Horizon Widening Europe 2023 —
Excellence Hubs

IFIGENEIA: Innovative Facility for Isotope GENeration
with Efficient lon Accelerator



General info

Excellence hubs: part European Excellence Initiative and complement science-oriented schemes Teaming,
Twinning, ERA Chairs and the European Excellence Initiative for universities by a dedicated innovation
component.

Focus on innovation by allowing innovation ecosystems in Widening countries and beyond, to team up and
create better linkages between academia, business, government and society to foster place-based
innovation culture in Widening countries based on a strategic agenda aligned with regional or national smart
specialisation strategies

Proposal should demonstrate win-win effects of partnership established by consortium and benefits for
employment and post crisis recovery.

Action corresponding to third priority in the ERA communication on translating R&I results into economy and
will especially support R&I policies aiming at boosting resilience and competitiveness of economies an
societies. This means ensuring European competitive leadership in global race for technology based on
excellence while improving environment for business R&I investment, deployment of new technologies and
enhancing the take up and visibility of research results in the economy and society as a whole.

This action addresses regions as R&I actors since they are the place where the innovation and industrial
ecosystems breathe and develop, making the links between Europe and business including SMEs and start-
ups, research centres, innovation stakeholders as well as citizens. Regionally developed innovation
ecosystems connected across the Europe Union will be the driver of new European strategic value chains.

Unlike Teaming projects that are centred around a single beneficiary Excellence Hubs are networks of place-
based innovation ecosystems in Widening countries involving larger communities of actors in regional
context based on quadruple helix principle .

Call allows to provide financial support to third parties in form of grants, especially for support of start-ups
and SMEs. This call is also encouraging emerging innovation ecosystems from less developed regions in rural
areas, the Western Balkans or countries participating in the Eastern Partnership notably Ukraine. 2



Introduction

Nuclear medicine, as well as molecular imaging, are very
promising medical procedures, widely used in last years for
diagnosis and treatment of various diseases:

 cancers, cardiovascular and brain disorders
Radioisotopes are used in both nuclear medicine and molecular
imaging
* Imaging: radiation emission detected to visualize the
distribution of the isotopes
* Nuclear medicine: charged particle emission (alpha or beta
emitters) - local energy deposition for cancer treatment

Most of radioisotopes not naturally produced - production in
laboratories

New promising therapeutic and imaging methods require access
to large range of new radioisotopes - limited by difficult access to

radioisotopes not yet commercially available

Currently, radioisotopes in Europe are produced either with
cyclotrons or reactors

Radiopharmaceutical
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Radiopharmaceuticals consist of a
radioactive molecule, a targeting
molecule, and a linker that joins the
two. National Cancer Institute



https://www.cancer.gov/news-events/cancer-currents-blog/2020/radiopharmaceuticals-cancer-radiation-therapy
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Table 1: This table lists commonly used Cyclotron-Produced Isotopes, some of the possible nuclear reactions used to
produce the isotopes, typical production vields and some key phiysical properties for the target and production isotopes.

Cyclotrons may be installed on industrial sites or in large
hospitals allowing immediate use. However:
* Fixed energy and target
» Specific radioisotope production mainly for PET (short-
lived positron emitters, 11C, 13N, 150 and 18F) or SPECT
(medium-lived radio-nuclides that are single photon
emitters.) radioisotopes
En <20 MeV
e produce positron emitting radio-nuclides
e Capability of using multiple targets on each of two or more
extracted beam:s.
20MeV < En < 35 MeV
e produce many of the gamma-emitting radioisotopes
(SPECT) as well as of several PET isotopes
* Longer half-lives = dedicated production facilities with
high power targets and larger throughput
En > 35 MeV
* production of a number of the isotopes for radio-therapy.
* need for high current cyclotrons (1mA range)



Production with Nuclear reactors

* Nuclear reactors allow the production of majority of radioisotopes in greater quantities, at a lower
cost

« Approximately 80% of nuclear medicine procedures currently use 99mTc

 However:
« Recent shortage of reactor produced 99- Mo used in 99m-Tc generators
« Supply relies on an unsustainably low number of production reactors
« 99-Mo is currently produced in older research reactors using highly enriched uranium (HEU)
* security issue surrounding the safe storage of the HEU
« expected lifespan of these older reactors

» Urgency to pursuing alternative production methods = revived interest in the possibility
of accelerator production



Needs and developments in Europe and worldwide

TIARA recommendations for the need of European projects for green radioisotope production

NOAR cost action : Recent (last 2-3 years) strong activity and network formation to collect information about
the need for new radioisotopes (astatine) production in Europe

PRISMAP — The European medical radionuclides programme sets out to substantially change the European
landscape for novel and emerging medical radionuclides

NUSANO: Radioisotope production platform for commercial scale production, in West Valley City, UTAH,
USA - will become operational in 2025

» poised to address all technical issues — stabilizing supply chains, and making a wide variety of isotopes available to
drugmakers, researchers, and clinicians.

Development of prostate-specific membrane antigen (PSMA) ligands labeled with radionuclides is a
ground-breaking achievement in the management of prostate cancer - most prevalent cancer among
men

« Numerous treatment options available for prostate cancer, however, poor prognosis when
aggressively metastasizes

« Antigen (PSMA)-targeted radioligand therapy (PRLT) - promising treatment modality for managing
prostate cancer


https://www.hitriplus.eu/
https://astatine-net.eu/
https://cerneu.web.cern.ch/prismap-european-medical-radionuclides-programme-sets-out-substantially-change-european-landscape
https://nusano.com/

Proposal

Build a linear accelerator (LINAC) in the Balkans area to serve the following purpose:

* Initial place Thessaloniki, building knowledge and culture which allow building in the future an exact copy in
Slovenia

* Producing beams of 10-20MeV for modern radioisotope (including astatine) production in Thessaloniki.
* The tunability of LINACs and the possibility of using various sources and targets gives the possibility of massive
production of large range of radioisotopes
Can also serve as a multipurpose facility:
* First stage (portable RFQ of 2-5MeV):
* Cultural heritage and industrial applications (i.e. museums as users)

* Irradiation facility for clinical tests (low energy beams), university education of accelerator physicists, medical
physicists, biologists and medical doctors

* Perspective of being extended to a cancer treatment facility (up to 40-50MeV) in the future
* Clinical trials for FLASH therapy with protons

Compact and green (low radiation) facility that can be located in the proximity of hospitals
Already a similar facility built in the USA: NUSANO facility (LINAC very similar to the CERN LINAC4 frontend).

Proposal needs to follow a quadruple helix:
* Governmental, Societal, Industry, Academia


https://nusano.com/

NUSANO as an example

* Proposing a NUSANO type facility in the
Balkans area in Europe

Performance
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The Hubs

Greece, Slovenia and Cyprus
Place-based: Thessaloniki

Mentoring Sarajevo

* Not necessary to have the full
guadrupole helix

Externals (Parenting)
* CERN (Yannis Papaphilippou)
* DKFZ (Joao Seco)
* GSI (Yiota Foka)
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Expected outcome

* Excellent and sustainable place-based R&I ecosystems in Widening countries and beyond in relevant
domains of cutting-edge science and innovation;

* Long term joint R&lI strategies underpinned by concrete action plans of European relevance;

* Common investment plans for R&I including infrastructures leveraging national, regional and European
funds as well as private capital in a synergetic manner;

* R&l pilot projects alongside a joint strategy and in line with regional and national strategies, notably
regional innovation strategies for smart specialization (RIS3) taking into account the new Innovation
Agenda for Europe

 New competencies and skills for researchers, entrepreneurs and professionals in R&l intensive domains;
e Strengthened linkages between science and business;

* Improved knowledge transfer and development of entrepreneurial skills;

* New business opportunities especially for SMEs, university spin-offs and start-ups, especially deep tech;

* Inclusion of emerging innovation ecosystems from rural areas, Western Balkans and Eastern Partnership
countries including Ukraine by optional mentoring module;

* Contribute to EU-wide access to excellence, ERA Policy Agenda action 16.

10



Proposed work packages

After discussions during the last two months, we came up with the following WPs
WP 1: Coordination and Management

WP 2: Education, Dissemination, Inclusion and Diversity
(GSI, Technopolis, CERTH, )

WP 3: LINAC design dedicated to radioisotope production and other societal applications
(CERN, AUTH, Cosylab, Jozef Stefan Institute, Demokritos, HOU, Alex Molds, CERTH, Archaeological Museum)

* WP 4: Radioisotope production and radiopharmaceuticals (from beta emitters to alpha emitters and future
therapeutical methods)
(DKFZ, University Medical Center, Hospital Papageorgiou, Biocosmos, Demokritos, AUTH)

* WP 5: Business plan for end users: From science to business including spinoffs
(Talos, University of Cyprus, DKFZ, CERTH, BIOKOSMOS, COSYLAB, Jozef Stefan Institute)

* WP6: Mentorship and capacity building



Partners

* Greece
* Academia: AUTH, Demokritos, Hellenic Open University
 Governmental: Central Macedonia Governor, Papageorgiou Hospital
* Societal: Cancer Associations, Museums
* Industry: Biocosmos, Alex Molds

* Connection of Academia and Business (public and private organizations): CERTH,
Technopolis

e Slovenia
* Academia: Ljubljana University,
e Governmental: Slovenian Government

e Societal: Cancer Associations
* Industry: Cosylab, KYMA



Partners

* Cyprus
* Academia: University of Cyprus
* Government: Cypriot Government

e Societal: Cancer association of
* Industry: TALOS

e Externals
* CERN (Yannis Papaphilippou, Alessandra Lombardi, V. Vlachoudis, Fanouria Antoniou)
 DKFZ (Joao Seco, )
* GSI (Yiota Foka)

* Mentoring partner - Bosnia&Herzegovina
« UNIVERZITET U SARAJEVU



WP3: LINAC design dedicated to radioisotope

oroduction and other societal applications

* T3.1 LINAC/RFQ design and beam dynamics studies (M4-M42) [AUTH(20), AMTH(8), NCSRD(5), AMOLDS(13),
1S(3), COSYLAB(1), CNE(2), UNSA(8), DKFZ(1), CERN(18)]

Prototype design of the first stage of a proton LINAC-RFQ in collaboration with the ALEXMOLDS company-CERN-AUTH.
Design of the basic RFQ unit for the LINAC that will provide maximum proton energy 2-5 MeV, appropriate for archaeometry.

Front-end for applications in the field of cultural heritage: Design of the switching magnet, beamline, ion optics, nozzle for
proton beam exit into air, the stereoscopic and compact arrangement of gamma, X-ray and particle spectroscopic systems
appropriate to detect Particle Induced X-ray (PIXE), Gamma Emission (PIGE) and Rutherford Backscattered (RBS) protons.

Feasibility study of fast elemental imaging using pulsed proton beams

Applications: Demonstration of lon Beam (PIXE, PIGE and RBS) analysis of archeological and art objects to elucidate ancient
craftsmen technologies, artistic techniques, and conservation needs.

* T3.2 Beam parameters and hardware specifications for different operational scenarios (M13-M30) [AUTH(16),
BIOKOSMOS(3), AMOLDS(6), 1)S(2), COSYLAB(2), IAS(2), CNE(4), DKFZ(1), CERN(8)

Design of a LINAC proton accelerator of frequency 352MHz with a beam energy of up to 20 MeV.

Decide relevant parameters and define the accelerator parameters together with target experts: current repetition rate, pulse
length, and final energy

End-to-end dedicated simulation of all parts of the accelerator: the source, the radiofrequency quadrupole (RFQ), standard drift-
tube linacs (DTL) or inter-digital H-mode (IH) DTL and adaption of the parameters to target needs. The high current capability
necessary for the device has been demonstrated in the past.



WP3: LINAC design dedicated to radioisotope
oroduction and other societal applications

T3.3 Targets’ optimization and handling for different isotope production scenarios (M7-M36) [AUTH(8), UL(6),
UCY(6), CNE(2), DKFZ(1), CERN(2)

* 750 MHz Proton and helium accelerator — up to 20 MeV/u

* Define parameters together with target experts : current repetition rate pulse length final energy

* End to end simulation of source, radiofrequency quadrupole, drift tube linacs or IH

* High current capability to be demonstrated (source R&D for emittance reduction)

T3.4 Control system development (M13-M42) [COSYLAB(35), AUTH(6), BIOKOSMOS(3), CERTH(12), NCSRD(1),
AMOLDS(3), 1JS(5), 1AS(2), UCY(3), CERN(2)]

T3.5 Study of the Safety and Radiation protection requirements (M7-M36) [NCSRD(8), GNP(2), UL(3), 1JS(2),
COSYLAB(1), IAS(2), DKFZ(1), CERN(2)]

e Studies supported by detailed simulations on the Safety and Radiation protection requirements for the forseen accelerator
facility/infrastructures.

T3.6 Development of Computational tools (M13-M36) [AUTH(8) ,CERTH(6)]

* Thisis a horizontal task supporting the majority of the WPs. Specifically, concerns the development of simulation, optimisation
and modelling tools based on classical and Al algorithms to be used on the simulation and computational studies of the above
tasks (T3.1 —T3.5). Furthermore, this task will offer computational modelling support to the tasks of WP4.



WP4: Radioisotope production and
radiopharmaceuticals

* T4.1 Develop Lab conditions (radiation protection) needed for producing these
isotopes (M5-M42) [GNP(10), AUTH(1), BIOKOSMOS(8), NCSRD(3), UL(8), UCY(2),
CNE(2), SHSO(2), DKFZ(1), CERN(2)]

* T4.2 |dentify best Isotopes for production with LINAC (M5-M42) [UL(8), AUTH(1),
BIOKOSMOS(2), GNP(4), NCSRD(1), AMOLDS(1), DKFZ(2), CERN(2)]

* T4.3 Investigate best Ligands for development within excellent hub (M5-M42)
[UL(7), AUTH(1), BIOKOSMOS(2), GNP(3), NCSRD(2), DKFZ(6), CERN(2)]

* T4.5 Perform “Pilot” Pre-clinical studies with animal model (M19-M48)
[GNP(16), AUTH(3), BIOKOSMOS(1), NCSRD(1), UL(6), SHSO(3), DKFZ(8), CERN(2)]



WP1: Project management

* T1.1 Project coordination & financial management (M1-M48) [AUTH(28),
RCM(1), BIOKOSMOS(1), AMTH(1), CERTH(1), GNP(1), TPOLIS(1), NCSRD(1),
AMOLDS(1), UL(1), 1JS(1), COSYLAB(1), SIH(1), IAS(1), TALOS(1), UCY(1), CNE(1),
PASYKAF(1), SHSO(1), UNSA(1), GSI(1), DKFZ(1), CERN(1)]

* T1.2 Quality assurance, risks, ethics and IPR management (M1-M48) [AUTH(5),
UL(1), DKFZ(1), CERN(1)]

e T1.3 Scientific, innovation & technical management (M1-M48) [AUTH(5),
CERTH(1), NCSRD(1), COSYLAB(2), UCY(1), DKFZ(1), CERN(2)]

e T1.4 Data management (M1-M48) [1JS(6), AUTH(1), UCY(1)]



WP2: Education, Dissemination, Inclusion and
Diversity

e T2.1 Communication and dissemination activities and planning (M1-M48) [1JS(14), AUTH(1),
RCM(4), BIOKOSMOS(1), AMTH(2), CERTH(2), GNP(1), TPOLIS(5), NCSRD(1), AMOLDS(1), UL(1),
COSYLAB(1), SIH(1), IAS(1), TALOS(2), UCY(1), CNE(1), PASYKAF(6), SHSO(1), UNSA(2), GSI(3),
DKFZ(1), CERN(1)]

e T2.2 Skills training and Trainers’ training (M13-M48) [TPOLIS(14), AUTH(1), BIOKOSMOS(1),
GNP(2), NCSRD(2), UL(3), 1JS(7), COSYLAB(2), SIH(2), IAS(1), UCY(1), PASYKAF(1), SHSO(1),
GSI(6), DKFZ(1), CERN(3)]

e T2.3 Secondments and good practices exchange (M25-M48) [GNP(12), AUTH(2), RCM(1),
BIOKOSMOS(1), AMTH(1), CERTH(2), TPOLIS(8), NCSRD(1), AMOLDS(1), UL(2), 1JS(8),
COSYLAB(3), SIH(3), IAS(3), TALOS(2), UCY(2), CNE(2), PASYKAF(1), SHSO(1), GSI(6), CERN(2)]

e T2.4 Inclusion strategies and activities (M19-M36) [UCY(8), AUTH(1), RCM(3), GNP(1),
TPOLIS(2), NCSRD(1), UL(1), COSYLAB(1), SIH(2), IAS(3), CNE(1), PASYKAF(6), UNSA(1), GSI(3)]



WP5: Business plan for end users: From science to
business including spinoffs

e T5.1 Project Strategic Actions Investment Plan and Financing (M7-M48) [TALOS(8),
AUTH(1), RCM(2), BIOKOSMOS(1), AMTH(3), CERTH(3), TPOLIS(4), NCSRD(1),
AMOLDS(1), UL(4), 1JS(3), COSYLAB(2), CNE(1), PASYKAF(2), SHSO(4), UNSA(2), GSI(1)]

* T5.2 Management of Key Exploitable Results (KERs) (M25-M48) [TALOS(6), AUTH(1),
RCM(2), BIOKOSMOS(2), AMTH(2), CERTH(2), TPOLIS(3), NCSRD(1), AMOLDS(1), 1JS(3),
COSYLAB(2), CNE(1), UNSA(2), DKFZ(2), CERN(2)]

* T5.3 Development of Business Plan(s) for Seeking Financing beyond the Project (M13-
M48) [TALOS(11), AUTH(1), RCM(4), BIOKOSMOS(3), AMTH(2), CERTH(3), TPOLIS(4),
NCSRD(1), AMOLDS(1), 1JS(4), COSYLAB(6), CNE(1), PASYKAF(2)]

* T5.4 Basic Sustainability for the Excellence Hubs (M25-M48) [RCM(15), AUTH(1),
BIOKOSMOS(1), AMTH(2), CERTH(2), TPOLIS(4), NCSRD(3), AMOLDS(1), UL(2), 1JS(6),
COSYLAB(4), TALOS(10), SHSO(6), GSI(1)]



WPG6: Mentorship and Capacity Buildings

* T6.1 Accelerator School (M13-M48) [AUTH(8), BIOKOSMOS(5), CERTH(1),
TPOLIS(1), NCSRD(3), AMOLDS(1), UL(2), 1JS(4), COSYLAB(4), UCY(5), UNSA(3),
GSI(5), DKFZ(2), CERN(5)]

* T6.2 Master Classes in Particle Therapy (M13-M48) [GNP(10), AUTH(4),
BIOKOSMOS(2), CERTH(1), TPOLIS(1), NCSRD(1), AMOLDS(1), UL(4), SIH(6),
SHSO(5), UNSA(3), GSI(5), DKFZ(2), CERN(5)]

* T6.3 Implementation of a Virtual Interactive Radiolsotope production unit (MX-
MX) [CERTH(25), AUTH(2), BIOKOSMOS(2), AMTH(1), GNP(2), TPOLIS(1),
NCSRD(1), AMOLDS(2), UL(1),1JS(1), COSYLAB(1), SIH(2), UCY(1), SHSO(1),
UNSA(5), GSI(1), DKFZ(1), CERN(2)]
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