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Lo scopo dell’Health Technology Assessment (HTA) è quello di definire, tramite un approccio 
multidisciplinare, l’impatto clinico, economico, organizzativo, etico e sociale dell’introduzione, 
dell’implementazione o della dismissione di una specifica tecnologia. La definizione del valore di 
una tecnologia sanitaria è un’attività cruciale che consente un migliore utilizzo delle risorse 
disponibili e una consapevole programmazione degli interventi necessari ad una corretta gestione 
della stessa. L’HTA rappresenta, tenendo in considerazione tutte le proprie peculiarità 
metodologiche, un processo sistematico e riproducibile di valutazione, in grado di creare un 
“ponte” tra il mondo scientifico e quello politico-decisionale; i decisori politici richiedono infatti di 
conoscere le potenzialità, i vantaggi e gli svantaggi dell’utilizzo delle diverse tecnologie sanitarie al 
fine di poter valutare il beneficio derivante dal loro utilizzo e programmare l’offerta di salute nel 
rispetto del principio di efficacia ed efficienza, non dimenticando le aspettative del paziente [1] [2] 
[3]. L’oggetto della presente valutazione è il [177Lu]Lu-PSMA-617, prima terapia con radioligandi 
(RLT) ad essere utilizzata nel trattamento dei pazienti con carcinoma prostatico resistente alla 
castrazione in progressione (mCRPC) esprimente l’antigene di membrana specifico della prostata 
(PSMA), che, in aggiunta allo standard di cura, si è dimostrata in grado di aumentare la 
sopravvivenza globale e la progressione libera da malattia, con un profilo rischio/beneficio 
favorevole [4]. 
Il radiofarmaco, attraverso un meccanismo target-specifico, si localizza con elevata specificità nel 
tessuto neoplastico prostatico esprimente l’antigene PSMA dove esercita l’effetto citotossico 
attraverso l’emissione di radiazioni β-, con un ridotto range tissutale ed un effetto minimo sui 
tessuti sani circostanti. L’approccio attraverso la RLT è una novità assoluta ed una tecnologia 
emergente nello scenario terapeutico del mCRPC. 
Il radiofarmaco, che ha recentemente ottenuto l’approvazione EMA ed AIFA, è già inserito in varie 
linee guida internazionali ed ha ottenuto il punteggio massimo nella valutazione del beneficio 
clinico di ESMO (ESMO-MCBS v1.1, Scorecard version:1; Form 2a; last update 11/1/2023).  
Il processo della valutazione di HTA oggetto di questo report si è sviluppato attraverso la creazione 
di un gruppo multidisciplinare che ha analizzato ed elaborato le informazioni disponibili sul 
radiofarmaco considerando globalmente l’impatto clinico, economico, organizzativo ed etico 
correlato alla sua introduzione ed al suo utilizzo. L’obiettivo è stato quello di creare una valutazione 
onnicomprensiva sulla tecnologia che ne consentisse una visione globale in tutte le sue dimensioni. 
Le caratteristiche legate all’utilizzo di [177Lu]Lu-PSMA-617 hanno infatti permesso di toccare diversi 
punti inerenti alle problematiche cliniche del paziente con mCRPC, al ruolo del radiofarmaco in uno 
scenario terapeutico che è notevolmente mutato nel corso degli ultimi anni, a tutti gli aspetti 
organizzativi, gestionali e normativi associati all’utilizzo di un radiofarmaco, fino a toccare 
tematiche legate alla sostenibilità economica e di accesso alle cure, di importanza cruciale nel 
momento in cui una nuova tecnologia si apre al mercato e viene messa a disposizione dei pazienti.  
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Background 
Copper-61 (Cu-61) is emerging as a promising alternative PTE radioisotope for the development of 
copper-6X based radiopharmaceuticals, driven by its cost-effectiveness and favorable nuclear 
properties, such as a lower production cost and proper nuclear characteristics (Half-live of 3.34h, 
β+) [1,2]. 
Different production pathways are now under investigation, with one particularly promising 
application involving the natZn(p,α)61Cu  route by using medical cyclotrons. Alves [2] conducted a 
study utilizing a liquid target for this nuclear reaction, yielding positive results. The process involved 
initiating the reaction from a nitric zinc solution, showcasing the viability of such a method. 
That being stated, we have explored the feasibility of applying the same pathway to a solid target 
instead, by using two different zinc-based materials: natZn and natZnO. The study aims at assessing 
and overcoming the material’s limits posed by the low melting temperature of the zinc element, 
which is approximately 420°C. This temperature could present a potential issue with the increasing 
beam current, and the study seeks to address and mitigate any challenges associated with that. 
Materials and methods 
The ACSI TR19/300 proton cyclotron, located at the Radiopharmacutical department of IRCCS Sacro 
Cuore Hospital (Verona, Italy) with variable beam energy and equipped with a vertical solid target 
station was used to irradiate two different coin-shaped targets configurations: foil disc of natZn 
metal and sintered natZnO pellet  

● Foil disc of 99.99% natZn 0.5 mm thickness. 
● Pellet of 99.9% natZnO around 0.6 mm thickness and density around 99%. 

A sandwich target configuration was explored about the disc foil configuration, incorporating a Nb 
backing target and an Al frontal foil, while for the pellet target one, we have innovated by 
developing a magnetic closing target capsule made of aluminum alloy. 
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Figure 1. left, target capsule and natZnO pellet before beam and (right) after beam of 30 uA. 

 
Results 

This study involved target irradiations with increasing beam currents, starting from 5 µA, to 
assess the mechanical and thermal resistance of the natZn foil as well as natZnO pellet. The pellet 
successfully withstood the challenging conditions even at 30 µA without breaking (Figure 1 and 
Table 1). Various dissolution strategies, coupled with purification procedures, are currently 
being tested. Commercial resins, including Tk201, CU, and TBP, are being utilized in these tests. 
Table 1. Irradiation parameters used for natZn foils and natZnO pellets. 

Target Beam E 
(MeV) 

Beam on target 
(MeV) 

Current (μA) Time (min) 

natZn foil 1 18.6 MeV 14 MeV 5 μA 5 min 
natZn foil 2 18.6 MeV 14 MeV 15 μA 5min 
natZnO pellet 1 18.6 MeV 14 MeV 15 μA 5min 
natZnO pellet 2 18.6 MeV 14 MeV 30 μA 5min 

 
Conclusion 
The zinc oxide targets have withstood a 30 µA beam at an energy of 14 MeV, demonstrating their 
suitability for the production of copper-61. 
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Background 
 O-(2-[18F]fluoroethyl)-L-tyrosine ([18F]FET) is one of the first and most successful 18F-labeled 
amino acids for imaging amino acid metabolism in tumors [1]. The negative effect of heat 
sterilization on amino acids has been well documented in multiple studies, and in different fields of 
research, over the last decades [2, 3]: both essential and not essential amino acids seem to be 
similarly affected by autoclaving. In this study, a comparison between sterilized and non-sterilized 
samples of [18F]FET was carried out over seven hours; the samples were evaluated at three 
different times: right after the end of synthesis and dispensation (t0), four (t4), and seven (t7) hours 
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later. The study aimed to investigate the effects of heat treatments on [18F]FET, as well as 
executing an assessment of the stability of the diagnostic radiopharmaceutical. 
Materials and methods 
The synthesis of [18F]FET was accomplished directly, using an appropriately protected derivative of 
tyrosine, in about 50 minutes. The radiochemical yield was about 23,3%. Autoclave sterilization was 
carried out at temperatures between 36°C and 137°C over about 8 minutes. Analysis of the 
sterilized and non-sterilized [18F]FET was performed according to the fluoroethyl-L-tyrosine (18F) 
injection monograph, included in the European Pharmacopoeia 11.0 (EP) [4]. The following tests 
were performed at t0: pH, impurity A spot test, fluoroethyl-L-tyrosine and related substances, 
ethanol, residual solvents, bacterial endotoxins, radiochemical purity, and identification tests A, B, 
and C. Impurities C and D were detected via liquid chromatography, with a spectrophotometer at 
225nm and a radioactivity detector connected in series. The tests for pH, fluoroethyl-L-tyrosine and 
related substances, ethanol, residual solvents, and for radiochemical purity were repeated at t4 
and t7.  
Results  
Both sterilized (AC) and non-sterilized (NA) samples were compliant with EP specifications at t0, t4, 
and t7. A slight difference in the quantification of L-FET was observed in the test for chemical purity 
(Table 1). 

 
Table 1: Areas of L-FET observed via HPLC-UV, and variation between AC and NA samples. A similar 
pattern was noted in the test for enantiomeric purity, which also showed rising levels of D-FET for 
both AC and NA samples from t0 to t7 (Table 2). 

 
Table 2: Areas of L-FET and D-FET observed via HPLC-UV, and variation between AC and NA samples. 
The tests for ethanol and residual solvents produced interesting results, as a modest variation in 
the content of ethanol and acetonitrile between AC and NA samples was observed throughout the 
study (Table 3). 

 



Table 3: Areas of solvents evaluated via GC-FID, and variation between AC and NA samples. 
DISCUSSION The high temperature achieved during the sterilization caused a mild L-FET 
degradation, which was observed via HPLC-UV in both the chemical and the enantiomeric purity 
tests. Interestingly, the radiochemical purity is not affected by the process: values higher than 99% 
were maintained throughout the study, as shown in the Supporting Information. 
13% to 17% reduction of ethanol and acetonitrile suggests a significant influence of heat treatments 
on the evaporation of these two solvents. Although further experiments are needed to clarify the 
meanings and possible hazards of the rising levels of D-FET observed in the latter stages of our 
research, autoclave sterilization has proven to be easily applied in the routine preparation of a 
promising 18F-labeled amino acid for imaging cerebral and, possibly, peripheral tumors [5]. 
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Background 
The γ-emitter 155Tb (87 keV (32%) and 105 keV (25%)) is a good candidate for SPECT imaging and its 
long half-life allows the biodistribution of radiopharmaceuticals to be studied over several days. The 
interest in its production is on the rise, thanks also to the possibility to pair it with other Tb 
radionuclides for theranostic purposes [1]. However, to find feasible production routes for medical 
applications is still an open issue. This work focuses on the 155Gd(p,n)155Tb reaction. The challenge 
is to minimize the co-production of 156Tb, with a half-life similar to 155Tb, since it compromises the 
image quality and increases the patient absorbed dose due to its high-energy γ emissions [2]. 
Materials and Methods 
The theoretical analysis is essential to identify the optimal irradiation conditions that maximize the 
production, limiting the harmful contaminants. Since the target purity is crucial for the production 
of high-quality 155Tb as safe imaging agent, different levels of 155Gd enrichment have been 
compared, namely 91.9%, 98%, 99%, and 100%. The theoretical cross sections have been calculated 
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with the TALYS code [3] and compared with the data available in the Literature [4,5]. Thick-target 
yields and radionuclidic purity (RNP) were obtained and dosimetric evaluations were accomplished 
using the OLINDA software [6], considering an injection of Tb-cm09 [1]. In addition, the dose 
increase (DI) was determined by combining the yield of all Tb radioisotopes produced with the 
dosimetric outcomes. Finally, to evaluate the quality of the 155Tb-images, the Compton-to-peak ratio 
that expresses the noise contribution of high-energy γ-rays emitted by Tb-contaminants was 
assessed. 
Results 
The presence of 156Gd as impurity of the enriched 155Gd target may increase the production of the 
contaminant 156Tb. The assessment of the RNP and DI illustrate that a 2% content of 156Gd in the 
target is the maximum limit that still guarantees a safe clinical application. For the specific case the 
RNP of reference has yet to be established, however a 98% RNP value combined with a DI lower 
than 10% indicates a promising outcome. In addition, the comparison between the imaging 
properties of 155Tb and 111In (currently used in clinics) reveals comparable quality of the SPECT 
images. 
Conclusions 
This work identifies the adequate level of 155Gd-enrichment of the target for the production of high-
purity 155Tb by using low-energy proton beams, suitable for hospital-cyclotrons. Its safe use in clinics 
as imaging agent requires at least a 98% enriched 155Gd target. This is alternative to the use of a 
post-production mass spectrometry purification proposed in the Literature [4]. 
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Introduction  



[99mTc][Tc(N)(PNP)]-approach has long been used to label biomolecules. The most important 
advantage of this technology is its high chemical flexibility that allows for a fine modulation of the 
chemicalphysical properties of the corresponding tagged targeting vector; nevertheless, the usage 
of traditional alkoxyalkyl PNPs leads to the need for heating overextended times to attain high 
radiochemical yields. These conditions are not suitable for labeling temperature-sensitive 
biomolecules. Water-soluble phosphines are an attractive class of oxidatively stable ligands that 
generate stable hydrophilic chelates with good pharmacokinetics. Modification of the substituents 
on the P atoms induces the variation of electronic and sterical properties of the ligand, which affect 
its reactivity for the metal ions, influencing the reaction rate, and the stereochemistry of the final 
complex. Hence, the water-soluble (ws) PNP3OH, {[(OHCH2)2PCH2CH2]2NCH2CH2OCH3}, was 
designed and the effect of the substituents on the corresponding ws-[Tc(N)(PNP3OH)]2+- framework 
was investigated for the preparation of target specific compounds at room temperature and mild 
reaction conditions. Within, we reported our experience in the usage of [ 99mTc][Tc(N)(PNP3OH)]-
framework to label PSMA targeting molecules, including a small molecular weight PSMA inhibitor 
and the fragment scFvD2B for PSMA imaging.  
Materials and Methods 
PNP3OH was synthesized and characterized. The biomolecules mentioned above were conjugated 
with a terminal cysteine residue, cys~, to allow the coordination of the ws[ 99mTc][Tc(N)(PNP3OH)]- 
synthon. scFvD2B does not contain reactive Cys residues; hence, it was derivatized via a site-specific 
enzymatic reaction catalyzed by transglutaminase (TGase), with the H-Cys-GlyLys-Gly-OH 
tetrapeptide (H3Cys). Radiosyntheses were efficiently performed using a two-step reaction. The 
receptor specificity of the radiolabeled biomolecules was assessed in-vitro in pertinent cell lines. 
Results 
The insertion of water-soluble groups on PNP actually improves the reactivity of 
ws[99mTc][Tc(N)(PNP3OH)]-framework towards cys~. Radiosyntheses were performed efficiently 
under physiological conditions at RT in 30 min, using a concentration range of 10-5 -10-6 M of cys-
conjugated biomolecules. Data from in vitro studies clearly show that PSMA targeting molecules 
labeled with [ 99mTc][Tc(N)(PNP3OH)]-synthon preserve their receptor targeting ability with high 
level of cellular uptake and internalization. In vivo studies are in progress.  
Conclusions 
Data support the effective application of [99mTc(N)(PNP3OH)]-technology to labeling molecular 
effectors including temperature-sensitive protein derivatives. Acknowledgment to Bracco Imaging 
and AIRC (IG-2020 ID 24528) for financial support. 
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Background 
The fibroblast activation protein (FAP) is a type 2 transmenbrane serine protease that is selectively 
overexpressed on the so-called cancer associated fibroblasts (CAFs) in the stroma of many 
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malignant neoplasms. [1-3] [68Ga]FAPI-46 is one of the most clinically investigated FAP-targeting 
tracers, with a widespread application in the diagnosis by PET/CT of a large spectrum of tumor 
types. [4-6]  
Aim 
Our group recently developed an automated synthesis method able to provide [68Ga]FAPI-46 with 
high radiochemical purity (RCP) and good yield for PET/CT imaging within two prospective 
monocentric investigational trials (EudraCT:2021-006570-23 and EudraCT:2020-005549-17). 
Therefore, the aim of this work was to assess the long-term performance of [68Ga]FAPI-46 
production in our hospital setting over the 3 years period of the research studies (from 2021 to 
2023).  
Materials and Methods 
The radiosynthesis of [68Ga]FAPI-46 was performed in a fully-automated synthesis module 
(PharmTracer, Eckert & Ziegler)  using the eluates of 2 GalliaPharm generators (1850 MBq, Eckert 
& Ziegler). Radiolabeling was carried out by heating to 95°C a mixture of FAPI-46 precursor, ascorbic 
acid, 68GaCl3 and acetate buffer for 15 minutes. The resulting product was purified via a C18 SPE 
cartridge, eluted with EtOH and saline in a vial containing Vitamin C as stabilizer, and sterilised by 
passing through a 0.22-μm filter before dispensing. To assess process efficacy along time we 
measured labeling yield, RCPs, and number of injected patients per batch.  
Results 
Over a 30 months period, 43 synthesis of [68Ga]FAPI-46 for clinical purpose were carried out, and 
the mean decay-corrected yield was 91,1±0.8% (range 85,8-97,6%), with minimum fluctuations 
even if batch activity decreased proportionally to generators shelf-life (Figure 1). Mean RCP value 
as determined by RP-HPLC was 99.5±0.1% and the quantity of colloids from radio TLC was 0,3±0.1%. 
pH, 68Ge content, endotoxins and sterility were in accordance with the European Pharmacopoeia. 
65 patients with different lung, ovarian, head, neck, breast cancers and sarcomas (EudraCT:2020-
005549-17) and 63 patients with lung cancers (EudraCT:2021-006570-23) were subjected to 
[68Ga]FAPI-46 PET/CT, with up to 7 injected patients per batch imaged by 4 PET/CT scanners 
acquiring simultaneously.  
Conclusions 
In this study, the performance of synthesis process for [68Ga]FAPI-46 was evaluated, demonstrating 
quantitative labeling yields along with high reproducibility over a wide range of theoretical activities 
of eluted 68GaCl3 (range 1522-2598 MBq, Figure 1). Moreover, the developed synthesis method 
allowed the daily production for multiple patients’ PET imaging of [68Ga]FAPI-46 with highly stable 
RCP values and radiopharmaceutical quality during the time, thus assessing great process 
robustness. In conclusion, our results suggest that the developed process can provide high 
throughput clinical activity along with the possibility of extending the fields of application of FAPI-
PET modality to new clinical protocols. 



 
Figure 1: Performance of synthesis process for [68Ga]FAPI-46 

 
The batches were sorted in descending order of theoretical EOE activity, calculated according to 
decay laws, generators shelf-lives and elution yields. Labeling yields were corrected for the decay 
in 25 minutes. EOE = end of elution; EOS = end of synthesis. 
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Background 
Non-melanoma skin cancers (NMSC), known as keratinocyte cancers, are most common malignancy 
worldwide. Incidence rate is high in Europe with 98% person-years. Basal cell carcinoma (BCC) and 
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squamous cell carcinoma (SCC) of the skin make up 99% of all NMSC. These cancers can usually be 
eradicated by surgery and local radiation treatment. A new method using topical application of 
radionuclides can been introduced as an effective alternative. The use of such radioactive skin 
patches involves individualized preparation and application to correlate with the patient-specific 
anatomical requirements. The topical use of radioisotopes offers an effective, simple approach and 
expected cost-effective technology in many cases. The objective of this work is to determine the 
ideal materials with which to formulate a patch ensuring a homogeneous distribution of the 
radioisotope, good radiological safety handling with minimal contamination of patients and staff. 
We have focused on the use of alpha-emitting patches because their high linear energy transfer 
(LET) results in the release of large amounts of energy over very short distances. 
Materials and methods 
We utilized the radioisotope Ra-223, as RaCl solution, impregnated in a scaffold, paper, or mixed 
with a resin material to form a uniform thickness layer. A homogeneous radioactivity distribution 
was determinate by phosphorescence imaging using Cyclone, to create a standard that allows us to 
calculate the activity present in each prepared device. As a basic material to form the scaffold or 
device we used polymeric type mixtures with cornstarch dispersions at concentrations between 10-
30%, polyvinylpyrrolidone solution at 15%, gelatin solutions at concentrations between 20-30% and 
hydroxypropyl methylcellulose dispersions at different concentrations 2-30% with the inclusion of 
10% glycerol in all case, as a plasticizing agent. In each case, rheological characteristics were 
observed at the time of making the patch, and the distributions of the Ra-223 activity were 
determined, using for this the calibration curve elaborated. 
Results 
For scaffold made with gelatin and polyvinylpyrrolidone solutions, viscosity was insufficient to 
maintain the dispersion loaded with the radioisotope, on the polymeric base, which makes it 
impossible to avoid contamination of the patient. On case of cornstarch, activity distribution was 
not uniform. Meanwhile HPMC dispersion at 30% with glycerin 10% showed best viscosity 
characteristics and most uniform distribution of activity. 
Conclusions 
HPMC dispersion was, of those studied, the one that showed the best results in applicability and 
distribution of activity. It is necessary to optimize the manufacturing process, and later test the 
operation in cell culture. 
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Background 
68Ga radiolabelling of commercially available Macro-Aggregate of Albumin (MAA) kits has recently 
gained interest, due to the availability of 68Ge/68Ga generators and the enhanced spatial resolution 
offered by PET imaging, with superior imaging characteristics and quantification capabilities. There 
are numerous clinical investigations focusing on the evaluation of [68Ga]Ga-MAA, but setting up a 
standardized and effective production procedure remains crucial.. Conventionally, a heating 



procedure up to 90°C is employed. Nevertheless, this method is associated with temperature-
induced partial disintegration of MAA particles, leading to the need for an additional step of 
purification. 
In this study, we present the outcomes of a novel radiolabelling LASER-assisted method for 
[68Ga]Ga-MAA preparation 
Materials and Methods 
Three vials of MAA (Pulmocis ®) were reconstituted with 4 ml of saline each. To each vial, 200 MBq 
of buffered 68Ga solution in 1.25 mL were added. Vial-1 was kept at room temperature (RT) for 15 
min, Vial-2 was heated at 75 °C for 15 minutes, and Vial-3 underwent irradiation with a blue LASER 
(Techhodd PWM/TTL Blue laser OEM Module, China) (wavelength 450 nm, power 7 W, frequency 
30 Hz) for 15 minutes in a custom-built facility designed to shield irradiation. The temperature of 
Vial-3 was monitored during irradiation using a thermocouple thermometer. 
The Labelling Yield was assessed after the labelling procedure using thin-layer chromatography, 
with ITLC-SG and as mobile phase 0.1 M tribasic citrate solution. Stability tests in serum were also 
conducted. Particle dimensions were measured using a series of two polycarbonate membrane 
filters (3 μm and 400 nm pores) and observed in Burker chamber. The particle sizes were then 
compared to those obtained after standard 99mTc labelling. 

 
Extremely simple equipment used for LASER-assisted radiolabelling: LASER, standard lead shielded containers for vials 

with a drill hole in the lead armor of 1 cm at the base and the MAA kit vial (a). (b) and (c) show how it can be easily 
opened and closed in LASER-operating mode. 

 

Results 
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Labelling Yield (LY) of [68Ga]Ga-MAA obtained in Vial-1 was very low (38%), while reached 88 % in 
Vial-2 (heat method) and to > 95% in Vial-3 (LASER method). In vial-3 only a minimum increase of 
temperature, up to 38°C, was reported. LY was stable after serum incubation.  Moreover, the 
percentage of particles with size <400 nm was negligible in Vial-1 and Vial-3 (about 1%), similar to 
the results of routine 99mTc labelling procedure, while it was dramatically higher, up to 68%, in Vial-
2 (heat method).  

 
[68Ga]Ga-MAA at room temperature (a), LASER (b) and 75° C (c) radiolabelling in Burker chamber in comparison. 

 
Conclusion 
LASER assisted radiolabelling of [68Ga]Ga-MAA assures a labelling yield higher than the usual 
heating method and does not affect the MAA size, thus avoiding the need of further purification 
steps necessary for the methods proposed so far. LASER Induced chemical reaction is an interesting 



approach under development, with no previous applications in the field of radiopharmaceuticals 
production. 
 
 
 

In vitro evaluation of [18F]NaF as potential radiopharmaceutical in imaging of cardiac 
amyloidosis vs [99mTc]Tc-DPD 

 
Canziani, L., Manfrinato, G., Lodola, L., Pepe, G.,  
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Background  Cardiac amyloidosis (CA) consists of a group of diseases characterized by a deposition 
of insoluble and misfolded proteins in various organs. Cardiac involvement is responsible of survival 
and quality of life.  Until now, different Technetium labelled bone seeking agents such as DPD, PYP 
and HMP are recognized as highly accurate for the non-invasive diagnosis of transthyretin (ATTR) 
cardiac amyloidosis 
18F-fluoride ([18F]NaF) is a radionuclide approved for bone metabolism studies in Positron Emission 
Tomography (PET), that raised our interest as a potential alternative for ATTR diagnosis. 
Compared to 99mTc bone-seeking agents, commonly employed for CA-ATTR diagnosis, the positron 
emitter [18F]NaF benefits from the improved spatial resolution of PET imaging, offering superior 
imaging characteristics and quantification capabilities. These features could potentially lead to 
better diagnostic performance, especially in the early stages of the disease. 
To date, few data are available about the actual affinity of [18F]NaF for fibrils. The aim of this study 
was to evaluate, as an essential preliminary step for planning a future clinical study, the in vitro 
affinity of [18F]NaF for synthetic fibrils, in comparison with [99mTc]Tc-DPD. 
Materials and Methods 
Amyloid fibrils were generated dissolving 10 mg of insulin in an aqueous solution of HCl (pH 2.0) 
and incubating the solution at 55°C to induce fibril formation. 
Ten vials were prepared, each with 120 uL of fibril preparation. In five vials, increasing amounts of 
[18F]NaF (50, 100, 200, 500, 1000 kBq) were added and brought to a volume of 2 mL with saline 
solution. In other five vials, increasing amounts of [99mTc]Tc-DPD (50, 100, 200, 500, 1000 kBq) were 
added and brought to a volume of 2 mL with saline solution. As per protocol for bone acquisition, 
the [18F]NaF vials were incubated for 60 min, while the [99mTc]Tc-DPD vials were incubated up to 
180 min. Labelling yield was subsequently evaluated using ITLC-SG and a mobile phase consisting 
of acetonitrile and water (9:1) for [18F]NaF, and TLC silica gel and acetone and methanol (1:1) for 
[99mTc]Tc-DPD. 
Results 
The binding kinetics of both [99mTc]Tc-DPD and [18F]NaF followed a specific-type pattern even if at 
different concentration, characterized by a sigmoidal shape suggestive of a BET isotherm model. 
Notably, [18F]NaF exhibited a higher affinity than [99mTc]Tc-DPD. 
Conclusion 
Our findings suggest that [18F]NaF may possess superior binding ability for amyloid fibrils compared 
to [99mTc]Tc-DPD. Potentially, it could provide to be a more effective tracer for cardiac amyloidosis 
imaging. Further clinical investigations are needed to validate the diagnostic utility of [18F]NaF in 
comparison to [99mTc]Tc-DPD and to elucidate its role in clinical practice. 
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Introduction 
CXCR-4 is a receptor abundantly expressed in different human cancers and involved in tumor 
growth, invasion, angiogenesis and metastasis. Its crucial role in tumor progression has made it an 
interesting target for the development of new theragnostic radiopharmaceuticals. Recently a new 
family of low-molecular weight cyclic peptides has been designed by engineering the N-terminal 
region of CXCL12, the endogenous ligand, with a chelating agent (NOTA) using an amide linkage 
(AMBHA).1 By so doing the resulting molecule, named NOTA-R54, can be labelled with either 68Ga 
for PET diagnosis and with appropriate alpha/beta emitters for therapy. We are currently 
investigating this opportunity in a PNRR-funded study (PNRR-POC-2022-12376329) led by IRCCS 
“Fondazione G. Pascale” (Naples) in collaboration with University “Federico II” (Naples). 
Material and Methods  
The precursor NOTA-R54 was aliquoted in H2O TraceSELECT™ and kept for months at -20°C. 
Radiolabelling with 68Ga was carried out on an E&Z ModularLab PharmTracer fully automated 
cassette module, using an E&Z GalliaPharm 68Ga generator . A pre-purification of the generator 
eluate on a SCX cartridge and a final purification on a C18 SepPak were applied. Different reaction 
times, temperatures, pHs and precursor amount were tested in order to optimize both 
radiochemical yield and radiochemical purity of the radiolabelled peptide. The latter was 
investigated by means of two differents radioTLC methods (iTLC-SG with MeOH/AcONH4 (0.77g/l) 
1:1 or Na citrate (pH 5) as mobile phase). Gradient HPLC analyses (eluent A: H2O with 0.1% TFA; 
eluent B: MeCN with 0.1% TFA) were carried out on a Kinetex EVO 150 x 4.6 mm, 5 µm (0-5 min 
10% B, 5-25 min 10→50% B; flow rate 1 ml/min) and on a ACE C18 150 x 3 mm, 3 µm (0-0.5 min 5% 
B, 0.5-10 min 5→40% B, 10-12 min 40% B; flow rate 0,6 ml/min). A UV detector set at 220 nm and 
a Raytest detector Gabi Star were placed at the columns exit. In a preliminary study, the Kinetex-
EVO column was associated to a Diode array to determine the correct absorption wavelength of 
the peptide (228 nm). 
Results  
Radiochemical yields above 80% (d.c. at SOS) were obtained in ca. 16 min by using 50 µg precursor 
dissolved in 600 µL of acetate buffer at pH 4 and a 90°C x 240 s reaction. The iTLCs showed the 
absence of free or colloidal 68Ga, while on radioHPLC the radiochemical purity was 95-96%. Any 
peak observed on the UV chromatograms was always of much lower intensity than the precursor 
one.  
Discussion 
The 95% radiochemical purity observed can probably be further improved in view of the fact that 
the old batch of precursor in our hands showed only an 80% purity on the HPLC. However, these 
impurities were almost entirely removed by the final C18 purification. Thus, apart from applying 
new reaction conditions, additional tests will be carried out starting from a new, fresh batch. 



Finally, tests of the radiotracer on NSCLC-PDX models are expected to start soon. 
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Introduction 
Radiopharmaceuticals labelled with Cu-radioisotopes have shown great potential to advance the 
theranostic approach in nuclear medicine [1]. 67Cu is witnessing growing attention due to its 
favourable physical properties. However, its production in high yield is still limited. A multilayer 
target composed by 68Zn and 70Zn is promising for its production with high-energy proton cyclotron 
[2]. Moreover, 70Zn(p,α)67Cu nuclear reaction could be used  exploiting low-medium energy medical 
cyclotron. In both cases, the expensive material 70Zn-enriched, is anyway needed. 
The LARAMED group at INFN-LNL [3] has started R&D activity on target manufacturing and material 
recycling, considering ZnO as the starting material (CUPRUM_TTD project). In collaboration with 
Padova and Ferrara Universities, and IRCCS Sacro Cuore Don Calabria Hospital (SCDCH), target 
manufacturing and recovery process have been developed to demonstrate the feasibility of reusing 
the costly isotope-enriched material for further targets productions. These are important steps in 
closing the technology loop for an economically sustainable 67Cu production with medical cyclotron. 
Irradiation tests and material analysis have guided the optimization processes of target 
manufacturing and recycling. 
Materials and methods 
natZnO powder was sintered using the Spark Plasma Sintering technique with the TT_Sinter machine 
[4]. Two target configurations were tested: the pellet, closed on an Al-holder, and the pellet bonded 
to a backing disc (Au-Nb).  
The powder, pellets and targets were analysed by SEM and XRD. Irradiation tests were performed 
using the ACSI TR19-300 cyclotron at SCDCH at increasing proton beam current, to prove the 
thermal stability of the targets. 
Two different recovery processes were tested, both on natZnO under powder and pellets form. The 
first one relies on zinc precipitation with ammonium oxalate, while the other with sodium 
hydroxide. In both procedures, the precipitate is treated in a muffle furnace at 300°C for conversion 
to ZnO. 
Results 
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The manufacturing technology for the realization of ZnO pellets by SPS was established. The ZnO 
pellets had high density (95% with respect to bulk density) and are strong enough to withstand 
loading/unloading at the cyclotron target station and the irradiation at 50 µA, 19 MeV in both 
configurations. The ZnO pellet and the backing disc are well attached, as confirmed by SEM cross-
sectional images and the visual inspection after the irradiation. 
The zinc precipitation in the form of oxalate yields a recovery rate of ~65%, whereas the 
precipitation as zinc hydroxide, of 95%. In this latter case, the particle size distribution of the 
recovered powder is comparable to that of the commercial powder. Indeed, it was successfully 
reused for manufacturing new pellets and target (ZnO/Au-Nb) with the same parameters. The 
characteristics of the rec-pellets were comparable with the pellet obtained with the commercial 
powder.  
Conclusions 
The possibility of producing 67Cu radioisotope in hospital is of great interest in the implementation 
of routine supply for preclinical studies. In this work, we have developed ZnO targets capable of 
withstand 1 kW/cm2 thermal power and the material recycling process to make this production 
route economically viable. The next step will be the use of 70ZnO materials for the first batch of 67Cu 
for radiopharmaceutical studies. 
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Introduction  
Prostate Specific Membrane Antigen Radio-Guided Surgery (PSMA-RGS) with [99mTc]Tc-PSMA I&S 
holds potential for identifying lymph node invasion in both primary and salvage extended pelvic 
lymph node dissections. A procedure for preparation and quality control of [99mTc]Tc-PSMA I&S was 
developed and an IMPD was prepared for authorities approval. 
Radiosynthesis proceeds through the intermediate formation of a weak complex of technetium 
with tartrate followed by transchelation with the chelating group of PSMA to give the more stable 
final complex. The process was optimized in order to minimize the formation of radiochemical 
impurities, including diastereoisomers that could occur due to the presence of the Tc=O group.  
Material and methods  



The influence of different parameters as temperature, reaction time, pH and disodium tartrate 
quantity was investigated to optimize the method. In particular, time and temperature was found 
to have a great impact on the formation of the two diastereoisomers of the metallic complex, while 
tartrate quantity affected the formation of hydrolysed compounds of technetium. The analytical 
HPLC method developed allowed to discriminate each impurity, including diastereoisomers. Given 
the absence of reference standards to identify the diasteroisomers and the lack of biologic data on 
difference of behaviour in vivo, we have chosen to optimize the process in order to obtain only the 
more thermodynamically stable compound.  
[99mTc]Tc-PSMA I&S was prepared starting with 40 μg of PSMA I&S in presence of disodium tartrate, 
stannous chloride and ascorbic acid in phosphate buffer at pH 7. After addition of pertechnetate, 
the mixture was reacted at 110°C for 20 minutes. Purification was performed after cooling down at 
room temperature by solid phase extraction on C18 light cartridge. Product was eluted with 
EtOH/NaCl 0.9% 1:1 and diluted with NaCl 0.9% before filtering on 0.22 μm-sterile filter. Specific 
analytical procedures were developed for the quality control of the radiopharmaceutical; in 
particular radiochemical purity was determined by HPLC coupled with radioTLC to quantify all 
potential rardiochemical impurities. Moreover, quality control involves other test for radionuclidic 
identification, chemical identification, pH, aspect and filter integrity. 
Results  
Synthesis is completed in about 40-45 minutes and yields is 84,8 ± 4,4%. 52 productions were made 
until now for patient administration and we registered only one failure due to an operator error. 
Analytical chromatographic method is reliable and able to individuate radiochemical impurities that 
radioTLC alone or other literature HPLC method cannot appreciate. Radiochemical purity was 96,6 
± 1,0% and the diastereoisomeric impurity was always below 3%.  
Conclusion 
The availability of a GMP precursor and the absence of a commercial kit spurred us to develop a 
simple and reproducible method for the production of [99mTc]Tc-PSMA I&S for use in clinical 
settings. The method developed achieved the proposed objectives and is currently employed in a 
clinical trial. 
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Introduction 
FAPI-46 is a quinoline-structured inhibitor of Fibroblast Activating Protein (FAP) a type II membrane 
serine protease overexpressed by tumour stroma-associated fibroblasts (CAFs). FAP is also 
associated with a poor prognosis in cancer patients and it’s involved in biological mechanisms of 
tumour development, for this reason actually FAP is an ideal target for diagnostic and therapeutic 
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radiopharmaceuticals. [68Ga]GaFAPI-46 is an experimental drug useful for PET imaging of tumour 
tissues that overexpresses FAP. 
The aim of this abstractis to describe the structure of an investigational medicinal product dossier 
(IMPD) for a multicenter clinical trial. 
Materials and methods 
Our clinical trial invlolves two clinical centers. The drug substances described in the IMPD are 
precursor FAPI-46 (Sofie) and Gallium-68 obtained by Ge-68/Ga-68 generator GalliaPharm (Eckert 
Ziegler) with marketing authorization. The radiolabelling of [68Ga]GaFAPI46 is carried out by two 
different synthesis modules palced in the two clinical centers,  in particular Eazy (Eckert Ziegler) and  
MiniAIO (Trasis). Consumables and the reagent kit are different in the two centers based on the 
different manufacturing process. The quality control equipments are different, but the release 
specifications are the same. 
Results 
The IMP produced in the two sites consists in a multidose solution of [68Ga]Ga-FAPI-46 with a 
radioactive concentration between 50-70 MBq/ml at the End of Synthesis (EOS) that is considered 
ART. Acceptance criteria, specifications, and release timing are the same for both centers and were 
chosen in compliance with the general texts and monographs of the current European 
Pharmacopoeia. All the tests, except sterility are carried out before the release. The sterility test are 
performed by the same external Laboratory. The validation of the analytical procedures, the 
acceptance limits, and the parameters considered (specificity, linearity, range, accuracy, precision, 
quantification, and detection limit) were carried out by the two centers according to the ICH 
guideline Q2(R1). Both sites performed process validation by three different batches of 
[68Ga]GaFAPI-46. Each batch was fully characterized from the analytical point of view, to confirm 
the compliance with the established acceptance criteria. The acceptance criteria were verified also 
to verify the two-hour stability at room temperature for all three validation batches. 
Conclusion 
This work demonstrates that [68Ga]Ga-FAPI-46 can be prepared as an IMP by different centers 
involved in the same clinical trials.In this case Regulatory Agency requires a single integrated IMPD 
detailing both manufacturing processes. The center applicant need to demonstrate the consistency 
of radiopharmaceuticals produced at the different sites, justifying and detailing any differences in 
manufacturing processes, controls, and/or specifications. The dossier should report the process 
validation obtained for each site, while information common to both sites should be reported only 
once. 
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Background 
18F-JK-PSMA-7 is a new promising PSMA specific tracer under clinical evaluation to evaluate the 
prostatic malignancy recurrency in oncologic patients. [1] The radiopharmaceutical is produced in 
a Trasis synthesis module through nucleophilic aromatic substitutions followed by acid 
deprotection and purified by HPLC. HPLC purification is a bottleneck step on Rph production due to 
the limited numbers of synthesis modules equipment with HPLC and due to the multiples possible 
failure caused by this technique. 

 
To overcome these limitations, we had to study a possible purification pathway to reduce the 
synthesis steps and time and make synthesis stability and easiness. 
Materials and methods 

mailto:armando.dangelo@sacrocuore.it
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The [18F]F-JKPMSA7 was produced on miniAIO TRASIS synthesis module, the reaction was copied 
from the AIO procedure up to crude reactor step. On this step the reaction was quenched by an 
appropriate solution and then transferred out to the module. 
The crude reaction solution was diluted with different solvent like pure distilled water or 
physiological solution. The final dilutes solutions were divided on multiple samples to assess 
different SPE purification methods. 
SPE cartridges tested were supplied by: 

● C18, C18 Long, OASIS, HLB, Al, QMA were supplied by Waters GmbH. 
● C18 ec was supplied by Mackerey-Nagle. 

Starting from the different solutions with a radioactive HPLC profile shown in figure 1, we would 
like to obtain a similar qualitative HPLC profile recorded from [18F]F-JKPMSA7 purified through 
HPLC. 

 
Figure 1. Crude reaction solution (up) and HPLC purified [18F]F-JKPMSA7 (down). 

Results 
Evaluating the profile of the reactor solution we identify some impurity like free fluorine-18, 
partially deprotected moieties and the product. C18 trapping was evaluated in different sorbent 
materials and amounts to better understand the best trapping conditions. Water wash allows to 
remove all the inorganic impurities and left the product on cartridge. fractionated elution with 
different ethanol concentrations allowed to find the best ratio to use, final Aluminum cartridge was 
used to completely remove the free fluorine-18. 
Conclusion 
The SPE purification applied to radiopharmaceutical preparation simplifies the operation and 
increases the yield reducing synthesis time. The quality control profile is to comply with the [18F]F-
JKPMSA7 monograph draft published in Pharmeuropa . 
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Introduction 

177Lu-radiopharmaceuticals (RPs) are currently the most widely used for targeted radionuclide 
therapy (TRT), as they have demonstrated favorable safety and good response rates to treatment 
[1], but the worldwide 177Lu availability is limited [2]. To overcome this problem, and being the 
decay properties of 161Tb quite similar to those of 177Lu, its use has been proposed for TRT [3]. 
Similarly to 177Lu, 161Tb emits relatively low-energy β-particles (Eavg=154 KeV) and low-energy 
photons (48.9 keV (17%) and 74.6 keV (10%)), useful for SPECT imaging. In addition it also emits a 
significant number of internal conversion (IE) and Auger electrons (AE) with energies ≤ 40 keV, 
which could be advantageous for improving therapeutic efficacy [4]. The aim of this study was to 
evaluate and compare the biological damage produced by 161Tb-somatostatin (SST) and 177Lu-SST 
analog RPs localized in different regions within pancreatic tumor AR42J cells [5]. 
Materials and methods 
The biological damage caused to AR42J cell clusters of different sizes by three different SST analog 
RPs, labeled with 161Tb or 177Lu and located in different regions within the cells, was obtained with 
the MIRDcell code [6] by evaluating the absorbed dose (AD) to the cell nuclei and the cell survival 
fraction (Sf). The Sf for each treatment was evaluated using the linear quadratic model equation: 

𝑆𝑓 = 𝑒
−𝑠𝑒𝑙𝑓𝐷𝑠𝑒𝑙𝑓−𝑠𝑒𝑙𝑓𝐷2

𝑠𝑒𝑙𝑓 𝑒−𝑐𝑟𝑜𝑠𝑠𝐷𝑐𝑟𝑜𝑠𝑠−𝑐𝑟𝑜𝑠𝑠𝐷2
𝑐𝑟𝑜𝑠𝑠 

taking into account the AD generated by the radiation emitted within the same cell (Dself) and the 
radiation emitted by neighboring cells (Dcross). The α and β parameter for AR42J cells were 
determined experimentally. 
Results 
Dosimetric evaluations show that, for a given cluster size, 177Lu-RPs localization inside the cells only 
slightly affects the AD and the biological damage generated. In contrast, 161Tb-RPs localization 
causes larger differences in AD due to the IE and AE emitted by 161Tb, but the consequences in 
terms of Sf differences are also negligible.  However, for the same number of disintegrations, the 
AD and the biological damage generated  by 166Tb-RPs are larger compared to 177Lu-RPs. 
Conclusions 
For both 177Lu-RPs and 161Tb-RPs the main factors affecting the biological outcome are the 
dimensions of the cell cluster and the fraction of labelled cells inside the cluster. For a fixed cluster 
size and % of labelled cells, the localization of the RP inside the different cell compartments has a 
minimal influence on the AD to the cell nuclei and cell survival. 
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Introduction 
As novel cytotoxic agents for Targeted Alpha Therapy (TAT), alpha-emitters are receiving a great 
deal of interest nowadays. These radionuclides enable the release of α-particles with a short path 
length and high linear energy transfer (LET) in tissue, leading to a higher double strain breaks 
probability in DNA. However, among α-particle emitters, only a few nuclides have gained a great 
interest for TAT. Actinium-225 (225Ac) with a half-life of 9.92 days, decays through six short-lived 

daughter radionuclides, releasing 4 α-particles, 2 -particles and minor -co-emissions. 
Recently, PSMA-617 has been approved for treating prostate cancer, after being radiolabelled with 
177Lu. 
The aim was to determine the optimal quantity of peptide required in a standardized method for 
producing [225Ac]Ac-PSMA-617. 
Materials and Methods 

It was investigated two different quantities of PSMA-617: 50 or 100 g of PSMA-617 dissolved in 

water/DMSO 40%. The peptide was added to 350 L of gentisic buffer (gentisic acid 0,25M and 

sodium acetate 0,35M) pH 5.5. This solution was added to 100 L of AcCl3 (~8 MBq) and heated at 
97±2°C for 30 minutes. [225Ac]Ac-PSMA-617 was monitored via iTLC and HPLC analyses. The firs 
analysis was performed using Silica gel as stationary phase and, Sodium Citrate 0,1M pH 5 and 
Acetonitrile/Water 1:1 as mobile phase. The iTLC strips were acquired post-synthesis and 
reacquired at 3 hours, when 221Fr and 213Bi were in Secular Equilibrium with 225Ac[1], to establish 
with accuracy the radiochemical purity (RCP) of radiopharmaceutical. The HPLC analysis was 
performed using a C18-column and ACN/TFA 0,1% - Water/TFA 0,1% as mobile phase on gradient 
concentration and a flow rate of 1mL/min. 
Results 
The RCP post-synthesis (Time 0) of [225Ac]Ac-PSMA-617 was more high for the syntheses performed 

starting from 50g of PSMA-617 (Table 1).  However, reacquiring the same iTLC strips after 3 hours 

(Time 0 R 3h), the values have come closer together (89,871,48% in Sodium Citrate and 

96,381,39% in Acetonitrile/Water). HPLC analysis results were in agreement with iTLC data. 
 

 
Table 1: Percentage of RCP obtained by the iTLC analysis 

Conclusion 
The use of different quantities of peptide for [225Ac]Ac-PSMA-617 synthesis does not affect the RCP. 
However, it is necessary to improve the method of radiolabelling because in both cases the RCP 
values do not to satisfy the QC guideline. On this basis, small quantity of peptide is the optimal 

Time 0 Time 0 R 3h Time 0 Time 0 R 3h

A 74,7 88,8 92,8 96,3

B 75,0 91,0 85,8 95,3

C 74,9 89,9 88,8 95,9

D 50,3 92,0 83,4 94,8

E 56,2 89,6 88,2 98,5

F 55,3 87,9 86,2 97,5

Acetonitrile/Water

50

100

Sinthesys
PSMA-617 

[µg]

Sodium Citrate



choice because high specific activity results in fewer receptors being occupied by unlabelled PSMA 
in vivo. 
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Introduction  
Radium-223 (223Ra, t1/2 = 11.43 d) is an α-emitter suitable for the treatment of metastatic tumors, 
currently approved as [223Ra]RaCl2 (Xofigo®) for the palliative treatment of bone metastases in 
castration-resistant prostate cancer.1 Barium-131 (131Ba, t1/2 = 11.50 d) and barium-135m (135mBa, 
t1/2 = 28.7 h) are γ-emitters and could serve as 223Ra surrogates for SPECT imaging, allowing a 
223Ra/131,135mBa-based theranostic approach.2 
To enlarge the plethora of treatable tumors, overcoming the spontaneous accumulation of these 
metals in the bones is crucial. This can be achieved by stably complexing Ra2+/Ba2+ through a 
chelator, in turn conjugated to a targeting vector to direct radiation to the tumor site.3 However, 
the scarcity of chelating agents capable to firmly trap these radionuclides in vivo has been a limiting 
factor, hindering their utilization to date. The poorly explored fundamental coordination chemistry 
of Ba2+ and Ra2+ has further complicated the rational design of proper chelators.4 Herein we delve 
into the coordination preferences of Ra2+ and Ba2+, assessing their affinity to different donor groups. 
This exploration lays the groundwork for the subsequent design of tailored chelators, crucial for the 
development of 223Ra/131/135mBa-based radiopharmaceuticals. 
Materials and methods 
Various monodentate and bidentate ligands bearing different donor groups were considered. To 
compare the behavior of Ba2+ and Ra2+, the electronic binding energies (ΔE) for the reaction M2+ + 
Ln− → [ML](2−n)+ in water (M2+ = Ba2+ or Ra2+, L = ligand, and n = its charge when fully deprotonated) 
were calculated by Density Functional Theory (DFT, COSMO(water)-ZORA-PBE-D3/TZ2P level of 
theory).5 The thermodynamic stability (logβ) of [BaL](2−n)+ complexes was determined by titrations 
of Ba(ClO4)2-ligand mixtures in aqueous solution followed by potentiometry, 1H-NMR or UV-Visible 
spectroscopy at 25°C. Conditional stability constants (logβ') at pH 4 and 7.4 were derived from the 
logβ to consider both the metal-ligand affinity and the protonation state of the ligand under 
radiochemically relevant conditions. 
Results 
DFT calculations unveiled striking similarities in the behavior of Ba2+ and Ra2+, as evidenced by their 
nearly identical ΔE values across all the investigated ligands (Figure 1). The correlation between 
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computed ΔE and experimental logβ of Ba2+ complexes is shown in Figure 1. Both methods converge 
in revealing the preference of Ra2+ and Ba2+ for more negatively charged ligands (e.g. 2− 
phosphonates > 1− carboxylates > DMSO) and for oxygen rather than nitrogen or sulfur donors (e.g. 
compare O with S in phenolate vs thiophenolate, and N,O with O,O in 2-aminobenzoate vs 
salicylate). 
To design chelators for radiopharmaceutical applications, logβ' values should be considered 
because they represent the effective stability of the complexes at a given pH. At pH 4 and 7.4 (both 
common in radiolabeling experiments and 7.4 also being the physiological pH) picolinate, 2-
hydroxypyridine 1-oxide (1,2-HOPO), and malonate provide the most stable [BaL](2−n)+ complexes 
among those investigated (Figure 2). 
Conclusion 
We are currently developing multidentate chelators for Ra2+ and Ba2+ utilizing the most promising 
building blocks identified through this research. This endeavor aims to pave the way for the creation 
of cutting-edge 223Ra/131,135mBa-based radiopharmaceuticals for targeted theranostics of cancer. 
 

 
Figure 1. Electronic binding energies (|ΔE|) for selected monodentate and bidentate ligands to Ra2+ and Ba2+ 

calculated in silico, together with thermodynamic stability constants (logβ) of [BaL](2−n)+ complexes. Level of theory: 
COSMO-ZORA-PBE-D3/TZ2P. 

 



 
Figure 2. Thermodynamic (logβ) and conditional (logβ') stability constants at pH 7.4 and 4 of the experimentally 

investigated [BaL](2−n)+ complexes. 
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Introduction 
P-glycoprotein (P-gp, Mdr1) is an ATPase protein, belonging to the ATP-Binding Cassette (ABC) 
transporter and is involved in the absorption and elimination of xenobiotics. P-gp is localized at the 
apical side of cell membranes of the same organs such as the liver, kidney, and gut, and in some 
barriers such as the Blood-Brain Barrier.1 Changes in the P-gp expression and function are involved 
in several neurological disorders such as Alzheimer’s and Parkinson’s disease. For this reason, the 
development of PET radioligands to detect P-gp activity can be useful in the clinical setting of 
neurodegenerative disorders.2 This study relates to a novel PET-radiotracer [18F]MC225 (Fig.1), 
patented by our group,3 with high affinity and selectivity towards P-gp and its potential for the in 
vivo evaluation of P-gp role in neural disorders.  
Materials and methods 
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For the synthesis of [18F]MC225 precursor (MC226), the basic nucleus common to the best P-gp 
inhibitors such as Tariquidar and Elacridar (dimethoxytetrahydroisoquinoline moiety ), has been 
functionalized with the no-basic moiety (methoxy tetraline ring) of PB28 a cyclohexylpiperazine 
derivative displaying P-gp modulating activity.4 The corresponding 11C-labeled compound 
[11C]MC266 was prepared using [11C]CH3I (RY = 30%, RP > 98%, SA > 100 TBq/mmol) and tested in 
rats demonstrating high affinity and selectivity towards P-gp.5  
[18F]MC255 was synthesized in a two-step automated method using [18F]bromoethyl fluoride (RY = 
11%, RP > 95%, SA> 100 GBq/μmol). All process validation batches complied with the product 
specifications and have been approved for the first-in-human clinical research by the Institutional 
PET Drug Committee and MHLW Certified Clinical Research Review Board, Tokyo Metropolitan 
Geriatric Medical Center (jRCTs031190136).6,7 To develop a more robust synthetic procedure, it 
was of interest to produce the radiotracer via a 1-step synthesis. However, the development of a 
mesylate precursor from the phenol derivative to facilitate direct 18F-fluorination was challenging 
and the product obtained was not GMP compliant.8  
Results 
[11C]MC266 and [18F]MC255 are both selective substrates for P-gp with higher baseline uptake than 
the gold standard [11C]Verapamil. These mean that an upregulation of P-gp function in response to 
treatment may be more detectable using [11C]MC266 and [18F]MC255 with respect [11C]Verapamil.9 
Furthermore, the longer half-life of fluorine-18 enables the use of [18F]MC225 in centers without 
an onsite cyclotron. No acute toxicity or mutagenic activity was observed for [18F]MC225 at the 
dose required for adequate PET imaging.10 

 
Figure 1. Chemical structure of [18F]MC225. 

 



 
Figure 2. These standardized uptake value (SUV) images show the first [18F]MC225 PET brain scans in healthy human 
subjects in both unblocked (A) and blocked (B) P-gp state. Blocking was achieved by continuous intravenous 
administration of the specific P-gp inhibitor cyclosporin (2.5 mg/kg/h), starting 30 min prior to the scan.6 

Conclusions  
The first [18F]MC225 PET brain scans in a healthy human subject in both unblocked (A) and blocked 
(B) P-gp state (Fig.2) quantitatively show higher uptake at baseline levels (VT = 4.38) and after P-gp 
inhibition (VT = 5.48) with respect [11C]Verapamil (VT = 1.28 at baseline, VT = 2.00 after P-gp 
inhibition) facilitating the measurement of P-gp function in the brain. 
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The availability of authorized kits for the labelling of Gallium-68 radiopharmaceuticals also allows 
Hospital Radiopharmacies that do not prepare Officinal Formulae to carry out the labelling in a 
simple, rapid, and safe way. It is the case of SomaKit-TOC, which, after radiolabelling with a Gallium-
68 chloride solution, is authorized for Positron Emission Tomography (PET) imaging of somatostatin 
receptor overexpression in adult patients with confirmed or suspected well-differentiated 
gastroenteropancreatic neuroendocrine tumors (GEP-NET) for localizing primary tumors and their 
metastases.  
The preparation of the SomaKit-TOC requires the use of a full 68Ge/68Ga generator eluate volume 
(5 ml), so the available Gallium-68 activity is until 1.2-1.3 GBq for a 1.85 GBq 68Ge/68Ga generator 
at the calibration date. Nevertheless, the license of the kit is for a single dose, which is between 
100 and 200 MBq [1, 2]. The single dose use and the time required (4h) to achieve full yield after 
the last elution of the 68Ge/68Ga generator make it impossible to perform more than a single PET 
scan on the same day, even though each kit has a high activity (MBq) of finished product potentially 
suitable for 3-4 patients. 
The aim of this work was to identify a pharmaceutical approach, regarding technical and regulatory, 
for overcoming this limitation. 
Materials and methods 
Joint meetings between the Radiopharmacies of Modena, Ferrara, and Cesena/Meldola occurred 
to analyze the current pharmaceutical legislation regarding the dispensing in personalized doses, 
intended for the individual patient, of a drug approved for single-use according to a medical 
prescription and to evaluate its applicability to the SomaKit-TOC [3-5]. A risk assessment was 
performed by applying FMEA-FMECA analysis to the full process, including the production and 
dispensing of the drug. To validate the method of multiple personalized doses-dispensing of the 
drug, a sterility test on the residual of the SomaKit-TOC preparation was performed in triplicate (on 
three preparations). 
Results 
The only critical issue that occurred during the risk assessment of the process of production and 
dispensing in multiple doses of the SomaKit-TOC was the maintenance of the sterility of the 
preparation, performing multiple manual doses (Index Priority Risk = 11). The result of the sterility 
tests performed during the validation process highlighted the maintenance of the sterility. 
Discussion/conclusion 
We analyzed the current pharmaceutical legislation and performed the risk analysis to guarantee 
access to the PET imaging of somatostatin receptors for more cancer patients by dispensing in 
multiple personalized doses the radiopharmaceutical [68Ga]Ga-DOTATOC, obtained from the 
SomaKit-TOC prepared according to RCP. 
According to the regulatory system for drugs, the partition of medicine in personalized doses is 
comparable to a Magistral Formula [3-5]. This classification allows the Pharmacist to dispense the 
Somakit-Toc final preparation in individual doses according to a nuclear medicine physician single 
prescription in order to satisfy a clinical need [6, 7]. 
The physician's prescription ensures the safety and efficacy of dosage, but the pharmaceutical 
quality depends on the operator, who must apply validated procedures. 
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Background 
Zirconium-89 is an interesting isotope to study long biological events like antibody distribution 
because of the nuclear properties, like half life of 78.8 h allow to acquire late imaging of the 
radiopharmaceuticals. 
Zirconium-89 can be produced in high activity and chipper way, using solid target technology 
[1] the purification process it’s well know on [89Zr]ZrOx formulation, stable and easy to use 
radiopharmaceutical precursor, unlucky not all the ligands well react with this formulation. 
DOTA complex of zirconium-89 are stable and can be produced through [89Zr]ZrCl4 precursor 
[2], that can be produced by two different pathways, the first classic one request a previews 
production of oxalate formulation and then a conversion on  chloridric form using a QMA SPE. 
The second procedure requests a different, more acid, dissolution condition and just one step 
of purification by TBP SPE. To develop the final [89Zr]ZrDOTA- cyclo(RGDfK) complex, we have 
tested and optimized both reaction protocols starting with the two [89Zr]ZrCl4 solutions and 
DOTA ligand. Finally starting from the promising protocol with DOTA we have optimized the 
reaction condition with the ligand DOTA- cyclo(RGDfK). 
Materials and methods 
The ACSI TR19/300 proton cyclotron, was used in combination with yttrium coin shaped solid 
target to produce zirconium-89. The isotope was recovered in high yield in three different 
formulations based on SPE process using ZR and TBP cartridge form Triskem and QMA, C18 from 
waters. DOTA was provided by Macrocyclics, DOTA-cyclo(RGDfK) fromABX. All the reagents 
were ultrapure metal free used without future purification.   
DOTA reactivity study was conducted by increasing ligand amount and activity to find the best 
ratio, in all the cases the solution was let react at 95 °C and 550 rpm. Reaction kinetics was 
evaluated at different timepoints 15, 30, 60 minutes. The reaction yield was evaluated under 
iTLC-SA.The [89Zr]ZrDOTA-cyclo (RGDfK) was obtained in 88% of yield, under the 95 % set up a 
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goal, to increasing the yield a SPE based purification procedure was developed and allow to 
isolate the pure product as show by HPLC and iTLC-SA. 

 
Figure 1. left,[89Zr]ZrDOTA and [89Zr]ZrDOTA-cyclo(RGDfK) (right) in  iTLC-SA/ MeOH/H2O(1:1)4%TFA. 

 
Results 
Table 1. Reactions conditions summary. 

Reaction Ligand 
(ug) 

Reaction condition yield 

89tZrCl4 + DOTA 20  1h, 95°C, 550 rpm 60 % 
89tZrCl4 + DOTA 40  1h, 95°C, 550 rpm 98 % 
89tZrCl4 + 
cyclo(RGDfK) 

20  1h, 95°C, 550 rpm 70 % 

89tZrCl4 + 
cyclo(RGDfK) 

40  1h, 95°C, 550 rpm 88 % 

 

 
Figure 2. left,[89Zr]ZrCl4 and [89Zr]ZrDOTA-cyclo(RGDfK), after purification (right) HPLC profile.. 

Conclusion 
Under developing a reaction protocol between zirconium-89 in different formulations and 
DOTA we identify the optimal reaction condition to conjugate DOTA ligands to zirconium-89. 
The application of the identity protocol on ligand DOTA-cyclo(RGDfK) gave high coordination 
yield over 88%. To obtain a pure radiopharmaceuticals study of purification was performed and 
identity to isolate a pure compound shown on HPLC and iTLC-SA. 
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Introduction  
Coumarins are natural phyto-compounds that attracted the attention of synthetic and medicinal 
chemists for decades and showed a large variety of biological activities [1]. One of the recently 
developed MCT1 inhibitor (7ACC2) that reached clinical trials is a coumarin derivative, so this family 
of compounds deserves a great deal of attention [2]. 
MCT1 is a membrane protein responsible for the transport of lactate normally expressed in healthy 
tissues. However, in some cancer lines its expression results dysregulated and allows the 
establishment of the “Warburg effect”. This mechanism explains the aggressive character of 
specific tumoral types and allows MCT1 to be a potential target for theranostic applications in 
oncological field [3]. To date, only few molecules acting as inhibitors for MCT1 are known [2], and 
their interactions within MCT1 pocket have been elucidated by Xray crystal data [4]. 
The bifunctional chelator (BFC) approach was explored to envision Copper (II) isotopes 
radiolabeling. This with the aim of exploiting different copper radionuclides (61-Cu, 64-Cu and 67-
Cu), to reach the so called “theranostic approach”. 
Material and Methods 
All chemicals and solvents were purchased with a highest purity grade available and used without 
further purification unless otherwise specified. NMR spectra were recorded by Bruker Biospin FT-
NMR AVANCE III HD (600 MHz) spectrometer equipped with a CryoProbe BBO H&F 5mm and a 
Bruker Biospin Avance AMX (400 MHz) spectrometer with a Broad Band 5-mm probe in inverse 
detection. LC-MS (ESI) was performed on Agilent 6300 Ion Trap LC/MS System equipped with an 
electrospray ionization (ESI) interface. The compounds were separated using Agilent Zorbax SB C18 
30x2.1mm, 3.5 μm. UV-visible spectra were recorded with a JASCO V-570 UV/Vis/NIR 
spectrophotometer at 298 K in the 250–700 nm spectral range employing quartz cells (1 cm optical 
path). For pKa determination, the overall protonation constants (logβqr) were evaluated from 
spectrophotometric data (UV-Vis spectra), as defined by the following equations: 
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where L is the ligand in the completely dissociated form and H is proton, data were refined by 
least-squares calculation, using computer program HypSpec [6]. 
Results 
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A chelating system suitable for Copper (II) must be grafted on the targeting vector (coumarin) while 
reducing the impact on the interaction with the target protein as much as possible. For such a goal, 
an already existing bifunctional polyazamacrocycle, namely no3py [5] was conjugated to the 
targeting vector using a PEG chain as a spacing linker. The bifunctional no3py was synthetized 
according to the procedure in literature [7], the ammino-acid PEG was purchased and the coumarin 
was synthetized according to the literature [8] and further functionalization was performed. The 
desired compound (reported in figure 1) has been successfully synthesized through amidic 
couplings as confirmed by NMR and HRMS analysis.  

 
Figure 3. Target compound 

 
Conclusions 
The new synthetized compound is now under physico-chemical characterization and its ability of 
copper complexation are under evaluation using UV-visible spectroscopy, Cyclic Voltammetry and 
NMR Future radiolabeling with 64-Copper as well as hot and cold biological assays are scheduled 
to confirm its ability to target MCT1.  
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Background 
The 177Lu-labeled single-chain variable fragment of an anti-prostate specific membrane antigen 
(PSMA) IgG D2B antibody (scFvD2B) penetrates solid tumors more efficiently and accesses binding 
sites more uniformly than the full-length antibody due to its smaller size [1]. In addition, scFvD2B 
allows the use of different chelating agents to label it without significantly affecting its 
pharmacokinetics.  
Preclinical studies have demonstrated that 177Lu-scFvD2B exhibits greater uptake in prostate cancer 
cells, resulting in an increased tumor/kidney ratio and higher tumor radiation dose when compared 
to both 177Lu-labeled Glu-ureide-based PSMA inhibitory peptides [2] and 177Lu-albumin-PSMA 
peptide conjugates [3]. However, no diagnostic radiopharmaceutical is currently available that can 
be used as a theranostic pair. The aim of this study was to synthesize and biochemically characterize 
a new 99mTc-scFvD2B radiotracer and assess its potential as a theranostic pair for 177Lu-labeled 
scFvD2B. 
Materials and methods  
The scFvD2B-Tag and scFvD2B antibody fragments were produced in a prokaryotic system and in a 
eukaryotic system by ExcellGene, respectively, and purified using affinity chromatography, as 
reported by Frigerio et al [4]. Subsequently, two HYNIC derivative chelators, HYNIC-Gly-Gly-Cys-
NH2 (HYNIC-GGC) and succinimidyl-HYNIC (S-HYNIC), were used to conjugate the scFvD2B-Tag and 
scFvD2B isoforms, respectively. Chemical characterization, immunoreactivity assays (affinity and 
specificity), radiochemical purity assays, stability studies in human serum, cellular uptake and 
internalization in LNCaP(PSMA+), PC3-PIP(++) or PC3(-) PCa cells of the resulting unlabeled HYNIC-
scFvD2B conjugates (HscFv) and 99mTc-HscFv agents were performed. 
Results 
Chemical characterization of the two derivatives showed that HscFv1 (HYNIC-GGC-scFvD2B-Tag) 
contained an average of two to three HYNIC-GGC molecules conjugated to each scFvD2B-Tag, 
whereas the HscFv2 (S-HYNIC-scFVD2B) conjugates with the highest abundance were those 
containing one or two S-HYNIC molecules. The results showed that the incorporation of HYNIC as a 
chelator did not affect the affinity, specificity or stability of scFvD2B. Nevertheless, HscFv1 showed 
high instability under radiolabeling conditions and a very low amount of the corresponding 99mTc-
HscFv1 radiotracer was obtained. After purification, the radiochemical purity of the 99mTc-HscFv 
radiotracers was greater than 95%. A two-sample t-test of 99mTc-HscFv1 and 99mTc-HscFv2 uptake 
in PC3-PIP vs. PC3 showed a p-value < 0.001, indicating that the interaction between 99mTc-HscFv 
derivatives and the PSMA receptor was statistically significantly higher in PSMA-positive cells than 
in negative controls.  
Conclusions 
In this work, the HYNIC- scFvD2B conjugates were prepared and characterized. Both showed high 
in vitro stability and specific recognition for PMSA. Regarding cellular internalization, scFvD2B 
conjugates in PSMA+ cancer cells was >tenfold higher than that of HYNIC conjugated peptides. 

https://dictionary.cambridge.org/it/dizionario/inglese-italiano/regarding
https://dictionary.cambridge.org/it/dizionario/inglese-italiano/cellular
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However, the reduced labeling yield makes the use of 99mTc-HscFv1 unfeasible; in contrast, the 
labeling yields obtained for 99mTc-HscFv2 allow for further studies to optimize its production. 
Nevertheless, further preclinical studies are warranted to determine whether the in vivo 
pharmacokinetics and tumor uptake of 99mTc-HscFv still offer sufficient advantages over HYNIC-
conjugated peptides. 
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Introduction 
Gliomas represent the most common primary brain tumors and include neoplasms ranging from 
low-grade to high-grade, rapidly growing and aggressive glioblastoma (GBM). More than half of 
gliomas are GBMs with a median survival rate of approximately 15 months and with a 5-year 
survival rate of approximately 5%.1 

The diagnostic potential of O-(2-[18F]fluoroethyl)-L-tyrosine ([18F]FET) positron emission 
tomography (PET) has already been proven in many studies, and in addition to the golden standard 
magnetic resonance imaging (MRI), provides important additional information for diagnosis, 
grading, follow-up and choice of therapy for patients suffering from brain tumors. To date, 
however, routine use of [18F]FET is limited, due to the very low availability of radiotracer.2 

The adoption of production processes compliant with Good Manufacturing Practice (GMP) is 
essential to guarantee the quality of the batches and to guarantee a large distribution.3 At present 
in Italy, the [18F]FET produced according to GMP is not available and its clinical use is restricted to 
a few nuclear medicine centers or to imported radiopharmaceuticals from abroad. 
In the frame of a collaboration between the largest Italian research public institution (CNR) and one 
of the world leader company for the production of radiopharmaceuticals (Curium), the 
technological transfer process of Iasoglio ([18F]FET) will be described. 
Materials and Methods 
The manufacturing procedure of Iasoglio, solution for injection can be summarized in 7 steps: 
1)Production of [18F]fluorine, 
2)Recovery of [18F]fluorine and evaporation of the eluent, 
3)Radiolabeling of the precursor, TET (O-(2-Tosyloxyethyl)-N-trityl-L-tyrosine tertbutyl ester),  
4)Deprotection of the labelled precursor, 
5)Purification of the product by semipreparative HPLC, 
6)Formulation and pre-filtration in dispensing cell, 
7)Dilution to 2 000 MBq/mL at calibration time and dispensing after sterilizing filtration. 
Some of these operations require the use of a controlled synthesis automate with preparative 
HPLC.  



The first step towards Iasoglio commercial production on Pisa PET Production site, is the technology 
transfer of Iasoglio manufacturing process and Quality control from R&D department of CIS Bio 
international (Curium). 
Technology transfer refers to the transfer of documentation, manufacturing process, 
 and analytical methods through different steps: 

- Gap analysis: at this stage, a thorough evaluation of equipment, documentation and raw 
materials is carried out to plan or implement any necessary adjustments, 

- Validation of the whole package of analytical methods used for the quality control analysis 
of Iasoglio (i.e. HPLC, TLC, GC, Endotoxins, etc.),  

- Theoretical and practical staff training, 
- Production and quality control analysis of 3 consecutive Iasoglio batches. 

 
Figure 4: Technology transfer 

 
Results/Discussion/Conclusion 
The successful completion of the technology transfer should provide the documentary evidence 
that the process delivers a final product complying to specifications in a reliable and reproducible 
manner, by adhering to the process and maintaining the process parameters within the examined 
range. The Pisa manufacturing site will then be able to apply for a GMP certificate and subsequently 
be added to the current Marketing Authorization to start commercial production of Iasoglio. Hence, 
the availability of the drug in Italy will be ensured. 
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Introduction 
Immunoconjugates exploit the high affinity of monoclonal antibodies for a recognized antigen, to  
selectively deliver a cytotoxic payload, such as drugs or radioactive nuclides, at the site of disease.  
Reaction of ε-amine group of lysine residues with electrophilic reactants, such as activated esters  
(NHS), is the main method reported in literature as it maintains proteins in their native 
conformation.  
Traditionally, a large excess of the activated ester is reacted to the mAb working at basic pH, 
generating a heterogeneous mixture of conjugates which can result in decreased target affinity. 
Here, we report an intradomain regioselective bioconjugation between the monoclonal antibody 
Trastuzumab and the Nhydroxysuccinimide ester of the DOTA chelator by a kinetically controlled 
reaction adding substoichiometric quantities of the activated ester to the mAb working at slightly 
basic pH. A new proteolysis protocol named domain mapping (patent application 
IT2024000001524), based on a selective domain unfolding, allowed for quantification of chemical 
modification at a domain level (figure 1). Data analysis based on LC–MS quantification of different 
analytical levels (intact, reduced chains, and domains) provided a molecular formulation of the 
mixture of immunoconjugates.  
Materials and methods  
The immunoconjugate was synthesized by adding 0.01 eq per min. of DOTA-NHS to Trastuzumab 
at room temperature and pH 7.2. The total time of synthesis was 500 min. Therefore, the reaction 
mixture was purified through size exclusion gel filtration. The resulting immunoconjugate was 
digested by a trypsin enzyme developing a domain mapping mass spectrometry workflow.  
Results  
The immunoconjugate synthesized under kinetic control showed unitary chelator to antibody ratio  
(CAR). Proteolysis experiments displayed that an intradomain regioselectivity was achieved, with 
the conjugated lysine residues not involved in the binding with the antigen. The immunoconjugate 
mixture was composed of 15 species, whereas up to 10^6 species are statistically possible 
employing traditional bioconjugations. The most abundant species in the mixture resulted in the 
naked Trastuzumab, with the species Trastuzumab + 1 DOTA having a relative abundance in 
comparison to species Trastuzumab + 2DOTA ranging from 4 to more than 20-fold (table 1). 



 
 
Discussion 
During the past decade, research in radioimmunoconjugates moved toward a lower CAR. Beyond  
limiting the degree of modification to preserve mAb immunoreactivity, reduced CAR means more  
radiolabeled probes for the same quantity of radioactivity or even better reduced radioactive dose 
to patients to obtain a tumor to background ratio similar to that of radioimmunoconjugates with 
higher CAR. In the current study, we demonstrate that it is possible to synthesize 
immunoconjugates having unitary CAR achieving an intradomain regioselectivity, through a 
kinetically controlled bioconjugation. The synthesized mixture should ensure improved affinity for 
the antigen and lower radioactive dose to patients in comparison to traditionally synthesized 
radioimmunoconjugates. Preclinical in vitro and in vivo studies are currently performed to 
demonstrate the reduced radiotoxicity. Moreover, the choice of DOTA chelator allows for 
theragnostic application. In conclusion, the coupling of synthesis under kinetic control with its 
monitoring using domain mapping could provide a model to obtain immunoconjugates which 
ensure a pharmaceutical quality, nowadays not achievable with traditional bioconjugation 
employing activated esters.  
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Introduction 
Peritoneal carcinomatosis (PC) represents a relatively common condition in the advanced stages of 
various tumors, characterized by the dissemination of malignant cells from the primary organ to 
the peritoneum. Its impact is global, affecting approximately 25,000 individuals in Italy and 1.4 
million worldwide every year, with mostly negative outcomes [1]. The goal of this study is to 
delineate a therapeutic approach aimed at increasing the life expectancy of PC patients, 
overcoming the challenge associated with the marked genetic instability of cancer cells, which is 
incompatible with the receptor-targeted and antigenic therapies currently proposed [2]. In pursuit 
of this objective, the radionuclide copper-64, in the form of [64Cu]CuCl2, was employed. Recent 
studies have shown that copper, in its ionic form Cu2+, can accumulate at significantly higher levels 
in cancer cells than in healthy ones, which makes its cytotoxic effect highly specific. This effect can 
be achieved by exploiting the nuclear decay properties of the radionuclide 64Cu (64Cu, T1/2 12.7 h; 
Eβ+mean 278 keV; Eβ−mean 191 keV; Auger emission) [3,4]. 
Materials and methods 
Human tumor cell lines related to the development of peritoneal metastases (MDA-MB-231, 
human breast adenocarcinoma cell line; NCI-N87, human gastric carcinoma cell line) and a healthy 
control cell line (HEK293, human embryonic kidney cell line) were utilized in this study. These cell 
lines were incubated with different activities of [64Cu]CuCl2 (10 µCi/mL; 100 µCi/mL; 250 µCi/mL) to 
evaluate their uptake and the antiproliferative and cytotoxic effects. For this purpose, an analysis 
was conducted to evaluate the level of 64Cu incorporation in the nucleus and cytoplasm. 
Subsequently, in vitro studies on cell viability (XTT assay), apoptosis, and necrosis (Annexin V/SYTOX 
assay) were conducted following 72h and 96h of treatment. 
Results 
This study revealed a greater uptake of the [64Cu]CuCl2 in the carcinoma lines than in the healthy 
ones and, in particular, a greater localization at the nuclear level. As a result of the exposure to 
different activities of [64Cu]CuCl2, a greater reduction of the viability in tumor lines was observed 
compared to the healthy control line as well as a significant increase in apoptosis in the MDA-MB-
231 and NCI-N87 tumor lines. 
Discussions and conclusions 
Our preliminary results confirm the increased uptake of [64Cu]CuCl2 within the nuclear 
compartment of cancer cells and suggest the ability of the radiopharmaceutical to determine cell 
death through the induction of apoptosis. Further research to evaluate the antiproliferative and 
cytotoxic effects of [64Cu]CuCl2 using higher activities of 64Cu are currently under investigation. 
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Introduction 
 68Ga-FAPi-46 represents a very promising new PET radiopharmaceutical for molecular imaging of 
various tumors types; it is considered a pan-tumor agent capable of selectively binding to the 
transmembrane protein FAP overexpressed by the fibroblasts in the tumor microenvironment. In 
particular, 68Ga-FAPi-46 has been used in tumors with low 18FDG avidity, such as primary liver 
cancer and gastro-entero-pancreatic tract, or in regions with an unfavourable 18FDG 
tumor/background ratio. 
Materials & Methods 
FAPi-46 was purchased in 50 g GMP grade aliquots from Sophie Bioscience. 68Ga was obtained from 
a pharmaceutical-grade E&Z GalliaPharm® 1.85 GBq 68Ge/68Ga generator. All other reagents used 
(water, Sodium Acetate, Sodium Ascorbate) were pharmaceutical grade with low level of metallic 
impurities obtained from Sigma-Aldrich. Labelling of 68Ga-FAPi-46 was carried out in a “kit-like” 
mode optimizing volumes and reaction conditions. A mixture of 1.5M sodium acetate and 0.07M 
sodium ascorbate (1.5mL, pH 8) was used as reaction buffer. Two labelling methods were tested: 
initially FAPi-46 was dissolved in the reaction buffer and subsequently mixed with 6mL of 68GaCl3 
eluate in 0.1N HCl. Conversely, FAPi-46 was directly mixed with the 68GaCl3 eluate and subsequently 
buffered. Reaction vial in both cases was heated in a digital thermoblock at 95°C up to a maximum 
of 15 minutes. Quality control parameters were checked: pH, chemical purity and radiochemical 
purity (RCP) were performed with radio-TLC and radio-HPLC. Radio-TLC was performed on ITLC-SG 
strips in NH4Ac:MeOH 1:1. Radio-HPLC was performed by Reversed Phase C18 chromatography with 
a linear H2O:CH3CN gradient. In vitro stability was evaluated for up to 4 hours using the same 
chromatographic techniques; after appropriate decay, the batches were analyzed for sterility and 
apyrogenicity; radionuclidic purity was evaluated with HPGe -spectrometry. 
Results 
Reaction mixture pH was always constant in the range 3.5-4.5. In the first method the RCP was 
found variable, randomly giving low values (<90%), most likely due to the relative chemical 
instability of FAPi-46 at the basic pH of the buffer. In the second method, where the incubation 
time was also increased to 15', the RCP obtained was > 99%. Radio-HPLC method was able to 
completely differentiate 68Ga3+ (Rt=3.5’) and 68Ga-FAPi-46 (Rt=7’) and no other impurity was 
detected. 68Ga-FAPi-46 was stable for up to 4h while always maintaining RCP > 95%. Radionuclidic 
contamination was found 100-fold lower than the limit (typically 0.1Bq 68Ge/MBq 68Ga) and all 
batches were sterile and apyrogenic. In our study we labelled 50µg aliquots of FAPi-46 GMP grade 
with a 68Ga activity up to 1200 MBq. Other published studies have highlighted how it is possible to 
further increase the specific activity by decreasing the quantity of peptide used, but this is to the 
detriment of the final radiochemical purity obtained. 
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Conclusion: The preparation of 68Ga-FAPi-46, through the previously described labelling process, 
was found to be stable and reproducible with a high labelling yield and high chemical and 
radiochemical purity. Use in daily clinical practice confirms the results of this study. 
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Background 
The translocator protein 18 kDa (TSPO) is today a validated imaging biomarker for the evaluation 
of neuro-inflammation and its progression, as well as a recognized target for the development of 
new therapeutic agents for neurological, psychiatric disorders and oncological applications. Among 
several radiotracers targeting TSPO, [18F]DPA-714 is nowadays largely used as a PET imaging probe 
in many clinical trials. Here, we report our preliminary experience in the production and quality 
controls of the tracer (QCs) as well as the collected data in experimental models of amyotrophic 
lateral sclerosis (ALS).  
Materials/methods 
The process was fully automated on a AllInOne 36 (Trasis) synthesizer equipped with semi-
preparative HPLC using an in-house designed cassette and a dedicated sequence. [18F]DPA-714 was 
synthesized by a one-step labelling process using 4.5-5.5 mg of Tos-DPA-714 as precursor, reacting 
with activated [18F]Fluoride in ACN at 95°C for 10 min and followed by semi-preparative 
purification. The isolated product was trapped on C18 cartridge, then removed with ethanol 70% 
and reformulated with saline up to the volume of 15 mL and finally sterilized. QCs of the product 
were carried out according to the specifications reported in the general monographs of the 
European Pharmacopoeia and the literature.  
The in vivo study included: 9 B6SJL-TgN (SOD1G93A)1Gur mice expressing a high number of mutant 
human SOD1 copies with a Gly93Ala substitution (SOD1G93A) and 7 control background-matched 
B6SJL wild-type mice (Jackson Laboratories, Bar Harbor, ME, USA). SOD1G93A mice were studied 
both before (60/90days) and after (120 days) the onset of motor impairment. Age matched 
wildtype mice were used as controls. Mice were submitted to a dedicated micro-PET imaging 
(Albira, Bruker, USA) whose dual ring configuration allows the acquisition of the whole mouse body 
by static acquisition lasted ten minutes. A series of volumes of interest (VOIs) was drawn on the 
obtained images for brain, eyes, thymus, lungs, kidneys and in the skeletal muscles of both 



hindlimbs. The estimation of [18F]DPA-714 retention was expressed as standardized uptake value 
(SUV). 
Results 
[18F]DPA-714 production was easily implemented with a simple and robust process with high 
radiochemical yields of 17,4-22,6% (ndc, n=10), molar activities of 364-613 GBq/μmol and 
radiochemical purity in the range of 98,6-99% EoS. All QCs results complied with the requirements 
of the European Pharmacopoeia and other designed specifications, including stability studies (up 
to 6 hours EoS). [18F]DPA-714 uptake was enhanced in the skeletal muscle and in the thymus of 
SOD1G93A mice.  
Conclusion 
The developed [18F]DPA-714 automated synthetic process is reliable and robust using disposable 
materials and standard reagents, being implementable for routine manufacturing and possibly for 
human use in clinical trials. Although usually applied for the study of neuro-inflammation, its 
distribution is abnormal in the studied model of amyotrophic lateral sclerosis suggesting the 
possible increase in TSPO expression in tissues different from the central nervous system.  
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Background 
Human poly-ADP-ribose polymerases (PARPs) are an enzyme family of 17 members that catalyses 
the covalent attachment of poly- or mono- ADP-ribose units post-translationally on a variety of 
amino acid residues of target proteins. While the research of new PARP 1 and 2 inhibitors is widely 
pursued thanks to their use in clinic as anticancer agent, the development of mono-ADP ribose 
transferases inhibitors is still in the early stages. In this context, PARP10 role is not completely 
elucidated yet, however, its overexpression in various cancer cell lines led to the hypothesis that 
this enzyme promotes cancer proliferation and acts as an oncogene. Recent studies have described 
that PARP10 suppressions, by knockout cell lines or use of a selective inhibitor, had a huge impact 
in tumour progression, showing PARP10 as promising druggable target. Based on previous work 
about PARP10 inhibitors (PARP10i), our goal is to develop a new PET imaging agent for studying this 
enzyme role in different cancer models. 
Methods 
A flexible radiolabelling protocol was developed on a AllInOne36 synthesizer platform (Trasis, 
Belgium) able to carry out Cu-mediated [18F]-fluorodeboronation starting from different boronic 
pinacol ester precursors, including deprotection and semipreparative purification before 
reformulation. Variations in the labeling protocol were performed in order to optimize labeling 
yields by changing solvents, catalysts type and amount of precursors. The best resulting protocol 
involved the use of DMI and precursors protected with SEM (2-(Trimethylsilyl)ethoxy]methyl), 
followed by cleavage with HCl. Biological assays of [18F]-PARP10i tracer were carried out and 
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analysed in two different cell lines (MCF7, HT-29) expressing PARP10s using a real-time monitoring 
equipment (LigandTracer, Sweden). 
Results/Discussion 
The automated radiosynthesis on AllInOne synthesizer allowed to reliable produce the first 
promising imaging candidate [18F]-PARP10i with high chemical and radiochemical purity, suitable 
for in vitro and in vivo experiments, in about 90 min including HPLC post purification and final 
reformulation. From 1,75 to 4,42 GBq were produced with an activity yield (AY) of 10,2-24,0 % (ndc) 
and a molar activity (Am) in the range of 75-222,9 GBq/μmol. [18F]-PARP10i was finally tested in 
MCF7 and in HT-29 tumor cell lines respectively showing a moderate and fast uptake. 
Conclusion 
The preliminary results showed the potential of [18F]-PARP10i as new PET tracer for PARP10 imaging 
in cancer. Further experiments are in progress on tumor cell lines with and without PARP10 
expression to confirm the potential of this new PET diagnostic agent. 
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Introduction 
The aim of the work is to begin the use of theranostic radiopharmaceuticals in PcA. For over ten 
years the PET-CT Radiopharmacy of the Perugia Hospital (AO-PG) has been a HUB for the production 
and distribution of 18F-FDG and 18FMeCh to the PET spoke centers in the region. Recently, the 
gradual establishment of the use of PSMA-based radiopharmaceuticals (labelled with 68Ga or 18F) 
in prostate cancer currently means that our doctors refer patients towards Nuclear Medicines 
outside. This determines unfavorable public spending for our region together with a fragmented 
flow of clinical information and logistical inconvenience for the patient. The increased demand 
leads us to rethink a new path. 
Materials and methods 
Since 2012 our AO-PG PET Radiopharmacy is an important center for the Umbria region. Figure 1 
shows the steps taken over the years. 



 
 

 

 
 
We evaluate the best opportunity according to our needs: 
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1) Exploit the Cyclotron for the production of the F-18 and the PET radiopharmacy for the 
preparation of radiopharmaceuticals 
18F-PSMA 1007 Monograph N.3116 European Pharmacopoeia 
18F-PSMA 7 (the Monograph is awaited) 
2) Cold kit Lokametz®: PSMA-11 to be labeled with Ga-68 
3) Radelumin ®: F-18-PSMA-1007 
 
Results  
Umbria Region: from 2011 to 2024 January total number of PET-CT with F18-Choline is 7800: 
AO-PG 3500 patients 
H-FOL 2300 patients 
AO-TR 2000 patients 
Diagnostics  
Tab 1 compares the galenic with the industrial cold kit, highlighting advantages and disadvantages. 
Radelumin is not being examined at the moment, as it is not yet available in Italy 
The preparation of the galenic would require the purchase of a new cassette synthesis module and 
the integration of instrumentation in the Quality Control laboratory. 
Therapy 
As regards the therapy, the choice is obligatory in the sense that our radiopharmacy is not GMP 
grade, therefore there is an obligation to purchase the drug. 
PSMA drugs such as Lutathera® (177Lu-PSMA-617) are already in use at our Center. 
Therapy with Pluvicto® hasn't started yet. 

TAB 1: DIAGNOSTIC: 18F-PSMA–GALENIC versus LOKAMETZ® COLD KIT 

GALENIC 
The availability of the Cyclotron allows us to produce 18F 
and therefore perform a large number of diagnostic 
tests. 
 

LOKAMETZ® COLD KIT 
Limited number of patients due to the 68Ge-Ga68 
generator for marking the kit with AIC. 
Multi-dose cold kit for up to 4 patients (if the generator 
is starting to operate) 

Synthesis of other Radiopharmaceuticals: 18F-FDG, 18F-
DOPA, 18F-FET, 18F-MISO 18F-FCH, 68Ga-DOTA-TOC, 
18F-FAZA, 18F-UCB-H oltre a 18F-PSMA-1007, 18F-
PSMA-7 

With the 68Ge-68Ga generator there is the possibility of 
also marking the NET diagnostics 
 

Lower risks compared to old modules: sterility, speed, 
improved yield. 
Complex QCs, however the laboratory is already 
equipped with almost all the instrumentation 

high security 
 Quick preparation (15 min) because the cold kit only 
requires marking with Ga-68. 
Simplified QC: TLC 

Low economic impact: after an initial expense for the 
equipment, the costs for radiosynthesis are lower than 
for the drug with an MA. Amortization of the initial 
expense in 3 years 

High cost 

Possibility of continuing supply to Spoke Centers since 
the t1/2 of the F-18 (about 2 hours) is compatible with 
transport times.  

Impossibility of supplying the Spoke  centers since the 
t1/2 of the Ga-68 is approximately 1 hour, therefore 
incompatible with transport times. 

Technical times for purchasing the equipment: from 6 
months to 1 year 

Technical times: short (both the 68Ge-68Ga generator 
and the cold kit are immediately available) 

Discussion/Conclusion  
The choice of the registered cold kit, undoubtedly more expensive, would guarantee a rapid start 
of diagnostic treatments. 
The purchase of synthesis modules would require longer times but would allow us to exploit the 
potential of Nuclear Medicine which is still under-utilized.  



Lokametz® and Radelumin ® are currently in CNN class (non-refundable) with price to be negotiated 
As regards therapy, PSMA drugs such as Lutathera® (177Lu-PSMA-617) and Pluvicto® are already in 
use at our Center and we are obliged to purchase the drug since our radiopharmacy it is not in GMP. 
Our goal is to increase the availability of radiopharmaceuticals and expand the use of theranostics. 
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Introduction 
This work aims to advance the technology required for cyclotron-driven production of manganese-
52 (52Mn), related to the preparation of radiopharmaceuticals suitable for positron emission 
tomography (PET), but also for multimodal PET/MRI imaging studies when they are used in 
combination with analogous paramagnetic manganese-based compounds. The cyclotron-
production of 52Mn implies using natural or enriched in 52Cr (isotopic abundance 83,789%) 
chromium targets and medium-low energy protons ranging from 10-20 MeV. This process 
predominantly relies on the nuclear reactions 52Cr(p,n)52Mn. The project includes: (i) designing and 
producing chromium metal targets; (ii) developing an automated and effective procedure for 
separating 52Mn from the chromium bulk; (iii) labeling specific ligands with 52Mn; and (iv) 
preliminary assessment of the imaging quality of the 52Mn cyclotron produced. 
Materials and Methods 
Both natural and 52Cr enriched chromium targets were produced using the Spark Plasma Sintering 
(SPS) technique [1]. Irradiation experiments were conducted using the ACSI TR19/300 cyclotron at 
the Sacro Cuore Don Calabria Hospital in Negrar di Valpolicella (Verona, Italy). The target was 
dissolved with HCl 6M. Then the yielded 52Mn was separated and purified from the chromium bulk 
through a combination of anion and cation exchange chromatography with an automatic module. 
Preliminary labeling experiments were performed with the ligand S-2-(4-Isothiocyanatobenzyl)-
1,4,7,10-tetraazacyclododecane tetraacetic acid (DOTA-SCN) at pH 5.5. Radiochemical purity has 
been determined by TLC chromatography. Furthermore, a preliminary evaluation of the imaging 
quality of 52Mn, derived from 52Cr enriched targets, has been carried out on a NEMA phantom, filled 
with 3.6 μCi of 52Mn, using a microPET/CT scanner. 
Results 
The metal pellet of Cr was produced and joined to Nb+Au backing using the SPS technique [1]. The 
target was irradiated with 16 MeV proton beams at 10 µA for 15 minutes. The irradiated target was 
dissolved in concentrated HCl, then diluted to 3% HCl in ethanol and loaded onto a column 
containing AG1-X8 resin. Chromium was eluted using a solution of 3% HCl in ethanol, while 
manganese was eluted with 3 mL of HCl 0.1 M and directly loaded onto an AG50W-X8 resin. After 

mailto:giorgia.speltri@unife.it
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washing with HCl at various concentrations, the purified 52Mn was eluted with HCl 1.5M (recovery 
yield was about 78%). DOTA-SCN has been labeled with the purified [52Mn]MnCl2  with 
radiochemical yield >99%. The images collected on phantom with a preclinical scanner tomograph 
confirm the quality of the product. 
Discussions/Results 
The developed technology allows obtaining cyclotron-produced 52Mn in high yield and purity 
suitable for the labeling of DOTA-based radiopharmaceuticals. The development of new bimodal 
probes for manganese-based PET-MRI imaging is currently ongoing.  
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Introduction 
 
Nuclear medicine relies on radioactive tracers for both diagnosis and treatment of various diseases. 
Developing novel radiopharmaceuticals is a key aspect to advancing this field, with radiometals 
playing a crucial role. 68Ga is a leading choice for Positron Emission Spectroscopy (PET) due to its 
advantageous characteristics (t1/2 = 1.13 h, Iβ+ = 89%, Eβ+ avg = 830 keV). Effective chelation of the 
metal is pillar for such applications, requiring a chelating agent able to form highly stable and inert 
complexes. Macrocyclic chelators generally exhibit slow kinetics of metal complexation that 
requires harsh radiolabeling conditions incompatible with most biomolecules used as targeting 
vectors. For these reasons, non-macrocyclic ligands have gained particular interest as they offer 
faster complexation kinetics under milder conditions. However, their complexes generally exhibit 
lower thermodynamic stability, compared to macrocyclic counterpart. HBED[1] stands out as a 
promising acyclic chelator for 68Ga. To address these challenges, we have developed a novel class 
of constrained chelators based on HBED, featuring a “rigid” trans-diamminocyclohexane (DACH) 
backbone. This design retains the aromatic portions while incorporating a pre-organized structure, 
offering flexibility for diverse ligating groups to form a coordinating environment suitable for the 
metal of interest, both on the aromatic ring and on the amine position. 
 
 
 
 



 
Figure 1. General Structure of DACH-derived Chelators 

 
Figure 2. Structure of HBCD (bottom) and Ga-HBCD (top) complex formation with NMR spectroscopy. 

Materials and Methods 
NMR spectra were recorded on a Bruker Biospin FT-NMR AVANCE III HD (600 MHz) spectrometer. 
LC/MS was performed on an Agilent 6300 Ion Trap LC/MS system equipped with ESI interface. pH 
measurements were carried out using a calibrated pH-meter (Mettler-Toledo). UV–visible spectra 
were acquired using a JASCO V-770 UV/Vis/NIR spectrophotometer. Elemental analysis was 
performed on a Thermo Scientific™ FLASH 2000 CHNS Analyzer.  
Results 
New constrained DACH-containing chelators were synthetized and thoroughly characterized, 
especially for the acid-base character. As an example, we report the detailed investigation on N,N′-
Di(2-HydroxyBenzyl)-(1,2-Cyclohexanediamine)-N,N′-Diacetic acid (HBCD). This ligand exhibits 
good affinity towards Ga(III), forming stable complexes. Ga(III) complexation was performed in D2O 
and MeOD-d4 at room temperature and followed via NMR spectroscopy. Additionally, confirmation 
of Ga(III) complexation was achieved through LC-MS analysis. Finally, UV-Vis titration of HBCD with 
Ga(NO3)3 in PBS (pH 7.4) was conducted. [Ga(III)HBCD] complex is rapidly formed at room 
temperature (20’) and it remains intact in harsh acid conditions (HCl 2M) for several days.  
Concluding remarks 
These preliminary findings highlight the potential of this chelator class as a platform for developing 
innovative radiopharmaceuticals for 68Ga. Further studies will focus on completing the 
investigations into these molecules for Ga, as calculating the stability constants for the complexes 
obtained, as well as performing the radiolabelling of the complexes obtained. Furthermore, the 
complexations of this molecules will undergo testing with other metals of interest.     
References 
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Introduction 
Silver-111 (t1/2 = 7.47 d) exhibits both medium-energy β− (Eβ−, max = 1.04 MeV) and low-energy γ (E𝛾 
= 245.4 keV, I𝛾 = 1.24 %; E𝛾 = 342.1 keV, I𝛾 = 6.7 %) emissions with promising potential for targeted 
radionuclide therapy and associated single photon emission computed tomography imaging. Its 
decay properties closely recall those of the clinically established lutetium-177, rendering it an 
alluring candidate for therapeutic applications. Furthermore, the clinical significance of silver-111 
is heightened by the presence of a positron-emitting counterpart (silver-103; t1/2 = 65.7 m, E + = 2.4 
MeV), thereby endowing this element with true theranostic potential. Such a well-suited pair has 
the potential to overcome current limitations tied to the compelled use of chemically distinct 
isotopes as imaging surrogates for lutetium-177. However, the utilization of radiopharmaceuticals 
labeled with silver isotopes has been hampered by the lack of suitable chelators capable of forming 
stable complexes, as well as the difficulties associated with their production and the radiochemical 
separation from target materials. In a noteworthy endeavor to tackle a part of these challenges, 
this study aims to establish a separation method for the purification of reactor-produced silver-111, 
affording it in a formulation suitable to the direct radiolabeling of appropriate targeting vectors. 
Materials and methods 
The adsorption behavior of Ag+ and Pd2+ onto an extraction chromatographic LN Resin was assessed 
by determining the weight distribution ratios (Dw) over a wide range of HCl concentrations. Then, a 
separation process involving LN and TK200 resins was first developed for Ag+ and Pd2+ cations in 
conditions mimicking a real silver-111 production. The effectiveness of the separation was assessed 
by ICP-OES. Silver-111 (0.6 MBq) was produced via the 110Pd(n,γ)111Pd nuclear reaction on a natural 
palladium target and the subsequent β−-decay of palladium-111 at TRIGA Mark II nuclear research 
reactor (LENA, Pavia, Italy). The separation process developed for the non-radioactive counterpart 
was translated to the purification of produced silver-111 from the palladium target. The 
effectiveness of the separations was confirmed by γ-spectrometry.  
Results 
Silver-111 retrieval was afforded in 10 mL of pure water. Overall recovery was > 90% with a 
radionuclidic purity > 99% and a separation factor of around 4.21∙10−4 from palladium. 
Conclusions 



The developed separation gave the proof of concept of a method suitable to obtain silver-111 in a 
ready-to-use water-based formulation. A scale-up production to amounts of silver-111 suitable for 
pre- and clinical studies is needed to validate the process. 
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