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The innovative ISOLPHARM method @ SPES ISOL facility

&% ISOLPHARM early experimental feasibility studies
&% ISOLPHARM_Ag, a CSNV experiment

ISOLPHARM_EIRA, a CSNV experiment

(®%> Conclusions



SPESS  ISOLPHARM framework: the SPES project &

SPES-a SPES-
at the heart of SPES: the ’ the ISOL facility and the
cyclotron and related L“ acceleration of neutron-rich
infrastructure. ‘ \ / unstable nuclei.
SPES-6 SPES-y
multidisciplinary neutron production of radionuclides
sources. for applications.

SPES exotic beams for medicing
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Exofic_beorn fearn 1. Asecond generation ISOL RIB Facility |- s
SPES\\\\ IS: (for neutron-rich radioactive ion beams) | =, T
oroject 2. Aninterdisciplinary Application Facility == -

(for p,n applications)

New infrastructure for:

e Cyclotron
o RIB Facility
e Application Facility
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SPES® |SOLPHARM framework: the SPES ISOL facility <™
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SPES® Radiopharmaceuticals

Linker/spacer Therapeutic agents

to bind the targeting
agent and the chelator

Cancer target
Better if overexpressed
by cancer cells

Radioisotope
r May be a diagnostic
isotope for imaging Diagnostic agents
and/or a therapeutic oy
isotope for treatment ‘w
P . - v
- Targetlng agent f&*
@ A small molecule or a S”
biologic agent (antibody) Chelator . . .
Molecule carrying the Radionuclides properties:

radioisotope -
Decay properties

activity of the radioisotope (MBq) Half-life
mass of the element (mg).

Specific activity

Chemical properties

Radionuclidic purity activity of the desired nuclei
overall activity of the compound Production Feasibility
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The ISOLPHARM method

The ISOLPHARM method for the production of
radiopharmaceuticals is a INFN PATENT

Patent title:
«Method for producing beta emitting radiopharmaceuticals
and beta emitting radiopharmaceuticals thus obtained»

—CthusirEnd — Emmon and Radnuactnre lon Beam Isobaric lon Beam
~diffusingatoms.  jonization

Radiopharmaceuticals Chemical

Diagnosis and
production purification

Flexible production, high specific activity & radionuclidic purity
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SPES® The ISOLPHARM set-up (test facility) <™

Starting Point: Some tens of mCi are sufficient to start a R&D on radiopharmaceuticals

B o Simulation of the proaéss using stable ion beams thanks to the SPES test bench
(Front-end off-line)
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Exctic_beam fean \\ . . . o INFN
SPESS  1sOLPHARM Medical radionuclides production G

From Fissile (UC, ) target A UC, target already developed
'- | and tested on-line

(JOne material, many radioactive
ion beams (fission)

(A Neutron-rich nuclides
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Exotic bean feam

PES\

o o o o INFN
=¥ ISOLPHARM Medical radionuclides production &=
From non fissile targets
Titanium carbide Zirconium germanide Gadolinium Boride
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Summary: main features of ISOLPHARM

1 Production of a large set of radionuclides carrier-free &
with large radionuclide purity = (versatility)

[ Many unconventional radioisotopes (short T, ,) difficult
to produce with traditional techniques = (innovativity)

§

g
[ On-line mass selection by tuning the separator; easy B ¢
production of different radionuclides 2> (flexibility) ‘%

S

J Production of less nuclear wastes respect to nuclear
reactors = (green technology)
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#Sr, Se /%Y ~20% ! e o .....‘.~..'.« -
A o £5 ) - = Ly (v abaaton of Copper Radionotope Pondction
1 129, 1261 and 131 PIS ~20% . e tvhuints 9 ' WO
Cu 4y, “Cu PIS ~10% Z?E ‘E:Z ‘;;..::"‘
“ ‘"“ PIS = |$ % :‘:‘ﬁ?lﬂ‘l‘.“q-:l

Sodium Nitrate

Compression

Mass separation

lonization and

Srattion Radioactive lon Beam

Isobaric lon Beam

Radiopharmaceuticals Chemical
production purification
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ISOLPHARM Ag

A CSNV experiment 3 "
(2018-19)
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PES® |SOLPHARM_Ag: a case study on 111pg €™M

Experiment financed by INFN CSN V O MAg can be produced not
” only at high purity, but also

111 i L s X
X ® Ag properties with high production rate: up
5 O B emitter (average energy 360 keV) to 2 Ci in target after 5 days
Llf! N ﬁ“,"{,,s m"‘f.\."gi"r{; dS'F %%t{ Bllxl]l_}l{ri"[&_s‘_rol'/\ DEGLI STUDI (8kW UCX ta rget)
BIOtech - . .
/jm o gﬁ‘ T R 6 Q Medium half-life (7.45 daYS)
Trget 0 Medium tissue penetration (1.8 mm) O All Ag isotopic contaminants
will be removed using the on-
U Low energy y rays SPECT line mass separation.
€ mAg
111 Isobaric chain t, Decay

O Only *Ag and low amounts
111cd Stable Low yield production of its stable daughter !'Cd

1ipg 7.45 days B~ Good yield production (mostly produced by the

decay of silver) will be

111pg 23.4 min B Bad release, Low prod collected on the secondary

111Rh & 11 sec. ) B~ No release target.
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SPES®  |SOLPHARM_Ag project organization =~ <™

Istituto Nazionale di Fisica Nucleare
Sezione di Padeva

Istituto Nazionale di Fisica Nucleare
Trento Institute for Laboratori Nazionali di Legnaro

Fundamental Physics
and Applications

e Task 1: Investigation of the production and release capabilities of *!Ag from the SPES fission target, exploiting
production, diffusion and effusion complex Monte Carlo codes on a dedicated grid computing infrastructure
: Study of the Ag chemistry in order both to develop suitable purification techniques from contaminants and to
synthesize new chelators for Ag* with controlled thermodynamic and kinetic

e Task 3: Development of targeting agents to transport 1Ag to defined tumor cells
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R Feasibility study of 11'Ag production at ISOLPHARM  &—...

MC calculations of the 111Ag

production
[days] [GBa] [Ci]
0,5 9,46 0,26
1 19,17 0,52
15 28,48 0,77
2 37,39 1,01
3 54,01 1,46
4 69,15 1,87
5 82,95 2,24

cloudveneto

For such calculations a dedicated
IT infrastructure was designed in
CloudVeneto

Stable Ag ionization tests

Silver ionization test - Mass Scan
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SPES$ Experimental activity on radiopharmaceuticals &=_
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BIFUNCTIONAL
CHELATOR

1) Beam delivery & Target productions

INFN
2) lonization and lon transport/collections o
3) Molecular synthesis
UNIVERSITA
4) Purification after molecular synthesis — DEGLI STUDI
DI PADOVA
5) Cold Characterization @ ‘12223250 SERVIZIO SANITARIO REGIONALE
_ resseses: EMILIA-ROMAGNA
6) Radiolabeling of new synthesized ligands | 77T . e Sat S
Azienda Unita Sanitaria Locale di Reggio Emilia
. . oy . . Azienda Ospedaliera di Reggio Emilia
7) Hot Characterization : Stability in PBS buffer and blood solution ‘i‘ Arcispedale 5. Maria Nuova

Istituto di rlcovero @ cura a caratters sclentifico
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Final result: first radiopharmaceutical prototype <"
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The ISOLPHARM website @
PHARM

HOME PEOPLE COLLABORATIONS NEWS DOCUMENTS CHART OF NUCLIDES JOINUS LOGIN

A Multidisciplinary Project

Studying the praduction of innovative Radiolsotopes through ISOL technique.

https://isolpharm.pd.infn.it/web/
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SPES® (INFN

ISOLPHARM_ EIRA
(CSNV 2020-22)

Istituto Nazio cleare

SFPES exofic beams for medicine



SPES® Main goal of ISOLPHARM_EIRA <i

To go beyond the results of ISOLPHARM Ag and further promote the
research on a 1''Ag based radiopharmaceutical by:

1. Producing the first batches of radioactive 111Ag via neutron irradiation at
the existing TRIGA Mark Il research reactor at LENA.

2. Testing in-vitro and in-vivo the first 1'*Ag radiolabeled compounds

SPES exofic haams for medicing



Project organization @PN

H1pg Task 1: Physics INFN INFN INFN

LNL ~ PADOVA PAVIA
* Simulation and study of **Ag production via the 1°Pd(n,y)!*Ag reaction. }'* )
* Quality control of the production of 11Ag trough spectroscopy analysis ")
* Laserionization of Ag N .

Task 2: Radiochemistry INEN
LNL

* Development of a library of novel chelators for silver and copper and characterization of their properties. 20 o
* Small molecules and linker development . @g
» Radiolabeling of the synthetized compounds prior with *Cu and then with 11Ag, characterization of their . 3

properties (stability, etc.)
* Development of more efficient purification methods from isobaric contaminant

Task 3: Biology Iozimin s INFN INFN
and Applicationsy ~ LNS LNL

* |nvitro activities: study of affinity and internalization using florescence (eventual studies with ®*Cu and !Ag) * R+
* Development of 3D scaffold and cell cultures for studies in dynamic conditions Y &)+
* Invivo tests using florescence * L&+
* |nvivo imaging using ®*Cu and ''Ag radiolabelled compounds
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Pha® The path of ISOLPHARM_EIRA
Q MC cloud calculations of yields and doses

cloudvenzio
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111Ag  Production of 111Ag in nuclear reactor

Chelators development

SERVIZIO SANITARIO REGIONALE
. EMILIA-ROMAGNA

+ Azienda Unita Sanitaria Locale di Reggio Emilia

UNIVERSITA
DEGLI STUDI DiSC
DI PADOVA

IRCCS istituto in tecnologie avanzate e modelli assistenziali in oncologia

Linkers development Radiopharmaceutical synthesis

UNIVERSITA <5

INFN

Istituto Nazionale di Fisica Nucleare

First in-vivo test of a 111Ag

UNIVERSITA df%{
DEGLI STUDI :} !

DI PADOVA

degli STUDI )

N CAP{R based radiopharmaceutical

dl CATANIA CerllerlarAdvanced Preclinical in vive Research
Targeting agents development V — W INEN
Trento Institute for "ol '
i ! OSPEDALE &
Fundamental Physics - IBFAA CANNIZZARO CATtlIA NS

and Applicaticns
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“ UNIVERSITA DEGLI STUDI
DI TRENTO

B-I.Otech
BIO[ECY CIBI®

Biomedical Technologies  Centre for Integrative Biology

AZIENDA OSPEDALIERA PER 'EMERGENZA

Cell line for CCK2R development and in-vitro and in-vivo testing
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ISOLPHARM collaboration network

INFN

Istituto Nazionale di Fisica Nucleare

The National Network
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