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" Development of new Radiopharmaceuticals for Targeted
Radionuclide Therapy and Diagnostic

Experimental Activities A

o @
" Study of the production of new radioisotopes of medical interest at
SPES (LNL) using the ISOL technology, including MonteCarlo ¢
simulations (GEANT4, PHITS, FLUKA...), development of target, source e
ionization and radiation detection systems for production
characterization and diagnostic

" Synthesis and test of new macro-molecules to carry the interesting
radioisotopes, including chelation and linking to the targeting agents

" Testing of the new macro-molecules in pre-clinical in-vitro and in-
vivo experiments, including radiobiology tests on cell cultures, bio- e
distribution experiments and dose/damage calculations at cellular '
level.
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(NFN the ISOLPHARM scheme  SPES

project

SIL:*’Z”‘a‘ﬂ?uﬁ“"la"ls“l‘ca The ISOLPHARM method for the production of
Proton driver radiopharmaceuvuticals is a INFN PATENT
(Cyclotron) . .
Patent title:

«Method for producing beta emitting radiopharmaceuticals
and beta emitting radiopharmaceuticals thus obtainedy
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https://isolpharm.pd.infn.it/
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Cancer target Linker/spacer

Better if overexpressed to bind the targeting
by cancer cells agent and the chelator

Radioisotope
May be a diagnostic
isotope for imaging
and/or a therapeutic

isotope for treatment
Targeting agent /
A small molecule or a
biologic agent (antibody) Chelator

Molecule carrying the
radioisotope

F. Borgna et al., Appl. Rad. Iso., 2017
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An interesting new candidate: the beta-emitter Ag-111

m A In the market No

i e e radiopharmaceuticals Sil
'11Ag properties ) 0 ver-based!
O B- emitter (average energy € 0 Ag-111 can be
360 keV) i
0 Good half-life (7.45 days) Efoﬁuce‘,j @&SplES W'.t:
L Average tissue penetration e Igh purity & also wit
(1.8 mm) © ag high production rate.

L Medium energy y rays (342

keV) -> SPECT
L No lIsobaric radioactive

111 Isobaric chain t, Decay contamination in the

111Cadium Stable Low yield production secondary target (also

with LASER off)!
111gjlver 7.45 days B~ Good yield production

M Rhodium \ 11 sec. / B~ No release, very short T, ,

111palladium /23.4 miN B~ Bad release, short Ty,
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ISOLPHARM: a wide interdisciplinary Collaboration

ISOLPHARM started as a scientific gathering of
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and Applications
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Development of cell-lines, in-vitro and
in-vivo studies, imaging
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Center for Avanced Precinical

Development and synthesis of
small molecules for cancer
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Other possible field of collaboration?
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Unconventional radionuclide (e.g. '''Ag)
production with an innovative method
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ﬁ Study and development of tumor
targeting agents for specific targets
(e.g. CCK2R)
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Development of chemical purification
procedures and innovative chelators
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A beta-imaging detector for Ag-111 studies

Beta activity assessment in pre-clinical
experiments

where...
how much.. )
n?>

courtesy of Davide Serafini

“j N~ ¢ €S Q&

B imaging detector

Requirements:
0.1 — 1 mm spatial resolution
« Activity quantification

2/23/24
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A beta-imaging detector for Ag-111 studies

Detailed MonteCarlo simulations using the GEANT4 toolkit

Cell geometry:
e Aqueous spherical cells (10 um radius)
e Inside the cell volume, """Ag undergoes [3 decay

Source geometry: "" j)(,-jﬂj;“g l @ )
2D Planar culture

A&

L { .- s i : . Cell d I \\"‘52‘:—:., o BN e
oe |
i " _ % : hydrogel matrix.
o ‘ | 10 cells dispersed in
e * e & hydrogel matrix Q _ GEANT4
- " A SIMULATION TOOLKIT

courtesy of Davide Serafini 2/23/24
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A beta-imaging detector for Ag-111 studies

The beta-imaging detector will take advantage of the MAPS
technology developed at CERN for the LHC experiments

* [t will consist of 4 or 8 ALPIDE chips arranged in a flat geometry
* ALPIDE is a monolithic active pixel sensor (MAPS) originally developed
for the Inner Tracking System of the ALICE experiment at CERN

First measurements conducted with ALPIDE:
e Dedicated firmware mounted on the detector

e 1.5cm x 3cm x 50pum
e Preliminary data acquisition with %Sr source

* 1024 x 512 sensitive pixels
e 28um x 28um % 50um

11 pm I

Integrated electron
SOpM |25 um | i

o
. ‘- .-'.A g
ARG BN . 14 m I Eptaxial layer

Substrate
28 pm

28 pm

courtesy of Davide Serafini 2/23/24
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Radiation Biophysics: cell survival

culture preparation irradiation growth stimulation counting colonies

Clonogenic assay of an irradiated 2D cell culture.

Survival Curve for the LQ model
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The effectiveness of a radionuclide
therapy can be studied in terms of the
surviving fraction of cancer cells as a
function of the absorbed dose.

Survival Fraction
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courtesy of Alberto Arzenton 2/23/24
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Radiation Biophysics: cell uptake
and dosimetry

High Targeting of
desired species
The radiopharmaceutical _..assess the targeting e Jmie S
uptake can be measured efficiency of the molecule Y
with a radiation - B ‘
detector to... X

...compute the cell
dosimetry with Monte Poor targeting of

desired species

Carlo methods S &

GEANT4 Monte Carlo simulation of the
absorbed dose in the cellular compartments.
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Radiation Biophysics: foci assay

The break points of the irradiated DNA
double helix are called foci.

o Radiation =
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Double strand breaks

Double strand break
fragments

The phosphorylation of certain foci
proteins can be used to relate the DNA

damage to a fluorescent signal.

Detailed simulations and pregilctlons ON  Confocal microscopy imaging
DNA damages can be realized using of a y-H2AX foci assay.

GEANT4-DNA
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Main Research Area

" Applied Nuclear Physics in security,
in nuclear decommissioning,
environmental monitor, nuclear
security, homeland security...

Experimental Activities

®  Novel neutron detectors
characterization

®  Detector characterization &
prototype development

" MonteCarlo Simulation (GEANTA4)

Examples of UAV and UGV with new detectors
" Laboratory, Accelerator and field qnd new autonomous prototypes for dangerous
“reqln .I.eS.I.S situations

courtesy of Sandra Moretto 2/23/24
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Graduate School on Medical Physics &

Graduate School on Medical Physics at UNIPD

» Possible study continuation after LM in the context of public health, with the
goal to be employed as Medical Physicist on hospitals and other health
facilities

« 3 years path with fellowship with a smaller part of “theoretical” formation at
DFA and associate sites, and a larger part of internship at different health
facilities

» Access by competition, usually in November (submission deadline just after

the October Master Degree session). Having a Master Thesis in Medical
Physics is a plus!

* For more information:
- prof. Silvia Monica Lenzi (silviamonica.lenzi(at)unipd.it)
- dott. Raffaella Cesaro (Raffaella.cesaro(at)unipd.it)
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