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Medical Radionuclides @ INFN-LNL

“Radioisotope Service for Medicine and Applications”
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Medical Radionuclides of interest for LARAMED
Research lines and international projects
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REM]X Research on Emerging Medical radlonuclides from the X-sections

- Arr@nax

4 '»;w~ @ REMIX is funded by INFN-CSNS5 for the years 2021-2023 Nantes
Vyw With the goals: -

DN € =

» New XS measurements for cyclotron-based production of 47SC, 149Tb, 152Tb, 155Th and 1°1Tb

[N.B. the #°Ti(p,x)*’Sc is unexplored!]
» Nuclear codes are used to estimate yield & purity of the produced radionuclides, also considering the experimental data

» Computational dosimetric studies with radiopharmaceuticals labelled with the %> % oA

VENETO
LR.C.C.S

produced RN (and contaminant isotopes) are performed to find out the best production routes

> 15T Thick Target Yield (TTY) measurement of the 155Gd(p,n)155Tb

)

3 O CUORE
CALABRIA

) +7..7 Istituto Don Calabria
:- == IRCCS Ospedale
mm . Sacro Cuore Don Calabria
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reaction @ the SCDC hospital 19 MeV cyclotron (solid target station)
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REMiX

MF T WP1. Production and target
# characterization
Sara Cisternino (INFN-LNL & UniPD)

WP7. Devices for INFN-LNL beam-line = WP2. XS measurements with *°Ti e °Ti
Gabriele Sciacca (INFN-LNL & UniPD) ¢ Liliana Mou (INFN-LNL)
L 4
155 H
WP6. =Tb TTY.productlon @ % ) »=l 4 WP3. XS measurements with "2tDy,1>°Tb, "3Eu
USSR L ' u Simone Manenti (UniMI & INFN-MI)
| Petra Martini (UniFE & INFN-FE) | *'/ " (P
""" \WP5. Dosimetric calculations WPA4. Nuclear codes (TALYS, EMPIRE, FLUKA)
Laura De Nardo (UniPD & INFN-PD) Luciano Canton (INFN-PD)
Laura Melendez-Alafort (10V) Andrea Fontana (INFN-PV)
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REMIX: WP1 Target manufacturing and characterization
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S. Cisternino et al., Upgrade of the HIVIPP deposition apparatus for nuclear physics thin targets manufacturing, Instruments (2022)
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REMIX: WP2 Nuclear xs measurements for 4’Sc production

Interesting targets for proton-induced reactions PASTA project, funded in 2017/2018 by INFN-CSN5

50V 51v 52v

21E+17 STABLE 3.743 . . .
Rl = Only few literature data on enriched *Ti..

B~ = 100.00%
%] OF COURSE, ITS
BASED ON ONLY A
51Ti
576 m
B- = 100.00%
50Sc
1025
B~ = 100.00%
AL
q.”:.a‘l
8718 m .. | am going to show you the xs results
r SEPNE M - = 100.00% obtained with proton-beams and enriched
Ti targets irradiated at the ARRONAX facility!
Arr@nax
G. Pupillo et al., Journal of Radioanalytical and Nuclear Chemistry 297, 3 (2019) doi: 10.1007/s10967-019-06844-8 Nantes

F. Barbaro et al., Physical Review C (2021) arXiv:2107.13773, doi: 10.1103/PhysRevC.104.044619
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REMIX: WP2 4’Sc nuclear cross section measurements
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Proton-induced reactions on *Ti targets: 4’Sc and 46Sc

Istituto
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L. Mou et al., Nuclear cross sections of proton-induced reactions on enriched #€Ti targets for the production of the theranostic #’Sc radionuclide (..) (2022) Submitted
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Proton-induced reactions on #3Ti targets: 4*™Sc, 44Sc, 43Sc, 48V
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The 4’Sc Radionuclidic Purity (RNP) with “8Ti targets

E, < 30 MeV, co-production of 4mSc and #*Sc ; E, > 30 MeV co-production of 43Sc, 44mSc, 44¢Sc and 46Sc
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L. Mou et al., Nuclear cross sections of proton-induced reactions on enriched #€Ti targets for the production of the theranostic #’Sc radionuclide (..) (2022) Submitted
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Proton-induced reactions on #°Ti targets: Preliminary results

PTi(p,x)*"Sc ii
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Proton-induced reactions on °°Ti targets: Extra preliminary data

OTi(p,x)*"Sc

Extra preliminary data because
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Comparison of 4’Sc production: “*Ti vs "2V targets

48Ti(p,2p)*’Sc and "V (p,x)*’Sc The use of *2Ti targets gives a larger 47Sc yield in comparison to "V,
10 . Tid8 however the RNP is too low for medical applications!
35 & -
gso tee—— T —— 2 4 V-nat . . 46 .
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1] /. * o .
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L. De Nardo et al., Physics in Medicine and Biology DOI:10.1088/1361-6560/abc811 (2021)
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Future works and conclusions

v Thin homogeneous enriched metallic *Ti-targets manufactured and characterized (WP1)
v" Irradiation runs ongoing at ARRONAX to measure the xs for 4’Sc (and contaminant) production (WP2)
v’ Cross sections always show a regular trend and a general agreement with few literature data

o Modeling with nuclear codes to find out the best parameters to describe the xs of interest (WP4)
o Dosimetric calculations to find out the best irradiation conditions for #’Sc production (WP5)
o New irradiation runs @ ARRONAX to describe the nuclear xs using enriched #°Ti and >°Ti targets (WP2)

L During 2023 it is expected to perform the first tests @ INFN-LNL for xs measurements (WP7)

THANK

you -
O

lucia.de.dominicis@lnl.infn.it liliana.mou@lnl.infn.it
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Dosimetric calculations of 4’Sc-cm10 using "'V targets

* Calculation of the 4’Sc and **Sc-contaminants production for different scenarios with "V targets

E, <35 MeV -2 only #*Sc low amount & low #/Sc yield
E, > 35 MeV —> %S¢, ¥Sc contaminants & high 4’Sc yield

* Biodistribution considered for **Sc-cm10 (literature data: Miller et al., 2014) rescaled to the human case
* OLINDA code to estimate the total effective dose and the absorbed dose to each organ due to 4’Sc and **Sc-contaminants

» Irradiation parameters suitable for medical use of 4’Sc-cm10!

Table 6. Calculated absorbed dose in the main organs (Gy) after a therapeutic treatment with */#5c-em10 radiopharmaceutical (11.625

GBq) performed at fme and comparison with the absorbed dose limits values (Gy).

Absorbed dose per unit

administered activity at Absorbed dose (Gy) per 47SC prOd uced fOr 80 h
Organs fmax (GV/GBq) treatment (11.625 GBq) Dose limits (Gv) |rrad|at|0n W|th 100 MA Of 35_19
fudaeys 0-730 8.719 23-40 MeV protons on "3V targets
Salivary glands 0.110 1.279 ' y 4 25-35
Liver 0.075 0.907 ‘F"“’*\; " 30 should be enough for 2-6
B arrow 0.013 0.151 \o 2 .
ole b e ; treatments with 47Sc-cm10!

Whole body 0.021 0.244

L. De Nardo et al., Physics in Medicine and Biology DOI:10.1088/1361-6560/abc811 (2021)
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