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The goal of Heavy lon Therapy Research Integragioa(HITRIplug is to integrate and propel biophysics and medical
research on cancer treatment with heavy ions beduifesjointly developing its sophisticated instrume

Cancer is a central health problem for our soclégavy ion beams irradiate tumours by focussintherill tissue while
sparing the healthy part around, more effectivieiyntany other irradiation treatment. The wider ciye of HITRIplus

is to provide radiation oncologists with a cuttiedge tool to treat the fraction of tumours thatresecurable with X-
rays or protons or have better survival rateswetaecurrences with ions.

For this major initiative, HITRdlus has gathered a consortium engaging all relevakesolders and for the first time
bringing together all four European ion therapytenwith leading EU industries, academia, andarebdaboratories.
They all share the ambition to jointly build a siggpan-European Heavy lon Therapy Research Comynénittrategic
partner is the South East European Internatiorséitute for Sustainable Technologies, which fe@dsraight countries
in South East Europe with the ambition to builceatrgeneration heavy ion Research Infrastructutiedrarea, to boost
research and cooperation in a region trying toilebiter a troubled past.

HITRIplus Transnational Access will integrate and open tereal researchers the experimental programmeedfu
European facilities providing therapeutic ion beattss Networks will structure and foster the reshaon heavy ion
therapy, including clinical and pre-clinical resgarJoint Research Activities will develop new de@dor and beam
delivery technologies to extend the reach of thesqmt generation centres and to define a new Eamopderence
design, at lower cost and dimensions, to make cémeéherapy more accessible and to open new Itsaitké&uropean
industry.



| NTRODUCTION AND MOTIVATION

This proposal for an advancéteavy lon Therapy Research Integrationplus (HITRIplus) aims at bringing
together, integrating on European scale, and ogeammnto European researchers from academia andtmdthe
key research infrastructures foio-physics and medical research on cancer treatméemith heavy ion beams
jointly developing at the same time the next getiemeof its sophisticatethstruments.

The battle againstancer remains a long-term priority for our society, wmting at this moment when other
medical emergencies are mobilising our resourog=n @nder pessimistic assumptions, the death tdl@VID-

19 in 2020 will remain below that of cantehmong the primary tools to fight cancer, X-nagiotherapy (RT) is
nowadays a standard and accessible techniqueedaiby as many as 3,500 treatment units instadl&iliropean
hospitals. Besides X-rays, radiotherapy with beamgrotons that deposit a lower radiation dose in the healthy
tissues surrounding the tumour is now flourishimgth 25 units in operation in Europe and other 4lem
constructioA The next challenge in hadrontherippnsists in a wider use addiotherapy using ions heavier
than protons (primarily carbon), which presents ynadvantages over X-rays or protonsin terms of dose
conformity, effectiveness in particular againstioagsistant tumoufsand perspectives of integration with modern
immunotherapy. In Europ@nly four centres deliver carbon ion therapy, compared to six inadagnd three in
China. Recently, carbon ion therapy received awedeattention in the US, where the constructiomal new
facilities has been announcedVhile turnkey heavy ion therapy accelerators banpurchased from Japanese
industry, European industry is absent from thigpbally growing market.

Two main reasons are limiting the diffusion of hg@w therapy and the access of a larger numbeaténts to
this advanced treatment technique. The first idithited availability ofclinical and pre-clinical data, including
experience with different ions, combination of dr#nt ions for imaging and treatment, alternatiedivdry
schemes, effectiveness on different types of tusjoetc. The second is the significant cost of tleatinent,
presently about a factor of four higher than X-Rily in Germany and Italy, related to the significeost and size
of the particle accelerator required to accelettaddons to the treatment energy.

The HITRIplus Starting Community initiative aims at gathering a wide multidiscigity consortium to address
both critical issues in a collaborative and streeduway. Its Transnational Access willtegrate and opento
external researchers tkeperimental and clinical research programmef the four European therapy facilities
providing heavy ion beams, together with the bigits programme of the most advanced European cttre
research with heavy ions. Its Networks will struetand foster theesearch on heavy ion therapyincluding both
clinical and pre-clinical research. Its Joint ReskaActivities will develop accelerator and beamlivazy
technologies aiming axtending the reach of the present generatioaf European ion therapy centres in terms of
experimental programme and therapy techniquesheé\same time, HITRIus aims at developing @ew design at
lower cost and dimensionsto make cancer ion therapy more accessible angivio to European industry a
competing edge in this expanding sector of the @acare market. The wider objective is, in an gptitadvanced
personalised cancer medicineto provide radiation oncologists with tlegpertise and instrumentsto offer a
cutting-edgealternative tool to treat the fraction of tumours that are not clgabith X-rays or protons, or have
better survival rates or lower recurrences whestéekwith ion beams.

! Almost 1.2 million persons died from cancer in Exeropean Union in 2016 (source: Eurostat) agdif6t757 COVID-19 related deaths in Europe as of 28
April 2020.

2 Sourcehttps://www.ptcog.ch/

® The term “hadrontherapy” covers treatment withtqme or ions, both “hadrons”, particles made ofrgsianteracting through the “strong-force”.

4 Tumours resistant to treatment with X-rays or @mst estimated to concern 1 to 3% of all patientssgntly treated with X-rays,
https://gco.iarc.fr/today/homand Patin S. et al. J. Cancer Epidemiol., 2013

5 See for example T. Malouff et al., Carbon lon Hpgt A Modern Review of an Emerging Technology, rffroOncol., 04 February 2020,
https://doi.org/10.3389/fonc.2020.00082




To address these challenges, HIplR$ has gathered a consortium spreading across 14p&amocountries. It
involves all four European ion therapy centres, @it is a world reference for heavy ion physics &as

pioneered particle therapy in Europe, the Europg@ajanisation for Nuclear Research (CERN) contrifgutivith

its experience in accelerators and project managertegether with 8 other world-class researchitutstns, 5

leading universities, and 3 innovative small andlione enterprises (SME'’s).

A strategic partner of HITRIus is the South East European International Institute for Sugainable
Technologies(SEEIIST), which assembled eight countries inrdggon of South East Europe (SEE) on the project
of building there a world-leading institute for taar therapy and biomedical research with advanceticfe
beams, open to researchers from the entire Elir@ssed on the model of 50% of running time deditab
research and 50% to therapy to serve the needseofegion and to cover the operational costs, ¢bigre is
intended to improve peaceful collaboration in tegion and reverse the brain drain in preparatiormfsuccessful
integration in the European Union. The outcome &fRdplus will become the foundation for the SEEIST
experimental programme and research community, els a8 for its advanced accelerator and beam dglive
design.

1.1 (BJIECTIVES

Starting from its basic motivations, the HITRIs Consortium has identified five strategic objectivi® be
achieved within the Project, aimed at the advancg¢wieion therapy research with ions heavier thartgms.

1. To integrate, oper up andbroaden the leading European Research Infrastructure Hertteatment of
cancer withbeams of ionsranging from helium to carbon and to heavier ions.

2. To coordinate and strengthenthe research programmes on heavy ion therapy ftéreint Europear
institutions, by promoting synergies, collaborasipmnovation, knowledge transfer, new initiatiaesl sharing o
tools and data.

3. To develop in a joint and coordinated wagvel technologiesto improve the accelerators and their
ancillary systems that provide particle beams te $igientific community. These technologies vifiprove the
present generationof facilities and will be théoundation for a next generationEuropean design for ion therapy
facilities.

4, To establish aEuropean multidisciplinary community for heavy ion therapy research, aiming| at
improving treatment strategies and modalities byneating physics and engineering with medicinelogy and
biophysics, and textend this community towards emerging European regions, addressingaiticplar new
initiatives in South East Europe

5. To define the main technical features and the siimprogramme of a futur@an-European Research
Infrastructure for medical and radiobiological research with heerybeams, to be built in South East Europe or
in another European region.

1%

Presently, in Europe ion therapy using carbon ismsovided by four facilities, HIT in Heidelber®E), CNAO in
Pavia (IT), MIT in Marburg (DE), and MedAustron Wiener Neustadt (AT). These centres started operati
between 2009 (HIT) and 2019 (MedAustron). Theiriglesand operation protocols are based on pioneering
accelerator design work done at the GSI heavy ésearch centre at Darmstadt (DE) and at CERN ire@en
(CH), and on the experience with the first patieshtments delivered by GSI.

® https://seeiist.eu/



Since the start of their operation, the priorititlidse centres has been in administering treatroexancer patients,
to assess and exploit the effectiveness of iorafiyeand to cover their operation costs with contrdms from the
national Health Insurance systems. Pre-clinicakexrmentation and development of new treatment nitbelalhas
received lower priority until recently, when neweas for improving patient treatment are appeartrgy moment
when ion therapy is more established and the feemsmove from therapy to research. For their neseaech
objectives, some therapy centres are equipping egyerimental facilities, as the new experimentainoat
CNADO that is operational since beginning 2020.

Building on the positive momentum, HITRUS aims at fully exploiting the potential of ion tlagy and the large
investment related to the construction of the foemtres mentioned above, of the order of aboutn7ilidbn Euros.
To achieve this goal, HITRRIuswill set up acoordinated research programmeopen to all European researchers,
especially those external to the therapy centres coming from industry, accessibileter alia to researchers
coming from South East Europe and preparing faréutesearch at SEEIIST.

1. The first objective of HITRdlus expressed by its Transnational Access (TA) comsisintegrating and
opening up the clinical and research programmest the four therapy facilities, and in connectthgm to
the successful biophysics research programme ofG8é laboratory. Biophysicists, medical physicists,
medical doctors, pharmaceutical companies, industd/experts developing specialised instrumentawah
all have access to the best European infrastrudturéhe treatment of cancer with heavy ions. Tipero
access to the therapy facilities, sustaining thigepiatreatments, will considerably contribute reation of
evidence-based medicine on heavy ion treatmemgll favour a more efficient recruitment of the i6pean
eligible patients, and will allow a coherent apmioan comparing the clinical trials outcomes. Caonagy
biophysics research, opening up these infrastrestuo external researchers will allow exchange of
information, optimisation of resources, and thalgigshment of common methods and standards. TheillA
pave the way for an enlargement of the researchmzomty, in particular in the direction of South Eas
Europe favoured by the ongoing SEEIIST programmeg thill provide connections with the Research
Institutions in the area, which will be able to esg the best infrastructures gaining an experidratewill be
vital to the SEEIIST programme.

Key Performance Indicators (KPIHITRIplus will provide to more than 150 users aataif 50 clinical access
units (patients) and 448 research units (hourshritisted among its five TA facilities. 20-30% oé tisers are
expected to come from SEE countries institutioas whill take part for the first time in ion therapglated
research.

2. The second HITRllus objective is realised by its Networks, which addra large number of partners from
the medical and biophysics field with the goal afordinating biophysical, pre-clinical and clinical
research on heavy ion therapyat European level. HITRIus will organise workshops and events with the
goal of promoting synergies, favour industry engaget and knowledge transfer, and define common
approaches and procedures. In particular, collaiverplatforms and databases will be set up toesHata and
experience.

KPI's: HITRIplus will gather a community of more than S5@searchers from the medical field, from
academia and from industry. A European registrpatfents treated with carbon ions will be estabdighwith

> 100 patients. To contribute to the disseminatioh results, HITRIplus will organise at least one
multidisciplinary Workshop per year, and will pudliNewsletters for clinicians and for general aundie. A
Technology Overview committee (WP4) will identriynpising HITRIplus technologies that will be adiszt

to industry at general and dedicated events. Thgetdor social media is >150.000 contacts per daar

3. A crucial objective of the HITRllus Consortium consists in capitalizing from the sklaexperience of the
running centres to advance the existing and devedptechnologies to improve the ion accelerator and
the beam delivery systemslt is of paramount importance to ensure a sotidnflation of this starting



community via the joint development of key techés and innovative solutions of common interest an
benefit, with the final goals of improving the siees provided by the ion therapy facilities andreducing
costs for both research and therapy. The HplURlJoint Research Activities (JRA) will develop advad
beam delivery techniques to improve the quality of the beamveedd to patients and to experimenters, by
enhancing the control of the beam properties aribetlose delivered. On the accelerator side, dhéaf the
HITRIplus JRA’s consists in developing new technologiesitwméasdeam intensityfor faster dose delivery,
and toreduce the dimensions and cost of the acceleratona of the gantry used to control the position of
the beam on the patient. The improvement in botelacator and gantry will be allowed by an exteasige

of superconductivity to generate higher magneteld§, and will take place in close connection with
European industry that is a world-leader in the field, to preparehbetlements to an industrialisation phase
followed by possible commercialisation by a company consortium of companies identified in thanie

of this Starting Community.

KPI's: HITRIplus will produce a complete design farnew generation of superconducting magnets for
medical accelerators and gantries that can opesdtd T dipole field and 1 T/s ramp rate. These netgwill

be used to design a superconducting synchrotroim avitircumference about half that of existing ibarapy
synchrotrons, and a gantry with weight below 108st@nd a cost not higher than twice that of proton
gantries. Injection systems will be developed, ringothe accelerated carbon ions intensity tdliéns per
pulse, an order of magnitude higher than presemstesys. Additionally, it will prepare acceleratorsr f
extraction of different beam energies, will devehgpy multi-platform software tools to integrate elecator
and beam delivery control, and will develop a clsistem for patient positioning on the ion beam.

Addressing these challenges requires buildisg@ng interdisciplinary pan-European community, joining
experts coming from medicine, biophysics, physicg] engineering on a common agenda and in elabgrati
novel solutions and approaches for a further stegancer therapy with heavy ions. Although thergjriocus

of HITRIplusis in physics and biophysics, connecting with rogai on one side and with engineering and
industry on the other side is one of its primanalgo In this way, HITRilus will exploit the innovation
potential of a wide multidisciplinary community thaould support the definition, knowledge transfer,
construction and exploitation of new European atities in this direction such as SEEIIST.

KPI's: More than 100 stakeholders and researchemmf medical field, academia and industry will
participate in HITRIplus events, out of a commurofy more than 10.000 who will receive HITRIplus
communications and Newsletters and contribute @dhents. The general meetings will connect medicin
with physics and engineering and industry, to jgidievelop new ideas and explore emerging trends.

With a longer-term perspective, one of the objediwf this Starting Community is to prepare for the
construction of anew facility optimised for researchthat would provide the amount of beam time and the
operational flexibility required t@xplore new treatment modalitiesand todefine innovative treatment
procedures A facility based on a new accelerator design waubke possible testing with a large variety of
ion species and energies, using different inteessitncluding short and strong bursts of particlesASH
therapy), and possibly combine the production o§ito treat solid tumours with the production adrdpeutic
isotopes for diffused tumours produced using ptacasycles of the accelerator. HITRUs aims at defining
the main components and the scientific programmeuch a new facility, profiting of the knowledgedan
experience of the therapy centres joined with tpetences of the main European laboratories dagign
and building particle accelerators. TBEEIIST is the prime candidate to build and exploit tlasility for the
benefit of all European scientists; however, th&@Riplus programme aims at being openly available to any
other institution willing to profit of its result©ther perspective users have already expresseetént as an



association of scientific institutions from the 8alcountries that is including a medical reseaant therapy
facility with heavy ions in its agenda for the freiscientific development of the region

KPI's: HITRIplus will design all the advanced feega (injection, extraction, superconducting gantrgam
delivery and software) required to upgrade or bulanodern synchrotron for ion therapy and researdtn

10 times higher beam intensity and more flexibleration for research than present facilities. Thigtion
might be used by any facility, as an improved smutwvith novel features based on normal conducting
magnets. In addition, HITRIplus will define a mambitious superconducting synchrotron design based
new generation of magnets, with about 1/3 accederiotprint and lower construction and operatioost
The latter can be adopted by SEEIIST or by anyrgibtential candidate with a timeline compatibletwihe
development time of the magnets. All the comporasusloped and designed in HITRIplus will reach a
Technology Readiness Level (TRB)to 4, to be ready for a following phase of irtdatisation and
prototyping to higher TRL level in collaborationtivEuropean industry.

1.2 RELATION TO THE WORK PROGRAMME

HITRIplusis addressing all specific requirement of thisI'€&/ork Programme.

Specific objectives of the call HITRI plus approach

The project brings together four national ion tipgraentres

. . ar&d integrates their clinical and pre-clinical @sh
Bring together, integrate on European scale, an

) . ogrammes on a European scale, opening up thssareh
open up key national and regional researgﬁg P P g up

. rogrammes together with the GSI biophysics re$earc
infrastructures to all European researchers, frgm . .
a‘:mty. The future upgrades are jointly addressew the

both academia and industry, ensuring their optimal . . .
y g P ative developments shared. Preparation is mame t

. re
use and joint development. . S . L
integrate a new research institution with the amibitof

setting up a new pan-European research centre.
During its execution, HITRilus will use its strong

. ) . ) Knowledge Transfer Work Package WP4 to keep the
Fostering the potential for innovation of research . . . o
) ) ) i _contacts with European industry interested in dkiplpthe
infrastructures by reinforcing the partnership wi

) ) o } ITRIplus results through commercial products, and will
industry, public administrations and/or other

promote the HITRlus innovations also through existing
stakehc?lders,' thrgugh e..g.. .transfer' Of knowledge alnechnology Transfer networks. The Advisory Board fo
other dissemination act'lvmes, activities to _pramDEthical/Legal/Industrial issues (ABELIl) will ensir
the use of research mfrastructurgs by Industr{a%ditional interaction with industry on specifipics. Three
.researc.:hers or. pollcy-makers, involvement %fME’s are part of the HITRIus Consortium, contributing
industrial associations and other stakeholders ,in . . . A
) i ) i to the development of innovative particle accetarat
consortia or in advisory bodies. components. Partnership with the SEEINST political
initiative is a key aspect of the HITjRUs project.
. Facilities related to medicine are notably abseoinfthe
\Tv?)l:ﬁj-(l:rl]:;sacrceosl:ar:rce::l :i;‘:;’:t?icijsrgjl tznde;;?eFesent list of ESFRI Projects, and only three thelated
ohstributed initiatives appear in its landmark.lighere is a

synergies, to reflect on sustainability and to easu ; .
ynerg y .Clear divergence between the focus on health and in

complementarity and coherence with the exis1:|n% .
particular on cancer care of future European progras

E Infrastruct land . -y
tropean frirasiructures landscape and the European ESFRI landscape. To start fithiggap,

" A support letter from the CERN Baltic Group isAippendix to this document.
8 Technology Readiness Levels defined accordingti¢dHorizon 2020 Work Programme, see for example
https://ec.europa.eu/research/participants/data?2@®0/wp/2014_2015/annexes/h2020-wp1415-annek-gripdf




the SEEINST will submit a proposal for the 2020 afadof
ESFRI. HITRplus is part of its strategy to prepare for
implementation, and shares the same goals of sabibty
and green infrastructure.

Organise the efficient curation, preservation and

provision of access to the data collected or preduc

under the project, defining a data management pl&he structure and objectives of the HIPRis Data

even when they opt out of the extended Pilot &anagement Plan (DMP) are presented in Section Ziga

Open Research Data. Data management (includiigP will be the subject of the Deliverable 1.3 abnth 6

ethics and privacy issues), interoperability, asl wef the project.

as advanced data and computing services should be

addressed where relevant.

Relations with other Projects

The HITRIplus Consortium has prepared its proposal in consatiatiith INSPIRE (Integrating Proton Beam
Therapy Research across Europe), a complementgoiranStarting Community Integrating Activity projefor

the integration of proton therapy research. AltHotlge physics and the biology of heavy ion therispgifferent
from protons, many subjects of interest are comimetween the two communities, as well as a fractibthe
medical and biophysics community sharing its redeanterests between the two types of particlesadlueve
synergies and to avoid duplication of efforts, ca@pion and sharing of tools and information betweéT RIplus

and INSPIRE have been already agreed with the IRERhanagement and are going to be implemented via a
close coordination between the management of tlepiwjects and via a crossed membership in thecctisp
advisory boards. Training has been already idewgtifis a priority subject for joint initiatives.

Both INSPIRE and HITRilus are related to the earlier integrating activitpesject ULICE (Union of Light-lon

Centres in Europe) funded in 2009 under FP7 whiak @entred on “hadron therapy”, i.e. using bothiqm® or

ions for cancer treatment. At the time, particleréipy activities were in an initial phase and amhe centre was
starting treating patients with heavy ions, whitemthere are two communities rapidly growing onepootons

(represented by INSPIRE) and one on heavy iongdsepted by HITRilus). While the focus of the proton
community is in clinical research using accelemfmoduced by commercial vendors, the prioritynef heavy ion

community is more in pre-clinical and biophysicseaarch and in optimising accelerators that are yebt

commercial.

Whereas two out of the four clinical facilities eggd in HITRplus Transnational Access were already present in
ULICE, only one (HIT) was offering at the time anlted research programme with carbon ions; thertdRAQO)
started its carbon ion programme only at the endldCE. The Transnational Access of HIT#RIsis now based
on a consolidated basis of four running facilitiestinely treating patients with carbon ions, ahi$ tntegrating
Activity is focused exclusively on the new challesgand opportunities in radiobiology, biophysicd amedicine
offered by heavy ions.

The accelerator development WPs of HIpRE (WP7, WP8) have been defined in consultation witk
management of the ongoing Integrating Activity particle accelerator R&D “Accelerator research ambvation
for European Science and Society” (ARIES) particular, the superconducting magnet develenqts foreseen in
WP8 have been structured aiming at being compleamentith the activities foreseen in a new Innowvathilot
H2020 proposal for accelerator R&D, I.FAST (Inndwat Fostering in Accelerator Science and Techndlogy
While HITRIpluswill concentrate on advanced design, the focusF#ST is on prototyping with the involvement
of industry. Close communication is foreseen betwbese two initiatives.

? https://protonsinspire.euA letter of Support for HITRIlus by the INSPIRE Coordinator is in Appendix to tHscument.
19 hitps://aries.web.cern.ch/




1.3 GONCEPT AND METHODOLOGY

Specific advantages of Heavy lon Therapy

X-rays (photons) radiotherapy (RT) is a widely use@tment modality to fight various types of canexploiting
the damage made by radiation to the cells’ DNA wtienradiation dose is concentrated on the tuméuays
have a dose distribution in tissues characterigednbalmost exponential attenuation and absorptelivering a
large energy near the beam entrance, reaching ammaxat few cm depth, and then continuing to ddposi
significant amounts of energy beyond the cancegetaas shown iffigure 1 To minimise the radiation dose and
the damage to the healthy tissues around the tyifenaty RT is usually administered from differemigées, which
improves the situation but still leaves importaediation doses in the surrounding tissues. TheyX-far RT are
produced by relatively small electron linear aca#lers installed in hospitals; more than 3500 RTisuare
presently installed in the EU This treatment technique has now reached a kigh bf sophistication, in terms of
simulations, planning, delivery and the introduatiof high-precision techniques as Intensity-ModedatRT
(IMRT) based on 3D computed tomography (CT) and hgig Resonance (MR) diagnostic imaging.

The high radiation dose around the tumourremains however a major concern, in particulathe treatment of
tumours close to critical organs or for young patiehat have a high risk of developing secondanyours in the
surrounding organs in their lifetime. Impaired qyadf life for patients that have sustained damgmgergans close
to the tumour is another cause for concern.
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Figure 1 - LEFT: illustrations of energy deposition for ¥y photons, protons and carbon ions. The energtheftwo
particles is selected to provide the same rang&HRI picture shows the different effect of X-rayd aarbon ions. Note how
carbon ions have minimum radiation deposition oaltig tissue surrounding the tumour.

To face these problems, direct treatment of tumaeutis particle beamshas been proposed already in 1946 and
applied in scientific laboratories from the 1958id in dedicated medical centres from the 199tsr@ed atomic
nuclei (ions) like protons or heavy ions have a plately different absorption curve from X-rays, aling the
characteristic Bragg peak &figure 1 The absorption is very low after entering the ypoahd then presents a
strong peak concentrated at a depth defined berleegy of the incoming beam. The use of a focubgsam of
mm dimensions and the choice of different energilesv spreading the sharp peak along the tumouthdejth an
almost ideal coverage of the tumour volume inkakté dimensions and a very low radiation dose deitsf it.
Protons are the easiest ions to produce and aatland proton therapy has been continuously gggince the
opening in 1990 in the United States (US) of thistfinedical centre dedicated to proton thetap§round 80
proton centre$ are now in clinical operation worldwide, treatipgtients with life-threatening tumours where the
lower damage to healthy tissues is particularlyefieral as for example at the base of the skullfusnours in

! hitps://ec.europa.eu/eurostat/web/products-eurastas/-/EDN-20171107-1

12 J.M. Slater et al. itdadrontherapy in Oncologya cura di U. Amaldi e B. Larsson, Elsevier, Amgten-Lausanne-New York-Oxford-Shannon-Tokyo,
1994, p.130

13 particle Therapy Co-Operative Group — PTCOG; Blartherapy facilities in operation. 20Htps://www.ptcog.ch/




young children. Another 60 proton centres are uedestruction or in the planning stage, with onertio of these
spread across Europe. By the end of 2019, ovef@Q(atients were treated with protons worldwide.

Beams oheavy ions ascarbon that is the reference particle for this type ebtment, have a completely different
action on the organism with respect to protons @ays. The physical difference comes from liigher energy
deposition per unit length producing a large number of irreparable douldenst DNA breaking that has a much
higher probability of killing the ceff. On top of this key feature, heavy ions arere precise than protons they
have reduced longitudinal range variation (stragpli lower lateral scattering and sharper lateeaiumbra®
(Figure 1). These features allow to conform the dose tauh®our and to spare the healthy tissues aroumdaii
unprecedented way. Combined with the use of diffieemergies, this provides a superior coveragdeftwmour
volume in all dimensions.

These features result in several advantages retatduiological process&s The densely ionising radiation is
associated with a higher ‘Relative Biological Effeeness’ (RBE) for cell killing, with an additiohmultiplier of
about a factor 4 relative to X-rays and protonssThakes it possible to deliver a higher biologidake in the
tumour at the same biological dose in the nornsdue, or the same tumour dose with reduced noigsalet
damage. The higher fraction of clustered DNA lesiproduced by ions, which are difficult to repaire processed
via alternative end-joining mechanisrhand open the way for smart radiosensitizers toentaknour cells more
sensitive to heavy ion therapy. Another quantigtdvantage is that ions have a reduced OxygennEefeent
Ratio (OER})® and are hence less dependent on the availabflityxggen in the tumour tissue. This therefore
means that they are effective in the treatmentypiokia related radioresistant tumadrand they can eradicate
tumours that are resistant to X-ray thefdpyhe latter concerns 1% to 3% of all patientstaeavith X-rays, for
which heavy ion therapy is the only effective treatment

Recent data is also pointing towards even moreifgignt biological effects of heavy ion therapy linding
reduced angiogeneisn tumours, reduced metastasf§ of tumours and increased immune respBnagainst
tumours following exposure to heavy i6hsThis means that heavy ion therapy can be useehb@nce the
effectiveness of cancer immunotherapy

Clinical results from studies conducted a few yesys have indicated carbon-ion treatment advantigesany
cancers over photon and proton thefamych as liver cancers (hepatocellular carcinomae and soft tissue
sarcomas, head and neck (e.g. adenoid cystic oamel lung, locally recurrent rectal cancer, skireianoma),
prostate, pancreatic cancer, and cancer duringhpnay, where the low out-of-field dose minimizes ttose to the
foetug’. Very recent clinical trial results have strengtie the evidence showing the treatment advantafges
carbon-ion theragy, especially when it comes to radioresistant tumotusiours in close proximity to vital
structures or reirradiation in cases where deliv#rg sufficient dose is not possible with X-raghaiques. These
studies include skull based chorddfmaacral chordonid meningiom&, adenoid cystic carcinomas of the head
and neck regioli, salvage therapy in head and neck cafcaend prostate adenocarcindfha
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Existing hadrontherapy centres in the world and foas on European Centres for carbon ions

Therapy with protons or heavier ions is experiegcin strong expansion worldwide, with 78 runningtpno
therapy centres, as reported by the Particle Tlyaragpperative Group websifeand 13 centres exploiting carbon
ions beams. Proton centres are located mainlyariJBA (34), in Europe (20) and in Japan (13). Tédan ion
centres can be found in Japan (6), Europe (4) ddlaG3); 6 of these produce both carbon ions antbps and
potentially other ion species, therefore they aalled multi-particle centres, among them all tharf&uropean
clinical centres: HIT, CNAO, MedAustron and MIT. €3ently, three carbon ion therapy facilities are in
construction in Asia, all by Japanese vendors,taadare planned in the US, one to be built by aadape vendor
and one by a new US company. Over 30,000 patieaws heen treated with carbon ions. Every year 500
patients are added to the carbon therapy cohasg.iiportant to point out that over the twentystixig treatment
rooms with carbon ions in the world, only two agui@ped with rotating beam lines (gantry), the teste only
fixed beam lines. This limitation is linked to tls&ze, power consumption and costs of gantry fobaarions,
which are currently prohibitive for hospital standia

HIT in Heidelberg Figure 2, was designed by GSI and built with the technsegdport of Siemens Medical. It has
been the first hadrontherapy clinical centre indper and followed the GSI ‘Pilot Project’ that tegtnside the
research laboratory 440 patients with carbon ionthé years across the new millennium. HIT stapgatients’
treatments in 2009 and at the end of 2019 hadette@200 patients, 50 % with carbon ions. The ceMtie at
Marburg Figure 3 was established by the Siemens Company, andireet descendant of the pilot project of GSI
and of HIT. MIT started treatments in 2015 and thy end of 2019, had treated 999 patients, 40 % e@tbon
ions.

The two other European multi-ions centres have tiosits at CERN, which was involved in their designfact, in
1996, CERN, the TERA (TErapie con Radiazioni Adot)) Foundation, and the MedAustron group initiates
Proton-lon Medical Machine Study (PIMMS) with thiemaof designing a synchrotron and correspondingrbea
lines that would be optimized for ion therapy. Tdentres are CNAO in Pavidigure 4 and MedAustron in
Wiener Neustadtigure 5).
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"~ Heidelberger lonenstrahl-Therapiezentrum (

Figure 2 - Layout of HIT Centre in Heidelberg. By the efi@@19, HIT, which was the first European carbon @nd proton
centre, had treated 3100 patients with carbon ions.
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Bestrahlungsplatz
an der 45°-Strahlfihrung

Figure 3 -Layout of MIT Centre in Marbourg. The facility il@ition to horizontal and vertical beamlines hasaan oblique
beam port irradiating the patient at 45 degrees.

Figure 4 - Perspective view of the CNAO, which featuresedtinent rooms with 4 therapeutic beams (3 horaloand 1
vertical), and 1 experimental room (not represehted

Figure 5 - The MedAustron synchrotron feeds 1 proton treatnneom with gantry, 2 heavy ions treatment roonith \8
beams (2 horizontal and 1 vertical), and 1 experitaeroom.



By the end of 2019 CNAO had treated 2644 paties%o with carbon ions) and MedAustron treated 54%:pts
(5% with carbon ions having started this activibyyoin the second half of 2019).

The configurations of all the running facilities farbon ions therapy are very similar. Typicathgy feature:

— two (or more) ion sources;

— an injector linac;

— asynchrotron;

— a high energy beam transport line, made of maghatdocus the beam;

— one or more horizontal beamlines and at least @ngcal beamline, equipped with instruments thaivaty
‘paint’ the tumour and produce dose distributions;

— in the case of HIT also a carbon ion gantry equipwé&h normal-conducting magnets that rotates adcine
patient couch and in MedAustron a gantry for preton

A detailed description of the experimental captibgi of the four ion therapy facilities is given in
“Implementation”, under the Transnational Accesse/NP

In addition to the four European therapy centreS] S also supplying carbon beams for research. daiyl

operates a worldwide leading accelerator facilityiesearch purposes, including the linear acaeleféniversal
linear accelerator, UNILAC), the heavy ion synchoat (Schwer-lonen-Synchrotron, SIS) and the expemiad

storage-cooler ring (ESR). Within the HIT#RIs project duration, first accelerators of the newRA&omplex will

become operational, for higher energies and intiesstspecially also for radioactive ion beams.

The GSI Biophysics department offers comprehersigerience and capabilities in radiobiology of bams and
operates experimental facilities at both UNILAC &8I& accelerators dedicated to therapy researds.ifidciudes
Cave M, constructed for the Pilot Project on pdttezatment, where 440 patients have been treaied actively
scanned carbon ion beams.

Need for additional common research

To fully utilize thebeneficial radiobiological propertiesof ion beamsa concerted research efforts called for
providing enhanced knowledge on the tumour resigtanechanisms and on the methods to identify tla¢rihe
time of the diagnosis, in order to help cliniciamgheir decision making for treatmeystematic radiobiological
data to give guidance to the biologists and physicsts how to properly apply and improve the potential
capabilities of particle therapy are also needed.

This need is widely recognized, and the internaioan therapy community needs a coordinated actesise
existing facilities for radiobiology research ankypics research, offering extended blocks of beiame,twith
beams suitable fomultidisciplinary clinically oriented research. The Transnational Accessoffered by the
existing facilities will respond to this need byopiding beam time for systematic radiobiology expents to
better characterize the RBE and its complex depwieg, allowing also improvements of the biophylsinadels
that are required to implement these dependentigmitreatment planning procedures.

In vitro and in vivo radiobiology: open problems

The radiobiological background for ion therapy &scribed at the beginning of this chapter. While physical
properties of these radiations have been the aimtefise research, less focus has been put orethpdint of the
actualbiological responses to cell irradiation

The radiobiological response to heavy ions radmgtis on many levels different from that of photord proton
radiation®. Data for determining clinically relevant RBE veduare of great importance, but it should also be
emphasized that the biological effects of heavg i@diation is not for all endpoints a questiom afose effect that

3% M. DuranteBr. J. Radiol 87 (2014) 20130626https://doi.org/10.1259/bjr.20130626




can be corrected with a RBE factor, but is ratl@nsas a different biolody To fully exploit the advantages of
heavy ion therapy, there is a range of unresolegibbiological questions that must be answered,the is a
need for more experimentat vitro andin vivo radiobiological data to support and elaborate lom éxisting
knowledge.

A list of some of the most important topics whiake aurrently under investigation, demonstrating tleaearch in
this field is still of the utmost importance, ddepihe fact that clinical facilities are alreadyoiperation, is reported
hereunder.

(i)

(ii)

(iii)

(iv)

v)

One of the crucial points in particle radiobioloigyto establish the RBE of different normal tissues

systematic, large-scal@ vivo setup, using relevant particles. This should idelsimulation of clinical

treatment with fractionation as well as differensjions in the beam. Relevant normal tissue maostedsild

include functional and tissue endpoints, represgrtioth early and late radiation induced reactidhe list

is long, however, a number of examples can be gwdnsome relevant bibliography.

1) assays for acute skin reactidhand radiation induced fibrosfs

2) models of neurological damage of the spinal coedtral nervous system, peripheral nerves, optieener
etc’®

3) lung injury™;

4y urinary bladder functiof;

5) cartilage tolerance;

6) different tissue types and position of the irragliabrgan along the beam path and the spread-oggBra
peak;

7) cognitive assays, such as novel object recogn{ttR) and novel object location (NGE)

8) dose fractionation.

The normal tissue studies should be accompanidad biyo studies of RBE of a panel of tumours’ models
with different radio sensitivities to enlighten thieerapeutic effect at different Linear Energy Hfen
(LET)s.

Due to the better conformation of the dose, paviiime effects might play a more important roldaavy
ion beam therapy; as typically small volumes amlved, these might counteract the locally incrdase
effectiveness. This interplay between partial vatuamd RBE effects also requin@svivo studies, as partial
volume effects cannot be mimicked ibyvitro systems.

There is increasing evidence that heavy ion bearafly in combination with a stimulation of the inmeu
system might further increase the effectivenestheftreatment. Also, modulation of the repair cétgda
combination with radiotherapy might be benefici@ystematic studies on all such types of combination
treatments are required.

Stem cells are at the origin of normal tissue regaiion and also represent the major players fer th
regrowth of tumours after radiotherapy. A bettedenstanding of the peculiar properties of stemsosith
respect to radiosensitivity, repair, and regenenatiapacity is of high importance for the improvemef
any radiation treatment modality.

Drugs, nanoparticles and other agents can modéyrdliation response and thus the bio-effectivenéss
radiotherapy. There are many open avenues singeaosmall fraction of the possible choices has been
experimentally studied.
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(vi) Cell migration represents one of the key proce&sading to metastases. The problems to be tackkd a
how far radiation can either enhance or reduceatfiity of cells to migrate and affect the occuwerof
metastases and whether there are differencestineizect between sparsely and densely ionizingtiad.

(vii)  Treatment planning for heavy ion beam therapy reguihe use of biophysical models. Although a fot o
experimental data are already available, discritonaof different models should be optimized using
experimental conditions that are particularly sevisito model differences and thus frequently regui
additional experimental data.

Perspectives of different ions for therapy

The carbon ion is the heavy particle that bettanlwoes the maximum efficacy on the tumour target tre
minimal damage to the healthy tissues upstreamutm®ur location in the patient. This behaviour liouthe
radiotherapists in the past to prefer carbon asethetive heavy particle for treating radioresistarmours®.
Anyway, it has to be underlined that different des have different characteristics that couldbter suited for
treating a particular case, thus going in the dimacof a fully personalized medicine approach. Hieavy ion
facilities in HITRIplusare de-facto multi-particle facilities that canidef different ion species. They are equipped
with multiple sources of particles: GSI has theilatidlity of basically all ion species for researpbrposes and
HIT is performing since years experimental actestwith helium and oxygen ions. CNAO will be eqgdpn two
years from now with a third ion source for heavgsdlifferent from Carbon (e.g. helium, oxygen,ilith, iron
etc.), while MEDA and MIT have already the availdpiof multiple sources.

Many additional factors need to be considered lier ¢hoice of the optimal ion species for a givesatiment
scenario, and realistic treatment planning compassare required for the decision about the optioralspecies.
These planning studies should be based on the cmopeof the RBE-weighted dose in the target regasn
compared to the RBE-weighted dose in the surrogndiormal tissue. Here, the essentially different
radiobiological characteristic of the tumour andmal tissue are of particular relevance, as in gdrtbey are
connected with different RBE values.

In addition, since RBE also depends on the dosd,léwe field configuration (1-field vs. 2-fieldpd fractionation
scheme will play key roles in the assessment obfitenal ion. Finally, within the target, hypoxiarc substantially
alter the radiosensitivity of the corresponding cuimregion and with that also the expected RBE, ianthese
cases even heavier ions than carbon, such as dange oxygen ion beams, may have additional benef#t they
show a more reduced sensitivity to hypoxia.

A large number of well-planned and complementaryitro andin vivo studies have to be performed to clarify and
define which ion(s) have the largest control pralitgbfor which types of tumour with minimal sideffects.
HITRIplus TA will give the opportunity to perform such kird research activities. In this respect, also titare
SEEIIST RI has the potential of greatly contribgtio this ambitious program, which will last forcdeles because
the radiobiological results will have to be valigldfoy multicentre phase Il and Ill clinical trials.

Medical physics program

From the medical physics point of view, the sucazfsa tumour treatment depends both on the accuhtye
treatment plan and on the quality, precision amdagucibility of the detectors, which control angsare that the
distribution of the delivered dose is equal (withimaccuracy of about 2%) to the optimized outpuhe treatment
planning system (TPS).

To fully expand the therapeutic application of wdetbeams, there is a range of physics questitatsnieed to be
solved, in close collaboration among the centresyder to:

4 E. Blakely et al., "Physical and cellular radidbiical properties of heavy ions in relation to cantherapy applicationsBiological and Medical Research
with Accelerated Heavy lons at the Bevald@77-1980, LBL 11220 (1980) 73-86



() measure very accurately the stopping power of giissues by new imaging modalities as for example
‘proton radiography’ (tomography);

(i)  measure the fragmentation of the different ion &3gén biological matter. The results will be iraplented
in Monte Carlo-based TPSs, to enhance the accuoifebye range calculation and fragmentation relakese;

(i)  develop new beam monitors detecting, during aref difie treatment with millimetre accuracy, the posi
where the ion beam stops in the patient body. iBhigeded to assess, in real time, the accurattyeadose
deposition. This is at present centred on the teteeither by Positron Emission Tomography (PET) o
isotopes produced in the interactions of the ioitk the body nuclei, or of ‘prompt gammas’, whiaie also
emitted in these nuclear reactions secondary gmfeatation. Other techniques are being developeld asi
proton radiography and ultrasounds emitted by gablet interacting with tissues;

(iv) track moving organs and provide a 3D localizatiorspace of a tumour that moves during the treatment
Many techniques are being developed but none arertly fully satisfactory.

As a whole, many technological achievements witheoout and better detectors will be developed anddht
from the laboratory to the clinic and industry.

Need for new accelerator technologies

The accelerator technologies and the systems irmtug®e European therapy facilities have been deedemore
than 20 years ago and in some cases even befar@wblreference designs have been developed anthef the
nineties by GSI and by CERN, and implemented in Bitil MIT, CNAO and MedAustron, respectivélyin the
last two decades important technological developsngrok place both in terms of hardware and softywathich
could contribute in a significant way to improvipgrformance of the European therapy facilitiesthi@rmore, the
older centres HIT and CNAO are entering in a lifdeyphase in which upgrades of the systems aregbein
considered.

In this perspective, HITRIus can focus on a joint specification, design andettgyment of new accelerator
technologies and beam delivery schemes, to impttewgresent generation of ion therapy centres armepare
for the next one.

In general terms, the key factors limiting ferformance of the accelerator systems are:

a) the ion source and the linear injector (linac),ahhset a limit to the maximum current that canrjedted in
the synchrotron;

b) the injection into the synchrotron, which is the@damental bottleneck to the amount of particles ¢ha be
accumulated and accelerated in the synchrotraargail beam intensity would result in shorter treathtimes
with clear advantages on patient well-being andughput;

c) the extraction from the synchrotron that requiresaeeful control of beam properties up to the tresatt
rooms;

d) the “gantry”, in this context a rotating system figlivering the beam to the patient at the optimamgle
position for the specific tumour under treatment;

e) the rapidity of the change in particle energy reegito scan the tumour longitudinally;
f)  the beam instrumentation required to accuratelyndgfosition and intensity of the particle beam;
g) the controls and safety requirements.

More than performance, however, the main limitagion the availability of heavy ion therapy are tuest and
dimensions of the acceleratarThe diameter of the synchrotrons used in thegmteSuropean facilities is between

5 A. Dolinskii et al., “The Synchrotron of the Dedied lon Beam Facility for Cancer Therapy, propo$er the clinic in Heidelberg”,
EPAC 2000, Vienna, and P. Bryant (ed.), “PIMMS : Bmeion medical machine study”, CERN-2000-006



20 and 30 metres, and the cost of the acceleratbiteancillaries adds up to abdi%-80% of the construction
and operation costsof the facility, gantry excluded.

Improving the accelerator is the key to begierformance, and in parallel reducing its dimensions and tothe
main avenue témproving accessto heavy ion therapy. More than twenty years atter design of the present
generation of ion therapy facilities, the times srady for a reconsideration of the acceleratorfnits ancillary
systems with respect to the traditional designgetient years, accelerator science and technolagy made an
impressive progress pushed by the requirememnpamitle physicsand by substantial investmentsacocelerator
R&D . The result is that Europe is now the leader iigla accelerator technology, as testified by shecessful
commissioning and operation of the Large Hadronli@al at CERN, to-date the largest and most powverfu
accelerator in the world. These developments datekin particular teuperconductivity, resulting in more than
1.400 high-field superconducting magnets instadiad routinely operated in the LHC accelerator. H@AlRs will
provide the opportunity for &chnology leapbased on the most recent advances in acceleeatandlogies and in
particular of superconducting magnet technologyictvtwill extend the reach of heavy ion therapy &michg to
society the benefits of thevestments in fundamental research

The HITRIplus concept

HITRIplus aims at bringing together a wide multidisciplinagnsortium to address the two crucial elements
described above:

define (in the Networks) and implement (in the Eretional Access) advanced experimental programme
to improve the quality of radiation therapy treatnseto cancer patients; and

design (in the Joint Research Activities) a seinovative accelerator and beam delivery technologs
together with common radiobiological standardsiiprove performance and accessibility of ion thgrap

To achieve these goals, HITgRlis will gather a consortium of clinical facilitiescademic institutions, research
centres, and European companies from 14 Europeamtrezs. Hence, a multidisciplinary Starting Comiityin
unites for the first time all European expertshe field of ion therapy in connection with scietgifrom all over
Europe to reach the goals of providing excelleseagch and high-level treatment to patients., arichprove the
related instruments. To this end, the interdisogoly research programme of HITiRIs will address current
research challenges and foster innovative apprgaichkey areas of ion therapy. These span from Inoasicle
beam characteristics, superconducting magnetsiteea planning and delivery technologies, clinicatworking,
technology innovation network and most importanidjng the clinical facilities for recruiting ancating patients
Europe-wide, for clinical trials and simultaneoushining the physicians and medical physicists.

The breadth of the multi-disciplinary research pamgme, along with the diverse and complementaryposition
of the consortium will offer an ideal frameworkfexilitate the sharing of knowledge for high-lewelining of the
next generation of ion therapy experts while siam#ously offering cancer patients state-of-thdragtment.

HITRIplus will help to foster the economic development ofdne through joint technological developments and
allow faster transfer of the innovative outcometted JRA activities to the industrial partners fapleitation. In
parallel, the advances in the clinical and medatglsics research and gained expertise will be fiearesl beyond
the four current therapy facilities and throughB&utrope, through the targeted education and traipnpogramme
provided in HITRplus In addition, and thanks to the strong engagemeS8EEIIST, many opportunities will open
to integrate intoto this starting research comnyuméw talents from the SEE.

Creating a durable and sustainable research netwoltkding the currently existing infrastructurasdathe newly
emerging centres in Europe would optimise sharingwtedge and expertise and would help to integtiage
European Research Area for fighting cancer moectifely.



Transnational Access

The HITRplus Transnational Access is a unique opportunity fimging together, for the first time ever, the four
heavy ion centres in operation in Europe and opemtin a coordinated way to the medical and rekearc
community. A fifth facility providing access is GSwhich contributes by opening its biophysics recea
programme. High-quality research along the linefindd in the previous section will be possible tkgmo this
scheme, providing researchers with access to gtates-art infrastructure in advanced clinical eowiments and
with a coherent approach to analyse and compardatiagproduced.

This consortium will also significantly enhance thecessibility to external users with respect tesfalities in
each individual facility. Thanks to a unified amglion procedure, users will be able to have aciete facility
that best suits their needs.

Networking and community building

Networking is intended to promote the heavy ionrdpg facilities to medical researchers all over dpar in
particular by raising awareness about the tumopedythat could be treated, and to catalyse thelmmihtion
between the different scientific communities (ogits, radiologists, biologists, biomedical engiise physicists
and accelerator experts), which is necessary focemsful development and improvements in ion thersp
national and European levels.

A European registry of patients treated with carlmnradiation therapy would provide real worlda#tat could
supplement classical trials to build a more solitlence based medicine. Commons semantics willeveldped
within the networking activities. Common list oftaral OARs will be created, pooled analysis of etved toxicity
will be performed and a recommendation for OAR dosestrains will be given in a common effort to ldua
unified vision of the heavy ions beam therapy.

Accelerator and beam delivery technologies
A recent analysis of the different options for atrgeneration ion therapy accelerator concludetiibeause of the
relatively high energy required, 430 MeV/u for aambions, the synchrotron remains the acceleratarhoice
thanks to its flexibility, availability of componts) and co$f. The main improvements to the synchrotron-based
accelerator systems that will be analysed in
HITRIplusare:
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in modern accelerators for particle physics.

experimental
area

oxpefiasmal
Multiturn or charge-exchange injection: an

increase in the number of particles circulating i —
the synchrotron thanks to the use of mode... CNAO MedAustron

+
future ion gantry

improved injection schemes will allow iFigure 6 - Overall size of a reference superconduc
reduction in the patient treatment time. synchrotron and gantry design, as compared to CN&(C
MedAustror

Linear injector (linac): a newly designed
injector at higher frequency and accelerating gnaidliand lower cost, will provide the additionaXibility

46 M. Vretenar et al., Accelerator options for a ngaheration heavy ion therapy and research facilitpmitted at IPAC2020 Conference.



required by the improved synchrotron injection sohe. Dimensioning the linac parametersgarduction of
therapeutic radioisotopesin parallel with operation as synchrotron injectadll open new perspectives for
extending the reach of the facility towards treguitiffused tumours e.g. with targeted alpha therapparallel
with treating solid tumours with direct ion irratian.

Operational modes beam transport and instrumentation switching between research and treatment
operation modes, and general improvements to #teuimentation required for accurate dose delivery.

These new advanced features for ion therapy aetetsr can be combined into reew accelerator design
integrating lower cost and dimensions and impropedormance, for the benefit @EEIST. A simplified
version based on a compact synchrotron operatihgfon therapy with a limited number of ion specigen be
transferred to industry to become a product todmargercialised worldwide, in particular in Asia au& where
there is an increasing demand for ion therapy esnth schematic view of a reference superconductasigr’
compared to the present CNAO and MedAustron isgortes! inFigure 6.

Gantry

In radiation therapy, gantries are movable bearsslimsed to
precisely direct the beam on the required posibanthe patient,
who is usually lying on a couch. Due to their cosize, and
complexity, gantries currently represent anothmitihg factor for

the widespread adoption of ion therapy. While dédfé vendors
produce gantries for protons, of the four Europeamires treating
patients with ions only HIT is equipped with a bulknd expensive
in-house made ion gantry. An ideal heavy ion gantoyld beless

expensive(down to about two times the cost of a €12.5 Mili
proton gantry)much lighter (i.e. within 100 tons, to be compare
to over 600 tons for HIT) and requiless powerfor operation than
the present versions.

The HITRplus consortium has made the choice of taking a bbigure 7 - Schematics of the compact 180
step towards superconductivity for both the acegterand the Logﬁtr:ggtigﬂgioﬂﬁgpat%env\i)ﬁf ?Egy the Tl
gantry. For the gantry, the goal is to come totaili®l engineering

design with simplified mechanics equipped with sapeducting magnets — as similar as possible tortagnets

for the synchrotron. This design aims diraakthrough in terms of cost, energy consumptionsize, weight and
complexity, to allow European industry to become competitigainst the aggressive R&D programme on LTS
and HTS (Low and High Temperature Superconductgasitries launched by NIRS, Toshiba and a group of
Japanese Universities.

A preliminary innovative gantry design based on Q@dgnets (from Ref. 46) is shown kigure 7. HITRIplus
will consider different gantry options and then centrate in the detailed integration and mechamieaign of the
most promising one.

Dose delivery

To make the most of the advanced accelerator amtygdesigns, aactive scanning dose delivery systemill be

developed, providing unsurpassed delivery speedaandracy. Supporting this accuracy, state-of-thérsaging

options will be integrated in designs for both fixeeam and gantry treatment rooms. The improved debvery
system will enable superior patient treatment, illtalso open up avenues of clinical and pre-clairesearch,
such as conformal motion management, FLASH typeafhg and gantry-free, flexible delivery of manyabe
angles.

47 E. Benedetto, N. Al Harbi, L. Brouwer, S. Prestem®. Riboni and U. Amaldi, “A Carbon lon Supercoating Gantry and a Synchrotron Based on Canted
Cosine Theta Magnets”, Submitted to Phys. Med..B&820)



A key feature of improving scanned beam deliverthis speed and flexibility of dose delivery. Redlicelivery
times will help to increase patient throughput gradient comfort by shorter times in fixation. Esijpdlg for
moving targets such as lung or pancreas tumouiss ldtier fact is of crucial importance, as it wéentually
enable treatment in breath-hold and reduces trealéed baseline drift, inevitably occurring whileet patient is
lying on a couch. In HITRilus, the dose delivery systems will be further devetbpo accurately deliver and
control scanned treatment plans at very high datess r

A recent hot topic in radiotherapy is the possibésluction of side-effects by delivering extreme alos
rates > 50 Gy/s, the so-called FLASH thef8p¥or current particle scanning systems, it seeniikaly that
FLASH dose rates of >50 Gy/s are feasible undeical conditions and for extended volumes. Delivepged
would have to be increased by several orders ofhinale. Current studies use protons at the highesilable
energy of a cyclotron, which do not stop in thegédy but it seems unlikely that the effect of FLASHII
compensate the loss of the superior Bragg Peak plasée. The new HITRblus Dose Delivery System (DDS)
will therefore focus on strategies of Bragg PealREH-type delivery using sophisticated range modutaas well
as its fast monitoring capabilities. This will efalstudies on animal models with orthotropic tunsoyoroviding
answers on the impact of FLASH therapy on both siffects and tumour control in the same model syste
Research at HITRIus will therefore clarify if the push for FLASH-caplab transformative technology will be
worthwhile also, but not only for heavy ions.

Multiple energy operation
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Accelerator and dose delivery controls

Currently, no companies on the market provide avamal holistic-focused control solution compatillith

devices from all major manufacturers/vendors. Farrtiore, presently there is no software that isgihesl with

both research and clinical use cases in mind. TRiPlus frameworks and solutions will be designed thgune

minimum adaptation to the facility, which leads leaver cost and faster installation. The issues thilit be

addressed are:

1. reduction in development effogrovides core functionality, built for easy adopt

2. optimized workflowsGraphical User Interfaces (GUIs) designed fonroak user experience, based on real
clinical usage.

3. optimized scientific workflowssUIs designed in collaboration with scientificets will properly advance also
the research usability of the whole system.

4. compatiblewith state-of-the-art imaging and scanning sohgiand integration of these solutions.

5. reduced testing effartests without the hardware, through simulations.

6. advanced featuredeatures like Python scripting interface will@adl the creation of (research) workflows and
increase efficiency of pre-existing Quality AsswarfQA) workflows.

7. “future proofing” the architecture based on a cost-effective modular architectuoe work with novel
technologies, like adaptive oncology workflows.

HITRIplus work on control systems will focus on new softearchitecture that will help to shorten the time a
patient needs to spend in a treatment room, wiypieally most of the time is spent for imaging gmukitioning,
rather than actual irradiation, with an increasgaarly patient throughput.

Need for a new Research Infrastructure

One of the ultimate goals of HITRUS starting heavy ion research community is to defibuilding on the
experience of all operating heavy ion therapy @mtthe basic design of an “optimal” research itsgciA new
world-class, innovative, compact, flexible, expandde, pan-European R| would produce a heavy ion therapy
beam at higher intensity with simpler operation #&nwer cost. This should allow the clinical andestific user
community to fully exploit, in the future, the adwages of heavy ion therapy, enabling applied dinical R&D,
and providing an innovation and training platforirhis new RI will focus on cancer therapy and bioioald
research with heavy ions and thus enable scieritmts different countries to work together in thight against
cancer.

Building this facility in the SEE region would allobuilding scientific capacity in the region andhancing the
potential to attract to this starting research comity unexploited human resources and potential taents that
could further boost its progress. The proposed SHEbusiness plan is particularly favourable fosearch
because it foresees a 50%-50% split of the beam-twailable during day time between applied researc
usincluding clinical trials, which are — essentiall part of research), and medical treatrifetiso, night time and
weekends will be devoted to research, as it happermdl existing heavy ion therapy centres. Thidl ailow
research communities in SEE and the rest of Eutoglkly needed access to beam-time and ample time fo
biological breakthrough research related to canésmploiting the potential of new accelerator desigior
producing radioisotopes for imaging and therapyarallel with operation for direct cancer irraghat might open
new perspectives in combining different treatmemtdadities in the same centre. The SEEIST ambitioof
becoming a major European multi-national hub fer development of nuclear medicine techniques tadel in
the fight against cancer.

2U. Amaldi (ed.), A Facility for Tumour Therapy andBiomedical Research in South-Eastern Europe, CEBN-002,
https://cds.cern.ch/record/2688922/files/88-73-EB.p




SEEIIST and integration with its plans

In October 2017, the governments of eigfibrmer adversary states in South-Eastern Eurdpeqo-called SEE
States) signed a Declaration of Intent (Dol) taflyi build a new Research Infrastructure (RI) figiin the SEE
region, called th&outh East European International Institute for Susainable Technologies (SEEIIST) The
core of the RI focusses on Cancer Therapy and BRlarakResearch with heavy ions, considered as thst m
advanced radio-oncological technology for canceatment. This Dol was perfectly aligned both inetind
sentiment with the Sofia Declaration, in which WWestern Balkan states recommitted to the Europesgsppctive
as their firm strategic choice and to reinforce ualtsupport. Most recently, a Memorandum of Codi@na
Framework was signed by six Prime Ministers of §iiE region in July 2019 at the occasion of the Sitrofrihe
Berlin Process at Poznan, Poland to support tlabkestiment of the Rl in the SEE region.
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The creation of a new RI is meant to show tangik
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As shown inFigure 9 currently the SEE region has vel o

few RIs compared to the EU countries. A new RIBEES S WO
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SESAME in Jordan) the SEE RI has the potentiainio legional science, technology and industry amkrdbute

to the slow down and reversal of brain drain, whgch major problem for the SEE region.

HITRIplus represents a unique opportunityféalerate the European research effort in heavy ion thesamy to
connectit with the starting initiatives in SEE, layingettscientific foundations for an effective constioctand
exploitation of the new facility.

METHODOLOGY

To achieve its objectives, the HITtls project is structured in 12 Work Packages asmedlinFigure 10 The 22
partners contributing to the Work Plan were setkttereflect the highest level of knowledge avddain Europe
in ion therapy research and associated instrumantsto provide the best added value to the prajetgrms of
technical research expertise, interaction with whder hadron community and/or access to running faimare
facilities. In addition to the academic researcmiwnity, three European companies participate énHW RIplus
Consortium.

The Coordination is provided by the Director Gehefe&CNAO, one of the leading centres in ion thgrapith the
aim to anchor HITRilus to the day-by-day life of these infrastructuresaliofg with patients and with the

%3 Albania, Bosnia and Herzegovina, Bulgaria, KosqvRepublic of North Macedonia, Montenegro, Serhid &lovenia (Greece and Croatia so far as
observers). The designation “*” is without prejuglito positions on status and is in line with UNSZ44/1999 and the ICJ opinion on the Kosovo
Declaration of Independence.



community of clinicians and researchers. Suppodiven by a Deputy Coordinator with a wide experem
project management from CERN, the leading Europesaticle physics laboratory with a broad experieimckigh
technology, particle accelerators and their apptoa, and in project management and organisation.

Coordinator PROJECT MANAGEMENT
Sandro Rossi (CNAO) (WP1)
Deputy Coordinator
Maurizio Vretenar (CERN)

!

¥

Technical Project Board (coordinator + pillar coordinators)
M. Dosanjh (NA) - M. Durante (TNA) - M. Vretenar (JRA)

wWP2 l WP wP7
H M. Dosansh (SEEIIST) M. Durante (GSI) H M. Vretenar (CERN)
and and ch Transnational Access Improved Accelerator and Gantry Design
WP3 wP8
- P. Fossati (MedAustron) - L. Rossi (INFN)
Chinical Networking Superconducting Magnet Design
WP4 WP9
H M. Cirilli (CERN) H C. Graeff (GSI)
Innovation, technology transfer, industry relations Advanced Beam Delivery
WPS WP10
4 N. Sammut (UM) H T. Haberer (HIT)
Education and Training Multiple energy extraction system
WP11
H M. Plesko (Cosylab)
Controls and Safety
WP12
4 U. Schotz (MIT)
Radwobiological Dosimetry and QA

Figure 10— Work packages organization.

A Technical Project Board will support the Coordorain achieving an effective and strong managenaert
integration among the WPs. The Work Packages areedi into three pillars, which are interlinked:

Networking Activities (NA, WP2-5): communicationisdemination and outreach (WP2), clinical netwagkin
(WP3), innovation technology transfer and indusétgtions (WP4), education and training (WP5);

Transnational Access (TA, WP6): to promote the sgde the existing facilities of the research aliical
communities;

Joint Research Activities (JRA, WP7-12): improvettelerator and gantry design (WP7), superconducting
magnet design (WP8), advanced beam delivery (WRSItjple energy extraction system (WP10), conteoig
safety (WP11), radiobiological dosimetry and Quadissurance (QA, WP12).

The subdivision in thematic homogeneous Pillars ttes advantage of favouring the communication and
coordination between NA’s, TA’s, and JRA'’s respesly, and to provide via the Technical Project Bbarforum
for horizontal communication and coordination daf thifferent activities.

The Networking WPs are transversal and useful toah8l JRA. The Clinical Networking is fundamental to
establish a “common language” among the medicalodeof the facilities and between them and thé aéshe
clinical community. It is also important to estahli tools to exchange information and standardss la
fundamental channel to open the existing faciliiesthe external communities of users, both clamsi and
researchers. Also, the developments of the JRA W&zl to be transferred to the industry so to maiee t
deliverables available for the largest communitypofential users. At the same time, it is importansafeguard
the IP rights of the participating institutions aoflthe researchers. The education and trainingf jgaramount
importance to spread the achievements and credfise culture through the organized involvemethe young
generation of students and early stage researcheedNetworking coordination is assigned to SEE)I&e of the
main perspective users for the Networks’ outcome.

The Transnational Access is a key pillar of thejgm® joining for the first time the research pragmes of the
four European ion therapy centres, and linking therime biophysics research with ions of the GBbtatory. The



TA Coordination is ensured by GSI because of itdewexperience in research programmes and in sticlhgss
running TA activities.

The Joint Research Activity pillar is structuredhwWWPs that have a double goal: first to improve apgrade the
systems already in use at the European facilities secondly to provide the basic components oftardunext-
generation design. At the end of HITiRIsa new, optimized and up-to-date design of a nmisdstructure will be
available, to become the basis of SEEIIST and bfutlire ion therapy centres to be realized in perand
possibly in other regions of the world. Strong dioation of the JRA WPs is required to come to arsth and
integrated picture of the different technologied deliverables, which will rely on the CERN expege in dealing
with new technologies and management of distribgtedps.

Hereunder there is a summary of the content of Béelof the project.

WP1: Project Management

WP1 ensures the implementation of the project dmeddontractual obligations towards the EC. Thisvigt
implies the overall technical, administrative, ficéal and legal coordination of the project. Thierand activities
of the overall coordinator concern the monitorimgl ananagement of the agreed deliverables and onilestin the
contract and the smooth running of the projectabale.

WP2: Networking and Communication, Dissemination ad Outreach

The Dissemination, Communication and Outreach W8dckage will organize and implement efficient
communications inside and outside the consortiuneyTshould enhance the internal synergies, crestthases
and provide added value by allowing informatiorwfleo/from other projects and the general publiorel as
within the HITRplus WP2 will equally support the management for inéércommunication and follow-up of
HITRIplusresults.

WP3: Clinical networking

The main objective of this WP is a trial design &or innovative use of heavy ion radiation theraghis will be

accomplished through a review of preclinical datadentify promising novel approaches to exploé treavy ion
radiation therapy advantages and the design otraaleas a template for bringing innovative heaoy radiation
therapy approaches in the clinics. Another objects/the creation of a European registry of heawyradiation
therapy patients by collecting data on rare canteeted with heavy ion radiation therapy. WP3 thesgoal of
reaching a European-wide agreement for OARs (OrgaiRdsk) dose constraints with heavy ion radiatibarapy.
This will be accomplished by reviewing existing @ain OARs dose constraints in use in the cliniaallities and
performing pooled data analysis to validate theastlbut not least, WP3 has the task to outlinacdirresearch
protocols to favour clinical TA according to the dadities set forth in WP6.

WP 4: Innovation, technology transfer, industry rehtion

The objective of this WP is to define and implemantadmap for the exploitation and industrialsatof the
HITRIplustechnologies and innovations. In order to do ttie,generated IP will be traced and managed fham t
beginning of the project, and an adequate dissdibimand exploitation plan will be drawn up for bac
technological innovation. Given the highly collaative, trans-national nature of the HI#RIs project, such plans
will look beyond traditional IP protection approash such as patenting, and will also consider opeaovation
schemes such as co-development with industries-apeess licensing schemes. The HIgIR$ innovations will
be broadly disseminated to industry through sewdrahnels, including using several well-establishetivorks of
industry and technology transfer professionals,ustidal exhibitions at relevant conferences andicdded
“HITRI plus meets industry” events. Technology-transfer opputies arising from these dissemination actions
will be proactively followed up by the HITRIus Knowledge Transfer team, together with the TToef§i of the
partners.



WP 5: Education and training

The objective of WP5 is to educate and provide haomdexperience to a new generation of researdhdrsavy
ion therapy so that they acquire appropriate skillevéilhg them to optimally access and exploit (evetusily) all
the essential tools of European heavy ion therapgarch infrastructures. In addition, WP5 providsearchers
from academia and industry of a multidisciplinargckground, including researchers not necessariigctly
involved in heavy ion therapy, with updated andrappate knowledge on heavy ion therapy researchtha
activities and potential of the four major Europdaavy ion therapy and research infrastructurestgeaduate
students, postdocs, oncology practitioners, andaresers from a wider multidisciplinary communityllvbe
attracted, educated and trained to form part of 8tarting heavy ion therapy research communitpuidin
specialised courses, masterclasses, e-learningesyisecondments and internships

WP6: Transnational Access

The TA brings together, for the first time ever four heavy ion centres in operation in Europe @pehs them in
a coordinated way to the medical and research cantyniAdditionally, their programme will be intedead with
the biophysics programme at GSI. The WP includesAacess programmes.

The Clinical Accesswill give the opportunity to the hospitals and ological instituts in Europe to refer patients
to the existing hadrontherapy facilities and shaliaical prospective investigations and patientldwal up.
Secondly, it will allow the radiation oncologistswork together with their European colleagues o European
colleagues in multicentre prospective comparatiudiss to improve the knowledge both in heavy toerapy and
in classical radiation oncology through clinicadearch practice.

The Research Accessill attract universities, research centres, aagpitals which will connect all the groups to
perform research activities in the experimentalshaf the existing carbon ion facilities and at GBérforming
research at a clinical facility will allow reseaeth to meet different clinical professionals. Inedt contact with
the real needs of the therapy and of the patibay, will have a clear perception of the feasibititytranslate the
research from bench to bedside. Industrial partwér®e encouraged to take part in the researolgnamme, to be
involved in the development of new clinical procesiiand new medical devices.

WP7: Advanced Accelerator and Gantry Design

WP7 will develop solutions to enhance performarnicexesting and future accelerators for heavy iosesgch and
therapy: multiturn injection for higher beam intiépaup to 13° carbon ions per pulse, improved extraction and
beam transport, and a new linac injector for higheensity and parallel production of isotopes ffesearch and
therapy. The WP will combine the accelerator sohgiwith the superconducting (SC) magnets develop®¥dP8

to define the advanced conceptual design of a comgad innovative SC heavy ion synchrotron capaible
operating with multiple ion species, from heliumagon, and including protons for testing and eatibn. This
accelerator design is intended to become the mfertor any new ion therapy research facility idahg the one
proposed for the SEE region. A simplified versidntiee compact SC accelerator with single- or doudfe
operation at fixed parameters will be proposed efsrence for a new generation of compact ion therap
accelerators to be built by European industry tdresk the global ion therapy market. AdditionallyP7 will
convert the most promising of the existing concabtiesigns for superconducting gantries into ailéetéechnical
design integrating all components, and prepareafdinal industrialisation and production phase hydpean
industry.

WP8: Magnet Design

The initial list of requirements for new synchratraesigns will be considered followed by a technead
financial assessment of various superconductinghetadesigns including different material optionsséssments
will be made by: evaluating the technical diffigutif the construction; the financial cost of th&atient coupling
options; and the cooling temperature and energguwoption cost variation estimated over 20 yearsliRinary
engineering design of accelerator, gantry and sogrmagnets will follow considering the mechanisalucture
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for the magnets; the field quality during ramp-updasteady state; the losses and consumption and the
manufacturing time. The configuration and the nsstable aperture size for testing a small dematwtwill be
chosen following the beam dynamic studies of WHTe Tonstruction of a small size superconductingrmetg
demonstrator will ensue by manufacturing the meidaduicomponents, the winding and the magnet assertbl

the meantime, a test station will be prepareddbttee demonstrator magnet performance.

WP9: Beam Delivery

The designs of robotic patient chairs, robotic ¢mscand imaging systems will be evaluated and dtaional

stage will be developed after considering differe@atment scenarios, beam types, compatibilityegssand input
parameters from WP7. Treatment planning stratemielsa simulation environment for particle arc tpgraill be

developed and implemented in GSI's treatment planebftware TRiP98. Case studies will evaluatertipact of
different parameter scenarios and will be fed dadk/P7 and WP10 to optimise their respective desagwell as
the upgrade of dose delivery and nozzle desighis\WP. Novel beam detectors, including a fast Bastron

Multiplier (GEM) position detector, will enable tas irradiation and capabilities to treat movinggets. A
prototype of this system will be installed at G&perform a demonstration test of high-dose ratdterapy using
the developed rotational stage. Simulations oftlaecapy based on the measured system performaiicasei be
conducted for the gantry design based on input WéRY.

WP10: Multiple Energy Extraction System

A beam characteristics library will be built by oefig and combining the existing phase space d&firs of new
ion species, higher intensities to increase theveleld dose rates, higher energies for some rdseafects and a
more flexible extraction timing to better suppdre treatment of moving organs. Furthermore, thdiptelenergy
operation and timing requirements for synchroniratcapabilities of the next generation acceleratmmtrol
system will be defined in coordination with WP11heTsupply, distribution and quasi real-time genenabf
patient data systems will be designed in hardwacksoftware after discussions with WP11. Using ehesults
and the outcome of WP7, an architectural modehefaccelerator multiple energy extraction systeah ighcapable
of multiple energy operation will be conceptuallgsijned as a module to be incorporated in the exatet and
treatment control systems of WP11. The results B @/will be used as input for WP11 and WP9.

WP11: Controls and Safety

The machine controls will be designed to ensure dammissioning and machine QA, optimise ease effas
non-clinical personnel, maximise the reliabilitytbk accelerator and lower the operational cost Will be done
by designing a universally compatible modular desigth optimised workflows which will allow easy ajptation
and upgrading to work with upcoming technologidee liadaptive oncology treatments. The system control
requirements and the treatment control systemtaathie will be optimised by first studying all stihg treatment
room control systems, and then developing a systhith will allow easy integration of all the othg&ystems and
can be used ergonomically by the machine operatoput will be regularly exchanged with other Whs,
particular WP7, to ensure this modular softwaresfgrmance will meet all other subsystem requirasiefhe
high-level system engineering requirements anccltashitecture of the patient safety systems véldesigned by
following the relevant European regulations andnmtional standards.

WP12: Radiobiological Dosimetry and QA

Treatment planning and beam application technolayy between the European particle therapy centkéxl2
aims to be able to meaningfully evaluate and compasearch results, and to standardize radiatismmedry
among the centres. To minimize the variability e$ults, the partners will share the same phantaei splly
dedicated for in vitro dosimetry by means of closig survival provided by GSI. The characterizatidnmixed
radiation field will be done using silicon detecpfissue Equivalent Proportional Counter (TEPBat amongst
others could further improve the quantificatiortted physical uncertainties influencing biologioshd-outs.



The test plans will be created with the clinicaédtment Planning System (TPS) and re-calculateld Miinte
Carlo (MC) engines. Different biological models Make chosen and compared both in hormoxia and yfpoxic
conditions. Model predictions will be compared wesrsurvival experimental data at different deptsTs, dose
levels and hypoxic conditions.

EQUALITY AND GENDER DIMENSION

HITRIplus will work to ensure an appropriate gender balancall its activities. Gender issues will be addezs
during the project lifetime to sensitize partneesearchers and the community of TA users. Thesptesequality

in gender balance in sciences is also evidentarHif RIplus Consortium. Hence, the project will take meastwes
ensure gender opportunities by: 1) encouraging visrgarticipation in research and management et all
levels of the project; 2) promoting the involvemehivomen as well as men in conferences, workslampisother
international scientific events related to the @ctj and 3) encouraging and supporting the apmicaif women

for secondments and internships positions. In @aer, will encourage female participation in tharmagement of
the Work Packages, as representatives in the QeAssembly, and as members of the Advisory Boards.
HITRIplus will promote gender equality at the selection lexed as well in the working environments of the
HITRIplus partners, complying with the guidelines of the dfgan Research Area gender equality and gender
mainstreaming in research (guidance on Gender EgiraH2020").

1.4 AVBITION

The foremost HITRdlus ambition is to create a sustainable starting conitydo integrate and propel European
biophysics and medical research on cancer treatmihtheavy ions beams. This community will provide
competitive advantage for European research angsindby defining the treatment modalities, thendtads, the
procedures and the technological instruments tlilhtnwave ion therapy to its next phase of developmén the
long run, the HITRblus ambition consists in providing to European pasestffering from cancer, an opportunity
to have access to the best world-class cancenteght

To reach its ambitions, HITRIus needs to realise substantial breakthroughs in aomtgnbuilding, in promoting
experimental programmes, in clinical networkingteéohnological developments, and in the definitdrrommon
standards. The key elements of this programmewhaed here.

** European Commission, “Guidance on Gender Equalijorizon 2020”, Directorate-General for Reseagcmnovation, April, 2016.



Access to Research Infrastructure

State-of-art Ambition Challenges

A limited biophysics researchHITRIplus will offer access to five A strong collaboration with the NA
programme is present only in twestate-of-the-art infrastructure3NPs will be needed to increase the
therapy facilities (HIT and CNAO),providing high quality services,number of users, inviting new users
pre-clinical research is almostenabling users to conduct excelleritom different NA events.
absent, clinical research with heavyesearch in trans-Europea®n top of the normal advertisement
ions is not coordinated. collaboration. This will allow of the TA provisions on the project

research capabilities and expertise ineb site and at meetings and

the field to grow, and will expandconferences, the opportunities will

the potential of researchers that doe globally advertised in the SEE

not normally have access to heewiegion to attract interest from the

ion technology. In particular, it will local research teams.

expand this research towards the

SEE region. Excellence will be

ensured by selecting and supporting

the best scientific and innovative

experiments accordingly to criteria

of equality, transparency, fairness

and meritocracy. The TA goal is of

providing to more than 150 users a

total of 50 clinical units (patients)

and 448 research units (hours).

Building a User Community

State-of-art Ambition Challenges

Four facilities in Europe provide ionTo establish a strong and sustainable® address the conservatism of the
beams for cancer treatment. There iseavy  ion beam  treatmenmedical community and increase
a limited collaboration among themcommunity in Europe and to foster gheir engagement with heavy ion
and with other researchers via sorneulture of co-operation between théherapy. To bridge communities
existing channels as the hadroparticipants and other relevanbften at opposite sides (medical/
therapy  ENLIGHT  (Europeanstakeholders, by organising, irphysics; pharma/  accelerators;
Network for LIGHT ions) Netwotk coordination with the existingbusiness/science; laboratories/
However, this collaboration isstructures for proton andhealth care systems and policy
limited in scope, there is no commohadrontherapy INSPIRE andmnakers) and with different cultures,
experimental programme, and ther&NLIGHT, one multidisciplinary objectives, agendas and mind-set,
are no connections to South EadVorkshop per year, and otheand unite them on a common goal.
Europe. topical events. The target is to ree.chAdditional challenge is the possible
an audience of 100 people. lack of collaboration between
Balkan members.

Establishing a Clinical Network

State-of-art Ambition Challenges

Carbon lon Radiotherapy is usedo explore innovative clinical usedDevelopment of innovative triel
clinically as radical treatment for of carbon ions specifically focusingdesign is challenginpger-se

tumours perceived as radioon optimization strategies that gdhe creation of a patient registry
resistant. Dose and fractionaticrbeyond the simple RBE weightedannot be funded within this project
applied follow either the approachdose, investigating the use of cartaand will ultimately depend from
established by GSI/HIT in Germanyons to accelerate reoxygenation axternal cooperation. In the worst
or the one by NIRS in Japan. Altumours that are radioresistant natase scenario, this project will
clinical facilities optimize RBE: because of their histology, buproduce only a registry design and

%5 https://enlight.web.cern.ch/



weighted dose but different RBBbecause of an unfavourable baseliriis implementation will be deferred
models are employed. Carbon ion isignature, and exploring theo a later stage.
used in the attempt to control thémmunogenicity of carbon ions
most radio resistant tumour clones. (alone or in combination with
Dose constraints for organs at riskcheckpoint inhibitors).
in carbon ion radiotherapy areTo transfer these methodologies to
based on single institutionclinical research and define at least
experience. There is no commoane approved trial.
approach to this critical issue. To establish the common semantics
that will allow to pool clinical data
on patients treated with carbon ions
and make real world data availahle
for the community as an additional
source of evidence.
To analyse in a pooled way the
observed clinical toxicity, improve
and harmonize dose constraints for
OAR among European centres.

Achieve Knowledge and Technology Transfer

State-of-art Ambition Challenges

While industry offers several turnkeyrive a major shift in the market ofThe uptake of complex and costly
proton therapy systems, ion therapyn therapy technologies, byechnologies by industry is a
centres rely on bespoke solutionsleveloping innovative, cost-challenging process. Companies will
Few EU companies have theffective, and manufacturablealso need to develop new market
capability to build equipment for ionsolutions, thus enabling EUstrategies and business plans. The
therapy centres (accelerator partscompanies to produce turnkeHITRIplus consortium is well
instrumentation, software). There isystems for cancer treatment witplaced to support EU companies in
not an integrating company.carbon and heavier ions. Steer thevercoming these challenges, as its
Japanese companies are leading tHé/TRIplus technological partners are not only leaders in
market and US companies are tryingevelopments towards transferrablechnological innovation, but also
to enter. Currently, the onlysolutions, by fostering a culture opossess a strong track record in
commercially available solution fcrco-operation and co-developmertechnology transfer and in workirg
ion gantries is provided by Toshibéetween the participants and EWvith industry.
(Japan). companies. Help EU companies to

compete with Asia and US in key

markets/technologies by giving them

access to the HITRIus innovations

in key topics/fields

(superconductivity, gantries, etc.).

Standardise Radiobiological Dosimetry and Qualitggurance

State-of-art Ambition Challenges

Research centres are conductinGenerate common standards fdfinding a shared experimental
their own studies, havingradiobiological dosimetry, fosteringprotocol suitable for all the facilities
implemented their own models foa culture of co-operation betweemvolved.

dosimetry due to Vvariations inthe participants to encourage future

treatment planning and beanjoint research.

application.



Improved Accelerator and Gantry Designs

Technology State-of-art Objectives (Technological breakthroughs)

Define a complete layout with injection, extraction

Lattice for Preliminary  designs Wereacceleration, based on magnets with 3 T dipolel faeid

:uﬁgﬁg{; guctlng (:qeglerl]z%eed using |deall T/s ramp rate, which can acceleraté® @arbon ions to

y ' gnets. 430 MeV/u.

Techniques for Present ion therapy CentresDevelop multi-turn and/or_ charge exchange injection
S : : : schemes that can be applied to normal conductirdy an
high-intensity operate with maximum 10

superconducting synchrotrons to increase the itensity
by an order of magnitude.
. . Define an optimised beam transport layout with mimin
Different beam transport lines o )
Beam transport and , o . “length that allows achieving the required beam metars
: , are built with limitations in . L ; , )
instrumentation . at irradiation point. Define and standardise the
size or performance. . : .
instrumentation required.
Design a new linac injector at higher energy (10ViX&,
. . . ... with higher accelerating gradient (3-4 MeV/m) aoavér
Injector linac ggigg ea(;[ inihygg;gj eXls'["'cost than the standard design, which can operafi€%t
P duty cycle for production of therapeutic radioigums.
Only one SC gantryDevelop the integrated design (mechanical drawingsy
developed in Japan, someuperconducting gantry with weight lower than 100st
studies in Europ@. and length below 16 metres.

operation carbon ions per pul$é

A common injector linac

Superconducting
ion gantry

Develop new Superconducting magnet designs

Technology State-of-art Objectives (Technological breakthroughs)

Canted Cosine At present no demonstratofTo accomplish a complete design of a strongly aii®ET
Theta (CCT) curved exists nor an engineeringdipole (curvature radius about 2.2 m), overcomihg t
magnet design, of a curved CCTengineering, materials and fabrication challengéss will
magnet. be a world prima for CCT and for accelerator magredt
slim bore.
Combined function Combined function has beermo produce an effective engineering design andempht
(gradient field proposed but nevera coil winding technology on a demonstrator mageer
super-imposed to aengineered nor manufacturedas nested winding of 3 T dipole + 2 T quadrupoddfi or
pure dipole) CCT in CCT type. as combined winding with alternate combined focgisin
magnet (triplet quadrupole superimposed to a single dipoldis
exceptional, innovative, breakthrough would marle th
medical system for ion therapy.
Ramped Ramped magnets exists 1ofo design an adequate superconducting cable, and
superconducting fast synchrotrons (like FAIR-demonstrating its applicability, for 1 T/s rampedgnets of
magnet with 1 T/s SIS100) but only below 2 T4-5 T field, which is necessary for synchrotronhafield
and 4 T field level. quality typical of accelerator magnets (1-10 units)
Indirectly  cooled Rotatable gantry with To increase stabilization in the indirectly coolgdntry
ramped magnet forindirectly cooled SC magnetsnagnet by a factor 10 wrt present state-of-the-bet,
gantry exists (only in Japan) but withincreasing the temperature margin to 1.5-2 K, eithigh
low temperature margin andLTS and high thermal stabilization or with HTS
prone to quench. superconductor working at higher temperature thauid
helium (a novelty in the panorama of medical agpian).
Zero field magnetic Zero-field superconductarTo design a realistic prototype, manufacture arsl te
channel for beam channel extractor do not exisexperimentally demonstrate feasibility of this cepic of
extraction at present. zero field magnetic channel for extraction.

%6 E. Benedetto, N. Al Harbi, L. Brouwer, S. Prestem®. Riboni and U. Amaldi, A Carbon lon Supercatihg gantry and a Synchrotron Based on Canted
Cosine Theta Magnets, Submitted to Phys. Med. B2620)

7S, Rossi, The National Centre for Oncological teatiierapy (CNAO): Status and perspectives, Physl. B, 4, June 2015, p. 333-351

%8 B. Schlitt, U. Ratzinger, A. Bechtold, A. Schempgsign of the 7 MeV/u, 217 MHz Injector Linac thie Proposed lon Beam Facility for Cancer Therapy
at the Clinic in Heidelberg Contribution to the LAR2000 Proceedings, Paper ID: MOD10 https://arxiy/abs/physics/0008148

%Y. lwata, N. Amemiya, H. Arai, T. Fujimoto, T. fig, Superconducting Gantry for Carbon-lon Radigibg, Proc. IPAC 2018 Conference, Vancouver



Develop an Advanced Beam Delivery

Technology State-of-art Objectives (Technological breakthroughs)

Treatment chair andOne chair in operation in a Greatly increase the flexibility and usability dakdd ion

imaging system proton centre, none in ionbeam treatment rooms (11 existing in Europe, only 1

design beam centres. Gantry). Tailored design solution using existing
components for each treatment centre, compatibledm
layout and robotic positioning systems.

Particle arc therapy State-of-the-art in  photonExplore arc therapy on a patient chair in simulai@and
therapy, exploratory studiesexperiments: Identify treatment sites with sigrahdy
with protons. improved normal tissue sparing over standard tlyevah

2-3 treatment fields. Verify deliverability and rexbd dose
uncertainty to rotating targets.

Increased delivery Limited by position detectionAn advanced GEM detector design increases position

speed devices to ~ 3 ms per spot. = detection speed by at least one order of magnitiderage

spot durations can be reduced to 1 ms.

Improve Controls and Safety

Technology State-of-art Objectives (Technological breakthroughs)

Machine controls = Present solution’s Design accelerator control system with standardtirtiat
architectures are not optimalcontrol system architecture, based on flexible and
and not always built on top ofmaintainable off the shelf platform(s), to ensumst’
standard and stable commissioning and machine QA, ease of use by non-
commercial off-the-shelfclinical personnel, high reliability of the acceltr and
electronic components. lowering of the total operational costs.

Treatment room Present solutions are notDesign a treatment control system, which will irse

controls optimal regarding treatmentpatient safety, increase treatment quality (adeptiv
quality and patient safety, andreatment workflow), lower the total treatment tinand
not user friendly. ensure easy operation by clinical personnel, thebo

ensuring smooth clinical workflows.

Patient safety Current implementations haveDesign patient safety system, which will especidtigus

systems a number of drawbacks: on: (1) matching performance of the patient safgfgtem
- complexity of the systenwith the performance of the accelerator design; (2)
limits optimization options developing a sustainable architecture that can deédl
with regard to performanceexpected technical and medical advancement over the
and robustness, lifetime of a heavy ion therapy facility; (3) lovplexity;

- not futureproof, limitec (4) low effort for maintenance and operation; (8wl
upgradability and increasedinvestment costs. New solutions will increase patgafety
effort for maintenance, and further lower the total treatment time.

- standardization usually very

limited.



2.

HITRIplus has been set up to achieve meaningful and meduerseientific, technical, economic and societal
impacts that will ultimately result in establishiagsustainable ion beam therapy Community thatjonedical,
academic and industrial partners to carry out dswetollaborative research activities that wileaetwally improve
radio-oncology treatment for European cancer ptien

Its key impacts and the related strategic objestoan be summarised as follows.

Support the development and reinforcement &hewledge-based economin Europe, andmprove health
accessvy building unique knowledge and skills throughtstof-the-art research and innovative solutioasl le
by experts in the field. Allow Europe to maintaineading position in ion therapy in the worlelated to
Objective 4.

Provide adirect transnational accessto ion therapy facilities by offering a free ackdseam time to the
European clinical and research community on iorebamdiotherapy. The wider cancer research communit
will have a facilitated access to these HIpRE infrastructures, which use state-of-the-art walkss
equipmentRelated to Objective 1.

Build aunique multidisciplinary network of experts from academic, clinical and research institutiasyvell
as European industry, who will carry out researdh & strong translational potential in advanced tiserapy,
defining the main features and the design of the, ieyond state-of-the-art generation of ion thgreacilities.

It will constitute acommon collaborative European platformintegrating all actors in this rapidly evolving
field, allowing sharing information, data, expest@nd knowledge in medical, scientific and engimggefields.
The collaborative group of professionals in HIPRi will pursueinnovative and cost-effective solutiongn
advanced medical accelerator technologies with Inovere efficient accelerators with a smaller footpand
higher ion beam extraction capability, and hencsger dose delivery resulting into more efficigaster and
less expensive cancer patient treatm@etated to Objectives 3 and 4.

Accelerate there-clinical implementation, allowing faster translation of the created knaswlito the cancer
patient. Related to Objective 2.

Foster acollaborative culture and provide the tools, procedures and standardsintegrated use and
knowledge sharing between the ion therapy resefadilities throughout the European community fon io
therapy researclirelated to Objective 4.

Develop common standards, common treatment protocols, tecluhogy development, and common
training, which will allow Europe to advance rapidly in tmewly emerging field. The established common
treatment platform could be utilised by any futémethcoming ion therapy facility in any Europeanuotry,
which decides to use the available commonly dewslgiandardsfkelated to Objective 3.

Define a newcommon leading-edge European desigfor ion therapy facilities that will be transfedréo
industry to allow European industry to compete wiipanese companies to accessgtbing ion therapy
markets in Asia and USARelated to Objective 3.

Define theexperimental programme set up and structure tliesearch user community develop the key
accelerator and beam delivecpmponents and establish amternational network that will support the
construction and exploitation of a new Research Infrastructure devoted to ienathy research in South East
Europe, theSouth East European International Institute for Sugainable Technologies Related to
Objective 5.

Connect themost advanced medical and technological institutisin Western Europe with emerging
medical and scientific communities in South East Bwpe and in other regions (e.g. the Baltics),
contributing to the creation of a wider Europearsé@ch Area and to the integration of the Europdaion.
Related to Objective 5.



EXPECTED I MPACT FROM THE CALL AND HOW HITRI PLUS WILL ACHIEVE THE | MPACT

2.1.1 a) Impact foreseen in the call

1. Expected Impact: Wider, simplified and efficient access to the besesearch infrastructures.
HITRI plus approach: High quality inter-disciplinary and multi-sectdrialinical and research opportunities
will be opened for a wider number of users in otdgorovide a cutting-edge cancer research ancitigadf the
future experts in the ion therapy field. All founf®pean advanced ion therapy centres will partieipa the
Transnational Access, together with GSI, the largeavy ion research centre in Europe.
The HITRplus Consortium covers 14 European countries, andhas&SEEIIST is connected to institutions and
researchers in eight SEE countries. Through theRifilis networking and communication platform the ion
therapy user community will be able to choose th& Bite for the research they want to perfornpdrticular,
SEE researches will have access to the best Eurapieastructure in the field.
HITRIpluswill focus on the needs of its users and will pdeva Network Facilitator digital platform.
The JRA's will contribute to improving the facili$ so that users will always have access to thepossible
research infrastructure.

2. Expected Impact: New or more advanced research infrastructure servies, enabling leading-edge or
multidisciplinary research available to a wider use community
HITRI plus approach: Creating a durable and sustainable research networ heavy ion therapy.
Consolidation, interdisciplinary exchange and ewkarent of the expertise, clinical and researchrsfio ion
therapy brings new innovative solutions.
HITRIplus for the first time, opens the four ion therapytres in Europe to devote a fraction of their beam
time to coordinated research for the advancemeribroftherapy, instead of concentrating only on qudti
treatments.
An extensive multidisciplinary HITRIus consortium will build up the bridges between |leadexperts from
clinics using the joint communication platform. Thesearch activities will cover clinical, pre-cliai and
biophysics research and will be open to participémm the medical, medical physics and biophyBéaid, and
to the related industrial partners. HITRIs will boost frontier research while developing amiproving
effective knowledge sharing and collaborative aeltacross Europe and in particular between the mvsgst
European players in the field and SEE participahtss creating a wider user community.

3. Expected Impact: Operators of related infrastructures develop synerges and complementary capabilities,
leading to improved and harmonised services. Econaas of scale and improved use of resources across
Europe are also realised due to less duplication gkrvices, common development and the optimisatiayf
operations
HITRI plus approach Significant disparities in terms of research andovation performance among the
different member states and regions within the gean Union will be reduced by bringing togetheifalir ion
therapy centres in Europe. This is particularly amant given the growing need and interest for kician
therapy, its potential as a cancer treatment aaddthnological and scientific challenges that stled to be
addressed. Europe has been one of the leaders iexgpranding area thanks to the individual int@s$ of the
pioneering institutions in Germany and Italy. Otiye creation of a wide multinational Community wilbw
make possible the renovated common effort thatadlilw Europe to regain its leadership with respectapan
and to the emerging initiatives in the US.

Standards produced in HITUs JRA will be used for QA, and round-robin experm&will be conducted to
ensure inter-comparability between the capabilieSA providers.

The HITRIplus collaborative approach has huge potential to thtce a paradigm change in the technology and
its clinical implementation. This in turn will debr benefits to patients in terms of outcomes amlity of life

and deliver new products and services to enhanceddldomy and society. The increased capacity (tezhn



infrastructure as well as trained staff) will colotite to higher participation in a wide range of Et$earch
programmes. The coordination and integration acimong the ion therapy facilities performed by HIpRs
will contribute to harmonize the services, reduoe duplications and optimize the outcome of the room
efforts.

. Expected impact Innovation is fostered through a reinforced partneship of research infrastructures
with industry.

HITRI plus approach: Three industrial companies (SME’s) are part of H&RIplus Consortium with key
roles (WP Coordination for one of them) and crueietivities. In the ion therapy field, they panate in the
effort to innovate the particle accelerators useddn therapy, together with high-profile academéctners and
major physics research laboratories like GSI andrivational organisations like CERN. This co-inniya
effort will lead to new standardised products afal# to a wide range of potential customers.

In all other fields where the technologies are y&itmature for co-innovation, the dedicated WP4\rtion
and Technology Transfer is tasked to examine tdogies being developed in the project and to agsitte
evaluation of the feasibility for technology tragmsfby identifying and matching the key Europeagusiry
players in the corresponding markets of ion therggshnologies. In particular, superconducting magne
technology applied to accelerators for medicinedwaast industrial potential and opportunitieshis field will
be carefully considered by the Innovation Work RagkWP4.

Pharmaceutical companies will participate in théevidek activities and will possibly use the TA ophaonities.
They are expected to contribute to the integragbmon therapy with immunotherapy treatment towattos
definition of future treatment protocols.

. Expected impact A new generation of researchers is educated that ieady to optimally exploit all the
essential tools for their research.

HITRI plus approach: The Education and Training WP5 will increase Engopean pool of trained and well-
informed students and researchers in heavy ioraplyescience and technology. The subjects will ideiu
clinical practice of heavy ion therapy; acceleratechnology and beam physics for heavy ion therapy;
accelerated heavy ions in radiobiology and medibgkics; heavy ion therapy data platform; safepeats of
heavy ion therapy, compliance to European regulatiand standards; certification strategies of nadic
accelerators; medical physics commissioning; amidcall practice of particle therapy. HITRUs will enhance
the communication of achievements and opportunitigisin the field, as well as increase the flowtined
individuals into industries, laboratories and unsities where there is a skills-shortage in Europe.

Working in eminent academic institutes, participgtin the workshops organised by the NAs of HIFIR$
and interacting with industrial partners will explatine job opportunities for PhD students a new gaits of
researchers in academic, health and industriabiseafter completion of the project.

HITRIplus is supporting secondments (for employed reseasfgractitioners) and internships (for students).
These will provide a first-class unique scientiigportunity to join the day-to-day work of reseateams and
participate in heavy ion therapy experiments, hdeaming best practices.

All HITRI plus education, training and PhD opportunities will laegely advertised across Europe and in
particular in SEE countries via the SEEIIST. leigpected that this region will give a strong cdnition to the
HITRIplus activities, and that one of the outcomes of theeguat will be developing advanced multidisciplinary
science and building capacity in the SEE regioaddition to Europe as a whole.

. Expected impact Closer interactions between larger number of reseahers active in and around a
number of infrastructures facilitate cross-disciplinary fertilisations and a wider sharing of information,
knowledge and technologies.

HITRI plus approach More than 100 participants are expected to takeip the HITRplus Annual Meetings,
out of the much wider community that will receideetHITRIplus Newsletters and will be informed of the
events. This number will include clinicians, medigdysicists, biophysicists, accelerator and tethmo
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physicists and engineers, and industry represgatafrom Western European countries and other Earop
regions, such as the South East Europe. In additibhRIplus will favour secondments and internships that
will enable participants to gain first-hand trarssiplinary knowledge on how these facilities canulsed for
their research in a cross-fertilization processvieen disciplines. It is expected that HIPRis will create new
connections and interactions, among the Europeatherapy centres that have rarely collaboratetienpast,
and between them and new actors coming from diffeEuropean institutions in particular in South tEas
Europe. The interaction between the medical andigakghysics community and the particle accelerator
community in particular is expected to identify awvative solutions to reach an overall optimisatiérihe ion
therapy infrastructure, considered as a single gg®@Extending from the ion source to the tumoureund
treatment.

7. Expected impact The integration of major scientific equipment or sés of instruments and of knowledge-
based resources leads to a better management of thentinuous flow of data collected or produced by
these facilities and resources.

HITRI plus approach: The integration of ion-therapy centres between thech with the other contributors to
ion-therapy research will allow creating commonsseft data. An example are the initiatives of theiChl
Networking WP3: a) a review of preclinical dataidentify promising novel approaches; b) the firstr@&ean
registry of ion-therapy patients; c) a Europearistegon rare cancers treated with ion-therapya dg¢view of
existing data on organs-at-risk (OAR) dose constsain use in the clinical facilities. These datd e treated
accordingly with the European privacy regulaticas detailed in the Ethics section of this propdsaaddition,
standards produced in HITjRuUs WP12 Radiobiological Dosimetry and Quality Assweuwill be used to
ensure inter-comparability between the capabiliiEshe different centres, for therapy and as TAvjiers.
Common treatment and storage of data will leadlietter management of the continuous flow of datkected
or produced by these facilities.

8. Expected impact The integrated and harmonised access to resourceskuropean level can facilitate the
use beyond research and contribute to evidence-bakpolicy making.
HITRI plus approach The integrated and harmonized access to ion4tlger@sources at European level will
facilitate the beneficiaries in providing considtéata on results and perspectives of ion theragyetlthcare
agencies and relevant government organisationschwill allow for evidence based medicine strategie
optimal usage of ion therapy facilities, and farpling further initiatives in this field.
HITRIplus will provide to EU policy makers data on the extand perspective of ion therapy research, on the
costs and risks of building an advanced accelefatdlity for ion therapy, and on the patient thgbput of such
a facility, which will allow taking decisions ondtunding of future new facilities such as the SEElproject.

9. Expected impact The socio-economic impact of past investments in gearch infrastructures from the
European Structural and Investment Funds is enhanag
HITRI plus approach: HITRIplus will have no impact on past investments from theopean Structural and
Investment Funds on RI's, but might have an impactfuture investments, via its impact on the SEEIS
initiative that aims at receiving funding, amondgets, from the European Structural and InvestmantdF

2.1.1 b) Additional Impacts

10.Expected Impact: Improved patient recruitment strategy and quality of life.
HITRI plus approach: The maximum treatment capacity of the four iorrdbpg facilities is estimated around
2500 patients per year, a treatment capacity nificismt to cover the expected number of radiostsit
patients per year in Europe, i.e. about 25,00@ptsi
In addition, the quality of life of the patientsimproved by accessing ion beam therapy. In féat, gatient
normally feels no pain and suffers very limitedesigiffects. No hospitalization is usually required ahe
treatments are out-patient treatments. In the ohgen therapy the number of sessions to treatthobagy is
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normally reduced with regard to conventional rdugoapy. The hypo-fractionation, the shortening loé t
overall treatment duration, is positively impactimg quality of life and reducing socio-economictsos

HITRIplus aims at modelling the future demand based onadlirindications and best treatment practice and
then mapping this demand across Europe. By contithiis study with metrics to determine which patsen
will derive most benefit from ion therapy, therellwbe a much better understanding of demand and its
geographical distribution. The Networks WP2 and WHIB better inform the medical community for patte
selection criteria and deliver improved treatmeantcomes, with better treatment experience of thecea
patients, thus improving their quality of life.

11 Expected Impact: Engagement with the wider medical community.
HITRI plus approach: Key to the ion therapy research is engaging with iroader health care community,
formed by other professionals such as nurses, gtantioengineers and radiographers who bring anoth
perspective to the research that is much morergatentric. Participation of several European hadpiwill
allow the clinical translation of the research, festient benefit, from “bench to bedside”, againngs
HITRIplus NA and TA.

2.1.2 Description of Barriers and Obstacles
The following are the potential barriers that mafjuence the extent of the impact to be achieved.

Obstacle: Research considerations

Description: Medical research by its nature has high finanaial economic risk and often has long lead times.
Research projects have very variable but oftenlyighluable outcomes for the society, from no ficiah or
economic benefits to breakthrough discoveries. Tiag decrease the exploitation time of the iorafhyefacilities for
research matters.

HITRI plus approach: HITRIplus will design a joint coordinated beam time managenanong its ion therapy
partners.

Obstacle: Patient selection ‘

Description: Despite past investments and the growing numbeeated patients every year, carbon-ion therapy is
still relatively new and not broadly known to publand even more so the related research. Currérghe are
more patients who would benefit from ion therapydamparison to the capacity of the existing cenineSurope
that can deliver this treatment.

HITRI plus approach: HITRIpluswill design tools common to all therapy facilitimsenhance the outreach on ion
therapy to potential patients, communicating on gbkection procedures, treatment outcomes andglitigalth
standards.

Obstacle: Cost implications of ion therapy treatments ‘

Description: The healthcare systems are not prepared to payofortherapy treatment because of funding
constrains and the lack of clinical evidence.

HITRI plus approach: Therapy with ions is primarily offered for tumouvghich are either radioresistant or
difficult to treat by more conventional means. Tieical evidence for treatment of these tumourdién therapy

is constantly improving and will be closely follod/én the Network, although it takes several yearprove long-
term statistically significant effects.

An effort will be made in the JRA’'s WP7-8 to redute construction and operation cost of the acatderto
reduce treatment costs and increase availabilitgrotherapy.

Obstacle: Availability of experts for training activities

Description: The training of physicians, medical professionalsplied scientists and engineers is costly and tim
consuming. Furthermore, even for already qualifiedologists, training requires a broad specialiseowledge.
Availability of experts and their coordination mhg an obstacle to be taken in consideration fomptg networking
and knowledge-transfer activities, such as thaitrgiworkshops.



HITRI plus approach: HITRIplus will be planning its yearly activities well in aace, in coordination with the
experts and their availability. It will access feetnational pools of experts of all partners, torease at the
maximum the number of potential trainers.

Obstacle: Shortage in skilled young professionals to be traegd

Description: HITRIplus aims at inspiring the next generation of leadershie field. The rapid growth of ion
therapy means that there is a shortage of skikesigmnel in this highly multidisciplinary and tedtad field.

HITRI plus approach: Although this is seen as a challenge, it is ats@@portunity. Secondments (for employed
researchers/practitioners) and internships (fodestts) will provide a first-class unique scientifipportunity to
join the day-to-day work of research teams, padtE in heavy ion therapy research experimentsn Ibast
practices and thus contribute to building a newegation of skilled young professionals. In additi@ome
beneficiaries of HITRIus have also submitted a MSCA-ITN proposal. Furtheenmseveral SEE countries are
currently beneficiaries of an IAEA regional projéetwhich about 10 early stage researchers wilkefiefrom 6
months training in heavy ion therapy. All trainiagportunities will be widely advertised.

Obstacle: Engagement of Medical Community with Heavy lon Theapy

Description: Radiotherapy treatment using heavy ions is giilits early stages compared to some of the other
cancer treatment modalities. The capabilities &edspecifics of carbon treatment are still lesswkrnipopular in
the medical community of European regions suclha$sEE and Baltic region.

HITRI plus approach: HITRIplus has included the dedicated WP3 with the aim twlwes the medical user
community; the starting point for the design regmients of the next generation facilities will banjly defined
based on oncologists’ needs as well as those earesers. In WP3 and through WP2 the medical umanwnity
will be constantly involved and invited to proviteeedback. This will also allow HITRIusto establish the training
needs that will contribute toward a sustained uptakthe medical potential of each ion therapylitgciThe
common data sets provided by WP3 are expectedrtg évidence on the potential of carbon ion therapy

Obstacle: Patient Data Sharing

Description: Sharing patient data, even if the project implemmatitthe EU data protection recommendations to be
made anonymous, is often a challenging matter.ifgignt developments have been made through framesafor
distributed sharing of data, such as with euroCATA@vances in cloud and distributed computing asldted
tools are helping with gathering and sharing ofgraitdata and collaborative research.

HITRI plus approach: HITRIplus will define a Data Management Plan to deal withth# issues related with
treatment of critical data within the project.

Obstacle: Transnational Health Care and Research

Description: Further progress in heavy ion therapy is hinderethb lack of experimental beam-time at European
ion therapy facilities. A dedicated facility fordiabiological and medical physics experiments wiiffierent types

of ions, intensities and irradiation times doeseast in Europe.

HITRI plus approach: A new facility, such as the one supported by thiERHplus community and planned to be
built by SEEIIST in the SEE region will allow a vdange of research including radiobiology, medptajsics,
pre-clinical research, and clinical trials. The tneame will also be available for technologicaleasch to improve
particle treatment and for non-medical researgbainicular space radiation protection researcheriatresearch,
and detector calibration.

Obstacle:Public acceptance

Description: As a technique, ion therapy has huge potentiad Bénefits of ion therapy are high especially for
some specific tumours, which are difficult or impitde to treat with conventional treatments. Onatieer hand,
the clinical evidence for the advantages of iomahg are in the early stages. The choice betwesstnient with
ions and treatment with state-of-the-art X-ray ootpns technologies is complex and requires coredide of
many factors.



HITRI plus approach: HITRIplus will help shaping public perception, through itsge of outreach activities. It
will permanently seek innovative ways to delives facts about the advantages of the ion therapyamiat the
“fear” that often surrounds this treatment, in & &nd coherent way avoiding confrontation withestlreatment
techniques and instead highlighting the compleméi@s. Through its website, and the social medi&Rdplus
will inform the public to help them be aware of €kig treatment possibilities.

Obstacle: Industrial interest

Description: lon therapy facilities are still designed and bhdsed on bespoke designs and technologies, opntra
to proton therapy for which industrial turnkey dalus are available. Although the industrial playar proton
therapy and in accelerators, gantries, supercomgucomponents are well known, the uptake of nesmmex,
and costly technologies by industry is not strdmmard. New market approaches, and possibly neustrial
actors, might be needed, also taking into considerathe fact that even big companies are increhsin
subcontracting R&D to smaller entities.

HITRI plus approach: HITRIplus will keep a strong focus on manufacturability andustrialization in its R&D
programme, also thanks to a dedicated “industrgdid@ work-package. The roadmap to industrializatiall also
explore the potential for novel companies, SMEs amitepreneurs, also through the interaction withireess and
entrepreneurship schools. HITRIs will strive to deliver innovations that also offeost-effectiveness, size
reduction, and standardization.

Metrics for Success:

To assess the impact of HITgRs it will be important to quantify/benchmark at teert of the project and at the
end of each year. This methodology for the metrids be adapted from the balanced scorecard approac
developed by the National Physical Laboratory as phits data standards portfolio. The metrics bgted in
Table 1below:

Table 1- Metrics for success of the impact of HITRIppsantified by the number of participants at eaci Rilplus project
year.

Metric Year 1 Year 2 Year 3 Year 4
Number of users 100 150 150 200
Engagement of new users 100 200 200 500
Number of trained early stage researchers 25 45 45 45
Number of trained senior researchers - 10 10 15
Inspiring outreach events for next generation neseas 5 5 5 10
Number of medical staff involved (doctors) - 15 15 15

Public engagement (social media, newsletters, yideo
blogs, scientific online sessions etc.) by usingliame
monitoring tools such as Google Analytics, Google
Trends, Sysomos etc.

5.000 7.000 10.000 12.000

2.2 MEASURES TO MAXIMISE IMPACT

a) Dissemination and exploitation of results

Draft plan for dissemination and exploitation object results

The dissemination and exploitation activities ofTRIplus will be coordinated in the frame of WP1 “Project
Management” and WP2 “Networking and Communicatissemination and Outreach”.

Regarding dissemination HITRIplusaims to provide timely information about the rés@itom the NA, TNA and
the JRA activities to the medical and scientifiencounity, and in particular for the JRAs to Europ@adustry. To
this end the dissemination of results will be amamng beyond the members of the HIpRE consortium, in a
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time span that will go beyond the project duratimnparticular for publications and monographs whmay be
published after the end of the project.

Regarding exploitation, HITRIplus aims to promote exploitable results, in particutarse that have potential for
application on the existing ion therapy facilitiem, for commercial applications, and make them lat#e to
interested parties within and beyond the consortiwimnle protecting the legitimate interests of ladineficiaries
that have been involved in producing these restiliss will be a process that will go well beyone ttiuration of
the project.

To reach these goals, the draft Dissemination argloation Plan of HITRplus includes the following
objectives.

Improving the communication among the ion therapy takeholders for the benefit of the cancer patients
HITRIpluswill create communication channels among the natgrs of innovation in the field of ion therapyr f
the final benefit of the cancer patients.

Improving the European innovation human capacitiesHITRIpluswill build on the proven experience acquired
by members of its consortium that were the inititof successful projects such as PARTNER (dealith
medical physics and radiobiology), ENTERVISION (adeged imaging technology for image-guided HT), el
currently ongoing project OMR (Optimization of Medical Accelerators, dealing litnedical accelerators and
associated technologies). HITRIsis a natural unifier and a follow up to these ssscinitiatives and will greatly
contribute to the European innovation capacityrbintng the much needed new human innovation piaient

Fostering EU leadership in ion therapy innovationsHITRIpluswill yield a team of leaders in the respective ion
therapy related sciences in Europe including th& $&gion, convinced of the advantages of pan-Euwmope
collaborations in innovation and R&D. The collaktaa of the renowned European experts along wighytbung
researchers will be an empowered network, strolighed to research centres, universities, partfrera industry
and clinical centres. This will strengthen the tosi of Europe including South-East Europe in thebgl ion
therapy arena. A number of innovations will reduttm HITRIplus, as described in Section 2.Exploitation
Measures

Fostering innovative solutions for enhancement ofhie existing ion therapy infrastructures and createthe
design for the future infrastructures: It is the declared aim of all partners to establ@asty term collaborations
between the consortium members, most of whichiaked to the existing infrastructures, but some éisked to
the possible future infrastructures such as thellSEHacility. HITRIplusis designed to support the development
of the future infrastructures that will employ infadive solutions and also offer innovative solusidar improving
the efficiency and treatment quality of the exigtimfrastructures. It is expected that HIPRIs will create a
valuable extension to Europe-wide initiatives ie #xisting and emerging centres, hence improviegowerall
innovation institutional potential in Europe.

Enabling two-way knowledge transfer and innovationsolutions to non-academic centresThe non-academic
HITRIplus partners will decisively contribute to the intration of all participants to the clinical and inthiel
environments. Some HITRIus Work Packages include joint medical/industry-famisefforts, which are
particularly important to train the future usersradiotherapy centres and in innovative industrbiomedical
sectors. The innovative HITRIUs solutions, could be readily implemented in thestmg facilities with the
support of the local industries for improving tmeant efficiency, thus reducing the cost of treatimemaking it
accessible to a wider European population.

Fostering entrepreneurship: HITRIplus has a dedicated WP on innovation, technology teanmdustry relation
lead by CERN for improving the possibilities forlfieg to identify innovation and generating a markalue
using the research in the JRA pillar. Some develypmsuch as superconducting magnets and gantrynaide
market breakthroughs for possible start-up comganie

%0 https://www.liverpool.ac.uk/oma-project/




Dissemination measures

The draft plan for the dissemination and expladatiof the results from HITRIus is outlined below. The
HITRIplusdissemination strategy dwells on the open scieffcets, allowing great visibility and fast accéeshe
research results and raw data of the publishedriabatdI TRIplus website and other open access platforms will be
used for sharing the published research into opersa journals. WP Coordinators will ensure that fihoject
results are disseminated internally (among the HpIUR partners) and externally (to the world) as swifily
possible, in compliance with the protection of thiellectual property rules of the involved panp@nts and ethical
rules. Open access publishing will be the normnsuee that the results are easily available to bothscientific
community and to the general public. WP2 overskegdesign of a publication policy (as well as comioation
and exploitation) that will be established durihg kick-off meeting of HITR)lus The HITRplus management
structure foresees an appropriate roadmap to apgrollications and advise on the possibility ofleiation of
results. This is especially important for the conuia partners and their future competitivenessg&tgroups for
dissemination include the research community, dmtisiakers and leaders of health policy, stakehslie the
area of cancer treatment, health operators, suttogstals and treatment centres, and secondasgrdinators,
such as journalists and educators.

Dissemination at the HITRIplus level: The project’s participants will ensure the disseation of best practice
and exchange of knowledge and experiences thrdwghl kT RIplus digital communication platform and in person
during the regular consortium meetings and joirttivoek events. The HITRus website will be created as a
deliverable in M1. It will consist of two platform&) internal platform for the HITRIus consortium members,
and (b) public platform. Preliminary research reswill be discussed among the members throughntieenal
platform.

Dissemination_at _the particle therapy community leel: This will be facilitated through the links of the
HITRIplus website and on the existing ENLIGHT site, whickoafeatures the “Highlights” journal, distributed
digitally and in printed form (twice per year), Wit broad outreach to the particle therapy reseanchgeneral
community. One of the annual Highlights will focaisd be dedicated to the HITgls project. The collaborators’
communication platforms will also be used for syehposes. ESTRO, PTCOG, Accelerating news, EPTN are
existing Societies and communication tools that ameady participated by many partners contributing
HITRIplusand they will become important vehicles to dissete scientific results of HITRIus

Dissemination of scientific raw data and at the irgrnational peer reviewed journal level:The main channels
for external dissemination in the scientific comiityirwill be the publications in international pemviewed
journals and attendance at conferences and ewenisei ion therapy field and fields related to aecsbrs,
radiobiology, radiotherapy, medical physics etce Timovative results on cutting-edge research vélpublished

in broad-field high-impact science and cancer jalgnsuch agournal of Clinical Oncologgnd also in specialised
journals, such as theternational Journal of Particle Therapy addition, each hosting institution will incledhe
published work into their own institutional sciengeblications repository on their website. The mi#d results
will be further disseminated through science soomddia such as the ResearchGate, Academia.Edu,lé500g
Scholar, and other alternative platforms.

From the first year of the research activities, Riljlus partners will be encouraged to present their tesatl
dedicated science conferences for acceleratorclpatherapy, radiobiology and cancer treatmeunthsas: (1)
ENLIGHT Annual Meeting, (2) PTCOG: Particle Thera@o-Operative Group annual meeting (3) ESTRO
(European Society for Radiation Oncology) meetitigsJEEE Nuclear Science Symposium and Medicalgimz
Conference (5) International Particle Acceleratonférence, (6) European Conference on Acceleratokpplied
Research and Technology, (7) Conferences of thedean Association of Cancer Research, (8) Euro#blob
Summit on Cancer Therapy & Radiation Oncology, &uach participation will help to establish netwaoidi
activities within the scientific community and matke HITRblus project much more visible and known.

Industrial partners outreach: Research results particularly relevant for indastexploitation will be carefully
identified by the dedicated experts via WP4 thall airange discussions and meetings with HIGIR$ and
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relevant industrial partners at which they will ggat their research activities, emphasising thesipitises for
business developments and cooperation for the adiorizenefit of the industry.

Table 2- Dissemination activities related to each WP.

WP# WP name Dissemination activities and quantity
Organization of collaboration meetings (5),
WP 1 Project Management participation to external Societies Events

(PTCOG, ESTRO...)
Networking and Communication, Dissemination andCoordination of all HITRblus dissemination

WP 2 Outreach activities

WP 3 Clinical networking Conference papers (10)

WP 4 Innovation, technology transfer, industry tiela Industrial Value Propositions (5)
WP 5 Education and Training NA

WP 6 Transnational Access Dissemination via WP2 and WP3

Scientific publication (1), participation to
conferences (>1)

Scientific publication (1), participation to
conferences (>1)

Scientific publication (1), participation to
conferences (>1)

Scientific publication (1), participation to
conferences (>1)

WP 11 Controls and Safety Conferences, papers and petisaTd (4)

Scientific publication (1), participation to
conferences (>1)

WP 7  Advanced Accelerator and Gantry Design
WP 8 Superconducting magnet design
WP 9 Advanced beam delivery

WP 10 Multiple Energy Extraction System

WP 12 Radiobiological Dosimetry and QA

Exploitation measures

Table 3outlines some of the main exploitable results etguk from HITRplus These results will have a wider
impact beyond the specific project targets andativies, and therefore particular efforts will bededaowards their
exploitation during and after the end of the proj&ince these will constitute the “flagship resubbf HITRIplus
they will be disseminated to larger scientific gouiblic audiences.

Table 3- Most relevant exploitable results expected frofiRIplus (“flagship results”).

ipti Further Sector(s) of Potential/expected
Descrlptlon el HITRI plus | How the foreground . . ( ) , .p
exploitable , . R&D (if | application or | impact (quantify where
Deliverable | may be exploited .
foreground needed) | end user(s) possible)
Optimized Expand the use of
Expertise in desig! methodology for trial Clinical use of carbon ions beyond
of ongoing heavy D3.2 exploring innovative  Not needec heavy ion exclusive treatment of
ion therapy trials use of heavy ion therapy histologically radio-
therapy resistant tumours
Institutional Common European Clinical use of Harmonization of
experience on dos D3.5 dose constraints for Not needec heavy ion treatments among
constraints OAR therapy centres
Education and Provide free education
E-learning course D5.3 training for new None lon therapy  and training for all future
heavy ion therapy research heavy ion therapy
researchers researchers



New

Compact ion therapy
accelerator to be

Reduce dimensions
(50% in radius) and cost

superconductlng D7.4 commercially Prototyping lon therapy (about 20%) of
synchrotron desigr .
exploited accelerator
:22 dtir;?srg& y’e Higher beam current
New injector Linac New improved roductionp (50%) and energy (10
desi nJ D7.1 injector for ion Prototyping ﬁuclear an’d MeV/u) at lower (30%)
g therapy facilities article cost, lower operation and
partic maintenance cost
physics
Reduction of cost and
New Design transferred tc lon therapy  dimension-commercial
superconducting D7.3 an industry for - facilities opportunities for EU
gantry design production world-wide industry in Asia and US
markets
CCT SC magnet Medical lon
design can be used | thera Low cost and energy
Maanet desian for commercial heavy | Constructio articrl)()e/' saving magnets. The
chs nchrot?on D8.2 ion accelerators and n design ph sics required electrical power
and %/C antr ' gantries and also for and full size gczelerators can be reduced to 25%
gantry high energy physics prototype . ' and energy consumption
. light source
and synchrotron ligh finas and EELs of 30%
sources accelerators 9 i
Faster commissioning
Novel treatment New improved and machine QA, higher
room control D11.2  treatment room Prototyping lon therapy  reliability of the
systems control systems accelerator, lowering
total operational costs.
Lower cost of treatment
Novel accelerator New improved room software by an
control svstem D11.3  accelerator control  Prototyping lon therapy  estimated 30%, improve
y system treatment availability by
as much as 20%.
Generation of a Standard dosimetry Preclinical
standardized to be used in Research Crucial for future
dosimetrv in D12.1 radiobiological Translatio’nal collaborative studies
Imetry research conducted between the centres
radiobiology Research

the centres

Data collection and management

HITRIplus will strictly adhere to the FAIR principles to nekiata generated or collected in this project Frela
Accessible, Interoperable, and Reusable. In WPht@a Management Plan (DMP) will be developed earlthe

project’s life-cycle, following a review of data duknowledge sources, uses, and needs, and willdacsecurity
standards for access rights and storage, and geiatelines for format, providence, and confiddittiaThe DMP

will constitute a living document and will be comstly updated throughout the duration of the projébe plan
will show how operational project data is collectptbcessed and stored; also the data managerfesnydie of

data generated and used during and after the projee types of data that will be collected andaexdowill include

(not exhaustive list), technical drawings, measwmenand characterisation data, simulation and talon data,
analysed data, user specifications, epidemiologdzth, user community details, design specificatiamd

optimisation parameters, software code, algorittand workflows, reports and documents etc. Data hall
generated, collected, processed, stored and madlalde to stakeholders, both internal and exteiméhe project,
in line with relevant standards and regulationsisTjprocedure and process for sharing informatioh ke

governed by a data sharing protocol. The DMP vgtl details on the different types of data that i produced,
what the data-acquisition process is (when, froner@hto where and how) and further processing steps
software, algorithms, workflows, access). Alsoadarmats; back-up procedures; security measurpsotect the
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integrity of the toolset and data; quality assueaand control will be described. The DMP will clgadescribe
management responsibilities for the data and thg aved time-period during which the toolset and @cbj
generated data will be preserved, maintained atehdgd after HITRdlus has finished.

Extensive use will be made of free data repossores the Zenodo general-purpose open-access toEposi
platform, used for storing and sharing data, sakveand other research artefacts in a non-commesgiatonment,
freely available to society at large. Zenodo hasnb@eveloped with co-funding from the European Cdgsion
and is operated by CERN, one of the main partnieFd TRIplus with a long experience in sharing and preserving
scientific knowledge for the benefit of all.

HITRIplus recognises that sharing research data openly ilbotgs to the impact of research, increasing its
visibility and improving its overall quality. HITRIus will incorporate an “Open Access Portal” in its ima
website, allowing access to all outputs and datspecting legal and privacy constraints on persdaia. Partners
will access and download restricted data/infornmatibhe DMP will outline which part of the data witle
accessible only to the partners and which part Wl open to others. Potentially patentable investior
protectable IP are expected from some of the JRM, \&WP4 will examine routes for IP protection befargy
dissemination. All abstracts will be evaluated ptm submission to international conferences taumnghat IP is
not compromised, and due account will be takennyf lBackground belonging to beneficiaries which rhiga
required for successful exploitation of results.

Open source software
Open source softwais not intended to be developedithin the project.

Knowledge management and protection

The principles for dissemination, access and usesufits generated through HIT#RIs will fully comply with the
Rules for Participation and Dissemination in Horizox 202Q Access to Results and Background and ownership
of Results will follow the principles set out ingtlEC Grant Agreement. The implementation of thegwiples
will be detailed in the Consortium Agreement, whiafil be signed before the start of HITls In this
Consortium Agreement the beneficiaries will idgniind agree on the Background needed for carryuighe
project and which may have to be made availabtaher beneficiaries. Access rights to Backgrountbdresults
needed for use of HITRIusresults for research purposes beyond the projgetidn by other beneficiaries will be
granted on a fair and reasonable basis, with tagrsed in the Consortium Agreement.

HITRIplus aims to implement efficient management of Intéllat Property Rights (IPR), which is essential for
successfully exploiting the research results of phgject and for protecting the interests of thstitotes and
companies that have produced these results. Arrierped staff member of the Knowledge Transfer @rofl
CERN will coordinate the WP4 “Innovation, Technojogransfer, Industry Relations” and will act asiaision
between the beneficiaries to ensure that ownershipew IP is adequately distributed and protectsiih
particular attention to those WPs where industiahpanies are involved.

The beneficiaries of HITRIus will endeavourto publish any results from the project as swiftlyas possiblein
scientific journals and/or other fora as appropgridthe Consortium Agreement will define in deth# {procedures
for publication, which will take into account theotpntial for commercial exploitation and/or the def®r
protection of IPR of the results concerned, witke donsideration of the IP practices of all paracifs.

Open Access to results
HITRIplus will make use of both Open Access standards (“Gaiatl “Green”), ensuring that readers are granted
access to its scientific output without financlafal or technical barriers:
Gold standard: The “Gold” standard will be prefdrifer peer-reviewed publications directly submitted
open-access journals.



Green standards: The “Green” standard will takefthen of self-archiving in an open repository suh
ArXiv.org and inSpireHEP.net, widely used by thegiiEnergy Physics community. For articles outsifie o
the scope of ArXiv or INSPIRE, publication will lséored and made available through the CERN Document
Server (CDS) platform, which is based on the ZENOdgital repository, developed and hosted by CERN.
ZENODO is integrated and used also by OpenAlRE ravide a common platform for Open Access to
Horizon 2020 results across various scientificdfiel

Dissemination of results to industry

This will be the task of WP4, using the usual Textbgy Transfer networks and the CERN experiendegnated
by TT offices of the other partners, in accessivegrt. HITRplusaims at involving industry early on in the process
of design, testing and prototyping of new composent

b) Communication activities

The communication plan of this project builds ugxperience and lessons learned from similar EUeptsj and

is based on the EC guideline documeRbtmunicating EU Research & Innovatidh

HITRIplus recognises the importance of communicating topihiglic at large, and implements WP2 to promote
initiatives, develop outreach material, and orgartze wide spectrum of outreach. The calendar efotlitreach
events will be published on the web site in advaatéhe beginning of each lifetime year of thejgrb

Table 4- HITRIplus target audiences and communicatiordsee

. Targeted
VRl Communication needs Methods Impact g
Group people
General ﬁ?or;(?r::![ig\r??)inigi-based \r;\l:giztzur:j?c\ﬁ Fast Diffusion of the
ublic therapy, and societal visual ,material scientific knowledge & 10000
P therapy, ’ Attract students to S&T
implications talks, events
Information on
Indust new/innovative work, Industry/Academia Encourage technology 200
ry collaboration events transfer and collaboration
opportunities
Website, I :
: Notable HITRplus Improve visibility of ion
Media newsletters, You- 100
results/events : therapy and advancements
tube short clips,
Information and Policy briefings, Jusgfy the funding to
: . . decision makers, shape
Policy recommendations in newsletters, CERN
. i future programmes, 20
makers support to science, health,Council and 9 .
. standardization and ion
and technology policy SEEIIST events -
therapy related policies
Basic knowledge in
fundamentals of ion .
Students therapy, career Masterclasses Inspiring future users 200
information
Medical State-of-the-art treatment Website, Transnational Health Care,
Personnel facility confgrences, trained personnel 50
Meetings
Brochure,
. Available treatment Newsletter, TV, Better quality of life and life
Fellate alternatives social medias, expectancy 2000
Website

%1 http://ec.europa.eu/research/social-sciences/pdffumicating-research_en.pdf




HITRIplus project participants and users will be able to comicate with a range of audiences, taking into
account their specific needs and modes of commtioicaTable 4 depicts the targeted groups, their
communication needs, and the expected impact oHiA&Iplus communication actions. HITRIus outreach
activities are destined to impact on a large phiti® population. They will take into consideratiethical issues.

Stakeholders general outreachHITRIplus Flyer will be produced at the beginning of the projéctBrochure
will be published at the end of the project to Hiigit the research projects and results. Both bélldistributed to
all stakeholders, at conferences and workshopenseiand technology fairs, internationally, andydeernment
representatives in the respective countries. ThERHilus Website will give detailed information about all
participating institutions and the latest statuslbhetwork activities. The website will serveasentral collection
point of debates, talks, courses, papers and ggstesented by members of the consortiDedicatedHITRIplus
Highlights issuewill be produced annually, distributed via emaitigrublished on the website.

Outreach to decision/policy makers:Relevant representatives from science/educatiorhaatth sectors will be
invited to the annual meetings of HITgRls. Decision/policy makers in general, and in patidcuhose coming
from NE and SEE countries will receive regular HIpRs communications/newsletters.

Outreach to_general public_through blogging and sdal media: Social media, especially in SEE, will be
continuously used for dissemination. A professiaral attractive HITRlluswebpage with an attractiego will

be designed. HITRIus NA coordinator will open specific accounts on Hamek, Twitter, LinkedIn, etc. The
News-feed will focus on scientific results.

Outreach to general public_through short video clig (YouTube) production: Short video stories and
interviews of the users will be produced and maddiply available through the HITRRlus ENLIGHT, SEEIIST
and other partnering websites; social media platsowill also be used to broadcast success stonésesearch
highlights delivered within the HITRIus project. The early stage researchers will be eragmd to produce a two
minutes video-clip using video-editing free to@sd post them through the YouTube channel, pubégbilable
on social media.

Publishing articles/columns in _newspapers and/or TVappearance The project will be promoted through
articles in daily/weekly press in the respectiveirtdes. Also, some contents about HIPRE progress will be
made available on the institutional publicationstsas the CERN Courier and the communication orgénsher
partners. ENLIGHT network’s publication - “Highlitgg? will dedicate one issue per year to the HIflRs project
outcomes and breakthroughs.

Outreach through Art: The HITRIplus outreach program will create dedicated eventsttieroccasion of the
European Researchers Night and for Public Open alatye local institutes by public talks of thedawy scientists
and young researchers from the HIPRE project, presentations, exhibitions, web-stagelirepof a theatre play
performance or/and other web supported activities.




3.1 WORK PLAN— WORK PACKAGES DELIVERABLES
Table 3.1a List of work packages.
Lead Lead
: . - Person- | Start End
S Work Package Title Participant | Participant
package No Months | Month month
No Short Name
WP 1 Project management 1 CNAO 73 1 48
Networking and
WP 2 communication, dissemination 13 SEEIST 69 1 48
and Outreach
WP 3 Clinical networking 10 MEDA 94 1 48
I tion, technol t fer
WP 4 nnova'lon, echno o-gy ransfer, 4 CERN 47 1 48
industry relation
WP 5 Education and training 14 UM 22 1 48
WP 6 Transnational access (TA) 7 GSl 68 1 48
WP 7 Advanced aggilizaator and gantry 4 CERN 144 1 42
WP 8 Superconducting magnet design 9 INFN 108 3
WP 9 Advanced beam delivery 7 GSl 75 1 44
Multiple energy extraction
WP 10 P dy extracti 8 UKHD/HIT | 42 1 36
system
WP 11 Controls and safety 6 CSL 56 1 48
Radiobiological imetry an
WP 12 adiobiological dosimetry and 15 UMR 36 1 48
QA
Total persons months 834
Table 3.1b- Work Packages description.
WP number WP1 Lead beneficiary CNAO
WP title Project Management
Participant nr. 1 4 13 7 - - -
Participant CNAO CERN SEEIIST GSlI - -
Person months 62 5 4 2 - - -
Start Month 1 End month 48

Objectives

Manage and monitor project progress, take correaotions and assure respect of contractual temohs a
project deliverables
Manage decision-making bodies and advisory boards

Organise meetings to enable collaboration and neanagt of the activities and partners

Ensure accurate and timely distribution of funds
Ensure accurate and timely reporting on activities
Ensure accurate and timely external audits




Description of Work

WP1 ensures the implementation of the project &edcontractual obligations towards the EC. Thisvigt
implies the overall technical, administrative, fic&l and legal coordination of the project. Thderand
activities of the overall coordinator concern thenitoring and management of the agreed deliverabtes
milestones in the contract and the smooth runnfrie project as a whole. The coordinator is suggubby the
Central Project Office (CPO) that will take caredsfily activities concerning the administrative didancial
aspects of the project.

The Coordinator (CNAO) is supported by a deputy rdomtor (CERN) and by three pillar-coordinatorgnf
SEEIIST, GSI, and CERN respectively. The pillar rciiaators will monitor progress inside their piliand will
report to the Technical Project Board, where oVepabgress is evaluated and the ongoing activittbs,
deliverables, the milestones, the potential rigkisg up are discussed, managed and mitigated.

In case of any serious digression from the agretidaetables/milestones which may affect the oveaailis of the
project, the Coordinator will bring the problem atige alternative solutions to the attention of tBeneral
Assembly for decision.

Task 1.1: Coordination of Contractual, Financial ard Administrative Aspects(CNAO,CERN

In this Task, the Coordinator with the supportioé CPO will oversee and coordinate the contracfurencial
and administrative aspects of HITRIS including preparation of the Consortium Agreemertie Deputy
Coordinator will provide contact with the EU adngimative team at CERN that has a wide experienceating
with the administrative aspects of H2020 projedtse Task will consist of administrative, legal dlivtancial
management including support to partners, manageofemancial records, fund distribution, coordiima of
annual cost claims and any contractual coordinafidve Coordinator will enforce agreed rules and support
the WP Leaders through the Technical Project Baardnsuring that their WPs proceed smoothly andt the
respective Tasks are implemented as approved.

Task 1.2: Scientific and Technical ManagemenfCNAO,SEEIIST, GSI, CERN)

The Task activities will include (but are not liemit to): (1) setting up the General Assembly (GAJ dme
Advisory Bodies: the External Scientific Advisory o&d (ESAB) and the Advisory Board for
Ethical/Legal/Industrial Issues (ABELII); (2) chenf the scientific relevance of all reports in tela to Grant
Agreement requirements and needs; (3) implememnéiogmmendations/inputs and return information eo@&A
and to the Advisory Bodies, (4) monitoring all tacdal work and milestones to ensure that timelyrE@brting,
deliverables and results are achieved with thedsigfuality. In this Task, the Coordinator will &gpported by
the Pillar Coordinators.

The preparation, maintenance and enforcement ofvthr&ing plan will include a monitoring system fase
across the HITRilus project to ensure that the technical developmethbvis the “3 O’s” principles (Open
Science, Open Innovation, Open to the World) andlifates open innovation across Europe, but atso i
particular for stakeholders in the SEE countrinsaddition, a Data Management Plan will be devedogerly in
the project’s life-cycle. Clear guidelines will albe prepared early in the project on open datadatal sharing
through the European Data cloud in order to prormaggnational cooperation in the research communit

Task 1.3: Coordination of Participants, Communicaton and Meeting Organisation(GSI, SEEIISTCNAO)

This task will focus on the coordination and cotesis implementation of communication tools, inctrelation
with WP2, and activities between the project pagnét will also monitor the preparation, maintecarand
regularly update of items like access to data,résproof data filing and storage conventions, gateacy and
confidentiality, etc. A common archive repositorgal-time communication tools and online workspéme
documents (i.e. organisation of agendas, minutes action lists, knowledge management etc.) will be
implemented. The task also involves the organiegémd proper documentation) of the internal projeeetings
related to the technical work, incl. the Kick-ofiegting, the end-of-project conference, the GA mesti TPB,



ESAB and ABELII meetings and the annual HIpRIs meetings. Agendas and meeting minutes will be draw
up for all meetings. An expert in science commutibcafrom GSI will lead the Task and will be supisat by
SEEIIST and by the CPO based at CNAO.

WP1 Deliverables

Title Delivery Month ‘
D1.1: All governance boards installed 1

D1.2: Plenary meetings reports 3,13, 25, 37, 48
D1.3: Data Management Plan 6

WP number WP2 Lead beneficiary SEEIIST

WP title NA1 - Networking and communication, dissermation and outreach
Participant nr. 13 1 10 4 14 - -
Participant SEEIST CNAO MEDA CERN UM - -
Person months 52 6 4 4 3 - -
Start Month 1 End month 48
Objectives

The Networking and dissemination, communication antteach Work Package will organize and implement
efficient communication inside and outside the cotism. These activities shall enhance the intesyakergies
and provide added value by allowing informationaflto/from other projects and the general publiovadl as
within HITRIplus WP2 will equally support WP1 for internal commeation and follow-up of HITRilus
results. The objectives of WP2 are the following.
To create and maintain the HITpRlis web site as a platform for internal and exterrahmunication and
dissemination and outreach, and provide linkinght other related networks such as INSPIRE, ENLIGHT
PTCOG through common events and workshops.
To coordinate and publish a periodic and a finalRiplusreport.
To inform medical and research communities aboetekistence and actions of Transnational Access and
contribute to create awareness on heavy ion therapy
To contribute to establishing an efficient clinicetwork, around the ion therapy centres actingus, for
the effective and efficient patient selection aacruitment.
To maintain and to give evidence and open accei¥®tdatabase of all the scientific publicationmtw in
particular from JRA WPs.
To promote and communicate outcome of researchitéesi both of TA and JRA, among the HITiRIsWPs
and to external community.
To promote awareness and understanding of heavihemapy needs of particle therapy in the commuaity
large, which includes industrial beneficiaries, deraics in other related fields and projects, byaoiging
outreach events such as talks, lectures, webiwarkshops, and wider outreach via the social nétsior



Description of work

Task 2.1: Coordination of Communication tools (SEEIIST, CNAO)

The purpose of this task is to oversee and coarelmlbaspects of the communication activities 6FRiplusand
ensure its consistency with the project plannectlime (HITRIplus Gantt chart). To perform this transversal
coordination, an interface among WP2, the otherWRs and WP1 will be put in place and will be objexof
annual reporting.

Website/Communication platform

In order to facilitate the efficient communicati@mong the HITRdlus partners a dynamic and interactive
website will be provided from the kick-off of thelFRIplus project and will be permanently upgraded. The
internal HITRplus platform will facilitate exchange of informatiodpcumentation, communication, yield access
and secure data exchange among all the partneesptiblic (external) section of the website will eal’ a
detailed and frequently updated information abbet HITRIplus project activities for all stakeholders and their
role in the project. It will also offer an Open Ass Portal so that the outputs, data, and standssdking from
this project will be made available to the widenmounity and act as an Innovation Gateway for theozll
community, industry and other stakeholders to Liefrefn its research activities. The electronic coumication
platform will facilitate the distribution lists fothe project participants, Pillar co-ordinators, i#aders,
Committees etc, available to all participants idesrto share information. Through the website tlogegt news
will be circulated to the external community vigeriodic newsletter (Task 2.3).

Monitoring international research activities in ion therapy

Communication/outreach activities across the Euanmend International accelerator community willpoesued.
Last scientific communications and publicationstlud best practices will be shared and disseminaitedhe
web-platform.

Communication improvements

Actions for improving communications/outreach aititdg will be identified and promoted among thetpars
creating an internal communication platform witktie project, as well as external communicationsrfate, and
the www infrastructure for the broader coordinataagjvities of the WP via tasks 2.2, and 2.3.

Task 2.2: Building the user community(CNAO, SEEIIST, MEDA, UM)

The intention of this task is to create a netwah participants) of oncologists, researchers apecislists,
present and future users who can become part &uhgpean heavy ion therapy community network aruess
to TA. To achieve this goal at the very beginnifighe project’s lifetime, a database of all expéntsadiation
therapy and potential users of the beam-time foioua disciplines of research will be brought tégetand fed
into the internal HITRblusweb-site platform.

Multidisciplinary workshops

The most efficient tool for creating a communityt@s organize multidisciplinary workshops gatherify the
different scientific communities (oncologists, raldigists, physicists, biologists, biomedical engirsg, which is
necessary for brainstorming, bearing new ideascessful development and creation of technological
improvements in ion therapy at a European levee @aneral workshop will be organized once per peasibly

in connection with already existing networks (ESTRBTCOG etc), giving the possibility for all the
Beneficiaries to meet, discuss common problemdratidtives, and present the results of their dmdlations.

Task 2.3. Dissemination and outreacSEEIIST, CNAO, CERN
This task is dedicated to disseminate the projestits outside of the consortium via the followititannels:
scientific publications of the activities performeaakeriodic technical reports, conference preseriatijournal



publications and monographs. Guidelines will beritiated to all partners early in the project ts@m® strict
implementation of the three O’s, and these will lenitored by examining all the information that is
disseminated by the project. Guidelines will in@utbnsiderations on publication vs IP protecti@chtology
innovations explained to the layperson (startimanfrthe material prepared for industry), technolaghlights
for general-public reports, etc.

Dissemination of the HITRIus results will be done at project meetings and wwoks, and via internal reports.
The results will be also shared among the stakehaising the HITRilus web-portal/platform.

The HITRIplus website will be designed to communicate a dedicai@endar of the HITRIus organized
outreach events, published for each year in advahaghermore, HITRilus Newsletter will be issued twice per
year. This publication will give non-expert levadtdils of all actions, events, new technical demedents, results
and statistics that were delivered by HIpRk The Newsletter will be available on the websitel avill be
distributed to policy makers interested partiesichl and industrial stakeholder communities dgr@onferences
and workshops.

Outreach will be enabled through the HIPRIs public website, disseminated by the powerful doogworks
such as twitter, Instagram, FB, interviews, shatiYubes, clips and popular publics talks).

Also, the HITRplus participants (especially the early stage reseasctied students) will proactively engage in
European Researchers Nights, Open days at théévapy facilities and at international centres saslCERN,
GSI and regional events at participant countryomeii levels, to communicate the HITHRIsresults and increase
the public awareness.

WP2 Deliverables

Title ‘ Delivery Month

D2.1: Dissemination to the community about the poss$ybitif the TA and access 1o
clinical and research activities

D2.2: Dissemination and outreach plans developed andaryg updated 2,12, 24,42
D2.3: Provide an annual activity report for the NA Rilénd final scientific achievements

3

including the use and dissemination of foreground 12,24, 36, 46
WP number WP3 Lead beneficiary MEDA

WP title NAZ2 - Clinical networking

Participant nr. 10 8 1 11 - - -
Participant MEDA HIT CNAO MIT - - -
Person months 19 25 33 17 - - -
Start Month 1 End month 48
Objectives

Review preclinical data to identify promising noeglproaches to exploit heavy ion therapy advantage
Design one trial as a template for bringing innoxaheavy ion therapy approaches in the clinics
Establish shared protocols for clinical TA and favthe recruitment of patients at the existing tloerapy
facilities (WP6)

Set up a European registry to collect data oncaneers treated with heavy ion therapy

Review existing data on OARs dose constraints énimishe clinical facilities

Perform pooled data analysis to validate conssaintcritical OARs



Description of Work

Task 3.1: Trial desigr for innovative use of heavy ion therapy (MEDA, HIT,CNAO, MIT)

Mature clinical data of heavy ion therapy safetd afficacy are available. This task will focus at@wtument the
list of pathologies that are treated at the exjstiarbon ion facilities participating in HITRUs and will collect
from each centre the inclusion criteria for patengcruitments in order to favour the efficientngaational
access of patients (WP6) to the existing ion thefapility. All these data were obtained using he#n therapy
(alone or as a boost) for tumours that were peeceds radio-resistant and trying to deliver a unifdRBE-
weighted dose. Preclinical data suggest that theght be a potential in using heavy ion therapyhvdifferent
approaches. A non-comprehensive list of promisienyy moncepts includes: optimizing LET distributioeskles
RBE-weighted dose, using heavy ion therapy to aehie-oxygenation and/or to deal with residual hyaon a
negatively selected subset of high incidence deseast normally considered for heavy ion therapplating
heavy ion therapy immunogenicity with non-convensibtemporal and spatial fractionation (with or haitit
immune-modulating drugs). Within this task, potahinnovative approaches will be reviewed and thestm
promising for clinical use will be selected. Onegpective study of innovative heavy ion therapy wiebe
designed and it will serve as template for futdvelies.

Task 3.2: European registry of heavy ion therapy pagents (CNAO, MEDA, HIT, MIT)

Heavy ion therapy is a mature and established nierat modality; nevertheless, several aspects @lirgiu
indications and real advantages in comparison aligfrnative options) remain controversial. Prospecrials
are ongoing, however considering the rarity of sarh¢he disease treated and the scarcity of clirdeatres
several patients (especially those referred froherotountries) are not treated within trials. Edefavy ion
therapy patient should also be a learning oppdstuA European heavy ion therapy patients’ registgquld
provide real world data that could supplement atasgrials to build a more solid evidence. Witlilris task
commons semantics will be developed focusing onigsyes relevant for heavy ion therapy such aatrrent
reporting according to ICRU-93, sub-stratificatiohlocally advanced stage tumours (e.g. TNM skakd T4b
tumours should be distinguished according to btemsinvolvement/compression), toxicity and quabfylife
reporting. A web based tool will be developed, faging on the already existing cooperation between
participants and the European Reference NetworRame Adult Solid Cancers (EURACAN). Follow up data
will be collected also through telemedicine apphgac cooperation with the ESMART consortium.

Task 3.3: European agreement for OARs dose constras with heavy ion therapy (HIT, MEDA, CNAO,
MIT)

Dose constraints for OARs are critical for the oute, both in terms of toxicity and of local contrBuropean
institutions use different sets of dose constranased on specific experiences. Comparison betEeeopean
and Japanese institutions is made more complexhdywse of different fractionations schedules arffibreint
RBE models. Within this task, institutional interd@se constraints will be reviewed. A list of @@l OARs will
be created (tentative list includes optic pathwdyyajnstem, spinal cord and brain parenchyma) are @AR
will be selected for a pooled analysis. Patienisvent for this analysis are those for which: laagn follow up,
treatment plan, and consent to use data in anomeghfiiem are available. Treatment plans (and follppimages
if needed) will be uploaded in the database creatighin EC-FP7 project ULICE and managed by HIT. A
pooled analysis of observed toxicity will be per@d and a recommendation for OAR dose constraithdevi
given. Toxicity will be analysed not only focusing dosimetric data, but also considering patielattee factors
(for example comorbidities, smoking, previous swygetc.) as potential modifiers of the dose-resgorurve.

WP3 Deliverables

Title Delivery Month

D3.1: Review of promising innovative heavy ion therappm@aches to be brought to the
clinics
D3.2: Trial protocol for innovative heavy ion therapyncept 36

24
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D3.2: Web based heavy ion therapy patient registry 36

D3.4: Dose constraints of OARs in use at European haawtherapy facilities 18
D3.E: Recommendations for dose constraints on one C#gedyon pooled data analysis 48
WP number WP4 Lead beneficiary CERN
WP title NA3 - Innovation, technology transfer, industry relation
Participant nr. 4 9 7 - - - -
Participant CERN INFN GSlI - - - -
Person months 39 4 4 - - - -
Start Month 1 End month 48
Objectives

The overarching objective of WP4 is to devise amgblement a roadmap for the industrialisation of the
innovative ion therapy technologies developed leyHIiTRIplus project. Indeed, a limiting factor for the broader
availability of ion therapy as a treatment modalitythe lack of commercial turnkey solutions, whileoton
therapy is a solid market reality.
In order to ensure a successful uptake by the Earomdustry of the HITRIus developments in accelerators,
gantries, superconducting magnets, beam delivatycantrol systems, WP4 aims at:
identifying the most promising technical developsen
devising and implementing the most adequate teolggadlransfer routes, giving due considerations to
Intellectual Property matters; such routes willeext beyond traditional approaches (e.g. patents) to
open-access licensing schemes (e.g. CERN Open HdegdWicence) and co-development with
industries;
proactively promoting the selected technology iratmns in order to gather industrial interest and
feedback;
establishing proactive relationships with the ralgv industrial actors in order to successfully
industrialise the HITRilustechnologies.
All WP4 partners have dedicated Technology Transfiezes with the necessary experience to suppertitork
plan and to achieve these objectives. Tight linkh ihe HITRplus JRA work-packages (WP7-WP12) will
ensure an effective internal communication aboetéchnologies being developed.
Description of Work
Task 4.1: Technology overviewiassessmel (CERN, GSI, INFN)
The activities of this task include:
building a complete picture of the innovations lgedeveloped in HITRllus,
advising on IP matters, including patenting oppuaittes;
evaluating the feasibility and optimal routes fechinology transfer;
identifying the key industry players in the corresging markets for the various technologies;
providing a list of follow-up actions and recommatidns both for the consortium as a whole and for
Tasks 4.2 and 4.3 for a successful valorisaticth®HITRIplustechnologies.
The results of these activities will be documeritedn internal report that will be periodically wgidd.
A dedicated HITRplus Technology Overview committee will be organizedhivi the WP4 and will allow to
perform the work swiftly and efficiently, and toreamline the internal communication about new tetdgy
disclosures. This committee will be composed ofW4 participants and the leaders of WP7-WP 12 {tdek-
packages where the technologies are developed]l iheet twice a year and exchange regularly.

Task 4.2: Technology promotion(GSI, CERN, INFN)
This task focuses on:
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developing “Value propositions” promotional textdamisual material highlighting the benefits of the

technologies developed and the competitive advantagy have over what is already existing on the

market.

proactively reaching out to the relevant industsiakeholders identified in Task 4.1.
The marketing and promotion activities within thask will leverage on the instruments (newslettershsites,
events) provided by, inter alia, the TT Officestloé project partners and several networks in wkinehWP4
partners are already active. These will includee @ERN Knowledge Transfer (KT) Forum, which brings
together CERN’s KT group, including the KT Officemnd KT representatives from CERN Member and
Associate Member States; the Enterprise Europe ti&t(EEN), an EC network helping small businesges t
make the most of the European marketplace; HEPTaectetwork operated by TT and KT professionals from
large scale High-Energy-Physics projects and rehefacilities in Europe aimed at enhancing techgyland
knowledge transfer from fundamental research insjgsyto society; the TTO (Technology Transfer Gfic
Circle, which is an initiative of the Joint ResdarCentre of the European Commission aiming at octimge
Technology Transfer Offices of large European pul#search organizations.
The HITRIplus technologies will also be promoted at selectedudtny events at relevant conferences (e.g.
PTCOG, ESTRO).

Task 4.3: Technology matchindINEN, CERN, GSI)

The activities in this task include:
follow-up of the industrial contacts establishextigh the activities of Task 4.2;
organisation of an event in year 2 of the projesiso in collaboration with design schoaols,
entrepreneurship schools and business admin sc¢hails the aim of providing input for optimal
continuation of the R&D activities in order to aptse the potential for knowledge transfer;
organisation of an ad-hoc “HITRIus meets industry” event in year 3, to foster thepdidm of the
HITRIplusinnovations by traditional companies and entrepues

WPA4 Deliverables

Title ‘ Delivery Month ‘
D4.1: Internal report on the HITRIustechnologies and dissemination plan 14, 28
D4.2: Value propositions promotional text 18, 28
D4.2: Organisation of a technology matching event 36
WP number WP5 Lead beneficiary UM
WP title NA4 - Education and training
Participant nr. 14 13 1 7 4 - -
SEEIIST All - -
Participant umM (UKIM, CNAO GSl HITRIplus
CMSM) partners
Person months 6 8 1 7 - - -
Start Month 1 End month 48
Objectives

Educate and provide hands-on experience to a neeragon of researchers so that they acquire apptep
skills allowing them to optimally access and expleven virtually) all the essential tools of Eueap heavy
ion therapy research infrastructures.

Provide researchers from academia and industry mtil@idisciplinary background, including researcheot
necessarily directly involved in heavy ion therapyith updated and appropriate knowledge on heawy io
therapy research and the activities and potentidhe four major European heavy ion therapy aneéaesh
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infrastructures.

Organise specialised courses and masterclassesavy fon therapy research delivered by leadingnsisis

and engineers which will broaden the view and iasecthe understanding in the field.

Organise secondments and internships for partitsgangain first-hand experience in research aEtn@pean

heavy ion therapy research infrastructures, sottiegt can become facility users and learn bestipesc
Description of Work
Task 5.1: Specialiset course: on heavy ion therapy researct and infrastructure (SEEIIST (UKIM, CMSM),
UM, CNAO)
This Task will provide two specialised one-weekirtigg courses on heavy ion therapy research aratectl
infrastructure. These will be targeted towardsa generation of researchers that may become péineddtarting
heavy ion therapy research community. These inchatgraduate university students, postdocs arehrelsers
from academia and industry as well as oncology tjii@eers who are either from a wider multidisciyry
community or who are not directly involved in heaion therapy research. Amongst others, the counsks
include topics on: heavy ion therapy concepts,icdinpractice of heavy ion therapy, acceleratohtetogy and
beam physics for heavy ion therapy; acceleratedyhems in radiobiology and medical physics; theheion
therapy data platform; safety aspects of heavyth@mapy; compliance to European regulations anddstrals;
certification strategies of medical acceleratord m@dical physics commissioning.
To avoid duplication of efforts, the courses’ cartteill complement already existing courses in tiedds after
conducting a gap analysis. They will be purpose&sgighed to: i) provide a solid foundation of heauy therapy;
i) help appreciate the leading-edge and multigigzary research potential of the field made aw@@ao the wider
user community; iii) highlight the new, more advadcharmonised and complementary services thd&uhgpean
heavy ion research infrastructures provide; ivijoinf about the wider, simplified and more efficieadcess
procedures and interfaces to the European heavyherapy research infrastructures with particulacut on
virtual access to conduct research irrespectivéocdtion; v) include innovative industrial applicats hence
contributing to enhancing the innovation capacityttee field that may ultimately lead to the creatiof new
market opportunities and the strengthening of cditipeness and growth of companies, and; vi) inelud
discussions on new heavy ion therapy machine desfgat optimise power consumption to increase &isrand
environmental sustainability (including lower impaa climate change).
The courses will be delivered by leading Europeanngists and engineers from the main Europeanyhaav
therapy research infrastructures as well as otretihg European research institutes and univessitieey will
also be delivered by specialists from associatedothrer third countries particularly when these woffe
complementary or more advanced services than tinaitable in Europe. The latter will also help fosthe use
and deployment of global standards.
The courses will be held back to back with HIpRk annual general project meetings or ENLIGHT meetitoy
maximise resources and impact. A minimum of 20ip@ents for each school will be selected throughexit-
based equal opportunity (including gender equaldyyopean-wide call, so that the best candidatésnally
develop and put to good use their skills and pa@kfur the benefit of society. A joint SEEIIST (UK, CMSM),
UM, CNAO Programme Committee will define the cogrgmntent whilst SEEIIST (UKIM, CMSM) will take
lead responsibility for the organisation and marietof the courses. All HITRlus partners will provide
suggestions for courses content and will suggepr@ride appropriate leading scientists and engseedeliver
the lectures.

Task 5.2: Masterclasses on heavy ion therapy resedr and infrastructures (GSI, UM)

This Task will complement the specialised coursesviging hands-on training in the form of 4 singlay
masterclasses sessions on heavy ion therapy rhsead related infrastructures. Each one will befgpered
simultaneously in 3 European institutes with abbdtto 15 postgraduate university, postdocs and/ esdge
researchers (i.e. total of between 120 to 180 sts@Early stage researchers). They will includéules by leading
scientists, mostly from the European heavy iondpgresearch infrastructures and institutes, orcsagpanning



from the physics of heavy ions and interactiondwiatter, to their use in medicine, highlightinglgations for
health, industry, space research and their coniitbio an innovation society. This will be follodidy hands-on
exercises where the attendees perform a task delatbeavy ion therapy research, as done in heavyherapy
infrastructures, based on an open source reseaotitittfor heavy ion treatment planning. The dayl wonclude
with video conferencing between the 3 participatingtitutes of the day, moderated by one of theopean
therapy centres to discuss results and open qoestiith the experts of the field. Furthermore, &roR train-the-
trainer masterclasses will be specifically dediddie train early researchers on how to setup amtbroe the
masterclasses, motivating them to deepen their letme on the field and on the specific tools araVioling them
with the expertise to continue organising thesetenalasses sustainably It will also provide thenthwihe
opportunity to enhance their ability to network asallaborate with each other and with experts fitbn major
European heavy ion therapy research infrastructoresntinue organising these masterclasses sabtginThese
training sessions will be associated to the speemhicourses of task 5.1. Thus another 40 yourearesers will
be trained Europe-wide and will be ready to alemgmit their acquired knowledge on accessing thvegean
therapy centres. The 6 planned masterclasses isesgilb be targeted primarily towards students aady stage
researchers who show strong promise and interdstaoming part of the starting heavy ion reseamhrunity
and who may then optimally exploit and access tbeofean heavy ion therapy research infrastructuris.
participating students and early stage researcivdlsbe selected through a merit-based equal opatst
(including gender equality) open call to the whBlgropean community and to the Balkan states irctiméext of
the new heavy ion therapy research SEEIIST iniiatiVhile the selection of participating institutesl be on a
first come first served basis, several institutesddition to the HITRdlus partners, have already declared interest,
among them, in Germany (DKFZ Heidelberg, LMU Mupickereece (AUTh), Poland (WUT), BiH (UNSA),
Lithuania (Vilnius and Kaunas universities). Thialtifaceted approach has the potential to train riesv
generation of scientists not only as best equippedarchers and tutors of the next generationlbotta become
the “messengers” to society and policy makers,riglelemonstrating the benefits of integrated migtglinary
communities and heavy ion therapy research. G$také the lead in organising the masterclassdsintut from
UM.

Task 5.3: Provide e-learning course material on heg ion therapy (UM, SEEIIST (UKIM, CMSM), GSI)

This Task will convert the specialised courses KTad) and masterclasses (Task 5.2) on heavy ieraply
research and infrastructure into e-learning couas®&d at a new generation of researchers thatb@ayme part
of the starting heavy ion therapy research commumtiis will guarantee the sustainability of theskication and
training activities. The main elements of the tadkbe to: study existing e-learning initiativas ielevant sciences
and engineering disciplines and draw lessons tdegilie design of the proposed course; study eHeatools and
choose the most appropriate tool for the implentemtaf the courses; record the material of thersesi and run
the courses in test mode; define the resourcesedetdlaunch, maintain and run the courses on taisable
basis. To improve comprehension, illustration byltimedia content will be utilized. UM will take lela
responsibility to draw up the e-learning courseéhwriiput from SEEIIST (UKIM, CMSM) and GSI.

Task 5.4: Secondments and internships to heavy igherapy research infrastructures (UM, CNAO)

HITRIplus will provide opportunities for postgraduate univsrsstudents, postdocs, researchers from academia
and industry, oncologists, and researchers whoclaise to but who are not necessarily involved iavyeion
therapy, to spend a few weeks at one of the Europeavy ion therapy research infrastructures amdehgain
hands-on experience. These secondments (for entpi@gearchers/practitioners) and internships (fiodets)

will provide a first-class unique scientific oppamity to join the day-to-day work of research teamd participate

in heavy ion therapy experiments and learn besttipes. In addition, these secondments and intgysishill
enable participants to eventually become facilggrs by helping them gain first-hand transdiscalrknowledge

on how these facilities can be used for their ne$eaA combined total of 45 weeks of secondmentd an
internships will be offered. The participants ok selected through a merit-based equal opport@mtuding



gender equality) open call to the whole Europeammanity. UM will
secondments and internships with assistance frol@@N
WP5 Deliverables

take responsibility of organisinthe

Title

Delivery Month

D5.1: Delivery of specialised training courses 12, 24

D5.2: Delivery of masterclasses and train-the-trainesteralasses 12, 24, 36, 47

D5.3 Provision of e-learning courses 18, 30

D5.4: Organisation of secondments and internships: caleofdevents 6, 24
WP number WP6 Lead beneficiary GSI

WP title Transnational Access (TA)

Participant nr. 1 7 8 10 11 - -

UKHD/HI - -

Participant CNAO GSI T MEDA MIT

Person months 4 51 4 5 4 - -

Start Month 1 End month 48

Objectives:

WP6 is dedicated to providing TA to research roamideavy lon centres in Europe. Main objectives are

Manage the provision of access to beam time allmtaicross TA providers

Review the TA proposals

Perform TA for selected project

Facilitate the modality of access for the users

Describe possible research activities in TA

Involving TA users from the SEE research community

Select and support the experiments for TA

Support new users with little background in Heawy Therapy to undertake experiment
Description of work
Task 6.1 and 6.2 Provision of Acces;, Review of Proposals, Modality of Acces: (GSI, CNAO, UKHD/HIT,
MEDA, MIT)
Each TA provider will have a TA contact researabiefacility who will be responsible for the TA prision on
site. The TA researcher will report to HITgRIs TA WP leader (Prof. Dr. Marco Durante). The pracekgetting
access to TA for the users starts by filling outoafine form (at the HITRilus website). A specific HITRllus
TA Helpdesk will be set up within this task to @sisers: in case users are not clear of theiineqants for the
application or which TA provider will best suit thaeeds. On the online form they will be askedtovide
relevant information and will be instructed exglicion how to most efficiently fill the form inclinlg the
following detalils:
a) a short description of the project, includingsearch hypothesis and why they need access RIpiUS
b) which TA (s) they require access to, this wilcainclude details of the required experimentabpeeters, e.g.
beam energy(s), beam current, dose rate, fluenes(d)station and target requirements etc.;
c) expected outputs;
d) next steps, for example possibility for granplagations or commercial exploitation, if the wasksuccessful,
potential impact of the project; short lay summary.
When a TA proposal is submitted the TA WP lead wfileck with the TA provider contact researchehéyt
have the capacity and infrastructure to perform éRperiments described in the application. The susee
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advised to select at least two TA in their applamatorm. In a worst case scenario when the filstprovider
cannot provide this assurance, the TA lead willtaonthe next TA provider listed from the user. sTkiill
prevent delays on the TA requests. When a TA peosviths guaranteed the assurance to the TA WP tlead,
application will be reviewed by the User Selectianel (USP). The USP will be made of internatiangderts
nominated by the WP Coordinator, in consultatiothwie Project Coordinator and the General Assentiig
USP members will be international experts, at lbadft of them independent from the HITRIs beneficiaries.
The Work Package Coordinator will chair the USPe TUSP will assess the proposal for TA in termseohnical
and scientific excellence, and future potential amgact. The USP will use the TA HITRUs website to
conduct their reviews and score the proposals. Wdignificantly different scores are presented frtm
members of the council, USP will organise a mee(imgferably teleconference) and will discuss tackea
consensus.

Although some of the TA providers (CNAO, HIT, MEDAMIT) can deliver protons as well as heavy iong, th
USP will accept only proposals concerning experiaggon with ions (from helium to heavier specieh).
exceptional cases, for example for calibration pegs, a proton experiment can be considered atidsitase
the USP will contact the management of the INSPIREroject, to verify that the experimentation istralready
covered in their programme and to have the enda@seof INSPIRE for the specific proton experimdntany
case, the clinical TA will concern only ions.

The application feedback will be given within 4 \eeafter the submission. Once a proposal is acdépiethen
transferred to the requested TA provider who w#l im touch with the user to arrange a time period f
experiments. In the case of declined proposalssusn re-apply for TA by using the feedback torowe their
proposals. The local TA researcher at the TA prawvid then responsible for its management (allngaltieam
time etc.), communication with the user and commatig progress with the TA WP leader. In the ualisu
situation of a major breakdown of the equipmenthat TA provider site, the local TA provider will otact the
TA WP leader to find another provider where the exkpents can be undertaken. Users during their TA
experiments will need to be aware of the normalaipgy rules of each TA provider. Many of the reseaooms
exist within clinical facilities and so users wileed to be instructed about local operation anetygafiles and
protocols. It is expected that normally outputsuti@sg from TA will have authors who are users authors who
are TA providers.

Feedback from users will go to the TA Manager whib @éscuss with the TA provider upon receipt. Thé
provider will be expected to provide a responseang negative comments within 10 working days. The T
manager will report on TA management meetings.h&sé meetings TA will be monitored and discusdesl, t
meeting will also look at the breakdown of TA bymiger states; industry, academia and clinical usasgr, by
gender; users in terms of experience (to ensureusevs are coming forward).

The main means of communication will be emails, Riiflus website, teleconferences and meetings. In addition
the contact person from the TA providers will tadaat in the regular management meetings, whichroeeery
six months. These management meetings will comdiseussion of NA, TA and JRA activities. The ficst
these will be at the kick-off meeting. At the mehh meeting and two subsequent annual meetings, the
management meeting could be combined with a worksifopresentations from HITRIus TA users. These
meetings will also be attended by the HIPRE External Scientific Advisory Board (ESAB) somewhom will
also be part of the USP. The TPB will provide éical evaluation, feedback and suggestions ontteagths and
weaknesses of HITRIus TA. The ESAB will also assess the feedback frosers and discuss ways in which
TA provision can be improved. The ESAB will look ladw research from JRA is being made availableAo T
and when the new providers of TA will come onlifibe ESAB will also look at the proposals being ated by
the USP and the turnaround times from submissi@tt¢eptance and then how long it takes to start TA.

The TA WP leader will prepare reports for each Bhated management meeting. Special attention wilbdd
to the performance of TA activities with respecttie aims, milestones and deliverables set oltérHiTRIplus
proposal. In addition, the following will be assedsn the TA management reports:

Numbers of proposals submitted, reviewed and aggrov



Reasons why proposals were declined and whatiisab@ution and current status.
Hours provided by each TA provider and how it cepands to the TA outlined in the proposal.

Attraction of new users across Europe including ones with little background in heavy ion therapy
research such as users from the SEE region.

Feedback from users.

Industry / clinical impact: TA participation witmdustry / hospitals.

Outcomes (publications / grants / patents etcyltiag from HITRIplus (in later stages of HITRIus).
Outcomes involving sharing software or data gererttrough HITRblus (in later stages of HITRIus).
Transfer of JRA activities into TA portfolio (inter stages of HITRilus).

Description of capabilities and modality of access

The “Research Access” focus is the provision of ifiAthe research rooms of clinical heavy ion centres
Europe. The TA is offered in unit cost where thé ism1 hour access tim@able 5defines the unit of access
offered by each TA provider and the method usedcfusting. For all TA providers infrastructure thest
includes normal preparatory work and set up, amcifip training needed, any subsequent work needdte
TA provider to analyse samples or results and pamation of samples back to the user and actys¢régxental
beam time on target. It also includes the necesQ#xyIn the case of significant preparation, postidiation
analysis extra units may be charged to accommadtiateost of the work involved, or if significantsts are
incurred in setting up the experiments.

The “Clinical” Access will be described in detail Task 6.3. In this case, access units are “patientoe treated
in the frame of clinical trials, and the “users&éhe physicians responsible for the patient. Detson of the
units are methods for costing are again given iold 8. Below are listed the TA facility providertivia detailed
summary description and

Table6 provides a list of the services and devices ohdak provider.

Provision of access to the following infrastructurés):

Description of the infrastructure (Partner 1) CNAO, Italy

Name of the infrastructure (and its installatiahapplicable):

Centro Nazionale di Adroterapia Oncologica, CNAO

Location (town, country) of the infrastructure: RaJtaly

Web site address: https://fondazionecnao.it/

Description of the infrastructure:

CNAO is one of the four centres in Europe, andvgixldwide, offering treatment of tumours with bgifotons
and carbon ions. Besides three treatment roomsfaithbeam ports (three horizontal and one velti@fourth
room dedicated to experimental activities is avddlaat CNAO.

The CNAO synchrotron has been designed for partideapy and provides energies up to 400 MeV/céobon
ions (corresponding to a Bragg peak depth of u§7tom in water) and up to 227 MeV for protons (esponding
to a Bragg peak depth of up to 32 cm in water). Magimum proton energy available is 250 MeV. Thaimum
extraction energies are about 63 MeV and 115 Mefduprotons and carbon respectively, corresponding
particle range of 30 mm.

In all the rooms, the beam is distributed with $aene modulated scanning system, providing irrahdield up
to 200 x 200 mm?2.

A new facility equipped with a proton synchrotrondaa proton gantry is presently under constructionthe
CNAO site and will be operational in 2023 addinfparth treatment room.

Furthermore, within the same period, the constoactind installation of a third source will be costpt and
additional ions besides protons and carbon ionseimade available for research in the experinheatam.
CNAO offers therefore a rare or even unique polisibdf clinical and pre-clinical research and aefrdly




environment where research can be conducted in Bdisciplinary environment with a broad range of
competences.

Services currently offered by the infrastructure:
Research experiments are generally carried ouf
CNAO in the experimental room but in case of ne |
(e.g. in case a vertical beam is needed) treatm
rooms can be considered as well for special aietsuit '
In the experimental room the beamline can
arranged in different configurations according e e
needs in term of space downstream the targetf@@.g = g4

time of flight measurements) or in terms of fieldes Figure 11_A experimental eam line.
dimensions.

A
~

CNAO offers the opportunity to external researchiersse its proton and heavie7/' T
ion beams to perform basic and pre-clinical studied to take advantage of th

cell culture lab for sample preparation and praogss w

In the experimental room a variable height tablavigilable to host the targets ar. /
a water phantom for, e.qg., in vitro irradiatioralso available to users. N e

A set of water equivalent slabs to vary the pastreinge locally is also available il h\’ L3 o ;‘:
case of need. A7, S
Standard Farmer and Markus chambers can be madabéedor calibration and =~ = Ay —
dosimetry on request with unidos and multidos etecéters. T ff B

CNAO uses EBT3 radiochromic films for internal used is equipped with them e
hardware needed to read and measure them (filnmegan

In the experimental room trigger signals are awééldor synchronization with the
accelerator when needed. Furthermore, point totpminnections are available
between the experimental room and the control room. Figure 12— Patient positionin
Details and adaptations shall be discussed casadgystarting from simple thingand position verification sysie

. . . . .. in CNAO treatment room.

like mechanical adapters and reaching even the loledirery modalities that can

be customized to the user needs (or at leastpbssible to discuss about it) by modification of ih-house
control software.

Access to biological laboratory equipped with laaminflows, chemical hoods, incubators, ultrafreezers
centrifuges, cell counter, etc. is available. I thext 2 years the research area will be expandddtte
Radiobiology laboratories foresee new premisesafdotal area of ' '
about 250 square meters. This will include roomslicided to
microscopy, cell handling, cytology/histology andhadl animals
preparation available for TA.

Thanks to a strong collaboration with the Universif Pavia, in
CNAO is also possible to carry out in vivo irradbais with small
rodents taking advantage of the nearby animal héacéty, after
technical evaluation and approval by the localethtommittee.

The use of the animal facility is not standard avill have to be
considered as an additional cost.

Figure 13 — Example of in vitro
irradiation set ugat CNAO

Provision of access to the following infrastructurés):

Description of the infrastructure (Partner 7) GSI, Germany

Name of the infrastructure (and its installatiahapplicable):

GSI Helmholtzzentrum fur Schwerionenforschung

Location (town, country) of the infrastructure: Destadt, Germany
Web site address: https://www.gsi.de/en/work/red@hiophysics.htm
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Description of the infrastructure:
GSI Helmholtzzentrum fir Schwerionenforschung inrbstadt is a worldwide unique
accelerator facility for research purposes. Amopgraximately 1400 employees ¢
GSI, more than 80 belong to the Biophysics departmevhich is a unique
interdisciplinary collaboration of biologists, pligists, chemists, and technician
leading in a broad range of aspects of heavy iophyisics and ion beam therapy, fro
modelling the effects of ion beam radiation totfidevelopment of treatment planninfss
for particles. GSI is the European ground-basedsklected by the European Spa £
Agency (ESA) to perform research in biological efeof space radiation.
Services currently offered by the infrastructure:

Two accelerator facilities (heavy ion synchrotronS Sand linear
accelerator UNILAC), providing ions from protons @oanium within a
wide energy range, can be utilized for biomedieakarch.
SIS Caves A/M: high-energy irradiation facility tita horizontal
beam, equipped with a spot scanning system, reowsteelled linear |
stages, Laser positioning system and optical tefesdor sample &
adjustment, and remote-controlled TV surveillanggtem. Additional
remote robotic system can be used to irradiatei@mbdical samples Figure 14— Example of in vitro
inside multiple 25 citissue culture flasks (see the photos). irradiation set up at GSI.
UNILAC: low-energy facility (energies up to 11.4 M&), where cell
monolayers samples can be irradiated in the BIBMol{gische Bestrahlungs-Anlage) facility. Standard
irradiations are performed in 35mm @ Petri disfidgee samples are positioned in the beam by meaas of
automatic vacuum grabber system and placed baek iafadiation in the magazine filled with cell ture
medium; the maximum capacity of a magazine is Aipées.
X-ray tube (Isovolt DS1, Seifert, Ahrensberg, Gemgja
Fully equipped biological laboratories: cell labory (see the photo), tumour laboratory, DNA-laliorg,
biochemistry laboratory, microscopy laboratory ajRICR room are located in the close proximity to the
irradiation facilities. GSI Animal Facility will bavailable for TA. All the necessary equipment uaidhg
laminar flows, chemical hoods, incubators, cengéfs; cell counters (Bio-Rad, Beckman Coulter), etc.
provided.

Figure 15 —Cell laboratory at GSI.



QA equipment available for research:

Water columns (developed at GSI, higher energigficagion possible);

Calibration tools (Farmer chamber);

GSI analogue of IBA DigiPhant using a PTW OctaviG90 XDR IC array detector
QA procedures in place are the beam calibratioh Warmer chamber, dosimetry with parallel platazation
chambers, beam profile and positioning monitorini \scintillation screen.

Provision of access to the following infrastructurés):
Description of the infrastructure (Partner 8) HIT, Germany
Name of the infrastructure (and its installatioifs,
applicable):

Heidelberger lonenstrahl-Therapiezentrum, HIT
Location (town, country) of the infrastructure:
Heidelberg, Germany

Web site: http://www.hit-centrum.de

Description of the infrastructure:

HIT is one of the four centres in Europe, and six
worldwide, offering treatment of tumours with both
protons and carbon ions, the treatment with helium
ions is planned to start late in 2020. Besides two
treatment rooms with horizontally-fixed beamlines
HIT runs the world-wide first ion gantry. HIT offer
an irradiation facility for pre-clinical researctnat
delivers four ion species: protons, helium, carbod

oxygen ions. Figure 16- HIT layout: experimental room and labs.
HIT's accelerator system provides energies up © 43

MeV/u for helium, carbon and oxygen ions and upt8®

MeV for protons. For all ions energy libraries astablished

that allow for millimetre range steps within theethpeutic

window (Bragg peak depth between 2 and 32 cm iremuat

For protons and helium ions higher ranges/enercges be

offered for research purposes. At HIT dose deliveryased

on the intensity-controlled raster-scanning methdthe

maximum field size is 200 x 200 im

Within the centre labs for medical physics and expent

preparation are located directly at the researeb.dzaabs for

radiobiology are hosted in the attached building fo

conventional radiation therapy. Figure 17 - Nozzle and sample positioning system at
The HIT facility is operated for more than 8000 roper the HIT facility.

year and about 1000 hours are used for researcdup&itocated in Heidelberg as well as externalarebers are
running experiments (accelerator physics, beam velgli methods, medical physics, physical beam
characterization, in-vitro and in-vivo radiobiolggynaterials research) using this infrastructure tiyom
cooperation with the local team.

Services currently offered by the infrastructure:

HIT's irradiation facility offers the equipment torecisely position targets, detectors. Small samglkn be
remotely positioned in order to increase the eiffeciess of experimental workflow. Large set-ups liglescopes
of several meters can be used. The scanning nok#he research cave is identical to those beimgcelly used.
The dose rate is adjustable and ranges frofrufp0to 18 particles per second. The experiment support &t HI




helps to plan, test and run the experiment. A wardé planning tools ranging from Monte-Carlo codesfull-
blown clinical treatment planning platforms areitalde to calculate plans for the irradiations.

Provision of access to the following infrastructurés):

Description of the infrastructure (Partner 10) MEDA, Austria

Name of the infrastructure (and its installatiahapplicable): EBG MedAustron GmbH

Location (town, country) of the infrastructukiener Neustadt, Austria

Web site address: www.medaustron.at

Description of the infrastructure:

The centre is a limited liability company foundedApril 2007 and is in the ownership of the statd ower
Austria, Austria. Around 190 employees from aboQt different countries are currently working on site
Wiener Neustadt, which is located south of Vienfibese include physicians, physicists, engineerslicak
physicists, radiology technologists, and administeastaff. The core mission of the facility is tbperation of an
outpatient clinic for ion-beam therapy. In additioMedAustron acts as the manufacturer of the meédica
accelerator providing the particle beams. The whiedgapy system including the accelerator itsel wertified
as a Medical Product according to the EU direc@i8#2/EEC. In total, four irradiation rooms are italze, i.e.
three rooms with different functionalities are uged clinical applications and one room is soleBddtated to
non-clinical research. A crucial factor for theatrment is the exact positioning of the patient. thig reason, the
irradiation rooms are equipped with a worldwidequa positioning and verification system: a ceilmgunted
robotic system, with industrial robots custom-btoit medical use including a unique table mounted imaging
system. This system makes it possible to positierpatients with an accuracy of half a millimetred to ensure
that the patient stays in this position during Wiele treatment. At MedAustron, first proton bedimstherapy
have been delivered in late 2016. In July 2019, fire carbon patient using the first time the idal
implementation of LEM | within the RaySearch Laliorges treatment planning system RayStation waddde
With beginning of March 2020, MedAustron patientmbers exceeded 600. All treatment rooms and all
functionalities including a proton gantry will bellfy operational end 2021.

Services currently offered by the infrastructure:

The dedicated non-clinical irradiation room is gup&d with a horizontal fixed beam-line and a scagraystem
providing a field size of 20 cm x 20 cm. Protond aarbon ions can be delivered in the clinicallyised energy
ranges, i.e. 62.4 MeV to 252.7 MeV for protons 488 MeV per nucleon to 402.8 MeV per nucleon faboa
ions. In addition, protons can be accelerated up0@ MeV for research purposes, which is far beytre
requirements for clinical applications. The nomihaam intensities are 2x9(articles per spill for protons and
4x10 particles per spill for carbon ions. The patieligranent system, which is used in the clinical diegion
rooms, is also available in the non-clinical iregdin room. This includes a robotic patient positigy system
and an X-ray-based verification system.

Several non-clinical research laboratories arey fatiuipped for performing basic experiments in dgyl and
medical physics. This includes a reference X-rayre® (horizontal beam), cell cultures, histologlpfometric
assays, protein- and RNA work, microscopy, andrdesiy equipment for performing quality assurancehef
delivered beams

In addition to the clinical research efforts, Med#won also supports non-clinical research in stromgperation
with Austrian universities. Three non-clinical raseh groups are currently located at MedAustromprised on
radiation physics, medical physics, and radiobiploghe physics orientated research projects focushe
technological facilitation of tumour motion trackinparticle micro- and macrodosimetry and partieiaging, as
well as on the investigation of the behaviour atipkes within a magnetic field. The biology resagafocuses on
radiation-induced molecular events including re@qation and anti-tumour immunogenicity.

Provision of access to the following infrastructurés):
Description of the infrastructure (Partner 11) MIT, Germany
Name of the infrastructure (and its installatiahapplicable):




Marburgerlonenstrahl-Therapie BetriebsgesellsdBaibH

Location (town, country) of the infrastructure: Marg, Germany

Web site address: https://www.mit-marburg.de

Description of the infrastructure:

The Marburg lon Beam Therapy Centre is a facildy tumour treatment of patients using Carbon araddAr
beams. Since its start in October 2015 more th&® J@atients have been treated. The beam is provigeal
multi stage accelerator (LINAC and Synchrotron)téreatment rooms and the irradiation is perforrogda
pencil beam and scanning technique. The operatadhconsists of about 40 employees with medichisical
and technical professions. The centre is operatad@ut 320 day a year where the patient treattadms place
mainly on working days. The different beam quaditéand the technical infrastructure of a treatmeatr can be
used for non-clinical applications as well. Howeveur experience in organizational and technicgipsut in
conducting experiments has been limited to loctdreral users so far.

Services currently offered by the infrastructure:

The accelerator is delivering protons with

energies from 48 to 221 MeV/u and for

carbon ions from 88 to 430 MeV/u divided

in 290 different energy steps. The spot size

is ranging from 4 to 10mm. The maximum

fluxes are for protons 2 x iQarticles/s

and for carbon 1 x fOparticles/s. The

intensity can be varied over 3 orders Figure 18- Main entrance to the MIT Facility.
magnitude. All different settings are stored

in the accelerator control system and can be réegignilse to pulse. The beam flux is intensity mulgd and
dose measurement of the beam is available.

Every treatment room is equipped with a moveabltio table, a laser positioning system and kV-imgg
systems. Three treatment rooms have horizontal tieas) the fourth is equipped with a 45° beam.line

Since August 2019 the facility is open for researshSince that time, several national researchpgroegularly
use the facility for biological and physical expeents.

QA-equipment available for research:

- Water column (PTW);

- Dosimetry equipment: lon chambers (Farmer type tieaim) PinPoint chambers, parallel-plate chambers;
- Water phantoms;

- Anthropomorphic phantom;

- Film dosimetry.

Access to biological laboratories is available ¢@mand).

The unit cost for clinical access has been caledlaising the method for clinical access of the EAll the
additional procedures to be performed for foreigtigmts involved in the Transnational Clinical Assehave
been listed and divided into tasks following thé¢igrat path. Tasks consist in sequential stepsewdifft in terms
of procedures and personnel involved. They aretifteshin screening and evaluation, first visitaphing, follow
up, operational aspects directly related to marmagirforeign patient. For each task, additionalcedures have
been detailed, as well as the effort required &aegory of personnel involved (Doctors, Medical siby, Study
nurse, Biostatistic, Foreign patient administratigks shown in the spreadsheet of unit cost calicuiaAnnex to
the proposal, a big effort is required to sharaicél information, make plans comparison, and ssidietween
doctors (referring physician of the patients angsphian operating in the heavy ion facility, mediphysics and
other categories involved). The completion of dat@s has the goal to put at the disposal of thenconity
useful information for spreading knowledge of heaorytherapy and related research. In

Table65 the clinical and research units of TA providenes lested.



Table 5- TAunits per facility.

CLINICAL RESEARCH TOTACCESS
CNAO 12 80 92
GSI - 296 296
UKHDIT 10 72 82
MEDA 12 - 12
MIT 16 - 16
50 448 498

Table 6- TA facility summary parameters.
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Task 6.3:Specific TA to clinical activities (MEDA, CNAO, GSI, UKHD/HIT, MIT)

The beneficiaries of TA are all the European caestincluding users with little background in heaay therapy
research such as the ones from the SEE region. arfagys who will provide clinical research or patie
treatment are CNAO, UKHD/HIT, MEDA and MIT. CNAO diJKHD/HIT will provide both the experimental
research room and patient treatment. The TA prowdd make efforts to best adapt to the users’dsem
conformity with their research interest. GSI, whpagient treatment was terminated over 10 years\aijjooffer
only research TA for medical physics, radiobiolagyd applied nuclear physics experiments of intevesbn
therapy. More details of what each facility is nmakavailable for TA is described in Task 6.1.

Transnational access of patients to the cuttingeddd facilities for heavy ion radiotherapy is atigpot of
HITRIplus Indeed, part of the TA will be dedicated to tiegipatients with cancers within the already ongoin
research clinical protocols of the ion therapy liaes. The selection of eligible cases and of tteeinnected
physician(s) (the TA “users”) will be addressedthg same User Selection Panel described in TaskTBd
users in this case can be clinical researchersigibgs, radiotherapists, oncologists and orgaegselonging
to the EU medical community. The scientific goalopening the ion therapy facilities through theniclal TA is



to engage the medical community in the capabilibescomes and advantages of ion therapy, sharitigtiem
all the phases that bring the patient from the fiisit to the follow-up. HITRplus offers a unique opportunity to
treat patients from different countries with heawys, to connect the medical community from differe
countries, and to educate them on the effectiveakse treatment with practical clinical caseseTimpact of
this TA will be very high both on the research andietal benefit side.

The patient access rules will be defined amongptiréners according to the specific procedures Valiceach

centre. Each clinical facility will provide a listf pathologies that are treatable with carbon idrased on the
running clinical research protocols. The TA usell we the physician responsible for a patient timaty be

eligible for treatment with carbon ions. This pltyah will then engage his activity in the reseapehtocols

available at TA provider sites. It should be notlealt this procedure is already implemented in the tentres
providing clinical TA, as they already treat patgertoming from foreign countries. The disseminatand

outreach activities in HITRIus are essential to improve the awareness of thelogists in different EU
countries, and especially in countries with legsegience with related possibilities, such as Sk, will lead to

an increase in TA of patients to carbon ion therapy

The process of getting access to TA for the usdrstart by filling an online form (at the HITRlus website) or
contacting the HITRdlus Helpdesk for assistance. On the online form thiyoe asked to provide the following
documents:

1. "Access to treatment" form signed and filled outthy patient;

2. copy of medical report;

3. treatment plan of previous radiotherapy, if any;

4. copy of histologic outcome;

5. copy of diagnostic imaging, reports and images,(@HT, MRI, Bone scintigraphy);

6. updated and detailed clinical history;

7. an application letter submitted by referent physisi preferably not exceeding 3 months, that cositdie
following information: diagnosis, tumour stage, rmmcological history, detailed oncological history,
therapies in progress, drugs, comorbidities;

8. any other document useful to evaluate the case.

The documents have to be in English, up-to-daté @luer than 3 months), essential and informafiveensure
the security of data transmission, the documenis t@abe sent through an encrypted channel.

When a TA proposal is submitted, the following gdeare will be followed:

1. The User Selection Panel (USP) makes a first etratuan the eligibility of the request, on the exfesl
amount of TA units necessary and travel expenses.

2. In case of positive evaluation, the USP, followthg recommendation of the responsible doctor asd th
available TA in the four TA providers, forward tdecuments to one of the four centres. The USPthets
as the first filter on the applications, regulaitssnumber and the distribution in the differenhites, and
will eventually reject them when the TA are all dse

3. The ion therapy facility selected by the USP Wikt evaluate referrals within 5 working days.

4. If the documentation is adequate a preliminary @mdgnt on eligibility will be issued, otherwise tuet
diagnostic work-up will be requested.

5. The facility will issue a preliminary judgement aiigibility within 5 days of receiving the requedte
additional exams.

6. After preliminary acceptance a first visit will berganized within 14 days and necessary preliminary
procedures (and dedicated) will be scheduled withidays from the first visit. This time frame caa b
delayed according to clinical needs to allow compieof, or recovery from, ongoing or newly planned
medical or surgical therapies.

7. Final evaluation on treatment feasibility will &aglace at first visit. In exceptional cases fidetision may
require treatment plan evaluation (7 days aftet fiisit). If the case is finally accepted, theigatt will be



scheduled for the treatment in within 7 — 10 dagsnfsimulation.

The objective of the Clinical TA is to inform andvblve the responsible oncologist in the treatramtivities
that can be summarized as:

- immobilization devices simulation CT;

- imaging for contouring such as MR or CT PET;

- treatment planning with dedicated software;

- dosimetry plan verification;

- treatment sessions on subsequent days accordatigital protocols;
- visits and eventually imaging during treatment seur

A medical report will be issued on the final daytr@fatment. It will report all the listed paramstamoreover the
DICOM files (simulation CT, simulation MR and whaecessary simulation CT PET, registration matrifess,
plan RT dose and RT structures), eventually seotith a dedicated ftp.

All follow-up treatment will be arranged in accorda with the clinical protocols; most common is MR visit
every 3 months. Additional procedures may be necgseccording to tumour site. Follow up will be feemed
in direct contact with the referring doctor(s)/(sgrEach clinical facility has an InternationatiPats Office that
will assist the patients for any need concerniagdl, accommodation, interpreter services etc.

All patient data will be collected and includedtire HITRIplus clinical database and in the local TA provider
clinical trial protocol.

Task 6.4 and 6.5: Outreach to new users, SEE invament(GSI, CNAO, UKHD/HIT, MEDA, MIT, SEEIIST)
In order to support users and facilitate the choicthe best TA provider for each proposed progededicated
HITRIplus TA Helpdesk will be setup by this Task with thentrdbution of all TA providers. As described in
Task 6.1, the TA Helpdesk is the first point of wamt for new users guiding them through the pracéss
support users and enhance awareness hlURWill provide a platform to allow many more usecslenefit
from TA access to heavy ion facilitiek addition, HITRplus NA’s will bring in new users, will train and
inspire them and then provide a route for dissetitinaand communication to the scientific, indudtiéad
clinical communities, consumer and government $takiers and the public at large. In order to make sisers
are aware of the capabilities within HITgRs the TA offered by the project will be promoted Bask 6.3 at
relevant international conferences, national mestimorkshops and through mailing list and meetnsdsvant
to HITRIplus.

In particular, the HITR3lus project will work as a bridge for collaborationtiveen the different TA facilities and
the SEE research community. The SEEIST will pgréite in the Task 6.3 activities, to facilitate @hecess of
researchers of this region to the European ceofr@s therapy in order to gain experience andteraaientific
collaborations before the proposed SEEIIST faciigybuilt. The HITRplus TA will help integrate scattered
scientific efforts across Europe in a strong heivyresearch community providing practical toolspgrform
experiments, to obtain training from leading expet the field, share experience and establistalothations.
The experience gained within HITUs will help in the future the users to fully expldiie benefits and the
advantages of heavy ion therapy.

WP6 Deliverables

Title Delivery Month
D6.1: HITRIplusdelivers 160 units of TA by month 24 24
D6.2:HITRIplusdelivers 498 units of TA by month 48 48
D6.3: Treatment of 50 patients with heavy ion therapyAn 48

D6.4: Publication of an overview article or a focusus®n the results of the TA -

. o 48
financed activities



WP number WP7 Lead beneficiary CERN

WP title JRAL- Advanced accelerator and gantry degjn
Participant nr. 4 13 7 1 18 10 2
Participant CERN SEEIIST GSl CNAO RTU MEDA BEVA
Person months 14 48 4 8 40 2 28
Start Month 1 End month 42
Objectives

The WP7 objectives are:

To design solutions that could improve performaotéhe existing accelerators for heavy ion researuth
therapy: multiturn injection for higher beam intépsimproved extraction and beam transport — irtipalar
for new FLASH therapy modality, and new linac ingcfor higher intensity and parallel production of
isotopes for research and therapy.
To combine these accelerator solutions with theemigmducting (SC) magnets developed in WP8 to
develop the advanced conceptual design of a congpattnnovative SC heavy ion synchrotron for cancer
research capable of operating with multiple ioncgge from protons to argon as required for researc
projects, particularly helium, carbon and oxygen.
To propose a simplified version of this compact&Celerator (with single- or double-ion operatibfixaed
parameters) as the reference for a new generafiaoropact ion therapy accelerators to be built by
European industry to address the global ion thenaarket.
To convert the most promising of the existing cqioal designs for superconducting gantries into a
detailed technical design integrating all composéntluding diagnostics and beam delivery, and gmep
for a final industrialisation and production phéseEuropean industry.
The components and the full accelerator designainl at increasing the beam intensity for carbbe,reference
ion for the accelerator design, up tali@ns per pulse at the final energy of 430 MeVfiutdrms of dimensions,
the SC reference design aims at a reduction bgtarfa3 in the accelerator footprint as compareth&present
normal-conducting designs, thanks to the highdd fley more than a factor 2 provided by SC magnets i
comparison with warm magnets. The higher beam sittetogether with the small synchrotron dimensitais
to an unprecedented beam density that represehtslange for beam optics design.
Other key components to be developed in this WRaarevel linear accelerator (linac) injector dedignhigher
energy and current, a new multi-turn injection sohefor ion synchrotrons, and a combined slow ared fa
extraction for increasing the research reach tosvaternative experimental and treatment modalifeeg.
FLASH therapy). The accelerator and gantry desigrkwvill be done in close collaboration with ther&pean
heavy ion therapy research centres, to profit eirtloperational experience and to integrate in dbeign
licensing and operational requirements.
Description of work
Task 7.1: Coordination and Communication (CERN, SEEIIST, Gyl
This Task focuses on the WP7 management and ihndaexternal communication. Specific activitieslude:
coordinating the WP-activity with the other WPs andking sure that the accelerator work is in linghw
the specifications coming from the scientific andedical community and is coordinated with the
developments taking place in other JRAs (CERN, &&EB}
organising meetings and documentation exchangedp klose relations especially within the WP (GSI);
organising dissemination of the WP results in cowtion with WP1, and receiving feedback from other
external partners on technological benefits of psepl solutions and costs (CERN, GSI);
taking care of the WP schedule and organising vevi&f the work in the tasks and writing reports (GS
coordinating with WP4 the Technology Transfer taustry of the technologies developed in WP7 (CERN).




Task 7.2: SC Synchrotron and Advanced Components Bign (SEEINIST, CERN, CNAO, MEDA
The activities of this Task will be performed byoint CERN-SEEIIST team based at CERN, with conititns
from the other partners. It includes definitiontibé components for a SC synchrotron and the finalyais and
tracking for the reference SC synchrotron desigis. divided in 4 sub-tasks:
Sub-Task 7.2.1, Lattice for a SC synchrotrdefinition of an appropriate lattice using the S&gmet design
defined in WP8, including modelling of magnets guatticle tracking for long-term stability (SEEIST,
CERN).
Sub-Task 7.2.2, Multi-turn injection in resistivedaSC synchrotronsonceptual design of the multi-turn
injection of 1@° ions per pulse into a reference synchrotron withistive magnets, and in the SC
synchrotron (SEEIIST, CERN, CNAO).
Sub-Task 7.2.3, Extraction and beam transpoohceptual design of slow and fast extraction féfecent
treatment options and for experimental researchpardination with beam transport and delivery teafor
a synchrotron with resistive magnets and with S@maés (SEEIIST, CERN, CNAO).
Sub-Task 7.2.4, Longitudinal and transverse beamamycs studies and assessmeneliminary analysis of
acceleration, collective effects, space chargeainéam scattering and collimation (SEEIIST).

Task 7.3: Operational modes, beam transport and insumentation (SEEIIST, CERN, CNAO, MEDA
The activities of this Task will be performed byeam based at CERN, integrating the experience twm
operating heavy ion therapy facilities. It is dedlin 3 sub-tasks:
Sub-Task 7.3.1, Operational modegentification of specific requirements and chadjes in operation due
to switching between therapy and research operatimstes (for the sources, injector linac, ring aadgfer
lines) (SEEIIST, CNAO, MEDA).
Sub-Task 7.3.2, Beam transport linedefinition of improved layouts of the transporhds to the
experimental and clinical treatment areas, withcgpeattention to safety due to switching betwelea 2
modes, e.g. beam-dump, shielding (SEEIIST, MEDAACI)
SubTask 7.3.3, Beam instrumentation and @ntification of advanced beam instrumentatioriars and
of their possible application to present and futaeglical synchrotrons (SEEIIST, MEDA).

Task 7.4: Injector Linac Design(BEVA, CERN, SEEIST

The activities in this Task will be performed b BRN-BEVA team, with the contribution of SEEIIST:
analysis of heavy ion source options for high iotemsity and selection of new designs to improve
performance of present and future ion therapy asdarch infrastructures (BEVA, CERN);
conceptual design of a 325 MHz 10 MeV/u multiple imjector: stripping energy optimisation, RFQ
energy, RF system design, accelerating structusemleand preliminary beam optics design. Comparison
with layout, cost and performance of a 217 MHzdtge with improvements against the existing staddar
injector (BEVA, CERN, INFN, SEEIIST);
detailed design of the preferred option (325 MH2&¥ MHZz), with final beam optics design and overal
design of RF accelerating structures, of amplifigstem, and of instrumentation layout. Analysisthaf
impact on the design of a double operation modejniection into the synchrotron and using addiéibn
beam pulses for production of experimental radioiges for imaging and therapy (BEVA, CERN,
SEEIIST).

Task 7.5: Integration of an innovative supercondudhg gantry: optics, mechanics, beam deliveryCNAO,
CERN, SEEIIST, INFN, MEDA, RTU

This Task will be carried out in close collaboratiwith WP8. After an initial examination and comigan of the
different existing conceptual gantry designs anthefr performances and limitations, a speciallgapted WP7




Committee will select the most promising option forther development. A risk management analysiSAO,

MEDA) will be included to consider safety, secuyritgliability and performance factors so that thicome is

transferable toward a clinically usable machinesgatem.
Sub-Task 7.5.1Basic structure and mechanical desighfter having identified the baseline conceptual
design, the mechanical structure and the techsiations of the beam transport and the magnetsbeil
investigated in detail. This sub-Task will starfr a general mechanical and optics design of thégso
integrate actual magnet designs, beam instrumentatose delivery, cryogenics aspects, etc. irdetailed
mechanical design. (CNAO, RTU, CERN).
Sub-Task 7.5.2 Simulation of optics, scanning tecies This phase of the design will consist in a global
simulation and optimisation of the gantry considgrithe main aspects like optics (CNAO, CERN,
SEEIIST), magnets (INFN, CERN), power converterdl&40, CERN, INFN), beam diagnostic (CNAO,
SEEIIST), mechanics (RTU, CNAO, CERN), dose delivé€ENAO, INFN). An integration study will
highlight interferences between different itemseTdesign shall be flexible enough to adapt thergant
optics to the existing (CNAO, MEDA) and future (SEH) facilities, and to be easily industrialisedda
reproduced in several units.

WP7 Deliverables

Title Delivery Month
D7.1: Advanced conceptual design of an optimised limgector for multiple ions at 10 24
MeV/u
D7.2: Report on operational modes, beam transport atdumentation 36
D7.3: Report describing the main optics parameters mtegjiation features of the gantry 36
D7.4: Design of an optimised synchrotron with SC magaets advanced features: high
beam intensity, fast and slow extraction, multima operation, optimised linac 40

injector, optimised instrumentation and QA procedur



WP number WP8 Lead beneficiary INFN

WP title JRAZ2 - Superconducting magnet design

Participant nr. 9 4 3 5 16 12 13 17
Wigner

Participant INEN CERN CEA  CIEMAT uu PSI SEEIST RIQ(IZP

Person months 32 4 20 22 8 2 8 12

Start Month 1 End month 36

Objectives

The objective of WP8 is to perform a first techhiaad financial assessment of various magnet dedigma
novel type of carbon ion synchrotron and gantry glex This includes a preliminary engineering dedwy the
new concept accelerator magnets (mainly dipolels eotmbined function) and an innovative gantry magniee
WP8 will eventually manufacture and test a smalé slemonstrator magnet that will give importantfiseck,
useful for accelerator as well as a gantry finalgnet design. A novel compact zero field supercotidgc
magnetic channel for extraction from the synchrotndll also be designed and tested.

Description of work

Task 8.1: Coordination and assessmel of magnei desigr (CEA, INFN, CERN, CIEMAT, PSI

This Task focuses first on the coordination betwdiferent tasks towards the designated objectamd with
other WPs (INFN, CEA, PSI). The task starts by ftdlseassessing recent developments in Asia (INERA)
and must deliver a set of parameters to be usékeirdesign of magnets for synchrotrons and gamii#N,
CERN, CIEMAT, PSI). The assessment will take intcaunt also future reasonable evolution of HTS
superconductors that is a field in very fast evolu{CEA). The work will be carried out in closelleforation
with WP7 (Advanced Accelerator and Gantry Desidiije result of this assessment will be a set ofrpaters
that will be an input to Task 8.2. Tentatively weat 60-90 mm aperture, 5 T peak field, with caidirectly
cooled and should allow a gantry of weight of alit@ tons (which is 15% of the present referenoegentry in
Heidelberg (600 tons) and less than half of the Wwesld gantry for ions at Chiba (Japan) of abde® Bons. This
task will also provide input in the industry workghorganized by WP4 to make sure the proposed ragne
parameters and the design features (Task 8.2)ntéijrate in the EU industry capability in termsemigineering
optimization and manufacturability at affordablestco

Task 8.2: Technical and financial evaluation of vapbus magnet designs for synchrotron and gantryINFN,
CEA, CIEMAT, CERN

Following the preliminary assessment and selectbrtarget parameters carried out in Task 8.1, wario
conceptual designs of the accelerator magnetsbeilleveloped with different layouts both for accaler and
gantry (by INFN, CEA, CIEMAT and CERN), all based superconducting coils, considering LTS (Nb-Ti as
baseline and Nj$n as possible alternative, by INFN and CERN). Awaaced novel superconductor solution
(MgB,, REBCO tape or cable, BSCCO tape or cable) iMdtBe- 30 K operation range will also be investidate
(CEA, CIEMAT and INFN). The technical difficulty dhe designs and the financial cost of the diffemgrtions
will be evaluated and scored. This includes thd gasation in cooling temperature (cost of opematfor 20
years and energy consumption) that is possible affarent superconductors. The complexity of thalgsis is
due also to the fact that superconductor choicenaaghet lay-out are strongly inter-dependent. Eselt of the
evaluation carried out in this task 8.2 will indiedhe best route to select among the various ipehciptions.
This will feed directly into WP7 and Task 8.3 ftwretaccelerator and gantry engineering magnet dekigyill
also be critical for the decision on the type omdestrator to be designed and built (Task 8.1 aAjl §he
technology readiness assessment will also be dawtiefor each type of considered solution.




Task 8.3: Preliminary Engineering Desigr for Accelerator and Gantry magnets (Wigner RCP, CIEMAT,
CEA, CERN, INFN, UU)

A preliminary complete design will be carried oat both accelerators (limited to main dipoles withwithout
combined gradient) and gantry (dipoles and focusmagnets, in a combined function). The design it at a
60-90 mm aperture magnet with field of about 5 ©sgibly 4.8 T peak field for gantry and 4.6 - 54 f
accelerators, when dipole and gradient field ararsad). The coils are indirectly cooled, and theigtesvill
address the mechanical structure for the acceteragnets, the field quality during steady stat @uring ramp
up/down (ten time faster for synchrotron than fantgy), the losses and consumptions (includingatgilon for
20 years), magnetic components of the extractiatesy (accelerators) and ancillary magnets for gafitmwill
cover also the manufacturing time, the magnet gafgttems and a cost estimation (INFN and CERNis Wl
result in a set of engineering drawings (CIEMAT,ACEJU, Wigner RCP and INFN) and a concept for egerg
exchange between the accelerator and power convertminimize the energy consumption from the grid
(CERN, UU). The output is a report (CIEMAT and INFNith concept, calculations and technical drawitigg
will feed into WP7 for global accelerator and ggrdesign and into Task 8.4 for the detailed desiga relevant
demonstrator. Wigner RCP will take care of the m@racting system design based on superconduzéng
field magnetic channel as well as of other featesgsecially regarding the CCT lay-outs, while CE&M INFN
will also explore an alternative CosTheta desighak-up plan in case CCT would encounter problems.

Task 8.4: Construction of a small size magnet demetrator for accelerator and gantry (CIEMAT, INFN,
SEEIIST [SEN], CEA, CERN, UU, Wigner RCP

Once the WP collaboration has decided which cordijon is the most suitable for testing in a small
demonstrator, this task will pursue the manufaoturdesign (INFN and CEA), the manufacture of the
mechanical components (INFN) and the winding andymat assembly (CIEMAT) of at least one 4 T
demonstrator. The demonstrator will be useful fathithe accelerator and the gantry. The apertutieeofmagnet
demonstrator will be defined following the beam aync studies of WP7 and WP9 of the first year. 8t te
station, possibly with variable temperature, wil prepared with suitable power leads and protediwh the
magnet will be tested to assess performance (CERNand Wigner RPC). SEEIIST [SEN] will prepare the
magnetic measurement system for warm measuremedts/idd carry out the field quality assessment,hbat
CIEMAT and at CERN (and/or UU). Wigner RCP will altake care of the test of a zero-field supercotiagc
magnetic channel model to prove this new beam etidbradevice for ion synchrotron.
WP8 Deliverables

Title Delivery Month
D8.1: Report on assessment of magnet types, suitabl@agoiSC synchrotron and for SC

gantry and preliminary evaluation 14
D8.2: Final report on Magnet design for SC synchrotrod 8C gantry, with indication of 32
time, cost and technology readiness assessment
D8.3: Magnet Demonstrator completed 36
WP number WP9 Lead beneficiary GSI
WP title JRA3 - Advanced beam delivery
Participant nr. 7 1 - - - - -
Participant GSI CNAO - - - - -
Person months 66 9 - - - - -
Start Month 1 End month 44
Objectives



Develop a comprehensive modular design for treatimdyimaging patients in a sitting position

Develop a particle arc therapy based on the rgatiair in a fixed beam treatment room

Investigate potential scenarios for applying péatarc therapy for different tumour locations arediveéery

modalities, including a comparison of Bragg peat sinoot-through therapy

Investigate ultra-fast beam delivery (Flash theyapyeduce side effects in shoot-through arc {hera
Description of work
In addition to gantries becoming more compact dmehper, the existing and future fixed beam linesikhbe
exploited for the best possible patient care, mwvigling a means of more flexible beam deliverythis WP, a
patient chair and associated vertical imaging linvestigated to enable particle arc therapy.dNdetector
technology will be used to speed-up beam delivang, potentially allow a combination of flash and #rerapy.
The basis of this study will be the CNAO DDS, whishin clinical use at CNAO, MEDA and was recently
installed at GSI.

Task 9.1: A modular patient chair and imaging desig (GSI, CNAQ

Based on literature data and data from the paaticig clinical partners, different treatment scesamwill be

developed for seated and lying down patients, imtad with fixed beam lines as available in thedpean heavy
ion beam centres. Based on these scenarios, exstimmercial and research designs of robotic pagkeairs

and couches as well as compatible imaging systeithshev evaluated. A set of criteria based on tecahi
capability, availability, space requirements, intanpatibility and safety will be developed. Theafitayout will

aim for rapid and precise patient setup, as wellca@sabilities for plan verification and possibleaptive

radiotherapy through volumetric imaging and motmonitoring.

Task 9.2: Particle arc therapy for fixed beam linegGSI, CNAQ

In photon therapy, arc delivery of a continuousiyung gantry enables the highest degree of fleikytéind dose
conformity. First studies on proton arc therapyvshts feasibility at comparable or shorter delivéimes and
comparable or better plan quality. In this tasginaulation environment for particle arc therapyl wi developed
to derive efficient treatment planning strategi€se resulting plans will consist of a large numbédiscrete
beam angles with a single energy each and will oelyhe fast dose delivery capability as well aesfdedback
control of the chair rotation during delivery. Ardenstrator rotational stage will be developed antdrfaced to
the DDS at GSI, to permit a dynamic rotation far tirerapy (CNAOQO). Outside of the scope of this @ctj this
stage will be usable also for precision irradiatarorthotopic tumours in small animals (note: ¢herill be no
animal studies performed within the project itseff)e DDS itself will be modified to be able to ider plans to
a continuously rotating chair.

Task 9.3: Clinical scenarios for particle arc thergy on sitting patients(GSI,CNAO)

Based on the data gathered in 9.1 and the perfaeraechieved in 9.2, a comprehensive set of sinaugtvill be
performed to assess the potential clinical bersefd usability of particle arc therapy to sittingtieats. This
includes target locations, such as brain, headraa#t; thoracic or abdominal, as well as differeeaitment
modalities. In a technically more challenging gyt the Bragg Peak can be used in arc therapyeds w
demanding for angle-dependent energy changes. VEhidgegies exist to reduce energy layers, fastggne
changes will still pose a challenge to the techaiddoreover, range uncertainty for a sitting patiemght be
considerably higher, depending on the treatmeat 8ih alternative could be to use the plateau efabam in a
shoot-through therapy, which would eliminate theechdor energy changes as well as most of the range
dependence, but would also reduce the inherenfibehearticle therapy. This drawback could be @ane by
combining arc therapy with strategies to reduce sifiects, such as Flash therapy.

Task 9.4: Particle arc therapy at high dose rate6€CNAO, GSI)
Based on novel GEM detector technology for fastesitipn detection, the CNAO DDS will be capable of




handling average spot delivery times of < 1 mghla way, the DDS will fully exploit the advancedpabilities
provided by WP7 and WP11 of high and flexible deses. The DDS will be modified in collaborationthwi
WP12 (CNAO). This will enable advanced motion hamglistrategies including phase-controlled rescanoin
synchronised delivery of conformal plan librarigs.prototype installation at GSI will permit expeemtal
exploration and validation of achievable delivepeed, and consideration of clinical safety pararseaelapted
to such speed (GSI). The possibility of shoot-tigltoflash therapy will be investigated using the destrator
rotary stage aiming for dose rates in excess @8 per beam angle.

WP9 Deliverables

Title Delivery Month
D9.1: Conceptual Design Report for a patient chair ckpabrotating the patient

around a vertical axis as well as a vertical inanamaging system o
D9.2: Particle arc therapy delivery to a small scale alestrator of a rotational patient
positioning system for gantry-free delivery witlp@sition feedback integrated to 24
the DDS
D9.3: Identification of beneficial patient arc theramgsarios by lesion location and 36
delivery mode
D9.4: Experimentalalidation of arc therapy treatment plans througtiemt QA-like 42
procedures
WP number WP10 Lead beneficiary UKHD/HIT
WP title JRA4 - Multiple energy extraction system
Participant nr. 8 7 1 - - - -
Participant %D/HI GSI CNAO ) ) ) )
Person months 36 3 3 - - - -
Start Month 1 End month 36
Objectives

Review realistic treatment plans

Generate a library of optimum beam characteristics

Analyse the critical timing threshold for in-spilhergy changes

Define the data volumes, the typical rates ancefsential reaction times
Describe a strategy to generate the process dgtasi-real-time

Build an architectural model of the control systeser

Description of Work

Task 10.1: Generation of Bean Characteristics Library (HIT, GSI, CNAQ

The existing ion beam therapy centres were desidoegatient treatments using proton and carbors.ion
Typically, physical doses less than 5 Gy are detideat dose rates of 1-2 Gy/l x min. The maximungeaof 32
cm water equivalent thickness translates into eegngp to 430 MeV/u for carbon ions. In order tpsurt the
clinical as well as the research use cases, wihirRIplus, the pencil beam library being produced by the
accelerator system extends the parameter spa@npyessed. New ion species like oxygen, highegrisities to
increase the delivered dose rates, higher endi@ies®me research aspects and a more flexibleatixinatiming

to better support the treatment of moving organs lve defined and combined with the existing phagace
definitions. Based on realistic treatment plangtictas well as moving organs, the optimum timacstre of the
pencil beams will be deduced using the researcitnient planning platforms at GSI (TRiP98) and HIT
(RayStation). This task will be carried in coopematwith GSI, CNAO and WP9.



Task 10.2: Multi-Energy Operation and Timing Requirements(HIT, CNAO)

The raster scanning dose delivery method relieth@ronsecutive irradiation of target volume slidésch slice

represents a constant and predefined beam eneungyer@y a new synchrotron cycle is started forneacergy

level and typically takes 5 — 8 seconds. The nurobearticles available in the synchrotron typigadkceeds the
number of required for a single iso-energy slice.

A new idea to operate the synchrotron is the nargrgy operation mode. Instead of dumping theoeét-

particles at the end of the extraction phase, thilybe accelerated to the next energy. After thiet fpartial

extraction the beam that remained in the synchmasao longer in a feasible condition for furttzerxceleration
as it is transversally blown-up. Due to Liouvilldélseorem this is irreversible. All accelerator &g must now
be tuned carefully to find the best conditionsdaacelerate such a beam. This procedure can betegeseveral
times, until the synchrotron is empty. In contréstthe so far used single-energy operation mode ubas
precalculated process data for a large numberwéele the multi-energy operation mode requiresctieulation

of process data just in time at the frontend. Task will define the data requested by the theapitrol system
and the distribution of these to the front-endh& humerous accelerator devices. Furthermore tiaevdéumes,
the typical rates and the essential reaction twikde analysed.

Task 10.3: Quasi Real-Time Data Generation Strateggnd Architectural Model (HIT, CNAO)

To realize the multi-energy operation mode, a datpply model for almost all accelerator componests
required that generates patient-specific patteansafl synchrotron and beamline devices accordmghie
individual treatment plan. This level of flexibilitleads to a challenging complexity for the caltola and
storage of accelerator settings. The generatioindif/idual patterns (e.g. power supply currentskduhon
machine parameters (tune, energy etc.) can eithefone in advance or online. That means for alkiptes
sequences of beam-energies the data are eithed stothe front-end controllers, which leads t@a@é amount
stored data, or the calculation is done in a rumeytle while the beam circulates in the synchratro

Both flavours require a massive upgrade of the -hardl software frontend parts compared to the iagist
systems. Data storage as well as process data tageapabilities of the frontend controllers wik defined.
The new design shall be based on standard compomst¢ad of proprietary solutions.

Using the results of Tasks 10.1 to 10.3 and theamn¢ of the synchrotron design work package anitaatbral
model of an accelerator control system that is loigpaf multi-energy operation will be defined.

WP10 Deliverables

Title Delivery Month
D10.1: Beam characteristics library 8
D10.2: Data distribution and synchrotron timing requirerse 22
D10.3 Real-time data generation strategy 36
WP number WP11 Lead beneficiary CLS
WP title JRAS - Controls and Safety

Participant nr. 6 10 13 - - - -
Participant CSL MEDA SIZEQ)ST ) ) ) )
Person months 45 7 4 - - - -
Start Month 1 End month 48
Objectives

The goal of this WP is to analyse and determinebtrs# solutions for an upgrade of current and &utacilities



in terms of performance and cost. Using experidnm® past research results in previous projectsyels as
clinical users’ experience, future trends and marteeds, a novel design for the control software safety
systems will be elaborated. Existing state-of-tiesmlutions for machine and treatment room coastrahd
patient safety systems will be used as baselinéopnof which novel solutions will be proposed — que
solutions which will facilitate both research artichical users at the same time.

Description of work

Task 11.1: Technical Coordination (CSL)

This Task concerns the coordination between diffetasks and the incorporation of inputs from otW4?s as
well as transfer of WP-results (CSL). This TasK aito provide input in an industry workshop to makire the
design directions defined in the tasks can be we#grated in the EU industry in terms of desigrd an
manufacturability at affordable cost.

Task 11.2: Machine controlS(CSL, MEDA, SEEIIST [1JS])

Concepts and solutions will be studied to enswlsedammissioning and machine QA, ease of use bychioital

personnel, high reliability of the accelerator dodering of the total operational costs (CSL). Thidl be

achieved by concentrating on the design of a “ippnoof” control system architecture, which wiltiigate both
clinical and research requirements (MEDA, SEEIISIS]). Specifically, Cosylab will leverage upon thest
concepts from the state-of-the-art solutions useasther facilities (both research and clinics).sTtaisk will result
in a set of system engineering requirements andl&-tier control system architecture.

Task 11.3: Treatment room controls(CSL, MEDA)

This Task will propose solutions to increase patieafety, increase treatment quality (adaptive ttneat
workflow), lower the total treatment time, and emsaasy operation by clinical personnel (CSL). Th#k will

first study all possible treatment room controlteyss in existence today (and in the near futurbgnTit will
propose a treatment control system which will makeasy to integrate all those together and be used
ergonomically by the radio-therapy technicians (MELZSL). Making the system simpler, medically safel
easier to integrate will lower the cost of the tneent room software by an estimated 30% and impt@agment
availability by as much as 20%. This task will e system engineering requirements and a treattrmentrol
system architecture and design. The results witl oy benefit future facilities, but all collabaoas of
HITRIplus project who are treating patients (CNAO, MEDA, URHHIT, etc.).

Task 11.4: Patient safety system@EDA, CSL)

Task 11.4 will propose comprehensive system engnteesquirements as well as design and archiedtursafety
systems relevant for safety as required by Europegulations, in particular related to patient sa(¢EDA). The
aim is: (1) to match the performance of such systnthe performance of the accelerator designa @)stainable
architecture with respect to expected technicalraedical development over the lifetime of a heawylhieam therapy
system; (3) low complexity; (4) low effort for mé&mance and operation; (5) low investment costgliégble
international standards will be considered, elC 60601-1; IEC 60601-2-64; IEC 60601-1-2; IEC 60B665; IEC
60601-1-8; IEC 62304; IEC 82304; IEC 62366-1; IEX2E/. The work is based on MedAustron's and Co&ylab
experience in design and clinical operation of sagbtems. Experience of other partners within thERtplus
community will be included. The results of thiskiase relevant for WP7, WP10, WP11 and are alsitijrrelevant
to all other HITRpluspartners who are treating patients like CNAO; Mestfon and UKHD/HIT.

WP11 Deliverables

Title ’ Delivery Month
D11.1: Report on the state-of-the-art TCS, ACS and patiafety systems 18
D11.2: Design study on novel treatment room control syste 42
D11.3: Design study on novel accelerator control systems 46
D11.4: Design study on novel patient safety systems 46



WP number WP12 Lead beneficiary UMR

WP title JRAG - Radiobiological Dosimetry and QA

Participant nr. 15 8 1 10 7 - -
UKHD/HI - -

Participant UMR T CNAO MEDA GSI

Person months 12 12 8 2 2 - -

Start Month 1 End month 48

Objectives

The objective of the WP is to create a dosimetaydardization for radiobiological experiments. Om&n aim
in radiobiology is to establish associations betwegarious doses and their effects induced on eellldvel.
Treatment planning and beam application technol@gy between the European ion therapy centresiabe
able to meaningfully evaluate and compare resesgshlts, standardization of radiation dosimetnaisery
important step. It requires precise dose measursnaerd detailed information about how measuremerte
performed, to create a dosimetry standard operginogedure. Additionally, the characterization oixed
radiation field using silicon detectors, TEPC, aggtnothers could further improve the quantificatiminthe
physical uncertainties influencing biological remats. Furthermore, this WP creates an objective and
guantitative approach to compare treatment plans.

Description of Work

Task 12.1: In vitro joint experimenti for Radiobiological dosimetry and quality assuranct (UMR, HIT,
CNAO, MedAustron, GSI)

As first approach, a survey among the participavits be circulated in order to create a common dtad
operating procedure (SOP). A commercial cell liakested according to its wide use for radiobiolag&tudies,
its proliferating times, and plating efficiency Mde purchased by the participants from the saroeiger. The
experiment will be done by researchers from eacticigzating institute at their own facilities.

Each participating centre will also carry out additl X-ray clonogenic assay experiments to prodace
reference survival curve for the carbon ion expenn

To minimize the variability of results, the inst#s will share the same phantom speci cally dediddor in vitro
dosimetry by means of clonogenic survival provithgdsSI. The phantom will be positioned at differdepths
for simultaneous irradiation at different positianside the SOBP.

Together with RBE calculation and comparison innmalrconditions, also hypoxic conditions, differemxtygen
environments will be tested and evaluated at allifies.

Task 12.2: Modelling joint experiment for radiobiological dosimetry and quality assurancgHIT, CNAO,
MedAustron, GSI)

Initially, a survey of the planning software andiops available among the centres will be carriedio order to
harmonize the planning process. Once defined thdime in Task 12.1 and its characterization wKkrays,
creation of the biological database for treatmédanming systems will be carried out. The plans Wwél created
with the clinical TPS and re-calculated with Mor@arlo (MC) engines when available. Additionallyredit
inter-comparisons with the same calculation engoedd be made possible by using RayStation (Rag8ea
Labs) and FRoG (Fast dose* Recalculation on GPUWijs Thoice decreases the variability between the
calculation engines which could affect the predict#ological response. The chosen biological modiels
normoxia are: Local Effect Model IV (LEM IV), modiid Microdosimetric Kinetic Model (mMKM) and
UNIVERSE (UNIfied and VERSatile cellitissue respengngine). For hypoxic conditions, dose-averaged
LET(LETd)-based phenomenological approaches togewith mechanistic frameworks (for mMKM and
UNIVERSE) will be implemented in research TPS an@ Kngines. Model predictions will be compared vs.
survival experimental data at different depths /eEdose levels and hypoxic conditions.



WP12 Deliverables

Title Delivery Month
D12.1: Conceptual design report and proceeding; joinbtadlogical experiments in all

s 36
facilities
D12.2: Modelling of the joint results 40
D12.3 Final report and summary 46

The following Figure 19reports the Gantt chart of HITBUs with evidence, within the time plan, of Deliverabl
and Milestones.

Figure 19- Timing of the Work Packages and their compon@astt chart, red = Milestone, blue = Deliverahle)

Table 3.1c and Table 3.2a report the completefifteliverables and Milestones, respectively.



Table 3.1c ist of Deliverables.

_ Dissemin Delivery
Deliverable , Short name of . .
Deliverable name package . Type ation date (in
(number) lead participant
number level months)
D1.1 All governance boards installed 1 CNAO R PU 1
. 3, 12, 25,
D1.2 Plenary meetings reports 1 CNAO R PU 37 48
D1.3 Data Management Plan 1 CNAO R PU 6
Dissemination to the community
D21 about the pgs§|blllty of the TA and SEE|IST R PU 3
access to clinical research with
patients from EU - through out
D2.2 Dissemination and outreach plans SEE|IST R PU 2,12, 24,
developed and regularly updated 42
Provide an annual activity report
for the NA Pillar and final scientific 12,24
D2.3 . . . SEEIST R PU .
achievements including the use and 36, 46
dissemination of foreground.
Review of promising innovative
D31 heavy ion therapy approaches to be MEDA R PU 24
brought to the clinics
D32 Trlal protocol for innovative heavy MEDA R PU 36
ion therapy concept
w h ion th
D33  Vebbasedheavyion therapy CNAO DEC  CO 36
patient registry
Dose constraints of OARs in use at
D3.4 European heavy ion therapy UKHD/HIT R PU 18
facilities
Recommendations for dose
D 3.5 constraints on one OAR based on UKHD/HIT R PU 48
pooled data analysis
Internal report on the HITRIus
D4.1 technologies and dissemination CERN R Cco 14, 28
plan
D4.2 Value propositions promotional text GSI R PU 18, 28
D4.3 Organ-lsatlon of a technology INEN R PU 36
matching event
D5.1 Delivery of specialised training SEEIIST DEC PU 12, 24,
courses
D5.2 Dehver_y of masterclasses and train- Gsl DEC PU 12, 24,
the-trainer masterclasses 36, 47
D5.3 Provision of e-learning courses 5 UM DEC PU , AR
D5.4 .Organlsgtmn of secondments and UM DEC PU 6. 24
internships: calendar of events
D6.1 HITRIplusdelivers 160 units of TA GS R PU 24
by month 24
D6.2 HITRIplusdelivers 498 units of TA Gsl R PU 48

by month 48




Treatment of 50 with heavy ion
therapy in TA
Publication of an overview article
D6.4 or a focus issue on the results of the 6 GSI R PU 48
TA -financed activities
Advanced conceptual design of an
D7.1 optimised linac injector for multiple 7 BEVA R CO 24
ions at 10 MeV/u
Report on operational modes, beam
transport and instrumentation
Report describing the main optics
D7.3 parameters and integration features 7 CNAO R Cco 36
of the gantry
Design of an optimised synchrotron
with SC magnets and advanced
features: high beam intensity, fast
D7.4 and slow extraction, multiple ion 7 SEEIIST R PU 40
operation, optimised Linac injector,
optimised instrumentation and QA
procedures
Report on assessment of magnet
types, suitable for fast SC

D6.3 6 GSlI R CO 48

D7.2 7 SEEINST R PU 36

b8.1 synchrotron and for SC gantry and CEA R PU 14
preliminary evaluation
Final report on Magnet design for

D8.2 SC synchrotron and SC gantry, 8 INEN R co 32

with indication of time, cost and
technology readiness assessment
D8.3 Magnet Demonstrator completed 8 INFN DEM (6{0) 36
Conceptual Design Report for a
patient chair capable of rotating the
D9o.1 patient around a vertical axis as 9 GSl R PU 9
well as a vertical in-room imaging
system
Particle arc therapy delivery to a
small scale demonstrator of a
rotational patient positioning

D9.2 : . GSI DEM PU 24
system for gantry-free delivery with
a position feedback integrated to
the DDS
Identification of beneficial patient
D9.3 arc therapy scenarios by lesion 9 GSl R PU 36
location and delivery mode
Experimentalalidation of arc
D9.4 therapy treatment plans through 9 GSI R PU 42
patient QA-like procedures
D10.1 Beam Characteristics Library 10 UKHD/HIT R COo 8
D10.2 Data Distribution and Synchrotron 10 UKHD/HIT R (6{0) 22



Timing Requirements
D10.3 Real-Time Data Generation 10 UKHD/HIT R co 36
Strategy

Report on the state-of-the-art TCS,

D11.1 . 11 CSL R PU 18
ACS and patient safety systems

D11.2 Design study on novel treatment 11 csL DEM PU 42
room control systems

D113 Design study on novel accelerator 11 csL DEM PU 46
control systems

D11.4 Design study on novel patient 11 csL DEM PU 46
safety systems
Conceptual design report and

D12.1  proceeding; joint radiobiological 12 UMR R PU 36
experiments in all facilities

D12.2 Modelling of the joint results 12 UKHD/HIT R PU 40

D12.3 Final report and summary 12 UMR R PU 46

TheFigure 20is a graphical presentation of the HIPRIs structure showing the inter-relation among théedént
WPs. It outlines the structure in pillars of theojpct: Networking Activities, Transnational Acceasd Joint
Research Activities. The pillars refer to a unigo@nagement coordination represented by WP1 (ointopmnge,
connected with a single bar to all three pillatgttacts as supervisor and integrator of the eptiogect. This
coordinating action is guaranteed by the TPB.

The NA pillar, shown in green on the left, is orgaa in four WPs that act as services for the otier pillars.
The transversal action of NA is represented bygtleen arrows, going back and forth, right to left deft to right
across JRA and TA, giving inputs, defining procesuand rules, but also getting results, informatoml
feedbacks. The mutual process cross-feeds and amsnéne whole project and favours exchange irtiegra
among WPs. This same process guarantees visihilityopenness to the external world. WP2 and WRAIare
particularly important for TA, because they conitid to open the access of the facilities to therea medical
and research communities. In addition WP3 conteibub define the clinical content of the informatigpread
outside the project via the communication actigitsd WP2.

The JRA pillar, in light blue, is composed of difat WPs, from WP7 to WP12, that are all integrated
coordinate in a common strategy. The influencehefNlA’s green arrows on the JRA is bi-directiormade way to
favour the essential collection of input data apecgications from the potential users; the othaywo share the
outcome results of the single WPs with the existimgastructures in HITRllus to improve their performances at
the advantage of the users. Last but not leastvbeall outcome of the JRA consists in a noveigiesf a new
generation RI facility that will be at disposaltbe EU community and in particular of SEEIIST.



Figure 20 - Graphical presentation of the components shgwiow they inter-relate.

3.2 MANAGEMENT STRUCTURE MILESTONES AND PROCEDURES

The general set-up of the HITtls project management consists of three functiondl tdararchical layers: the
General Assembly, the Coordinator, the Technicajeet Board interfacing the WPs thematically orgedi in
three types of activities: Networking, Transnatiofecess, Joint Researches Activities. The managesteucture
of the project is presented in thigure 21

Figure 21— Project Management organization.



General Assembly

The General Assembly (GA) is the highest decisi@kimg and arbitration body of the project and csissof one
senior level representative for each beneficiaryhe project, including Third Parties. Coordinasord Deputy
Coordinator are ex-officio members, without votiights. The Chairperson appointed for the firstrygdl be ex-
officio the Chair of the SEEIIST Steering Committadile for the following years the Chair will béeeted by the
GA members. Each beneficiary or Third Party haswarte, and decisions are taken by a majority ofiviites. The
types of decisions and the corresponding votingcgutare and rules will be described in the Consortiu
Agreement. The GA will meet twice per year, one pgarson during the Yearly meeting and one by
videoconferencing. The GA is regularly informed tine Coordinator about overall project progress atier
matters that may have a structural impact on ttedsgand/or deliverables of the project. The GA apboint the
members of the External Scientific Advisory Boa&SAB) and the Advisory Board for Ethical/Legal/lrstiual
Issues (ABELII) and consult with them at least opeeyear.

Project Coordinator

The Project Coordinator (PC) is responsible for thehnical management and scientific coordinatibrthe

project, assisted by the Deputy Project Coordinatbe PC will chair the Technical Project Board timegs, lead
the Central Project Office, define the principles fnternal and external communication, monitor therall

progress of the project, follow and verify the detables, represent the project vis-a-vis the Eemop
Commission, be responsible of preparing contrdctzorts, organise and transmit relevant projefdrmation,

manage potential conflicts, communicate with exdestakeholders, and monitor and promote gendealiégu

Administrative and financial tasks and respongibaiinclude managing the financial administratidrihe overall
project expenses, and reporting the overall budgsttuation of the project to the European Comiaiss

Technical Project Board

The Technical Project Board (TPB) represents tloértieal focal point for the project activities. THéB is
chaired by the Coordinator and will consist of theee WP Coordinators selected by the Coordinatoepresent
their own Pillar.

The TPB, supported by the Central Project Offiseini charge of the technical coordination manageéréthe
project. The TPB will meet remotely to discuss pesg and coordinate joint activities. When strategchnical
decisions have to be taken the TPB meets to ddfieéssues and gather all the information and datded,
preliminary evaluate criticalities, obtain partnepinions and consider different options and poBséds. In
situations where decision may affect the structanmals and deliverables of the project, the Cootdinaill present
the TPBs’ conclusions to the General Assembly foota.

External Scientific Advisory Board

The External Scientific Advisory Board (ESAB) isneposed of three outstanding and internationallpgezed
experts in the field of radiation therapy (both meat and technical). The members are proposed ly th
Coordinator and must be approved by the GA. Thepomition of the ESAB may change during the duratibn
the project. The initial members may resign and newmbers are elected to replace them. The ESABmwkt
annually and will examine the project progress #rar link with the continuously evolving scenanb cancer
care and associated research. The ESAB will detsigm&hairperson among its members. The Chairbeilthe
link with the GA and the Coordinator that may cdhkim/her on specific issues.

Advisory Board for Ethical, Legal, Industrial Issue

The Advisory Board for Ethical, Legal and Indudti@sues (ABELII) provide advice to the Coordinater special

ethical, legal and relations with industries matterdicated by either the Coordinator or the Tec&inProject

Board. Special and sensitive issues may arise r@suwt of - for example - performing clinical tisalprivacy

matters, secure treatment and storing of sensitata, treatments entailing risks to human healtlargr other

ethical or legal implication or definition of IP @melations with industries of activities in orderachieve the aims



of the project. The ABELII will meet with the Coongtor twice a year unless requested more frequelttis
indicatively composed by three members, but it thaycomplemented if needed by external experts doead
specific issues.

Central Project Office

The project Coordinator will create and manage at@eProject Office (CPO), in charge of overalyday-day
administrative management and coordination of thgept, design and implementation of project repgrt
procedures, design and implementation of all tetaplaforms, presentation formats etc., used inpitogect,
definition, monitoring and on-going revision of thketailed Project Work Plan, supervision of alliaties
necessary to ensure compliance with EC reporting) @ministrative requirements, detailed organiratis
meetings, and revision and final editing of alljBab Deliverables.

The CPO will set up a common-workspace on the retewhich will act as the common archive for albjpct
documents, accessible to partners at any time.



Table 3.2a List of Milestones.

Milestone . Related work Due date (in Means of
Milestone name .
number package(s) month) verification
. . Start of
M1.1 Kick-off meeting completed 1 1 HITRIplus
M1.2 Mid-tgrm General Assembly 1 18 :3::3:;“:&
Meeting completed .
minutes
M2.1 Project website launched 2 2 Public website
M3.1 Evgluation of web based 3 24 Report
registry development status
Evaluation of impact on
M3.2 European centres OARs 3 42 Report
constraints
First meeting of the
M4.1 Technplogy (.)vervifev'v' 4 8 Mgeting
committee with definition of minutes
the work plan
Specialised Courses and
M5.1 masterclasses content 5 18 Report
definition
Users can
Implementation of a USP Zﬁglfh]:sre;r:re
M6.1 structure and Website 6 8
Communication Platform evaluated by
USP. Public
website.
Choice of conceptual design
M7 1 fand ba§ic parameters of.the 7 5 Report
innovative superconducting
gantry
M7.2 Selgction of basic linac 7 12 Report
design: frequency, layout
Definition of key parameters
M7.3 for the super(':ondu?ting 18 Report
synchrotron, including magnet
field and type
Decision on layout of
M8.1 demonstrator magnets Task 8 10 Report
8.1
Engineering Design of
M8.2 synchrotron-gantry dipole 8 20 Report
Task 8.3
Manufacturing readiness of
M8.3 demonstratorgTask 8.4 8 28 Report
MO.1 Small scale rotary stage 9 12 Report

finished and linked to DDS



Finished simulation

M9.2 environment for particle arc 9 18 Report
therapy
Installed GEM detector in GSI

M9.3 nsta ?d detectorin G 9 24 Report
beamline,

M10.1 Data P|str|but|on and Timing 10 18 Report
Requirements available

M10.2 Real-Time Data Generation 10 32 Report
Strategy available

Intermediate report on the
state-of-the-art treatment

M11.1 room, accelerator control 11 12 Report
systems, and patient safety
systems.
SOP
Generation of a standardized completed, data
M12.1 do;imgtry fpr collabo.rative 12 40 of aI'I '
radiobiological experiments participants
between the facilities integrated and
validated

Table 3.2b -Critical risks for implementation.

Description of risk (indicate level of | Work package(s)

o . . . Proposed risk-mitigation measures
likelihood: Low/Medium/High) involved

Continuously ensure coordination among
pillars and regular meeting and exchange
all in the Technical Project Board,
involvement of the Advisory Boards,
discussion with partners to find a solution
Introduce modalities based on smart

Luck of collaboration or interaction
between partners (Low)

Unexpected pandemic (e.g. Covid19) working and videoconferencing.

or other events impacting working all Reconsider funding allocations between

environments and travels (Low) partners to maintain agreed global output
of HITRIplus

The SEEIIST as a collaboration of
Universities and Institutes in SEE can

Termination of the support from the continue even with low political support.
SEE countries to the project (e.g. one In case of major problems, activities,
. . 1,2,5,7,8,11 .

or more countries leaving the personnel and budget of SEEIIST in

SEEIIST) (Low) HITRIpluscan be transferred to another
partner, e.g. CERN that is hosting and
supervising the SEEIIST team.

The web based registry in Task 3.2 As mitigation strategy, the task will focus

cannot be established within the on providing a commons semantic of

framework of this project because of 3 heavy ion therapy relevant outcome and

lack of cooperation from partners toxicity data for future registry

(Medium) implementation.



Not enough candidates register for the
specialised courses and the
masterclasses (Medium)

Failure to engage a strong HITRIs
community in Networking (Medium)

Under estimation of demand for TA,
the amount of positively evaluated
proposals exceeds TA capacity
(Medium)

Overestimation of demand for TA
(Medium)

SC Magnets for synchrotron not viable
or very expensive (Medium)

Magnet demonstrator too complex and
expensive for the allocated budget

(High)

Delivery speed increase misses goal of
<1 ms per spot (Medium)

Arc therapy delivery takes too long or
is impracticable in combination with
patient chair (Low)

Beam instable after reacceleration
(Low)

Ethernet-based timing not precise
enough (Low)

Existing facilities too busy treating
patients to dedicate enough personnel
to give crucial feedback on the
proposed solutions (Medium)
Phantom design cannot be equivalently
used at all participating centres due to
variation in beam application (Low)

2,3

10

10

11

12

Advertisement will be improved, via
different contact points and media. Course
content will be made as engaging as
possible to keep the students committed.
Increase the commitment of the
HITRIplusproject team that has strong
and varied backgrounds in engaging with
national and international networks and
conferences to promote HITplusand

the offered capabilities.

Limit hours initially available to each
project. Only allocate more hours to the
very best projects once they have met first
milestone. Evaluate and optimise
scheduling and ensure that TA provision
equates with where the demand is.
Increase advertising and networking
possibilities to attract new users through
different events dedicated to networking.
Design with optimized normal conducting
magnets.

Increase the matching funds of some
Institute and/or reduce the target
parameters of demonstrator.

Impact for most clinical cases is small, as
delivery similar to existing facilities. A
speed-up would facilitate several motion
mitigation strategies (breath-hold), which
could be replaced by alternative strategies
(gating+rescanning)

Fast multi-field delivery pursued instead,
or delivery on gantry system

Rework synchrotron timing

Define a hardware-based timing system

Organize dedicated workshops and
discussions with clinical facilities.

Evaluation of another one phantom
among the ones available at GSI.



3.3 (OONSORTIUM AS A WHOLE

The beneficiary-consortium consists of 2 major pean heavy ion physics laboratories, 4 Europearthierapy
centres, 8 world-class research institutions, Sifepuniversities, 3 innovative SME’s (two of whiffom SEE
region). Some partners are active in the fieldez\y ion therapy since many years and form the abErope’s
expertise and capacity in this field. Their comndtihto the HITRblus project is clearly evidenced by the
substantial voluntary co-funding that each of tHemiilling to bring into the project. Their combithd&nowledge
and background, grounded in experience of runnig &tate-of-the-art treatment facilities and cottexli user
communities, constitutes the core of this propcSame Consortium partners have also previously beaived
in challenging European projects, The project bdlhefit from the complementary experience and eiggeof the
beneficiaries in the following ways.

Management of the project is ensured by CNAO, wtiak the requires structure and expertise, sugbdte
CERN, GSI, and SEEIIST.

The HIT, CNAO, MEDA, MIT facilities are central ptars for the clinical and research activities amel telated
networking and to favour the trans-national acadgsatients and medical professionals. These fasliprovide
also the technological, medical, research and enanbenchmarks against which SEEIST will basertee RI in
the SEE countries. They also bring to the projéeirtoperational experience in designing, consingcand
running a particle therapy facility. Their expegtis also crucial to the project’s effort to creatéuture medical
user community in the SEE countries. Together Wi, which has extensive expertise in biophysicsdical
physics, radio-biology and heavy ion accelerat@teays and that was the place where first Europpatients
were treated with heavy ion therapy, they will allaccess of the international research community¢oheavy
ion beams and related research infrastructures.

CERN's expertise lies in designing, constructingl aperating accelerators and their subsystemsudirag
superconducting magnets, synchrotrons, ion soutzEsn dynamics, control systems and diagnosticshdae
activities CERN will partner with the accelerat@seyn team of SEEIIST and CNAO, and specificaliytie linac
design with the crucial expertise of BEVA, a spfhapmpany of Frankfurt University. RTU will conbiite to the
gantry design with its expertise in mechanical pagring. The activity (WP8) on superconducting negsgjrwill
access the competences of the main European play#rs field, with a consolidated tradition of keddoration in
the CERN projects (LHC, HL-LHC) and in other Eurapenitiatives (ARIES, EUCARD?2): INFN, CERN, PSI,
CIEMAT, CEA, UU and Wigner RCP. The SME SEN will ntdbute in designing and building magnetic
measurement instrumentation for magnet charactienisaCSL is a world-wide renowned company for coht
system, with a specific expertise in the controhwfdical accelerators, having designed for exartigecontrol
system of MEDA. It will exploit this experience ajaintly with MEDA and the research centre 1JS w#sign and
develop modular accelerator and therapy contrakasys. GSI and CNAO have a decade-long expertibedvy
ion beam delivery systems that they will bring ikee project. Similarly, HIT, GSI and CNAO have ang
experience in extraction system that will be madailable to the project. UMR, HIT, CNAO, MEDA andSG
have all a long experience in QA and treatmentrptan

A patrticular case is the SEEIIST institution, whishone of the initiators of this Starting Commuyniitut as an
institution has been set up only recently and duomshave specific experience in the field. Howevey,first
priority since inception has been to set up anleca®r design team made of experienced acceledatigners, to
be hosted at CERN. This team is already activeesiBpring 2019, thanks to the support of the Eunopea
Commission via an initial Service Contract. Thertda supervised by an experienced CERN staff merfdvarer
project leader of a project of similar size and ptexity, and has already produced important reghié have
allowed a more precise definition of the SEEIISBide. In addition, SEEIIST has started a commuigoateam
that deals with the communication issues of thgeptoand with the contact with the ion therapy camity,
supervised by a retired CERN staff member.

CERN is also contributing with its Knowledge Tragrsteam and experience, and with support to theagement
of the project via the Deputy Coordinator.



The University of Malta is a long-standing partireaccelerator projects (EUCARD2, ARIES), whicteigyaging
now in an activity related to its key competeneshjcation and training in an advanced technichl.fie

The expertise of the different partners on the comapetences required by the project is graphicallyesented in
Figure 22.

Figure 22 -HITRIplus expertise.

3.3.1 Support Letters

The Letters of Support (LoS) for HITRUs are in Annex I. LoS are available from: TIARA Contsum; Central
European Initiative; European Network for Light IHadron Therapy; CERN Baltic Group; INSPIRE Conisont




List of Abbreviations
ABELII Advisory Board for
Ethical/legal/Industrial issues
ARIES Accelerator research and Innovation for
European Science and Society
CCT Canted Cosine Theta OARs Organs At Risk

CERN European Organisation for Nuclear
Research (Conseil Européen pour la Recherche  OER Oxygen Enhancement Ratio

NOL Novel Object Location

NOR Novel Object Recognition

Nucléaire)

CT computed tomography OMA Optimization of Medical Accelerators
DDS Dose Delivery System PET Positron emission tomography

DMP Data Management Plan PIMMS Proton-lon Medical Machine Study
EC European Commission PTCOG Particle Therapy Co-Operative Group

ENLIGHT The European Network for Light lon

Hadron Therapy QA Quality Assurance

ERA European Research Area R&D Research and Development
ESA European Space Agency RBE Relative Biological Effectiveness’
ESAB External Scientific Advisory Board RFQ Radio Frequency Quadrupole
ESFRI European Strategy Forum on Research RI Research Infrastructure
Infrastructures

ESR Experimental Storage Ring RT Radiotherapy

ESTRO European Society for Radiotherapy and SC Superconducting

Oncology

FAIR Facility for Antiproton and lon Research | SEE South East Europe

SEEIIST South East European International

GDPR General Data Protection Regulation Institute for Sustainable Technologies

GEM Gas Electron Multiplier SIS Schwer-lonen-Synchrotron

GUIs Graphical User Interfaces SME Small Medium Enterprise

HITRI Heavy lon Therapy Research Integration SOP Standard Operating Procedure

HTS High Temperature Superconductors TEPC Tissue Equivalent Proportional Counter
IAEA International Atomic Energy Agency TA Transnational Access

IES Iso-Energy Slices TERA Terapie con radiazioni Adroniche

IEIO International European Interest Organisationl PB Technical Project Board

[.FAST Innovation Fostering In Accelerator

Science and Technology TPS Treatment Planning System

TRIiP Treatment Planning for lon Beam

IMRT Intensity-Modulated Radiation Therapy Radiotherapy

INSPIRE Integrating Proton Beam Therapy
Research across Europe

IP Intellectual Property USP User Selection Panel
JRA Joint Research Activities

KPI Key Performance Indicator

KT Knowledge Transfer

LEM Local Effect Model

LET Linear Energy Transfer

LHC Large Hadron Collider

LoS Letters of Support

LTS Low Temperature Superconductors
MC Monte Carlo

mMKM Microdosimetric Kinetic Model

UNILAC Universal Linear Accelerator



