmission to a central procesbwayd (mainboard). The mainboard manages the lbvera
data streaming, the system status and configuraéiod performs real-time coincidence detection by
timestamp comparison. All the coincident eventsthesm transmitted to the host PC via USB connection
and are used for image reconstruction.

The detected coincidences are used to measurectiraton line integrals across the target. Eade li
integral is used to reconstruct the spatial agtidistribution map through a MLEM reconstruction
algorithm.

An important part of this project is the extensafrihe in-beam PET technique to Carbon therapfadty

the projectile fragmentation at the end of the Garbange could produce an undesired dose deposition
beyond the biological target volume. To measurefridigments produced by therapeutic Carbon beams a
dedicated dose profiler will be build. It will mak@ossible the measure of the distal fall-off dose
distribution derived from the additional fragmenkhe traker will be made by 6 planes with 2 cm 8pac
and a position sensitive calorimeter for the measent of the proton energy. Each plane is compbged

2 stereo layers of 192 0.5x0.5 rhstintillator fibers read out by 96 1 MMVIPPC. The calorimeter is
composed of 4x4 LYSO pixellated crystals of 50x5®xhnt each one read out by 64 channel
Hamamatsu MultiAnode.

The treatment outcome is verified by comparingabivity image to the simulated one. The tool used
the calculations of particle transport and intaoactvith matter is FLUKA [2]. Comprehensive geonyetr
and measurements model has been developed by lthboration, including PET heads, dose profiler,
beam pipe and nozzle, target (phantom or patient €datment plan and custom post-processing tools
for PET data analysis.

In this work we show the results obtained in tharbeests at the CNAO facility of Pavia.

[1] M. D. Rolo, et al. TOFPET ASIC fot PET applicats. Journal of Instrumentation, 8(02):C02050,
February 2013.

[2] G. Battistoni, et al. The FLUKA code: descrgotiand benchmarking. Proocedings of the “Hadronic
shower simulation workshop 2006”, Fermilab (20@8R, proceedings 896 (2007).
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Figure 1: Sketch of the mechanical structure of the scarorethe left) and its placement in a treatment
room of the CNAO facility of Pavia (oihe right)
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The development of Neutron Capture TheradZT) for cancer treatments has stimulated the research
for beam characterization in order to optimize therapy procedures. The NCT has found to be
promising for treatments of tumours which hardiy ¢ treated with other techniques such as gliomas.
Alongside with the improvements of this techniqulee development of techniques for the beam
characterization arouses great interest in ordeptmnize the therapy procedures by reliably deteimy
the variousrfeutronic and photonjaccomponents of the mixed beam usually employedhferapy.
In the last years there is a large interest iniakag&lectron Spin Resonance (ESR) dosimetry farteda
and photon beams. Furthermore, recently the apigliicsa of ESR dosimetry for high LET radiation
beams such as carbon ions and neutrons are comsiguncreasing. This is because of the very good
dosimetric features of alanine EPR detectors sgchigsue equivalence, linearity of its dose-respon
over a wide range, high stability of radiation indd free radicals, no destructive read-out proeecwuw
sample treatment before EPR signal measuremenibandost of the dosimeters [1]. Moreover, in order
to improve the sensitivity to thermal neutrons lah&ne dosimeters the addition of additive nuclersas
Gd,O3was previously studied [2].
The choice of Gd as additive nucleus is due tgaty high capture cross section to thermal neutemts
to the possibility for secondary particles produedtr interaction with thermal neutrons of relegsi
their energy in the neighbourhood of the reactibe $n particular, it was found that low concetitva
(i.e. 5% by weight) of gadolinium oxide brings abaun neutron sensitivity enhancement of more tian 1
times without heavily reducing tissue equivalerigle [

'i
1!

Fig.1 — (Left) Alanine pellets; (Right) Alanine pellets with gag}.

In this work we have studied the response of aapellets with and without gadolinium exposed ® th
thermal column of the Mainz reactor. Pure alaniosimeters (Fig.1 - left) used were produced by
Synergy Health (Germany) whereas the Gd-added @bsismwere produced at the University of Palermo
(Fig.1 - right). The irradiations were performegide polyethylene holders to guarantee chargedt|eest
equilibrium conditions. ESR measurements were edrout through Bruker ECS106 spectrometer
equipped with a Tig, rectangular cavity.



The results of ESR experiments are compared to &6Gatrlo (MC) simulations [4] aimed at obtaining
information about the contribution of the variomg\jtronic and photonic) components to the totakdos
measured by means of ESR dosimeters (Fig.2). Faorired dosimeters a good agreement between
experimental data and MC simulation have been aetie
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Fig.2 —Measured and calculated (through MC simodtdose values of alanine pellets in PMMA.
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The analysis of diffusion tensor imaging (DTI) a®to evaluate in vivo and in a non-invasive wag th
process of diffusion of water molecules in biol@jitissues. The peculiar organization of some ok
tissues influences this phenomenon making it &ampe and therefore well evaluable with these
techniques. Changes in tissue anisotropy can &dound in many diseases without any signal intgnsi
variation on conventional MR pulse sequences sthey are intimately related to intrinsic micro-
structural changes.

Despite all these important applications, DTI faddully utilize the MR diffusion measurements ttlaae
inherent to tissue microstructure. DTI implicithgsaumes that water molecule diffusion occurs with a
Gaussian distribution of diffusion displacementisTAssumption has been experimentally demonstrated
to be not always suitable in both white matter gray matter.

In biological tissue, complex underlying cellulaonegponents and structures hinder and restrict the
diffusion of water molecules. Moreover, the simplif description of the diffusion process in vivo &y
2nd-order 3D diffusion tensor prevents DTI from rpitruly effective in characterizing relatively
isotropic tissue such as GM. Even in WM, the DTldelocan fail if the tissue contains substantial
crossing or diverging fibers.

Jensen et al. [1] introduced diffusion kurtosis ging (DKI), a higher order diffusion model thatas
straightforward extension of the DTI model. DKlas approximation of the logarithmic expansion & th
DWI signal decay up to the’tlerm and neglects thé kerms. DKI give an dimensionless measure that
quantifies the deviation of the water diffusion pdécement profile from the Gaussian distribution of
unrestricted diffusion, providing a measure of degree of diffusion hindrance or restriction.

e f g
Fig.1 — @ mean diffusivity (MD); b) radial diffusivity (RD); €) fractional anisotropy (FA);d); color
encoded fractional anisotropy (decFA¥) (mean kurtosis (MK); fj assial kurtosis (AK); d) radial
kurtosis (RK).

The extensive application of DKI in a clinical row& must deal with several difficulties. The most
important is the long acquisition time (much moneet than that required for the DTI).

In clinical applications the real issues is to findgood compromise between acquisition time and
robustness of the fit [2]. Another major problemDRKI is that these DWI images are usually acquired
with an echo planar imaging (EPI) sequence and r&goire high b-values, resulting in a low SNR of
acquired diffusion weighted images. Distortion ection so is an important step in DKI. However, in



order to become a routine procedure, DKI still etmibe improved in terms of robustness, relighilit
and reproducibility. The lack of standard proceduie post-processing, especially for noise coioect
might become a significant issue for the use of BKdlinical routine.

The aim of this work is the description of the theof Diffusion Kurtosis Imaging (DKI), the MRI
protocol that we used for DKI acquisitions at 1.Bllhical scanner. Some examples of DKI maps
obtained by us are shown in Fig.1.
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Functional magnetic resonance imaging (fMRI) isaéesnoninvasive and repeatable MRI technique,
used to estimate and localize neuronal activatiorthe gray matter of the brain, with high spatial
(millimeters) and temporal resolution (in the ordéseconds).

This technique is based on the principle of neusowkar coupling, which implies that an increase in
neuronal activity will cause a rise in blood oxygemsumption and a concomitant rise in local cetebr
perfusion. This increased blood flow to the actdategion alters the ratio between the deoxyhenbaglo
and oxyhemoglobin. Deoxyhemoglobin is paramagraait, therefore, influences the signal registered in
the MRI. This is the so calldolood oxygenation level depend€BOLD). The BOLD response reflects
the degree of oxygenation of the blood in cap#arsupplying brain tissue, and its neurophysiokdgic
basis lies in changes to blood flow and level ofgenation in response to neuronal activity. Thangies

in the BOLD signal indirectly reflect neuronal aty.

During fMRI experiments, the brain of the subjeistscanned repeatedly, usually using the fast intagi
technique of echo planar imaging (EPI).

In the fMRI experiment the subject is required @org out some task consisting of periods of agtisid
periods of rest or rest quietly in the scanner autrany task (resting-state fMRI).

Resting state fMRI focuses on spontaneous low &pqgy fluctuations (< 0.1 Hz) in the BOLD signal;
investigates synchronous activations between redioat are spatially distinct (functional conneityiy
occurring in the absence of a task or stimulus [1].

Functional connectivity is essentially a statidtic@ncept. Unlike anatomical connectivity, which
describes physical pathways of information exchaegel which can be obtained by means of MR
tractography), functional connectivity describes tlorrelation of spatially remote areas in the terap
domain. Dependence is calculated between all ellsmeh a system, whether these elements are
connected by direct or indirect structural linksinEtional connectivity relies primarily on traditial
fMRI techniques, but takes advantage of low BOLE&qgfrency fluctuations to examine intrinsic activity
in the brain. Functional networks generated usimig method have been termed 'resting-state networks
(RSNs).

The target of this work is to investigate the castivty variation during time, after a particulaxternal
stimulus or after drugs administration.

The method used to explore changes or modulatibtieedunctional architecture of brain networkghs
group PICA analysis (probabilistic independent congnt analysis), a statistical technique that sd¢par

a set of signals into independent uncorrelated corapts. The result is a set of ICs (Independent
Components) some of which are clearly related wroreal networks and others linked to physiological
processes or artifacts.
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In the last years, the development of Neutron Gapltherapy (NCT) [1] for cancer treatments has
stimulated the research for beam characterizatimnder to optimize the therapy procedures. Theess

of radiation therapy in treating cancer dependsherdelivery of lethal radiation dose to the tumavith

as little as possible harm to surrounding tissues.

Several research laboratories have shown an inogeagerest aimed at extending the applicability o
Electron Spin Resonance (ESR) dosimetry to radiafhewith different types of radiation beams. In
particular, ESR spectrometry provides absorbed dosasurements through the detection of the stable
free radicals produced by ionizing radiations. H&R dosimetric method has many advantages such as
simple and rapid dose evaluation, the readout poeeis non-destructive, linear response of many
organic and inorganic compounds [2]. ESR detectbmsv a behavior that suggest possible applications
for various kinds of beams used for radiation thgraNowadays, the most widely used organic
compound as a dosimeter is the alanine [3]. Howewany researches are in progress with the aim at
improving sensitivity of ESR dosimetry for dosesanismaller than 1 Gy.

These works are focused on the investigations of n&terials or new mixtures of organic and/or
inorganic compounds with suitable features, suchigls efficiency of radiation-matter energy tramsfe
and radical stability at room temperature.

Our research group has started an investigatiohefESR response of some phenols compounds for
possible dosimetric applications. The aim of thrkvis to investigate the dosimetric features ahso
phenols for applications in ESR dosimetry. Pheaoésscompounds possessing a benzene ring attached to
a OH group. After irradiation the final productdsstable phenoxy radical. The stability of suchiaad

can be improved by adding other alkyl chains witiah be attached to the benzene ring.

In particular, the phenadctadecyl-3-(3,5-di-tert.butyl-4-hydroxyphenyl)-pionate (IRGANOX 1076®
phenols) gave interesting results [4]. Moreoves, litgh molecular weight, the low volatility and the
compatibility with the dosimeter binding materialax) are advantages with respect to lower molecular
weight phenols.

In this work we report the ESR investigation of RGANOX® 1076 phenols with and without Gok

(5% by weight) exposed to neutron beam. The chofc&d as the additive nucleus has been made
because we are interested in applications for mfiedd (neutrons/photons) Gd-ESR dosimetry has an
high neutron capture cross section and, furtherntbeehigh Linear Energy Transfer secondary padicl
release their energy entirely in the dosimeter. [Bine content of gadolinium guarantees a good trideo
between the sensitivity to thermal neutrons and rédiction of tissue equivalence. The dosimetric
features of these ESR dosimeters (dependence awwaie power and modulation amplitude, their



response after gamma and neutron irradiations,détection limits for both beam typologies, signal
stability after irradiation) have been investigated the results are reported.
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The Fricke Xylenol Gel (FXG) dosimetric system msbd on the radiation induced oxidation of ferrous
(FE€M to ferric (F&") ions [1].
The application of Fricke type gels for ionizingliaion dosimetry is continuously increasing woridev
due to their many favorable properties. Howevee ohtheir shortcomings is that ferrous and feiwits
diffuse in the gel matrix. To maintain the spatrakegrity of the dose distribution, Fricke gels mbe
analyzed within a few hours of their irradiationg that ferric ions remain close to their point of
production. Thus, the spatial integrity of the ddsribution in the Fricke gel is maintained.
The gel matrix also contributes to the oxidatioriesfous ions during irradiation, increasing therical
yield of ferric ions in aqueous solution and inciag the sensitivity of the dosimeter.
The oxidation of ferrous ions also causes a redaaf the longitudinal nuclear magnetic relaxatiome
T1 which can be measured by means of nuclear magrestanance (NMR) relaxometry and magnetic
resonance imaging (MRI) [2].
In this work the results of our analyses of FXGideers are reported. We performed NMR relaxometry
investigations which allow for direct measuremesftthe relaxation times in samples exposed to adini
photon beams. The main dosimetric features of thdRNsignal were investigated. The gels were
irradiated in the clinical dose range between 0 20idGy. In order to assess the photon sensitiviey w
analyzed the dependence of NMR relaxation time aghation dose with varying ferrous ammonium
sulfate content (from 0.5 mM to 5 mM) inside FX&3g(1). Furthermore, signal stability was followed
for several days after irradiation [3].
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Fig.1 - FXG dose response curve for various comagahs of ferrous sulphate.

These measurements were also aided by acquisiionsgnetic resonance imaging (MRI) which can
permit 3D dose mapping [4]. In order to maximize MRI response a systematic study was performed to



optimize acquisition sequences and parameters.ahticplar, we analyzed for inversion recovery
sequences the dependence of MRI signal on theitiepdime Tg and on the inversion time [3].

Fig.2 — @bove Picture of FXG irradiated in the clinical rang#.75 mM); below) MRI image obtained
with IR sequence F400ms and [E2500ms). Dose increases from left to right.

The dose calibration curves are reported and dsecufrom the point of view of the dosimeter use in

clinical radiotherapy (Fig.2). This work has higjited that the optimization of additives inside gel

matrix is fundamental for optimizing photon seniyi of these detectors. We can conclude that FXG
dosimeters with optimal ferrous ammonium sulfatetent can be regarded as a valuable dosimetric tool
to achieve fast information on spatial dose distidnm.
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The key challenge in radiotherapy regards the aehent of an effective cancer treatment minimizing
the dose released to the healthy tissues. In flaetdelivery of dose to healthy organs could prevok
severe adverse events even long time after thérteed. A strategy to reduce the overall dose to the
patient concerns the employment of radiosensitizilngg able to enhance the cytotoxic effects of
radiations in the cancer region. In the last desasieveral drugs have been tested for this pulpatseill
now, the main limitation that hinders the wide dififon of radiosensitizing drugs involves the difftg to
monitor the biodistribution of drugs after adminagion. Gold/iron oxide hybrid nanoparticles (H-NIPs
may overcome this obstacle thanks to their biphsiecture. The radiosensitizing activity of H-NiBs
ensured by the gold part as gold is a high atoramober element with a large cross-section for gamma-
ray scattering. Moreover, the iron oxide part aBawe imaging of NPs by Magnetic Resonance Imaging
thanks to the magnetic properties of magnetite.

In this work, H-NPs have been synthetized and tegisibility for radiotherapy has been tested inovi
The synthesis of H-NPs involved the thermal decasitjpm of gold and iron precursors in the organic
phase. During the process, gold seeds are firstgted providing nucleation sites for the iron exid
growth. At the end, hydrophobic H-NPs with an ageraiameter of 25 nm are obtained, as shown by
TEM and SAED investigations (Fig. 1). The H-NPs édeen transferred in the agueous phase using
polysorbate, a non-toxic surfactant, which providesydrophilic behavior to H-NPs. The chemical
composition of the H-NPs have been characterizadguan ion-coupled-plasma optical emission
spectrometer to evaluate the mass ratio betweehagwl iron.

In vitro tests were performed to assess the cyictgxof H-NPs using osteosarcoma MG63 cells. In
particular, the membrane integrity after 48h ofuipation with nanoparticles was investigated rewngali
no significant difference between the H-NPs-exposatiples and the non-exposed ones. Furthermore,
the effects over viability and proliferation of HPN were studied along 9 days and the results did no
show any significant evidence of cytotoxicity reldto H-NPs.

The next stages of this work will include the stuafythe magnetic properties and the radiotherapy
enhancement effects of H-NPs in vitro.

The results about morphology, stability in physgial conditions and cytotoxicity are extremely
encouraging and H-NPs promise to provide effediiat for advanced radiotherapy.
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Purpose

Hepato-Renal Ratio (HRR) is a method for the quatne assessment of liver steatosis based on the
processing of ultrasound images.

Its reliability has been validated in literatureahgh biopsy andH magnetic resonance spectroscopy.

This paper describes a hew method for ROl segmentand HRR assessment, designed to minimize
both inter-observer and inter-scan variability.

Materials and Methods
98 images of 32 patients were analyzed (for 23pttimultiple scans were performed).
HRR is defined as the ratio of the gray scale medme of the pixels within two given ROIs of thedr
and kidney.
Our method comprises three steps.
In the first, the operator selects two “freehant®as: one for the liver parenchyma and one forehal
cortex. The two ROIs should be as large as posaitdepositioned approximately at the same depth.
In the second step, the two ROIs are "normaliz€dy.{) as follows
« the image is divided into sets of pixels which htheesame distance from the probe(cluster)
» for every cluster, two groups of pixels were idiati, belonging to the liver ROI and kidney ROI
respectively. The outermost pixels belonging to Kmgest group were deleted providing two
groups with the same number of pixels, as closslyassible.

Fig.1 Normalization of freehand ROIs

Finally, the software smoothes out the normalizestograms of the normalized ROIs. HRR is assessed
on the basis of these smoothed histograms.

We call this procedure the Irregular method (IM).

To assess inter-observer variability, ROl segmentaivas repeated by a second operator using
ellipsoidal/circular ROIs. The two ROIs were agyams possible and positioned approximately at the
same depth. The ROIs were normalized. HRR was leddmh based on the smoothed normalized
histograms of the two normalized ROls. We call finiscedure the Ellipse method (EM).



The effectiveness of IM was tested by comparisagh & method analogous to the one presented in[1].
particular, two square ROIs were selected: ongHerhepatic parenchyma, about fcand one for the
renal cortex, about 0.25¢émthe centers of the two ROIs needed to be atahes/-coordinate. HRR was
calculated based on the normalized histograms eftwto ROIs. We call this procedure the Square
method(SM).

For each method, the ROIs should be as homogeraopsessible and positioned as near as possible to
the image center. In this study only scans withthal normalized ROls above 211 pixels were takém in
account.

In order to evaluate the inter-scan variabilityaddpecific method, the maximum absolute HRR diffeee
between the scans for each patient (MIS) was cied

The effectiveness of our method, the inter-operatat inter-scan variability were assessed by Wiocox
signed-rank test.

Results

In the experiment we encountered numerous diffiesiiising SM and EM, often obliging the operator to
repeat the ROI segmentation. The freehand selept&thod facilitated this task, enabling larger area

be analyzed (e.g. the mean pixel numbers were:f@l8ver Square ROIs and 1324 for normalized

freehand ROIs).

The differences between the HRRs obtained by our the reference method are not statistically
significant (IM vs.SM: P-Value=0.52 and EM vs. SRkValue=0.14).

Similar results are obtained in the assessmermprbducibility (EM vs. IM: P-Value=0.46).

In the inter-scan analysis, IM produced smaller $/i8an SM (respectively: 0.19+-0.14 and 0.37+-0.23,
P-Value<0.001). This is probably due to the large@lfkprovided by IM. It is reasonable to assume that
the larger the ROIs, the better the representatidine pathology.

Conclusions

The method presented is more user-friendly thamefegence method, speeding up the procedurevét ga
low inter-scan variability. Preliminary results se& confirm its reproducibility and a diagnostfli@cy
comparable to the reference method. Verificationtotrue effectiveness (and reproducibility) reqai
further investigation by correlation studies usmstological findings.
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Objective
The aim of our retrospective study was to assessnitidence of hemorrhagic complications in a large
series of patients who underwent deep brain stitionldDBS) surgery.

Background

DBS is an effective option for the treatment of maent disorders refractory to medication, and durin

the last two decades it has became a widesprehdigee of proven efficacy. Despite its demonstrated
safety, rare adverse events (AE) could result itergally disabling outcomes, leading to further

neurological impairment. Among them, hemorrhagienpbications are the most dreaded and health-
threatening. Age and hypertension were reportedbeothe most significant patient-related features
associated to an increased risk of bleeding, wihil@operative microelectrode recording (MER) and
number of MER penetration represent the most inaporrisk factors resulting from the surgical

technique [1,2]. Finally, the coexistence of hypesion and MER was associated to an additionabfise

bleeding incidence [3].

Methods

Data of all patients submitted to DBS at our Cemietween 1998 and 2013 were collected. MRI and
stereotactic CT scans were performed in all patigmior to surgery for the procedure planning. To
minimize hemorrhagic complications, a trajectorypiding sulci and ventricles was plotted. During all
procedures a single-track MER approach to the tanges performed, followed by an intraoperative
microelectrode stimulation (MS) to evaluate botméfecial and side effects. When the MER did not
show typical neuronal activity and/or MS highligthteow-threshold sustained side effects, a second or
even third track was sequentially performed. A Dd$onic stimulation electrode was than placed along
the best trajectory and a monopolar cathodic satran was finally evaluated. To rule out surgical
complications, patients underwent an immediateqpesttive CT scan and an MRI 7 days after surgery.
A single primary surgeon executed all procedures.

Results

All procedures consisted of a single-session bgdtienplantation; 221 patients received a totaldp
definitive electrodes. 216 subjects (130 malesfeBtales) were affected by Parkinson’s Diseaseall3 (
males) by Essential Tremor, 2 by Dystonia (1m, Mean age at surgery was 60.7+6.9 years (males
60.816.9; females 60.5+6.9). A total of 590 MERckswere performed (1.33 MER per lead). 42 (19%)
patients suffered from hypertension. Neither ingravicular nor intracerebral hemorrage occurredndur
both intraoperative and postoperative period

Conclusions

Hemorrhage is probably the most serious AE in fioneil neurosurgery, reported to have an overall
incidence of 5% [1]. In our large series of pateewe did not observe hemorrhagic complicationsneve
though the population characteristics — age anegpsion percentage - were similar or even higher
those reported in literature [2,3]. Moreover, weithoely performed MER, considered a significant
bleeding risk factor [1], especially if associatetth hypertension [3]. These consideration rise the
guestion whether other factors could contributehi® increase of HC risk; according to our resuats,
careful patient selection, a thorough trajectorgnping, a single- rather than a multiple-track MER
performing and the application of standardized pdoces of an experienced team could prevent high ra
of hemorrhagic events.
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Purpose: There has been a rapid and growing interest ingusinall animal optical imaging systems to
imagein vitro andin vivo several radiopharmaceutical¥he purpose of this contribution attention is to
present the work by our group on Cerenkov lumineseemaging (CLI) and radioluminescece imaging
(RLI).

Methods and materials CLI is based on the detection of Cerenkov radmfiCR) due to the beta
particles travelling in the tissues with energyagee than the Cerenkov threshold. For a beta peiitic
water the energy threshold such tRafl/n is only 260 keV and, thus, most of the isotopesiuseuclear
medicine satisfy this condition.

In order to investigate the possibility of detegtim vivo CR we used a small animal optical imagin
system composed by a back-thinned, back-illumina@€D camera, several filters and lens. The
instrument was used in bioluminescence mode and, thithout using any excitation lamp.

Results: We performed a comparison between micro-PET and W8ing an experimental model of
mammary carcinoma (BB1). The tumours were obtalmedubcutaneous injection of BB1 cells, which
are epithelial cells, from spontaneous mammaryimancas and we found a good agreement between
PET and CL4.

We also investigated a multispectral 3D approachedamulti spectral Cerenkov luminescence
tomography (msCLT). The msCLT approach has been tested hygusi vivotissue phantom and by
injecting nude mice with*fP]ATP. The results obtained with phantom data sliotiat for a line source
placed 6 mm below the surface the spatial resaluidl.5 mm, this is an encouraging result consider
that we are dealing with an optical imaging method.

With regard to RLI we focused our attention on shgatingin vitro andin vivo the more weaker
luminescence signals induced B¥Tc. In particularin vivoimaging was performed by using nude mice
models in order to allow the detection of a small@mber of optical photons.

We showed thatx vivoandin vivo results further confirms the findings obtaineditmaging f°"Tc]MDP

in a water solutioh

Conclusion: In this contribution we presented an overviewha& most recent results on the use of optical
technigues to image radiotracers for small aninratgtinical imaging. This novel research area has
rapidly gain attention of several research groupbthis provided a significant boost in the deveaiept

of this field. Optical imaging offers the advantage studying more animals at once and it is péssdd
acquire whole body planar images of small animatkiwfew minutes.

We also showed that dynamic CLI can be easily perdo in order to study the whole body
biodistribution of the radiopharmaceuticals.

References:

[1] A. E. Spinelli, et al Optical imaging using radioisotopes a novel muttdal approach to molecular
imaging, Q. Jour. Nuc. Med. (2012), 56, 279-289.

[2] F. Boschi,et al In vivo (18)F-FDG tumour uptake measurements imls@animals using Cerenkov
radiation. Eur. J. Nucl. Med. 2011; 38(1): 120-127.

[3] A.E. Spinelli, et al Multispectral Cerenkov luminescence tomography garall animal optical
imaging. Opt. Express (2011), 19, 12605-12618.

[4] A.E. Spinelli,et al Optical Imaging of Tc-99m based tracers, in vdral in vivo results. J. Biomed.
Opt. (2011), 16(11).



Damaging effects due to neutrons produced by a VARIN CLINAC 2100C on pacemakers and
defibrillators

Anna Baratto RolddnE. Serdj, L. Toscand, F. Bragatd? M. Usikalu"? G.Giannint M
Severgnirl, V. Milan®, M. Zecchiff, G.Mored, L. Salvator& A. Zorzin Fantasfa G. Sinagr&

(1) Physics Department, University of Trieste,yital

(2) Department of Physics Covenant University, Qligeria and TRIL ICTP, Trieste, Italy;

(3) INFN, section of Trieste, Italy;

(4) SC di Fisica Sanitaria, Azienda Ospedaliero-dmsitaria "Ospedali Riuniti", Trieste, Italy;

(5) Radiotherapy Department "Ospedali Riuniti" dddiversity, Trieste, Italy;

(6) Cardiovascular Department, “Ospedali Riuniti'hd University, Trieste, Italy;

Introduction: There is evidence[1] that high energy radiothensay damage Cardiac Implantable
Electronic Devices (CIEDs) placed outside the figldiew of direct beany irradiation and well away
from it. Fast neutrons produced by linear accebesaduring high energy (&snoi® 7MeV) radiation
treatments are likely to be the cause of theseumetifoning.

Purposes:The aim of this work is to assess the risk andeso$ failure of CIEDs in patients
undergoing high energy radiation treatments fosfate cancer.

Materials and Methods: Four prostate-like radiotherapy irradiations wpeeformed with a 15 MV
VARIAN CLINAC 2100C linear »
accelerator, to evaluate thorax neutron
dose and the behaviour of a sample of
CIEDs.

Three types of dosimeters were usedj@ =
with two different anthropomorphic
phantoms and different models of CIED:
both Pacemakers (PMs) and Implantabl
Cardiac Defibrillators (ICDs), previously
explanted for different reasons except
malfunctions.

First of all both fast and thermal
neutron doses were evaluated placing
bubble dosimeters inside the phantoms.
The first one, called Jimmy, was built fo
neutron dosimetry by the Turin INFN
section in collaboration with the Ispra :
Joint Research Center. It represents the
upper body of an average-male and it hz
16 cavities in correspondence to critical
organs. The second one, called Ryan,
designed and assembled in the Physics
Department of the University of Trieste '
especially to perform these measurements. It repteshe whole body of an average man and has 42
cavities, some of them in correspondence to clitogans. The larger amount of thermalizing mass of
the second phantom appeared to be better for @U@ EDs malfunctioning caused by thermal
neutrons.

Secondly a total of 59 devices, 34 PMs and 25 |@Bxe analyzed and then irradiated. No
malfunctions were detected before the treatmemiylsiting a course of typical radiotherapy (70 Gy) f
prostate cancer, according to existing protocolgirig the irradiation the total thermal neutroneloss
evaluated with CR-39 track detectors. Photon doské devices was measured to be lower than 1Gy, as
required by the manufacturers[2], and electromagfietd was measured to be negligible.

The four standard prostate treatments were caoréds follows: two treatments to the Jimmy




phantom, one of which with all collimators closedldwo to the Ryan phantom, one of which with & fas
neutron shield.

Results:As a consequence of the treatments, a malfun@ti@mory reset, generator failure, magnet
deactivation, VVI back-up) was found in 18 (52%Di€and 6 (18%) PMs. The mean measured total
neutron dose in the CIED region was 18.9+3.8 m3menthe dose measured with shield was 7.7+1.5
mSv.

Evidence of neutron capture reactions inside tleDSlemerged by the study of the weak activation
signal in the devices, with a High Purity GermaniDetector fory spectroscopy. Doses from activation
were negligible from the point of view of radiopeotion. The shield shows to be effective in both
reducing neutron dose and neutron capture inducibdtg

Conclusions:High energy radiotherapy treatments may determiakkumctioning of CIEDs due to the
production of neutrons and following capture reawdi Failures are more frequent in ICDs than in PMs
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Introduction: New frontiers of medicine take into account the ogalifferent kinds of radiations,
including neutron beams for Boron Neutron Captunerdpy (BNCT). It is well known that high-energy
radiotherapy beams contain contaminant neutrons dha able to damage electronic devices. This
scenario highlights the necessity to have speaifid well-working neutron shielding. A new chemical
composition was studied in order to improve shieldsady available on the market.

Purpose: The aim of this work is to build, simulate and tasteutron shield. It can be used whenever
there is a neutron field that can both damage releict devices and give an unwanted dose to indalglu
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Materials and Methods: Neutrons interact with matter in a different wayttwrespect to charged
particles and their behaviour is strongly dependenthe energy. One way to shield neutrons is tpleyn
their capture reactions, which have an inverse requ@ot energy dependence. For this reason itts no
difficult to shield thermal neutrons (E<0.1 eV), Mehfast (E>10 keV) and epithermal (in between gger
region) neutrons spectra have to be degraded tah#renal one with an heterogeneous shield. It is
important to shield fast neutrons because theitrittion to the effective dose is huge comparethto
thermal one. The conversion fluence-to-dose fastordeed non-linear in energy and presents a fogak
E>1 MeV. In designing a shield, it is also impottaot to produce radioactive nuclei apdiose as
reaction products and to use safe and cheap mnlateria

Many shields for thermal neutrons -e.g. Flex Botgnlcontain boron, which has a high neutron
capture cross section. At the Physics DepartmenthefUniversity of Trieste, it has been designed,
simulated and built Quick Boron (QB)[2], a shieldntaining boron carbide ¢(B). It is available in a
carbon fiber based rigid version (50%( mass percentage) and a flexible one (57% Bnass
percentage). The first one was tested both withuksitions and experimental measurements.

Simulations were performed with Geant4, a toolk@#veloped by an international collaboration
including CERN. The QB shield was compared to piblykene, epoxy resin and pure boron carbide
shields. The QB attenuation law was also studiedreldver a heterogeneous shield composed by
polyethylene and QB was studied for non-thermatnoes.



Experimental verifications were performed usingtrens from a medical linear accelerator VARIAN
CLINAC 2100CJ3]. Neutron doses beyond graduallyréasing QB thickness and the heterogeneous
shield were evaluated using CR-39 track detectadsbabble dosimeters.

Results: Simulations highlight the & effectiveness as a shielding material. QB indesins to be a
better solution compared with other materials. Aitren attenuation law well fits simulated data for
thermal energies. Half Value Length (HVL) obtainedl7.5 times shorter than for Flex Boron.

Neutrons flux attenuation factors at 10 eV &af@24 for the homogeneous and.98 for the
heterogeneous shield.

Experimental thermal and fast neutrons doses deetea about 36% and 49% respectively using the
heterogeneous shield. Data taken with various Qd&rless confirmed its good shielding property.

Conclusions: Quick Boron shield is a good choice in all studssthations. Furthermore it’s cheap,
transportable, safe, it presents some features kegter than other commercial solutions and agpear
suitable for medical environments.
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Introduction : Whenever a radiation field is used in therapisiappropriate to perform dosimetric
evaluations for radiation protection and phantomesveidely use to this scope. The evidence of nautro
contamination of the radiation fields during higheggy radiation therapy requires a neutron intevact
specific anthropomorphic phantom. The lack of sphantoms in literature lead us to design and build
Ryan: a new man-like full-size phantom.

Purpose The aim of this work is to reproduce neutrongrattions in the patients, by means of a
phantom with average male-body dimensions and ptiops.

neck

abdomen

Materials and Methods Scattering with nuclei is the main interactiontaixe into account for the
purpose of this work. During elastic scattering fitaetional kinetic energy lost by neutrons is l@ghfor
lowest mass target nuclei. For this reason scagieyn hydrogen atoms is the most relevant for neutr
thermalization inside the human body.

Looking to the mean human body composition, inipaldr for the upper part, hydrogen (H) is present
for 0.10 mass fraction. For this reason polyethgléd.14 H mass fraction) is a good choice for the
construction of a neutron phantom. Neutrons inttioeax region are likely to come from every direnti
even from the lower part of the body, because atteding. So, designing a neutron phantom, it is
important to take into account also lower limbsafly, a phantom must present cavities for dosirsete
especially at critical organs positions.

Taking into account all the previous consideratians group at the Physics Department of University
of Trieste built Ryan, an anthropomorphic phantateble for evaluating neutron doses.

The phantom Ryan is entirely composed by polyetigjlét has 42 cavities for the positioning of
bubble dosimeters, CR-39 track detectors and hicdbgamples. The thorax is composed by several
square slabs that can be rotated one with respethe other, in order to arrange the dosimeters
allocations as necessary. Moreover the phantom Ryresents the whole human male body. During
construction particular attention was devoted tspeet male body proportions as described in



literature[1].

The phantom Ryan is made by separable blocks $at tisaeasy to move, transport and store it. Each
block is proportioned to its equivalent human badgtomic structure. These features allow the pimanto
to be also arranged in a sitting position.

For future developments and uses of Ryan, its gggmas also implemented in Geant4, a toolkit for
the simulation of the passage of particles thromgitter.

In order to test the properties of the phantom Rya@asurements were performed in the neutron field
produced by a 15 MV VARIAN CLINAC 2100C medical éar accelerator. Neutron dose was evaluated
with both bubble dosimeters and CR-39 track detsctResults were then compared to those obtained
with the well-known phantom Jimmy[2], in the sanxperimental conditions.

Results Phantom Ryan has a height of 1.73 m and weidt® Kg; its mean density is 0.96 g/cm3.
Neutron doses evaluated in phantoms Ryan and Jamenyn good agreement with each other.

Conclusion Looking at results, anthropomorphic phantom Rigasuitable for a good evaluation of
neutron doses inside human body. Furthermore ihegpensive, handy, well proportioned and it is
perfect for routine measurements both in sittingl aupine position. In conclusion Ryan can be
considered a good phantom for neutron dosimetry.
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NONO regulates the cell response to UV-induced DNdamage and is a potential therapeutic target
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Purpose: Genomic instability has been recently defined as ohthe key hallmarks enabling cancer
development and progression [1]. Indeed DNA dameage mutability endow cancer cells with genetic
alterations that represent the driving force of dumprogression and account for the high molecular
heterogeneity which characterizes a tumour andabifity to escape therapeutic treatments. Physical
agents, such as UV and ionizing radiations, arengortant environmental challenge to genome stabili
and a recognized cause of human cancer. Howeeegliiity of ionizing radiations to damage DNA is
also exploited to kill cancer cells and is the uhdeg principle of radiotherapy. In our lab we dyuboth
the biology of the cell response to DNA damagingrdg and also explore possible strategies to sansit
cancer cells to DNA damaging agents [2,3]. Herefamused in particular on dissecting the role of
NONO, a multifunctional protein that is overexpe$sn melanoma, compared with normal melanocites,
in the cell response to UV radiations, which repréghe main risk factor for skin cancer.

Methods and materials:We generated NONO-silenced HelLa cell clones, tita@ahRNA, and analyzed
their ability to grow and activate the intra-S phabeckpoint that functions to prevent replicatiork
collapse, late origin firing and to stabilize frizgsites following UV exposure [4]. We analyzedatigh
immunofluorescence whether NONO localizes to thiessof UV-induced RAD9 foci and, to position
NONO in the complex cascade triggered by UV expmswe analyzed the chromatin loading of various
factors involved in the DNA damage response iratbeence of NONO.

Results: We first found that lack of NONO decreased HelLd gebwth, likely through a delay in the
G1/S cell cycle transition. Then, we challenged N$ilenced cells with exposure to UV radiations and
found that NONO-silenced cells, compared with calstrcontinued to synthesize DNA, failed to block
new origin firing, and impaired S345 phosphorylatiof the checkpoint kinase 1 (CHK1) showing a
defective checkpoint activation. Consistently, werfd that NONO localizes at the sites of UV-induced
DNA damage RAD9 foci. Then, we analyzed the loadorgo chromatin of various intra-S-phase
checkpoint mediators and found that NONO favouesldading of TOPBP1, a crucial activator of the
kinase activity of ATR, the main trigger of the Whduced DNA damage response. Strikingly, re-
expression of NONO, through a sh-resistant mRNAcuwed CHK1 S345 phosphorylation in NONO-
silenced cells.

Conclusion: Overall, our data uncover a new role for NONO iadmting the cellular response to UV-
induced DNA damage and pave the way for future agsrof investigation addressing the potential
therapeutic use of NONO targeting as a synthetimleapproach with DNA damaging agents in tumours
such as melanomas in which NONO underlies botherashevelopment and progression
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Human newborns have been widely shown to exhilgitligpositions to attend to and preferentially learn
about conspecifics. Such predispositions have begured to be of vital biological importance. Howeve
little is known as to the extent to which these hagisms are in place at birth and about the passithé

of experience in influencing them. Studying themd #heir physiological and neural bases, is crucial
an understanding of typical and atypical human kbgwveent. This study is part of a wider project thas
the originality of investigating for the first tim@hether (and the extent to which) the mechanidras t
preferentially orient the attention of neonatesaaial stimuli are really inborn. Specifically, tbarrent
study exploits the advantages of near infraredtspsmpy (NIRS) to investigate the neural basebede
biological predispositions to attend to biologicabtion in human newborns. NIRS is a completely non-
invasive technique that measures changes in theeotmation of oxy- and deoxy-haemoglobin thanks to
the different optical properties of these chromapkoIn this way, NIRS allows us to detect the rbrai
structures activated in human newborns as they semaal stimuli.
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Purpose: Modulated scanned beam interplay with the intratfom target motion may result in dose
deterioration in ion beam therapy. The magnitudthisf effect was investigated with a new tool based
forward planning (FP) computation using the datéected at the Italian National Center of Oncoladjic
Hadrontherapy (CNAO) for single fields, single tians and total treatments.

Methods and materials: A forward planning tool has been developed whidrtstg from the patient
4DCT and using both the spot properties measurenagt the corresponding prescriptions, evaluates th
doses into the target volume and performs compasibased on gamma index, isodose curves and Dose
Volume Histograms (DVH).

A time-resolved approach to the off-line reconsinrcof the dose delivered during a treatment edug
method has been developed which exploits the ddiiacted in real-time by the beam monitor chambers
and a forward planning tool in order to determine &ccuracy achieved in the full treatment delivasy
well as in predefined partial irradiations.

Results: The sensitivity of the method on the deviationgshaf measured values from the planned beam
positions and planned number of particles is prtesehe thorough analysis of the data collectetiet
Italian National Center of Oncological Hadronthgrgd@NAO) is shown both for partial fields, single
fields and total treatments. As a result, the gk effects on the total dose distributions dobydo the
beam delivery uncertainties were verified for bptbtons and carbon ions and the results are shown.
Based on a 4DCT, the tool can reproduce the dewsitiiue to the organ motion simulating the treatmen
delivery (i.e. spot sequence as a function of time§l selecting the portion of the plan for the FP
computation on the base of the respiratory phases.

On-line applications of the method with the intégna of intra-fraction target movements and usiagt f
forward planning computation are also discussed.

Conclusion: A novel approach to the off-line verification diet dose delivered with the modulated
scanning ion beam radiotherapy has been developddagplied to study the treatment delivery
performance. The developed tool is a step towards adaptive henapy simulating possible on-line
analysis of partial delivered dose distributionglda&ionally, it is also expected to help the detive
optimization through comparisons among differenttioro models as well as different mitigation
techniques.
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Purpose: The well-defined range of ions, enabling precissedimcalization, makes them favorable for
highly conformal treatments but also sensitive neartainties during planning and delivery. Standard
approaches to manage these uncertainties includeodse based on safety margins and worst-case
optimizations [1], or, alternatively, on probabhiics algorithms [2]. However, all these methods are
limited to finding optimal conditions for a singleaction, i.e. the overall effect in terms of tunwantrol

has not been evaluated. In this work, a generdighitistic method to evaluate the optimality foe thull
fractionation schedule, by means of TPC/NTCP evmng, was presented. The method was used to
evaluate the effects of patient setup errors andtGdhastic noise, in the case of pediatric brammar.

Materials/methods: The method reproduced a realistic workflow of tneemt planning and delivery.
Two kinds of uncertainties were included: 1) inrpieng, due to erroneous input data such as noisy CT
resulting in a systematic error; and 2) in delivaetye to patient setup errors, in which the effémt®ach
fraction are mostly statistically independent. Werfprmed a Monte Carlo/bootstrap sampling over
treatment fraction simulations (400, with protomsl &arbon ions), aimed to model the full PDF of the
treatment outcome. Patient setup errors were ieddry applying random isocenter shifts, samplethfro
a Gaussian distribution witth = 1, 2, 3 and 4 mm (PTV margin = 3 mm). CT sphtiabrrelated noise
was generated from a measured noise power spectrum.

The PDFs of several quality indexes, such as comfgr homogeneity, and DVHs, were evaluated. P-
value 3D maps for over/underdosage probabilitieeevedso derived (see fig.A-B). A generalization of
the TCP/NTCP models was introduced to estimatefuhi@reatment effect as a function of number of
fractions and dose per fraction, accounting fagriinaction dose and RBE fluctuations.

Results: We found that treatments witt?2 mm produce a TCP reduced by 15% or more withe@sto
the treatment without errors. Also, the optimabfythe treatment, quantified by the maximizatiortloé
probability of local control without complication@P+), is shifted towards different fractionation
schedules (see fig.C). A systematic overestimaticthe range of particles (1-2 mm), due to the eans
CT images, was also found. Interestingly, this dion had the same order of magnitude, but difteren
sign, as the RBE correction to the proton range.

Conclusions: A method was implemented to estimate the effecafhastic uncertainties on treatment
optimality for the full fractionation schedule imn beam therapy. The method could be used in a
treatment procedure to perform robust planninduohing also the optimization in fractionation schksd
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The Conference has been organized from the University of Trento, the Azienda Provinciale per i
Servizi Sanitari of Trento and the Associazione lItaliana di Fisica Medica, on the 50" anniversary of
the event “Colloqui sui rapporti tra fisica e medicina” which left an important mark in our Country due
to its significant contribution to both the establishment of the Medical Physics Departments in the
Hospitals and the introduction of Chairs of Physics at the Schools of Medicine.

“Physics & Medicine. Toward a future of integration” has been organized in conjunction with the
International Day of Medical Physics, proposed by the International Organization of Medical
Physics (IOMP) for the day November 7™, in which it celebrates the anniversary of the birth of Marie
Sklodowska-Curie.

The program did also include some joint sessions with the event of INFN (Italian Istituto Nazionale di
Fisica Nucleare) “Giornate di Studio sul Piano Triennale INFN 2015-2017”.

http://events.unitn.it/en/fisica-medicina2014
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