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CUPRUM-TTD Status attivita 2025

GANTT chart
* Cronoprogramma del progetto CUPRUM _TTD (2023-2025)

1st year 2023 2nd year 2024 3rd year 2025
10 20 30 40 10 20 30 40 10 20 30 40
WP1 Target manufacturing, characterization, and material recovery

M1: SPS technique development for natZnO target manufacturing (Nb/Au/ZnO kind)
M2: recovery process development for natZnO, and material powders characterization (SEM, EDS, profilometer)
M3: target production with SPS technique starting from recovered natZn0;

Target radiochemistry processing

M4 : development of separation and purification procedure using cold targets of natural Zn0O

MS5 : development of a solid target dissolution reactor and optimization of automation of 6xCu separation,

M6: development of an automatic system for the separation and purification of Cu-67 from the target of ZnO and other contaminants,
M7 : productions tests of Cu-67 using enriched target and determination of the extraction yield and purity of the final product.

M8: Quality controls analysis on Cu-67 produced and isolated for pharmaceutical studies

Cyclotron Irradiation, Spectrometry and QC test

M9 : ™'ZnO targets irradiation for thermomechanical stability tests

2NN AN

> M10 M10: "™Zn0 targets irradiations for radiochemical separation optimization

M11 M11: perform y-spectrometry measurements to estimate the efficiency of the radiochemical procedure (natZn targets)

M12 M12: three long irradiations for Cu-67 production on enriched "°Zn0 targets.

M13 M13: perform y-spectrometry measurements to estimate the activity and RNP of the 67Cu produced by irradiation of 70Zn targets

M14 M14: xs measurements for alternative67-61 Cu nuclear reaction routes 64Ni(ot,p)67Cu and 59Co(a,2n)61Cu

WP4  RPs development, cellular, dosimetric and Imaging studies

M15 M15 : synthesis and characterizatoin of NOTA-PSMA conjugates

M16 M16 : Radiolabeling and stability studies of synthetized conjugates

M17 M17: Determination of specific binding of Cu-PSMA RPs to PSMA receptors naturally expressed by PCa tumor cells, uptake % and internalization
X M18 M18 : Determination of cell absorbed dose and the surviving fraction after the treatment with 6xCu-NOTA RPs

M19 M19 : Determination of contrast, sensitivity, and spatial resolution of the SPECT/PET imaging of the produced 64-67Cu




Richiesta prolungamento di un anno (3+1)

Motivazione: due aspetti (milestone) chiave per il progetto molto probabilmente non
potranno essere raggiunti entro la fine del 2025.

1) L'esportazione (trasporto autorizzato fino ai LNL) del Cu67 che produrremo con i ns.
bersagli al ciclotrone del IRCSS Sacro Cuore Don Calabria - SCDC di Negrar (VR)

Irraggiamento Separazione

L 1

. X

; ‘. e 67Cu > laboratorio

. LARIM ai LNL
trasporto autorizzato
fino ai LNL

ACSITR19/300, SCDCH, Negrar Moduli a cassetta per ['lautomazione
del processo di separazione

* Autorizzazione per ottobre/novembre 20257




Richiesta prolungamento di un anno (3+1)

2) la possibilita di poter svolgere le attivita pianificate al lLaboratorio LARIM ai LNL.

WP4: RPs development,
cellular, dosimetry and
imaging studies

INL

Istituto Nazionale di Fisica Nucleare
Laboratori Nazionali di Legnaro

ISTITUTO
ONCOLOGICO
VENETO
LR.C.C.S.

S - Cellular
Synthesis Radiolabelin , Imagin
Y 6 studies BIng
| l
|
i Bifunctional - Sl | Uptake/biodistribu | | Preclinical/clinical
{ e #Cu-Radiolabeling l tion of 9Cu-RPs e
1
| _
l e i ] Cellular dosimetry g
Characterization | ! QCand stabili - i ity NI
A b and survival Imaging lalty 4 \ﬁ

4

~| A

Le operazioni di collaudo impiantistico della macchina trattamento aria/depressurizzazione (UTA)
del laboratorio LARIM stanno impiegando molto piu tempo del previsto.

Seguira poi la fase di verifica da parte dei VVF del comando di Padova per il rilascio del CPI,
necessario per poter entrare in esercizio con uso di radioattivo.
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WP 1: Target manufacturing, characterization, and material recovery (WP2)

Responsabile WP1: Sara Cisternino

1st year 2023 2nd year 2024 3rd year 2025 D1: no. 2-3 ZnO targets for surface analyses investigations (WP2);
1° 2° 3° 4° 1° 2° 3° 4° 1° 3° 4° D2: no. 5 ZnO targets for cold test chemical processing optimization (WP2);

_ o _ D3: 3 79Zn0 targets for production test;
WP1 Target manufacturing, characterization, and material recovery D4: recovered "™tZn0 powders.

M1 M1: SPS technique development for natZnO target manufacturing (Nb/Au/ZnO kind)
M2 M2 recovery process development for natZnO, and material powders characterization (SEM, EDS, profilometer)

SPS target manufacturing
(efficiency 98%)

M3 M3: target production with SPS technique starting from recovered natZnO;

Recycling process WP1 and

WP2 powder N T
Target with ' ' =\
First Irradiation <«— recovered £ - Thermomechanical k' Eai_im ) féﬁ?’%’)
of recovered powder | tests: Irradiation @ '
: UNIVERSITA
ZnO target: medical cyclotron DI PAVIA
(18 MeV, 50 uA)
- 61Cu production
New recovery Recovery
processes process Dissolution
(Yield 94% ) \ WJ (complete ZnO dissolution)
Targets ready to be S. Cisternino, et al., Spark plasma sintering in manufacturing and recycling of
N tested under ZnO targets for medical radioisotopes cyclotron-based production, Ceramics
;?‘.A bl |rrad|at|on when International (2025). https://doi.org/10.1016/j.ceramint.2025.04.262.

IRCCS SCDC hospital

will be available @L_TANNE " D3: 3 79Zn0 targets for production testr X

d""'"


https://doi.org/10.1016/j.ceramint.2025.04.262
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WP2 activities (Radiochemistry)
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WP2 Target radiochemistry processing )
M4 V M4 : development of separation and purification procedure using cold targets of natural ZnO
M5 M5 : development of a solid target dissolution reactor and optimization of automation of 6xCu separation,
M6 M6: development of an automatic system for the separation and purification of Cu-67 from the target of ZnO and other contaminants,
M7 M7 : productions tests of Cu-67 using enriched target and determination of the extraction yield and purity of the final product.
M8 M8: Quality controls analysis on Cu-67 produced and isolated for pharmaceutical studies

2024

» Determine the best Zn/Ga/Cu chemical separation and purification with CU and TK201 resins
» Development of a semi-automatic module

» First radiochemical separation/purification procedures with irradiated with "Zn0O targets

» Cu-61 labeling studies DOTA/NODAGA-RGD

» ZnO recovery refinement

2025/2026‘- INFN - FE unit | | ?LANNEﬁ\

Determination of recovery yield and quality —

* Automation with the new module

* First ®’Cu production with enriched 7°ZnO target irradiation and processing
* Finalize the ZnO recovery with the new instruments

* |nvestigating Zn/Cu electrochemical separation

Recovery of ZnO nanoparticles



WP2 activities (Radiochemistry) + irradiation WP3 @
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nat-

M9 \/ M9 :™Zn0 targets irradiation for thermomechanical stability tests
M10 ‘/ M10: ™Zn0 targets iradiations for radiochemical separation optimization
M11 / M11: perform y-spectrometry measurements to estimate the efficiency of the radiochemical procedure (natZn targets)
I R RAG G IAM E NTO M12 M12; threelong irradiations for Cu-67 production on enriched "Zn0 targets.
M13 M13: perform y-spectrometry measurements to estimate the activity and RNP of the 67Cu produced by irradiation of 70Zn targets
M14 M14: xs measurements for alternative67-61 Cu nuclear reaction routes 64Ni(c.,p)67Cu and 59Co(a,2n)61Cu

$4Zn(p,a)¢'Cu
(Energia: 17,9 MeV; Corrente:

AUTOMAZIONE

variabile; Tempo: varlablle) REATTORE AUTOMATICO DI
{ I 1¢ —5 : DISSOLUZIONE DEL TARGET

4| soLipo

ACSI TR19/300, SCDCH, Negrar

Campioni per analisi
y-spettrometrica




WP2 activities (Radiochemistry) + irradiation WP3

Gamma spectrometry Labelling
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WP 3: xs measurements for alternative Cu67/Cu61 nuclear reaction route with alpha beams

M9 MQ " 2n0 targets irradiation for thermomechanical stability tests
M10
M11
M12

M13
M14

M10: ™Zn0 targets irradiations for radiochemical separation optimization
M11: perform y-spectrometry measurements to estimate the efficiency of the radiochemical procedure (natZn targets)

M12: three long irradiations for Cu-67 production on enriched "’Zn0 targets.

M13: perform y-spectrometry measurements to estimate the activity and RNP of the 67Cu produced by irradiation of 70Zn targets
M14:xs measurements for alternative67-61 Cu nuclear reaction routes 64Ni(a.,p)67Cu and 59Co(at,2n)61Cu |
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State of the activities

M14 is divided into two main activities:

- 39Co(a,2n)®1Cu: irradiation and analysis completed, article under internal revision,
additional irradiations at low energy to be planned at CAS

- 84Ni(a,p)®’Cu: enriched material arrived at LASA, target and irradiations at CAS to be done

(PLANN




WP3: theoretical activities on alternative nuclear reaction routes to yield ¢’Cu

16™ NUCLEAR DATA [,

FOR SCIENCE AND TECHNOLOGY CONFERENCE |
JUNE 22% — 27" | MADRID (sPaIN) | 2025 !

UnipD/|N FN-PD UNIVERSITA DEGLI STUDI DI PADOVA

Dipartimento di Fisica e Astronomia “Galileo Galilei”
F N F. Barbaro
L. Canton Exploring Production of the Theranostic

PADOVA Y. Lashko Final Dissertation Radionuclide 67Cu with Triton Beams

F. Barbaro® L. Canton®® G. Frezzato® Y. Lashko® L. Zangrando®

[l . —— e
luciano. canton®pd.infn.it, ‘Dipartimento di Fisica & Astronomia dell'Universita di Padova, Padova, Italia, YINFN, Sezione di Padova, Padowa, ftalia,

Master Degree in Physics

Production of Medical Radionuclides with “Bogolyubow Institute for Theoretical Physics. Ky, Ukraine
Motivation The quest for effective theranostic radionu-
Triton-Particle Beams clides lies at the heart of modern nuclear medicine. Among Results Comparison between predicted production erose-

the promising candidates, *7Cu stands out due to its favorable

sl - 8 sections for the triten and proton reaction channels, are shown
dual emission: /3~ particles for targeted radiotherapy and ~-rays

in the figure, note that tritium cross sections are larger by one

suitable for SPECT imaging. This dual functionality makes it order of magnitude for E > 30 MeV. Color bands express sta-
The Case of Theranostic ""Cu a genuine theranostic agent. .DESF‘t:T this Potent\al, the e:fFr tistical model variability as shaded areas. Selected experimental
cient cyclotron-based production of “"Cu with adequate yield results for proton channels are shown with error bars.
’ and radionuclidic purity remains a significant challenge. In this

study, we explore the triton-based "%7Zn(t,x)*"Cu re- Beam Resction [y fo o ot Pt Tk, TEIT
action as a possible production route, Within the framework T [;:';'g 1[;10 [“":;é';“"l [M';‘;;*;“‘I L"; E?;I o
viton  "Zn(t, 2n2p)7Cu 30

Thesis supervisor Candidate of the NUCSYS G4, CUPRUM-TTD G5, and SPESMED G3 o g e T A oM B 166 61 013
projects, we simulate this process and benchmark it against the Praten m%l‘[n.2n2p;""tu (4570 14 319 657 141 473 0079

N 3 Y 1oV 5 . BE.T0 67, N P Ref[1] ™Zn(p.2p)"Cu | 3570 124 1850 405 136 - -

Dr. Luciano Canton Giovanni Frezzato well-established Zn(p,x)"Cu production pathways [1] I Ret 1] MZn(p.n2p)Cu | 4370 124 2627 w5 131 )

. . Method No relevant experimental data are avail-
Thesis co-supervisor L N L
able for triton-induced reactions on zinc isotopes. The table presents the irradiation parameters and results,
D.ssa Francesca Barbaro Therefore, we employed nuclear reaction simulations using comparing triton- and proton-induced reactions. For the pro-
the TALYS code [2]. To estimate Fheoretlcal uncertainties, ton case, simulations are also benchmarked against a previous
we explored model variability—primarily through different nu- study [1]. The displayed energy interval corresponds to the
clear level density formulations and pre-equilibrium mecha- range covered by the Zn target thickness. Here, b, and '
) nisms—constructing an interquartile uncertainty band based on represent the irradiation time and the cooling time required to
Academic Year 2023/2024 up to 30 model combinations, as detailed in Refs. [3.4]. The achieve 99% radionuclidic purity, respectively. The yields at the
same methodology was also applied to proton-induced reac- end of bombardment and at {" .., are denoted as Yy, 2nd Yoo
68,70 67 ; ! . §

tions, Zn(p,x)*"Cu, wl_!ere comparison with experimental Finally, //7(#*) indicates the isotopic purity at the cooling time,
q data from EXFOR was feasible highlighting any residual contamination from stable copper iso-

Beam | Reaction Energy tivv  Yeod Yool " coor Thick. TP(t%) T s e s e
[MeV] [h] [MBq/uA] [MBq/pA] [h]  [mm] |

Triton | **Zn(t,2n2p)*"Cu  38-48 100 6059 2957 63 0.66 0.68 ™ iy ety e e ety

Proton = ®*Zn(p,2p)*"Cu 3570 124 2140 332 166 6.17 013 I

Proton |7°Zn(p,2n2p)®"Cu | 45-70 124 3196 657 141 4.73 0.079 o

P, Ref.[1] ®*Zn(p,2p)*"Cu | 35-70 124 1859 405 136 - - i ‘

P, Ref.[1] °Zn(p,2n2p)®"Cu | 45-70 124 2627 605 131 - -

Summary and Conclusions Simulations show that
triton-induced reactions on zinc isotopes yield significantly mere
Cu than proton-induced routes. They alsc result in higher ra-

[SP——
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WPA4 : RPs development, cellular, dosimetry and Imaging studies

Responsabile WP4: Laura De Nardo/Laura Melendez 18,52 UNIVERSITA SITDL]
- 01 CE DEGLE STUDI oV, SAEOLOsICD
fos ﬂyg/ DI PADOVA Ygz'gg

wp4  RPs development, cellular, dosimetric and Imaging studies A

M15 M15 : synthesis and characterizatoin of NOTA-PSMA conjugates

M16 M16 : Radiolabeling and stability studies of synthetized conjugates

M17 M17: Determination of specific binding of Cu-PSMA RPs to PSMA receptors naturally expressed by PCa tumor cells, uptake % and internalization

M18 M18 : Determination of cell absorbed dose and the surviving fraction after the treatment with 6xCu-NOTA RPs

M19 M19 : Determination of contrast, sensitivity, and spatial resolution of the SPECT/PET imaging of the produced 64-67Cu

RP activities (Synthesis of new conjugates) “heLo ;
37 °Cfor 1.5 h
MOLAR RATIO iPSMA:NODAGA in DMF and 5% |

1:0.9 DIPEA — ‘\p

H 6. oH - |

WauT
N N-N__~ O. OoH
o e OH DH/\/\XHJ?\;IT\WOH
o}
LD

iPSMA NODA-GA-NHS ‘ Molecular Weight: 1009.04

iPSMA-NODAGA conjugate
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WPA4 : RPs development, cellular, dosimetry and Imaging studies

- Radionuclide Linker

Chelator

Biological
molecule

X Radiolabeling

Cu-64
Cu-67 Not yet available

14



WP4 : cellular dosimetry

=== Cell \A

‘=E= / receptor

==
a = ‘:‘41
. ‘ °+ ‘A. ‘(‘ @
e — —
==
==
/ >

== 6467Cu-radiopharmaceutical

membrane

Localization of 8467Cu-radiopharmaceutical
within the cell

Cytoplasm

* Cellular dosimetry calculations require evaluation of
specific uptake and internalization in both PSMA-positive
and —negative PCa cells.



WPA4 : cellular dosimetry calculations

* Preliminary calculations with Cu and #4Cu performed with the MIRDCell software in tumour models represented
as isolated spheres of water density with a uniform distribution of radioactivity or as spherical clusters of cells by
assuming different:

* subcellular distribution of radionuclides (100% in Cytoplasm, Nucleus or Cell Surface)

* cluster cell dimension (r, = 90, 150, 290, 625, 1350 pm)

percentage of labelled cells (10, 30, 50, 80, 100%)
> Article in publication (Cellular and Multicellular Dosimetry of two copper radioisotopes: ¢’Cu and é4Cu)

Source cell Neighbour cell

(d) 100uM (E) uuuuu (f) °°°°° (g) 100uM
Q i_'* \—

Cell
Surface
20 um
z . . . . . . Bl cbeec o mive cat
1D Cell model & ® [ ciseed z0md ca
Unlabeled & Alive Cell
[[] unlsbeled & Dead ol 16

3D spherical cell cluster model



CUPRUM-TTD Padova: richieste finanziarie e FTE

De Nardo L. (R. Loc) 0.80
Canton L. 0.20
Bolzati C. 0.20
Paiusco M. 0.20
Zorz A. 0.20
Barbaro F. ?

. . Consumo/
Sezioni/ Altri FTE

Lab previsto
consumo

PD 1.0 5.5 6,5 1.60

**richiesta riassegnazione
Consumables: 64Cu to radiolabel the developed Radiopharmaceuticals (2x10mCi) (3 keuro)

Solvents for HPLC analysis, reagents for stability test, buffers and cell culture media, Sep-Pack
cartridges for radiopharmaceutical purification (2.5 Keuro).
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